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NOISE ANALYSIS OF FET TRANSIMPEDANCE AMPLIFIERS

The availability of detailed noise spectral density character-where N rms is the rms value of some random variable n(t).
istics for the OPA111 amplifier allows an accurate noise In the case of amplifier noise, n(t) represents eitf{ér e
error analysis in a variety of different circuit configurations. i(t).

The fact that the spectral characteristics are guaranteed

maximums allows absolute noise errors to be truly bounded =
Other FET amplifiers normally use simpler specifications of /\/if
rms noise in a given bandwidth (typically 10Hz to 10kHz)
and peak-to-peak noise (typically specified in the band R, e, ()
0.1Hz to 10Hz). These specifications do not contain enough & >
information to allow accurate analysis of noise behavior in

o (t
any but the simplest of circuit configurations. ©

e, ()
—O

Noise in the OPA111 can be modeled as shown in Figure 1 O
This model is the same form as the DC model for offset Ry

voltage (B9 and bias currentsfl In fact, if the voltage t Y@
e,(t) and currents,t) are thought of as general instantaneous

error sources, then they could represent either noise or DG
offsets. The error equations for the general instantaneousIGURE 2. Circuit With Error Sources.
model are shown in Figure 2.

eo(t) = () [1 + R/RJ + 1, () R, + 1.()) Ry [1 + RJ/R]

The internal noise sources in operational amplifiers are
normally uncorrelated. That is, they are randomly related to
each other in time and there is no systematic phase relation-
ship. Uncorrelated noise quantities are combined as root-
sum-squares. Thus, if(t), n(t), and n(t) are uncorrelated
then their combined value is

Noiseless Amplifier

o (®
— O_
NoTaL MMs= \/le rms+ N,rms+ N2 rms — (2)
The basic approach in noise error calculations then is to
identify the noise sources, segment them into conveniently
te | '(t) handled groups (in terms of the shape of their noise spectral

densities), compute the rms value of each group, and then
Amplifier With Noise combine them by root-sum-squares to get the total noise.
TYPICAL APPLICATION
The circuit in Figure 3 is a common application of a low
FIGURE 1. Noise Model of OPA111. noise FET amplifier. It will be used to demonstrate the
above noise calculation method.
If the instantaneous terms represent DC errors (i.e., offset
voltage and bias currents) the equation is a useful tool to
compute actual errors. It is not, however, useful in the samg
direct way to computer noise errors. The basic problem is
that noise cannot be predicted as a function of time. It is &
random variable and must be described in probabilistic
terms. It is normally described by some type of average—
most commonly the rms value.

€= IR, é

D T 2
N rms= 1/ T[§n?(t) dt (1)  FIGURE 3. Pin Photo Diode Application.
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CR1 is a PIN photodiode connected in the photovoltaic

mode (no bias voltage) which produces an output curgent i 109

when exposed to the lighk,

A more complete circuit is shown in Figure 4. The values

shown for G and R are typical for small geometry PIN S 10°

diodes with sensitivities in the range of 0.5 A/W. The value | g

of C, is what would be expected from stray capacitance with| &

moderately careful layout (0.5pF to 2pF). A larger value of “é 7

C, would normally be used to limit the bandwidth and | 2 f2 = 159

reduce the voltage noise at higher frequencies. = 106 \\
szllpF 108 A

Equivalent Circuit for CR1 al 001 01 1 10 100 1k 10k 100k 1M 10M

-- \ ............... i R,=107Q Frequency (Hz)

! — VWA

. X €y

: ; @ N FIGURE 6. Transimpedance.

IO S %

: 108Q T~ 25pF : G)' ._%) VOLTAGE NOISE

Figure 7 shows the noise voltage gain for the circuit in

! : N {; Figure 4. It is derived from the equation
. ! O O
o oA O 101 O
NOTE: In+ shorted in this configuration. e =€, AB - €n E D—1|:| (3)
+
FIGURE 4. Noise Model of Photodiode Application. - EH*BE

In Figure 4, gand j represent the amplifier's voltage and where:
current spectral densitieg(®) and j(w), respectively. These

A(w) is the open-loop gain.

are shown in Figure S. B = PB(w)is the feedback factor. It is the amount of output
Figure 6 shows the desired “gain” of the circuit voltage feedback to the input of the op amp.
(transimpedance of#,, = Z,(s)). It has a single-pole rolloff AR = A(w) B(w) is the loop gain. It is the amount of the
at f, = 1/(2R,C,) = w,/21. Output noise is minimized if, f output voltage feedback to the input and then ampli-
is made smaller. Normally ,Rs chosen for the desired DC fied and returned to the output.

transimpedance based on the full scale input currgritii
scale) and maximum output,(emax). Then Cis chosen to
make § as small as possible consistent with the necessary eo O, 1 @)
signal frequency response. "B

Note that for large loop gain (A>> 1)

10,000 1,000

—~ 1,000 _. 100
N L N
< ~ K, = 80nV/VHz <
E \( < y
£ 100 - =~\ = 10
[} [0} _
2 \ £ K, = 0.4fAWHz /
z z /
o 10 TS = 1 V4 /
g \ g
S K, = 6nVAHZ 3
>

1 0.1

0 0.01

0.01 0.1 1 10 100 1k 10k 100k 1M 10M 0.01 0.1 1 10 100 1k 10k 100k 1M 10M

Frequency (Hz) Frequency (Hz)
(a) Voltage Noise (b) Current Noise

FIGURE 5. Noise Voltage and Current Spectral Density.



For the circuit in Figure 4 it can be shown that

f,=673Hz f,=15.9kHz
144 Rp(RyCys +1) (5) f, = 80KHz
B Rl(RZCZS + 1) @ @) ®)
~ Regions
This may be rearranged to g
1_R;+R; D[As+1g (5) :.% 1000 | [1+(Cy/Cy]
B R [Ors+1lQ S 100 s e
3
= LK L+ RARYT N/
whereta = (R || R) (C, Il C) S gt
14 Koll+ (RZ/Rl)/]//
1_ORR, o
== C,+C 5b 014 ,
B E1+R2§ 1+ e o) 0.01 S0 S
700101 1 10 100 1k 10k 100k 1M 1OM
andt, = RC,. (5¢) Freauency (Hz)
Then,, = andf, = 1 (5d) FIGURE 8. Output Voltage Noise Spectral Density.
T, 2nT,

The total rms noise at the amplifier's output due to the
amplifier’s internal voltage noise is derived from théu®
function in Figure 8 with the following expression:

For very low frequencies (f <<)f s approaches zero and
equation 5 becomes

E =1+ R_l (6) EO rms= JEGOZ ((JL)) dw (8)

For very high frequencies (f >3)fs approaches infinity and
equation 5 becomes

It is both convenient and informative to calculate the rms
noise using a piecewise approach (region-by-region) for

1 C each of the three regions indicated in Figure 8.
E =1+ C—l . (7)
2 Region 1; f = 0.01Hz to § = 100Hz
R, 0 OO
10M + Enrms= Klﬂ-"‘ %\w anﬁH )
M +
100k 1 A R
10°0 | 0100
10k L =80nV /\Hz [1+ D\ mDo o100 (9a)
1k 4+ f5 = 80kHz
g ) CCy=26 =0.267uV
2 100 { P14 =
% i I ' N 1"+2.
& 104 f,=673Hz | -~
1+ (Ry/R,) : : This region has the characteristic of 1/f or “pink” noise
! f, = 15.9kHz (slope of —10dB per decade on the log-log plot @i eThe
011 ) selection of 0.01Hz is somewhat arbitrary but it can be
001 1 shown that for this example there would be only negligible
0.001 / = 1.63x 10 = (1Hz/f) [1 + (Ry/R)] additional contribution by extendingdeveral decades lower.
001 01 1 10 100 1k 10k 100k 1M 10M Note that K (I + R/R,) is the value of gat f = 1Hz.
Frequency (Hz)

Region 2; f= 673Hz to § = 15.9kHz
FIGURE 7. Noise Voltage Gain.

f2 a7 3
The noise voltage spectral density at the output is obtained Enp MMS=Ky+ Ky 3 3 (10)
by multiplying the amplifier's noise voltage spectral density
(Figure 5a) times the circuits noise gain (Figure 7). Since o 5 3 3
both curves are plotted on log-log scales, the multiplication = (6nV/\f’Hz) (L63x107%) \‘\“ (15.9kHz) - (673) (10a)
can be performed by the addition of the two curves. The ‘ 3 3
result is shown in Figure 8. =113pv (9)



This is the region of increasing noise gain (slope of +20dB/
decade on the log-log plot) caused by the lead network]
formed by the resistance, R R and the capacitance (& )
C,). Note that K « K, is the value of thegw) function for
this segment projected back to 1Hz.
@ (3
: 10 4
Region 3; f > 15.9kHz =
< 107 ¢ f, = 15.9kHz
2 100 %
_y B GO © T --6.36
E,s rms=K, %1+C_2E\ % Df3 f, (11) £ 0] \
>
(11a) 1010 + t t t + + + +
001 01 1 10 100 1k 10k 100k 1M 10M
= (6nviHz) 4+ 25DJ T 1{80K) ~15.9 Freaueney (f2)
FIGURE 9. Output Voltage Due to Noise Current.
=517uv

This is a region of white noise with a single order rolloff at RESISTOR NOISE
f, = 80kHz caused by the intersection of th@g durve and For a complete noise analysis of the circuit in Figure 4, the
the open-loop gain curve. The value of 80kHz is obtained noise of the feedback resistor, Riust also be included. The

from observing the intersection point of Figure 7. Tit2 thermal noise of the resistor is given by:

applied to fis to convert from a 3dB corner frequency to an

effective noise bandwidth. Er rms=V4kTRB (14)
K = Boltzmann’s constant = 1.3810-2

CURRENT NOISE JoulesiKelvin

Absolute temperatur€K)
Resistance})
Effective noise bandwidth (Hz) (ideal filter assumed)

The output voltage component due to current noise is equall-g
to:

E, = i, X Z,(S) (129 B
h - (123) o H
where %(s) = R || X, At 25°C this becomes

This voltage may be obtained by combining the information Eg rmsJ0.13RB
from Figures 5 (b) and 6 together with the open loop gain E, rms inuV
curve of Figure 7. The result is shown in Figure 9. R in MQ

Using the same techniques that were used for the voltage3 in Hz
noise:
For the circuit in Figure 4

Region I; 0.1Hz to 10kHz R, =107Q =10MQ

E,; =4%x10°410k-0.1 (13)

Tt Tt

= B=—(f,)=—15.9kHz

= 0.4pV 5 (f2)=5

Region 2; 10kHz to 15.9kHz Then
15 |(15.9kHz)® _ (10kHz)* Er ms = (41nVA Hz VB
En, =4x10 e
0.4V (13a) = (4110v1Hz ), 715.0kHz

=64.9uVrms

Region 3; f > 15.9kHz

Enis = 6.36 % 10‘9\/l2T(80kHz) ~15.9kHz

=2.1uV (13b)

E,itoraL =10784(0.4)% +(0.4)% + (2.1)°

=2.2uVrms (13c)



TOTAL NOISE It should be noted that increasing Will also lower the

The total noise may now be computed from value of K (1 + G/C,), and the value of {see equation 5b).
This reduces signal bandwidth and the final value pisC
EntotaL = VEMZ + En22 + En32 + EnR2 + Eni2 (15) normally a compromise between noise gain and necessary

signal bandwidth.

(15a) It is interesting to note that the current noise of the amplifier
—anb | 2 2 2 2 2 accounted for only 0.1% of the total Enhis is different than
=10 \’(0' 293)" +(113)" +(517)" +(64.9)" +(2.2) would be expected when comparing the current and voltage
spectral densities with the size of the feedback resistor. For

=83.8uvVrms example, if we define a characteristic value of resistance as

CONCLUSIONS
inati i i i R = &n(®) 4 = 10kH

Examination of the results in equation (16b) together with CHARACTERISTIC ~ (®) = z
the curves in Figure 8 leads to some interesting conclusions. "
The largest component is the resistor noise(€0% of the _ 6nV//Hz
total noise). A lewer resistor value decreases resistor noise 0.4fAvHz
as a function of/R, but it also lowers the desired signal gain —15M0

as a direct function of R. Thus, lowering R reduces the
signal-to-noise ratio at the output which shows that the
feedback resistor should be as large as possible. The noisghus, in simple transimpedance circuits with feedback resis-
contribution due to Rcan be decreased by raising the value tors greater than the characteristic value, the amplifier's

of C, (lowering 1) but this reduces signal bandwidth. current noise would cause more output noise than the
The second largest component of total noise comes ffpm E amplifier's voltage noise. Based on this and the QOM
(38%). Decreasing @ill also lower the term K(1 + C/C,). feedback resistor in the example, the amplifier noise current

In this case, fwill stay fixed and fwill move to the right would be expected to have a higher contribution than the
(i.e., the +20dB/decade slope segment will move to thehoise voltage. The reason it does not in the example of
right). This can have a significant reduction on noise without Figure 4 is that the noise voltage has high gain at higher
lowering the signal bandwidth. This points out the impor- frequencies (Figure 7) and the noise current does not (Figure
tance of maintaining low capacitance at the amplifier’s input 6)-

in low noise applications.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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Hooman Hashemi

ABSTRACT

This application note is intended as a guide for the designer looking to amplify the small signal from a
photodiode or avalanche diode so that it would be large enough for further processing (e.g. data
acquisition) or to trigger some other event in a system. The challenge in doing so, as always, is to not
degrade the signal such that it becomes indistinguishable from random noise and to maintain enough
signal bandwidth so that “information” is preserved. We will present some ideas on this and develop
analysis and optimization techniques, as well as list the devices with the most desirable specifications for
such applications.
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1 General Considerations

As it turns out, selecting the best operational amplifier to interface to the photodiode is a juggling act
between many parameters, some significant while others less so; for now, suffice to say that the lowest
noise voltage device is not always the winner. We will discuss the tradeoffs further in this document.
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Cr

0.6 pF
+5VDC (Two 1.2 pF caps in series)
K b1
_ RE
Cp =10 pF 19k
AN
Ip
+5vVDC
1
Vour = 5VR1—+ R2 — Rp X Ip
=3VDC — 1200 X Ipp
+5VDC I—/\/\/\/—
R2 RL
2k = 500
a L Zn 1
0.1 uF 3k =

Figure 1. Basic TIA Configuration Using and Ultra-Low Noise Device (LMH6629)

Often times, the transducer (Photodiode) is chosen based on its form factor or electrical characteristics
and the following need to be determined:

(a) How much gain is needed?
(b) What bandwidth has to be achieved?
(c) What is the highest noise than can be tolerated?

In most cases, since the photodiode signal is usually very small, the 1% TIA stage is followed by
subsequent gain stage(s) to optimize the balance between noise and bandwidth. Photodiode
manufacturers specify how much current can be generated for a certain incident light power. A large area
photodiode produces more current in response to incident light, at the expense of higher capacitance (and
hence lower speed).

So, knowing the final voltage level desired, based on the specifics of what needs to be driven (e.g. input of
ADC, logic gate, etc.), the “total” signal path gain can be nailed down. Set the 1* Transimpedance stage
gain too high, and you will limit the attainable bandwidth for the signal spectrum at hand. On the other
hand, not enough gain degrades SNR and leaves you with too much gain to make up for and unnecessary
cost, complexity, and possible signal degradation. Inherent in the question of the what gain to run the 1%
stage, is the second order effect of the photodiode capacitance causing excessive noise gain increase at
the higher frequencies (more on that later).

The equations in Figure 2 define the value of the compensation capacitor (C;) as a function of the
Operational Amplifier Gain Bandwidth Product (GBWP), Transimpedance gain (Rg), and the total input
capacitance (C,,) where:

Cn=Cp+ Coy + Cpie oy

where:

Co : Photodiode capacitance
Ccnm - Amplifier common mode capacitance (each input to ground)
Coirr . Amplifier differential mode capacitance (across the inputs)

Optimum CF Value:

C.= CIN
I —
2n(GBWP)R,

Resulting -3dB Bandwidth:

. [GBWP
-308 =4 [27R: Cpy

Figure 2. TIA Compensation Capacitor (Cr) and Subsequent Bandwidth (f_3g)
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Equivalent Input Noise Source Modeling

The attainable -3dB bandwidth (f ;45) can also be inferred from Figure 2.

2 Equivalent Input Noise Source Modeling

The highest noise that can be tolerated should be at least a few dB lower than the smallest signal present.
It is a common technique to utilize noise analysis, using hand calculation or alternatively a simulation tool

such as TINA-TI, on the entire signal path in order to make sure the noise level is below this limit. Often
times, this is done with “input referred noise” modeled as a noise source next to the input such that it is

possible to directly compare the signal and the noise level with each other. Refer to Figure 3 for the
depiction of this input referred source “i,".

+5VDC

&/\‘\ I Re
Cp =10 pF (Noiseless)

Noiseless Op Amp

Figure 3. Transimpedance Amplifier Equivalent Input Source (i,;) Model

Referring all noise sources to the input allows immediate SNR evaluation and highlights the “dominant

noise” source, which can be an effective tool in any attempt at improving SNR by tackling the most

offensive noise source(s).

The expression for i,; is derived within the “Transimpedance Considerations for High-Speed Amplifiers”

(shown as “igy" ) and copied below for reference:

3

2
ini = \/inz +(en ] + AT + (en 2ch73dBCIN)2

Re) Re

Where:

* i, = inverting input spot current noise
» 4KT =16.4 x 10%] at room temperature

» R = feedback resistor

* e, = non-inverting input spot voltage noise
e C,y = Total inverting input total capacitance. See Equation 1
» f,4s = Noise integration frequency limit

The contributing terms to input referred noise current (i,;) in Equation 2 are:

a) Noise Current Term:
i

n

b) Noise Voltage Term:
e,/ Re

¢) Thermal Noise Term:

4T
Re

where 4kT= 16.4E# J at room temperature

d) Input Capacitance Term:

@

@)

(4)

®)
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V3 ®)

While most of the terms shown may be self-explanatory, the last term needs to be described. This term is
the result of the noise increase caused by the presence of the total inverting input capacitance (C,), which
has the net effect of increasing Noise Gain beyond a certain frequency set by Rg and C,.

The overall SNR can be optimized by the proper choice of operational amplifier, selected gain, and the
total signal path gain. With several cascaded stages, it is desirable to take the highest gain at the earliest
stage and to minimize its noise contribution since it has the highest impact on SNR. So, for the 1% stage,
choose the best operational amplifier (by using the analysis method developed here) while operating at
the highest Transimpedance gain possible which still allows the entire spectrum of interest to pass.

3 Optimizing the Device Choice and Operation

For a given operational amplifier GBWP, use the expression in Figure 2 to pick the highest gain (Rf) that
achieves the required bandwidth. If this R value causes excessive swing at maximum signal, set Rg to
what the maximum signal and voltage swing dictates. A spreadsheet is a good tool to use so that you can
evaluate many possible device options side-by-side, given their datasheet specifications and application
operating conditions. Next, use the i,; expression in Equation 2 to compute the equivalent input referred
noise current and determine if the resulting SNR is adequate for the application at hand. To improve SNR,
select a different operational amplifier to try and maximize SNR as much as possible. The individual noise
sources in ( Equation 3 through Equation 6) can point out which noise source is dominant and should
therefore be targeted for reduction to have the maximum impact on SNR.

Let's take an example photodiode and try to find the best amplifier to be used with it while considering all
input referred noise sources described earlier:

Example:

» Total input capacitance C,y: 10pF. Note: Device input capacitance not considered (assumed C,, = Cp)
» Photodiode signal range: 10nA (Min) to 1uA (Max)

* Required Bandwidth: 80MHz

* Required swing with minimum signal: 1mV

Following the procedure above, and comparing some possible device candidates for the 1 stage
amplification, here is what you get:

Table 1. Different Amplifier Candidates Optimized Setting Compared Side-by-Side

Device ® | GBWP in(PA/ | e, (nV/ | Rz (Ohm) | Noise Noise | Thermal Input SNR Post
(MH2)® | RtHz)® | RtHz)® @ Current | Voltage Noise | Capacita | (dB)® Amp
Term (pA | Term (pA | Term (pA | nce Term Gain
/RtHz) @ | /RtHz) @ | /RtHz) @ | (pA/ (dB)®
RtHz) @
THS4631 325 0.002 7 810 0.002 8.7 45 20.30 53 42
LMH6629 | 4,000 26 0.69 10k 2,67 0.07 13 20 69 20
OPAB57 1,600 0.0013 4.8 3.9k 0.0013 1 2 140 57 28

@ Device input capacitance not considered (assumed C, = Cp)

@ Datasheet parameter

®  Selected to meet bandwidth required using Figure 2

@ Computed using Equation 2

®  SNR computed as ratio of minimum signal (10nA) to input referred spot noise i, [= 20 * log(10nA / i,) ]
®  For 1mV final signal with minimum signal

™ Dominant term

Table 1 results show that the LMH6629 delivers the highest SNR for this application by virtue of its ultra-
low input noise voltage (e,) which is low enough to be a non-factor and also results in a minimal "input
capacitance term" as well. In the end, which amplifier gives the best SNR is determined by the specifics of
the application or operating conditions and the determining factor depends which of the noise terms
dominates. Notice that one must weigh the benefit of the highest SNR against cost, and also the additional
post amp gain needed. The small R value for THS4631, and the subsequent large post amp gain it
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needs, might prohibit this device’s application in this particular example. A very important thing to note is
that the FET input devices (e.g. THS4631, OPA657, etc.) not only have an inherent noise current
advantage over BJT input devices (e.g. LMH6629, etc.), but they also reduce the output offset error that
arises from their near zero input bias current working against the feedback resistor Rg. If the operating
conditions of this example were different, one might very well end up with a situation where low noise
current sets the attainable SNR and thus it would be more appropriate to select a FET input device
instead.

4 Post Amplification Effect on SNR

To demonstrate how SNR is affected when the 1% TIA stage is followed by additional non-ideal (noisy)
amplifiers to increase signal amplitude to what is needed, let's consider an example shown in Figure 4. In
this example, the LMH6629 1% stage from Table 1 is chosen along with a cascade of 6dB voltage gain
stages having a NF of 10dB each as post amp. To get 20dB total post amp voltage gain needed, we must
use more than 3 cascaded stages. Four cascaded stages are shown in the example below:

1 SNR_initial 4 |dentical SNR_final
Amplification
photodiode \ Stages Cascaded /

1% TIA Avl=6dB  Av2=6dB Av3=6dB Av4=6dB
Stage NF1=10dB NF2=10dB NF3=10dB NF4=10dB

Figure 4. Block Diagram of Entire Signal Path to Compute Overall SNR

The post amp consists of a series of identical cascaded stages of voltage gain (A,) and Noise figure (NF)
each.

Here is the overall Noise Factor (F) expression (known as “Friis Formula”) at the post amp output using
Power Gain (G,) and Noise Factor (F,) of the n stages:
-1 FRR-1 F-1 F,-1

2_—4 3 —, 4 ot n

Knowing the entire signal path Noise Figure (NF= 10*log(F)), one can compute the resulting SNR_final
with SNR_initial known (69dB in this case from the Table 1 entry for the LMH6629):

SNR_final = SNR_initial — NF (8)
Let's compute G and F from A, and NF given:

G, =G,=G,=G,=[10MA,/20) * = [1076 / 20) ] = (2)* = 4 (V*IV?) 9

F,=F,=F,=F,=10"NF/ 10) = 1010/ 10) = 10 (V¥V? (10)
From Equation 7:

F=10+ (10-1)/ 4 + (10-1) / 4* + (10-1) / 4°*= 13 (12)
Computing NF from knowing F:

NF =10 * log (13) = 11.1dB (12)
From Equation 8:

SNR_final = SNR_initial - NF = 69dB - 11.1dB = 57.9dB (13)
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5 Summary

This application note developed some insight into the parameters that affect the TIA most in terms of
bandwidth and noise and demonstrated with examples how to compute SNR, and optimize it which in turn
allows one to find the most suitable amplifier to use for the 1% TIA stage. Furthermore, the impact of
additional amplification on overall SNR was analyzed and evaluated numerically such that the user can
keep track of the noise in order to successfully specify and build an optimized photodiode amplifier
system.
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Transimpedance Considerations for High-Speed
Amplifiers

Xavier Ramus High-Speed Products

ABSTRACT
Designing high-resolution detection circuits using photodiodes presents considerable challenges because
bandwidth, gain, and input-referred noise are coupled together. This application note reviews the basic
issues of transimpedance design, provides a set of detailed design equations, explains those equations,
and develops an approach to easily compare potential solutions.
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1

Introduction

The purpose of a transimpedance circuit is to convert an input current from a current source (typically a
photodiode) into an output voltage. The simplest method to achieve this conversion is to use a resistor
connected to ground. However, the achievable gain using this method is limited by the following factors:

1. The current source input impedance;
2. The load impedance; and
3. Desired bandwidth.

A closed-loop approach, using an operational amplifier, is normally beneficial to most applications as it
has the potential of eliminating those issues. A typical circuit with all necessary components for this
analysis is shown in Figure 1. In this circuit, the generator is a photodiode, whose role is to convert the
photons into a current. This current is then amplified by the feedback resistor R.. Working with an ideal
amplifier for now, we can see that because no bias current is present, all the signal generated by the
photodiode is going to be converted to the output. Note that the source impedance is not of interest here;
it is isolated from the output. Note also that the output is low impedance, allowing a wide variety of load to
be connected. The bandwidth is going to be a function of the source capacitance (Cs), the feedback
capacitance (C;), and the gain bandwidth product of the actual amplifier used.

l_CD

.||_|

Cs = Cp + Coy + Coprr Vo =-V'A(s)

Figure 1. Transimpedance Circuit with Modeled Elements

The source capacitance (Cs) is the sum of the photodiode capacitance (Cp), the common-mode
capacitance of the amplifier (C,), and the differential capacitance of the amplifier (Cpe). Com @and Cpoee
include both the board layout and the op amp parasitic capacitance.

Stability Analysis

The first non-ideal op-amp characteristic we examine here is the non-infinite open-loop gain. The
architecture for the operational amplifier used in the rest of this application report is a single pole op-amp
model, as shown in Equation 1. This model allows us to analyze the resulting transimpedance design as a
second-order, closed-loop transfer function.

AoL * 0y

A =
(S) S + Wy ()

Expressing the Laplace transfer function in Bode analysis form yields the following equation.
Vo -Z¢

1y Z

@
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where:
1
C
1 F
Ze =Re|| =
s+ Ce s+
Re - Ce 3)
1
Zy =
S Cs (4)

At dc, and if the open-loop gain of the amplifier is infinite, the amplifier gain is set by the feedback resistor.
This effect can be seen by setting s = 0 in Equation 3 and plugging the result into Equation 2 while setting
A(S) = 0.
145
+ =5
Zs is the noise gain. The loop gain is the difference between the open-loop gain (Ay,) and the noise
gain. The noise gain is plotted in Figure 2 alongside the single pole, open-loop gain model of the amplifier.

20009 (o) [———
| Op Amp
: Open-Loop Gain
| 1
Z = Hz
| "= 27R.(Cq + Cy)
|
& | ) o1
g c. Pi=%R.C. 2
£ L 20log (1 + C7)
(ON] s F
§’: Noise 7 Fo=vZ,* GBP
Gain a
| » GBP
// F.= C
| . c O
| v/ (1 * CF)
0dB : {
]
YA Z, P, Fy F¢ Gain Bandwidth
2n Product (GBP)
—_—
Log Frequency (Hz)
Figure 2. Bode Plot Magnitude
Cs

+
At dc, the gain is indeed the expected transimpedance gain Ry, while at high frequency, it is Ce . Note
that only the feedback capacitor (Cr) and the source capacitance (Cg) are used for stability; consequently,
it can be noted that a unity-gain stable amplifier is not necessary for transimpedance applications. In fact,
it is recommended to use a decompensated amplifier instead, because these decompensated amplifiers
offer better voltage noise specifications and larger gain bandwidth products than any compensated
version. This fact is easily illustrated by two families of devices: the OPA842/3/6/7 and the OPA656/7. The
OPAB842 is unity-gain stable and has 2.7nV/VHz input voltage noise. The OPA843 is stable for gains
greater than 3V/V and has a voltage noise of 2nV/\Hz. The OPA846 is stable for gains greater than 7V/V
and has a 1.2nV/\Hz voltage noise. Finally, the OPA847 has a voltage noise of 0.85nV/\VHz and is stable
for gains greater than 12V/V. For FET devices such as the OPA656 and OPA657, the OPA656 provides
unity-gain stability with a 7nV/\Hz input voltage noise; the OPA657 has a 4.8nV/VHz voltage noise, but is
stable for gains greater than 7V/V.

Coming back to the analysis and expressing the full transfer function as a function of w, and Q.—given in
Equation 5 with Equation 6 and Equation 7 expressing w, and Q with physical elements of the circuit
—yields the following results:
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Vo —R_e AOL . W,
ID_ FoAg +1 2+S'&+w2
Q" (5)
(Ao + 1) * 0y
= 2 o F = . .
Pe T\ Re s (Go+ Gy
(6)
(AL + 1) * 0y
Re ¢ (Cs + Cp)
Q= C
o (1+A o )s 1
g ( o Cst CF) Re*(Cs + Cp) @)
Z, = 1
Setting Re*(Cs + Cp) , and recognizing that the gain bandwidth product (GBP) is equal to
GBP = 1o O
~  2m  and using the following algebraic simplifications:
* Cg>> C.to simplify Z,
o (AgLtl)ewyz=Ag * W, =21 GBP
C: C:
. (1 Aot CF) =Ao'c s,
Leads to the following:
F,=+vZ, * GBP ®)
— FO
Zi+Fg 9)
Further simplification on Q leads to these easier-to-use equations:
F,=+vZ, * GBP
Q- Pr
Fo (10)
with:
P 1
2m * R:Ce (11)
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3 Bandwidth Considerations

Maximum bandwidth will be achieved for a Butterworth response with Q = 0.707. This result is an
interesting point because this is also equivalent to saying that the —3dB bandwidth is equal to F,, and
allows us to derive a design equation that proves very useful for amplifier selection.

GBP =2n * F®,; * R:Cq 12

Note that the —3dB bandwidth and the transimpedance gain are desired parameters and the source
capacitance is known. Thus, Equation 12 allows you to do the following:

» Knowing the bandwidth required by the application, the photodiode capacitance, and the
transimpedance gain specification, calculate the minimum GBP requirement for the amplifier

» Knowing the amplifier, the transimpedance gain, and the photodiode capacitance, calculate the
maximum achievable bandwidth

We can use this last point to calculate the maximum achievable bandwidth for a few selected amplifiers.
The OPAB847 is a 3.9GHz GBP amplifier with 0.85nV/vVHz input voltage noise. The OPA846 has a
1.75GHz GBP with a 1.2nV/VHz input voltage noise. The OPA843 is a 800MHz GBP device with a
2nV/WHz input voltage noise. All three amplifiers—OPA847, OPA846 and OPA843—are bipolar amplifiers.
Finally, the OPA657 is a 1.65GHz GBP device with a 4.8nV/\VHz input voltage noise. Unlike the other
three devices, the OPA657 is a FET input amplifier.

Figure 3 shows an example of achievable bandwidth versus transimpedance gain for a 10pF source
capacitance for various amplifiers.

300

T T
m OPA847

250 OPAB846 ||

200 B OPAG57 ||

OPA843

150

100

Maximum Achievable
Flat Frequency Response (MHz)

50

0

1 2 5 10 20 50 100 200 500 1000

Maximum Transimpedance Gain (k<)

Figure 3. Maximum Achievable Bandwidth for Selected Op Amps (10pF Source Capacitance)

The relative performance for each amplifier is maintained as the source capacitance varies. Note that the
source capacitance in this example considers the amplifier parasitic, both common-mode and differential
capacitance. When multiple amplifiers can be selected to meet the desired performance—for example, for
Re = 20kQ, f ;55 = 10MHz—other considerations such as noise or power dissipation must be considered
before making the amplifier selection.

At first glance, using a FET input amplifier does not present any advantages and has one major
inconvenience: its high input voltage noise. The noise analysis will be developed next and then the relative
performance of bipolar technology will be compared with FET technology.
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4 Noise Considerations

The equivalent input current noise for a transimpedance amplifier makes the following assumptions:

» This evaluation is an integrated noise analysis that uses spot noise over frequency, and is not intended
to be used as a spot noise equation for narrowband applications.

» The application is dc-coupled, pulse-oriented where the integrated noise is of interest.

« The final signal bandwidth for both the transimpedance design and any post-filtering is greater than 10
times the 1/f noise corner frequency of any of the amplifier noise terms. This consideration allows
those effects to be neglected.

» The transimpedance bandwidth is set greater than the post-filtering.

» The current noise term on the noninverting is either negligible or made negligible by providing
adequate bypassing.

With these assumptions at hand, the noise terms of interest are shown in Figure 4.

Figure 4. Noise Analysis Circuit
The equivalent input-referred noise current for wideband transimpedance design is provided in
Equation 13.
2 2
igq = i 4kT + ei"‘ (eN2nFCS)
5 "R T|R: 3
(13)

where:

* |z = inverting input spot current noise

e 4KT =16 x 107#J at 290 degrees Kelvin

* R; = feedback resistor

* e, = noninverting input spot voltage noise

* C, = inverting input total capacitance

* F = noise integration frequency limit

All these parameters except the noise integration frequency limit can be found in the respective

operational amplifier product data sheet. The noise integration frequency limit (F) represents the

equivalent brick-wall filter of a post-amplifier passive filter.

Using Equation 13 and comparing two amplifiers with very similar GBP—the OPA846 and the

OPA657—we can then determine an appropriate transimpedance gain threshold. Below this threshold, it

is preferable to use bipolar technology to achieve lower noise, while above the threshold it is better to use

FET technology. For this comparison, we will consider that the noise integration frequency limit is the

same for both amplifiers. This problem is expressed in Equation 14.
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The solution for Rg is shown in Equation 15.
2 2
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For example, with a band-limit filter bandwidth set at 10MHz and a 10pF diode capacitance, all other
parameters are set according to Table 1 (taken from the OPA657 and OPA846 product data sheets).

Table 1. Device Performance Comparison

Device Element Specifications
engen = 4.8nVHZ

OPA657 lgeer, = 1.3FANHZ

Cseer) = 10pF + 5.2pF = 15.2pF

ener) = 1.2nVIVHZ

OPA846 ls@ir) = 2.8pANHZ

Csir = 10pF + 3.8pF = 13.8pF

The result is that for a resistor lower than 2kQ, the bipolar amplifier offers a noise advantage; we can
therefore conclude that even though the voltage noise of the OPA657 is high, the total input-referred noise
generated by the OPA657 FET amplifier will be lower than that of the OPA846 bipolar amplifier for any
transimpedance gain greater than 2kQ. If a larger post-amplifier filter bandwidth is necessary, the bipolar
amplifier (such as the OPA846) will have the lowest noise contribution independent of the resistor.

In general (and from a noise perspective), FET input amplifiers such as the OPAG57 are best for large or
very large transimpedance gain with low-to-medium bandwidth because of the post-amplifier filter
limitations, whereas bipolar amplifiers such as the OPA846 are best for medium-to-large transimpedance
gain applications with high bandwidth as limited by the post-amplifier filter.

5 Example

From Figure 3, the maximum achievable bandwidth versus transimpedance gain, it is difficult to separate
the OPAB846 from the OPAB57 simply by achievable bandwidth. In order to help assess the behavioral
differences between these two amplifiers, first consider the following application circuit (Figure 5).

+5V
O

_VB

Figure 5. 310kQ Transimpedance Gain with 200pF Source Capacitance Circuit
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In this circuit, using Equation 12, the OPA846 achieves 2.1MHz while the OPA657 achieves 2MHz,
making them equivalent on that specification. Looking at the noise, the OPA657 yields a 5pA/NHz
equivalent input noise current if we assume the noise power bandwidth limit is set at 1.4MHz. This noise is
dominated by the third term of the total noise equation, which is the effect of the rising portion of the noise
gain curve times the relatively high 4.8nV/vHz input voltage noise for the OPA657. The OPA846, which
has a much lower voltage noise but much higher current noise, actually yielded a lower equivalent input
noise current of 3pA/VHz. So why is the OPA846 not used in this application?

6 DC-Parameters Consideration

The input bias current of the OPA846, 19uA, generates an output offset voltage with the feedback resistor
of 310kQ of 5.89V. Because the OPA846 is operating on a £5V power supply, this offset voltage sends
the output into saturation. Adding a 310kQ resistor on the noninverting input allows bias current
cancellation but now puts 5.89V common-mode voltage on the input, exceeding the common-mode input
range of the OPA846. Figure 6 shows the maximum achievable bandwidth as a function of the
transimpedance gain for a few operational amplifiers when taking into consideration dc parameters. The
difference between bipolar technology and FET-input technology is now easy to establish. FET-input
operational amplifiers, such as the OPA657, are capable of higher transimpedance, where
decompensated bipolar operational amplifiers are capable of much higher bandwidth but are limited in
gain range.
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This measurement takes into consideration a dc parameter for a 10pF source capacitance.

Figure 6. Maximum Achievable Bandwidth vs Transimpedance Gain for Selected Op Amps

7 Conclusion

Although all operational amplifiers can be used in transimpedance applications, the limit in performance is
always limited by the transimpedance gain, the bandwidth, and the noise. Many potential problems have
been discussed along with suggestions and solutions. This application report developed an emphasis on
the methodology to approach transimpedance designs as well as component selection.
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® Photodiode Characteristics and Applications

Photodiode Characteristics =

Silicon photodiodes are semiconductor devices responsive to high-
energy particles and photons. Photodiodes operate by absorption
of photons or charged particles and generate a flow of current in an
external circuit, proportional to the incident power. Photodiodes can be
used to detect the presence or absence of minute quantities of light and
can be calibrated for extremely accurate measurements from intensities
below 1 pW/cm? to intensities above 100 mW/cm?. Silicon photodiodes
are utilized in such diverse applications as spectroscopy, photography,
analytical instrumentation, optical position sensors, beam alignment,
surface characterization, laser range finders, optical communications,
and medical imaging instruments.

= PLANAR DIFFUSED SILICON PHOTODIODE
CONSTRUCTION

Planar diffused silicon photodiodes are simply P-N junction diodes.
A P-N junction can be formed by diffusing either a P-type impurity
(anode), such as Boron, into a N-type bulk silicon wafer, or a N-type
impurity, such as Phosphorous, into a P-type bulk silicon wafer. The
diffused area defines the photodiode active area. To form an ohmic
contact another impurity diffusion into the backside of the wafer is
necessary. The impurity is an N-type for P-type active area and P-type
for an N-type active area. The contact pads are deposited on the front
active area on defined areas, and on the backside, completely covering
the device. The active area is then passivated with an antireflection
coating to reduce the reflection of the light for a specific predefined
wavelength. The non-active area on the top is covered with a thick
layer of silicon oxide. By controlling the thickness of bulk substrate, the
speed and responsivity of the photodiode can be controlled. Note that
the photodiodes, when biased, must be operated in the reverse bias
mode, i.e. a negative voltage applied to anode and positive voltage to
cathode.
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Figure 1. Planar diffused silicon photodiode

= PRINCIPLE OF OPERATION

Silicon is a semiconductor with a band gap energy of 1.12 eV at
room temperature. This is the gap between the valence band and the
conduction band. At absolute zero temperature the valence band is
completely filled and the conduction band is vacant. As the temperature
increases, the electrons become excited and escalate from the valence
band to the conduction band by thermal energy. The electrons can
also be escalated to the conduction band by particles or photons
with energies greater than 1.12eV, which corresponds to wavelengths
shorter than 1100 nm. The resulting electrons in the conduction band
are free to conduct current.

Due to concentration gradient, the diffusion of electrons from the N-
type region to the P-type region and the diffusion of holes from the
P-type region to the N-type region, develops a built-in voltage across
the junction. The inter-diffusion of electrons and holes between the
N and P regions across the junction results in a region with no free
carriers. This is the depletion region. The built-in voltage across the
depletion region results in an electric field with maximum at the junction
and no field outside of the depletion region. Any applied reverse bias
adds to the built in voltage and results in a wider depletion region. The
electron-hole pairs generated by light are swept away by drift in the
depletion region and are collected by diffusion from the undepleted
region. The current generated is proportional to the incident light or
radiation power. The light is absorbed exponentially with distance and
is proportional to the absorption coefficient. The absorption coefficient
is very high for shorter wavelengths in the UV region and is small for
longer wavelengths (Figure 2). Hence, short wavelength photons such
as UV, are absorbed in a thin top surface layer while silicon becomes
transparent to light wavelengths longer than 1200 nm. Moreover,
photons with energies smaller than the band gap are not absorbed at all.
(continued)
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Figure 2. Penetration depth (1/e) of light into silicon substrate for

various wavelengths.

m ELECTRICAL CHARACTERISTICS

A silicon photodiode can be represented by a current source in parallel
with an ideal diode (Figure. 3). The current source represents the current
generated by the incident radiation, and the diode represents the p-n
junction. In addition, a junction capacitance (C) and a shunt resistance
(Rsw) are in parallel with the other components. Series resistance (Rs) is
connected in series with all components in this model.

‘Iph \Id
C R, R

o

Figure 3. Equivalent Circuit for the silicon photodiode

Shunt Resistance, Rsy

Shunt resistance is the slope of the current-voltage curve of the
photodiode at the origin, i.e. V=0. Although an ideal photodiode should
have an infinite shunt resistance, actual values range from 10’s to
1000’s of Mega ohms. Experimentally it is obtained by applying +10 mV,
measuring the current and calculating the resistance. Shunt resistance
is used to determine the noise current in the photodiode with no bias
(photovoltaic mode). For best photodiode performance the highest
shunt resistance is desired.

Series Resistance, Rg

Series resistance of a photodiode arises from the resistance of the
contacts and the resistance of the undepleted silicon (Figure 1). It is
given by:

— (Ws'Wd)p +R

(1)
s A c

Where Ws is the thickness of the substrate, W, is the width of the
depleted region, A is the diffused area of the junction, p is the resistivity
of the substrate and R is the contact resistance. Series resistance is
used to determine the linearity of the photodiode in photovoltaic mode
(no bias, V=0). Although an ideal photodiode should have no series
resistance, typical values ranging from 10 to 1000 Q’s are measured.

Junction Capacitance, C,
The boundaries of the depletion region act as the plates of a
parallel plate capacitor (Figure 1). The junction capacitance is directly
proportional to the diffused area and inversely proportional to the width
of the depletion region. In addition, higher resistivity substrates have
lower junction capacitance. Furthermore, the capacitance is dependent
on the reverse bias as follows:
C = €5,€A

! \/2€Si€0p"p(VA+Vhi) (2)
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=A|———————
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m Typical Capacitance vs. Reverse Bias
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Figure 4. Capacitance of Photoconductive Devices versus Reverse
Bias Voltage

where €,= 8.854x107 F/cm, is the permittivity of free space, es=11.9
is the silicon dielectric constant, p = 1400 cm?/Vs is the mobility of
the electrons at 300 K, p is the resistivity of the silicon, V,, is the built-
in voltage of silicon and V, is the applied bias. Figure 4 shows the
dependence of the capacitance on the applied reverse bias voltage.
Junction capacitance is used to determine the speed of the response
of the photodiode.

Rise / Fall Time and Frequency Response, t, / t; / fa4s

The rise time and fall time of a photodiode is defined as the time for
the signal to rise or fall from 10% to 90% or 90% to 10% of the final
value respectively. This parameter can be also expressed as frequency
response, which is the frequency at which the photodiode output
decreases by 3dB. It is roughly approximated by:

0.35

~

(3)

r
f?ydb

There are three factors defining the response time of a photodiode:

1. torer, the charge collection time of the carriers in the depleted
region of the photodiode.

2. torrusen, the charge collection time of the carriers in the undepleted
region of the photodiode.

3. tre, the RC time constant of the diode-circuit combination.

tqc is determined by tgc=2.2 RC, where R, is the sum of the diode
series resistance and the load resistance (Rs + R,), and C, is the sum
of the photodiode junction and the stray capacitances (C+Cg). Since
the junction capacitance (C) is dependent on the diffused area of the
photodiode and the applied reverse bias (Equation 2), faster rise times
are obtained with smaller diffused area photodiodes, and larger applied
reverse biases. In addition, stray capacitance can be minimized by
using short leads, and careful lay-out of the electronic components. The
total rise time is determined by:

2 2

_ 2
tR—\/tDRIFT + tpirrusep t ke (4)

Generally, in photovoltaic mode of operation (no bias), rise time is
dominated by the diffusion time for diffused areas less than 5 mm?
and by RC time constant for larger diffused areas for all wavelengths.
When operated in photoconductive mode (applied reverse bias), if the
photodiode is fully depleted, such as high speed series, the dominant
factor is the drift time. In non-fully depleted photodiodes, however, all
three factors contribute to the response time.
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® Photodiode Characteristics
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= OPTICAL CHARACTERISTICS

Responsivity, Ry

The responsivity of a silicon photodiode is a measure of the sensitivity
to light, and it is defined as the ratio of the photocurrent /. to the
incident light power P at a given wavelength:

Ry,=—+ (5)

In other words, it is a measure of the effectiveness of the conversion
of the light power into electrical current. It varies with the wavelength
of the incident light (Figure 5) as well as applied reverse bias and
temperature.
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Figure 5. Typical Spectral Responsivity of Several Different
Types of Planar Diffused Photodiodes

Responsivity increases slightly with applied reverse bias due to
improved charge collection efficiency in the photodiode. Also there
are responsivity variations due to change in temperature as shown in
figure 6. This is due to decrease or increase of the band gap, because
of increase or decrease in the temperature respectively. Spectral
responsivity may vary from lot to lot and it is dependent on wavelength.
However, the relative variations in responsivity can be reduced to less
than 1% on a selected basis.

® Temperature Dependence of Responsivity

1.5

Temperature Coefficient (%/°C)

Quantum Efficiency, Q.E.
Quantum efficiency is defined as the fraction of the incident photons
that contribute to photocurrent. It is related to responsivity by:

R

N Observed

0.E. .
R)\ Ideal e

where h=6.63 x 10 J-s, is the Planck constant, c=3 x 10® m/s, is
the speed of light, g=1.6 x 10" C, is the electron charge, R, is the
responsivity in A/W and \ is the wavelength in nm.

Non-Uniformity

Non-Uniformity of response is defined as variations of responsivity
observed over the surface of the photodiode active area with a small
spot of light. Non-uniformity is inversely proportional to spot size, i.e.
larger non-uniformity for smaller spot size.

Non-Linearity
A silicon photodiode is considered linear if the generated photocurrent
increases linearly with the incident light power. Photocurrent linearity
is determined by measuring the small change in photocurrent as a
result of a small change in the incident light power as a function of
total photocurrent or incident light power. Non-Linearity is the variation
of the ratio of the change in photocurrent to the same change in light
power, i.e. AlI/AP. In another words, linearity exhibits the consistency
of responsivity over a range of light power. Non-linearity of less than
+1% are specified over 6-9 decades for planar diffused photodiodes.
The lower limit of the photocurrent linearity is determined by the noise
current and the upper limit by the series resistance and the load
resistance. As the photocurrent increases, first the non-linearity sets
in, gradually increasing with increasing photocurrent, and finally at
saturation level, the photocurrent remains constant with increasing
incident light power. In general, the change in photocurrent generated
for the same change in incident light power, is smaller at higher current
levels, when the photodetector exhibits non-linearity. The linearity range
can slightly be extended by applying a reverse bias to the photodiode.
(continued)

= |-V CHARACTERISTICS

The current-voltage characteristic of a photodiode with no incident light
is similar to a rectifying diode. When the photodiode is forward biased,
there is an exponential increase in the current. When a reverse bias is
applied, a small reverse saturation current appears. It is related to dark
current as:

qVa

I,= ISAT(ek”T—l) (7)

where |, is the photodiode dark current, I is the reverse saturation
current, q is the electron charge, V, is the applied bias voltage,
ks=1.38 x 10%* J / K, is the Boltzmann Constant and T is the absolute
temperature (273 K= 0 °C).

m Photodetector |-V Curves
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Figure 7. Characteristic 1-V Curves of an OSI| Optoelectronics
photodiode for Photoconductive and Photovoltaic modes of operation.
P,-P, represent different light levels.

This relationship is shown in figure 7. From equation 7, three various
states can be defined:

a) V = 0, In this state, the dark current 1,=0.

b) V = +V, In this state the current increases exponentially. This state
is also known as forward bias mode.

c) V = -V, When a very large reverse bias is applied to the photodiode,
the dark current becomes the reverse saturation current, Ig,,.

Illuminating the photodiode with optical radiation, shifts the |-V curve by
the amount of photocurrent (I;). Thus:
qVa
_ kT
ITOTAL_ ISAT(e '1)'IP (8)

where |, is defined as the photocurrent in equation 5.

= NOISE

In a photodiode, two sources of noise can be identified; Shot noise and
Johnson noise:

Shot Noise

Shot noise is related to the statistical fluctuation in both the photocurrent
and the dark current. The magnitude of the shot noise is expressed as
the root mean square (rms) noise current:

I,,=V2q(I,+ I,)Af (9)

Where q=1.6x10"°C, is the electron charge, |, is the photogenerated
current, |, is the photodetector dark current and Af is the noise
measurement bandwidth. Shot noise is the dominating source when
operating in photoconductive (biased) mode.

Thermal or Johnson Noise

The shunt resistance in a photodetector has a Johnson noise associated
with it. This is due to the thermal generation of carriers. The magnitude
of this generated noise current is:

4k, TAf

) (10)
jn RSH

Where kz=1.38 x 10° J/K, is the Boltzmann Constant, T, is the absolute
temperature in degrees Kelvin (273 K= 0 °C), Af is the noise measurement
bandwidth and Rg, , is the shunt resistance of the photodiode. This
type of noise is the dominant current noise in photovoltaic (unbiased)
operation mode.

Note: All resistors have a Johnson noise associated with them, including
the load resistor. This additional noise current is large and adds to the
Johnson noise current caused by the photodetector shunt resistance.

Total Noise
The total noise current generated in a photodetector is determined by:

(11)

Itn= \ Isn2+ Ijn2

Noise Equivalent Power (NEP)

Noise Equivalent Power is the amount of incident light power on a
photodetector, which generates a photocurrent equal to the noise
current. NEP is defined as:

(12)

Itn
NEP=
R)\

Where R, is the responsivity in A/W and |,, is the total noise of the
photodetector. NEP values can vary from 10" W/VHz for large
active area photodiodes down to 10" W //Hz for small active area

0.0 As the applied reverse bias increases, there is a sharp increase in the ‘
] photodiode current. The applied reverse bias at this point is referred to photodiodes. )
/ as breakdown voltage. This is the maximum applied reverse bias, below (continued)
0.5 which, the photodiode should be operated (also known as maximum
reverse voltage). Breakdown voltage, varies from one photodiode to
10 another and is usually measured, for small active areas, at a dark
' current of 10 pA.
1.5
300 400 500 600 700 800 900 1000 1100
Wavelength (nm)
Figure 6. Typical Temperature Coefficient of Responsivity For Silicon
Photodiode
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= TEMPERATURE EFFECTS

All photodiode characteristics are affected by changes in temperature.
They include shunt resistance, dark current, breakdown voltage,
responsivity and to a lesser extent other parameters such as junction
capacitance.

Shunt Resistance and Dark Current:

There are two major currents in a photodiode contributing to dark current
and shunt resistance. Diffusion current is the dominating factor in a
photovoltaic (unbiased) mode of operation, which determines the shunt
resistance. It varies as the square of the temperature. In photoconductive
mode (reverse biased), however, the drift current becomes the dominant
current (dark current) and varies directly with temperature. Thus,
change in temperature affects the photodetector more in photovoltaic
mode than in photoconductive mode of operation.

In photoconductive mode the dark current may approximately double
for every 10 °C increase change in temperature. And in photovoltaic
mode, shunt resistance may approximately double for every 6 °C
decrease in temperature. The exact change is dependent on additional
parameters such as the applied reverse bias, resistivity of the substrate
as well as the thickness of the substrate.

Breakdown Voltage:

For small active area devices, by definition breakdown voltage is
defined as the voltage at which the dark current becomes 10pA. Since
dark current increases with temperature, therefore, breakdown voltage
decreases similarly with increase in temperature.

Responsivity:
Effects of temperature on responsivity is discussed in the “Responsivity”
section of these notes.

m BIASING

A photodiode signal can be measured as a voltage or a current.
Current measurement demonstrates far better linearity, offset, and
bandwidth performance. The generated photocurrent is proportional
to the incident light power and it must be converted to voltage using a
transimpedance configuration. The photodiode can be operated with or
without an applied reverse bias depending on the application specific
requirements. They are referred to as “Photoconductive” (biased) and
“Photovoltaic” (unbiased) modes.

Photoconductive Mode (PC)

Application of a reverse bias (i.e. cathode positive, anode negative)
can greatly improve the speed of response and linearity of the devices.
This is due to increase in the depletion region width and consequently
decrease in junction capacitance. Applying a reverse bias, however,
will increase the dark and noise currents. An example of low light level
/ high-speed response operated in photoconductive mode is shown in
figure 8.

In this configuration the detector is biased to reduce junction capacitance
thus reducing noise and rise time (t,). A two stage amplification is used
in this example since a high gain with a wide bandwidth is required. The
two stages include a transimpedance pre-amp for current- to-voltage
conversion and a non-inverting amplifier for voltage amplification. Gain
and bandwidth (f4s ua) @re directly determined by R, per equations (13)
and (14) . The gain of the second stage is approximated by 1+ R1 / R2.
A feedback capacitor (C;) will limit the frequency response and avoids
gain peaking.

+15V

0.1uF
— [0

1

e
-15V =

N

-3V <

Figure 8. Photoconductive mode of operation circuit example:
Low Light Level / Wide Bandwidth

GBP (13)
f3dBMax [HZ] =/
2R, (C,+C.+C))

Where GBP is the Gain Bandwidth Product of amplifier (A,) and C, is the
amplifier input capacitance.

. Vour R, (14)
Gain(V/W) = =27 = R, (1+ = ) R,

2

In low speed applications, a large gain, e.g. >10MQ can be achieved by
introducing a large value (R;) without the need for the second stage.

Typical components used in this configuration are:

Amplifier : OPA-637, OPA-686, OPA-687, or similar
Ry: 1 to 10 K€ Typical, depending on C;
R,: 10 to 50 k&

R,: 0.5to 10 kQ

Ck: 0.2 to 2 pF

In high speed, high light level measurements, however, a different
approach is preferred. The most common example is pulse width
measurements of short pulse gas lasers, solid state laser diodes, or
any other similar short pulse light source. The photodiode output can
be either directly connected to an oscilloscope (Figure 9) or fed to a
fast response amplifier. When using an oscilloscope, the bandwidth
of the scope can be adjusted to the pulse width of the light source for
maximum signal to noise ratio. In this application the bias voltage is
large. Two opposing protection diodes should be connected to the input
of the oscilloscope across the input and ground.

| .
R \\ | Coaxial Cable Oscilloscope —

R.=50Q | Vour

] ! > L
I‘ V bies Av\

Metal Box

Figure 9. Photoconductive mode of operation circuit example:
High Light Level / High Speed Response
(continued)

To avoid ringing in the output signal, the cable between the detector
and the oscilloscope should be short (i.e. < 20cm) and terminated with
a 50 ohm load resistor (R,). The photodiode should be enclosed in a
metallic box, if possible, with short leads between the detector and the
capacitor, and between the detector and the coaxial cable. The metallic
box should be tied through a capacitor (C1), with lead length (L) less
than 2 cm, where R_ C, > 10 7 (7 is the pulse width in seconds). Rs is
chosen such that Rg < Vgus / 10 lppe, Where oo is the DC photocurrent.
Bandwidth is defined as 0.35 / 7. A minimum of 10V reverse bias
is necessary for this application. Note that a bias larger than the
photodiode maximum reverse voltage should not be applied.

Photovoltaic Mode (PV)

The photovoltaic mode of operation (unbiased) is preferred when a
photodiode is used in low frequency applications (up to 350 kHz) as
well as ultra low light level applications. In addition to offering a simple
operational configuration, the photocurrents in this mode have less
variations in responsivity with temperature. An example of an ultra low
light level / low speed is shown in figure 10.

Figure 10. Photovoltaic mode of operation circuit example: Ultra low
level light / low speed

In this example, a FET input operational amplifier as well as a large
resistance feedback resistor (R;) is considered. The detector is unbiased
to eliminate any additional noise current. The total output is determined
by equation (15) and the op-amp noise current is determined by R; in
equation (16):

Vour= I, X R, (15)

Arms 4kT
L[] [

VHz |V R,

where k=1.38 x 10* J/K and T is temperature in K.

For stability, select C; such that

GBP o1
2wR,(C,+C,+C,) 2uR,C,

Operating bandwidth, after gain peaking compensation is:

1

Hil= ———
Jor lHZ] 2mR,C, (18)

Some recommended components for this configuration are:

Amplifier : OPA-117 or similar

R, 500 MQ

These examples or any other configurations for single photodiodes can
be applied to any of OSI Optoelectronics’ monolithic, common substrate
liner array photodiodes. The output of the first stage pre-amplifiers can
be connected to a sample and hold circuit and a multiplexer. Figure 11
shows the block diagram for such configuration.

—AM—
Re
+15V v
- out
_D_
¥
N It~
R
s (D — A\
& Re
+Vbias de _ H15V
T Lo +
= = = _: 15V L |
—A\AMA—
() Rr R
N | N Y Multiplexer
¥
) v
N =
—AM—
Re
+15V
_D_
+ Sample
T %% andHold

Figure 11. Circuit example for a multi-element, common cathode
array
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Kynar 460 Insulation on 30 awg Wire-Wrap wire

Wire Diameter - .01" +/- .001"
Insulation Thickness - .004" +/- .001"
Relative Premittivity - 7

Twisted Wire - ~7pf/inch
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FEATURES

Gain Bandwidth Product: 4GHz

Low Input Bias Current:

= +3fA Typ. Room Temperature

= 4pA Max at 125°C

Current Noise (100kHz): 7fA/VHz

Voltage Noise (1MHz): 4.0nV/yHz
Extremely Low Cyy 0.45pF

Rail-to-Rail Output

Ay >10

Slew Rate: +1500V/ps, —1000V/pus

Supply Range: 3.1V t0 5.25V

Quiescent Current: 16.5mA

Operating Temp Range: —40°C to 125°C
Single in 8-Lead S0O-8, 6-Lead TSOT-23 Packages
Dual in 8-Lead MS8, 3mm x 3mm 10-Lead
DFN 10 Packages

APPLICATIONS

Transimpedance Amplifiers

ADC Drivers

Photomultiplier Tube Post-Amplifier
Low Igas Gircuits

| t i \D LTC6268-10/LTC6269-10

TECHNOLOGY

AGHz Ultra-Low Bius
Current FET Input Op Amp

DESCRIPTION

The LTC®6268-10/LTC6269-10is a single/dual 4GHz FET-
input operational amplifier with extremely low input bias
current and low input capacitance. It also features low
input-referred current noise and voltage noise makingitan
ideal choice for high speed transimpedance amplifiers, and
high-impedance sensor amplifiers. It is a decompensated
op amp that is gain-of-10 stable.

Itoperateson3.1Vt05.25V supply and consumes 16.5mA
per amplifier. A shutdown feature can be used to lower
power consumption when the amplifier is not in use.

The LTC6268-10 single op amp is available in 8-lead SOIC
and 6-lead SOT-23 packages. The SOIC package includes
two unconnected pins which can be usedto create aninput
pin guard ring to protect against board leakage currents.
The LTC6269-10 dual op amp is available in 8-lead MSOP
withexposed pad and 3mm x 3mm 10-lead DFN packages.
They are fully specified over the —40°C to 85°C and the
-40°C to 125°C temperature ranges.

A7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. All other trademarks are the property of their respective owners.

TYPICAL APPLICATION

20k Gain 210MHz Transimpedance Amplifier

r__'l |___'i PARASITIC
25y | 20kp | FEEDBACKC

1

2.5V
N? PD

Vour =—Ipp * 20k

IPp LTC6268-10 ™= BW = 210MHz

J__+

- -2.5V 626810 TAO1

PD = 0SI OPTOELECTRONICS, FCI-125G-006

20kQ TIA Frequency Response

- A

GAIN (dBQ)
>

10k 100k 1M fOM  100M 16
FREQUENCY (Hz)

626810 TAO1D

626810f
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LTC6268-10/LTC6269-10

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage VFto V™ e, 5.5V Specified Temperature Range (Note 4)
Input Voltage .......ccccvveveeverreeennee. V--0.2Vto Vt +0.2V LTC6268-101/LTC6269-101.................... -40°C to 85°C
Input Current (+IN, =IN) (Note 2) .......ccceeveverenneeee. +ImA LTC6268-10H/LTC6269-10H .............. -40°C to 125°C
Input Current (SHDN) ..o +ImA  Maximum Junction Temperature ..........ccccceveeenee. 150°C
Output Current (Ipyt) (Note 8, 9)...ovvvveveiinnnee, 135mA  Storage Temperature Range .................. -65°C to 150°C
Output Short-Circuit Duration (Note 3) ... Thermally Limited  Lead Temperature S8, S6 and
Operating Temperature Range MS8E (Soldering, 10 SEC) ...c.cvevevvverereeiriie, 300°C
LTC6268-101/LTC6269-101.................... -40°C to 85°C
LTC6268-10H/LTC6269-10H .............. -40°C to 125°C
PIN CONFIGURATION
TOP VIEW
_ TOP VIEW
_'\:'3 % % \S:DN ouT 1] 16 V*
Vo 2] |5 SHDN
N 3] [6] ou +IN 3] 14 -IN
NC [4] 5] V™
S6 PACKAGE
S8 PACKAGE 6-LEAD PLASTIC TSOT-23

8-LEAD PLASTIC SO
Tymax = 150°C, 64 = 120°C/W (NOTE 5)

Tymax = 150°C, 6,44 = 192°C/W (NOTE 5)

TOP VIEW
ouTA 1 =———- Es vt
-INA 2001 9 1 jg7ouTB
+NA 30} v | [p6-inB
V- 40 l————- |35 +INB

MS8E PACKAGE
8-LEAD PLASTIC MSOP
Tmax = 150°C, 6,4 = 40°C/W (NOTE 5)
EXPOSED PAD (PIN 9) IS V-, IT IS RECOMMENDED TO SOLDER TO PCB

TOP VIEW
L /ST T T —]
ot [T} | D fof vs
-INA [ 2] » I 9] ours
NN EH R ! i8] -inB
v 4] | I 17]+nB
SOA [5] | | (5] s08
______
DD PACKAGE

10-LEAD (3mm x 3mm) PLASTIC DFN

Tymax = 150°C, 64 = 43°C/W (NOTE 5)
EXPOSED PAD (PIN 11) ISV, IT IS RECOMMENDED TO SOLDER TO PCB

626810f
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LTC6268-10/LTC6269-10

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* | PACKAGE DESCRIPTION SPECIFIED TEMPERATURE RANGE
LTC62681S6-10#TRMPBF | LTC62681S6-10#TRPBF LTGQAT 6-Lead Plastic TSOT-23 -40°C to 85°C
LTC6268HS6-10#TRMPBF | LTC6268HS6-10#TRPBF LTGAT 6-Lead Plastic TSOT-23 -40°C to 125°C
LTC62681S8-10#PBF LTC62681S8-10#TRPBF 626810 8-Lead Plastic SOIC -40°C to 85°C
LTC6268HS8-10#PBF LTC6268HS8-10#TRPBF 626810 8-Lead Plastic SOIC -40°C to 125°C
LTC6269IMS8E-10#PBF LTC6269IMS8E-10#TRPBF | LTGRM 8-Lead Plastic MSOP -40°C to 85°C
LTC6269HMS8E-10#PBF | LTC6269HMS8E-10#TRPBF | LTGRM 8-Lead Plastic MSOP -40°C to 125°C
LTC62691DD-10#PBF LTC62691DD-10#TRPBF LGRK 10-Lead Plastic DD -40°C to 85°C
LTC6269HDD-10#PBF LTC6269HDD-10#TRPBF LGRK 10-Lead Plastic DD -40°C to 125°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

5.0V GLGCTR KHL CHHRHCTGIHS“CS The e denotes specifications that apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C, VgyppLy = 5.0V (V* =5V, V™= 0V, V¢ = mid-supply), Ry = 1kQ, Vsipn
is unconnected.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Vom = 2.75V -0.7 0.2 0.7 mV
) -3 3 mV

Veom = 4.0V -1.0 0.2 1.0 mV

® | -45 45 mV

TC Vos | Input Offset Voltage Drift Vow = 2.75V 4 uv/°C
I Input Bias Current Vem = 2.75V -20 +3 20 fA
(Notes 6, 8) LTC62681-10/LTC62691-10 ® | -900 900 fA
LTC6268H-10/LTC6269H-10 ° -4 4 pA

Veom = 4.0V -20 +3 20 fA

LTC62681-10/LTC62691-10 ® | -900 900 fA

LTC6268H-10/LTC6269H-10 o -4 4 pA

los Input Offset Current (Notes 6, 8) Vew = 2.75V -40 +6 40 fA
LTC62681-10/LTC62691-10 ® | -450 450 fA

LTC6268H-10/LTC6269H-10 (] -2 2 pA

en Input Voltage Noise Density, Vgy = 2.75V | f=1MHz 4.0 nV/Hz
Input Voltage Noise Density, Vgy = 4.0V f=1MHz 4.0 nV/yHz

Input Referred Noise Voltage f=0.1Hzto 10Hz 12.6 uVp-p

in Input Current Noise Density, Vgy =2.75V | f = 100kHz 7 fAAHz
Input Current Noise Density, Vgy = 4.0V f=100kHz 7 fAAHz

Rin Input Resistance Differential >1000 GQ
Common Mode >1000 GQ

Cin Input Capacitance Differential (DC to 200MHz) 0.1 pF
Common Mode (DC to 100MHz) 0.45 pF

CMRR Common Mode Rejection Ratio Vewm = 0.5V 10 3.2V (PNP Side) 72 85 dB
° 68 dB

Vem =-0.1Vto 4.5V 64 82 dB

° 52 dB

IVR Input Voltage Range Guaranteed by CMRR e | 01 45 \

626810f
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5.0V GLGCTBKHL CHﬂﬁﬂCTEBISTICS The e denotes specifications that apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C, VgyppLy = 5.0V (V* =5V, V™= 0V, Vg = mid-supply), Ry = 1kQ, Vsipy
is unconnected.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
PSRR Power Supply Rejection Ratio Vewm = 1.0V, VsyppLy Ranges from 3.1V to 5.25V 78 95 dB
) 75 dB
Supply Voltage Range ® 3.1 5.25
Ay Open Loop Voltage Gain Vour=0.5V10 4.5V Rioap = 10k 125 250 V/mV
) 40 V/mV
RLoap = 100 10 21 V/mV
° 2 V/imV
Voo Output Swing Low (Input Overdrive 30mV) | Isink = 10mA 80 140 mV
Measured from V- ° 200 mV
Isink = 25mA 130 200 mV
) 260 mV
Vou Output Swing High (Input Overdrive 30mV) | Isgurce = 10mA 70 140 mV
Measured from V* ° 200 mV
Isource = 25mA 160 270 mV
L 370 mV
Isc Output Short Circuit Current (Note 9) 60 90 mA
) 40 mA
Is Supply Current Per Amplifier 15 16.5 18 mA
) 9 25 mA
Supply Current in Shutdown 0.39 0.85 mA
(Per Amplifier) o 1.5 mA
IsHoN Shutdown Pin Current Vsrpy = 0.75V o -12 2 12 pA
Vsmpy =1.50V e | -12 2 12 HA
Vi SHDN Input Low Voltage Disable [ 0.75 \
Viy SHDN Input High Voltage Enable. If SHDN is Unconnected, Amp is Enabled | ® 15 v
ton Turn On Time, Delay from SHDN Toggleto | SHDN Toggle from 0V to 2V 360 ns
Output Reaching 90% of Target
tore Turn Off Time, Delay from SHDN Toggle to | SHDN Toggle from 2V to OV 183 ns
Output High Z
GBW Gain-Bandwidth Product (Note 8) f=10MHz ® | 3500 4000 MHz
SR+ Slew Rate+ Ay =11 (Rg = 1000, Rg = 100)
Vour = 0.5V to 4.5V, Measured 20% to 80%, 1100 1500 Vs
RiLoap = 500Q o 600 Vs
SR- Slew Rate- Ay =11 (Rg = 1000, Rg = 100) 900 Vs
Vout = 4.5V t0 0.5V, Measured 80% to 20%, o 500 1000 Vs
FPBW Full Power Bandwidth (Note 7) 4Vp_p 73 MHz
HD Harmonic Distortion(HD2/HD3) Ay =10, 10MHz. 2Vp.p, Vom = 2.25V, R = 1K, -91/-96 dB
RF = 450Q, RG = 50Q
[ Ak Output Leakage Current in Shutdown Vsmon = 0V, Voyur =0V 400 nA
Vsmoy = 0V, Voyr =5V 400 nA

626810f
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3.3" GLGCTBKHL CHﬂﬁﬂCTEBISTICS The e denotes specifications that apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C, VgyppLy = 3.3V (V* = 3.3V, V™ = 0V, V¢ = mid-supply), R, = 1kQ,

Vspy is unconnected.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Vem = 1.0V -0.7 0.2 0.7 mV
-3 3 mV
Vom = 2.3V -1.0 0.2 1.0 mV
-4.5 45 mV
TC Vog | Input Offset Voltage Drift Vem = 1.0V 4 e
Ig Input Bias Current (Notes 6, 8) Vem = 1.0V -20 +3 20 fA
LTC62681-10/LTC62691-10 -900 900 fA
LTC6268H-10/LTC6269H-10 -4 4 pA
Ve = 2.3V -20 +3 20 fA
LTC62681-10/LTC62691-10 -900 900 fA
LTC6268H-10/LTC6269H-10 -4 4 pA
los Input Offset Current (Notes 6, 8) Vem = 1.0V -40 +6 40 fA
LTC62681-10/LTC62691-10 -450 450 fA
LTC6268H-10/LTC6269H-10 -2 2 pA
en Input Voltage Noise Density, Vg =1.0V | f = 1MHz 4.0 nV/\Hz
Input Voltage Noise Density, Voy = 2.3V | f = 1MHz 4.0 nV/yHz
Input Referred Noise Voltage f=0.1Hz to 10Hz 13.5 uVp-p
in Input Current Noise Density, Vg = 1.0V | f = 100kHz 7 fAAHz
Input Current Noise Density, Vgm = 2.3V | f = 100kHz 7 fAAHz
Rin Input Resistance Differential >1000 GQ
Common Mode >1000 GQ
Cin Input Capacitance Differential (DC to 200MHz) 0.1 pF
Common Mode (DG to 100MHz) 0.45 pF
CMRR | Common Mode Rejection Ratio Vem = 0.5V to 1.2V (PNP Side) 63 90 dB
60 dB
Vem =-0.1V to 2.8V (Full Range) 60 77 dB
50 dB
IVR Input Voltage Range Guaranteed by CMRR 0.1 2.8 v
Ay Open Loop Voltage Gain Voyt= 0.5V t0 2.8V RiLoap = 10k 80 200 V/mV
40 V/mV
RLoap =100 10 18 V/mV
2 V/mV
VoL Output Swing Low Isink = 10mA 80 140 mV
(Input Overdrive 30mV). 200 mV
Measured from V Isiik = 25mA 140 200 mv
260 mV
Vou Output Swing High Isource = 10mA 80 140 mV
(Input Overdrive 30mV). 200 mV

+
Measured from V IsQURCE = 25MA 170 270 mv
370 mV
Isc Output Short Circuit Current (Note 9) 50 80 mA
35 mA
Is Supply Current per Amplifier 14.5 16 17.5 mA
9 25 mA

626810f
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3.3" GLGCTBKHL CHﬂﬁﬂCTEBISTICS The e denotes specifications that apply over the full operating

temperature range, otherwise specifications are at T = 25°C, VgyppLy = 3.3V (V* = 3.3V, V- = 0V, V¢ = mid-supply) R, = 1kQ, Vsppn
is unconnected.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current in Shutdown 0.23 0.6 mA
(Per Amplifier) ° 1.2 mA
IsHoN Shutdown Pin Current Vsapy = 0.75V ) -12 2 12 pA
Vsppn = 1.5V ) -12 2 12 HA
Vi SHDN Input Low Voltage Disable [ 0.75 \
ViH SHDN Input High Voltage Enable. If SHDN is Unconnected, Amp Is Enabled ° 15 \
ton Turn On Time, Delay from SHDN Toggle | SHDN Toggle from 0V to 2V 750 ns
to Output Reaching 90% of Target
torr Turn Off Time, Delay from SHDN Toggle | SHDN Toggle from 2V to OV 201 ns
to Qutput High Z
GBW Gain-Bandwidth Product (Note 8) f=10MHz ® | 3500 4000 MHz
SR+ Slew Rate+ Ay =11 (Rg = 1000, Rg = 100),
Vout =1V t0 2.3V, Measured 20% to 80%, 800 1500 Vs
RLoap = 500Q o 600 Vs
SR- Slew Rate- Ay =11 (Rg=1000, Rg = 100),
Vout = 1V to 2.3V, Measured 80% to 20%, 600 1000 Vs
RLoap = 500Q ® 400 Vs
FPBW | Full Power Bandwidth (Note 7) 2.3Vp.p 105 MHz
HD Harmonic Distortion(HD2/HD3) A'=10, 10MHz. 2Vp_p, Vg = 1.65V, Ry = 1k, -67/-78 dB
RF = 450Q, RG = 50Q
Note 1: Stresses beyond those listed under Absolute Maximum Ratings Note 5: Thermal resistance varies with the amount of PC board metal
may cause permanent damage to the device. Exposure to any Absolute connected to the package. The specified values are for short traces
Maximum Rating condition for extended periods may affect device connected to the leads.
reliability and lifetime. Note 6: The input bias current is the average of the currents into the
Note 2: The inputs are protected by two series connected ESD protection positive and negative input pins. Typical measurement is for S8 package.
diodes to each power supply. The input current should be limited to less Note 7: Full Power Bandwidth is determined from distortion performance

than TmA. The input voltage should not exceed 200mV beyond the power in a gain-of-10 configuration with HD2/HD3 < —40dB (1%) as the criteria

supply. for a valid output.

Note 3: A heat sink may be required to keep the junction temperature Note 8: This parameter is specified by design and/or characterization and
below the absolute maximum rating when the output is shorted is not tested in production.

indefinitely. Note 9: The LTC6268-10/LTC6269-10 is capable of producing peak

Note 4: The LTC6268-101/LTC6269-101 is guaranteed to meet specified output currents in excess of 135mA. Current density limitations within
performance from —40°C to 85°C. The LTC6268-10H/LTC6269-10H is the IC require the continuous current supplied by the output (sourcing or
guaranteed to meet specified performance from -40°C to 125°C. sinking) over the operating lifetime of the part be limited to under 135mA

(Absolute Maximum).
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T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.
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=IN: Inverting Input of the Amplifier. The voltage range of
this pin is from V= to V+-0.5V.

+IN: Non-Inverting Input. The voltage range of this pin is
from V™ to V* -0.5V.

V*: Positive Power Supply. Total supply (V* -V7) voltage
is from 3.1V t0 5.25V. Split supplies are possible as long
as the total voltage between V* and V™ is between 3.1V
and 5.25V. A bypass capacitor of 0.1pF should be used
between V* to ground as close to the pin as possible.

V~: Negative Power Supply. Normally tied to ground, it
can also be tied to a voltage other than ground as long

as the voltage difference between V* and V™ is between
3.1V and 5.25V. If it is not connected to ground, bypass
it to ground with a capacitor of 0.1pF as close to the pin
as possible.

SHDN, SDA, SDB: Active Low op amp shutdown, threshold
is0.75V above the negative supply, V=. If left unconnected,
the amplifier is enabled.

OUT: Amplifier Output.

NC: Not connected. May be used to create a guard ring
around the input to guard against board leakage currents.
See Applications Information section for more details.
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SIMPUFIED SCHEMATIC

LTC6268-10 Simplified Schematic Diagram
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OPERATION

The LTC6268-10/LTC6269-10 input signal range is speci-
fied from the negative supply to 0.5V below the positive
power supply, while the output can swing from rail-to-rail.
The schematic above depicts a simplified schematic of
the amplifier.

Theinputpins drivea CMOS buffer stage. The CMOS buffer
stage creates replicas of the input voltages to boot strap
the protection diodes. In turn, the buffer stage drives a
complementary input stage consisting of two differential

amplifiers, active over different ranges of input common
mode voltage. The main differential amplifier is active with
input common mode voltages from the negative power
supply to approximately 1.55V below the positive supply,
with the second amplifier active over the remaining range
to 0.5V below the positive supply rail. The buffer and
output bias stage uses a special compensation technique
ensuring stability of the op amp. The common emitter
topology of output transistors Q1/Q2 enables the output
to swing from rail-to-rail.

APPLICATIONS INFORMATION

Noise

To minimize the LTC6268-10’s noise over a broad range
of applications, careful consideration has been placed on
input referred voltage noise (ey), input referred current
noise (iy) and input capacitance Cyy.

For a transimpedance amplifier (TIA) application such as
shown in Figure 1, all three of these op amp parameters,
plusthe value of feedback resistance Rg, contribute to noise
behavior in different ways, and external components and
traces will add to Cyy. It is important to understand the
impact of each parameter independently. Input referred

)]
/1

626810 FO1

— GND

Figure 1. Simplified TIA Schematic

voltage noise (ey) consists of flicker noise (or 1/f noise),
which dominates at lower frequencies, and thermal noise
which dominates at higher frequencies. For LTC6268-10,
the 1/f corner, or transition between 1/f and thermal noise,
is at 40kHz. The iy and Rg contributions to input referred
noise current at the minus input are relatively straight
forward, while the ey contribution isamplified by the noise
gain. Because there is no gain resistor, the noise gain is
calculated using feedback resistor(Rf) in conjunction
with impedance of Cyy as (1 + 21t Rg» Cyy © Freq), which
increases with frequency. All of the contributions will be
limited by the closed loop bandwidth. The equivalent input
current noise is shown in Figure 2 and Figure 3, where ey
represents contribution from input referred voltage noise
(ey), iy represents contributionfrominput referred current
noise (iy), and Rg represents contribution from feedback
resistor (Rg). TIA gain (Rf) and capacitance at input (C;y)
are also shown on each figure. Comparing Figure 2 and
Figure 3, iy dominates at higher frequencies. At lower
frequencies, the Rf contribution dominates. Since aver-
age wide band ey is 4.0nV/y/Hz (see typical performance
characteristics), R contribution willbecome alesser factor
at lower frequencies if Rg is less than 860Q2 as indicated
by the following equation:

eN/RF

JAKT/Rg ol

626810f
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Figure 2

Optimizing the Bandwidth for TIA Application

The capacitance at the inverting input node can cause
amplifier stability problems if left unchecked. When the
feedback around the op amp is resistive (Rg), a pole will
be created with Rg||C;y. This pole can create excessive
phase shift and possibly oscillation. Referring to Figure 1,
the response at the output is:
Re
2
1+§+S—2
0 ©
Where R is the DC gain of the TIA, o is the natural fre-
quency of the closed loop, which can be expressed as:

oo 2nGBW
\ Re (Cin+Cr)

Hence the maximum achievable bandwidth of TIA is:

GBW

fTIA (Hz) = [__9BW
2nRe(Cyy)

100
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z
o
E 1 =
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S 01
=
[ 7
= TOTAL i
E 001 B2 2 o AL
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Figure 3

¢ is the damping factor of the loop, which can be ex-
pressed as:

=5 1
~ 2( \| 2rGBW *Rg(Cyy +Cf)

C|N+C|: 2nGBW
Re| C .
' F( 1A ) VRF(CIN"'CF)J
Where Cyy is the total capacitance at the inverting input

node of the op amp, GBW is the gain bandwidth of the
op amp, and Ag is the DC open loop gain of the op amp.

The small capacitor Cr in parallel with Rg can introduce
enough damping to stabilize the loop. By assuming Cyy
>> G, the following condition needs to be met for Cp,

C
C IN
P2\ TeGBW R
Since LTC6268-10is a decompensated op amp with gain-
of-10 stable, it requires that C,y/Cg > 10. Table 1 shows
the minimum and maximum Cr for Rg of 20k and 402k
and Cy of 1pF and 5pF.

Table 1. Min/Max Cf

Re Ciy=1pF Cin = 5pF
20kQ 60fF/100fF 140fF/5001F
402k 13fF/100fF 31fF/500fF

626810f
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APPLICATIONS INFORMATION
Achieving Higher Bandwidth with Higher Gain TIAs

Good layout practices are essential to achieving best
results from a TIA circuit. The following two examples
show drastically different results from an LTC6268-10 in
a 402k TIA. (See Figure 4.) The first example is with an
0805 resistor in a basic circuit layout. In a simple layout,
without expending a lot of effort to reduce feedback ca-
pacitance, the rise time achieved is about 87ns (Figure 5),
implying a bandwidth of 4MHz (BW = 0.35/t;). In this case,
the bandwidth of the TIA is limited not by the GBW of
the LTC6268-10, but rather by the fact that the feedback
capacitance is reducing the actual feedback impedance
(the TIA gain itself) of the TIA. Basically, it's a resistor
bandwidth limitation. Theimpedance ofthe 402k s being
reduced by its own parasitic capacitance at high frequency.
From the 4MHz bandwidth and the 402k low frequency
gain, we can estimate the total feedback capacitance as
C=1/(2m * 4MHz » 402kQ2) = 0.1pF. That’s fairly low, but
it can be reduced further.

With some extra layout techniques to reduce feedback
capacitance, the bandwidth can be increased. Note that

PARASITIC
FEEDBACK C

== }---

626810 F04

PD: 0SI FCI-125G-006

Figure 4. LTC6268-10 and Low Capacitance Photodiode
in a 402kQ TIA

we are increasing the effective “bandwidth” of the 402k
resistance. A very powerful method to reduce feedback
capacitance is to shield the E field paths that give rise to
the capacitance. In this particular case, the method is to
place a ground trace between the resistor pads. Such a
ground trace shields the output field from getting to the
summing node end of the resistor and effectively shunts
the field to ground instead. The trace increases the output
load capacitance very slightly. See Figure 6 for a pictorial
representation.

Figure 7 shows the dramatic increase in bandwidth simply
by careful attention to low capacitance methods around
the feedback resistance. Bandwidth and rise time went
from 4MHz (87ns) to 34MHz (10.3ns), a factor of 8. The
ground trace used for LTC6268-10 was much wider than
that used in the case of the LTC6268 (see LTC6268 data
sheet), extending under the entire resistor dielectric. As-
suming all the bandwidth limit is due to feedback capaci-
tance (which isn't fair), we can calculate an upper limit of
Ci=1/(2m » 402kQ2 » 34MHz) = 11.6fF.

LASER DRIVE
(2mA/DIV)

OUTPUT
(500MV/DIV)

626810 F05

20ns/DIV

Figure 5. Time Domain Response of 402kQ TIA without
Extra Effort to Reduce Feedback Capacitance. Rise Time
Is 87ns and BW Is 4MHz

626810f
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CERAMIC R SUBSTRATE ?
RESISTIVE

P

>

CERAMIC R SUBSTRATE  E

RESISTIVE
< ELEMENT

EXTRA GND
TRACE UNDER

RESISTOR
—
Vout

TAKE E FIELD TO GND,
MUCH LOWER C

626810 F06

Figure 6. A Normal Layout at Left and a Field-Shunting Layout at Right. Simply Adding a Ground Trace Under the Feedback Resistor
Does Much to Shunt Field Away from the Feedback Side and Dumps It to Ground. Note That the Dielectric Constant of Fr4 and
Ceramic Is Typically 4, so Most of the Capacitance Is in the Solids and Not Through the Air. Feedback C is Reduced from 1001F at Left

to 11.6fF at Right

Maintaining Ultralow Input Bias Current

Leakage currents into high impedance signal nodes can
easily degrade measurement accuracy of fA signals. High
temperatureapplications are especially susceptible to these
issues. For humid environments, surface coating may be
necessary to provide a moisture barrier.

There are several factors to consider in a low input bias
currentcircuit. Atthe femtoamp level, leakage sources can
come from unexpected sources including adjacent signals
on the PCB, both on the same layer and from internal
layers, any form of contamination on the board from the
assembly process or the environment, other components
on the signal path and even the plastic of the device pack-
age. Care taken in the design of the system can mitigate
these sources and achieve excellent performance.

LASER DRIVE
(2mA/DIV)

OUTPUT
(500MV/DIV)

Std Dev. Count
150.75ps [1.280k

Mean /Nin ax
10.307ns /10.2ns  10.8ns ]
7.9937MHz 7.99MHz  B.01MHz  4.8385kHz_1.280k

626810 FO7

20ns/DIV

Figure 7. LTC6268-10 in a 402k TIA with Extra

Layout Effort to Reduce Feedback Capacitance Achieves
10.3ns Total System Rise Time, or 34MHz Total System
Bandwidth

The choice of device package should be considered because
although each has the same die internally, the pin spacing
and adjacent signals influence the input bias current. The
LTC6268-10/LTC6269-10 is available in SOIC, MSOP,
DFN and SOT-23 packages. Of these, the SOIC has been
designed as the best choice for low input bias current. It
has the largest lead spacing which increases the imped-
ance of the package plastic and the pinout is such that the
two input pins are isolated on the far side of the package
from the other signals. The gull-wing leads on this pack-
age also allow for better cleaning of the PCB and reduced
contamination-induced leakage. The other packages have
advantages in size and pin count but do so by reducing
the input isolation. Leadless packages such as the DFN
offer the minimum size but have the smallest pin spacing
and may trap contaminants under the package.

The material used in the construction of the PCB can
sometimes influence the leakage characteristics of the
design. Exotic materials such as Teflon can be used to
improve leakage performance in specific cases but they
are generally not necessary if some basic rules are applied
in the design of conventional FR4 PCBs. It is important to
keep the high impedance signal path as short as possible
on the board. A node with high impedance is susceptible
to picking up any stray signals in the system so keeping it
as short as possible reduces this effect. In some cases, it
may be necessary to have a metallic shield over this por-
tion of the circuit. However, metallic shielding increases
capacitance. Anothertechnique foravoiding leakage paths
isto cut slots in the PCB. High impedance circuits are also

626810f
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APPLICATIONS INFORMATION

susceptible to electrostatic as well as electromagnetic ef-
fects. The static charge carried by a person walking by the
circuit can induce an interference on the order of 100’s of
femtoamps. Ametallic shield can reduce this effectas well.

Thelayoutofahighimpedance inputnode s veryimportant.
Other signals should be routed well away from this signal
path and there should be no internal power planes under
it. The best defense from coupling signals is distance and
this includes vertically as well as on the surface. In cases
where the space is limited, slotting the board around the
high impedance input nodes can provide additional isola-
tion and reduce the effect of contamination. In electrically
noisy environments the use of driven guard rings around
these nodes can be effective (see Figure 8). Adding any
additional components such as filters to the high imped-
ance input node can increase leakage. The leakage current
of a ceramic capacitor is orders of magnitude larger than
the bias current of this device. Any filtering will need to
be done after this first stage in the signal chain.

Driving Capacitive Load

The layout of the output node is also very important since
LTC6268-10/LTC6269-10 is very sensitive to capacitive
loading due to the very high gain-bandwidth-product. Ap-
preciable ringing will be observed when capacitive loading
is more than 5pF.

Low Input Offset Voltage

The LTC6268-10 has a maximum offsetvoltage of +2.5mV
(PNP region) over temperature. The low offset voltage is
essential for precision applications. There are 2 differ-
ent input stages that are used depending on the input
common mode voltage. To increase the versatility of the
LTC6268-10, the offset voltages are trimmed for both
regions of operation.

GUARD RING

HeHz N RS = ]
(R | e} NG 1} H
I
VBias \ ]ilz IV cezes-0 V7 Izl
AN e I S8

,,,,,,,,,

LEAKAGE |
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N

M immal |l
NO SOLDER

~  MASK OVER
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NODE ABSORBS  § AVOID DISSIPATING SIGNIFICANT AMOUNTS OF POWER IN THIS RESISTOR.
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— -

+
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AND LEAD TO THERMOCOUPLE-INDUCED ERROR.

(a)

GUARDRING  Rf

**********
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Vin
R
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CURRENT ‘

LEAKAGE CURRENT IS ABSORBED BY GROUND INSTEAD OF
CAUSING A MEASUREMENT ERROR.

(b)

Figure 8. Example Layout of Inverting Amplifier
(or Transimpedance) with Leakage Guard Ring

Rail-to-Rail Output

The LTC6268-10 has a rail-to-rail output stage that has
excellent output drive capability. It is capable of deliver-
ing over +40mA of output drive current over temperature.
Furthermore, the output can reach within 200mV of either
rail while driving +10mA. Attention must be paid to keep
the junction temperature of the IC below 150°C.

Input Protection

To prevent breakdown of internal devices inthe input stage,
the two op amp inputs should NOT be separated by more
than 2.0V. To help protect the input stage, internal circuitry
will engage automatically if the inputs are separated by
>2.0V and input currents will begin to flow. In all cases,
care should be taken so that these currents remain less
than 1mA. Additionally, if only one input is driven, inter-
nal circuitry will prevent any breakdown condition under

626810f
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transient conditions. The worst-case differential input
voltage usually occurs when the +input is driven and the
output is accidentally shorted to ground while in a unity
gain configuration.

ESD

ESD Protection devices can be seen in the simplified sche-
matic. The +IN and —IN pins use a sophisticated method
of ESD protection that incorporates a total of 4 reverse-
biased diodes connected as 2 series diodes to each rail.
To maintain extremely low input bias currents, the center
node of each of these series diode chains is driven by a
buffered copy of the input voltage. This maintains the two
diodes connected directly to the input pins at low reverse
bias, minimizing leakage current of these ESD diodes to
the input pins.

The remaining pins have traditional ESD protection, using
reverse-biased ESD diodes connected to each power supply
rail. Care should be taken to make sure that the voltages
on these pins do not exceed the supply voltages by more
than 100mV or these diodes will begin to conduct large
amounts of current.

Shutdown

The LTC6268-10S6, LTC6268-10S8, and LTC6268-10DD
have SHDN pins that can shut down the amplifier to less
than 1.2mA supply current per amplifier. The SHDN pin
voltage needs to be within 0.75V of V™ for the amplifier
to shut down. During shutdown, the output will be in a
high output resistance state, so the LTC6268-10 is suit-
able for multiplexer applications. The internal circuitry is
kept in a low current active state for fast recovery. When
left floating, the SHDN pin is internally pulled up to the
positive supply and the amplifier is enabled.

626810f
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

S6 Package
6-Lead Plastic TSOT-23
(Reference LTC DWG # 05-08-1636)

2.90 BSC
0.62 0.95 o~
MAX REF (NOTE 4)

— |+ —+ —+ 1.22¢REF
v

150-1.75
3.85 MAX 2.62 REF + 14MIN 2808SC o 4) - - -1

i @ PINONE ID ;

l
i j

RECOMMENDED SOLDER PAD LAYOUT J ‘ ‘ 0.30-0.45
PER IPC CALCULATOR 0.95BSC — = > >l ™ §pLCS (NOTE 3)
0.80 - 0.90
| \
A
0.20 BSC " + 001040
¢ DATUM ‘A’ ¢ ' | ¢
%‘ < 0.30-0.50 REF o.ogTo.zo ‘ 1 90 BSC
NOTE: (NOTE 3) 6 TSOT-23 0302

1. DIMENSIONS ARE IN MILLIMETERS

2. DRAWING NOT TO SCALE

3. DIMENSIONS ARE INCLUSIVE OF PLATING

4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
5. MOLD FLASH SHALL NOT EXCEED 0.254mm

6. JEDEC PACKAGE REFERENCE IS MO-193
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

M

- .050 BSC —>| fJ .
Hin d] Ij]¢ ]

245

0000

S8 Package

8-Lead Plastic Small Outline (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1610 Rev G)

189-.197

.045 +.005

(4.801 - 5.004)
NOTE 3

7 6 5

4 8 A

160 +.005
¢ 228 - 244
_v (5.791-6.197)

150-.157
(3.810 - 3.988)
NOTE 3

l

0304005 < H H H

e B 1 2 3 4

RECOMMENDED SOLDER PAD LAYOUT

(0'3152%) X450 —>] |~— 053 - .069
: : (1.346-1.752) 004 010
.008 -.010 —\, S
6208025 0o 8° TYP (0.101 - 0.254)
v Ly 75 i s e s X
] ‘«% } 014-.019 %‘ ‘e ‘ 050 t
LoTE (0 210) (0.355 - 0.483) (1270)
: TYP BSC

1. DIMENSIONS I~ INCHES

(MILLIMETERS)

2. DRAWING NOT TO SCALE

3.T

HESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED .006" (0.15mm)

4.P

IN 1 CAN BE BEVEL EDGE OR A DIMPLE

S08 REV G 0212
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

MS8E Package
8-Lead Plastic MSOP, Exposed Die Pad
(Reference LTC DWG # 05-08-1662 Rev K)

BOTTOM VIEW OF
EXPOSED PAD OPTION
188
I 029
—> -
1880102 0889 0127 @gﬂ] 168 s
e 035 £.005 ==k 066
o (e = W ]
goon o, *
‘ } ———i 0.05 REF
10 | 16840102 3.20-3.45 | i DETAIL &
N !
(201) 77+ 20-3. CORNER TAIL IS PART OF
MIN [ (066:£004) (1267136) [ [ ] DETAIL“B"  THE LEADFRAME FEATURE
7 = FOR REFERENCE ONLY
|:| |:| NO MEASUREMENT PURPOSE
! e 3.00£0.102
0.42 +0.038 0256 (.118 +.004) 0.52
(0165 +.0015) BSC (NOTE 3) (0205)
vp REF
RECOMMENDED SOLDER PAD LAYOUT
3.00£0.102
490 £0.152 _3.0020.102
DETAIL “A” Jet TR (118 £.004)
193 £.006
0.254 ( ) (NOTE 4)
(010) 0°- 6° vP
GAUGE PLANE — Y —
‘ 10530.152
(021 £.006) 110 0.86
(.043) (.034)
DETAIL “A” MAX REF
0.18
A oo
\ ‘ SEATING - . S
f PLANE " 022-038 || 4 0.1016+0.0508
e
(009-015) (004 £.002)
v s
— - MSOP (MSBE) 0213 REV K
NOTE: (.0256)
1. DIMENSIONS IN MILLIMETER/(INCH) BSC
2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.

MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX
. EXPOSED PAD DIMENSION DOES INCLUDE MOLD FLASH. MOLD FLASH ON E-PAD
SHALL NOT EXCEED 0.254mm (.010") PER SIDE.

(=2,
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

DD Package
10-Lead Plastic DFN (3mm x 3mm)
(Reference LTC DWG # 05-08-1699 Rev C)

3.55 £0.05 T 1.65+0.05
2.15+0.05 (2 SIDES)

l

0.25+0.05 —

< 2.38£0.05 —>
(2 SIDES)

'

0.70 £0.05

f

PACKAGE

= OUTLINE

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

R=0125 0.40 +0.10
TYP
| 6 | 10 ¢
| JUuwuU_ |
| | 77
| 777‘ | so00+010 1.65i0.10,,,7,7!,7,f,,
T (4SIDES) (2 SIDES) PIN 1 NOTCH
PIN 1 | Y ! .| R=0200R
TOP MARK  |™ ‘ 0.35 x 45°
setuarts | O QNN | oo
‘ 5 ‘ ‘ ‘ 1
0.200 REF 0.75 £0.05 + <— 0.250.05
—>| |l<—0508sC
l ‘ < 2384010 —>
A HHH - ¥Y400_005 (2 SIDES)
; A BOTTOM VIEW—EXPOSED PAD
NOTE:

1. DRAWING TO BE MADE A JEDEC PACKAGE OUTLINE M0-229 VARIATION OF (WEED-2).
CHECK THE LTC WEBSITE DATA SHEET FOR CURRENT STATUS OF VARIATION ASSIGNMENT
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION ON THE
TOP AND BOTTOM OF PACKAGE
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100kQ2 Gain 90MHz Transimpedance Amplifier 100kQ TIA Frequency Response
109
,r__'l |___'I PARASITIC 106
25V 1 100kQ | FEEDBACK C 103
1 25V 100 e —
T Vour =-lpp * 100K = ¥ e [
LTC6268-10 b— o - 90Nz z ol TR I
- —2.5V 626810 TA02 85 [ ioiiiiieeciocioidiochociodlii i
PD = 0S| OPTOELECTRONICS, FCI-125G-006 82
OUTPUT NOISE = 20mVp.p MEASURED ON A 100MHz BW 79 P '
1M 10M 100M
FREQUENCY(Hz) 626810 TA3
PART NUMBER | DESCRIPTION | COMMENTS
Op Amps
LTC6268/LTC6269 | 500MHz Ultra-Low Bias Current FET Input Op Amp Unity Gain Stable, Ultra Low Input Bias Current (3fA), 500MHz GBW
LTC6244 Dual 50MHz, Low Noise, Rail-to-Rail, CMOS Op Amp Unity Gain Stable, 1pA Input Bias Current, 100uV Max Offset.
LTC6240/L.TC6241/ | 18MHz, Low Noise, Rail-to-Rail Output, CMOS Op Amp 18MHz GBW, 0.2pA Input Current, 125pV Max Offset.
LTC6242
LTC6252/L.TC6253/ | 720MHz, 3.5mA Power Efficient Rail-to-Rail 1/0 Op Amp 720MHz GBW, Unity Gain Stable, Low Noise
LTC6254
LTC6246/L.TC6247/ | 180MHz, 1mA Power Efficient Rail-to-Rail 1/0 Op Amps 180MHz GBW, Unity Gain Stable, Low Noise
LTC6248
LT1818 400MHz, 2500V/ps, 9mA Single Operational Amplifier Unity Gain Stable, 6nV/y/Hz Unity Gain Stable
LT6236 215MHz, Rail-to-Rail Output, 1.1nV/\Hz, 3.5mA Op Amp Family | 350pV Max Offset Voltage, 3V to 12.6V Supply
LT6411 650MHz Differential ADC Driver/Dual Selectable Amplifier SR 3300V/us, 6ns 0.1% Settling.
SAR ADC
LTG2376-18/ 18-Bit, 250ksps to 1.6Msps, Low Power SAR ADC, 102dB SNR | 18mW at 1.6Msps, 3.4puW at 250sps, —126dB THD.
LTC2377-18/
LTC2378-18/
LTC2379-18

626810f
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OPA161x SoundPlus™ High-Performance, Bipolar-Input Audio Operational Amplifiers

1

Total Harmonic Distortion + Noise (%)

Features

Superior Sound Quality
Ultralow Noise: 1.1 nV/VHz at 1 kHz

Ultralow Distortion:
0.000015% at 1 kHz

High Slew Rate: 27 V/us

Wide Bandwidth: 40 MHz (G = +1)
High Open-Loop Gain: 130 dB
Unity Gain Stable

Low Quiescent Current:
3.6 mA per Channel

Rail-to-Rail Output
Wide Supply Range: £2.25 V to £18 V
Single and Dual Versions Available

Applications

Professional Audio Equipment
Microphone Preamplifiers

Analog and Digital Mixing Consoles
Broadcast Studio Equipment

Audio Test And Measurement
High-End A/V Receivers

THD+N Ratio vs Output Amplitude
0.01

1kHz Signal

A BW = 80kHz

Rsource = 02
0.001

~

0.0001

G=+1,R =600Q o=
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3 Description

The OPA1611 (single) and OPA1612 (dual) bipolar-
input operational amplifiers achieve very low
1.1-nV/VHz noise density with an ultralow distortion of
0.000015% at 1 kHz. The OPA1611 and OPA1612
offer rail-to-rail output swing to within 600 mV with a
2-kQ load, which increases headroom and maximizes
dynamic range. These devices also have a high
output drive capability of +30 mA.

These devices operate over a very wide supply range
of £2.25 V to £18 V, on only 3.6 mA of supply current
per channel. The OPA1611 and OPA1612 op amps
are unity-gain stable and provide excellent dynamic
behavior over a wide range of load conditions.

The dual version features completely independent
circuitry for lowest crosstalk and freedom from
interactions between channels, even when overdriven
or overloaded.

Both the OPA1611 and OPA1612 are available in
SOIC-8 packages and the OPA1612 is available in
SON-8. These devices are specified from —40°C to
+85°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
OPA1611 SOIC (8) 4.90 mm x 3.91 mm
SOIC (8) 4.90 mm x 3.91 mm

OPA1612
SON (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Functional Block Diagram

Vi

=
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T
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty,

changes, use in safety-critical applications,

intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

D Package
OPA1611, SOIC-8 D Package
(Top View) OPA1612, SOIC-8
(Top View)
O
nc"” E nc' o
OUT A E 8 |V+
-IN | 2 - V+
-INA IZ A 7 |OUTB
+IN E + ouT
+INA IE El _INB
v-[4] s |
DRG Package
OPA1612, SON-8
(Top View)
o
OUTA [ TH————=""" 18] v+
I
-INA |2} b 7| oute
z A
HNA [3M 4 6] -INB
1
v- [ N1 | (5] +INB
Pad®

(1) NC denotes no internal connection. Pin can be left floating or connected to any voltage between (V-) and (V+).

(2) Exposed thermal die pad on underside; connect thermal die pad to V—. Soldering the thermal pad improves heat dissipation and provides

specified performance.

Pin Functions

PIN
AL NO. I/0 DESCRIPTION
D (OPA1611) | D (OPA1612) DRG (OPA1612)
—-IN 2 — — | Inverting input
+IN 3 — — | Noninverting input
—IN A — 2 2 | Inverting input, channel A
+IN A — 3 3 | Noninverting input, channel A
-INB — 6 6 | Inverting input, channel B
+IN B — 5 5 | Noninverting input, channel B
NC 1,5,8 — — — No internal connection
ouT 6 — — @) Output
OUT A — 1 1 O Output, channel A
OouT B — 7 7 O Output, channel B
V- 4 4 — Negative (lowest) power supply
V+ 8 8 — Positive (highest) power supply

Copyright © 2009-2014, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT

Supply voltage Vg = (V+) — (V-) 40 \Y,

Input voltage (V-)-0.5 (V+) +0.5 \%

Input current (all pins except power-supply pins) +10 mA

Output short-circuit® Continuous

Operating temperature (Tp) -55 +125 °C

Junction temperature (Ty) 200 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Short-circuit to Vg / 2 (ground in symmetrical dual supply setups), one amplifier per package.

6.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range —65 +150 °C
Hum(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all ~3000 3000
pins
VEsp) | Electrostatic discharge Charged device model (CDM), per JEDEC specification _ \%
JESD22-C101, all pins(g) 1000 1000
Machine model (MM) -200 200

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply voltage (V+ — V=) 4.5 (+2.25) 36 (x18) \Y
Specified temperature -40 +85 °C
4 Submit Documentation Feedback Copyright © 2009-2014, Texas Instruments Incorporated
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6.4 Electrical Characteristics: Vg = £2.25V to £18 V
At T, = +25°C and R, = 2 kQ, unless otherwise noted. Vcy = Vour = midsupply, unless otherwise noted.

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
AUDIO PERFORMANCE
0.000015%
THD+N Total harmonic distortion + noise G =+1,f=1kHz, Vo = 3 Vrus
-136 dB
SMPTE/DIN two-tone, 4:1 (60 Hz and 7 kHz), 0.000015%
G =+1, Vo = 3 Vrus 136 dB
IMD Intermodulation distortion V?,;’\\A,ea;og:ki‘f ??;irg \\//v:;z and 18-tz sine 0.0000_112;2 dB
CCIF twin-tone (19 kHz and 20 kHz), G = +1, 0.000008%
Vo = 3 Vrus —142 dB
FREQUENCY RESPONSE
GBW Gain-bandwidth product 6 =100 80 MAz
G=1 40 MHz
SR Slew rate G=-1 27 V/us
Full-power bandwidth® Vo =1 Vpp 4 MHz
Overload recovery time G =-10 500 ns
Channel separation (dual) f=1kHz -130 dB
NOISE
Input voltage noise f =20 Hz to 20 kHz 1.2 UVpp
f=10 Hz 2 nVAHz
en Input voltage noise density® f=100 Hz 15 nV/VHz
f=1kHz 1.1 15| nVAHz
In Input current noise density f=10Hz 3 pANHz
f=1kHz 1.7 pANHZ
OFFSET VOLTAGE
Vos Input offset voltage Vg =15V +100 +500 uv
dVos/dT Vg over temperature® Ta =—40°C to +85°C 1 4| uv/rc
PSRR Power-supply rejection ratio Vg =+2.25V to +18 V 0.1 1 uVvIv
INPUT BIAS CURRENT
Ig Input bias current Ve =0V *60 +250 nA
VCM =0V, DRG package only +60 +300 nA
Ig over temperature® Ta = —40°C to +85°C 350 nA
los Input offset current Vem =0V +25 +175 nA
INPUT VOLTAGE RANGE
Vewm Common-mode voltage range (V=) +2 (V+) -2 \%
CMRR Common-mode rejection ratio (V=) +2V<sVeus(VH) -2V 110 120 dB
INPUT IMPEDANCE
Differential 20k || 8 Q|| pF
Common-mode 10°]| 2 Q|| pF
(1) Full-power bandwidth = SR / (211 x Vp), where SR = slew rate.
(2) Specified by design and characterization.
Copyright © 2009-2014, Texas Instruments Incorporated Submit Documentation Feedback 5

Product Folder Links: OPA1611 OPA1612


http://www.ti.com/product/opa1611?qgpn=opa1611
http://www.ti.com/product/opa1612?qgpn=opa1612
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS450C&partnum=OPA1611
http://www.ti.com/product/opa1611?qgpn=opa1611
http://www.ti.com/product/opa1612?qgpn=opa1612

13 TEXAS
INSTRUMENTS
OPA1611, OPA1612

SBOS450C —JULY 2009—REVISED AUGUST 2014 www.ti.com

Electrical Characteristics: Vg = £2.25 V to £18 V (continued)

At T, = +25°C and R, = 2 kQ, unless otherwise noted. Vey = Vour = midsupply, unless otherwise noted.

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
OPEN-LOOP GAIN
. (V) +02V<sVos (V+) =02V, R =10kQ 114 130 dB
AoL Open-loop voltage gain
(V-) +0.6 V<Vo<(VH) —06V, R =2kQ 110 114 dB
OUTPUT
R, =10 kQ, Ao, 2 114 dB (Vo) +0.2 (V+)-0.2 v
Vour Voltage output
R, =2kQ, Ao, 2110 dB (V-) + 0.6 (V+) - 0.6 v
lout Output current See Figure 27 mA
Zo Open-loop output impedance See Figure 28 Q
Isc Short-circuit current +95 mA
—-62 mA
CLoap Capacitive load drive See Typical Characteristics pF
POWER SUPPLY
Vs Specified voltage +2.25 +18 \%
lo Quiescent current (per channel) lour=0A 3.6 45 mA
I over Temperature® Ta = —40°C to +85°C 55 mA
TEMPERATURE RANGE
Specified range -40 +85 °C
Operating range -55 +125 °C
2N Thermal resistance, SOIC-8 150 °CIW
(3) Specified by design and characterization.
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6.5 Typical Characteristics
At T, = +25°C, Vg = £15 V, and R, = 2 kQ, unless otherwise noted.
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Figure 1. Input Voltage Noise Density and Input Current Figure 2. 0.1-Hz to 10-Hz Noise
Noise Density vs Frequency
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Typical Characteristics (continued)

At T, = +25°C, Vg = £15 V, and R = 2 kQ, unless otherwise noted.

Output Amplitude (Vgys)

Figure 11. THD+N Ratio vs Output Amplitude

Figure 12. Intermodulation Distortion vs Output Amplitude
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Typical Characteristics (continued)

At T, = +25°C, Vg = £15 V, and R = 2 kQ, unless otherwise noted.
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See Applications Information, \
Input Protection section
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Figure 17. Large-Signal Step Response
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Figure 18. Large-Signal Step Response
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Typical Characteristics (continued)

At T, = +25°C, Vg = £15 V, and R = 2 kQ, unless otherwise noted.
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Figure 19. Small-Signal Overshoot vs Capacitive Load Figure 20. Small-Signal Overshoot vs Capacitive Load
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Figure 24. Quiescent Current vs Temperature
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Typical Characteristics (continued)

At T, = +25°C, Vg = £15 V, and R = 2 kQ, unless otherwise noted.
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Figure 25. Quiescent Current vs Supply Voltage Figure 26. Short-Circuit Current vs Temperature
15 10k
14 i Vi St w 1k
; NN ‘
g 13 [{vgoaisv \ [ 100
S bs . N 5 S
= | Dual version wit 5 = N
§ é both channels +85°C / / Ky A e
2 driven simultaneously / -40°C 10 4
S -13 - N 7
: /) =
1
e | V-
-15 0.1
0 10 20 30 40 50 10 100 1k 10k 100k 1M 10M 100M
Output Current (mA) Frequency (Hz)
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7 Detailed Description

7.1 Overview

The OPA161x family of bipolar-input operational amplifiers achieve very low 1.1-nV/YHz noise density with
an ultralow distortion of 0.000015% at 1 kHz. The rail-to-rail output swing, within 600 mV with a 2-kQ load,
increases headroom and maximizes dynamic range. These devices also have a high output drive capability
of £40 mA. The wide supply range of £2.25 V to £18 V, on only 3.6 mA of supply current per channel, makes
them applicable to both 5V systems and 36V audio applications. The OPA1611 and OPA1612 op amps are
unity-gain stable and provide excellent dynamic behavior over a wide range of load conditions.

7.2 Functional Block Diagram

% L 3 @
IRpant —
Pre-Output Driver K . ouTt
TR —
s
IN+

Figure 29. OPA1611 Simplified Schematic

7.3 Feature Description

7.3.1 Power Dissipation

The OPA1611 and OPA1612 series op amps are capable of driving 2-kQ loads with a power-supply voltage up
to £18 V. Internal power dissipation increases when operating at high supply voltages. Copper leadframe
construction used in the OPA1611 and OPA1612 series op amps improves heat dissipation compared to
conventional materials. Circuit board layout can also help minimize junction temperature rise. Wide copper traces
help dissipate the heat by acting as an additional heat sink. Temperature rise can be further minimized by
soldering the devices to the circuit board rather than using a socket.

7.3.2 Electrical Overstress

Designers often ask questions about the capability of an operational amplifier to withstand electrical overstress.
These questions tend to focus on the device inputs, but may involve the supply voltage pins or even the output
pin. Each of these different pin functions have electrical stress limits determined by the voltage breakdown
characteristics of the particular semiconductor fabrication process and specific circuits connected to the pin.
Additionally, internal electrostatic discharge (ESD) protection is built into these circuits to protect them from
accidental ESD events both before and during product assembly.
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Feature Description (continued)

Having a good understanding of this basic ESD circuitry and its relevance to an electrical overstress event is
helpful. Figure 30 shows the ESD circuits contained in the OPA161x series (indicated by the dashed line area).
The ESD protection circuitry involves several current-steering diodes connected from the input and output pins
and routed back to the internal power-supply lines, where they meet at an absorption device internal to the
operational amplifier. This protection circuitry is intended to remain inactive during normal circuit operation.

Re 1
R
" C _
T +Vg — l
L +V
i . . 1
! ? - OPA1611 |
R, ! '
_Int + \ ESD Current- ,
g & N Steering Diodes 1
1 ? Op-Amp A Out °
L +In 3 +Core i
- —— ‘:’ / Edge-Triggered ESD | |
|D1 T A A Absorption Circuit ! %HL
! 1
v : LL P
(1) -
Vin

(l) VIN = +VS + 500 mV.
Figure 30. Equivalent Internal ESD Circuitry and its Relation to a Typical Circuit Application

An ESD event produces a short duration, high-voltage pulse that is transformed into a short duration, high-
current pulse when discharged through a semiconductor device. The ESD protection circuits are designed to
provide a current path around the operational amplifier core to prevent damage to the core. The energy absorbed
by the protection circuitry is then dissipated as heat.

When an ESD voltage develops across two or more of the amplifier device pins, current flows through one or
more of the steering diodes. Depending on the path that the current takes, the absorption device may activate.
The absorption device internal to the OPA1611 triggers when a fast ESD voltage pulse is impressed across the
supply pins. Once triggered, the absorption device quickly activates and clamps the ESD pulse to a safe voltage
level.

When the operational amplifier connects into a circuit such as the one Figure 30 shows, the ESD protection
components are intended to remain inactive and not become involved in the application circuit operation.
However, circumstances may arise where an applied voltage exceeds the operating voltage range of a given pin.
If this condition occurs, some of the internal ESD protection circuits may possibly be biased on, and conduct
current. Any such current flow occurs through steering diode paths and rarely involves the absorption device.

Figure 30 shows a specific example where the input voltage, V,y, exceeds the positive supply voltage (+Vs) by
500 mV or more. Much of what happens in the circuit depends on the supply characteristics. If +Vg can sink the
current, one of the upper input steering diodes conducts and directs current to +Vg. Excessively high current
levels can flow with increasingly higher Vy. As a result, the datasheet specifications recommend that applications
limit the input current to 10 mA.
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Feature Description (continued)

If the supply is not capable of sinking the current, V|y may begin sourcing current to the operational amplifier, and
then take over as the source of positive supply voltage. The danger in this case is that the voltage can rise to
levels that exceed the operational amplifier absolute maximum ratings. In extreme but rare cases, the absorption
device triggers on while +Vg and —Vg are applied. If this event happens, a direct current path is established
between the +Vg and —Vg supplies. The power dissipation of the absorption device is quickly exceeded, and the
extreme internal heating destroys the operational amplifier.

Another common question involves what happens to the amplifier if an input signal is applied to the input while
the power supplies +Vg or —Vg are at 0 V. Again, the result depends on the supply characteristic while at 0 V, or
at a level below the input signal amplitude. If the supplies appear as high impedance, then the operational
amplifier supply current may be supplied by the input source via the current steering diodes. This state is not a
normal bias condition; the amplifier most likely does not operate normally. If the supplies are low impedance,
then the current through the steering diodes can become quite high. The current level depends on the ability of
the input source to deliver current, and any resistance in the input path.

If there is an uncertainty about the ability of the supply to absorb this current, external zener diodes may be
added to the supply pins; see Figure 30. The zener voltage must be selected such that the diode does not turn
on during normal operation. However, the zener diode voltage must be low enough so that the zener diode
conducts if the supply pin begins to rise above the safe operating supply voltage level.

7.3.3 Operating Voltage

The OPA161x series op amps operate from £2.25-V to 18-V supplies while maintaining excellent performance.
The OPA161x series can operate with as little as +4.5 V between the supplies and with up to +36 V between the
supplies. However, some applications do not require equal positive and negative output voltage swing. With the
OPA161x series, power-supply voltages do not need to be equal. For example, the positive supply could be set
to +25 V with the negative supply at -5 V.

In all cases, the common-mode voltage must be maintained within the specified range. In addition, key
parameters are assured over the specified temperature range of T, = —40°C to +85°C. Parameters that vary with
operating voltage or temperature are shown in the Typical Characteristics.

7.3.4 Input Protection

The input terminals of the OPA1611 and the OPA1612 are protected from excessive differential voltage with
back-to-back diodes, as Figure 31 shows. In most circuit applications, the input protection circuitry has no
consequence. However, in low-gain or G = +1 circuits, fast ramping input signals can forward bias these diodes
because the output of the amplifier cannot respond rapidly enough to the input ramp. This effect is illustrated in
Figure 17 of the Typical Characteristics. If the input signal is fast enough to create this forward bias condition, the
input signal current must be limited to 10 mA or less. If the input signal current is not inherently limited, an input
series resistor (R)) or a feedback resistor (Rg) can be used to limit the signal input current. This input series
resistor degrades the low-noise performance of the OPA1611 and is examined in the Noise Performance section.
Figure 31 shows an example configuration when both current-limiting input and feedback resistors are used.

Re
OPA1611 Output
R
Input O—/\\——

Figure 31. Pulsed Operation
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8 Application and Implementation

8.1 Application Information

The OPA1611 and OPA1612 are unity-gain stable, precision op amps with very low noise; these devices are also
free from output phase reversal. Applications with noisy or high-impedance power supplies require decoupling
capacitors close to the device power-supply pins. In most cases, 0.1-uyF capacitors are adequate.

8.2 Noise Performance

Figure 32 shows the total circuit noise for varying source impedances with the op amp in a unity-gain
configuration (no feedback resistor network, and therefore no additional noise contributions).

The OPA1611 (GBW = 40 MHz, G = +1) is shown with total circuit noise calculated. The op amp itself
contributes both a voltage noise component and a current noise component. The voltage noise is commonly
modeled as a time-varying component of the offset voltage. The current noise is modeled as the time-varying
component of the input bias current and reacts with the source resistance to create a voltage component of
noise. Therefore, the lowest noise op amp for a given application depends on the source impedance. For low
source impedance, current noise is negligible, and voltage noise generally dominates. The low voltage noise of
the OPA161x series op amps makes them a good choice for use in applications where the source impedance is
less than 1 kQ.

8.2.1 Detailed Design Procedure

The equation in Figure 32 shows the calculation of the total circuit noise, with these parameters:
* e, = Vvoltage noise

* |, = current noise

* Rg = source impedance

« k= Boltzmann’s constant = 1.38 x 10723 J/K

* T =temperature in degrees Kelvin (K)

8.2.2 Application Curve
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vs SOURCE RESISTANCE

10k

i 1—@ E ;
1K g + Total Output A1
HS

Voltage Noise

100

AL~ Res!stor 1

Noise
e
T
I Eo =€, + (i, Rg)® + 4KTRg

Voltage Noise Spectral Density, Eq (n"V/VHZ)

1
100 1k 10k 100k ™M

Source Resistance, Rg (Q)

Figure 32. Noise Performance of the OPA1611 In Unity-Gain Buffer Configuration

8.2.3 Basic Noise Calculations

Design of low-noise op amp circuits requires careful consideration of a variety of possible noise contributors:
noise from the signal source, noise generated in the op amp, and noise from the feedback network resistors. The
total noise of the circuit is the root-sum-square combination of all noise components.

The resistive portion of the source impedance produces thermal noise proportional to the square root of the
resistance. Figure 32 plots this function. The source impedance is usually fixed; consequently, select the op amp
and the feedback resistors to minimize the respective contributions to the total noise.
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Noise Performance (continued)

Figure 33 shows both inverting and noninverting op amp circuit configurations with gain. In circuit configurations

with gain, the feedback network resistors also contribute noise.

The current noise of the op amp reacts with the feedback resistors to create additional noise components. The
feedback resistor values can generally be chosen to make these noise sources negligible. The equations for total
noise are shown for both configurations.

Noise in Noninverting Gain Configuration

Ry

i

Noise in Inverting Gain Configuration

Ry

W

Noise at the output:

2 2
R R
EO2 = [1 + R—Z] en2 + e12 + 622 + (inF%z)2 + eS2 + (inFtS)2 [1 + TQ]
1 1

e R
Where eg = V4KTRg x [1 + TZ] = thermal noise of Rg
1

R, )
= thermal noise of R,
R1

e1:\/4kTR1><[

e, = V4KTR, = thermal noise of R,

Noise at the output:

2
R
2 2 2 2 2 2 2
Eq =[1+m] e, +e +e, +(i,Ry)” +eg

R,
R; + Rg

Where eg = V4KTRg x [

] = thermal noise of Rg

— R
e; = VAKTR; x 2
R; + Rg

] = thermal noise of R,

e, = VAKTR, = thermal noise of R,

For the OPA161x series op amps at 1 kHz, e, = 1.1 nV/VHz and i, = 1.7 pA/VHz.
Figure 33. Noise Calculation in Gain Configurations
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8.3 Total Harmonic Distortion Measurements

The OPA161x series op amps have excellent distortion characteristics. THD + noise is below 0.00008% (G = +1,
Vo = 3 Vrms, BW = 80 kHz) throughout the audio frequency range, 20 Hz to 20 kHz, with a 2-kQ load (see
Figure 7 for characteristic performance).

The distortion produced by OPA1611 series op amps is below the measurement limit of many commercially
available distortion analyzers. However, a special test circuit (such as Figure 34 shows) can be used to extend
the measurement capabilities.

Op amp distortion can be considered an internal error source that can be referred to the input. Figure 34 shows a
circuit that causes the op amp distortion to be 101 times (or approximately 40 dB) greater than that normally
produced by the op amp. The addition of R; to the otherwise standard noninverting amplifier configuration alters
the feedback factor or noise gain of the circuit. The closed-loop gain is unchanged, but the feedback available for
error correction is reduced by a factor of 101, thus extending the resolution by 101. Note that the input signal and
load applied to the op amp are the same as with conventional feedback without R;. Keep the value of R3 small to
minimize its effect on the distortion measurements.

Validity of this technique can be verified by duplicating measurements at high gain and/or high frequency where
the distortion is within the measurement capability of the test equipment. Measurements for this data sheet were
made with an audio precision system two distortion and noise analyzer, which greatly simplifies such repetitive
measurements. The measurement technique can, however, be performed with manual distortion measurement
instruments.

R, R,
JT— SIG. [ DIST.
GAIN | GAIN R, R, R;
N 1 1101 | » | 1ke | 100
Rs % OPA1611 $—O Vg = 3Vys
. . R -1 101 |4.99kQ2|4.99kQ| 49.9Q
Signal Gain = 1+ =2 +
Ry +10 | 110 | 549Q [4.99ka|49.90
. . . R
Distortion Gain = 1+ II2R
s Generator Analyzer
Output Input
|
|
Audio Precision
System Two'" Load

1 with PC Controller 1

(1) For measurement bandwidth, see Figure 7 through Figure 12.

Figure 34. Distortion Test Circuit

8.4 Capacitive Loads

The dynamic characteristics of the OPA1611 and OPA1612 have been optimized for commonly encountered
gains, loads, and operating conditions. The combination of low closed-loop gain and high capacitive loads
decreases the phase margin of the amplifier and can lead to gain peaking or oscillations. As a result, heavier
capacitive loads must be isolated from the output. The simplest way to achieve this isolation is to add a small
resistor (Rg equal to 50 Q, for example) in series with the output.

This small series resistor also prevents excess power dissipation if the output of the device becomes shorted.
Figure 19 and Figure 20 illustrate graphs of Small-Signal Overshoot vs Capacitive Load for several values of Rg.
Also, refer to Applications Bulletin AB-028, Feedback Plots Define Op Amp AC Performance (SBOAO015),
available for download from the Tl web site, for details of analysis techniques and application circuits.
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8.5 Application Circuit

Figure 35 shows how to use the OPA1611 as an amplifier for professional audio headphones. The circuit shows
the left side stereo channel. An identical circuit is used to drive the right side stereo channel.

820Q
2200pF
||
1
+V, 0.1uF
(+15V)
330Q2
fourt+ WA
2700pF
||
680Q 620Q 1
0.1uF +V, 0.4uF
I (+15V) }:L
Audio DAC - —
with Differential -
Current - 100Q L Ch
820Q
Outputs | OPA1611 VWA S Output
VA —— 8200pF .
2200pF -
P -V,
(-15V)
0.1uF
680Q 620Q I
lOUTL_
330Q == 2700pF
Figure 35. Audio DAC Post Filter (I/V Converter and Low-Pass Filter)
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9 Power-Supply Recommendations

The OPA161x is specified for operation from 4.5 V to 36 V (x2.25 V to £18 V); many specifications apply from
—40°C to +85°C. Parameters that can exhibit significant variance with regard to operating voltage or temperature
are presented in the Typical Characteristics section.

CAUTION

Supply voltages larger than 40 V can permanently damage the device; see the
Absolute Maximum Ratings.

Place 0.1-pyF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high-
impedance power supplies. For more detailed information on bypass capacitor placement, refer to the Typical
Characteristics section.
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10 Layout

10.1 Layout Guidelines

For best operational performance of the device, use good printed circuit board (PCB) layout practices, including:

Noise can propagate into analog circuitry through the power pins of the circuit as a whole and the op amp
itself. Bypass capacitors are used to reduce the coupled noise by providing low-impedance power sources
local to the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single-
supply applications.

Separate grounding for analog and digital portions of the circuitry is one of the simplest and most-effective

methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.

A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital

and analog grounds while paying attention to the flow of the ground current. For more detailed information,

refer to the application report Circuit Board Layout Techniques (SLOA089).

In order to reduce parasitic coupling, run the input traces as far away from the supply or output traces as

possible. If these traces cannot be keep them separate, crossing the sensitive trace perpendicular as

opposed to in parallel with the noisy trace is the preferred method.

Place the external components as close to the device as possible. As shown in Figure 36, keeping RF and

RG close to the inverting input minimizes parasitic capacitance.

Keep the length of input traces as short as possible. Always remember that the input traces are the most

sensitive part of the circuit.

Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.

10.2 Layout Example

RIN
VIN—AN/\,/ +

RG VOUT

RF

(Schematic Representation)

Place components
Run the input traces ~ close to device and to
as far away from each other to reduce

the supply lines parasitic errors VS+
as possible RF :
: [ no ]
o IaRe | —— T
I GND : v+ .- 1 —O GND
: | [
! ¢ -———————1 ouT
| |
—————————————— | Tl Use low-ESR, ceramic
: ——F= -i | bypass capacitor
| ! :
] |
Only needed for : |
dual-supply | GND : VS-— VOouT
operation ==~~~ (or GND for single supply) Ground (GND) plane on another layer
Figure 36. Operational Amplifier Board Layout for a Noninverting Configuration
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:
» Feedback Plots Define Op Amp AC Performance , SBOAQ015
e Circuit Board Layout Techniques, SLOA089

11.2 Related Links

The table below lists quick access links. Categories include technical documents, support

resources, tools and software, and quick access to sample or buy.

Table 1. Related Links

and community

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
OPA1611 Click here Click here Click here Click here Click here
OPA1612 Click here Click here Click here Click here Click here

11.3 Trademarks

SoundPlus is a trademark of Texas Instruments, Inc.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @/5)
OPA1611AID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 OPA Samnles
& no ShiBr) 1611A e
OPA1611AIDR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 OPA amnles
& no SbiBr) 1611A e
OPA1612AID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 OPA amnles
& no SbiBr) 1612A P
OPA1612AIDR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 OPA
& no Sb/Br) 1612A L
OPA1612AIDRGR ACTIVE SON DRG 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 oVl Samnles
& no Sb/Br) L
OPA1612AIDRGT ACTIVE SON DRG 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 oVl Samples
& no Sh/Br) =

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
OPA1611AIDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA1612AIDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA1612AIDRGR SON DRG 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
OPA1612AIDRGT SON DRG 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA1611AIDR SoIC D 8 2500 367.0 367.0 35.0
OPA1612AIDR SoIC D 8 2500 367.0 367.0 35.0
OPA1612AIDRGR SON DRG 8 3000 367.0 367.0 35.0
OPA1612AIDRGT SON DRG 8 250 210.0 185.0 35.0
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MECHANICAL DATA

DRG (S—PWSON—N8) PLASTIC SMALL OUTLINE NO—-LEAD

(e}

(@X]
(@]

N
(e

\j\%

Pin 1 Index Area /

Top and Bottom

; 0,20 Nominal

0,80 Lead Frame
0,70 —

: Mi Seating Plane
~Jo,08[c] * j £ E ’

0,05
0,00
Seating Height

‘« gy 0.60
0 U U f 0,40
YU,
- +
SN
Exposed Thermal Die Pad / ﬂ ﬂ | ﬂ ﬂ

A ; 5
4 L—gx 0,25 0,05

0,10M[c[A]B]
P 0.05mc

Bottom View 4205379/C 12/10

A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. SON (Small Qutline No—Lead) package configuration.
@ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
E. JEDEC MO-229 package registration pending.
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THERMAL PAD MECHANICAL DATA

DRG (S—PWSON—-N8) PLASTIC SMALL OUTLINE NO-—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR ‘\
1 4
1,20+0,10 —I U U U U /—Exposed Thermal Pad

—»— 2,00£0,10

Bottom View

Exposed Thermal Pad Dimensions

4206881-2/H 12/13

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DRG (S—PWSON—N8) PLASTIC SMALL OUTLINE NO—LEAD

Note D

Example Stencil Design
(Note E)

|- 6x0,5 |-—6x0,5

Example Board Layout

100t HUUHE

k——2x0,30

70 O ' oz
9 12 O 375 1,95 — H ——

‘ O O
2x0,85
LY RO,115 — —112x0,85 [=—

Keep Out Area |
!

1IN 000
[ oz

AN 71% solder coverage on center pad

2x Via / N\

/ N Pad Geomet
A ad Geometry
/" Non Solder Mask \\\
; Defined Pad \\ T —
// ————— \\ \\//’/ AN
\‘ Solder Mask O 7 |5X¢0,3 \\
/ »_Solder Mask Opening / .
/ RO’E (Note F) / _‘O‘!— \
! 7 K ‘
' + Fo 0,35 C{ \
' dlre 3
| \ O O !
\ 095 — 0.28 Pad Geometry \ /
| ' 0,07 I B IR (Note C) \ ,
\AII around /’ ‘\ —t 0,75 /'
e N 1’5 J
ST N S

4208205-2/F 01/14

NOTES: A.

o ow

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—SM-782 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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MECHANICAL DATA
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PLASTIC SMALL QUTLINE
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE
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i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1Il=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated
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OPAX209 2.2-nVINHz, Low-Power, 36-V Operational Amplifier
1 Features 3 Description

Low Voltage Noise: 2.2 nV/VHz at 1 kHz
0.1-Hz to 10-Hz Noise: 130 nVpp

Low Quiescent Current: 2.5 mA/Ch (Maximum)
Low Offset Voltage: 150 uV (Maximum)

Gain Bandwidth Product: 18 MHz

Slew Rate: 6.4 V/us

Wide Supply Range:
+2.25Vto+18V,45Vt0 36V

Rail-to-Rail Output

Short-Circuit Current: £65 mA

Available in 5-Pin SOT-23, 8-Pin MSOP,
8-Pin SOIC, and 14-Pin TSSOP Packages

Applications

PLL Loop Filters

Low-Noise, Low-Power Signal Processing
Low-Noise Instrumentation Amplifiers
High-Performance ADC Drivers
High-Performance DAC Output Amplifiers
Active Filters

Ultrasound Amplifiers

Professional Audio Preamplifiers
Low-Noise Frequency Synthesizers
Infrared Detector Amplifiers

Hydrophone Amplifiers

The OPA209 series of precision operational
amplifiers_achieve very low voltage noise density
(2.2 nVWHz) with a supply current of only 2.5 mA
(maximum). This series also offers rail-to-rail output
swing, which helps to maximize dynamic range.

In precision data acquisition applications, the
OPA209 provides fast settling time to 16-bit accuracy,
even for 10-V output swings. This excellent ac
performance, combined with only 150 pV (maximum)
of offset and low drift over temperature, makes the
OPA209 very suitable for fast, high-precision
applications.

The OPA209 is specified over a wide dual power-
supply range of +2.25 V to £18 V, or single-supply
operation from 4.5 Vto 36 V.

The OPA209 is available in the 5-pin SOT-23, 8-pin
VSSOP, and the standard 8-pin SOIC packages. The
dual OPA2209 comes in both 8-pin VSSOP and 8-pin
SOIC packages. The quad OPA4209 is available in
the 14-pin TSSOP package.

The OPA209 series is specified from —40°C to 125°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOT-23 (5) 2.90 mm x 1.60 mm
OPA209 VSSOP (8) 3.00 mm x 3.00 mm
SOIC (8) 4.90 mm x 3.91 mm
VSSOP (8) 3.00 mm x 3.00 mm
OPA2209
SOIC (8) 4.90 mm x 3.91 mm
OPA4209 TSSOP (14) 5.00 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

0.1-Hz to 10-Hz Noise

50nV/div

Time (1s/div)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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* Deleted Ordering Information table; see POA at the end of the data Sheet.............coiiiiiii e 1
* Moved specified voltage, specified temperature, and operating temperature from Electrical Characteristics to
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5 Pin Configuration and Functions

OPA209: DBV Package

ot [1]
“[2]
+IN IZ

5-Pin SOT-23

Top View
Bl
or

o

OPA209: D or DGK Packages
8-Pin SOIC or VSSOP
Top View

(0]

OPA209
+IN | 3 +

(1) NC = no internal connection
Pin Functions: OPA209
PIN

NAME SOT-23 SOIC, VSSOP o DESCRIPTION
—-IN 4 2 | Inverting input
+IN 3 3 | Noninverting input
NC — 1,58 — No internal connection
ouT 1 6 O Output
V- 2 4 — Negative (lowest) power supply
V+ 5 7 — Positive (highest) power supply

OPA2209: D or DGK Packages

8-Pin SOIC or VSSOP
Top View
O
OUTA E EI V+
-INA IZ A Z‘ ouTB
+INA E A E' -INB
V- IZ 5| +INB
Pin Functions: OPA2209
PIN

e el I/0 DESCRIPTION
-IN A 2 | Inverting input, channel A
+IN A 3 | Noninverting input, channel A
-IN B 6 | Inverting input, channel B
+IN B 5 | Noninverting input, channel B
OUT A 1 (0] Output, channel A
OouT B 7 (0] Output, channel B
V- 4 — Negative (lowest) power supply
V+ 8 — Positive (highest) power supply

Copyright © 2008-2016, Texas Instruments Incorporated
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OPA4209: PW Package

14-Pin TSSOP
Top View

OUTA| 1

I* {1
+INB| 5 —L% ’_<J_
-INB| 6 - —
ouTB

EIHND
ol

EHNC
EI—INC

8 |[OUTC

Pin Functions: OPA4209

NAME PIN NO. 1/0 DESCRIPTION
—-IN A 2 | Inverting input, channel A

+IN A 3 | Noninverting input, channel A
-IN B 6 | Inverting input, channel B

+IN B 5 | Noninverting input, channel B
-INC 9 | Inverting input, channel C

+IN C 10 | Noninverting input, channel C
—IN D 13 | Inverting input, channel D

+IN D 12 | Noninverting input, channel D
OUT A (0] Output, channel A

ouT B (0] Output, channel B

ouTC 8 (0] Output, channel C

OouUT D 14 (0] Output, channel D

V— 11 — Negative (lowest) power supply
V+ 4 — Positive (highest) power supply
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Supply voltage, Vs = (V+) — (V-) 40 \Y,
Voltage - - —

Signal input pins®@ (V-)-05 (V+) + 0.5 \Y

Signal input pins@ -10 10 mA
Current 3 i

Output short circuit® Continuous

Operating, Ta -55 150 °C
Temperature Junction, T, 200 °C

Storage, Tsyg —-65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) For input voltages beyond the power-supply rails, voltage or current must be limited.

(3) Short-circuit to ground, one amplifier per package.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +3000
Vies)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 @) +1000 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vs Specified voltage +2.25 +18 \%
Specified temperature -40 125 °C
Ta Operating temperature -55 150 °C
6.4 Thermal Information: OPA209
OPA209
THERMAL METRIC® DBV (SOT-23) D (SOIC) DGK (VSSOP) UNIT
5 PINS 8 PINS 8 PINS
Roia Junction-to-ambient thermal resistance 204.9 135.5 142.6 °CIW
Rojctop) Junction-to-case (top) thermal resistance 200 73.7 46.9 °C/IW
Ross Junction-to-board thermal resistance 113.1 61.9 63.5 °CIW
Wit Junction-to-top characterization parameter 38.2 19.7 5.3 °CIW
ViR Junction-to-board characterization parameter 104.9 54.8 62.8 °CIW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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Submit Documentation Feedback 5

Product Folder Links: OPA209 OPA2209 OPA4209


http://www.ti.com/product/opa209?qgpn=opa209
http://www.ti.com/product/opa2209?qgpn=opa2209
http://www.ti.com/product/opa4209?qgpn=opa4209
http://www.ti.com
http://www.ti.com/product/opa209?qgpn=opa209
http://www.ti.com/product/opa2209?qgpn=opa2209
http://www.ti.com/product/opa4209?qgpn=opa4209
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS426D&partnum=OPA209
http://www.ti.com/lit/pdf/spra953

13 TEXAS

INSTRUMENTS
OPA209, OPA2209, OPA4209
SBOS426D —NOVEMBER 2008-REVISED OCTOBER 2016 Www.ti.com
6.5 Thermal Information: OPA2209
OPA2209
THERMAL METRIC® D (SOIC) DGK (VSSOP) UNIT
8 PINS 8 PINS

Rgia Junction-to-ambient thermal resistance 134.3 132.7 °C/W
Rojctop) Junction-to-case (top) thermal resistance 72.1 38.5 °C/W
Rgis Junction-to-board thermal resistance 60.7 52.1 °C/W
WIT Junction-to-top characterization parameter 18.2 2.4 °C/W
viB Junction-to-board characterization parameter 53.8 52.8 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.6 Thermal Information: OPA4209

OPA4209
THERMAL METRIC® PW (TSSOP) UNIT

14 PINS
Rgia Junction-to-ambient thermal resistance 112.9 °C/W
Rojctop) Junction-to-case (top) thermal resistance 26.1 °C/W
Rgis Junction-to-board thermal resistance 61 °C/W
WIT Junction-to-top characterization parameter 0.7 °C/W
Vi Junction-to-board characterization parameter 59.2 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
6.7 Electrical Characteristics

at Vg =+2.25 Vto £18 V, T, = 25°C, R, = 10 kQ connected to midsupply, and V¢y = Vour = midsupply (unless otherwise
noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Vos Input offset voltage Vs =#15V,Vcy=0V +35 +150 uv
dVos/dT Input offset voltage drift Ta =—-40°C to 125°C 1 3 uv/°C
PSRR vs power supply Vg =+2.25V to +18 V Ta =257 008 05 "\
Ta = —40°C to 125°C 1
Channel separation DC (dual and quad versions) 1 uviv
INPUT BIAS CURRENT
Ta=25°C +1 +45
Ig Input bias current Vem =0V Ta =-40°C to 85°C +8 nA
Ta = —40°C to 125°C +15
Ta = 25°C +0.7 +4.5
los Input offset current Vem =0V Ta =-40°C to 85°C +8 nA
Ta =—40°C to 125°C +15
NOISE
e, Input voltage noise f=0.1 Hz to 10 Hz 0.13 UVWpp
f=10 Hz 3.3
Noise density f=100 Hz 2.25 nvAHHz
f=1kHz 2.2
Iy Input current noise density f=1kHz 500 fANHZ
INPUT VOLTAGE RANGE
Vew ;%rgénon—mode voltage (V2) + 15 (V4) - 15 v
CMRR ;‘t’g’m"”'m‘)de rejection (V=) + 1.5V < Ve < (V4) = 1.5V, T = —40°C to 125°C 120 130 dB
6 Submit Documentation Feedback Copyright © 2008-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

at Vg =+2.25 Vto £18 V, T, = 25°C, R, = 10 kQ connected to midsupply, and V¢y = Vour = midsupply (unless otherwise
noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
INPUT IMPEDANCE
Differential 200 || 4 kQ || pF
Common-mode 10°]| 2 Q|| pF
OPEN-LOOP GAIN
(V-)+0.2V<Vo<(V+)-02V, | Ta=25C 126 132
R_=10kQ Ta = —40°C to 125°C 120
Ao Open-loop voltage gain dB
(V5) +0.6V <Vo< (V¥ —06V, | Ta=25C 114 120
R =600 Q® T, = —40°C to 125°C 110
FREQUENCY RESPONSE
GBW Gain bandwidth product 18 MHz
SR Slew rate 6.4 V/us
om Phase margin R, =10 kQ, C_ = 25 pF 80 °
o 0.1%, G = -1, 10-V step, C, = 100 pF 2.1
ts Settling time ps
0.0015% (16-bit), G = —1, 10-V step, C, = 100 pF 2.6
Overload recovery time =-1 <1 ps
THD+N 10wl harmonic distortion + | - 43 £=1 Kz, Vo = 20 Ve, 600 0 0.000025%
OUTPUT
R, = 10 kQ, Ao, > 130 dB (V=) +0.2 (V+) = 0.2
Voltage output swing R, =600 Q, Ap, > 114 dB (V-) +0.6 (V+)-0.6 \%
RL =10 kQ, Ao, > 120 dB, T, = —40°C to 125°C (V=) +0.2 (V+) - 0.2
Isc Short-circuit current Vs =18V +65 mA
CLoap (CS?;)S(;itLv;elrgig%rive See Typical Characteristics
Zo Snp:en&;)n%réoutput See Typical Characteristics
POWER SUPPLY
i Ta=25°C 2.2 25
o 8;'? ésltrfr;}fif;;rem lo=04 T: = _40°C to 125°C azs| ™

(1) See Absolute Maximum Ratings for additional information.
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6.8 Typical Characteristics

at Tp = 25°C, Vg = +18 V, R_ = 10 kQ connected to midsupply, and Vcy = Vour = midsupply (unless otherwise noted)
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o
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g 10
2 N
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S il
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0.1 1 10 100 1k 10k 100k

Frequency (Hz)
Figure 1. Input Voltage Noise Density vs Frequency

Input Current Noise Density (pA/VHZ)
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0.1

0.1 1 10 100 1k 10k
Frequency (Hz)
Figure 2. Input Current Noise Density vs Frequency
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Figure 3. Total Harmonic Distortion + Noise Ratio Figure 4. Total Harmonic Distortion + Noise Ratio
vs Frequency vs Amplitude
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Figure 5. 0.1-Hz to 10-Hz Noise Figure 6. Power-Supply Rejection Ratio
vs Frequency (Referred to Input)
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Typical Characteristics (continued)

at T, = 25°C, Vg = £18 V, R, = 10 kQ connected to midsupply, and V¢y = Vour = midsupply (unless otherwise noted)

Figure 11. Offset Voltage Production Distribution
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Figure 7. Common-Mode Rejection Ratio Figure 8. Open-Loop Output Impedance
vs Frequency vs Frequency
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Figure 12. Offset Voltage Drift Production Distribution
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Typical Characteristics (continued)

at T, = 25°C, Vg = £18 V, R, = 10 kQ connected to midsupply, and V¢y = Vour = midsupply (unless otherwise noted)
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Figure 13. Input Bias and Input Offset Currents Figure 14. Input Offset Voltage
vs Temperature vs Common-Mode Voltage
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Figure 17. Input Bias and Input Offset Currents
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Figure 18. Input Bias Current vs Supply Voltage
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Typical Characteristics (continued)

at T, = 25°C, Vg = £18 V, R, = 10 kQ connected to midsupply, and V¢y = Vour = midsupply (unless otherwise noted)

Time (0.1ps/div)
Figure 23. Small-Signal Step Response
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Figure 19. Quiescent Current vs Temperature Figure 20. Quiescent Current vs Supply Voltage
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Figure 21. Short-Circuit Current vs Temperature Figure 22. Output Voltage vs Output Current
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Typical Characteristics (continued)

at T, = 25°C, Vg = £18 V, R, = 10 kQ connected to midsupply, and V¢y = Vour = midsupply (unless otherwise noted)
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Figure 25. Large-Signal Step Response Figure 26. Large-Signal Step Response
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7 Detailed Description

7.1 Overview

The OPA209 series of precision operational amplifiers are unity-gain stable, and free from unexpected output
and phase reversal. Applications with noisy or high-impedance power supplies require decoupling capacitors
placed close to the device pins. In most cases, 0.1-uF capacitors are adequate. The Functional Block Diagram
shows a simplified schematic of the OPA209. This die uses a SiGe bipolar process and contains 180 transistors.

7.2 Functional Block Diagram

m

Pre-Output Driver

E
’ | F@ ®

V- Copyright © 2016, Texas Instruments Incorporated

7\

7.3 Feature Description

7.3.1 Operating Voltage

The OPA209 series of op amps can be used with single or dual supplies within an operating range of Vg = 4.5V
(x2.25 V) up to 36 V (£18 V). Supply voltages higher than 40 V total can permanently damage the device (see
Absolute Maximum Ratings).

In addition, key parameters are assured over the specified temperature range, T, = —40°C to 125°C. Parameters
that vary significantly with operating voltage or temperature are shown in the Typical Characteristics.

7.3.2 Input Protection

The input terminals of the OPA209 are protected from excessive differential voltage with back-to-back diodes, as
shown in Figure 31. In most circuit applications, the input protection circuitry has no consequence. However, in
low-gain or G = 1 circuits, fast ramping input signals can forward-bias these diodes because the output of the
amplifier cannot respond rapidly enough to the input ramp. This effect is illustrated in Figure 25 and Figure 26 in
Typical Characteristics. If the input signal is fast enough to create this forward-bias condition, the input signal
current must be limited to 10 mA or less. If the input signal current is not inherently limited, an input series
resistor can be used to limit the signal input current. This input series resistor degrades the low-noise
performance of the OPA209. See Noise Performance for further information on noise performance.
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Feature Description (continued)

Figure 31 shows an example configuration that implements a current-limiting feedback resistor.

Re
OPA209 Output
R
+
Input O—\/\/\/\—

Copyright © 2016, Texas Instruments Incorporated

Figure 31. Pulsed Operation

7.3.3 Noise Performance

Figure 32 shows the total circuit noise for varying source impedances with the op amp in a unity-gain
configuration (no feedback resistor network, and therefore no additional noise contributions). Two different op
amps are shown with the total circuit noise calculated. The OPA209 has very low voltage noise, making it ideal
for low source impedances (less than 2 kQ). As a comparable precision FET-input op amp (very low current
noise), the OPAB27 has somewhat higher voltage noise, but lower current noise. It provides excellent noise
performance at moderate to high source impedance (10 kQ and up). For source impedance lower than 300 Q,
the OPA211 may provide lower noise.

The equation in Figure 32 shows the calculation of the total circuit noise, with these parameters:
* e, = voltage noise,

i, = current noise,

* Rg = source impedance,

+ k= Boltzmann's constant = 1.38 x 107 J/K, and

» T =temperature in Kelvins

For more details on calculating noise, see Basic Noise Calculations.

VOLTAGE NOISE SPECTRAL DENSITY
vs SOURCE RESISTANCE
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Figure 32. Noise Performance of the OPA209 and OPA827 in Unity-Gain Buffer Configuration

14 Submit Documentation Feedback Copyright © 2008-2016, Texas Instruments Incorporated
Product Folder Links: OPA209 OPA2209 OPA4209


http://www.ti.com/product/opa209?qgpn=opa209
http://www.ti.com/product/opa2209?qgpn=opa2209
http://www.ti.com/product/opa4209?qgpn=opa4209
http://www.ti.com
http://www.ti.com/product/opa209?qgpn=opa209
http://www.ti.com/product/opa2209?qgpn=opa2209
http://www.ti.com/product/opa4209?qgpn=opa4209
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS426D&partnum=OPA209
http://focus.ti.com/docs/prod/folders/print/opa827.html
http://focus.ti.com/docs/prod/folders/print/opa211.html

13 TEXAS
INSTRUMENTS
OPA209, OPA2209, OPA4209

www.ti.com SBOS426D —_NOVEMBER 2008 —REVISED OCTOBER 2016

Feature Description (continued)

7.3.4 Basic Noise Calculations

Low-noise circuit design requires careful analysis of all noise sources. External noise sources can dominate in
many cases; consider the effect of source resistance on overall op amp noise performance. Total noise of the
circuit is the root-sum-square combinations of all noise components.

The resistive portion of the source impedance produces thermal noise proportional to the square root of the
resistance. This function is illustrated in Figure 32. The source impedance is usually fixed; consequently, select
the appropriate op amp and the feedback resistors to minimize the respective contributions to the total noise.

Figure 33 illustrates both noninverting (Figure 33a) and inverting (Figure 33b) op amp circuit configurations with
gain. In circuit configurations with gain, the feedback network resistors also contribute noise. The current noise of
the op amp reacts with the feedback resistors to create additional noise components.

The feedback resistor values can generally be chosen to make these noise sources negligible. Note that low-
impedance feedback resistors load the output of the amplifier. The equations for total noise are shown for both
configurations.

A) Noise in Noninverting Gain Configuration

R, Noise at the output:
i : 2
R R
2 2 2 2 02 2 02
R, Ey = [1 + R—j] e+e’+e+ (i R)°+es + (i Re [1 + Tj]
W -
= > O EO R
+ Where eg = V4KTRg x |1 + —2 | = thermal noise of Rg
R
Rs
R
e, = V4KTR, x[ R2 ] = thermal noise of R,
Vs !

e, = V4KTR, = thermal noise of R,

B) Noise in Inverting Gain Configuration

Noise at the output:

R2
W 2
R Eol=|1+ Re el +e+ey + (i Ry +eg
\/\/1\/\ () R1 + RS n 1 2 n''2 S
Rs Fo R
+ Where eg = V4KTRg x 2 = thermal noise of Rg
R; + Rg
Vs
R, )
e, = V4KTR, x = thermal noise of R,
— — Ry + Rg

e, = V4KTR, = thermal noise of R,
For the OPA209 series op amps at 1 kHz, e, = 2.2 nV/VHz and I, = 530 fA/NHz.
Figure 33. Noise Calculation in Gain Configurations
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Feature Description (continued)
7.3.5 Electrical Overstress

Designers often ask questions about the capability of an operational amplifier to withstand electrical overstress.
These questions tend to focus on the device inputs, but may involve the supply voltage pins or even the output
pin. Each of these different pin functions have electrical stress limits determined by the voltage breakdown
characteristics of the particular semiconductor fabrication process and specific circuits connected to the pin.
Additionally, internal electrostatic discharge (ESD) protection is built into these circuits to protect them from
accidental ESD events both before and during product assembly.

It is helpful to have a good understanding of this basic ESD circuitry and its relevance to an electrical overstress
event. See Figure 34 for an illustration of the ESD circuits contained in the OPA209 series (indicated by the
dashed line area). The ESD protection circuitry involves several current-steering diodes connected from the input
and output pins and routed back to the internal power-supply lines, where they meet at an absorption device
internal to the operational amplifier. This protection circuitry is intended to remain inactive during normal circuit
operation.

An ESD event produces a short duration, high-voltage pulse that is transformed into a short duration, high-
current pulse as it discharges through a semiconductor device. The ESD protection circuits are designed to
provide a current path around the operational amplifier core to prevent it from being damaged. The energy
absorbed by the protection circuitry is then dissipated as heat.

When an ESD voltage develops across two or more of the amplifier device pins, current flows through one or
more of the steering diodes. Depending on the path that the current takes, the absorption device may activate.
The absorption device has a trigger, or threshold voltage, that is above the normal operating voltage of the
OPA209 but below the device breakdown voltage level. Once this threshold is exceeded, the absorption device
quickly activates and clamps the voltage across the supply rails to a safe level.

When the operational amplifier connects into a circuit such as the one Figure 34 shows, the ESD protection
components are intended to remain inactive and not become involved in the application circuit operation.
However, circumstances may arise where an applied voltage exceeds the operating voltage range of a given pin.
If this condition occur, there is a risk that some of the internal ESD protection circuits may be biased on, and
conduct current. Any such current flow occurs through steering diode paths and rarely involves the absorption
device.

Figure 34 depicts a specific example where the input voltage, V,y, exceeds the positive supply voltage (+Vs) by
500 mV or more. Much of what happens in the circuit depends on the supply characteristics. If +Vg can sink the
current, one of the upper input steering diodes conducts and directs current to +Vg. Excessively high current
levels can flow with increasingly higher V|y. As a result, the datasheet specifications recommend that applications
limit the input current to 10 mA.

If the supply is not capable of sinking the current, V,y may begin sourcing current to the operational amplifier, and
then take over as the source of positive supply voltage. The danger in this case is that the voltage can rise to
levels that exceed the operational amplifier absolute maximum ratings.

Another common question involves what happens to the amplifier if an input signal is applied to the input while
the power supplies +Vg and/or —-Vg are at 0 V.

Again, it depends on the supply characteristic while at 0 V, or at a level below the input signal amplitude. If the
supplies appear as high impedance, then the operational amplifier supply current may be supplied by the input
source through the current steering diodes. This state is not a normal bias condition; the amplifier will not operate
normally. If the supplies are low impedance, then the current through the steering diodes can become quite high.
The current level depends on the ability of the input source to deliver current, and any resistance in the input
path.

If there is an uncertainty about the ability of the supply to absorb this current, external Zener diodes may be
added to the supply pins as shown in Figure 34. The Zener voltage must be selected such that the diode does
not turn on during normal operation.

However, its Zener voltage must be low enough so that the Zener diode conducts if the supply pin begins to rise
above the safe operating supply voltage level.
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Feature Description (continued)
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I $ f / Absorption Circuit | %RL
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Copyright © 2016, Texas Instruments Incorporated

(2) TVS: +Vgmax) > V1vser Min) > +Vs
(3) Suggested value approximately 1 kQ

Figure 34. Equivalent Internal ESD Circuitry and Its Relation to a Typical Circuit Application

7.4 Device Functional Modes

The OPAx209 is operational when the power-supply voltage is greater than 4.5 V (£2.25 V). The maximum
power-supply voltage for the OPAx209 is 36 V (x18 V).

Copyright © 2008-2016, Texas Instruments Incorporated
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The OPAx209 are unity-gain stable, precision operational amplifiers with very low noise. Applications with noisy
or high-impedance power supplies require decoupling capacitors close to the device pins. In most cases, 0.1-pF
capacitors are adequate.

8.2 Typical Application

R4 j_ cs
29‘“@ T1nF

R3 () Output
599;: 499:: uied

Input OPAx209
39 nF

V

Copyright @ 2016, Texas Instruments Incorporated

Figure 35. Low-Pass Filter

8.2.1 Design Requirements

Low-pass filters are commonly employed in signal processing applications to reduce noise and prevent aliasing.
The OPAx209 are ideally suited to construct high-speed, high-precision active filters. Figure 35 shows a second-
order, low-pass filter commonly encountered in signal processing applications.

Use the following parameters for this design example:

* Gain =5 V/V (inverting gain)

» Low-pass cutoff frequency = 25 kHz

» Second-order Chebyshev filter response with 3-dB gain peaking in the passband

8.2.2 Detailed Design Procedure

The infinite-gain multiple-feedback circuit for a low-pass network function is shown in Figure 35. Use Equation 1
to calculate the voltage transfer function.

Output -1/RR3C,C5
Input " §2 +(s/Cy)(1/R1+1/R3 +1/Ry4)+1/R3R4C5Cs )

This circuit produces a signal inversion. For this circuit, the gain at DC and the low-pass cutoff frequency are
calculated by Equation 2:

. R
Gain=—2
1
f, == J(TTRR,C,Cs)
2n (2
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Typical Application (continued)
8.2.3 Application Curve

20

20

Gain (db)

60
100 1k 10k 100k 1hd
Frequency (Hz)

Figure 36. OPAx209 Second-Order, 25-kHz, Chebyshev, Low-Pass Filter

9 Power Supply Recommendations

The OPAXx209 is specified for operation from 4.5 V to 36 V (x2.25 V to £18 V); many specifications apply from
—40°C to 125°C. Parameters that can exhibit significant variance with regard to operating voltage or temperature
are presented in the Typical Characteristics.

10 Layout

10.1 Layout Guidelines

For best operational performance of the device, use good printed circuit board (PCB) layout practices, including

the following guidelines:

* Noise can propagate into analog circuitry through the power pins of the circuit as a whole and op amp itself.
Bypass capacitors are used to reduce the coupled noise by providing low-impedance power sources local to
the analog circuitry.

e Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as close
to the device as possible. A single bypass capacitor from V+ to ground is applicable for single-supply
applications.

» Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.
A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital
and analog grounds paying attention to the flow of the ground current.

» To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If
these traces cannot be kept separate, crossing the sensitive trace perpendicular is much better as opposed to
in parallel with the noisy trace.

» Place the external components as close to the device as possible.

» Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

» Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.

» Cleaning the PCB following board assembly is recommended for best performance.

* Any precision integrated circuit may experience performance shifts due to moisture ingress into the plastic
package. Following any aqueous PCB cleaning process, baking the PCB assembly is recommended to
remove moisture introduced into the device packaging during the cleaning process. A low-temperature, post-
cleaning bake at 85°C for 30 minutes is sufficient for most circumstances.
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10.2 Layout Example

Place companents

Run the input traces  clese to devics and 1o
as far away from each other to reduce
the supply lines parasitic emors

as possible

RF

Va+

QUTPUT

MIC

Use low-ESR, ceramic
bypass capacitor

Use low-ESR, vauT Ground (GMD) plane on ancther laysr
ceramic bypass
capacitor Copyright ®2018, Texss Instruments |ncorporated
Figure 37. OPAx209 Layout Example
20 Submit Documentation Feedback Copyright © 2008-2016, Texas Instruments Incorporated

Product Folder Links: OPA209 OPA2209 OPA4209


http://www.ti.com/product/opa209?qgpn=opa209
http://www.ti.com/product/opa2209?qgpn=opa2209
http://www.ti.com/product/opa4209?qgpn=opa4209
http://www.ti.com
http://www.ti.com/product/opa209?qgpn=opa209
http://www.ti.com/product/opa2209?qgpn=opa2209
http://www.ti.com/product/opa4209?qgpn=opa4209
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS426D&partnum=OPA209

13 TEXAS
INSTRUMENTS
OPA209, OPA2209, OPA4209

www.ti.com SBOS426D —_NOVEMBER 2008 —REVISED OCTOBER 2016

11 Device and Documentation Support

11.1 Device Support
11.1.1 Development Support

11.1.1.1 TINA-TI™ (Free Software Download)

TINA™ is a simple, powerful, and easy-to-use circuit simulation program based on a SPICE engine. TINA-TI™ is
a free, fully-functional version of the TINA software, preloaded with a library of macro models in addition to a
range of both passive and active models. TINA-TI provides all the conventional DC, transient, and frequency
domain analysis of SPICE, as well as additional design capabilities.

Available as a free download from the Analog eLab Design Center, TINA-TI offers extensive post-processing
capability that allows users to format results in a variety of ways. Virtual instruments offer the ability to select
input waveforms and probe circuit nodes, voltages, and waveforms, creating a dynamic quick-start tool.

NOTE
These files require that either the TINA software (from DesignSoft™) or TINA-TI software
be installed. Download the free TINA-TI software from the TINA-TI folder.

11.1.1.2 DIP Adapter EVM

The DIP Adapter EVM tool provides an easy, low-cost way to prototype small surface mount ICs. The evaluation
tool these Tl packages: D or U (SOIC-8), PW (TSSOP-8), DGK (VSSOP-8), DBV (SOT23-6, SOT23-5 and
S0OT23-3), DCK (SC70-6 and SC70-5), and DRL (SOT563-6). The DIP Adapter EVM may also be used with
terminal strips or may be wired directly to existing circuits.

11.1.1.3 Universal Operational Amplifier EVM

The Universal Op Amp EVM is a series of general-purpose, blank circuit boards that simplify prototyping circuits
for a variety of IC package types. The evaluation module board design allows many different circuits to be
constructed easily and quickly. Five models are offered, with each model intended for a specific package type.
PDIP, SOIC, VSSOP, TSSOP, and SOT-23 packages are all supported.

NOTE
These boards are unpopulated, so users must provide their own ICs. Tl recommends
requesting several op amp device samples when ordering the Universal Op Amp EVM.

11.1.2.4 TI Precision Designs

Tl Precision Designs are analog solutions created by TI's precision analog applications experts and offer the
theory of operation, component selection, simulation, complete PCB schematic and layout, bill of materials, and
measured performance of many useful circuits. Tl Precision Designs are available online at
http://www.ti.com/ww/en/analog/precision-designs/.

11.1.1.5 WEBENCH® Filter Designer

WEBENCH® Filter Designer is a simple, powerful, and easy-to-use active filter design program. The WEBENCH
Filter Designer lets you create optimized filter designs using a selection of Tl operational amplifiers and passive
components from Tl's vendor partners.

Available as a web-based tool from the WEBENCH® Design Center, WEBENCH® Filter Designer allows you to
design, optimize, and simulate complete multistage active filter solutions within minutes.
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11.2 Documentation Support

11.2.1 Related Documentation

The following documents are relevant to using the OPAx209 and recommended for reference. All are available
for download at www.ti.com (unless otherwise noted):

* OPAB827 Low-Noise, High-Precision, JFET-Input Operational Amplifier (SBOS376)

« OPA2x11 1.1-nv/NHz Noise, Low Power, Precision Operational Amplifier (SBOS377)

* OPA209, OPA2209, OPA4209 EMI Immunity Performance (SBOZ020)

* Microcontroller PWM to 12-bit Analog Out (TIDU027)

» Capacitive Load Drive Solution Using an Isolation Resistor (TIDU032)

* Noise Measurement Post Amp (TIDUO016)

» Diagnostic Patient Monitoring and Therapy Guide (SLYB147)

11.3 Related Links

Table 1 lists quick access links. Categories include technical documents, support and community resources,
tools and software, and quick access to sample or buy.

Table 1. Related Links

PARTS PRODUCT FOLDER SAMPLE & BUY JOESS:AI:EC,\?TLS S-(I—)CI):?\I/_\/?A&I;E CS:SEA?A%T\]TT%
OPA209 Click here Click here Click here Click here Click here
OPA2209 Click here Click here Click here Click here Click here
OPA4209 Click here Click here Click here Click here Click here

11.4 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.5 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.6 Trademarks

TINA-TI, E2E are trademarks of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.
TINA, DesignSoft are trademarks of DesignSoft, Inc.

All other trademarks are the property of their respective owners.

11.7 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.
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11.8 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
OPA209AID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 OPA Samples
& no Sh/Br) 209A =
OPA209AIDBVR ACTIVE SOT-23 DBV 5 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 0O0OBQ Samples
& no Sh/Br) =
OPA209AIDBVT ACTIVE SOT-23 DBV 5 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 0O0OBQ Samples
& no Sh/Br) =
OPA209AIDGKR ACTIVE VSSOP DGK 8 2500 Green (RoHS CU NIPDAU | Level-2-260C-1 YEAR  -40to 125 OO0OAQ
& no Sh/Br) CU NIPDAUAG Ll
OPA209AIDGKT ACTIVE VSSOP DGK 8 250 Green (RoHS CU NIPDAU | Level-2-260C-1 YEAR  -40to 125 OO0OAQ Eamnles
& no Sh/Br) CU NIPDAUAG sl
OPA209AIDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 OPA Samnles
& no Sb/Br) 209A L
OPA2209AID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 02209 B e
& no Sh/Br) B2
OPA2209AIDGKR ACTIVE VSSOP DGK 8 2500  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 O0JI
& no Sh/Br) B2
OPA2209AIDGKT ACTIVE VSSOP DGK 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 125 00JI B i e
& no Sh/Br) B2
OPA2209AIDR ACTIVE SOIC D 8 2500  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 02209 o
Samples
& no Sh/Br)
OPA4209AIPW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 (OP4209A ~ OPA) Samples
& no Sh/Br) 4209 =
OPA4209AIPWR ACTIVE TSSOP PW 14 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 (OP4209A ~ OPA) o 1
& no Sb/Br) 4209 R

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
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Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O orSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
OPA209AIDBVR SOT-23 | DBV 5 3000 180.0 8.4 323 | 317 | 137 | 4.0 8.0 Q3
OPA209AIDBVT SOT-23 | DBV 5 250 180.0 8.4 323 | 317 | 1.37 | 4.0 8.0 Q3
OPA209AIDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1
OPA209AIDGKT VSSOP DGK 8 250 180.0 12.4 53 34 1.4 8.0 12.0 Q1
OPA209AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2209AIDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
OPA2209AIDGKT VSSOP DGK 8 250 180.0 12.4 53 3.4 1.4 8.0 12.0 Q1
OPA2209AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA4209AIPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
,//T/
4
// S
/\g\ /)i\
. 7
\\“y// T \{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA209AIDBVR SOT-23 DBV 5 3000 223.0 270.0 35.0
OPA209AIDBVT SOT-23 DBV 5 250 223.0 270.0 35.0
OPA209AIDGKR VSSOP DGK 8 2500 367.0 367.0 35.0
OPA209AIDGKT VSSOP DGK 8 250 210.0 185.0 35.0
OPA209AIDR SOIC D 8 2500 367.0 367.0 35.0
OPA2209AIDGKR VSSOP DGK 8 2500 367.0 367.0 35.0
OPA2209AIDGKT VSSOP DGK 8 250 210.0 185.0 35.0
OPA2209AIDR SoIC D 8 2500 367.0 367.0 35.0
OPA4209AIPWR TSSOP PW 14 2000 367.0 367.0 35.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
DBV 5 SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4073253/P
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PACKAGE OUTLINE

DBVOOO5A SOT-23 - 1.45 mm max height
SMALL OUTLINE TRANSISTOR
3.0
2.6 (& Joafc
l=— 1.45 MAX —=
PIN 1—|
INDEX AREA f/ﬁ
k57
3.05
2.75
|
s
5X 83 3 I S — g<l/J
0.2 [c[A[B] L @.1) —=f =2 1yp

‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, :f[ 0.08 TP
g: TYPY’F—/ L_»

03 TYP SEATING PLANE

4214839/C 04/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. Refernce JEDEC MO-178.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/C 04/2017

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/C 04/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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PACKAGE OUTLINE

DBVOOO5A SOT-23 - 1.45 mm max height
SMALL OUTLINE TRANSISTOR
3.0
2.6 (& Joafc
l=— 1.45 MAX —=
PIN 1—|
INDEX AREA f/ﬁ
k57
3.05
2.75
|
s
5X 83 3 I S — g<l/J
0.2 [c[A[B] L @.1) —=f =2 1yp

‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, :f[ 0.08 TP
g: TYPY’F—/ L_»

03 TYP SEATING PLANE

4214839/C 04/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. Refernce JEDEC MO-178.
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/C 04/2017

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/C 04/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com



MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.

i3 TEXAS
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LAND PATTERN DATA

PW (R—PDSO-G14) PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)

|<—1 2x0,65

By s

5,60

(hnanng

/
/
/
j

e =— 140,30
; ——| [=—12x0,65

A
Jouutt

_—l
1
5,60

ittt

Example

Non Soldermask Defined Pad Example
Pad Geometry
"/// (See Note C)
/

Example
Solder Mask Opening
(See Note E)

‘ —l~—10,07 /

4211284-2/G 08/15

All linear dimensions are in millimeters.

Customers should

NOTES: A
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for dlternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ ]0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0X]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1Il=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:

i3 TEXAS
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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LOW-POWER, 12-Bit ANALOG-TO-DIGITAL CONVERTER
with I’C™ INTERFACE

FEATURES

Complete 12-Bit Data Acquisition System in
a Tiny SOT-23 Package

Low Current Consumption: Only 90pA
Integral Nonlinearity: 1LSB Max
Single-Cycle Conversion

Programmable Gain Amplifier
Gain=1,2,4,0r8

128SPS Data Rate
I2C Interface with Two Available Addresses
Power Supply: 2.7V to 5.5V

Pin- and Software-Compatible with 16-Bit
ADSII00

APPLICATIONS

Voltage Monitors

Battery Management
Industrial Process Control
Consumer Goods
Temperature Measurement

DESCRIPTION

The ADS1000 is an I>C-compatible serial interface
Analog-to-Digital (A/D) converter with differential
inputs and 12 bits of resolution in a tiny SOT23-6
package. Conversions are performed ratiometrically,
using the power supply as the reference voltage. The
ADS1000 operates from a single power supply
ranging from 2.7V to 5.5V.

The ADS1000 performs conversions at a rate of 128
samples per second (SPS). The onboard
programmable gain amplifier (PGA), which offers
gains of up to 8, allows smaller signals to be
measured with high resolution. In single-conversion
mode, the ADS1000 automatically powers down after
a conversion, greatly reducing current consumption
during idle periods.

The ADS1000 is designed for applications where
space and power consumption are major
considerations. Typical applications include portable
instrumentation, consumer goods, and voltage

VIN+

monitoring.
VDD
A=1,2,4,0r8
2 SCL
Converter
Vi Interface SDA
I>—|
Clock
Oscillator
ADS1000
GND

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

12C is a trademark of NXP Semiconductors, Inc.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2006—2007, Texas Instruments Incorporated
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

PACKAGE/ORDERING INFORMATION

For the most current package and ordering information, see the Package Option Addendum located at the end of
this datasheet or see the Tl website at jyww.ti.coni.

ABSOLUTE MAXIMUM RATINGS®

Over operating free-air temperature range (unless otherwise noted).

ADS1000 UNIT
Vpp to GND -0.3to +6 \%
Input Current (Momentary) 100 mA
Input Current (Continuous) 10 mA
Voltage to GND, V|n+, Vin- —0.3to Vpp to +0.3 \%
Voltage to GND, SDA, SCL -0.5to0 +6 \%
Maximum Junction Temperature, T, +150 °C
Operating Temperature —40 to +125 °C
Storage Temperature —60 to +150 °C
Lead Temperature (soldering, 10s) +300 °C

(1) Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. Exposure to absolute
maximum conditions for extended periods may affect device reliability.

PIN CONFIGURATIONS

Vin- Voo SDA Vin- Voo SDA

o]l ] [e]lo]l]
BDO BD1
] LT

Vi, GND SCL Vine GND SCL

°C address: 1001000 °C address: 1001001

2
NOTE: Marking text direction indicates pin 1. Marking text depends on | C address; see Package Option Addendum.

2 ubmit bocumentation ~eedbac

Copyright © 2006—2007, Texas Instruments Incorporated
Product Folder Link(s): BEDSI0
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ELECTRICAL CHARACTERISTICS

All specifications at —40°C to +85°C, Vpp = 5V, GND = 0V, and all PGAs, unless otherwise noted.

ADS1000
PARAMETER CONDITIONS MIN TYP MAX UNIT
ANALOG INPUT
Full-Scale Input Voltage (Vins) = (Vino) +Vpp/PGAW Y
Analog Input Voltage Vin+: Vin- to GND GND -0.2 Vpp + 0.2 \%
Differential Input Impedance 2.4/PGA MQ
Common-Mode Input Impedance 8 MQ
SYSTEM PERFORMANCE
Resolution No Missing Codes 12 Bits
Data Rate 104 128 184 SPS
Integral Nonlinearity (INL) +0.1 1 LSB
Offset Error 1 +2 LSB
Gain Error 0.01 0.1 %
DIGITAL INPUT/OUTPUT
Logic Level
Vig 0.7 VDD 6 \%
VL GND-0.5 0.3 Vpp \%
VoL loL = 3mA GND 0.4 \%
Input Leakage
Iy V|4 = 5.5V 10 pA
I V). = GND -10 pA
POWER-SUPPLY REQUIREMENTS
Power-Supply Voltage Vpp 2.7 5.5 \%
Supply Current Power-Down 0.05 2 HA
Active 90 150 WA
Power Dissipation HA
Vpp = 5.0V 450 750 uw
Vpp = 3.0V 210 uw
(1) Each input, V|y+ and Vy_, must meet the absolute input voltage specifications.
Copyright © 2006—2007, Texas Instruments Incorporated ubmit Documentation Feedbac 3
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lvpp (MA)

Offset Error (mV)

TYPICAL CHARACTERISTICS
At T, = 25°C and Vpp = 5V, unless otherwise indicated.

SUPPLY CURRENT vs TEMPERATURE

120
Vpp = 5V
100 = —
A//
L]
80 — =
L \
60
— Vpp = 2.7V
40
-60 -40 -20 O 20 40 60 80 100 120 140
Temperature (°C)
Figure 1.
OFFSET ERROR vs TEMPERATURE
2.0
1.0
PGA=8 PGA=4 PGA=2 PGA=1

0.0 i
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SUPPLY CURRENT vs 1°C BUS FREQUENCY
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THEORY OF OPERATION

The ADS1000 is a fully differential, 12-bit A/D
converter. The ADS1000 allows users to obtain
precise measurements with a minimum of effort, and
the device is extremely easy to design with and
configure.

The ADS1000 consists of an A/D converter core with
adjustable gain, a clock generator, and an I°C
interface. Each of these blocks are described in detail
in the sections that follow.

ANALOG-TO-DIGITAL CONVERTER

The ADS1000 uses a switched-capacitor input stage.
To external circuitry, it looks roughly like a resistance.
The resistance value depends on the capacitor
values and the rate at which they are switched. The
switching clock is generated by the onboard clock
generator, so its frequency, nominally 275kHz, is
dependent on supply voltage and temperature. The
capacitor values depend on the PGA setting.

The common-mode and differential input impedances
are different. For a gain setting of PGA, the
differential input impedance is typically 2.4MQ/PGA.

The common-mode impedance is typically 8MQ.

OUTPUT CODE CALCULATION

The ADS1000 outputs codes in binary two's
complement format. The output code is confined to
the range of numbers: —2048 to 2047, and is given

by:

Output Code = 2048(PGA)(VIN+_VIN_)
VDD

CLOCK GENERATOR

The ADS1000 features an onboard clock generator.
The Typical Characteristics show variations in data
rate over supply voltage and temperature. It is not
possible to operate the ADS1000 with an external
clock.

USING THE ADS1000

OPERATING MODES

The ADS1000 operates in one of two modes:
continuous conversion and single conversion.

In continuous conversion mode, the ADS1000
continuously  performs  conversions. Once a

conversion has been completed, the ADS1000 places
the result in the output register, and immediately
begins another conversion. When the ADS1000 is in
continuous conversion mode, the ST/BSY bit in the
configuration register always reads '1'".

In single conversion mode, the ADS1000 waits until
the ST/BSY bit in the conversion register is set to '1".
When this happens, the ADS1000 powers up and
performs a single conversion. After the conversion
completes, the ADS1000 places the result in the
output register, resets the ST/BSY bit to '0' and
powers down. Writing a 'l' to ST/BSY while a
conversion is in progress has no effect.

When switching from continuous conversion mode to
single conversion mode, the ADS1000 will complete
the current conversion, reset the ST/BSY bit to '0' and
power-down the device.

RESET AND POWER-UP

When the ADS1000 powers up, it automatically
performs a reset. As part of the reset, the ADS1000
sets all of the bits in the configuration register to their
respective default settings.

The ADS1000 responds to the I°C General Call
Reset command. When the ADS1000 receives a
General Call Reset, it performs an internal reset,
exactly as though it had just been powered on.

I°C INTERFACE

The ADS1000 communicates through an I°C
(Inter-Integrated Circuit) interface. The 1°C interface is
a two-wire, open-drain interface supporting multiple
devices and masters on a single bus. Devices on the
I°2C bus only drive the bus lines low, by connecting
them to ground; they never drive the bus lines high.
Instead, the bus wires are pulled high by pull-up
resistors, so the bus wires are high when no device is
driving them low. This way, two devices cannot
conflict; if two devices drive the bus simultaneously,
there is no driver contention.

Communication on the 1°C bus always takes place
between two devices, one acting as the master and
the other acting as the slave. Both masters and
slaves can read and write, but slaves can only do so
under the direction of the master. Some 1°C devices
can act as masters or slaves, but the ADS1000 can
only act as a slave device.
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An 1°C bus consists of two lines, SDA and SCL. SDA
carries data; SCL provides the clock. All data is
transmitted across the I12C bus in groups of eight bits.
To send a bit on the 1°C bus, the SDA line is driven to
the bit level while SCL is low (a Low on SDA
indicates the bit is '0"; a High indicates the bit is '1").
Once the SDA line has settled, the SCL line is
brought high, then low. This pulse on SCL clocks the
SDA bit into the receiver shift register.

The I1°C bus is bidirectional: the SDA line is used both
for transmitting and receiving data. When a master
reads from a slave, the slave drives the data line;
when a master sends to a slave, the master drives
the data line. The master always drives the clock line.
The ADS1000 never drives SCL, because it cannot
act as a master. On the ADS1000, SCL is an input
only.

Most of the time the bus is idle, no communication
takes place, and both lines are high. When
communication takes place, the bus is active. Only
master devices can start a communication. They do
this by causing a start condition on the bus. Normally,
the data line is only allowed to change state while the
clock line is low. If the data line changes state while
the clock line is high, it is either a start condition or its
counterpart, a stop condition. A start condition is
when the clock line is high and the data line goes
from high to low. A stop condition is when the clock
line is high and the data line goes from low to high.

After the master issues a start condition, it sends a
byte that indicates with which slave device it wants to
communicate. This byte is called the address byte.
Each device on an I1°C bus has a unique 7-bit
address to which it responds. (Slaves can also have
10-bit addresses; see the I°C specification for
details.) The master sends an address in the address
byte, together with a bit that indicates whether it
wishes to read from or write to the slave device.

Every byte transmitted on the 12C bus, whether it be
address or data, is acknowledged with an
acknowledge bit. When a master has finished
sending a byte, eight data bits, to a slave, it stops
driving SDA and waits for the slave to acknowledge
the byte. The slave acknowledges the byte by pulling
SDA low. The master then sends a clock pulse to
clock the acknowledge bit. Similarly, when a master
has finished reading a byte, it pulls SDA low to
acknowledge to the slave that it has finished reading
the byte. It then sends a clock pulse to clock the bit.
(Remember that the master always drives the clock
line.)

A not-acknowledge is performed by simply leaving
SDA high during an acknowledge cycle. If a device is
not present on the bus, and the master attempts to
address it, it will receive a not-acknowledge because
no device is present at that address to pull the line
low.

When a master has finished communicating with a
slave, it may issue a stop condition. When a stop
condition is issued, the bus becomes idle again. A
master may also issue another start condition. When
a start condition is issued while the bus is active, it is
called a repeated start condition.

A timing diagram for an ADS1000 I°C transaction is

shown in Figure g. [[able J] gives the parameters for
this diagram.

6 Bubmit Documentafion Feedback

Copyright © 2006—2007, Texas Instruments Incorporated

Product Folder Link(s): BEDSI0


http://focus.ti.com/docs/prod/folders/print/ads1000.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS357A&partnum=ADS1000
http://focus.ti.com/docs/prod/folders/print/ads1000.html

ADS100G

{'f TEXAS
INSTRUMENTS

www.ti.com
SBAS357A—-SEPTEMBER 2006—-REVISED OCTOBER 2007

=== [t tow) ===
! ! Il tHDsTA)
| 1 H I
- .
scL o
===/ | :
tHpsTA) triah | tsusma X ! — tsusto)
t 1 1 |
I‘- tHpDAT) —>| (SUDAT) 1 i ! !
0 - | 1
o /X X /N XN\
— 1 ! ! I
1 ! I A
1 ! 1 1
1 ! 1 1
1 S ! P
pe——— | E—
Figure 6. I°C Timing Diagram
Table 1. Timing Diagram Definitions
FAST MODE HIGH-SPEED MODE
PARAMETER MIN MAX MIN MAX UNITS
SCLK Operating Frequency fiscLk) 0.4 3.4 MHz
Bus Free Time Between STOP and START t@ur) 600 160 ns
Condition
Hold Time After Repeated START Condition. tHpSTA) 600 160 ns
After this period, the first clock is generated.
Repeated START Condition Setup Time tsusTa) 600 160 ns
STOP Condition Setup Time tsusTo) 600 160 ns
Data Hold Time tHpDAT) 0 0 ns
Data Setup Time tsupaT) 100 10 ns
SCLK Clock Low Period tow) 1300 160 ns
SCLK Clock High Period trigr) 600 60 ns
Clock/Data Fall Time te 300 160 ns
Clock/Data Rise Time tr 300 160 ns
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ADS1000 I°C ADDRESSES

The ADS1000 I°C address is either 1001000 or
1001001, set at the factory. The address is identified
with an AO or an Al within the orderable name.

The two different 1°C variants are also marked
differently. Devices with an I>’C address of 1001000
have packages marked BDO, while devices with an
I°’C address of 1001001 are marked with BD1. See
the Package/Ordering Tnformation _Tabld for a
complete listing of the ADS1000 I°C addresses and
tape and reel size.

I’C GENERAL CALL

The ADS1000 responds to General Call Reset, which
is an address byte of 00h followed by a data byte of
06h. The ADS1000 acknowledges both bytes.

On receiving a General Call Reset, the ADS1000
performs a full internal reset, just as though it had
been powered off and then on. If a conversion is in
process, it is interrupted; the output register is set to
zero, and the configuration register returns to its
default setting.

The ADS1000 always acknowledges the General Call
address byte of 00h, but it does not acknowledge any
General Call data bytes other than 04h or 06h.

[2C DATA RATES

The 1°C bus operates in one of three speed modes:
Standard, which allows a clock frequency of up to
100kHz; Fast, which allows a clock frequency of up to
400kHz; and High-speed mode (also called Hs
mode), which allows a clock frequency of up to
3.4MHz. The ADS1000 is fully compatible with all
three modes.

No special action needs to be taken to use the
ADS1000 in Standard or Fast modes, but High-speed

mode must be activated. To activate High-speed
mode, send a special address byte of 00001XXX
following the start condition, where the XXX bits are
unique to the Hs-capable master. This byte is called
the Hs master code. (Note that this is different from
normal address bytes; the low bit does not indicate
read/write  status.) The ADS1000 will not
acknowledge this byte; the 1°C specification prohibits
acknowledgment of the Hs master code. On receiving
a master code, the ADS1000 will switch on its
High-speed mode filters, and will communicate at up
to 3.4MHz. The ADS1000 switches out of Hs mode
with the next stop condition.

For more information on High-speed mode, consult
the 1°C specification.

REGISTERS

The ADS1000 has two registers that are accessible
via its I2C port. The output register contains the result
of the last conversion; the configuration register
allows users to change the ADS1000 operating mode
and query the status of the device.

OUTPUT REGISTER

The 16-bit output register contains the result of the
last conversion in binary two’'s complement format.
Since the port yields 12 bits of data, the ADS1000
outputs right-justified and sign-extended codes. This
output format makes it possible to perform averaging
using a 16-bit accumulator.

Following reset or power-up, the output register is
cleared to '0'; it remains zero until the first conversion
is completed. Therefore, if a user reads the ADS1000
just after reset or power-up, the output register will
read '0".

The output register format is shown in [Table 2.

Table 2. OUTPUT REGISTER

BIT 15 14 13 12 11 10 9

8

7 6 5 4 3 2 1 0

NAME | D15® | p14® | p13® | p12® | D11 D10 D9

D8

D7 D6 D5 D4 D3 D2 D1 DO

(1) D15-D12 are sign extensions of 12-bit data.
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CONFIGURATION REGISTER

A user controls the ADS1000 operating mode and
PGA settings via the 8-bit configuration register. The
configuration register format is shown in [able 3. The
default setting is 80H.

Table 3. CONFIGURATION REGISTER

7 6 5 4 3 2 1 0
sBsy| o | o | sc| o | o |peAl|PcAo]
Bit 7: ST/BSY

The meaning of the ST/BSY bit depends on whether
it is being written to or read from.

In single conversion mode, writing a '1' to the ST/BSY
bit causes a conversion to start, and writing a '0' has
no effect. In continuous conversion mode, the
ADS1000 ignores the value written to ST/BSY.

When read in single conversion mode, ST/BSY
indicates whether the A/D converter is busy taking a
conversion. If ST/BSY is read as 'l, the A/D
converter is busy, and a conversion is taking place; if
'0', no conversion is taking place, and the result of the
last conversion is available in the output register.

In continuous mode, ST/BSY is always read as '1'.
Bits 6 - 5: Reserved

Bits 6 and 5 must be set to zero.

Bit 4: SC

SC controls whether the ADS1000 is in continuous
conversion or single conversion mode. When SC is
'1", the ADS1000 is in single conversion mode; when
SC is '0', the ADS1000 is in continuous conversion
mode. The default setting is '0'.

Bits 3 - 2: Reserved
Bits 3 and 2 must be set to zero.

Bits 1 - 0: PGA
Bits 1 and O control the ADS1000 gain setting; see
[ able 4.
Table 4. PGA Bits
PGA1 PGAO GAIN
o® o 1M
0 1 2
1 0 4
1 1 8
(1) Default setting.

READING FROM THE ADS1000

A user can read the output register and the contents
of the configuration register from the ADS1000. To do
this, address the ADS1000 for reading, and read
three bytes from the device. The first two bytes are
the output register contents; the third byte is the
configuration register contents.

A user does not always have to read three bytes from
the ADS1000. If only the contents of the output
register are needed, read only two bytes.

Reading more than three bytes from the ADS1000
has no effect. All of the bytes beginning with the

fourth byte will be FFh. See for a timing
diagram of an ADS1000 read operation.

WRITING TO THE ADS1000

A user can write new contents into the configuration
register (the contents of the output register cannot
change). To do this, address the ADS1000 for writing,
and write one byte to it. This byte is written into the
configuration register.

Writing more than one byte to the ADS1000 has no
effect. The ADS1000 ignores any bytes sent to it after
the first one, and will only acknowledge the first byte.
See for a timing diagram of an ADS1000
write operation.
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Figure 7. Timing Diagram for Reading from the ADS1000
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Figure 8. Timing Diagram for Writing to the ADS1000
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APPLICATION INFORMATION

BASIC CONNECTIONS

For many applications, connecting the ADS1000 is
extremely simple. A basic connection diagram for the
ADS1000 is shown in Figure 9.

The fully differential voltage input of the ADS1000 is
ideal for connection to differential sources with
moderately low source impedance, such as bridge
sensors and thermistors. Although the ADS1000 can
read bipolar differential signals, it cannot accept
negative voltages on either input. It may be helpful to
think of the ADS1000 positive voltage input as
noninverting, and of the negative input as inverting.

When the ADS1000 is converting, it draws current in
short spikes. The 0.1uF bypass capacitor supplies
the momentary bursts of extra current needed from
the supply.

The ADS1000 interfaces directly to standard mode,
fast mode, and high-speed mode I°C controllers. Any
microcontroller 1°C peripheral, including master-only
and non-multiple-master 1°C peripherals, will work
with the ADS1000. The ADS1000 does not perform
clock-stretching (that is, it never pulls the clock line
low), so it is not necessary to provide for this unless
other devices are on the same I1°C bus.

Pull-up resistors are necessary on both the SDA and
SCL lines because 1°C bus drivers are open-drain.
The size of these resistors depends on the bus
operating speed and capacitance of the bus lines.
Higher-value resistors consume less power, but
increase the transition times on the bus, limiting the
bus speed. Lower-value resistors allow higher speed
at the expense of higher power consumption. Long
bus lines have higher capacitance and require
smaller pullup resistors to compensate. The resistors
should not be too small; if they are, the bus drivers
may not be able to pull the bus lines low.

O
I°C Pull-Up Resistors
1kQ to 10kQ (typ.)

Microcontroller or
Microprocessor

with 1°C Port

Positive Input
(OV to 5V)

SCL

SDA

Negative Input
(OV to 5V)

ADS1000
VDD

V|N+ VINf 6

GND Vg, | 5

SCL  SDA }

4.7uF (typ.)

LI L]

I

—

| EEe

Il

Figure 9. Typical Connections of the ADS1000
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CONNECTING MULTIPLE DEVICES

Connecting two ADS1000s to a single bus is almost
trivial. An example showing two ADS1000s and one
ADS1100 connected on a single bus is shown in
Figure Td. Multiple devices can be connected to a
single bus (provided that their addresses are
different).

Note that only one set of pull-up resistors is needed
per bus. A user might find that he or she needs to
lower the pull-up resistor values slightly to
compensate for the additional bus capacitance
presented by multiple devices and increased line
length.

V
ADS1000 °P
Microcontroller or
Microprocessor Vine Vin- | 6

2

with I'C Port GND  Vp, | 5

SDA

NOTE: ADS1000 power

and input connections
omitted for clarity.

HiENNN
L]

—

°C Pull-Up Resistors
1kQ to 10kQ (typ.) bb

ADS1000A0

/

Microcontroller or

; V V
Microprocessor IN+ IN-

[] ¢ ]
with 1°C Port GND Vg, E
scL . E SCL  SDA }
SDA

ADS1000A1

V|N+ VINf

L]

GND  Vpp

HiENNN

B
poia

— |

SCL  SDA

NOTE: ADS1000 power ADS1100A2

and input connections

omitted for clarity. Ving Vin-

GND  Vpp

SCL  SDA

CEIE
poia

Figure 10. Connecting Multiple ADS1000s

USING GPIO PORTS FOR I*C

Most microcontrollers have programmable
input/output pins that can be set in software to act as
inputs or outputs. If an 1°C controller is not available,
the ADS1000 can be connected to GPIO pins, and
the I°C bus protocol simulated, or bit-banged, in
software. An example of this for a single ADS1000 is
shown in Eigure 17].

Figure 11. Using GPIO with a Single ADS1000

Bit-banging 1°C with GPIO pins can be done by
setting the GPIO line to zero and toggling it between
input and output modes to apply the proper bus
states. To drive the line low, the pin is set to output a
'0"; to let the line go high, the pin is set to input. When
the pin is set to input, the state of the pin can be
read; if another device is pulling the line low, this
device will read as a '0' in the port input register.

Note that no pull-up resistor is shown on the SCL
line. In this simple case, the resistor is not needed,;
the microcontroller can simply leave the line on
output, and set it to '1' or '0' as appropriate. It can do
this because the ADS1000 never drives its clock line
low. This technigue can also be used with multiple
devices, and has the advantage of lower current
consumption resulting from the absence of a resistive
pull-up.

If there are any devices on the bus that may drive
their clock lines low, the above method should not be
used; the SCL line should be high-Z or zero and a
pull-up resistor provided as usual. Note also that this
cannot be done on the SDA line in any case,
because the ADS1000 does drive the SDA line low
from time to time, as all 1°C devices do.

Some microcontrollers have selectable strong pull-up
circuits built into the GPIO ports. In some cases,
these can be switched on and used in place of an
external pull-up resistor. Weak pull-ups are also
provided on some microcontrollers, but usually these
are too weak for 1°C communication. If there is any
doubt about the matter, test the circuit before
committing it to production.
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SINGLE-ENDED INPUTS

Although the ADS1000 has a fully differential input, it
can easily measure single-ended signals. A simple
single-ended connection scheme is shown in
Figure 14 The ADS1000 is configured for
single-ended measurement by grounding either of its
input pins, usually V,y_, and applying the input signal
to Vin+. The single-ended signal can range from
—0.2V to Vpp + 0.3V. The ADS1000 loses no linearity
anywhere in its input range. Negative voltages cannot
be applied to this circuit because the ADS1000 inputs
can only accept positive voltages.

VDD

ADS1000

V|N+ VIN— 6

0V - Vpp
Single-Ended

GND V| 5

Filter Capacitor
33pF to 100pF 3|SCL  SDA } > Output
(typ.) Codes
_ 0-2048

Figure 12. Measuring Single-Ended Inputs

The ADS1000 input range is bipolar differential with
respect to the reference, that is, Vpp. The
single-ended circuit shown in covers only
half the ADS1000 input scale because it does not
produce differentially negative inputs; therefore, one
bit of resolution is lost. The DRV134 balanced line
driver can be employed to regain this bit for
single-ended signals.

Negative input voltages must be level-shifted. A good
candidate for this function is the THS4130 differential

amplifier, which can output fully differential signals.
This device can also help recover the lost bit noted
previously for single-ended positive signals.
Level-shifting can also be performed using the
DRV134.

LOW-SIDE CURRENT MONITOR

shows a circuit for a low-side shunt-type
current monitor. The circuit reads the voltage across
a shunt resistor, which is sized as small as possible
while still giving a readable output voltage. This
voltage is amplified by an OPA335 low-drift op-amp,
and the result is read by the ADS1000.

11.5kQ

WA

v 5V 5V

P -
@ OPA335

FS =0.63V

o
* % “c
R <tke - —©
G=125 -5V
(PGA Gain = 8)
T = 5VFS

NOTES: (1) Pull-down resistor to allow accurate swing to OV.
(2) Rg is sized for a 50mV drop at full-scale current.

Figure 13. Low-Side Current Measurement

It is recommended that the ADS1000 be operated at
a gain of 8. The gain of the OPA335 can then be set
lower. For a gain of 8, the op amp should be
configured to give a maximum output voltage of no
greater than 0.75V. If the shunt resistor is sized to
provide a maximum voltage drop of 50mV at
full-scale current, the full-scale input to the ADS1000
is 0.63V.
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ADDITIONAL RECOMMENDATIONS

The ADS1000 is fabricated in a small-geometry
low-voltage process. The analog inputs feature
protection diodes to the supply rails. However, the
current-handling ability of these diodes is limited, and
the ADS1000 can be permanently damaged by
analog input voltages that remain more than
approximately 300mV beyond the rails for extended
periods. One way to protect against overvoltage is to
place current-limiting resistors on the input lines. The
ADS1000 analog inputs can withstand momentary
currents of as large as 10mA.

The previous paragraph does not apply to the I1°C
ports, which can both be driven to 6V regardless of
the supply.

If the ADS1000 is driven by an op amp with high
voltage supplies, such as +12V, protection should be
provided, even if the op amp is configured so that it
will not output out-of-range voltages. Many op amps
seek to one of the supply rails immediately when
power is applied, usually before the input has

stabilized; this momentary spike can damage the
ADS1000. Sometimes this damage is incremental
and results in slow, long-term failure—which can be
distastrous  for  permanently installed, low-
maintenance systems.

If using an op amp or other front-end circuitry with the
ADS1000, be sure to take the performance
characteristics of this circuitry into account; a chain is
only as strong as its weakest link.

Any data converter is only as good as its reference.
For the ADS1000, the reference is the power supply,
and the power supply must be clean enough to
achieve the desired performance. If a power-supply
filter capacitor is used, it should be placed close to
the Vpp pin, with no vias placed between the
capacitor and the pin. The trace leading to the pin
should be as wide as possible, even if it must be
necked down at the device.

14 Bubmit Documentafion Feedback
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Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Original (September 2006) to Revision A Page
* Changed logic level min value from (0.7GND) t0 (0.7VDD) frrecoeeereereceeeerererreeeerertrreerereeeeireeereirecereererereerererceeeceereeeees 3
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
ADS1000A0IDBVR ACTIVE SOT-23 DBV 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 BDO Samples
& no Sh/Br) =
ADS1000A0IDBVRG4 ACTIVE SOT-23 DBV 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 BDO Samples
& no Sh/Br) =
ADS1000A0IDBVT ACTIVE SOT-23 DBV 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 BDO Samples
& no Sh/Br) =
ADS1000A0IDBVTG4 ACTIVE SOT-23 DBV 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BDO
& no Sh/Br) —
ADS1000A1IDBVR ACTIVE SOT-23 DBV 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BD1 Eamnles
& no Sh/Br) —
ADS1000A1IDBVT ACTIVE SOT-23 DBV 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BD1 camnles
& no Sh/Br) —
ADS1000A1IDBVTG4 ACTIVE SOT-23 DBV 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BD1 Samples
& no Sh/Br) =

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
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® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF ADS1000 :

o Automotive: ADS1000-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
iy’
@ ’@ @ Bf l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
ADS1000A0IDBVR SOT-23 DBV 6 3000 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
ADS1000A0IDBVT SOT-23 DBV 6 250 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
ADS1000A1IDBVR SOT-23 DBV 6 3000 178.0 9.0 3.23 3.17 1.37 4.0 8.0 Q3
ADS1000A1IDBVT SOT-23 DBV 6 250 178.0 9.0 3.23 3.17 1.37 4.0 8.0 Q3
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Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADS1000A0IDBVR SOT-23 DBV 6 3000 180.0 180.0 18.0
ADS1000A0IDBVT SOT-23 DBV 6 250 180.0 180.0 18.0
ADS1000A1IDBVR SOT-23 DBV 6 3000 180.0 180.0 18.0
ADS1000A1IDBVT SOT-23 DBV 6 250 180.0 180.0 18.0
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MECHANICAL DATA

DBV (R—PDSO-G6) PLASTIC SMALL—OUTLINE PACKAGE
6 4
. 7
Pin 1 I:I H H
Index Area 1 3
0,50 & OPﬂONA[I)_EgQILE:NTATION
0,95 *‘ rfﬁxm MARKING
6 4
H H H T
* 0,08

H O

175 300
1,45 2,60 l
|

)

Pin 1
Index Area 1
(See Detail)
3,05
2,75 '
— 1,45 MAX
] \
v \_L J_/ v Seating Plane
015 ] i
0.:00 [&]010]

4073253-5/N  12/14

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
Leads 1,2,3 may be wider than leads 4,5,6 for package orientation.

A
B
C.
D.
A Falls within JEDEC MO-178 Variation AB, except minimum lead width.
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LAND PATTERN DATA

DBV (R—PDSO-G6) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
—r—- R B Ml i W,iOOf* i R At I H
1 loss
e 2,7 2,7
e "
// \\\
// \\
\ pa
. —l - 0,95 — - 0,95
e
/’/ ,’///’—‘\\\\
]/// - 0,6 — Y
/ \\
// ‘__/\T/'So\der Mask Opening
/ 1,05 \
‘, K‘\ﬁ\ Pad Geometry
\\ 0,07 —= L— //
\\\ Al Around ///
L o
T 4209593-4/C 08/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
D

E

Publication IPC—=7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC=7525 for other stencil recommendations.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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TPS7A49 36-V, 150-mA, Ultralow-Noise, Positive Linear Regulator
1 Features 3 Description

Input Voltage Range: 3 V to 36 V

Noise:

— 12.7 pVgus (20 Hz to 20 kHz)

— 15.4 pVRys (10 Hz to 100 kHz)
Power-Supply Ripple Rejection:

— 72 dB (120 Hz)

— 252 dB (10 Hz to 400 kHz)
Adjustable Output: 1.194 V to 33V
Output Current: 150 mA

Dropout Voltage: 260 mV at 100 mA
Stable with Ceramic Capacitors = 2.2 pF
CMOS Logic-Level-Compatible Enable Pin

Fixed Current-Limit and Thermal Shutdown
Protection

Packages: 8-Pin HYSSOP PowerPAD™ and
3-mm x 3-mm VSON

Operating Temperature Range:
—40°C to 125°C

Applications

Supply Rails for Op Amps, DACs, ADCs, and
Other High-Precision Analog Circuitry

Audio

Post DC-DC Converter Regulation and
Ripple Filtering

Test and Measurement

Rx, Tx, and PA Circuitry

Industrial Instrumentation

Base Stations and Telecom Infrastructure

The TPS7A49 series of devices are positive, high-
voltage (36 V), ultralow-noise (15.4 PVgms, 72-dB
PSRR) linear regulators that can source a 150-mA
load.

These linear regulators include a CMOS logic-level-
compatible enable pin and capacitor-programmable
soft-start function that allows for customized power-
management schemes. Other available features
include built-in current limit and thermal shutdown
protection to safeguard the device and system during
fault conditions.

The TPS7A49 family is designed using bipolar
technology, and is ideal for high-accuracy, high-
precision instrumentation applications where clean
voltage rails are critical to maximize system
performance. This design makes the device an
excellent choice to power operational amplifiers,
analog-to-digital converters (ADCSs), digital-to-analog
converters (DACs), and other high-performance
analog circuitry.

In addition, the TPS7A49 family of linear regulators is
suitable for post dc-dc converter regulation. By
filtering out the output voltage ripple inherent to dc-dc
switching conversion, maximum system performance
is provided in sensitive instrumentation, test and
measurement, audio, and RF applications.

For applications where positive and negative high-
performance rails are required, consider TI's
TPS7A30xx family of negative high-voltage, ultralow-
noise linear regulators as well.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
HVSSOP PowerPAD (8) 3.00 mm x 3.00 mm

TPS7A49
VSON (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Post DC-DC Converter Regulation for High-Performance Analog Circuitry

+18V

TPS7A49
EN GND

-18V

IN ouT

)
A&,

TPS7A30
EN  GND

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/TPS7A49?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPS7A49?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPS7A49?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPS7A49?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPS7A49?dcmp=dsproject&hqs=support&#community
http://www.ti.com/tool/TIDA-00237?dcmp=dsproject&hqs=rd
http://www.ti.com/product/tps7a49?qgpn=tps7a49
http://focus-webapps.ti.com/general/docs/sitesearch/searchdevice.tsp;jsessionid=FEK53BQSKYOA1QC1JAWBF2Q?partNumber=tps7a30
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8.4 Device Functional Modes

4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision D (March 2015) to Revision E Page
« Added DRB package to document
LI Yo (o [=To B I I =T o | o PP SPPRRPPPRT
¢ Changed Shutdown Protection Features bullet: removed INtegrated ...........oooiieiiiiiiiiei e 1
e Changed Packages FeatUres DUIIBT ..........cooo ittt e e bt e e e e e et e e e e bbb e e e e ebbe e e e e s anbbeeeaeas 1
¢ Added VSON row to Device INformation table ..............oooiiiiiiii et e e et e e ettt e e e 1
¢ Added DRB package to Pin Configuration and FUNCHONS SECHON .........ciiiiiiiiiiiiiiieiiie e 4
» Changed Pin Functions table: changed EN (changed Vgy < Vengow) @and FB (deleted control-loop from first

=101 L a Lot =) I o] g e [=ETod £ ) o] =T TSROSO 4
¢ Added DRB column to Thermal INformation table ..............oo e 6
¢ Changed 35°C to 45°C in Thermal Protection section
« Changed T, value for disabled mode in Table 1 to match Electrical Characteristics table
e Changed first sentence of Application INfOrMAatioN SECHION ........ccoiiiiiiiiiiiiiiie et e e e 14
e Changed first sentence of Post DC-DC Converter Filtering SECHON .........ccuviiiiiiiiiieiiieiieee e 15
LI O F-T g Vo T=To I o [N 1 o] o G OO UPTOPPPRP 17
e Changed 1.27 kQ to 100 kQ in description of R, setting in the Detailed Design Procedure Section .............cccccceeeerrunneen. 17
¢ Added third paragraph and Figure 36 to Power Dissipation section
¢ Changed capacitor size value in f0otnote Of FIQUIE 37 .....coiciiiii it e e e e e e e e e e e e annes
Changes from Revision C (December 2013) to Revision D Page

Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and

Mechanical, Packaging, and Orderable INformation SECHON ...........cuuiiiiiiiiii e e 1
e Changed 9th DUt iN FEAUIES lIST .......iiiuiiiiiiie et e et e et h e e b e e b bt e e s s b e e e s bb e e e nb e e e naneeesenee s 1
¢ Removed pin drawing from front page of data SHEEL ..........ccoiiiii oo 1
¢ Revised Thermal INformation table VAIUES ............oouuiiiiiiiiiii ettt ettt e et e e e e e e e e e e e ee e e s bt aeeeeeeeaeeeseesssasaannns 6
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« Added statement about typical value measurement temperature to Electrical Characteristics conditions ..............ccccceeee... 6
e Added footnote to Internal reference SPECIfICALION .........cocviiiiiiiiie et 6

« Added Feedback voltage (Vgg) parameter to Electrical Characteristics
« Changed Line regulation typical specification from 0.11 to 0.086 %Voyr

e Changed Ground current typical specification for loyr = 0 MA from 61 10 49 PA......ooi i 6
¢ Changed Cgyp t0 Cprr throughoUt dat@ SNHEET.......c.ciiiiiiie e e s e e e e e e e e st e e e e s et e e e e s ssbaaeaeaan 6
* Changed footnote in Electrical Characteristics describing Cgr (Cgyp) capacitor .. 6
« Added statement about typical value measurement temperature to Typical Characteristics conditions ..............ccccceeeueeee.n. 7
¢ Changed Figure 1 to Show COrrect deViCe PEIfOIMANCE. ........ccvuiiieiiitiiee e ettt e e e e e e e e s e e e e et e e e e aatreeeessntaeaeeessaneeeessnees 7
e Changed Figure 14; ChanQEd Cryp L0 Crp weiiiiiiiiiii ittt ettt ettt e e ettt e e s et b et e e e e et b et e e e e aabbee e e e e annbeeeeesannteeaeeannneneaens 8
e Changed Figure 16; ChanQEd Cryp 10 Crp weviiiiieiiiieiiiee ittt s e st s e st e e st e e st e st e e ate e e sane e e s beeesbn e e nnneesnnees 8
e Changed Figure 18; ChanQed Cryp 10 Crp wiiiiiiiiiiii ittt ettt ettt e e et e e st e e e s tb e e e e s et b et e e e e estbeaeaeesssbseeeesasntaeaeesannereaeas 8
* Moved Figure 25, Figure 26, and Figure 27 to end of Typical CharacteristiCsS SECHON...........c.cccoocueiiiiiiiiiiieeiieie e 11
e Changed Equation 1; COrreCted NOLAION ON CRR/SS -« +rrrerrreerrrreeiimrreritreertreeasrteatetesseeesnesesretesreeesreeearesesreeeanreeennneeennnes 12
LI O F- T g To T=To I o [N 1 o] o I PP ORI

* Changed paragraph 1 of Noise Reduction and Feed-Forward Capacitor Requirements

e Changed Figure 29; ChanQEA Cryp T0 Crp . uu itttk ettt e sttt et e st e ane e e s b e e st esne e e ane e e nreeenaneas
Changes from Revision B (January 2010) to Revision C Page
* Changed Vggr parameter typical specification in Electrical Characteristics table ... 6
Changes from Revision A (September 2010) to Revision B Page
¢ Changed HBM max value from 500V t0 1500V .......ccciiuiiiiiiiiiiiee e eeiiit e e e eeitt e e e s sttt e e e e st e e e e s ssaba e e e e s satbeeaeessatbeeeessnstaeeaessnnsraeas 5
Changes from Original (August 2010) to Revision A Page
® REVISEA FEATUIES ISt ...ttt ettt e e ettt e e e et bttt e e e ot b et ee e e et bee e e e e antbe e e e e e anebeeeaeaanneeeaaeaannseeeeeaannneeaaeanns 1
* Changed Description text (paragraph 1) to remove description of maximum [0ad .............cccceviiiiiiiiniicnc e 1

e Changed description of NC pin (pin 3) in Pin Descriptions table
« Revised shutdown supply current, feedback current, and enable current specifications; rounded typical performance

VBIUBS ..ottt oo e oo oo oo — e e e e —e et eeeeeeeaeaeaaeatattt—t—tetteeteeaaeaaaeaaaaantateteteeeeeeeeeeaeaeeaeaaaaantnraretareeeeetaeaeeeeaeaaaannnnrne 6
¢ Updated Figure 1 to Show COrrect deviCe PEIfOIMANCE. .......ccicuiiiii ettt e ettt e e e e e et e e e e e tb e e e e e ssbeeeaeeensnaeeeeeasnees 7
¢ Revised Functional Block Diagram for CIarifiCation ..............cccuiiiiiiiiiiie e e e e e e e e e anes 12
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5 Pin Configuration and Functions

DGN Package DRB Package
8-Pin HVSSOP PowerPAD VSON-8
Top View Top View
ouTc{1 o sfO N out [T3 7 TIE]IN
FB ]2 713 DNC IZZ.I: :I_'_'_'
' ' FB i 1.7 | DNC
NC 13 L J 611 NR/SS '_'_':: 15
GND {4 ~ ~ ~ 513 EN NC 3k :L___ NR/SS
GND [41l ___}{5]EN

Pin Functions

PIN
110 DESCRIPTION
NAME NO.
DNC 7 — Do not connect. Do not route this pin to any electrical net, not even GND or IN.
EN 5 | This pin turns the regulator on or off. If Vgn 2 Vennign), the regulator is enabled.
If VEn < VEngow), the regulator is disabled. The EN pin can be connected to IN, if not used. Vey < V.
FB 2 | This pin is the input to the error amplifier. FB is used to set the output voltage of the device.
GND 4 — Ground
IN 8 | Input supply
NC 3 — Not internally connected. This pin can either be left open or tied to GND.
Noise-reduction pin. Connecting an external capacitor to this pin bypasses noise generated by the internal
NR/SS 6 — band gap. This capacitor allows RMS noise to be reduced to very low levels and also controls the soft-start
function.
ouT 1 (@) Regulator output. A capacitor = 2.2 yF must be tied from this pin to ground to ensure stability.
PowerPAD . Must either be left open or tied to ground.
Solder to the printed-circuit-board (PCB) plane to enhance thermal performance.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
IN pin to GND pin -0.3 36 \%
OUT pin to GND pin -0.3 33 \%
OUT pin to IN pin -36 0.3 \%
FB pin to GND pin -0.3 2 \%
Voltage FB pin to IN pin -36 0.3 \%
EN pin to IN pin -36 0.3 \%
EN pin to GND pin -0.3 36 \%
NR/SS pin to IN pin -36 0.3 \%
NR/SS pin to GND pin -0.3 2 \%
Current Peak output Internally limited
Operating virtual junction, T, -40 125 °C
Temperature
Storage, Tsyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +1500

Veeso) Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22-C101@ +500 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

VN Input supply voltage 3 35 \%

VEN Enable supply voltage 0 VN \%
Vour Output voltage Veg 33 \%

lout Output current 0 150 mA

T; Operating junction temperature -40 125 °C

Cin Input capacitor 2.2 10 uF
Cout Output capacitor 2.2 10 uF
CNR Noise reduction capacitor 0 10 nF

Crr Feed-forward capacitor 0 10 nF

R, Lower feedback resistor 237 kQ
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.4 Thermal Information

TPS7A49
@ DGN
UAERSAL WERIE (HVSSOP PowerPAD) | DRB (VSON) AT
8 PINS 8 PINS
Rgia Junction-to-ambient thermal resistance 63.4 47.7 °C/W
Raic(top) Junction-to-case(top) thermal resistance 53 55.3 °C/IW
Rgip Junction-to-board thermal resistance 37.4 23.3 °C/W
Wit Junction-to-top characterization parameter 3.7 11 °C/IW
Wig Junction-to-board characterization parameter 37.1 235 °C/W
Raic(bot) Junction-to-case(bottom) thermal resistance 135 7.0 °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics

At T, =-40°C to 125°C, V\y = Voutnom) + 1 V or Vi = 3 V (whichever is greater), Vey = Vi, lour = 1 MA, Ciy = 2.2 WF, Cour =
2.2 UF, Cyriss = 0 nF, and the FB pin tied to OUT, unless otherwise noted. Typical values are at T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VN Input voltage range 3 35 \%
VRer Internal reference T; = 25°C, Vnriss = VRer 1.176 1.188 1.212 Y
Veg Feedback voltage 1.185 \%
Output voltage range @ Vin = VouT(nom) + 1V VRer 33 \Y;
Vo Nominal accuracy T3 =25°C, Vin = Vout(nom) + 0.5V -1.5 15| %Vour
uT
VOUT(nom) +1VsVys35YV, _ o
Overall accuracy 1MA £ lpyr < 150 mA 2.5 25| %Vour
AVoyr(AVy) . o
Vouroom Line regulation Ty =25°C, Vout(nom) *1V=Vys35V 0.086 %VouTt
AVoyr(Aloyr) .
Vovrmom Load regulation T;=25°C, 1 mA < lgyt £ 150 mA 0.04 %Vout
VIN = 95% VOUT(nom)v IOUT =100 mA 260 mV
Vpo Dropout voltage
VIN = 95% VOUT(nom)v IOUT =150 mA 333 600 mV
ILIM Current limit VOUT = 90% VOUT(nom) 220 309 500 mA
lour = 0 MA 49 100 MA
leND Ground current
lout = 100 mA 800 MA
IsHDN Shutdown supply current Ven =04V 0.8 3 HA
Irs Feedback current® 3 100 nA
Ven = Vin = Vout(nom) + 1V 0.02 1 pA
N Enable current
VEN = VIN =35V 0.2 1 HA
VEnhighy  Enable high-level voltage 2.1 VN \%
VEngow)  Enable low-level voltage 0.4 \%
ViN = 3V, Voutmom) = Vrer, Cout = 10 uF, 15.4 uv,
Cnriss = 10 nF, BW = 10 Hz to 100 kHz : RMS
Vi, Output noise voltage ViN=6.2V, V%UT(nom) =5V, Cour = 10 pF,
CNR/SS = CFF( =10 nF, BW =10 Hz to 21.15 HVRMS
100 kHz
- . . . V|N =6.2V,V, UT(nom) = 5V, COUT =10 HF,
PSRR Power-supply rejection ratio Chriss = CFF( =10 nF, f = 120 Hz 72 dB
Shutdown, temperature increasing 170 °C
Tsd Thermal shutdown temperature -
Reset, temperature decreasing 150 °C
T; Operating junction temperature -40 125 °C
(1) Vgee is measured at the NR/SS pin.

(2) To ensure stability at no load conditions, a current from the feedback resistive network equal to or greater than 5 pA is required.

(3) Igg > O flows out of the device.

(4) Ckf refers to a feed-forward capacitor connected to the FB and OUT pins.
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6.6 Typical Characteristics

At T; = -40°C to 125°C, Viy = Voutpomy + 1 V 0Or V| = 3 V (whichever is greater), Vey = Vi, loyr = 1 mA, C\y = 2.2 uF, Coyr =
2.2 UF, Cyriss = 0 nF, and the FB pin tied to OUT, unless otherwise noted. Typical values are at T, = 25°C.

0 15 30 45 60 75 90 105 120 135 150
lour (MA)

Figure 5. Ground Current vs Output Current

1.191 100
— T;=-40°C
1.1895 — Ty=25°C 90
1.188 T,=85°C 80
— T;=105°C
S 11865 — Ty=125°C 70
Q
[=2]
1.185 |—= _. 60
g &
> 11835 = 50
L
g 1182 - 40
Q
3 —— 30
o 1.1805 —
Vs T
1179 - 20
11775 | —b<| — 10
1.176 0
0 5 10 15 20 25 30 35 40 45 50 -40 -25 -10 5 20 35 50 65 80 95 110 125
Input Voltage (V) Temperature (°C)
Figure 1. Feedback Voltage vs Input Voltage Figure 2. Feedback Current vs Temperature
2500 ‘ 1200
— 0mA T,=+25°C
— 10mA 1000 —
2000 | — 50mA — Iz
100mA <—F— L
— 150mA 800
= 1500 ~ ~——— —
S ) L
= = |
e N, oy g 00 IT——m
- 1000 L
400 — +125°C
+105°C
500 — +85°C
200 — +25°C
lour = 100mA  _40°C
0 0 | |
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Vin V) Vin (V)
Figure 3. Ground Current vs Input Voltage Figure 4. Ground Current vs Input Voltage
2500 100
— +125°C 9% — +125°C
+105°C +105°C
2000 — +85°C 80 — +85°C
— +25°C 70 — +25°C
— _40°C — -40°C
z 1500 [ < 60
:é // = 50
5 1000 = £ 40
- = | —
/%/// 30
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/
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Figure 6. Enable Current vs Enable Voltage

Copyright © 2010-2015, Texas Instruments Incorporated

Submit Documentation Feedback 7

Product Folder Links: TPS7A49


http://www.ti.com/product/tps7a49?qgpn=tps7a49
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS121E&partnum=TPS7A49
http://www.ti.com/product/tps7a49?qgpn=tps7a49

TPS7A49
SBVS121E ~AUGUST 2010-REVISED MAY 2015

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)

At T; =-40°C to 125°C, Viy = Vouromy + 1 V Or V| = 3 V (whichever is greater), Vey = Vi, lour =1 MA, Cy = 2.2 uF, Coyr =
2.2 yF, Cyriss = 0 nF, and the FB pin tied to OUT, unless otherwise noted. Typical values are at T, = 25°C.

0 5 10 15 20 25 30 35 40
Vin (V)

Figure 11. Current Limit vs Input Voltage

100 3.5
— +125°C
90 3 [l — +105°C
80 — +85°C
70 25 || — +25°C
— —40°C
L 60 < /
2 50 = —
el 5, 5 |
40 s _ P
— +125°C | ——
30 — +105°C 1 —
20 — +85°C
— +25°C 0.5
10 |- loyr = OMA +
0 [ lour — -40°C Ven = 0.4V
0 ‘ 0 L
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Vin V) Vin (V)
Figure 7. Quiescent Current vs Input Voltage Figure 8. Shutdown Current vs Input Voltage
450 500
400 450 — 10mA
— 50mA
—
350 " 400 [ — 100mA —
=T A 350 |L— 150mA —1
300 L [ —
<= 1 S 300
2 250 — z | — |+
< = | | — E 250 —
8 200 8 /// L
> ] > 200 —
150 — +125°C ////
y — +105°C 150
100 — +85°C 100 = —
50 — +25°C |
— _40°C 50
0 0
0 15 30 45 60 75 90 105 120 135 150 -40 -25 -10 5 20 35 50 65 80 95 110 125
lour (MA) Temperature (°C)
Figure 9. Dropout Voltage vs Output Current Figure 10. Dropout Voltage vs Temperature
450 500
400 VOUT =90% VOUT(NOM) VOUT =90% VOUT(NOM)
450
350
300 |—= — 400
T 250 T
= = 350
2 200 =
150 — +125°C 300
—— +105°C
100 — o
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Figure 12. Current Limit vs Temperature
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Typical Characteristics (continued)

At T; =-40°C to 125°C, Viy = Vouromy + 1 V Or V| = 3 V (whichever is greater), Vey = Vi, lour =1 MA, Cy = 2.2 uF, Coyr =
2.2 yF, Cyriss = 0 nF, and the FB pin tied to OUT, unless otherwise noted. Typical values are at T, = 25°C.

- T
80
2 70 o Couyr = 10uF
[ ON 7T
— N ¥
— 60 N /
__ 15 — @ N
S I T 50 7
= OFF o L
B % 40 \
1 & a0 Vour =8V Cour =2.2uF N
Vi = 6.2V \Q
05 20 |lgyr = 150mA
10 | Crmiss = 10nF
Cee = 10nF N
0 0
40 -25 -10 5 20 35 50 65 80 95 110 125 10 100 1k 10k 100k 1M 10M
Temperature (°C) Frequency (Hz)
Figure 13. Enable Threshold Voltage vs Temperature Figure 14. Power-Supply Rejection Ratio vs Couyr
1 90
o — o . L
+105°C Crmss = 10nF
0.6 — +85°C 70 =\
o n N
0.4 — +25°C 60 NN L
— — -40°C ~N ~
£ o2 ) N/
= T 50 AN 74
2 o0 o N~ L1
z — T 40
2 n lal
2 -02 o Vour = 1.2V
> 30
-0.4 Vjy = 3.2V Curyss = ONF |
06 20 |loyr = 150mA \
08 10 | Cour = 10uF
Cgr = OnF
-1 0
0 5 10 15 20 25 30 35 40 10 100 1k 10k 100k 1M 10M
Vin (V) Frequency (Hz)
Figure 15. Line Regulation Figure 16. Power-Supply Rejection Ratio vs Cyr/ss
1 90
— . LT
0.6 — :85°C 70 i e Crr = 10nF
04 — +25°C RN ™ YN
< — -40°C - 60 U N /
& ) N |4
- 0.2 g 5 N~ g /)
o 0 N o Ty
g T 40 N
>8 -02 o 30 Vour =5V N
04 Vi = 6.2V Cer = ONF \\
~06 20 |lgyr = 150mA
08 10 Couyr = 10uF
Cnrsss = 10nF
-1 0
0 15 30 45 60 75 90 105 120 135 150 10 100 1k 10k 100k 1M 10M
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Figure 17. Load Regulation Figure 18. Power-Supply Rejection Ratio vs Cgr
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Typical Characteristics (continued)

At T; =-40°C to 125°C, Viy = Vouromy + 1 V Or V| = 3 V (whichever is greater), Vey = Vi, lour =1 MA, Cy = 2.2 uF, Coyr =

2.2 yF, Cyriss = 0 nF, and the FB pin tied to OUT, unless otherwise noted. Typical values are at T, = 25°C.

i : “Ven i : VN
S et s e N
S [ : : : S : : :
> —l o T oA > —l o O R
b [ T y : : o [ N N N .
2 f t t ] > f f f f ]
3 TV 5 TV
2 Vour = 1.2V ] > 1o Vour =12V ]
Vin =3V Vin=3V ]
logr=100mA] | F i loyt = 100mA
Cour = 10uF 1 Cour = 10uF 3
Cnmiss = OnF ] Cnmiss = 10nF J
Time (50us/div) Time (5ms/div)
Figure 19. Capacitor-Programmable Soft-Start Figure 20. Capacitor-Programmable Soft-Start
- : : : : : VOUT = 15V
""""""""""""""""""""""""""""" [y = 33V 0 18V
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - : : : : : L : lout = 100mA 1 ]
: k<) : Cour = 10uF 3
2 ST —— ? =1 Cnmss = 10nF
S : : > K : : ]
£ | i ] 3 S
o B N ) : ] > . B B
« : . Vour = 15V ] EE N ]
- Vin : / © Vy=18V1033V | «
S P S lour = 100mA
3 ' Cour = 10uF ]
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Time (10us/div) Time (10us/div)
Figure 21. Line Transient Response Figure 22. Line Transient Response
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Figure 23. Load Transient Response Figure 24. Load Transient Response
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7 Parameter Measurement Information
10
E Vour = 1.2V, RMS NOISE
Z Vin =3V lour 10Hz to 100kHz | 100Hz to 100kHz
= Cin = 2.2uF
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Figure 25. Output Spectral Noise Density vs Output Current
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Figure 26. Output Spectral Noise Density vs Cygr/ss
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Figure 27. Output Spectral Noise Density vs Voyrnowm)
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8 Detailed Description

8.1 Overview

The TPS7A49 family of devices are wide V,y, low-noise, 150-mA linear regulators (LDOs). These devices feature
an enable pin, programmable soft-start, current limiting, and thermal protection circuitry that allow the device to
be used in a wide variety of applications. As bipolar-based devices, the TPS7A49 family are ideal for high-
accuracy, high-precision applications at higher voltages.

8.2 Functional Block Diagram

IN L ’_Z ouT
P UvLO Pass
- Device
Current Thermal
Limit Shutdown

O

FB

EN Enable

NR/SS

8.3 Feature Description

8.3.1 Internal Current Limit

The fixed internal current limit of the TPS7A49 family helps protect the regulator during fault conditions. The
maximum amount of current the device can source is the current limit (309 mA, typical), and is largely
independent of output voltage. For reliable operation, the device does not operate in current limit for extended
periods of time.

8.3.2 Programmable Soft-Start

The NR capacitor also functions as a soft-start capacitor to slow down the rise time of the output. The rise time of
the output when using an NR capacitor is governed by Equation 1. In Equation 1, tgg is the soft-start time in
milliseconds, and Cyg/ss is the capacitance at the NR pin in nanofarads.

8.3.3 Enable Pin Operation

The TPS7A49 provides an enable feature (EN) that turns on the regulator when Vey > Vengign) @and disables the
device when Vey < Vengow)-

8.3.4 Thermal Protection

Thermal protection disables the output when the junction temperature rises to approximately 170°C, allowing the
device to cool. When the junction temperature cools to approximately 150°C, the output circuitry is enabled.
Depending on power dissipation, thermal resistance, and ambient temperature, the thermal protection circuit can
cycle on and off. This cycling limits the dissipation of the regulator, protecting it from damage as a result of
overheating.
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Feature Description (continued)

Any tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate
heatsink. For reliable operation, limit junction temperature to a maximum of 125°C. To estimate the margin of
safety in a complete design (including heatsink), increase the ambient temperature until the thermal protection is
triggered; use worst-case loads and signal conditions. For good reliability, trigger thermal protection at least 45°C
above the maximum expected ambient condition of a particular application. This configuration produces a worst-
case junction temperature of 125°C at the highest expected ambient temperature and worst-case load.

The internal protection circuitry of the TPS7A49 is designed to protect against overload conditions. The
protection circuitry is not intended to replace proper heatsinking. Continuously running the TPS7A49 into thermal
shutdown degrades device reliability.

8.4 Device Functional Modes

8.4.1 Normal Operation

The device regulates to the nominal output voltage under the following conditions:
« The input voltage is at least as high as Vy(min)-
» The input voltage is greater than the nominal output voltage added to the dropout voltage.

» The enable voltage has previously exceeded the enable rising threshold voltage and has not decreased
below the enable falling threshold.

* The output current is less than the current limit.
» The device junction temperature is less than the maximum specified junction temperature.

8.4.2 Dropout Operation

If the input voltage is lower than the nominal output voltage plus the specified dropout voltage, but all other
conditions are met for normal operation, the device operates in dropout mode. In this mode of operation, the
output voltage is the same as the input voltage minus the dropout voltage. The transient performance of the
device is significantly degraded because the pass device (such as a bipolar junction transistor, or BJT) is in
saturation and no longer controls the current through the LDO. Line or load transients in dropout can result in
large output voltage deviations.

8.4.3 Disabled

The device is disabled under the following conditions:

« The enable voltage is less than the enable falling threshold voltage or has not yet exceeded the enable rising
threshold.

» The device junction temperature is greater than the thermal shutdown temperature.
Table 1 lists the conditions that lead to the different modes of operation.

Table 1. Device Functional Mode Comparison

PARAMETER
OPERATING MODE
Vin VEn lout T3
Normal mode Vin > Vour(nom) * Voo and VEN > VEN(high) lout < lLim T;<125°C
VIN > ViN(min)
Dropout mode VIN(min) <V < VOUT(nom) + Vpo Ven > VEN(high) — T;< 125°C
Disabled mode o
(any true condition disables the device) - Ven < VEn(ow) - Ty>170°C
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 13

Product Folder Links: TPS7A49


http://www.ti.com/product/tps7a49?qgpn=tps7a49
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS121E&partnum=TPS7A49
http://www.ti.com/product/tps7a49?qgpn=tps7a49

13 TEXAS
INSTRUMENTS
TPS7A49

SBVS121E —AUGUST 2010—REVISED MAY 2015 www.ti.com

9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TPS7A49 devices belongs to a family of linear regulators that use an innovative bipolar process to achieve
ultralow-noise and very high PSRR levels at a wide input voltage range. These features, combined with a high
thermal-performance HVSSOP-8 with a PowerPAD package make this device ideal for high-performance analog
applications.

9.1.1 Adjustable Operation

The TPS7A4901 device has an output voltage range of Vegpom) to 33 V. The nominal output voltage of the
device is set by two external resistors; see Figure 29.

R; and R, can be calculated for any output voltage range using the formula shown in Equation 2. To ensure
stability under no-load conditions, this resistive network must provide a current greater than or equal to 5 pA.

\/ \/
R1=R2(ﬂ_1), where “FBlom) | 5\ A
FB(nom) I:‘2 (2

If greater voltage accuracy is required, take into account the output voltage offset contributions resulting from the
feedback pin current and use 0.1% tolerance resistors.

9.1.2 Capacitor Recommendations

Use low-equivalent series resistance (ESR) capacitors for the input, output, noise reduction, and bypass
capacitors. Ceramic capacitors with X7R and X5R dielectrics are preferred. These dielectrics offer more stable
characteristics. Ceramic X7R capacitors offer improved overtemperature performance, whereas ceramic X5R
capacitors are more cost-effective and are available in higher values.

High ESR capacitors can degrade PSRR. To ensure stability, maximum ESR must be less than 200 mQ.

9.1.3 Input and Output Capacitor Requirements

The TPS7A49 family of positive, high-voltage linear regulators achieve stability with a minimum input and output
capacitance of 2.2 yF; however, Tl highly recommends using a 10-yF capacitor to maximize ac performance.
Place the input and output capacitors as close to the pin as possible, on the same side as the device; do not use
vias between the capacitor and the pin.

9.1.4 Noise-Reduction and Feed-Forward Capacitor Requirements

Although noise-reduction and feed-forward capacitors (Cyr/ss and Cgg, respectively) are not needed to achieve
stability, TI highly recommends using 10-nF capacitors to minimize noise and maximize ac performance. Cyg/ss
is a noise-reduction capacitor because it filters out noise from the band gap. For more information on Cgp, refer
to application report, Pros and Cons of Using a Feedforward Capacitor with a Low-Dropout Regulator
(SBVAO042). This application report explains the advantages of using Cge (also known as Cgyp), and the
problems that can occur when using this capacitor.

9.1.5 Maximum AC Performance

To maximize noise and PSRR performance, Tl recommends including 10 pF or higher input and output
capacitors, and 10-nF noise-reduction and bypass capacitors; see Figure 29. The solution illustrated in Figure 29
delivers minimum noise levels of 15.4 pVgyyus and power-supply rejection levels above 52 dB from 10 Hz to
400 kHz; see Figure 18 and Figure 25.
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Application Information (continued)
9.1.6 Output Noise
The TPS7A49 provides low output noise when a noise reduction capacitor (Cygrss) is used.

The noise-reduction capacitor serves as a filter for the internal reference. By using a 10-nF noise reduction
capacitor, the output noise is reduced by approximately 75% (from 69 uVgus to 17 uVrus); See Figure 26.

The low output voltage noise of the TPS7A49 makes the device an ideal solution for powering noise-sensitive
circuitry.

9.1.7 Post DC-DC Converter Filtering

Most of the time, the voltage rails available in a system do not match the voltage requirements for the system.
These rails must be stepped up or down, depending on specific voltage requirements.

DC-DC converters are the preferred solution to step up or down a voltage rail when current consumption is not
negligible. These converters offer high efficiency with minimum heat generation, but have one primary
disadvantage: these converters introduce a high-frequency component (and the associated harmonics) in
addition to the dc output signal.

If not filtered properly, this high-frequency component degrades analog circuitry performance, reducing overall
system accuracy and precision.

The TPS7A49 offers a wide-bandwidth, very-high power-supply rejection ratio. This specification makes the
device ideal for post dc-dc converter filtering, as shown in Figure 28. Tl highly recommends using the maximum
performance schematic illustrated in Figure 29. Also, verify that the fundamental frequency (and its first
harmonic, if possible) is within the bandwidth of the regulator PSRR; see Figure 18.

R 4 A
+18V O IN  OUT (-7
TPS7A49
EN GND

-18V O 14 IN ouT 15V
TPS7A30
EN  GND

Figure 28. Post DC-DC Converter Regulation to High-Performance Analog Circuitry

EVM

9.1.8 Power-Supply Rejection

The 10-nF noise-reduction capacitor greatly improves the TPS7A49 power-supply rejection, achieving up to
15 dB of additional power-supply rejection for frequencies between 110 Hz and 200 kHz.

Additionally, ac performance can be maximized by adding a 10-nF bypass capacitor (Cgr) from the FB pin to the
OUT pin. This capacitor greatly improves power-supply rejection at lower frequencies for the band from 10 Hz to
200 kHz; see Figure 18.

The very high power-supply rejection of the TPS7A49 makes the device a good choice for powering high-
performance analog circuitry, such as operational amplifiers, ADCs, DACS, and audio amplifiers.
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Application Information (continued)

9.1.9 Transient Response

As with any regulator, increasing the size of the output capacitor reduces over- and undershoot magnitude, but
increases the duration of the transient response.

9.1.10 Audio Applications

Audio applications are extremely sensitive to any distortion and noise in the audio band from 20 Hz to 20 kHz.
This stringent requirement demands clean voltage rails to power critical high-performance audio systems.

The very high power-supply rejection ratio (> 55 dB) and low noise at the audio band of the TPS7A49 maximize
device performance for audio applications; see Figure 18.
9.1.11 Power for Precision Analog

One of the primary TPS7A49 applications is to provide ultralow-noise voltage rails to high-performance analog
circuitry to maximize system accuracy and precision.

The TPS7A49 family of positive high-voltage linear regulators, in conjunction with its negative counterpart (the
TPS7A30xx family of negative high-voltage linear regulators), provides ultralow noise, and positive and negative
voltage rails for high-performance analog circuitry (such as operational amplifiers, ADCs, DACs, and audio
amplifiers).

Because of the ultralow noise levels at high voltages, analog circuitry with high-voltage input supplies can be
used. This characteristic allows for high-performance analog solutions to optimize the voltage range and
maximize system accuracy.

9.2 Typical Application

Vin Vour

IN ouT
10Clg _L Cer R,
10nF
" I EN TPS7A4901 FB on

Crriss | NR/SS GND
10nF T

i

Figure 29. Adjustable Operation for Maximum AC Performance

9.2.1 Design Requirements

The maximum design goals are as follows:
e V=3V

e Vour=1.2V

* lour = 150 mA

The design optimizes transient response and meets a start-up time of 14 ms with a start-up dominated by the
soft-start feature. The input supply comes from a supply on the same printed circuit board (PCB). The design
circuit is shown in Figure 29.

The design space consists of Cjy, Cout, Cnriss, R1, @and Ry, at Tagmay = 75°C.

9.2.2 Detailed Design Procedure

The first step when designing with a linear regulator is to examine the maximum load current, along with the
input and output voltage requirements, to determine if the device thermal and dropout voltage requirements can
be met. At 150 mA, the input dropout voltage of the TPS7A49 family is a maximum of 600 mV over temperature;
therefore, the dropout headroom of 1.8 V is sufficient for operation over both input and output voltage accuracy.
Dropout headroom is calculated as Viy — Vour — Vpomax): and for optimal performance must be at least 1 V.
Vbo(max) IS the maximum dropout allowed, given worst-case load conditions.
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Typical Application (continued)

The maximum power dissipated in the linear regulator is the maximum voltage dropped across the pass element
from the input to the output, multiplied by the maximum load current. In this example, the maximum voltage drop
across in the pass element is (3 V — 1.2 V), resulting in V,y — Vout = 1.8 V. The power dissipated in the pass
element is calculated by taking this voltage drop multiplied by the maximum load current. For this example, the
maximum power dissipated in the linear regulator is 0.2724 W, and is calculated as Equation 3:

Po = (Vin = Vour) (Imax) + (Vin) (o) 3)

When the power dissipated in the linear regulator is known, the corresponding junction temperature rise can be
calculated. To calculate the junction temperature rise above ambient, the power dissipated must be multiplied by
the junction-to-ambient thermal resistance. This calculation gives the worst-case junction temperature; good
thermal design can significantly reduce this number. For thermal resistance information, refer to the Power
Dissipation section. For this example, using the DGN package, the maximum junction temperature rise is
calculated to be 17.3°C. The maximum junction temperature rise is calculated by adding the junction temperature
rise to the maximum ambient temperature, which is 75°C for this example. For this example, calculate the
maximum junction temperature to be 103.8°C. Keep in mind that the maximum junction temperate must be below
92.3°C for reliable device operation. Additional ground planes, added thermal vias, and air flow all help to lower
the maximum junction temperature.

Use the following guidelines to select the values for the remaining components:

To ensure stability under no-load conditions, the current through the resistor network must be greater than 5 pA,
as shown in Equation 4:

v
—RERmaY) S 5uA — R, < 242.4 kQ
R, (4)

Next, set the value of R, to 100 kQ for a standard 1% value resistor and use Equation 5 to calculate the value of
R;.

R :Rz[m—qzmo kQ(%—qzmzﬁst
) .

FB(nom (%)
For R4, select a standard, 1%, 68.1-kQ resistor.
Use Equation 6 to calculate the start-up time, tgs.

tsg (Ms) = 1.4 X Cyriss = 14 ms

CSS =10 nF (6)

For the soft-start to dominate the start-up conditions, place the start-up time as a result of the current limit at two
decades below the soft-start time (at 140 ps). Cout must be at least 2.2 pF for stability, as shown in Equation 7
and Equation 8:

C
tssicy) = Vour (I ouT )
CL(max) -
' 500 mA
Cour(max) = tSS(CL)( c\:/L(maX)) =140 ps X oy - 35 uF .
out

For C\\, assume that the 3-V supply has some inductance, and is placed several inches away from the PCB. For
this case, select a 2.2-yuF ceramic input capacitor to ensure that the input impedance is negligible to the LDO
control loop and to keep the physical size and cost of the capacitor low; this component is a common-value
capacitor.

For better PSRR for this design, use a 10-pF input and output capacitor. To reduce the peaks from transients but
slow down the recovery time, increase the output capacitor size or add additional output capacitors.
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Typical Application (continued)
9.2.3 Application Curves
: S Ve :
o bt s Fooere N
s : S : : I . E
I e R SRR EREE SRR R 3 — - R SRR St
> e s P
o : . ] 35 : . ]
> Vour = 1.2V 3 S 1 Vour = 1.2V 3
Vin=3V ] : Vin=3V ]
loyr = 100mA Foo lour = 100mA
Cour = 10uF 1 o : : : : Cour = 10uF 1
Cnriss = OnF 3 E : : : : Cnriss = 10nF 1
Time (50us/div) Time (5ms/div)
Figure 30. Capacitor-Programmable Soft-Start Figure 31. Capacitor-Programmable Soft-Start
i : : : : : : : : 1 i : : : : : Vour = 15V
e e PV =33Vito 18V
: : o F : : : P lout = 100mA ]
; 2 Cout = 10uF ]
: & E i Cymss = 10nF
> b : NR/SS E
el Vour / —\ : , ]
> ; ; ; ; i ; ; = P ;. i :
c T T T T N T T T ] E T T i
o . ) ) ] > . . .
A Vour = 15V ] E b N
: Viy =18V 1o 33V ] N : :
S loyr = 100mA E N
5 Cour = 104F
Crryss = 10nF F : : : : : : : : ]
Time (10us/div) Time (10us/div)
Figure 32. Line Transient Response Figure 33. Line Transient Response
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Figure 34. Load Transient Response Figure 35. Load Transient Response
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9.3 Do's and Don’ts

Place at least one low-ESR, 2.2-uF capacitor as close as possible to both the IN and OUT pins of the regulator
to the GND pin.

Provide adequate thermal paths away from the device.

Do not place the input or output capacitor more than 10 mm away from the regulator.
Do not exceed the absolute maximum ratings.

Do not float the enable (EN) pin.

Do not resistively or inductively load the NR/SS pin.

10 Power Supply Recommendations

The input supply for the LDO must be within its recommended operating conditions (that is, between 3 V to 35
V). The input voltage must provide adequate headroom in order for the device to have a regulated output. If the
input supply is noisy, additional input capacitors with low ESR can help improve the output noise performance.

The input and output supplies must also be bypassed with at least a 2.2-uF capacitor located near the input and
output pins. No other components must be located between these capacitors and the pins.

11 Layout

11.1 Layout Guidelines

Layout is a critical part of good power-supply design. There are several signal paths that conduct fast-changing
currents or voltages that can interact with stray inductance or parasitic capacitance to generate noise or degrade
the power-supply performance. To help eliminate these problems, bypass the IN pin to ground with a low-ESR
ceramic bypass capacitor with an X5R or X7R dielectric.

The GND pin must be tied directly to the PowerPAD under the device. Connect the PowerPAD to any internal
PCB ground planes using multiple vias directly under the device.

Equivalent series inductance (ESL) and equivalent series resistance (ESR) must be minimized to maximize
performance and ensure stability. Every capacitor (Cin, Cout, Cnriss: @nd Cgg) must be placed as close as
possible to the device and on the same side of the PCB as the regulator itself.

Do not place any of the capacitors on the opposite side of the PCB from where the regulator is installed. The use
of vias and long traces is strongly discouraged because these circuits can negatively affect system performance,
and can even cause instability.

11.1.1 Board Layout Recommendations to Improve PSRR and Noise Performance

To improve ac performance (such as PSRR, output noise, and transient response), Tl recommends that the
board be designed with separate ground planes for V,y and Vgyt, with each ground plane star-connected only at
the GND pin of the device. In addition, the ground connection for the bypass capacitor must connect directly to
the GND pin of the device.

11.1.2 Power Dissipation

The ability to remove heat from the die is different for each package type, presenting different considerations in
the PCB layout. The PCB area around the device that is free of other components moves the heat from the
device to the ambient air. Performance data for JEDEC low- and high-K boards are given in Thermal Information.
Using heavier copper increases the effectiveness in removing heat from the device. The addition of plated
through-holes to heat-dissipating layers also improves the heatsink effectiveness.

Power dissipation depends on input voltage and load conditions. Power dissipation (Pp) can be approximated by
the product of the output current times the voltage drop across the output pass element (Vy to Voyt), as shown
in Equation 9:

Po = (VIN—VOUT)X'OUT )
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Layout Guidelines (continued)

Figure 36 shows the maximum ambient temperature versus the power dissipation of the TPS7A49. Figure 36
assumes the device is soldered on a JEDEC standard, high-K layout with no airflow over the board. Actual board
thermal impedances vary widely. If the application requires high power dissipation, having a thorough
understanding of the board temperature and thermal impedances is helpful to ensure the TPS7A49 does not
operate above a junction temperature of 125°C.

130
N —— TPS7A49 DGN, High-K Layout
O 120 —— TPS7A49 DRB, High-K Layout
o \
2 110 N
@
g 100 AN
(G}
£ o
k5 \\
Q2
£ 80
< \\
£
70
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3 \
3 60 \ \
50

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Power Dissipation (W)

Figure 36. Maximum Ambient Temperature vs Device Power Dissipation

Estimating the junction temperature can be done by using the thermal metrics W1 and W,5; see the Thermal
Information table. These metrics are a more accurate representation of the heat transfer characteristics of the die
and the package than Rg;a. The junction temperature can be estimated with Equation 10.

Wit Ty=Tr+ WPy
W T,=Tg+W¥;° P,
where
» Py is the power dissipation given by Equation 9,
e Ty is the temperature at the center-top of the device package, and
e Tgis the PCB temperature measured 1 mm away from the device package on the PCB surface. (10)

NOTE
Both T+ and Tg can be measured on actual application boards using a thermo-gun (an
infrared thermometer).

For more information about measuring Ty and Tg, see the application note Using New Thermal Metrics
(SBVA025), available for download at www.ti.com.
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11.2 Layout Example

Input GND Plane

VOUT

CIN

R1
. Cour
Sense Line ‘ W‘ ‘
§ I O |
R2 | < NC 3 |
L O

Output GND Plane

VIN

NOTE: Cjy and Cqyr are size 1206 capacitors and Cyr, R1, and R2 are size 0402.
Figure 37. PCB Layout Example

11.3 Package Mounting

Solder pad footprint recommendations for the TPS7A49 are available at the end of this product data sheet and at

www.ti.com.
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12 Device and Documentation Support

12.1 Device Support
12.1.1 Development Support

12.1.1.1 Evaluation Modules

An evaluation module (EVM) is available to assist in the initial circuit performance evaluation using the TPS7A49.
The TPS7A30-49EVM-567 evaluation module (and related user's guide) can be requested at the Texas
Instruments website through the product folder or purchased directly from the Tl eStore.

12.1.1.2 Spice Models

Computer simulation of circuit performance using SPICE is often useful when analyzing the performance of
analog circuits and systems. A SPICE model for the TPS7A49 is available through the product folder under Tools
& Software.

12.1.2 Device Nomenclature

Table 2. Device Nomenclature®

PRODUCT Vout
xx is the nominal output voltage. An 01 denotes an adjustable voltage version.
TPS7A49xxyyyz yyy is the package designator.
z is the package quantity. R is for reel (3000 pieces), T is for tape (250 pieces).

(1) For the most current package and ordering information see the Package Option Addendum at the end of this document, or visit the
device product folder on www.ti.com.

12.2 Documentation Support

12.2.1 Related Documentation

* Pros and Cons of Using a Feedforward Capacitor with a Low-Dropout Regulator, SBVA042
e Using New Thermal Metrics, SBVA025
e TPS7A30-49EVM-567 User's Guide, SLVU405

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.
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12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS7A4901DGNR ACTIVE MSOP- DGN 8 2500  Green (RoHS CU NIPDAU | Level-2-260C-1 YEAR  -40to 125 PTJQ Samnles
PowerPAD & no Sh/Br) CU NIPDAUAG P
TPS7A4901DGNT ACTIVE MSOP- DGN 8 250 Green (RoHS CU NIPDAU | Level-2-260C-1 YEAR  -40to 125 PTJQ Samnles
PowerPAD & no Sh/Br) CU NIPDAUAG P
TPS7A4901DRBR ACTIVE SON DRB 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 PTJQ Samples
& no Sh/Br)
TPS7A4901DRBT ACTIVE SON DRB 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 PTJQ Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Addendum-Page 1
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS7A4901DGNR MSOP- | DGN 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
Power
PAD
TPS7A4901DGNT MSOP- DGN 8 250 180.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
Power
PAD
TPS7A4901DRBR SON DRB 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS7A4901DRBT SON DRB 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A4901DGNR MSOP-PowerPAD DGN 8 2500 367.0 367.0 35.0
TPS7A4901DGNT MSOP-PowerPAD DGN 8 250 210.0 185.0 35.0
TPS7A4901DRBR SON DRB 8 3000 367.0 367.0 35.0
TPS7A4901DRBT SON DRB 8 250 210.0 185.0 35.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
DRB 8 VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4203482/L
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N PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

DRBOO0OSA

PIN 1 INDEX AREA— |-

1 MAX
T O SO o N
8-83 j DIM A
' OPT1 | OPT2
- 4X (0.23)
EXPOSED ﬂ ﬁ (DIM A) TYP
THERMAL PAD
ak
-+—-—  175%01
Innl GE
| |
| | 0.37
| | 8X0.25
PIN 11D | | 010 [C|AlB
OPTIONAL —L’—Lru
( ) (0.65) ] & 0.05 |C
0.5
8X 3

4218875/A 01/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(1.5)
—= (0.65) |=—
SYMM

8X (0.6) ‘
! (0.825)
o 1| || | L mmr

e

6X (0.65)
v
(R0.05) TYP
(0.2) VIA
TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED e < EXPOSED
METAL | 7 METAL
|
\ /
SOLDERMASKAJ// METAL METALUNDER—J/Ir )\¥ASOLDERMASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED)

SOLDER MASK DETAILS

4218875/A 01/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

= (0.65) —=|

4X(0.23) — | = |

SYMM
¢
SR METAL
4X |
0.728) 4~
1 1
w |
8X(0.31) 1 ‘ | I 8
{ |
} { N \
I . ) I
Qj T Qj e
|
SYMM |
t—-—r—-—{-— s — - - — -+ -— @5
=1 I =S
6X (0.65) ‘ L) !
L U ! B,
5
(R0.05) TYP L 1

(1.34)

(2.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

84% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218875/A 01/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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MECHANICAL DATA

DGN (S—PDSO—-G8) PowerPAD™ PLASTIC SMALL OQUTLINE

0,38

=YL R
il

- -1
[ [ T~
THERMAL PAD 0,23 / AN

SIZE AND SHAPE SHOWN d g 013 /
ON SEPARATE SHEET 2,90 475
l /
! !

L _ ( \ )

l t G‘Guge Plane / "

THHT TN

=}

70
,40

’ / [

-

U_[:]_[:]_[:]_[ji Seating Plane ‘ \ m |

4
10 W 23 Em 1~ -
4073271 /F 05/11
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F. Falls within JEDEC MO-187 variation AA-T

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DGN (S—PDS0-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,

can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAQQ? and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOOA4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

8 5
\
y —+ Fxposed Thermal Pad

Top View

Exposed Thermal Pad Dimensions

4206323-2/1 12/11

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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http://www.ti.com/lit/slma002
http://www.ti.com/lit/slma004

LAND PATTERN DATA

DGN (R—PDSO-G8) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size

may vary depending on layout constraints

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

Reference table below for other
solder stencil thicknesses

035——| |<— |<——|~O65

O’ S Thermal Pad is Solder Mask Defined,
increasing cop|ier area under mask

will enhance thermal performance
(See Note D)
1,95 —
/ * - (See Note E) L
1,57 4,2 f

T Y 1,57 4.2
5x#0,2 x |1
—] 1,89 |~

Example
l Non Soldermask Defined Pad

— 7T T~
- Example
M. Solder Mask Opening

/// — WNote F)

Center Power Pad Solder Stencil Opening
/ Stencil Thickness X Y
| 1,60 \ 0.1mm 2.0 17
\ \;\Pad Geometry 0.127mm 1.89 1.57
0,07 / 0.152mm 1.75 1.45
\ ——{|=-All Around 0.178mm 1.65 1.35

4207737-2/F 02/13

NOTES:

F.

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQ2, SLMAQQ4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

PowerPAD is a trademark of Texas Instruments

These documents are available at

Customers should
Example stencil design based on a 50% volumetric

*3
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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TPS7A30 -35-V, -200-mA, Ultralow-Noise, Negative Linear Regulator

1 Features
e Input Voltage Range: -3 Vto -35 V
* Noise:

— 14 pVrus (20 Hz to 20 kHz)
— 15.1 pVRys (10 Hz to 100 kHz)
» Power-Supply Ripple Rejection:
— 72 dB (120 Hz)
— 255dB (10 Hz to 700 kHz)
e Adjustable Output: —-1.18 V to —33 V
* Maximum Output Current: 200 mA
» Dropout Voltage: 216 mV at 100 mA
» Stable with Ceramic Capacitors = 2.2 yF
* CMOS Logic-Level-Compatible Enable Pin

e Built-In, Fixed, Current Limit and Thermal
Shutdown Protection

e Packages: 8-Pin HYSSOP PowerPAD™ and
3-mm x 3-mm VSON

» Operating Temperature Range:
—40°C to 125°C

2 Applications
* Supply Rails for Operational Amplifiers, DACs,
ADCs, and Other High-Precision Analog Circuitry
* Audio
* Post DC-DC Converter Regulation and
Ripple Filtering

e Test and Measurement

e RX, TX, and PA Circuitry

e Industrial Instrumentation

» Base Stations and Telecom Infrastructure
e —12-V and —24-V Industrial Buses

3 Description

The TPS7A30 series of devices are negative, high-
voltage (—35 V), ultralow-noise (15.1 YVgms, 72-dB
PSRR) linear regulators that can source a maximum
load of 200 mA.

These linear regulators include a CMOS logic-level-
compatible enable pin and capacitor-programmable
soft-start function that allows for customized power-
management schemes. Other features include built-in
current limit and thermal shutdown protection to
safeguard the device and system during fault
conditions.

The TPS7A30 family is designed using bipolar
technology, and is ideal for high-accuracy, high-
precision instrumentation applications where clean
voltage rails are critical to maximize system
performance. This design makes the device an
excellent choice to power operational amplifiers,
analog-to-digital converters (ADCSs), digital-to-analog
converters (DACs), and other high-performance
analog circuitry.

In addition, the TPS7A30 family of linear regulators is
suitable for post dc-dc converter regulation. By
filtering out the output voltage ripple inherent to dc-dc
switching conversion, maximum system performance
is provided in sensitive instrumentation, test and
measurement, audio, and RF applications.

For applications that require positive and negative
high-performance rails, consider TI's TPS7A49 family

of positive high-voltage, ultralow-noise linear
regulators.
Device Information®
PART NUMBER PACKAGE BODY SIZE (NOM)
HVSSOP (8) 3.00 mm x 3.00 mm
TPS7A30
VSON (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Post DC-DC Converter Regulation for High-Performance Analog Circuitry

+18V VAN oUT -
TPS7A49
EN  GND

)
\2

-18v N OuT|
TPS7A30
EN  GND

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

DGN Package DRB Package
8-Pin HVSSOP PowerPAD VSON-8
Top View Top View
ouTc{1 o sfO N out [T3 7 TIE]IN
FB ]2 713 DNC IZZ.I: :I_'_'_'
' ' FB i 1.7 | DNC
NC 13 L J 611 NR/SS '_'_':: 15
GND {4 ~ ~ ~ 513 EN NC 3k :L___ NR/SS
GND [41l ___}{5]EN

Pin Functions

PIN
le} DESCRIPTION
NAME NO.
DNC 7 — Do not connect. Do not route this pin to any electrical net, not even GND or IN.
This pin turns the regulator on or off. If Ven 2 Ven(+HI, min) OF VEN S VEN(-HI, max), the regulator is
EN 5 | enabled. If VengLo, max) 2 VeEN 2 Ven(-Lo, min), the regulator is disabled.
The EN pin can be connected to IN, if not used. |Vgn| £ [Vi]-
FB 2 | This pin is the feedback pin that sets the output voltage of the device.
GND 4 — Ground
IN 8 | Input supply
NC 3 — Not internally connected. This pin must either be left open or tied to GND.
Noise reduction pin. Connecting an external capacitor to this pin filters the noise generated by the
NR/SS 6 — internal band gap. This capacitor allows RMS noise to be reduced to very low levels and also controls
the soft-start function.
ouT 1 (0] Regulator output. A capacitor =2 2.2 uF must be tied from this pin to ground to ensure stability.
PowerPAD . . Must either be left open or tied to GND.
Solder to printed-circuit-board (PCB) plane to enhance thermal performance.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
IN pin to GND pin -36 0.3 \%
OUT pin to GND pin -33 0.3 \%
OUT pin to IN pin -0.3 36 \%
FB pin to GND pin -2 0.3 \%
Voltage FB pin to IN pin -0.3 36 \%
EN pin to IN pin -0.3 36 \%
EN pin to GND pin -36 36 \%
NR/SS pin to IN pin -0.3 36 \%
NR/SS pin to GND pin -2 0.3 \%
Current Peak output Internally limited
Operating virtual junction, T, -40 125 °C
Temperature
Storage, Tsyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated is not implied. Exposure to absolute-

maximum rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT

V(EsD)

Electrostatic discharge

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001®)

+1500

Charged device model (CDM), per JEDEC specification JESD22-C101@ +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VN Input supply voltage -35 -3 \%
VEeN Enable supply voltage 0 VN \%
Vout Output voltage VRer 33 \%
lout Output current 0 200 mA
T, Operating junction temperature -40 125 °C
Cin Input capacitor 2.2 10 uF
Cout Output capacitor 2.2 10 uF
CnR Noise reduction capacitor 0 10 nF
Cer Feed-forward capacitor 0 10 nF
R> Lower feedback resistor 237 kQ
6.4 Thermal Information
TPS7A30
THERMAL METRIC® (HVSSOPD gg‘werPAD) DRB (VSON) UNIT
8 PINS 8 PINS
Reia Junction-to-ambient thermal resistance 63.4 47.7 °CIW
Reic(top) Junction-to-case(top) thermal resistance 53 55.3 °CIW
Ress Junction-to-board thermal resistance 374 23.3 °CIW
Wit Junction-to-top characterization parameter 3.7 11 °CIW
Wi Junction-to-board characterization parameter 37.1 235 °CIW
Reac o) Junction-to-case(bottom) thermal resistance 135 7.0 °CIW

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 Electrical Characteristics®

At T; = -40°C to 125°C, |Viy| = [Voutoml + 1 V or [Viy| = 3 V (whichever is greater), Vegy = Vi, lour = 1 MA, Cy = 2.2 pF,
Cout = 2.2 YF, Cyrsss = 0 nF, and the FB pin tied to OUT, unless otherwise noted. Typical values are at T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VN Input voltage -35 -3 \%
VRer Internal reference @ T, = 25°C, Vnryss = VRer -1.202 -1.179 -1.166 Y
Veg Feedback voltage -1.176 \%
Output voltage range® IVinl 2 [Voutmoml + 1V -33 VRer \Y
Vo Nominal accuracy Ty =25°C, |Vinl = [Voutnom)l + 0.5V -1.5 1.5 %Vour
utT
[Voutmom)l + 1V < [Viy| =35V _ o
Overall accuracy 1 mA £ loyr < 200 MA 2.5 25| %Vour
AVour(AViN) . .
‘ Vournom Line regulation T3 =25°C, [Voutom)l + LV =V =35V 0.14 %Vout
AVour(Aloyr) .
‘W Load regulation T;=25°C, 1 mA < lgyt <200 mA 0.04 %Vour
Vin = 95% VOUT(nom)‘ lout = 100 mA 216 mV
|Vpol Dropout voltage
Vin = 95% VOUT(nom)' lout = 200 mA 325 600 mVv
lcL Current limit Vout = 90% VouTnom) 220 330 500 mA
lour =0 MA 55 100 HA
IenD Ground current
lout = 100 mA 950 HA
Ven =04V 1 3 MA
|lsHonl Shutdown supply current
Veny =-04V 1 3 MA
Irs Feedback current® 14 100 nA
Ven = [Vinl = Voutnom)l +1V 0.48 pA
|len] Enable current ViN=Ven=-35V 0.51 1 MA
V|N =-21V, VEN =15V 0.5 HA
" . T;=-40°C to 125°C 2 15 \Y
VeneHy — Positive enable high-level voltage
T;=-40°C to 85°C 1.8 15 \Y
VeneLoy  Positive enable low-level voltage 0 0.4 \%
Venery  Negative enable high-level voltage VN -2 \%
VeneLo)y  Negative enable low-level voltage -0.4 0 \%
Vin = =3V, Vout(nom) = Vrer, Cout = 10 pF, 15.1 ny
Cnriss = 10 nF, BW = 10 Hz to 100 kHz : RMS
Vn Output noise voltage Vin = =6.2 V, Voutmom) = =5 V, Cour = 10 pF,
Cnriss = Cre® = 10 nF, 17.5 MVRms
BW = 10 Hz to 100 kHz
3 ot - ViNn =-6.2 V, Vout(nom) = -5 V, Cour = 10 pF,
PSRR Power-supply rejection ratio Crriss = Cre® = 10 nF, f = 120 Hz 72 dB
Shutdown, temperature increasing 170 °C
Tsp Thermal shutdown temperature -
Reset, temperature decreasing 150 °C
T Operating junction temperature _40 125 oc
range
1) At opgrating conditions, V| <0 V,_ VouTnom) € Vrer < 0 V. At regulation, Viy < Vout(nom) — [Vool- lout > 0 V flows from OUT to IN.
(2) Vger is measured at the NR/SS pin.
(3) To ensure stability at no load conditions, a current from the feedback resistive network equal to or greater than 5 pA is required.
(4) Igg >0V flows into the device.
(5) Ckg refers to a feed-forward capacitor connected to the FB and OUT pins.
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6.6 Typical Characteristics

At T; = -40°C to 125°C, |Viy| = [Voutoml + 1 V or [Viy| = 3 V (whichever is greater), Vey = Vi, lour = 1 MA, Cy = 2.2 pF,
Cout = 2.2 UF, Cyriss = 0 nF, and Vgt = Vgg, unless otherwise noted. Typical values are at T, = 25°C.

-1.165 100
90
80
-1.17
L T 70
— |
- T e s s 2 ©
S —T 1 — <
@ -1.175 5@ 50
I
= = 40
— +125°C
118 —— +105°C 30
— +85°C 20 —
— +25°C 10 |
— —40°C
-1.185 0
-40 -8 -30 -25 -20 -15 -10 -5 0 -40 -25 -10 5 20 35 50 65 80 95 110 125
Vin (V) Temperature (°C)
Figure 1. Feedback Voltage vs Input Voltage Figure 2. Feedback Current vs Temperature
2500 T 1200
— 0mA T,=+25°C
— 10mA
2000 [ — 50mA 1000
—— 100mA T
— 200mA 800
< 1500 <
= =
- ~ 600
z z
-~ 1000 K
400 — +125°C
— +105°C
500 — +85°C
200 — +25°C
lOUT =100mA —— _40°C
0 0 | |
-40 -3 -30 -25 -20 -15 -10 -5 0 -40 -3 -30 -25 -20 -15 -10 -5 0
Vin V) Vin V)
Figure 3. Ground Current vs Input Voltage Figure 4. Ground Current vs Input Voltage
2500 1000
800 — +125°C ||
P — +25°C
2000 7 600 —— -40°C
/ A 400 )
Zz 1500 - 200 \\\\\
=5
E Zd S
2 2 \
- 1000 G — -200 \
— +125°
= %/ —— +105°C -400 =
500 = — +85°C -600
— +25°C
— _40°C -800
0 -1000
0 20 40 60 80 100 120 140 160 180 200 -35 -25 -15 -5 5 15 25 35
lour (MA) Ven (V)
Figure 5. Ground Current vs Output Current Figure 6. Enable Current vs Enable Voltage
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Typical Characteristics (continued)

At T; =-40°C to 125°C, [Vi\| = [Voutmoml + 1 V or [Viy| = 3 V (whichever is greater), Vey = Vi, lour =1 MA, Cy = 2.2 pF,
Cout = 2.2 yF, Cyriss = 0 nF, and Vot = Vg, unless otherwise noted. Typical values are at T, = 25°C.

100 3.5
— +125°C
90 3 +105°C
80 N — +85°C
< 70 25 — fg(o:
E 60 = z ™~
£ =
3 % I T
j -— -~
— (o] \\
5 30 +125°C | —~— |
(0] +105°C ]
20 — +85°C 7
o 0.5
L 1o,r = 0mA — +25°C
10 |-lour —_40°C Vgy = -0.4V
0 ‘ 0 L
-40 -35 -30 -25 -20 -15 -10 -5 0 -40 -3 -30 -25 -20 -15 -10 -5 0
Vin (V) Vin (V)
Figure 7. Ground Current vs Input Voltage Figure 8. Shutdown Current vs Input Voltage
450 500
— 10mA
400 450 11 soma
350 400 [ — 100mA
= 350 || —— 200mA | —7
300 —
/ |
S .50 LT < 300
= s = € 250
> 1 > 200 —
150 — +125°C
=] +105°C 150 0o
100 — +85°C 100
50 — +25°C
/ — -40°C 50
0 0
0 20 40 60 80 100 120 140 160 180 200 -40 -25 -10 5 20 35 50 65 80 95 110 125
lout (MA) Temperature (°C)
Figure 9. Dropout Voltage vs Output Current Figure 10. Dropout Voltage vs Temperature
450 500
Vour = 90% VOUT(NOM)
400
. ——— 450
350 —
300 400
< 250 <
E E 350
o 200 i) L T i e M
150 — +125°C 300
100 +105°C
— +85°C 250
50 — +25°C
—— —40°C
0 200
-10 -9 -8 -7 -6 -5 -4 -3 -40 -26 -10 5 20 35 50 65 80 95 110 125
Vin (V) Temperature (°C)
Figure 11. Current Limit vs Input Voltage Figure 12. Current Limit vs Temperature
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Typical Characteristics (continued)

At T; =-40°C to 125°C, [Vi\| = [Voutmoml + 1 V or [Viy| = 3 V (whichever is greater), Vey = Vi, lour =1 MA, Cy = 2.2 pF,
Cout = 2.2 yF, Cyriss = 0 nF, and Vot = Vg, unless otherwise noted. Typical values are at T, = 25°C.

2 90
N
15 — ° 80
I Cour = 10uF
; | 70 ouT u
T
N y
05 & 60 k e
S S N \/
= 0 OFF c 50 A
> % —1 \
-0.5 O 40 [Voyr=-5v \
; Viy = -6.2V Couyr = 2.2uF \.
- — 30
L lout = 200mA \\
L ——
-15 ON 20 | Cnmsss = 10nF q
Cgr = OuF
-2 10
40 -25 -10 5 20 35 50 65 80 95 110 125 10 100 1K 10k 100k ™ 10M
Temperature (°C) Frequency (Hz)
Figure 13. Enable Threshold Voltage vs Temperature Figure 14. Power-Supply Rejection Ratio vs Coyr
1 90
— +125°C
08 +105°C 80
0.6 — +85°C 20 Cnmyss = 10nF
— +25°C —
0.4 + ™~
= — -40°C ™N ™ A
£ o2 @ 60
s I — s N N \
S 0 e — o 50 N \
g — — i N \
3-02 2 Vour = -5V "N \
> = 40 [ Vour=- N N
-0.4 V) = -6.2V % N
30 _
-0.6 loyr = 200mA Chryss = ONF \\_
-0.8 20 }Cour=10uF Y
; Cgr= OuF
- 10
-40 -3 30 -25 V‘Z(i/ -5 -0 -5 0 10 100 1k 10k 100k 1M 10M
n (V) Frequency (Hz)
Figure 15. Line Regulation Figure 16. Power-Supply Rejection Ratio vs Cyrss
1 90
— +125°C
0.8 +105°C 80
0.6 — +85°C - Pl Cer = 10nF
i S e = S S T 7 NS I A S
04 J— +25°C ] <\K
9 — -40°C — &0 ] ;
< 0.2 g \} gy Iz
2 o0 c 50
SR — @ 40 |Voyr=-5V N\\
04 |je—ro Vi = -6.2V Cer = OnF \
S — 30
-0.6 — — lou = 200mA \
-0.8 20 CNR/SS =10nF 4
Cour = 10uF
- 10
0 20 40 60 80 100 120 140 160 180 200 10 100 1K 10k 100k ™ 10M
lour (MA) Frequency (Hz)
Figure 17. Load Regulation Figure 18. Power-Supply Rejection Ratio vs Cgr
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Typical Characteristics (continued)
At T; =-40°C to 125°C, [Vi\| = [Voutmoml + 1 V or [Viy| = 3 V (whichever is greater), Vey = Vi, lour =1 MA, Cy = 2.2 pF,

Cout = 2.2 yF, Cyriss = 0 nF, and Vot = Vg, unless otherwise noted. Typical values are at T, = 25°C.

E : : : : Vour =-1.2V ] E : : : : Vour =-1.2V ]

S o Vin = -3V S Vin = -3V

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, loyr = 1MA A loyr = TMA 1

: : : . Cn=Coyr=22yF s : : : : Ci = Cour = 2.24F

»»»»»» Curyss = OPF SRR “Fi Cypes = 100pF

> : : : . X . 1 > Vour : . R . 1
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Figure 19. Capacitor-Programmable Soft-Start Figure 20. Capacitor-Programmable Soft-Start
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Figure 21. Capacitor-Programmable Soft-Start Figure 22. Capacitor-Programmable Soft-Start
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Figure 23. Line Transient Response Figure 24. Line Transient Response
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Typical Characteristics (continued)

At T; =-40°C to 125°C, [Vi\| = [Voutmoml + 1 V or [Viy| = 3 V (whichever is greater), Vey = Vi, lour =1 MA, Cy = 2.2 pF,
Cout = 2.2 yF, Cyriss = 0 nF, and Vot = Vg, unless otherwise noted. Typical values are at T, = 25°C.

200mA/div

2
2
>
E
0 T : : : ; ]
1 : Vi =-3.0V
F : 1. loyr = TMA to 200mA ]
: : Cour = 2.2uF

Time (100us/div)

Figure 25. Load Transient Response
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10
E Vour = -1.2V RMS NOISE
< Vi =-3V lour 10Hz to 100kHz | 100Hz to 100kHz
2 Cnriss = 10nF
%‘ . COUT - 10MF 1mA 15.13 14.73
§ 200mA 17.13 16.71
8 4
o Ne -
2 lour = 200mA
= o I
£ 01 <—7
[0
Q. A\
w []
b=} \ q
1 loyr = TMA \Vi
o 001 | L L] -
10 100 1k 10k 100k
Frequency (Hz)
Figure 26. Output Spectral Noise Density vs Output Current
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Figure 27. Output Spectral Noise Density vs Cygr/ss
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Figure 28. Output Spectral Noise Density VS Voyr(nom)
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8 Detailed Description

8.1 Overview

The TPS7A30 family of devices are wide V,y, low-noise, 150-mA linear regulators (LDOs). These devices feature
an enable pin, programmable soft-start, current limiting, and thermal protection circuitry that allow the device to
be used in a wide variety of applications. As bipolar-based devices, the TPS7A30 devices are ideal for high-
accuracy, high-precision applications at higher voltages.

8.2 Functional Block Diagram

L
GND

EN Enable

FB
+
NR/SS é{)‘ Anti-
- saturation
—> OUT
|/ Pass
L\ Device
Thermal
Shutdown
Current
Limit
N
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8.3 Feature Description

8.3.1 Internal Current Limit

The fixed internal current limit of the TPS7A30 family helps protect the regulator during fault conditions. The
maximum amount of current the device can source is the current limit (330 mA, typical), and is largely
independent of the output voltage. For reliable operation, do not operate the device in current limit for extended
periods of time.

8.3.2 Programmable Soft-Start

The NR/SS capacitor also functions as a soft-start capacitor to slow down the rise time of the output. The rise
time of the output when using an NR/SS capacitor is governed by Equation 1. In Equation 1, tgg is the soft-start
time in milliseconds and Cyg/ss is the capacitance at the NR pin in nanofarads. Figure 29 shows the relationship
between the Cyr/ss Size and the start-up time without a Crg.

10

Time (ms)

0.1
0.1 1 10
Cnriss (NF)

Figure 29. Soft-Start Time vs Cygyss

8.3.3 Enable Pin Operation

The TPS7A30 provides a dual-polarity enable pin (EN) that turns on the regulator when |[Vgy| > 2 V, whether the
voltage is positive or negative, as shown in Figure 30.

This functionality allows for different system power management topologies:

« Connecting the EN pin directly to a negative voltage (such as V).

« Connecting the EN pin directly to a positive voltage, such as the output of digital logic circuitry.

Time (20ms/div)

Figure 30. Enable Pin Positive and Negative Threshold
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8.4 Device Functional Modes

8.4.1 Normal Operation

The device regulates to the nominal output voltage under the following conditions:
+ The input voltage is at least as high as the |Vymin)l-

« The input voltage magnitude is greater than the nominal output voltage magnitude added to the dropout
voltage.

* |Venl > [Vl
* The output current is less than the current limit.
» The device junction temperature is less than the maximum specified junction temperature.

8.4.2 Dropout Operation

If the input voltage magnitude is lower than the nominal output voltage magnitude plus the specified dropout
voltage magnitude, but all other conditions are met for normal operation, the device operates in dropout mode. In
this mode of operation, the output voltage magnitude is the same as the input voltage magnitude minus the
dropout voltage magnitude. The transient performance of the device is significantly degraded because the pass
device (such as a bipolar junction transistor, or BJT) is in saturation and no longer controls the current through
the LDO. Line or load transients in dropout can result in large output voltage deviations.

8.4.3 Disabled

The device is disabled under the following conditions:
o |Venl < [Vl
» The device junction temperature is greater than the thermal shutdown temperature.

Table 1 shows the conditions that lead to the different modes of operation.

Table 1. Device Functional Mode Comparison

PARAMETER
OPERATING MODE
Vi VEN lout 15

Normal mode IVinl > { IVoutom)l + [Vools [Vinminl } [Venl > IVl I out <lcL T,<125°C

Dropout mode [Vinmin)l < IVinl < [Vout(nom)| + Vol [Venl > IVl — T,<125°C

Disabled mode o
(any true condition disables the device) - IVenl < Vo)l - Ty>170°C
16 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated

Product Folder Links: TPS7A30


http://www.ti.com/product/tps7a30?qgpn=tps7a30
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS125D&partnum=TPS7A30
http://www.ti.com/product/tps7a30?qgpn=tps7a30

13 TEXAS
INSTRUMENTS
TPS7A30

www.ti.com SBVS125D —AUGUST 2010—-REVISED JUNE 2015

9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TPS7A30 belongs to a family of linear regulators that use an innovative bipolar process to achieve ultralow-
noise. The TPS7A30 are bipolar-based devices and are therefore ideal for high-accuracy, high-performance
analog applications at higher voltages.

9.1.1 Adjustable Operation

The TPS7A3001 has an output voltage range of —1.174 V to —33 V. The nominal output voltage of the device is
set by two external resistors; see Figure 32.

R; and R, can be calculated for any output voltage range using the formula shown in Equation 2. To ensure
stability under no load conditions, this resistive network must provide a current equal to or greater than 5 pA.

v v
R, = Rz(ﬂ _ 1), where [VFatom| 5 A
FB(nom) R, (2)

If greater voltage accuracy is required, take into account the output voltage offset contributions resulting from the
feedback pin current and use 0.1% tolerance resistors. Table 2 shows the 1% resistor values for several different
standard output voltages.

Table 2. Standard 1% Resistor Values for Various Output Voltages

Vour (V) Ry (kQ) Rz (kQ)
-2.5 11.3 10
-5 32.4 10
-12 93.1 10
-15 118 10
-18 143 10

9.1.2 Capacitor Recommendations

Use low-equivalent series resistance (ESR) capacitors for the input, output, noise reduction, and feed-forward
capacitors. Ceramic capacitors with X7R and X5R dielectrics are preferred. Ceramic X7R capacitors offer
improved overtemperature performance, whereas ceramic X5R capacitors are the most cost-effective and are
available in higher values.

NOTE
High-ESR capacitors can degrade PSRR.
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9.1.2.1 Input and Output Capacitor Requirements

The TPS7A30 family of negative, high-voltage linear regulators achieve stability with a minimum input and output
capacitance of 2.2 yF; however, Tl highly recommends using a 10-pF capacitor to maximize ac performance.
9.1.2.2 Noise-Reduction and Feed-Forward Capacitor Requirements

Although noise-reduction and feed-forward capacitors (Cyr/ss and Cg, respectively) are not needed to achieve
stability, TI highly recommends using 10-nF capacitors to minimize noise and maximize ac performance.

For more information on Cgg, refer to application report, Pros and Cons of Using a Feedforward Capacitor with a
Low-Dropout Regulator (SBVA042). This application report explains the advantages of using Cr¢ (also known as
Cgvp), and the problems that can occur when using this capacitor.

9.1.3 Maximum AC Performance

To maximize noise and PSRR performance, Tl recommends including a 10-pyF or higher input and output
capacitors, and 10-nF noise-reduction and bypass capacitors; see Figure 32. The solution illustrated in Figure 32
delivers minimum noise levels of 15.1 pVgyys and power-supply rejection levels above 55 dB from 10 Hz to
700 kHz; see Figure 18 and Figure 26.

9.1.4 Output Noise

The TPS7A30 provides low output noise when a noise-reduction capacitor (Cyg/ss) is used.

The noise-reduction capacitor serves as a filter for the internal reference. By using a 10-nF noise reduction
capacitor, the output noise is reduced by approximately 80% (from 80 uVgus to 17 uVrus); See Figure 27.

The TPS7A30 low output voltage noise makes the device an ideal solution for powering noise-sensitive circuitry.

9.1.5 Power-Supply Rejection

The 10-nF noise-reduction capacitor greatly improves TPS7A30 power-supply rejection, achieving up to 20 dB of
additional power-supply rejection for frequencies between 110 Hz and 400 kHz.

Additionally, ac performance can be maximized by adding a 10-nF bypass capacitor (Cgr) from the FB pin to the
OUT pin. This capacitor greatly improves power-supply rejection at lower frequencies, for the band from 10 Hz to
200 kHz; see Figure 18.

The very high power-supply rejection of the TPS7A30 makes the device a good choice for powering high-
performance analog circuitry (such as operational amplifiers, ADCs, DACS, and audio amplifiers).

9.1.6 Transient Response

As with any regulator, increasing the size of the output capacitor reduces overshoot and undershoot magnitude
but increases duration of the transient response.

9.1.7 Post DC-DC Converter Filtering

Most of the time, the voltage rails available in a system do not match the voltage requirements for the system.
These rails must be stepped up or down, depending on specific voltage requirements.

DC-DC converters are the preferred solution to step up or down a voltage rail when current consumption is not
negligible. These converters offer high efficiency with minimum heat generation, but have one primary
disadvantage: these converters introduce a high-frequency component (and the associated harmonics) in
addition to the dc output signal.

This high-frequency component, if not filtered properly, degrades analog circuitry performance, reducing overall
system accuracy and precision.

The TPS7A30 offers a wide-bandwidth, very-high power-supply rejection ratio. This specification makes the
device ideal for post dc-dc converter filtering; see Figure 31. Tl highly recommends using the maximum
performance schematic illustrated in Figure 32. Also, verify that the fundamental frequency (and its first
harmonic, if possible) is within the bandwidth of the regulator PSRR; see Figure 18.
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+18V O * IN ouT 15V
TPS7A49
EN GND

-18V O * IN ouT 5V
TPS7A30
EN  GND

Figure 31. Post DC-DC Converter Regulation to High-Performance Analog Circuitry

EVM

9.1.8 Audio Applications

Audio applications are extremely sensitive to any distortion and noise in the audio band from 20 Hz to 20 kHz.
This stringent requirement demands clean voltage rails to power critical high-performance audio systems.

The very-high power-supply rejection ratio (> 55 dB) and low noise at the audio band of the TPS7A30 maximize
performance for audio applications; see Figure 18.

9.1.9 Power for Precision Analog

One of the primary TPS7A30 applications is to provide ultralow noise voltage rails to high-performance analog
circuitry in order to maximize system accuracy and precision.

In conjunction with its positive counterpart, the TPS7A49xx family of positive high-voltage linear regulators, the
TPS7A30 family of negative high voltage linear regulators provides ultralow noise positive and negative voltage
rails to high-performance analog circuitry (such as operational amplifiers, ADCs, DACs, and audio amplifiers).

The low noise levels at high voltages, such as +15 V, enables clean power rails for precision analog circuitry.
This characteristic allows for high-performance analog solutions to optimize the voltage range, thus maximizing
system accuracy.
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9.2 Typical Application

VIN VOUT
IN ouT : O
Cin —L Cre R
100F T 10nF 1
— EN TPS7A3001 FB Cout
R, 10uF
CNR/SS _I__ NR/SS GND ——I_

10nF

Figure 32. Adjustable Operation for Maximum AC Performance

9.2.1 Design Requirements

The design goals are Viy = =3 V, Vout = -1.2 V, and lgyt = 150 mA, maximum. The design must optimize
transient response and meet a start-up time of 14 ms. The input supply comes from a supply on the same
printed circuit board (PCB). The design circuit is shown in Figure 32.

The design space consists of Cyy, Coyr, Cnrisss R1, @and Ry, at Tagmax) = 75°C.

9.2.2 Detailed Design Procedure

The first step when designing with a linear regulator is to examine the maximum load current, along with the
input and output voltage requirements, to determine if the device thermal and dropout voltage requirements can
be met. At 150 mA, the input dropout voltage of the TPS7A30 family is a maximum of 600 mV overtemperature;
therefore, the dropout headroom of 1.8 V is sufficient for operation over both input and output voltage accuracy.
Dropout headroom is calculated as V\y — Vour — Vpomax): @nd must be greater than 0 V for reliable operation.
Vbo(max) IS the maximum dropout allowed, given worst-case load conditions.

The maximum power dissipated in the linear regulator is the maximum voltage dropped across the pass element
from the input to the output, multiplied by the maximum load current. In this example, the maximum voltage drop
across in the pass element is |3 V — 1.2 V|, resulting in V,y — Vout = 1.8 V. The power dissipated in the pass
element is calculated by taking this voltage drop multiplied by the maximum load current. For this example, the
maximum power dissipated in the linear regulator is 0.273 W, and is calculated as Equation 3:

Pb = (Vin = Vour) (Imax) + (Vin) (Ig) (3)

When the power dissipated in the linear regulator is known, the corresponding junction temperature rise can be
calculated. To calculate the junction temperature rise above ambient, the power dissipated must be multiplied by
the junction-to-ambient thermal resistance. This calculation gives the worst-case junction temperature; good
thermal design can significantly reduce this number. For thermal resistance information, refer to the Thermal
Information table. For this example, using the DGN package, the maximum junction temperature rise is
calculated to be 17.3°C. The maximum junction temperature rise is calculated by adding the junction temperature
rise to the maximum ambient temperature, which is 75°C for this example. For this example, calculate the
maximum junction temperature as 92.3°C. Keep in mind that the maximum junction temperate must be below
125°C for reliable device operation. Additional ground planes, added thermal vias, and air flow all help to lower
the maximum junction temperature.

Use the following equations to select the rest of the components:

To ensure stability under no-load conditions, the current through the resistor network must be greater than 5 pA,
as shown in Equation 4.

%
—<B55uA > R, < 2424 kQ

Ry @
To set R, = 100 kQ for a standard 1% value resistor, calculate R; as shown in Equation 5.
Vv .
R1=R2(&-1)=100k9( —1):2.04kQ
VREF (nom) 1.176 V (5)
Use a standard, 1%, 2.05-kQ resistor for R;.
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Typical Application (continued)
Equation 6 calculates the start-up time, tgg.
tSS (mS) = 09 X CNR/SS = 14 ms

For the soft-start to dominate the start-up conditions, ideally place the start-up time as a result of the current limit
at two decades below the soft-start time (at 140 us). Coyr must be at least 2.2 uF for stability, as shown in
Equation 7 and Equation 8.

Co
tsscu) = Vour ( | T )
CL(max) (7)
I i 220 mA
Cout(max) = tSS(CL)( S/L(m'n)) =140 pus X XV =15.4 uF
ouT ®)

For Cy, assume that the —3-V supply has some inductance and is placed several inches away from the PCB. For
this case, select a 2.2-pF ceramic input capacitor to ensure that the input impedance is negligible to the LDO
control loop and to keep the physical size and cost of the capacitor low; this component is a common-value
capacitor.

For better PSRR for this design, use a 10-pF input and output capacitor. To reduce the peaks from transients but
slow down the recovery time, increase the output capacitor size or add additional output capacitors.
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Typical Application (continued)
9.2.3 Application Curves

: : Vour =-1.2V Vour =-1.2V ]
""" Vin = -3V Vin=-8V]
,,,,,,,,, USSR SR loyr = 1TMA 1 3 1o loyr = TMA |
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- 7V """""" Cnriss = 1nF - 7V """"""""""" Cnmyss = 10nF
5 i SRR SO R SR SUTIE ST 2 Vour T
T St At A A R = |
“Ven
Time (100us/div) Time (1ms/div)
Figure 33. Capacitor-Programmable Soft-Start Figure 34. Capacitor-Programmable Soft-Start
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Figure 35. Line Transient Response Figure 36. Line Transient Response
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Figure 37. Load Transient Response
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9.3 Do's and Don’ts

Place at least one low-ESR, 2.2-uyF capacitor as close as possible to both the IN and OUT pins of the regulator
to the GND pin.

Provide adequate thermal paths away from the device.

Do not place the input or output capacitor more than 10 mm away from the regulator.
Do not exceed the absolute maximum ratings.

Do not float the enable (EN) pin.

Do not resistively or inductively load the NR/SS pin.

10 Power Supply Recommendations

The input supply for the LDO must be within the recommended operating conditions (that is, between -3 V and
—35 V). The input voltage must provide adequate headroom in order for the device to have a regulated output. If
the input supply is noisy, additional input capacitors with low ESR can help improve the output noise
performance.

The input and output supplies must also be bypassed with at least a 2.2-yF capacitor located near the input and
output pins. There must be no other components located between these capacitors and the pins.

Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 23
Product Folder Links: TPS7A30


http://www.ti.com/product/tps7a30?qgpn=tps7a30
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS125D&partnum=TPS7A30
http://www.ti.com/product/tps7a30?qgpn=tps7a30

i3 TEXAS

INSTRUMENTS
TPS7A30
SBVS125D —AUGUST 2010—-REVISED JUNE 2015 wWww.ti.com
11 Layout

11.1 Layout Guidelines

Layout is a critical part of good power-supply design. There are several signal paths that conduct fast-changing
currents or voltages that can interact with stray inductance or parasitic capacitance to generate noise or degrade
the power-supply performance. To help eliminate these problems, the IN pin must be bypassed to ground with a
low ESR ceramic bypass capacitor with an X5R or X7R dielectric.

The GND pin must be tied directly to the PowerPAD under the device. The PowerPAD must be connected to any
internal PCB ground planes using multiple vias directly under the device.

Equivalent series inductance (ESL) and equivalent series resistance (ESR) must be minimized to maximize
performance and ensure stability. Every capacitor (Cy, Cour, Cnriss: and Cgp) must be placed as close as
possible to the device and on the same side of the PCB as the regulator itself.

Do not place any of the capacitors on the opposite side of the PCB from where the regulator is installed. The use
of vias and long traces is strongly discouraged because these circuits can negatively affect system performance,
and can even cause instability.

11.1.1 Board Layout Recommendations to Improve PSRR and Noise Performance

To improve ac performance (such as PSRR, output noise, and transient response), Tl recommends designing
the board with separate ground planes for V|y and Vgyr, With each ground plane star-connected only at the GND
pin of the device. In addition, the ground connection for the bypass capacitor must connect directly to the GND
pin of the device.

11.2 Layout Examples

AL e

m &®

A4

oe |ee
i

|
e
Figure 38. PCB Layout Example
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Vin J1 ¢ IN g ouT
¢ —_—ClI (5
J7GND 9 =C2
% c3
' I
= = >
Figure 39. PCB Layout Example Schematic
Input GND Plane
VOUT
CIN
out| 1 )| ______ , L8 |IN
c R1
Sense Line oo ‘ W‘ ‘7 Vin
=k
GND
Output GND Plane
NOTE: Ciy and Coyr are size 1206 capacitors, and Cyr, R1, and R2 are size 0402.
Figure 40. PCB Layout Example
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11.3 Thermal Considerations

Thermal protection disables the output when the junction temperature rises to approximately 170°C, allowing the
device to cool. When the junction temperature cools to approximately 150°C, the output circuitry is enabled.
Depending on power dissipation, thermal resistance, and ambient temperature, the thermal protection circuit can
cycle on and off. This cycling limits the dissipation of the regulator, protecting it from damage as a result of
overheating.

Any tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate
heatsink. For reliable operation, junction temperature must be limited to a maximum of 125°C. To estimate the
margin of safety in a complete design (including heatsink), increase the ambient temperature until the thermal
protection is triggered; use worst-case loads and signal conditions. For good reliability, thermal protection must
trigger at least 45°C above the maximum expected ambient condition of any particular application. This
configuration produces a worst-case junction temperature of 125°C at the highest expected ambient temperature
and worst-case load.

The internal protection circuitry of the TPS7A30 is designed to protect against overload conditions. This circuitry
is not intended to replace proper heatsinking. Continuously running the TPS7A30 into thermal shutdown
degrades device reliability.

11.4 Power Dissipation

The ability to remove heat from the die is different for each package type, presenting different considerations in
the PCB layout. The PCB area around the device that is free of other components moves the heat from the
device to the ambient air. Performance data or JEDEC low- and high-K boards are provided in the Thermal
Information table. Using heavier copper increases the effectiveness in removing heat from the device. The
addition of plated through-holes to heat dissipating layers also improves the heatsink effectiveness.

Power dissipation depends on input voltage and load conditions. Power dissipation (Pp) can be approximated by
the product of the output current times the voltage drop across the output pass element, as shown in Equation 9.

Pp = (Vin = Vour) lout 9
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Power Dissipation (continued)

Estimating the junction temperature can be done by using the thermal metrics Wi and W, as discussed in the
Thermal Information table. These metrics are a more accurate representation of the heat transfer characteristics
of the die and the package than Rg;s. The junction temperature can be estimated with Equation 10.

Wit Ty=Tr+ WPy
Yo T,=Tg+¥s°*Ppy
where
e Py is the power dissipation given by Equation 9,

e Ty is the temperature at the center-top of the device package, and
e Tgis the PCB temperature measured 1 mm away from the device package on the PCB surface. (10)

NOTE
Both T+ and Tg can be measured on actual application boards using a thermo-gun (an
infrared thermometer).

For more information about measuring Ty and Tg, see the application note Using New Thermal Metrics
(SBVAO025), available for download at www.ti.com.
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12 Device and Documentation Support

12.1 Device Support
12.1.1 Development Support

12.1.1.1 Evaluation Modules

An evaluation module (EVM) is available to assist in the initial circuit performance evaluation using the TPS7A30.
The TPS7A30-49EVM-567 evaluation module (and related user's guide) can be requested at the Tl website
through the product folders or purchased directly from the TI eStore.

12.1.1.2 Spice Models

Computer simulation of circuit performance using SPICE is often useful when analyzing the performance of
analog circuits and systems. A SPICE model for the TPS7A30 is available through the product folders under the
Tools & Software tab.

12.1.2 Device Nomenclature

Table 3. Ordering Information®

PRODUCT Vour
XX is nominal output voltage (01 = Adjustable).®
TPS7A30xx yyy z YYY is package designator.
Z is package quantity.

(1) For the most current package and ordering information see the Package Option Addendum at the end of this document, or visit the
device product folder on www.ti.com.
(2) For fixed —1.2-V operation, tie FB to OUT.

12.2 Documentation Support

12.2.1 Related Documentation

For related documentation see the following:

e Pros and Cons of Using a Feedforward Capacitor with a Low-Dropout Regulator, SBVA042.
e Using New Thermal Metrics, SBVA025

* TPS7A30-49EVM-567 Evaluation Module User's Guide, SLVU405

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.
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12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS7A3001DGNR ACTIVE MSOP- DGN 8 2500  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 PSZQ
PowerPAD & no Sb/Br) P
TPS7A3001DGNT ACTIVE MSOP- DGN 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 PSZQ Samnles
PowerPAD & no Sb/Br) P
TPS7A3001DRBR ACTIVE SON DRB 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 PSZQ
& no Sh/Br)
TPS7A3001DRBT ACTIVE SON DRB 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 PSZQ Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may

reference these types of products as "Pb-Free".
RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.
® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation

of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish

value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 2



i} Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 3-Aug-2017
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS7A3001DGNR MSOP- | DGN 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
Power
PAD
TPS7A3001DGNT MSOP- | DGN 8 250 180.0 12.4 5.3 34 14 8.0 12.0 Q1
Power
PAD
TPS7A3001DRBR SON DRB 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS7A3001DRBT SON DRB 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A3001DGNR MSOP-PowerPAD DGN 8 2500 367.0 367.0 35.0
TPS7A3001DGNT MSOP-PowerPAD DGN 8 250 210.0 185.0 35.0
TPS7A3001DRBR SON DRB 8 3000 367.0 367.0 35.0
TPS7A3001DRBT SON DRB 8 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DRB 8 VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4203482/L

13 TEXAS
INSTRUMENTS



N PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

DRBOO0OSA

PIN 1 INDEX AREA— |-

1 MAX
T O SO o N
8-83 j DIM A
' OPT1 | OPT2
- 4X (0.23)
EXPOSED ﬂ ﬁ (DIM A) TYP
THERMAL PAD
ak
-+—-—  175%01
Innl GE
| |
| | 0.37
| | 8X0.25
PIN 11D | | 010 [C|AlB
OPTIONAL —L’—Lru
( ) (0.65) ] & 0.05 |C
0.5
8X 3

4218875/A 01/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(1.5)
—= (0.65) |=—
SYMM

8X (0.6) ‘
! (0.825)
o 1| || | L mmr

e

6X (0.65)
v
(R0.05) TYP
(0.2) VIA
TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED e < EXPOSED
METAL | 7 METAL
|
\ /
SOLDERMASKAJ// METAL METALUNDER—J/Ir )\¥ASOLDERMASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED)

SOLDER MASK DETAILS

4218875/A 01/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

= (0.65) —=|

4X(0.23) — | = |

SYMM
¢
SR METAL
4X |
0.728) 4~
1 1
w |
8X(0.31) 1 ‘ | I 8
{ |
} { N \
I . ) I
Qj T Qj e
|
SYMM |
t—-—r—-—{-— s — - - — -+ -— @5
=1 I =S
6X (0.65) ‘ L) !
L U ! B,
5
(R0.05) TYP L 1

(1.34)

(2.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

84% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218875/A 01/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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MECHANICAL DATA

DGN (S—PDSO—-G8) PowerPAD™ PLASTIC SMALL OQUTLINE

0,38

=YL R
il

- -1
[ [ T~
THERMAL PAD 0,23 / AN

SIZE AND SHAPE SHOWN d g 013 /
ON SEPARATE SHEET 2,90 475
l /
! !

L _ ( \ )

l t G‘Guge Plane / "

THHT TN

=}

70
,40

’ / [

-

U_[:]_[:]_[:]_[ji Seating Plane ‘ \ m |

4
10 W 23 Em 1~ -
4073271 /F 05/11
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F. Falls within JEDEC MO-187 variation AA-T

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DGN (S—PDS0-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,

can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAQQ? and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOOA4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

8 5
\
y —+ Fxposed Thermal Pad

Top View

Exposed Thermal Pad Dimensions

4206323-2/1 12/11

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

DGN (R—PDSO-G8) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size

may vary depending on layout constraints

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

Reference table below for other
solder stencil thicknesses

035——| |<— |<——|~O65

O’ S Thermal Pad is Solder Mask Defined,
increasing cop|ier area under mask

will enhance thermal performance
(See Note D)
1,95 —
/ * - (See Note E) L
1,57 4,2 f

T Y 1,57 4.2
5x#0,2 x |1
—] 1,89 |~

Example
l Non Soldermask Defined Pad

— 7T T~
- Example
M. Solder Mask Opening

/// — WNote F)

Center Power Pad Solder Stencil Opening
/ Stencil Thickness X Y
| 1,60 \ 0.1mm 2.0 17
\ \;\Pad Geometry 0.127mm 1.89 1.57
0,07 / 0.152mm 1.75 1.45
\ ——{|=-All Around 0.178mm 1.65 1.35

4207737-2/F 02/13

NOTES:

F.

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQ2, SLMAQQ4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

PowerPAD is a trademark of Texas Instruments

These documents are available at

Customers should
Example stencil design based on a 50% volumetric

*3
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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® Push-Pull CMOS Output Drives Capacitive
Loads Without Pullup Resistor,
lo=+8mA

® Very Low Power...200 uW Typat5V

® Fast Response Time...tp y=2.7 us Typ
With 5-mV Overdrive

® Single Supply Operation...3Vto 16 V

TLC3704M...4Vto 16V
® On-Chip ESD Protection
description

The TLC3704 consists of four independent
micropower voltage comparators designed to
operate from a single supply and be compatible
with modern HCMOS logic systems. They are
functionally similar to the LM339 but use 1/20th
the power for similar response times. The
push-pull CMOS output stage drives capacitive
loads directly without a power-consuming pullup
resistor to achieve the stated response time.
Eliminating the pullup resistor not only reduces
power dissipation, but also saves board space
and component cost. The output stage is also fully
compatible with TTL requirements.

Texas Instruments LinCMOS™ process offers
superior analog performance to standard CMOS
processes. Along with the standard CMOS
advantages of low power without sacrificing
speed, high input impedance, and low bias
currents, the LinCMOS process offers extremely
stable input offset voltages with large differential
input voltages. This characteristic makes it
possible to build reliable CMOS comparators.

The TLC3704C is characterized for operation
over the commercial temperature range of 0°C to
70°C. The TLC3704l is characterized for
operation over the extended industrial tempera-
ture range of — 40°C to 85°C. The TLC3704M is
characterized for operation over the full military
temperature range of — 55°C to 125°C. The
TLCS3704Q is characterized for operation from —
40°C to 125°C.
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
dard Producti ing does not ily include

testing of all pararﬁeters.
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AVAILABLE OPTIONS

PACKAGE
Ta Z:"zngaé SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP TSSOP
(D) (FK) (J) (N) (PW)
0°C to 70°C 5mvV TLC3704CD — — TLC3704CN TLC3704CPW
-40°C to 85°C 5mV TLC3704ID — — TLC3704IN TLC3704IPW
-55°C t0 125°C 5mvV TLC3704MD TLC3704MFK TLC3704MJ — —
-40°C to 125°C 5mV — — TLC3704QJ — —

The D and PW packages are available taped and reeled. Add R suffix to the device type (e.g., TLC3704CDR).

functional block diagram (each comparator)

Vop
IN+ — I
Differential
Input ——9 ouT
Circuits
IN- ——( ?
GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vpp (see Note 1) ... .. e -0.3Vto18V
Differential input voltage, Vip (see Note 2) . ... oo e e +18V
INput VOtage range, V| ... e -0.3t0 Vpp
Output voltage range, Vo ..o oo -0.3t0 Vpp
INPUL CUITENT, || .o e e e e e e 5 mA
Output current, Ig (€ach OUtPUL) . .. .. o i 120 mA
Total supply current into VD . .o oo e 40 mA
Total current out of GIND . .. .o 60 mA
Continuous total power dissipation ......... ... ... i See Dissipation Rating Table
Operating free-air temperature range, Ta: TLC3704C . .. ... i 0to 70°C

TLC37041 ..o —40°C to 85°C

TLC3704M ... o —-55°C to 125°C

TLC3704Q . ..o —40°C to 125°C
Storage temperature range . ... ... e —65°C to 150°C
Case temperature for 60 seconds: FK package ........... .o 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ................ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at IN+ with respect to IN-.
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DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Ta=70°C Ta =85°C Ta =125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 950 mW 7.6 mW/°C 608 mW 494 mW N/A
FK 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW
J 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW
N 1150 mW 9.2 mW/°C 736 mW 598 mW N/A
PW 675 mW 5.4 mW/°C 432 mW 351 mW N/A
recommended operating conditions
TLC3704C
MIN NOM MAX UNIT
Supply voltage, Vpp 3 5 16 \Y
Common-mode input voltage, V¢ -0.2 Vpp-1.5 \%
High-level output current, loy -20 mA
Low-level output current, Ig. 20 mA
Operating free-air temperature, Ta 0 70 °C
electrical characteristics at specified operating free-air temperature, Vpp =5V
(unless otherwise noted)
TLC3704C
PARAMETER TEST CONDITIONSt Ta MIN TP MAX UNIT
Vio Input offset voltage Voo =5V to. 10V 25°c 12 > mv
Vic = V|cgmin, See Note 3 0°C to 70°C 6.5
25°C 1 pA
lio Input offset current Vic=25V Z0°C 03 A
25°C 5 pA
B Input bias current Vic=25V 70°C 06 oA
25°C V;’Dto_ 1
Vicr Common-mode input voltage range ot - 0 Vv
070°C | yvph - 15
25°C 84
CMRR  Common-mode rejection ratio V|c = Vicrmin 70°C 84 dB
0°C 84
25°C 85
ksvr Supply-voltage rejection ratio Vpp=5Vto10V 70°C 85 dB
0°C 85
25°C 4.5 4.7
VoH High-level output voltage Vp=1YV, lon=-4mA 70°C 43 \
25°C 210 300
VoL Low-level output voltage Vp=-1V, lon =4 mA 70°C 375 mV
Ibb Supply current (all four comparators) Outputs low, No load 25°c % 80 unA
0°C to 70°C 100

T All characteristics are measured with zero common-mode voltage unless otherwise noted.
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V.

{'} TEXAS
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recommended operating conditions

TLC37041
MIN NOM MAX UNIT
Supply voltage, Vpp 3 5 16 \Y
Common-mode input voltage, V|c -02 Vpp-1.5 \%
High-level output current, loy -20 mA
Low-level output current, Ig. 20 mA
Operating free-air temperature, Tp -40 85 °C

electrical characteristics at specified operating free-air temperature, Vpp = 5 V, V|c = 0 (unless

otherwise noted)

TLC3704I
PARAMETER TEST CONDITIONS Ta WIN TYP MAX UNIT
Vpp=5Vto10V, 25°C 1.2 5
Vio Inputoffset voltage Vic = Vicrmin, SeeNote3 | —40°C to 85°C 71 ™
25°C 1 pA
lio Input offset current Vic=25V 85°C ] A
25°C 5 pA
i Input bias current Vic=25V 85°C > oA
25°C VSE:(’_ ]
Vicr Common-mode input voltage range 0t \
-40°C to 85°C Vpp - 1.5
25°C 84
CMRR Common-mode rejection ratio Vic = Vicgmin 85°C 84 dB
-40°C 83
25°C 85
ksvr  Supply-voltage rejection ratio Vpp=5Vto10V 85°C 85 dB
-40°C 83
25°C 4.5 4.7
VoH High-level output voltage Vp=1YV, loH=-4 mA 85°C a3 \
25°C 210 300
VoL Low-level output voltage Vip=-1V, loH=4mA 85°C 200 mV
Ibp Supply current (all four comparators) | Outputs low, No load 25°C 3 80 LA
-40°C to 85°C 125

NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V.
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recommended operating conditions

TLC3704M
MIN NOM MAX UNIT
Supply voltage, Vpp 4 5 16 \%
Common-mode input voltage, V¢ 0 Vpbp - 1.5 \4
High-level output current, loy -20 mA
Low-level output current, Igp 20 mA
Operating free-air temperature, Tp -55 125 °C

electrical characteristics at specified operating free-air temperature, Vpp = 5 V, V|c = 0 (unless

otherwise noted)

TLC3704M
PARAMETER TEST CONDITIONS Ta MIN TYP  MAX UNIT
Vv Input offset voltage Vop =5V10 10V, 25°C 12 > mv
10 P 9 Vic = V|cgmin, See Note 3 -55°C to 125°C 10
25°C 1 pA
lio Input offset current Vic=25V 125°C 15 Yy
25°C 5 pA
lis Input bias current Vic=25V 125°C 30 oA
25°C VSSO_ ;
Vicr Common-mode input voltage range 0o \%
-55°C to 125°C Vpp - 1.5
25°C 84
CMRR Common-mode rejection ratio Vic = Vicrmin 125°C 83 dB
-55°C 82
25°C 85
ksyvr  Supply-voltage rejection ratio Vpp=5Vto10V 125°C 85 dB
-55°C 82
25°C 45 4.7
VoH High-level output voltage Vp=1YV, loH=-4 mA 125°C 10 \%
25°C 210 300
VoL Low-level output voltage Vip=-1YV, lon =4 mA 125°C 500 mV
Ibp Supply current (all four comparators) | Outputs low, No load 257 % 80 A
—-55°C to 125°C 175
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V.
3 1,
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



TLC3704, TLC3704M
QUAD MICROPOWER LinCMOS™ VOLTAGE COMPARATORS

SLCS117C - NOVEMBER 1986 — REVISED NOVEMBER 2009

recommended operating conditions

TLC3704Q
MIN NOM MAX UNIT
Supply voltage, Vpp 3 5 16 \Y
Common-mode input voltage, V|c -0.2 Vpp-1.5 \%
High-level output current, loy -20 mA
Low-level output current, Ig. 20 mA
Operating free-air temperature, Tp -40 125 °C

electrical characteristics at specified operating free-air temperature, Vpp = 5 V, V|c = 0 (unless
otherwise noted)

TLC3704Q
PARAMETER TEST CONDITIONS Ta MIN TYP  MAX UNIT
\Y Input offset voltage Vop=5V10 10V, 25°C 12 > mv
10 P 9 Vic = Vicgmin, See Note 3 | -40°C to 125°C 7
25°C 1 pA
lio Input offset current Vic=25V 125°C 15 vy
25°C 5 pA
lis Input bias current Vic=25V 125°C 30 A
Vier Common-mode input voltage 25°C 0toVpp -1 v
range ~40°C 10 125°C | 0to Vpp - 1.5
25°C 84
CMRR Common-mode rejection ratio Vic = Vicrmin 125°C 83 dB
—40°C 83
25°C 85
ksvr  Supply-voltage rejection ratio Vpp=5Vto10V 125°C 85 dB
—-40°C 83
25°C 4.5 4.7
VoH High-level output voltage Vp=1YV, loH=-4 mA 125G a0 \Y
25°C 210 300
VoL Low-level output voltage Vp=-1V, lon =4 mA 125G 500 mV
Ipp Supply current (all four Outputs low, No load 25C 3 8 UA
comparators) -40°C to 125°C 175

NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V.
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switching characteristics, Vpp =5V, Tp = 25°C

TLC3704C, TLC3704I
PARAMETER TEST CONDITIONS TLC3704M, TLC3704Q | yNiT
MIN TYP MAX

Overdrive =2 mV 45
Overdrive =5 mV 27
f=10kHz, Overdrive = 10 mV 1.9

tpun  Propagation delay time, low-to-high-level outputt CL=50pF Overdrive = 20 mv 12 us
Overdrive = 40 mV 1.1
V)=1.4-Vstep at IN+ 1.1
Overdrive =2 mV 4
Overdrive =5 mV 2.3
f=10kHz, Overdrive = 10 mV 15

tpy.  Propagation delay time, high-to-low-level outputt CL=50pF Overdrive = 20 mV 0.95 us
Overdrive = 40 mV 0.65
V)=1.4-Vstep at IN+ 0.15

t Fall time fCT_ loslészlg Overdrive = 50 mV 50 ns

tr Rise time fCT_ lOSEHpZ'_i Overdrive = 50 mV 125 ns

t Simultaneous switching of inputs causes degradation in output response.
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PRINCIPLES OF OPERATION

LinCMOS process

The LinCMOS process is a linear polysilicon-gate CMOS process. Primarily designed for single-supply
applications, LinCMOS products facilitate the design of a wide range of high-performance analog functions from
operational amplifiers to complex mixed-mode converters.

This short guide is intended to answer the most frequently asked questions related to the quality and reliability
of LinCMOS products. Direct further questions to the nearest Tl field sales office.

electrostatic discharge

CMOS circuits are prone to gate oxide breakdown when exposed to high voltages even if the exposure is only
for very short periods of time. Electrostatic discharge (ESD) is one of the most common causes of damage to
CMOS devices. It can occur when a device is handled without proper consideration for environmental
electrostatic charges, e.g., during board assembly. If a circuit in which one amplifier from a dual op amp is being
used and the unused pins are left open, high voltages tends to develop. If there is no provision for ESD
protection, these voltages may eventually punch through the gate oxide and cause the device to fail. To prevent
voltage buildup, each pin is protected by internal circuitry.

Standard ESD-protection circuits safely shunt the ESD current by providing a mechanism whereby one or more
transistors break down at voltages higher than the normal operating voltages but lower than the breakdown
voltage of the input gate. This type of protection scheme is limited by leakage currents which flow through the
shunting transistors during normal operation after an ESD voltage has occurred. Although these currents are
small, on the order of tens of nanoamps, CMOS amplifiers are often specified to draw input currents as low as
tens of picoamps.

To overcome this limitation, Tl design engineers developed the patented ESD-protection circuit shown in
Figure 1. This circuit can withstand several successive 2-kV ESD pulses, while reducing or eliminating leakage
currents that may be drawn through the input pins. A more detailed discussion of the operation of the TI
ESD-protection circuit is presented on the next page.

All input and output pins on LInCMOS and Advanced LinCMOS products have associated ESD-protection
circuitry that undergoes qualification testing to withstand 2000 V discharged from a 100-pF capacitor through
a 1500-Q resistor (human body model) and 200 V from a 100-pF capacitor with no current-limiting resistor
(charged device model). These tests simulate both operator and machine handling of devices during normal
test and assembly operations.

Vbp

R1
Input ‘ To Protected Circuit

Q1 sz

R2

GND

Figure 1. LinCMOS ESD-Protection Schematic
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PRINCIPLES OF OPERATION

input protection circuit operation

Texas Instruments patented protection circuitry allows for both positive- and negative-going ESD transients.
These transients are characterized by extremely fast rise times and usually low energies, and can occur both
when the device has all pins open and when it is installed in a circuit.

positive ESD transients

Initial positive charged energy is shunted through Q1 to Vgg. Q1 turns on when the voltage at the input rises
above the voltage on the Vpp pin by a value equal to the Vgg of Q1. The base current increases through R2
with input current as Q1 saturates. The base current through R2 forces the voltage at the drain and gate of Q2
to exceed its threshold level (V1 ~ 22 to 26 V) and turn Q2 on. The shunted input current through Q1 to Vgg is
now shunted through the n-channel enhancement-type MOSFET Q2 to Vgg. If the voltage on the input pin
continues to rise, the breakdown voltage of the zener diode D3 is exceeded, and all remaining energy is
dissipated in R1 and D3. The breakdown voltage of D3 is designed to be 24 to 27 V, which is well below the gate-
oxide voltage of the circuit to be protected.

negative ESD transients

The negative charged ESD transients are shunted directly through D1. Additional energy is dissipated in R1
and D2 as D2 becomes forward biased. The voltage seen by the protected circuit is — 0.3 V to -1 V (the forward
voltage of D1 and D2).

circuit-design considerations

LinCMOS products are being used in actual circuit environments that have input voltages that exceed the
recommended common-mode input voltage range and activate the input protection circuit. Even under normal
operation, these conditions occur during circuit power up or power down, and in many cases, when the device
is being used for a signal conditioning function. The input voltages can exceed V|cr and not damage the device
only if the inputs are current limited. The recommended current limit shown on most product data sheets is
+5 mA. Figures 2 and 3 show typical characteristics for input voltage versus input current.

Normal operation and correct output state can be expected even when the input voltage exceeds the positive
supply voltage. Again, the input current should be externally limited even though internal positive current limiting
is achieved in the input protection circuit by the action of Q1. When Q1 is on, it saturates and limits the current
to approximately 5-mA collector current by design. When saturated, Q1 base current increases with input
current. This base current is forced into the Vpp pin and into the device Ipp or the Vpp supply through R2
producing the current limiting effects shown in Figure 2. This internal limiting lasts only as long as the input
voltage is below the V1 of Q2.

When the input voltage exceeds the negative supply voltage, normal operation is affected and output voltage
states may not be correct. Also, the isolation between channels of multiple devices (duals and quads) can be
severely affected. External current limiting must be used since this current is directly shunted by D1 and D2 and
no internal limiting is achieved. If normal output voltage states are required, an external input voltage clamp is
required (see Figure 4).

{'} TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 9



TLC3704, TLC3704M
QUAD MICROPOWER LinCMOS™ VOLTAGE COMPARATORS

SLCS117C - NOVEMBER 1986 — REVISED NOVEMBER 2009

PRINCIPLES OF OPERATION

circuit-design considerations (continued)

INPUT CURRENT INPUT CURRENT
Vs Vs
INPUT VOLTAGE INPUT VOLTAGE
8 I 10 T []
T = °© _ o
A=25°C P Ta=25°C |
7 - 9 ]
-
L 6 /
6 "/ /
< r
£ '// E 7 /
S 5 el 1 /
5 t 6 /
E £ /
3 4 3 s ‘
3 5
£ 3 g 4 /
| |
= - 3 /
2 - /
/ :
1 /
1 /
0 0
Vbp Vpp +4 Vpp +8 Vpp + 12 Vpp-03 Vpp-0.5 Vpp-0.7 Vpp-0.9
Vi - Input Voltage - V V, - Input Voltage - V
Figure 2 Figure 3
Vbp
Ry l\
v, . + Positive Voltage Input Current Limit :
1/2 _ _
| o> - Vi~ Vop 03V
‘ ! 5mA
Vref -
\ Negative Voltage Input Current Limit :
R = -V, = Vpp — (- 03V)
See Note A ! 5mA
NOTE A: If the correct input state is required when the negative input exceeds GND, a Schottky clamp is required.
Figure 4. Typical Input Current-Limiting Configuration for a LinCMOS Comparator
3 15
EXAS
INSTRUMENTS
10 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC3704, TLC3704M
QUAD MICROPOWER LinCMOS™ VOLTAGE COMPARATORS

SLCS117C - NOVEMBER 1986 — REVISED NOVEMBER 2009

PARAMETER MEASUREMENT INFORMATION

The TLC3704 contains a digital output stage which, if held in the linear region of the transfer curve, can cause
damage to the device. Conventional operational amplifier/comparator testing incorporates the use of a servo
loop which is designed to force the device output to a level within this linear region. Since the servo-loop method
of testing cannot be used, we offer the following alternatives for measuring parameters such as input offset
voltage, common-mode rejection, etc.

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown
in Figure 5(a). With the noninverting input positive with respect to the inverting input, the output should be high.
With the input polarity reversed, the output should be low.

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages
can be slewed as shown in Figure 5(b) for the V|cR test, rather than changing the input voltages, to provide
greater accuracy.

5V 1V
Applied V|o - Applied Vo -
Limit Vo Limit Vo
- - - - - - -4V =
(@) Vio WITHV|c =0V (b) VioWITHV|c =4V

Figure 5. Method for Verifying That Input Offset Voltage Is Within Specified Limits

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the
differential input voltage while monitoring the output state. When the applied input voltage differential is equal,
but opposite in polarity, to the input offset voltage, the output changes states.

Figure 6 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the
comparator in the linear region. The circuit consists of a switching mode servo loop in which IC1a generates
a triangular waveform of approximately 20-mV amplitude. IC1b acts as a buffer, with C2 and R4 removing any
residual d.c. offset. The signal is then applied to the inverting input of the comparator under test, while the
noninverting input is driven by the output of the integrator formed by IC1c through the voltage divider formed
by R8 and R9. The loop reaches a stable operating point when the output of the comparator under test has a
duty cycle of exactly 50%, which can only occur when the incoming triangle wave is sliced symmetrically or when
the voltage at the noninverting input exactly equals the input offset voltage.

Voltage divider R8 and R9 provides an increase in the input offset voltage by a factor of 100 to make
measurement easier. The values of R5, R7, R8, and R9 can significantly influence the accuracy of the reading;
therefore, it is suggested that their tolerance level be one percent or lower.

Measuring the extremely low values of input current requires isolation from all other sources of leakage current
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board
leakage can be measured with no device in the socket. Subsequently, this open socket leakage value can be
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the
device.
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PARAMETER MEASUREMENT INFORMATION

Vop c3
R5
IC1a 1.8 kS 1% 0.68 LF
1/4 TLC274CN K

Buffer £z IClc

W 1/4 TLC274CN

|( R6

I\ - 1 MQ

DUT
R4 + Vio
47 kQ (X100)
R7
= 1.8kQ1% Integrator
R1
240 kQ
®
IC1b N c4
1/4 TLC274CN I 0.1 uF
c1
0.1 uF 7]
Triangle R8
Generator R9 10 kQ 1%
100 Q1%
R2

10 kQ =

Figure 6. Circuit for Input Offset Voltage Measurement

Response time is defined as the interval between the application of an input step function and the instant when
the output reaches 50% of its maximum value. Response time for the low-to-high-level output is measured from
the leading edge of the input pulse, while response time for the high-to-low-level output is measured from the
trailing edge of the input pulse. Response time measurement at low input signal levels can be greatly affected
by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting input as
shown in Figure 7, so that the circuit is just at the transition point. A low signal, for example 105-mV or 5-mV
overdrive, causes the output to change state.
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PARAMETER MEASUREMENT INFORMATION

Vbb

Pulse
Generator T W
1V
10Q
10-Turn CL
Potentiometer 1KQ 01 uF (see Note A)
T o
TEST CIRCUIT
Overdrive Overdrive
X Input 100 mV L
Input _? ioomv. | !
Low-to-High High-to-Low

Level Output Level Output

VOLTAGE WAVEFORMS
NOTE A: C_ includes probe and jig capacitance.

Figure 7. Response, Rise, and Fall Times Circuit and Voltage Waveforms
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 8
Iis Input bias current vs Free-air temperature 9
CMRR Common-mode rejection ratio vs Free-air temperature 10
ksvr Supply-voltage rejection ratio vs Free-air temperature 11
. vs Free-air temperature 12
Vou High-level output current vs High-level output current 13
vs Low-level output current 14
Vou Low-level output voltage vs Free-air temperature 15
t Output transition time vs Load capacitance 16
Supply current response to an output voltage transition 17
Low-to-high-level output response for various input overdrives 18
High-to-low-level output response for various input overdrives 19
tpLH Low-to-high-level output response time vs Supply voltage 20
tpHL High-to-low-level output response time vs Supply voltage 21
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Ibp Supply current vs Supply voltage 23
vs Free-air temperature 24
INPUT BIAS CURRENT
VS
OFFSET VOLTAGE'
200— T 10 : =
VDD=5V — VDD=5V II
180 Vic=25V [ Vic=25V 7
Ta=25°C Y /
160} 698 Units Tested —/ < /
From 4 Wafer Lots /] N 1 Z
140 -
2 / o i
= = 7
S5 120 /1 3
s 4 g o L
= 100 o .
2 “ o A
E & 4 H -
2 [/ £ //
60 N !
; o .01 — ]
40 L/ —
| ; g
20
VANANANANZR
0 Al 0 | 0.001
-5 -4 -3 -2 -1 0 1 2 3 4 5 25 50 75 100 125

Vio - Input Offset Voltage - mV

Figure 8

Ta - Free-Air Temperature - °C

Figure 9

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICSt
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICSt

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
15 400
] 7 4 ]
Ta =25°C 3V / Vpp =5V
> > _ VDD
| 1.25 / 4V 7 € 350 loL = 4 mA
% 1
S / & 300
>° 1 // %
§_ / 5V ; 250 //
S o7 A A g ,/
< . / V4 (o] 200
3 / 3 ~
3 1oV L~ 2
£ s / // /J/ 3 1%
7 /A _— —1 3 g
o 7 —1_~ 1 100
L o025 v ~T— Vpp=16V — o)
- / = DD = 9
" 50
V=
0 0
0 2 4 6 8 10 12 14 16 18 20 -75 -50 -25 0 25 50 75 100 125
loL - Low-Level Output Current - mA Ta - Free-Air Temperature - °C
Figure 14 Figure 15
OUTPUT TRANSITION TIME
Vs SUPPLY CURRENT RESPONSE
LOAD CAPACITANCE TO AN OUTPUT VOLTAGE TRANSITION
250 T T
Vpp =5V v Vpp=5V
225 Tp = 25°C — Cy =50 pF
_~ f=10 kHz
200 ~ 10
o >«
] Rise Time // S E
= 175 > S
o e TE S
E 150 > — ae
=
] o3
s 125 P Fall Time 1 ° A A
5 —
S 100 ]
n 75 7 S 5
& e =
50 £
©3
25 S
()}
0 200 400 600 800 1000
C_ - Load Capacitance - pF t-Time
Figure 16 Figure 17

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICSt
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Figure 24

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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APPLICATION INFORMATION

The inputs should always remain within the supply rails in order to avoid forward biasing the diodes in the electrostatic
discharge (ESD) protection structure. If either input exceeds this range, the device is not damaged as long as the
input is limited to less than 5 mA. To maintain the expected output state, the inputs must remain within the
common-mode range. For example, at 25°C with Vpp = 5V, both inputs must remain between - 0.2 V and 4 V to
ensure proper device operation. To ensure reliable operation, the supply should be decoupled with a capacitor
(0.1 uF) that is positioned as close to the device as possible.

Output and supply current limitations should be watched carefully since the TLC3704 does not provide current
protection. For example, each output can source or sink a maximum of 20 mA; however, the total current to ground
can only be an absolute maximum of 60 mA. This prohibits sinking 20 mA from each of the four outputs simultaneously
since the total current to ground would be 80 mA.

The TLC3704 has internal ESD-protection circuits that prevents functional failures at voltages up to 2000 V as tested
under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices as exposure
to ESD may result in the degradation of the device parametric performance.

Table of Applications

FIGURE
Pulse-width-modulated motor speed controller 25
Enhanced supply supervisor 26
Two-phase nonoverlapping clock generator 27
Micropower switching regulator 28
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APPLICATION INFORMATION

12V

SN75603
5V DIR Half-H Driver
EN
1/2 TLC3704
5V
1/2 TLC3704
SN75604
® DIR Half-H Driver
EN
= 10 kQ
Motor Speed Control
Potentiometer =
5V
Direction
Control
S1
SPDT

NOTES: A. The recommended minimum capacitance is 10 uF to eliminate common ground switching noise.
B. Adjust C1 for change in oscillator frequency

Figure 25. Pulse-Width-Modulated Motor Speed Controller
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APPLICATION INFORMATION

1V
12v Vee SENSE 5V
12-V 1/2 TLC3704 10 kQ
Sense To P
TL7705A RESET Reset
= REF Cr GND
SN
1uF Cr -
I I (see Note B)
1/2 TLC3704 = =
To uP Interrupt
Vv Early Power Fail
(UNREG)

(see Note A)
Monitors 5 VDC Rail
Monitors 12 VDC Rail
Early Power Fail Warning

NOTES: A. (R1 +R2)
Vinreg) = 25—F5—

B. The value of Ct determines the time delay of reset.

Figure 26. Enhanced Supply Supervisor
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APPLICATION INFORMATION
12V

R1 12V
100 kQ

12V (see Note B)
1/2 TLC3704

OouT1

R2
5 kQ +
(see Note C)

1/2 TLC3704
100 kQ

1/2 TLC3704

2= 001 uF out2

n
(see Note A)

100 kQ R3

100 kQ =
€ (see Note B)

12V

ouT1

OUT2—| | | |_

NOTES: A. Adjust C1 for a change in oscillator frequency where:
1/f = 1.85(100 kQ)C1
B. Adjust R1 and R3 to change duty cycle
C. Adjust R2 to change deadtime

Figure 27. Two-Phase Nonoverlapping Clock Generator
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APPLICATION INFORMATION

V, = 6Vto16V
I, = 0.01 mAto 0.25 mA

L=
_ ,:(R1 + R2)
v0 = 25—~
R2
1/2 TLC3704
v, SK9504
1/2 TLC3704 (see Note C)
Vi
+
47 uF
. Tantalum
A IN5818
(see Note A) - =
R=6Q
L=1mH
1 (see Note D)
Vo
100 kQ
TLC271 V,
(see Note B) ! e
470 \F
) T
R2 -
100 kQ

100 pF

100 kQ

270 kQ

LM385

NOTES: A. Adjust C1 for a change in oscillator frequency
B. TLC271 - Tie pin 8 to pin 7 for low bias operation
C. SK9504 - VDS =40V
IDS = 1 Awill
D. To achieve microampere current drive, the inductance of the circuit must be increased.

Figure 28. Micropower Switching Regulator
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (4/5)
5962-9096901M2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55to 125 5962- K srralE
9096901M2A SR
TLC3704
MFKB
5962-9096901MCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type -55 to 125 5962-9096901MC Samples
A 3 ]
TLC3704MJB
TLC3704CD ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3704C
& no Sh/Br) a =
TLC3704CDR ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLC3704C
& no Sb/Br) R
TLC3704CN ACTIVE PDIP N 14 25 Green (RoHS CU NIPDAU N / A for Pkg Type 0to 70 TLC3704CN Samples
& no Sb/Br) R
TLC3704CNSR ACTIVE SO NS 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 TLC3704 Eerore:
& no Sh/Br) R
TLC3704CPW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 P3704
& no Sb/Br) s
TLC3704CPWR ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 P3704 ol
& no Sb/Br) s
TLC3704CPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 P3704 ol
& no Sb/Br) s
TLC37041D ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3704I o
Samples
& no Sh/Br)
TLC3704I1DG4 ACTIVE SOIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3704I
& no Sh/Br) . =
TLC3704IDR ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TLC3704I Samples
& no Sh/Br) a =
TLC3704IN ACTIVE PDIP N 14 25 Green (RoHS CU NIPDAU N/ A for Pkg Type -40 to 85 TLC3704IN Samples
& no Sh/Br) a =
TLC3704IPW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 P3704I
& no Sh/Br) a =
TLC3704IPWR ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 P3704I
& no Sh/Br) a =
TLC3704MD ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -55to 125 TLC3704MD Samples
& no Sb/Br) - =
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 2 (6) ®3) (415)
TLC3704MDG4 ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55t0 125 PJ3704M m
& no Sh/Br)
TLC3704MDR ACTIVE SoIC D 14 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55 to 125 TLC3704MD ol
& no Sh/Br) P
TLC3704MFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- B o
9096901M2A £
TLC3704
MFKB
TLC3704MJB ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type -55to 125 5962-9096901MC Samples
A
TLC3704MJB

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLC3704, TLC3704M :
o Catalog: TLC3704

o Automotive: TLC3704-Q1, TLC3704-Q1

o Military: TLC3704M

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

o Military - QML certified for Military and Defense Applications

Addendum-Page 3


http://focus.ti.com/docs/prod/folders/print/tlc3704.html
http://focus.ti.com/docs/prod/folders/print/tlc3704-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc3704-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc3704m.html

i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 11-May-2016
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLC3704CDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC3704CNSR SO NS 14 2000 330.0 16.4 8.2 105 | 25 12.0 | 16.0 Q1
TLC3704CPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC3704IDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC3704IPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC3704MDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 11-May-2016
TAPE AND REEL BOX DIMENSIONS
,/”?/
;
e ~.
/\g\ /)i\
™~ e
- //' "\.\ 7
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC3704CDR SoIC D 14 2500 367.0 367.0 38.0
TLC3704CNSR SO NS 14 2000 367.0 367.0 38.0
TLC3704CPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLC3704IDR SolIC D 14 2500 367.0 367.0 38.0
TLC3704IPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLC3704MDR SOIC D 14 2500 367.0 367.0 38.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
J 14 CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040083-5/G

13 TEXAS
INSTRUMENTS



PACKAGE OUTLINE

JOO14A CDIP - 5.08 mm max height
CERAMIC DUAL IN LINE PACKAGE
PIN 11D Al 4X.005MIN
(OPTIONAL) [A] [0.13] ﬁ .81358;.(1)6502 TYP
1 } 1
12><ﬁ) {M } H J‘ ’ T
[2.54] 14X .014-.026
14X .045-.065 :
T {h } RS [0.36-0.66]
|9 [.010 [0.25][c[A[B]
754-.785
{ } [19.15-19.94]
7 { } 8
N Y
-245-.283 J —={ 2MAXTYP 13 MIN TYP
[6.22-7.19] [5.08] 23]
SEATING PLANE
T .308-.314
[7.83-7.97]
T GAGE PLANE
T 015 |GAGE PLANE

‘/ 0°-15°
TYP

[0.38]

»\\—r 14X .008-.014

[0.2-0.36]

4214771/A 05/2017

NOTES:

1. All controlling linear dimensions are in inches. Dimensions in brackets are in millimeters. Any dimension in brackets or parenthesis are for
reference only. Dimensioning and tolerancing per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermitically sealed with a ceramic lid using glass frit.

4. Index point is provided on cap for terminal identification only and on press ceramic glass frit seal only.

5. Falls within MIL-STD-1835 and GDIP1-T14.

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
JOO14A CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

e (300 ) TYP
SEE DETAIL A A~ [7.62]
1! \ H @ V14
/

/SEE DETAIL B

\
/

N4 | N
S ‘ —
- @ - O
12X (.100 ) \ ‘
[2.54] | i
& | ©
e -
— — - + —
14X (B .039) ‘
"o | ©
|
© . ©
|
© ) O
SYMM
¢
LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED
SCALE: 5X
002 MAX ﬂ (.063)
0.05 [1.6]
ALIE AR(])UND I METAL (®.063)
SOLDER MASK [1.6]
L~ OPENING
\METAL JL
/ 002 MAX
(R.002 ) TYP el S A [0.05]
[0.05] ALL AROUND
DETAIL A DETAIL B
SCALE: 15X 13X, SCALE: 15X
4214771/A 05/2017
13 TEXAS
INSTRUMENTS
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
@
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
0010 (0.25) / ﬁ
0.005 (0,15)1 )/
/ | \
. 1 ‘ //\ | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 0-8" N L7
~_| . __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

w3 TExas
INSTRUMENTS
www.ti.com



LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

ExampItENIz(tJ;Jrg)Layout Note D
——  ~—12x1,27 —= =—14x0,55
‘ ‘ ‘ — 12427
AN NEEN 14%1 50 AN
uuguuy * oottt r
5,40 5,40
TN,
monnnon \ NAn A AAn \
\uauudn U0ttt otd
\“//
Example

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

.'/ \ Example
.‘ * / Solder Mask Opening
' ' (See Note E)
\ =007 /
\ All Around /

\. /

\\ /,
. -
N~ - —
4211283-3/E 08/12
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

wi3 TEXAS
INSTRUMENTS

www.ti.com



MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.

i3 TEXAS
INSTRUMENTS
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AWK | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

b TExAS
INSTRUMENTS
www.ti.com



MECHANICAL DATA

FK (S*CQCC*N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
- 8 17 16 15 14 13 12 NO. OF A 5
TERMINALS
/e ™ o MIN MAX MIN MAX
19 11
20 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) | (9,09) | (7,80) | (9,09)
o1 9 )8 0.4472 | 0.458 | 0.406 | 0.458
— (11,23) |(11,63) | (10,31) | (11,63)
22 8 an 0.640 | 0.660 | 0.495 | 0.560
A SQ . : (16,26) |(16,76) | (12,58) | (14,22)
59 0.740 | 0.761 | 0.495 | 0.560
24 6 (18,78 (19,32) | (12,58) |(14,22)
0.938 | 0.962 | 0.850 | 0.858
25 5
g 88 1193,83)|(24.43)| (21,6) | (21.,8)
84 1141 1.165 1.047 | 1.063
26 27 28 1 2 3 4 (28,99) [(29,59) | (26,6) | (27.0)
’ 0.080 (2,03)
0.064 (1,63)
£ 0020 (0,51) &

0.010 (0,25)

0045 (1,14)

0.035 (0,89)

A b

, , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)

4040140/D 01/11

A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004

wi3 TEXAS
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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CAT5113

100-tap Digital
Potentiometer (POT)

Description

The CAT5113 is a single digital POT designed as an electronic
replacement for mechanical potentiometers. Ideal for automated
adjustments on high volume production lines, they are also well suited
for applications where equipment requiring periodic adjustment is
either difficult to access or located in a hazardous or remote
environment.

The CAT5113 contains a 100-tap series resistor array connected
between two terminals Ryy and Ry. An up/down counter and decoder
that are controlled by three input pins, determines which tap is
connected to the wiper, Ry. The wiper setting, stored in nonvolatile
memory, is not lost when the device is powered down and is
automatically reinstated when power is returned. The wiper can be
adjusted to test new system values without affecting the stored setting.
Wiper-control of the CAT5113 is accomplished with three input
control pins, CS, U/D, and INC. The INC input increments the wiper
in the direction which is determined by the logic state of the U/D input.
The CS input is used to select the device and also store the wiper
position prior to power down.

The digital POT can be used as a three-terminal resistive divider or
as a two-terminal variable resistor.

Features

® 100-position Linear Taper Potentiometer

® Non-volatile EEPROM Wiper Storage

® 10 nA Ultra-low Standby Current

® Single Supply Operation: 2.5V -6.0V

® Increment Up/Down Serial Interface

® Resistance Values: 1 k2, 10 k€2, 50 k2 and 100 k€2

® Available in PDIP, SOIC, TSSOP and MSOP Packages

® These Devices are Pb-Free, Halogen Free/BFR Free and are RoHS
Compliant

Applications

® Automated Product Calibration

® Remote Control Adjustments

® Offset, Gain and Zero Control

® Tamper-proof Calibrations

¢ Contrast, Brightness and Volume Controls
® Motor Controls and Feedback Systems

® Programmable Analog Functions

© Semiconductor Components Industries, LLC, 2013 1
June, 2013 - Rev. 26

ON Semiconductor®

http://onsemi.com

*

MSOP-8

V SUFFIX Z SUFFIX
CASE 751BD CASE 846AD

PDIP-8 TSSOP-8

L SUFFIX Y SUFFIX
CASE 646AA CASE 948AL

PIN CONFIGURATIONS

INC I:I1: O O Ve
U/D O o CS
RH (== mm] RL

GND 0O ==V

PDIP (L), SOIC (V), MSOP (2)

cs o b R,
Veg HID 3 Ryp
INC oI T GND
U/D &4 T Ry

TSSOP (Y)
(Top Views)
PIN FUNCTION
Pin Name Function
INC Increment Control
u/D Up/Down Control
Ry Potentiometer High Terminal
GND Ground
Rw Wiper Terminal
R Potentiometer Low Terminal
CS Chip Select
Vee Supply Voltage

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 9 of this data sheet.

Publication Order Number:
CAT5113/D




CAT5113

DEVICE MARKING INFORMATION
PDIP SOoIC MSOP TSSOP

HEEEEEE AAARA

] 1
RL4A RL4A — 1] — O I
CAT5113LT CAT5113VT AARR (= A3RL 11
MO QYMXXXX — YMP ] (= 4YMXXX -
o H H H H | ] - (11T
NN
R = Resistance: AARR = CAT5113ZI-10-T3 A3 = Device Code
0=1kQ AARC = CAT5113ZI-50-T3 R = Resistance:
2=10kQ AARG = CAT5113ZI-00-T3 2=10kQ
4 =50 kQ Y = Production Year (Last Digit) 4 =50 kQ
5 =100 kQ M = Production Month (1-9, A, B, C) 5 =100 kQ
L = Assembly Location P = Product Revision L = Assembly Location
4 = Lead Finish — NiPdAu 4 = Lead Finish - NiPdAu
A = Product Revision (Fixed as “A”) Y = Production Year (Last Digit)
CAT5113L = Device Code (PDIP) M = Production Month (1-9, A, B, C)
CAT5113V = Device Code (SOIC) XXX = Last Three Digits of
T = Temperature Range (Industrial) Assembly Lot Number

Y = Production Year (Last Digit)
M = Production Month (1-9, A, B, C)
XXXX = Last Four Digits of Assembly Lot Number

http://onsemi.com
2
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Functional Diagram

uD 5-Bit P E—= TRy
—_— | | RH
INC —Lle—>| Up/Down —
Vee TS LH-e+| Counter 30 pH | |
n | |
R 29 [ | —e
uD ! 5-Bit | | ,
Control ' Nonvolatile 28 P14 | I
INC and ! Rw Memory 10f32 | | |Transfer| IResistorl | '
s Memory ) Decoder | | Gates | L Array | | , T Rw
CS
P%wer ﬁn 2p | '
eca
T Re | Store and | | o
Lt —* Recall 1P |
GND Vee :3:: Control | | °—¢
GND Circuitry 0
T =
LeeY/—/——— R

Figure 1. General

Pin Description
INC: Increment Control Input

The INC input moves the wiper in the up or down direction
determined by the condition of the U/D input.

U/D: Up/Down Control Input

The U/D input controls the direction of the wiper movement.
When in a high state and CS is low, any high—to-low
transition on INC will cause the wiper to move one
increment toward the Ry terminal. When in a low state and
CS is low, any high-to-low transition on INC will cause the
wiper to move one increment towards the Ry, terminal.

Rpy: High End Potentiometer Terminal

Ry is the high end terminal of the potentiometer. It is not
required that this terminal be connected to a potential greater
than the Ry terminal. Voltage applied to the Ry terminal
cannot exceed the supply voltage, Vcc or go below ground,
GND.

Rw: Wiper Potentiometer Terminal

Ry is the wiper terminal of the potentiometer. Its position on
the resistor array is controlled by the control inputs, INC,
U/D and CS. Voltage applied to the Ry terminal cannot
exceed the supply voltage, Vcc or go below ground, GND.

Ry.: Low End Potentiometer Terminal

Ry is the low end terminal of the potentiometer. It is not
required that this terminal be connected to a potential less
than the Ry terminal. Voltage applied to the Ry terminal
cannot exceed the supply voltage, V¢ or go below ground,
GND. R and Ry are electrically interchangeable.

CS: Chip Select

The chip select input is used to activate the control input of
the CAT5113 and is active low. When in a high state, activity
on the INC and U/D inputs will not affect or change the
position of the wiper.

Figure 2. Detailed

Figure 3. Electronic
Potentiometer
Implementation

Device Operation

The CAT5113 operates like a digitally controlled
potentiometer with Ry and Ry, equivalent to the high and low
terminals and Rw equivalent to the mechanical
potentiometer’s wiper. There are 100 available tap positions
including the resistor end points, Ry and Ry. There are 99
resistor elements connected in series between the Ry and Ry,
terminals. The wiper terminal is connected to one of the 100
taps and controlled by three inputs, INC, U/D and CS. These
inputs control a seven—bit up/down counter whose output is
decoded to select the wiper position. The selected wiper
position can be stored in nonvolatile memory using the INC
and CS inputs.

With CS set LOW the CAT5113 is selected and will
respond to the U/D and INC inputs. HIGH to LOW
transitions on INC will increment or decrement the wiper
(depending on the state of the U/D input and seven-bit
counter). The wiper, when at either fixed terminal, acts like
its mechanical equivalent and does not move beyond the last
position. The value of the counter is stored in nonvolatile
memory whenever CS transitions HIGH while the INC input
is also HIGH. When the CAT5113 is powered-down, the last
stored wiper counter position is maintained in the
nonvolatile memory. When power is restored, the contents
of the memory are recalled and the counter is set to the value
stored.

With INC set low, the CAT5113 may be de-selected and
powered down without storing the current wiper position in
nonvolatile memory. This allows the system to always
power up to a preset value stored in nonvolatile memory.

http://onsemi.com



CAT5113

Table 1. OPERATION MODES

INC CS uD Operation
High to Low Low High Wiper toward H
High to Low Low Low Wiper toward L
High Low to High Store Wiper Position
Low Low to High No Store, Return to Standby
X High X Standby
Table 2. ABSOLUTE MAXIMUM RATINGS
Parameters Ratings Units
Supply Voltage \%
Ve to GND -0.5t0 +7
Inputs \Y
CSto GND -0.5t0 Vgg +0.5
INC to GND -0.5t0 Vgg +0.5 \Y
U/D to GND -0.5t0 Vgg +0.5 \Y
H to GND -0.5t0 Vgc +0.5 \Y
L to GND -0.5t0 Vgg +0.5 \
W to GND -0.5t0 Vg +0.5 \Y
Operating Ambient Temperature °C
Commercial (‘C’ or Blank suffix) 0to 70
Industrial (‘I' suffix) -40 to +85 °C
Junction Temperature +150 °C
Storage Temperature -65 to 150 °C
Lead Soldering (10 s max) +300 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.

Table 3. RELIABILITY CHARACTERISTICS

Symbol Parameter Test Method Min Typ Max Units
Vzap (Note 1) ESD Susceptibility MIL-STD-883, Test Method 3015 2000 \Y
I.TH (Notes 1, 2) Latch-Up JEDEC Standard 17 100 mA

Tpbr Data Retention MIL-STD-883, Test Method 1008 100 Years

NEND Endurance MIL-STD-883, Test Method 1003 1,000,000 Stores

1. This parameter is tested initially and after a design or process change that affects the parameter.
2. Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 Vto Vgg + 1V

http://onsemi.com
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CAT5113

Table 4. DC ELECTRICAL CHARACTERISTICS (V¢ = +2.5 V to +6 V unless otherwise specified)

Symbol Parameter | Conditions Mn | Typ | Max [ units |
POWER SUPPLY
Veo Operating Voltage Range 2.5 - 6.0 Vv
lcct Supply Current (Increment) Vec=6V,f=1MHz, ly=0 - - 100 uA
Voc =6V, f=250kHz, Iy =0 - - 50 uA
lcc2 Supply Current (Write) Programming, Vg =6 V - - 1000 uA
Vec=3V - - 500 uA
Isg1 (Note 3) Supply Current (Standby) CS=Vgc-03V - 0.01 1 uA
U/D, INC = Vgc - 0.3V or GND
LOGIC INPUTS
i1 Input Leakage Current Vin = Vee - - 10 uA
IiL Input Leakage Current Vin=0V - - -10 uA
ViH2 CMOS High Level Input Voltage 25V=Vgc=6V Ve x 0.7 - Vce + 0.3 \
VLo CMOS Low Level Input Voltage -0.3 - Voo x 0.2 \Y
POTENTIOMETER CHARACTERISTICS
RpoT Potentiometer Resistance -01 Device 1 kQ
-10 Device 10
-50 Device 50
-00 Device 100
Pot. Resistance Tolerance =20 %
VRH Voltage on Ry pin 0 Vee \%
VRL Voltage on R pin 0 Vee \%
Resolution 1 %
INL Integral Linearity Error lw =2 uA 0.5 1 LSB
DNL Differential Linearity Error lw=2uA 0.25 0.5 LSB
Rwi Wiper Resistance Vec=5V, lw=1mA 400 Q
Vec=25V, lyw=1mA 1000 Q
Iw Wiper Current (Note 4) -4.4 4.4 mA
TCrpPoOT TC of Pot Resistance 300 ppm/°C
TCRrATIO Ratiometric TC 20 ppm/°C
VN Noise 100 kHz / 1 kHz 8/24 nVAVHz
Cu/CL/Cw Potentiometer Capacitances 8/8/25 pF
fc Frequency Response Passive Attenuator, 10 kQ 1.7 MHz

3. Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1 Vto Vgg + 1V

4. This parameter

is not 100% tested.

http://onsemi.com
5



Table 5. AC TEST CONDITIONS

CAT5113

Ve Range

25V =Vgc=6V

Input Pulse Levels

0.2 Vg t0 0.7 Vg

Input Rise and Fall Times

10 ns

Input Reference Levels

0.5 Vge

Table 6. AC OPERATING CHARACTERISTICS (Vcc = +2.5V 10 +6.0 V, Vy = Ve, VL = 0V, unless otherwise specified)

Symbol Parameter Min Typ (Note 5) Max Units
to CS to INC Setup 100 - - ns
tpi U/D to INC Setup 50 - - ns
tip U/D to INC Hold 100 - - ns
e INC LOW Period 250 - - ns
tiH INC HIGH Period 250 - - ns
tic INC Inactive to CS Inactive 1 - - us

topH CS Deselect Time (NO STORE) 100 - - ns
tcPH CS Deselect Time (STORE) 10 - - ms

tiw INC to Voyt Change - 1 5 us

tcye INC Cycle Time 1 - - us

tr, tr (Note 6) | INC Input Rise and Fall Time - - 500 us
tpy (Note 6) Power-up to Wiper Stable - — 1 ms
twr Store Cycle - 5 10 ms

5. Typical values are for Ty = 25°C and nominal supply voltage.

6. This parameter is periodically sampled and not 100% tested.
7. Mlin the A.C. Timing diagram refers to the minimum incremental change in the W output due to a change in the wiper position.

(o]

S

R

| e

tcye \

tol et ty — >ty —>|

| 90%

90% |
10%

Figure 4. A.C. Timing

http://onsemi.com
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APPLICATIONS INFORMATION

— — —wW—

T

- - -4 - - - -

(a) resistive divider (b) variable resistance (c) two-port

Figure 5. Potentiometer Configuration

Applications
Vv 3
10) 1 Ra R4 +5V
2 —VW\— +5V
2 |8
—1s-| Ra L
+5V b AAN— +5V _; E’E F--F- 4 8
2 _| 8 Ro ) 4 A 1a Tl
1E Ry 10 Vo 4l 8
12571 Ro 8 =
7|a% - AA— " Rs 555
T =
= Rs R4 5
CAT\&/'>1:3)/5114 6 - ANA AAA 125V __|_
+
2 5 A1 = Ag = Ag = 1/, LM6064 I 0.01 uF 2 1 oo
Ro = Ry = Ry = 5 kO 0.003 uF = =
Rpot = 10 kQ
Figure 6. Programmable Instrumentation Figure 7. Programmable Sq. Wave Oscillator (555)
Amplifier
IC3A

OSC

1/, 74HC132

B

10 kQ2

VRer =1V
r— q
+5V
I |8 +200 mV I %2(”( IC1B
2I—
RIS | =
HEC S . |
| 4 ¥ I VCORR 499 kQ
| | AN b
= = - | 499 kQ ey
I | 2 4
| CAT5|2;121/5112 | 1  Vour=1Va1mv
b - 3 11 IC1A
-5V
AN
499 kQ 499 kQ

Vsensor =1V =50 mV

Figure 8. Sensor Auto Referencing Circuit
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100 k2 +5V
AN o 18
1| = | CAT5113/5114
=12 ---»
Vourt _T_ _T_ Vo (REG) 7l a%
4
Vin (UNREG) | 2952 Ry =

SHUTDOWN

SD
GND )
O .
2 8 '
R -
] §,2 —————————————
18" cats113/5114
4l -
=  LT1097 125V
Figure 9. Programmable Voltage Regulator Figure 10. Programmable | to V Converter
V
® IC1
393
e 2 Vu R
74HC132 - AN J_
3] - C
Ro 0.001 uF
6 TuF gy T Ca
—e | |
ST R Ve —F—w |
L ‘TIs > WSV 0.001 uF
- VuL +5V
212 % 1Ro2k§z
IC3 +5V 8= |
CAT5111/5112 — oQ|---"
7| g .
+5V ]
| 8 4J_ CAT5113/5114
2= 10 kQ2 =
1 ‘gs ______ Vo
7] 8 ol 0<Vo=25V Figure 12. Programmable Bandpass Filter
4 1C4
Vg t25V
= 0=Vg=25V

Figure 11. Automatic Gain Control

|

|

I

| Serial
| Bus
I

|

|

I_CAT5111/5112

+25V

Aq = Ap = LMCB0B4A

Figure 13. Programmable Current Source/Sink
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Table 7. ORDERING INFORMATION

Orderable Part Number Resistance (kQ) Lead Finish Package-Pins Shippingt
CAT5113LI-01-G 1
CAT5113LI-10-G 10
CAT5113LI-50-G 50 NiPdAu (EB'FF};; 50 Units / Rail
CAT5113LI-00-G 100
CAT5113VI-01-GT3 1
CAT5113VI-10-GT3 10 | Solo-s
CAT5113VI-50-GT3 50 NiPdAu (Pb-Free) 3000 / Tape & Reel
CAT5113VI-00-GT3 100
CAT5113Y1-01-GT3 1
CAT5113Y1-10-GT3 10
CAT5113Y1-50-GT3 50 NiPdAu Isf_?ﬁ;;? 3000/ Tape & Reel
CAT5113Y1-00-GT3 100
CAT5113Z1-01-T3 1
CAT5113ZI-10-T3 10
CAT5113ZI-50-T3 50 Matte-Tin (,“ﬂﬁ_%fgg 3000/ Tape & Reel
CAT5113Z1-00-T3 100

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

8. All packages are RoHS-compliant (Pb-Free, Halogen-Free).

9. The standard lead finish is NiPdAu, except MSOP package is Matte-Tin.

10. Contact factory for Matte-Tin finish availability for PDIP, SOIC and TSSOP packages.

http://onsemi.com
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PACKAGE DIMENSIONS

PDIP-8, 300 mils

(1) All dimensions are in millimeters.
(2) Complies with JEDEC MS-001.

http://onsemi.com
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CASE 646AA
ISSUE A
i SYMBOL | MIN NOM MAX
\ A 5.33
I
‘ A1 0.38
P A2 2.92 3.30 4.95
/ ‘ A\ b 0.36 0.46 0.56
I (,,71‘7,L,777777 E1 b2 114 1.52 1.78
\ ‘ / 0.20 0.25 0.36
N \‘ 7 9.02 9.27 10.16
QO ‘ 7.62 7.87 8.25
L ‘ E1 6.10 6.35 7.11
‘ e 254 BSC
eB 7.87 10.92
PIN # 1
IDENTIFICATION L 2.92 3.30 3.80
D
TOP VIEW
< E -
I
‘ A2 [ ‘ I
‘ [‘::***::j Y f———t———1
1 | — «— b2 —
Lo | |
S | \ I i
L— e —J —»| |«—b eB
SIDE VIEW END VIEW
Notes:



CAT5113

PACKAGE DIMENSIONS

i HHE

- - - E1 E
\
H\0 | H
PIN # 1
IDENTIFICATION
TOP VIEW
- D -
- mol
: | | ] * ‘
e > —» [«—0b f
SIDE VIEW

Notes:

SOIC 8, 150 mils
CASE 751BD
ISSUE O

(1) All dimensions are in millimeters. Angles in degrees.

(2) Complies with JEDEC MS-012.

SYMBOL MIN NOM MAX
A 1.35 1.75
Al 0.10 0.25
b 0.33 0.51
c 0.19 0.25
D 4.80 5.00
E 5.80 6.20
E1 3.80 4.00
e 1.27 BSC
h 0.25 0.50
L 0.40 1.27
S 0° 8°

http://onsemi.com
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END VIEW
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TOP VIEW
< D >
o
A A2 T ‘
ERwnt
A AN
SIDE VIEW
Notes:

CAT5113

PACKAGE DIMENSIONS

MSOP 8, 3x3
CASE 846AD
ISSUE O
SYMBOL | MIN NOM MAX
A 1.10
Al 0.05 0.10 0.15
A2 075 0.85 0.95
b 0.22 0.38
c 0.13 0.23
D 2.90 3.00 3.10
E 4.80 4.90 5.00
E1 2.90 3.00 3.10
0.65 BSC
040 | o060 | o080
L1 0.95 REF
L2 0.25 BSC
0 o | G
RN
/
| Ié {\ E >‘7 DETAIL A
¥ AN /
. -
END VIEW

—

7

=

(1) All dimensions are in millimeters. Angles in degrees.
(2) Complies with JEDEC MO-187.

e— L1

DETAIL A

http://onsemi.com
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PACKAGE DIMENSIONS

TSSOPS, 4.4x3
CASE 948AL
ISSUE O

B
H H SYMBOL| MIN NOM MAX
I A 1.20
I Al 0.05 0.15
I A2 0.80 0.90 1.05
I b 0.19 0.30
_ 77+ ,,,,, | E1 E c 0.09 0.20
I D 2.90 3.00 3.10
w E 6.30 6.40 6.50
@ I E1 4.30 4.40 450
| e 0.65 BSC
‘ L 1.00 REF
! L1 0.50 0.60 0.75
ililili s ;
e
TOP VIEW
< D >

/
! S
A1 ‘J L1

<—£—>
/I’\
I
I
I
s
— f—
<— > —>
-

- | —»

SIDE VIEW END VIEW

Notes:

(1) All dimensions are in millimeters. Angles in degrees.
(2) Complies with JEDEC MO-153.
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THS413x High-Speed, Low-Noise, Fully-Differential /0 Amplifiers
1 Features 3 Description

» High Performance
— 150 MHz, -3 dB Bandwidth (V¢ = £15 V)
— 51 V/ps Slew Rate

— =100 dB Third Harmonic Distortion at
250 kHz

» Low Noise
— 1.3 nV/VHz Input-Referred Noise
 Differential-Input/Differential-Output

— Balanced Outputs Reject Common-Mode
Noise

— Reduced Second-Harmonic Distortion Due to
Differential Output

e Wide Power-Supply Range
— Ve =5V Single Supply to £15 V Dual Supply
* lcc(sp) = 860 YA in Shutdown Mode (THS4130)

2 Applications

» Single-Ended To Differential Conversion
» Differential ADC Driver

» Differential Antialiasing

» Differential Transmitter And Receiver

e Output Level Shifter

Typical A/D Application Circuit

7@

DIGITAL
OUTPUT

The THS413x device is one in a family of fully-
differential input/differential output devices fabricated
using Texas Instruments' state-of-the-art BiComl
complementary bipolar process.

The THS413x is made of a true fully-differential signal
path from input to output. This design leads to an
excellent common-mode noise rejection and
improved total harmonic distortion.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (8) 4,90 mm x 3.91 mm

THS4130 VSSOP (8) 3.00 mm x 3.00 mm
HVSSOP (8) 3.00 mm x 3.00 mm

SOIC (8) 4,90 mm x 3.91 mm

THS4131 VSSOP (8) 3.00 mm x 3.00 mm
HVSSOP (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Total Harmonic Distortion vs Frequency

—20 v\ \_ \2 V\ ™
@ out =2 Vpp
T =30
5
g -40
o
7]
a -5 /
2 /
§ -60 7
£ Vee=5Vto+5V / ,
T -70 4
g P
S -80 v ~
1 //
2 -90 "

T 7 Veg =15V
= L~ | cc ==
- -~ / | I
100
100 k 1™ 10M

f - Frequency - Hz

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Tables

Table 1. Available Device Packages

PACKAGED DEVICES

SMALL OUTLINE i el EVALUATION
g, (D) (DGN) SYMBOL (DGK) SYMBOL MODULES
0°C 10 +70°C THS4130CD THS4130CDGN AOB THS4130CDGK ATP THS4130EVM
o 0 + (-]
THS4131CD THS4131CDGN AOD THS4131CDGK ATQ THS4131EVM
THS41301D THS4130IDGN AOC THS4130IDGK ASO —
—40°C to +85°C
THS4131ID THS4131IDGN AOE THS4131IDGK ASP —
Table 2. Device Description Table
DEVICE DESCRIPTION
THS412x 100 MHz, 43 Vips, 3.7 nV/NHz
THS414x 160 MHz, 450 V/ps, 6.5 nV/VHz
THS415x 180 MHz, 850 V/ps, 9 nV/VHz

6 Pin Configuration and Functions

D, DGN, or DGK Package

8-Pin SOIC, VSSOP, or HYSSOP
THS4130 Top View

D, DGN, or DGK Package
8-Pin SOIC, VSSOP, or HVSSOP
THS4131 Top View

VIN_ |:|: 1. 8 jj V_IN+ VIN_ |:|: 1. 8 j:l VIN+
VOCM|:|:2 7]:|PD Vocm|:|:2 7:|:|NC
Vcc+ |:|: 3 6 j:l VCC' Vcc+ |:|: 3 6 j:l VCC'
VOUT+ |:|: 4 5 j:l VOUT VOUT+ |:|: 4 5 :D VOUT_
Pin Functions
PIN
110 DESCRIPTION

NAME THS4130 | THS4131
NC — 7 — No connect
PD 7 — I Active low powerdown pin
Vees 3 3 110 Positive supply voltage pin
Vee- 6 6 110 Negative supply voltage pin
Vine 1 1 | Negative input pin
Vocm 2 2 | Common mode input pin
VouT+ 4 4 (@) Positive output pin
Vout- 5 5 (@) Negative output pin
ViN+ 8 8 | Positive input pin
Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
\ Input voltage —Vee +Vee \%
Vee-to Vees Supply voltage -33 33 \%
Io® Output current 150 mA
Vip Differential input voltage —6 6 \%
Continuous total power dissipation See Dissipation Ratings

T7,® Maximum junction temperature 150 °C
T,® Maximum junction temperature, continuous operation, long-term reliability 125 °C
Ta Operating free-air temperature C-sufﬂx 0 70 ©

I-suffix -40 85 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The THS413x may incorporate a PowerPAD on the underside of the chip. This acts as a heatsink and must be connected to a thermally
dissipative plane for proper power dissipation. Failure to do so may result in exceeding the maximum junction temperature which could
permanently damage the device. See Tl technical briefs SLMA002 and SLMAQ04 for more information about using the PowerPAD
thermally-enhanced package.

(3) The absolute maximum temperature under any condition is limited by the constraints of the silicon process.

(4) The maximum junction temperature for continuous operation is limited by package constraints. Operation above this temperature may
result in reduced reliability and/or lifetime of the device.

7.2 ESD Ratings

VALUE UNIT
THS4130: D, DGN, OR DGK PACKAGES
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2500
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
(1) +1500
C101
THS4131: D, DGN, OR DGK PACKAGES
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2500
Vesp)y  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
2 +1500
c101®
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Dual suppl 2.5 +15
Veer 10 Voo : PRy \4
Single supply 5 30
C-suffix 0 70
Ta - °C
I-suffix -40 85
4 Submit Documentation Feedback Copyright © 2000-2015, Texas Instruments Incorporated
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7.4 Thermal Information
THS413x
THERMAL METRIC® Doy DEN 017 (H\E’SGS%P) UNIT
8 PINS 8 PINS 8 PINS

Rgia Junction-to-ambient thermal resistance 1145 55.8 1825 °C/W
Rajcopy  Junction-to-case (top) thermal resistance 60.3 61.6 72.3 °C/W
Ress Junction-to-board thermal resistance 54.8 34.5 103.5 °C/W
Wit Junction-to-top characterization parameter 14 13.8 11.6 °C/IW
Wig Junction-to-board characterization parameter 54.3 34.4 101.9 °C/IW
Rajcoyy  Junction-to-case (bottom) thermal resistance n/a n/a n/a °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.

7.5 Electrical Characteristics®
Vee= #5V, R = 800Q, and T, = +25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN  TYP MXA UNIT
DYNAMIC PERFORMANCE
- Gain =1, R¢
Veec =5 ~390 0 125
Small-signal bandwidth (-3 dB), Gain=1 R
single-ended input, differential Vce =15 - 390_0 il 135
output, V| = 63 mVpp —
- Gain = 1, R¢
Vce = +15 =390 0 150
BW Gan=2 R MHz
_ ain =2, Ry
Vec =5 =750 Q 80
Small-signal bandwidth (-3 dB), A
single-ended input, differential Vce =15 (_3?20_02’ Ry 85
output, V| = 63 mVpp -
— Gain = 2, R¢
Vee = +15 22500 90
SR Slew rate® Gain=1 52 Vius
¢ Settling time to 0.1% Step voltage =2 V, gain=1 78
ns
s Settling time to 0.01% Step voltage =2 V, gain =1 213
DISTORTION PERFORMANCE
f =250 kHz -95
Vec =5
o . f=1MHz -81
Total harmonic distortion,
differential input, differential Ve = 45 f =250 kHz -96
output, gain =1, Rf=390 Q, R, = | "¢C ™~ f=1 MHz -80
800 Q, Vo= 2 Vpp
TH Voo = +15 f =250 kHz -97 dBc
D cem= f=1MHz -80
f =250 kHz -91
VCC =15
Ve v f=1MHz 75
o reR f = 250 kHz 91
VCC =+15
f=1MHz —75
VCC =25 97
Spurious-free dynamic range, Vo= 2 Vpp Vce =15 98
SF differential input, differential _
DR output, gain = 1, R = 390 Q, Vee = £15 99 de
R, =800 Q, f = 250 kHz Vee = 45 93
Vo =4 Vpp
VCC =115 95
(1) The full range temperature is 0°C to +70°C for the C-suffix, and —40°C to +85°C for the I-suffix.
(2) Slew rate is measured from an output level range of 25% to 75%.
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Electrical Characteristics® (continued)

Vee= 15V, R =800Q, and T, = +25°C, unless otherwise noted.

MA

PARAMETER TEST CONDITIONS MIN  TYP X UNIT
Third intermodulation distortion Viepy =4V, G =1, Fl=3MHz, F2 =3.5 MHz -53 dBc
Third-order intercept Viepy =4V, G=1,F1l=3MHz, F2 =3.5 MHz 41.5 dB
NOISE PERFORMANCE
V, | Input voltage noise f=10 kHz 1.3 n;/—;/
In Input current noise f=10 kHz 1 p%\/
DC PERFORMANCE
) Ta = +25°C 71 78
Open-loop gain dB
Ta = full range 69
Ta =+25°C 0.2
Input offset voltage 7l
y Ta = full range mv
(0 | Common-mode input offset _ o
S) | voltage, referred to Vocum Ta=+25°C 02 35
Input offset voltage drift Ta = full range 4.5 ll\é/
g Input bias current Ta = full range 2 6| HA
los Input offset current Ta = full range 100 500| nA
Offset drift 2 né/
INPUT CHARACTERISTICS
g\RA Common-mode rejection ratio Ta = full range 80 95 dB
. -3.7
Vic  Common-mode input voltage 710 -4 to v
R range 43 4.5
R, Input resistance Measured into each input terminal 34 MQ
C, Input capacitance, closed loop 4 pF
ro  Output resistance Open loop 41 Q
OUTPUT CHARACTERISTICS
12 09
Ta = +25°C to to
v 5y 38 41
cc=
Ta = ful 13
r;n e to 4
9 3.7
Output voltage swing Ta=+25°C +3.7 Vv
Vec =35V =
cc Ta = full +3.6
range
o +10. +12.
y L5y Tp =+25°C 5 4
=t
ce T, = full +10.
range 2
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Electrical Characteristics® (continued)

Vee= 15V, R =800Q, and T, = +25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN  TYP MXA UNIT
Ta=+25°C 25 45
Vec=5V,R.=7Q Ta = full 20
range
Ta = +25°C 30 55
lo  Output current Vec =45V, RL=70Q Ta = full 28 mA
range
Ta=+25°C 60 85
Vcczils V, RL:7 Q TA=fU” 65
range
POWER SUPPLY
v Single supply 4 33
€ Supply voltage range v
c PP g g Split supply +2 ﬂg
Ta=+25°C 123 15
Vec =5V =
lcc Quiescent current ce rTé*nggu” 16| mA
Vec =#15V Ta =+25°C 14
| Qui ) t (shutdown) Ta = +25°C 086 14
cc( Quiescent current (shutdown - —
s (THS4130 only)® V=-S5V Ta = full 15| MA
range
PS Ta=+25°C 73 98
RR Power-supply rejection ratio (dc) Ta = full 70 dB
range
(3) For detailed information on the behavior of the power-down circuit, see the Power-Down Mode section.
7.6 Dissipation Ratings
POWER RATING®
PACKAGE 0;, D (°cC/wW) 0;c (°C/W) Ta= +25°C Ta = +85°C
D 97.5 38.3 1.02wW 410 mW
DGN 58.4 4.7 171 W 685 mW
DGK 134 72 750 mwW 300 mwW

(1) This data was taken using the JEDEC standard High-K test PCB.

(2) Power rating is determined with a junction temperature of +125°C. This is the point where distortion starts to substantially increase.
Thermal management of the final PCB should strive to keep the junction temperature at or below +125°C for best performance and
long-term reliability.
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7.7 Typical Characteristics

BT T T T
ol R0 || ety ]
‘ HHW ‘ Hm‘ V| =63 mVpp
15} Gain=5_R;=2kQ \\
.‘_‘H\\\
g 10
H Gain =2_R;=750 \
I i \
Gain = 1_R; = 390 0 \
0
-5
-10 \
100 k 1M 10M 100 M 16

f - Frequency - Hz
Figure 1. Small-Signal Frequency Response

3 LB —— T T T 117
Gain =1, R¢= 620 Q
21~ R_.=8000,
1L Vec=15Y, N
V| =63 mVpp ",f"
0
m Rf=390 Q \
o
! -2
H |
5 -3
s \
-4
-5
-6
=7
-8
100 k 1M 10M 100 M 1G

f - Frequency - Hz
Figure 2. Small-Signal Frequency Response

2 T TTT]
Vee=+15
1 CC
"
’ |
-1 Vcc=5

B \
. |

Output - dB

-5
Gain =1, \
-6~ R_=8000,
Rf =390 Q,
=7~ V,=63 mVpp \
B I
100 k 1M 10M 100 M 1G

f - Frequency - Hz
Figure 3. Small-Signal Frequency Response (Various

oS = N W

Output - dB
1
w

[

——

_10 \
100 k 1M 10M 100 M 1G
f - Frequency - Hz

Figure 4. Small-Signal Frequency Response (Various Cg)

Supplies)
5 T T T TTIT T 1 T T TTT 1
| Gain=1, C_=10pF
4 R_ =800 Q, Vo+
31 Vec=45V, 4 > 05
| V=63 mVpp, Q
2" Re=3900 | g
! TR \ g
o -0 _# R & Vo-
-} PP
T CL=0pF z 0.5
H \ 2
s 2 g o5
& 3 =
©
5
-4 —— 2
-5 3 )
= Vi (Diff)
-6 -1 -0.5
-7
-8 -1
100 k 1™ 10M 100 M 1G 0 0.1 0.2 0.3 0.4 0.5 0.6

f - Frequency - Hz
Figure 5. Small-Signal Frequency Response (Various C|)

t-Time —us
Figure 6. Large-Signal Transient Response (Differential
In/Single Out)
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Typical Characteristics (continued)

5 -50 T T
f=1kQ,
UL o Ri= 1k
Veg=+15V T -55[- Vgo=+5V 3
0 i "D / |
= - V.
g ™ /
S -65 /
-5 = /
@ 2 70
T &.} /,
L N o /1
5 -10 ‘ g 75 A
5 Veg=+5V =
3 ce < -80 /
-15 1T E 85 /
Gain =1 B o A
Rf=390Q Q d
=20} R, =8000 Vee =5V g 0
L= , e LT
Cg=0pF, s -95
V| =0.2 VRMS (&}
-25 Lol L -100
100 k 1M 10M 100 M 1G 100 k 1™ 10M 100 M
f - Frequency - Hz f - Frequency - Hz
Figure 7. Large-Signal Frequency Response Figure 8. Common-Mode Rejection Ratio vs Frequency
15 / 940
145 A
/ 920
14 » “
Vec =115 v/ < /
< 135 » /] = 900
€ 7 £ v
1
g W 4 g 880 /
g » ) S /
3 125 _g /
>
_& 12 Vec=+45V u:) 860 ~
=] 1
115 / 9 840 ,/
[S] ey
S 1|~ 7
L
820
10.5
10 800
-40 -20 0 20 40 60 80 100 -50 -25 0 25 50 75 100
Ta - Free-Air Temperature - °C Ta - Free-Air Temperature (Shutdown State) - °C
Figure 9. Supply Current vs Free-Air Temperature Figure 10. Supply Current vs Free-Air Temperature
(Shutdown State)
24 2.04
2.35 \ 2.02
<
! yi >
= 23 V4 f 2
£ | &
3 05 1B+ 8 Rp=510Q |
(‘;: . \ 7 S 1.98 Cg=1pF,
8 ] 3 Vee=5V
T 22 S 196 Vo=4Vpp
5 Ve o R, =800 Q
g / !
£ o
. 245 > 1.94
[11]
= \ lig- /
21 < ,/ 1.92
2.05 1.9
-50 -25 0 25 50 75 100 0 25 50 75 100 125 150
Ta - Free-Air Temperature - °C t-Time -ns
Figure 11. Input Bias Current vs Free-Air Temperature Figure 12. Settling Time
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Typical Characteristics (continued)
~A0 T T TITIm 25
o Gain=1, ) Vot
© Rf=330Q, Vi ...._._...____\ / =
- - - JE A 6 A N B WAV ./
o ~50[ R_L=4000 y 7 15
5 / ' )
¢ 74 \ /
c // > 1 f G=1, i
S -60 7 , \ / Re=13900Q,
8 g 5 R_=8000, |
& Vec=5V | g v Cr=0pF,
> =70 CL =10 pF, ]
2 ff : Vi reax= 2V,
) / 3 | Peak =2V,
”n // g -5 Vee=+15V A
g -80 /1 o / \\ Ta=25°C
1 -1
o Vec=-5V
j Jilts S A -\
- A =1.
z  -90 i \
m e _2 ——————
o
Vo-
-100 -2.5
10 k 100 k 1 10M 100 M 0 40 80 120 160 200
f = Frequency (Differential Out) - Hz t - Time - nS
Figure 13. Power-Supply Rejection Ratio vs Frequency Figure 14. Large-Signal Transient Response
(Differential Out)
-20 ‘ ‘ ‘ ‘ ‘ -30 T T T T T T T 1 17T
Vo =2 Vpp, Single Ended Input
30 Vout =2 Vpp ) _4o| RU=8000, Differential Output
g / o Rf=3900,
i / S G=1
S -40 1 -5
€ c
: / g
2 -5 / s —60 Vee=5V /
° / a8 (7
S -60 Vec=5Vtot5V Y o -70
£ / c
= o
o / /]
T -70 / E a0 L~
.g / // T /
©
80 1 S -90 7
2 // / Vec=+15V 3 1
F _g0 A al =100 —
////’
Ve = +15V, +5V
100 =~ ~110 e ‘
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Figure 15. Total Harmonic Distortion vs Frequency Figure 16. Second-Harmonic Distortion vs Frequency
-30 T T T T T 1717 -92 ‘ ‘ ‘ ‘
Vo =4 Vpp Single Ended Input f=250 KHz Vee =15V
-40|— R_=8000Q, Differential Output || —oal— R =8000, cc =
8 Rf=390 0, o R =390, | A ———
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c 1 -96 ‘ ‘ L V.
L _ g Vec=5V
g0 Vec=+5V _Y/J £
7] \7 / 3 -98 /
o i)
(=] Vec=+15V
£ -7 / p
S / £
s -100
" A E /
z | vee=r15v 2 /
P -102
c > k]
8§ 90— bbb e € /
(%] / 8
8 L~ 8
-100 == @ -104 Single Ended Input
Differential Output
-110 -106 \ \ \
100 k 1™ 10M 0 1 2 3 4 5 6 7
f - Frequency - Hz Vo - Output Voltage - V
Figure 17. Second-Harmonic Distortion vs Frequency Figure 18. Second-Harmonic Distortion vs Output Voltage
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Typical Characteristics (continued)

-88 T T
Vec=+15V |1
-90
] -92 A /
e}
. /<
§ -4 /
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S
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8 96
[*]
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S 100 / ce
2
g 102 f=500 KHz |
n -
-104 | Single Ended Input | :'—:38;:(?’ B
Differential Output Gf- ; d
-106 \ \ \ .
0 1 2 3 4 5 6 7

Vo - Output Voltage - V
Figure 19. Second-Harmonic Distortion vs Output Voltage
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Figure 20. Third-Harmonic Distortion vs Frequency
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Figure 21. Third-Harmonic Distortion vs Frequency
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Figure 22. Third-Harmonic Distortion vs Output Voltage
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Figure 23. Third-Harmonic Distortion vs Output Voltage
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Figure 24. Voltage Noise vs Frequency
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Typical Characteristics (continued)
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Figure 25. Current Noise vs Frequency Figure 26. Input Offset Voltage vs Common-Mode Output
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Figure 27. Output Voltage vs Differential Load Resistance
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Figure 28. Output Impedance vs Frequency
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8 Detailed Description

8.1 Overview

The THS413x is a fully-differential amplifier. Differential amplifiers are typically differential in/single out, whereas
fully-differential amplifiers are differential in/differential out.

Differential Amplifier THS413x
R¢ Fully differential Amplifier
Vees

Rig) \L

Vin- I Vo

VinN+ + = Vo-

Rg)
Vocm
Vee-

Figure 29. Differential Amplifier Versus a Fully-Differential Amplifier

To understand the THS413x fully-differential amplifiers, the definition for the pin outs of the amplifier are

provided.
Vi, )+ (V
Input voltage definition Vig = (Vi, ) (V) Vi = M)+ (M)

2 @

Output voltage definition Vop = (Vo, )-(Vo_) Voc = %(VO) @

Transfer function Vgp =V x A(f) 3)

Output common mode voltage Vge = Vgoeum )
Differential Structure Rejects __ Differential Structure Rejects

Coupled Noise at The Input Coupled Noise at The Output

VINn-

VinN+

Differential Structure Rejects
Coupled Noise at The Power Supply

Vee-

Figure 30. Definition of the Fully-Differential Amplifier

If each output is measured independently, each output is one-half of the input signal when gain is 1. The
following equations express the transfer function for each output:

1

Vo ==V,
0=5V ®)
The second output is equal and opposite in sign:
Vo = —1V|
2 (6)

Fully-differential amplifiers may be viewed as two inverting amplifiers. In this case, the equation of an inverting
amplifier holds true for gain calculations. One advantage of fully-differential amplifiers is that they offer twice as
much dynamic range compared to single-ended amplifiers. For example, a 1-Vpp ADC can only support an input
signal of 1 Vpp. If the output of the amplifier is 2 Vpp, then it is not as practical to feed a 2-Vpp signal into the
targeted ADC. Using a fully-differential amplifier enables the user to break down the output into two 1-Vpp signals
with opposite signs and feed them into the differential input nodes of the ADC. In practice, the designer has been
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Overview (continued)

able to feed a 2-V peak-to-peak signal into a 1-V differential ADC with the help of a fully-differential amplifier. The
final result indicates twice as much dynamic range. Figure 31 illustrates the increase in dynamic range. The gain
factor should be considered in this scenario. The THS413x fully-differential amplifier offers an improved CMRR
and PSRR due to its symmetrical input and output. Furthermore, second-harmonic distortion is improved. Second
harmonics tend to cancel because of the symmetrical output.

a
¢——— Vop=1-0=1

Vees  —
\

|

) J\
I/

0 1 —

4——— Vop=0-1=-1
b

VinN+

Vee-

Figure 31. Fully-Differential Amplifier With Two 1-Vpp Signals

Similar to the standard inverting amplifier configuration, input impedance of a fully-differential amplifier is selected
by the input resistor, R(. If input impedance is a constraint in design, the designer may choose to implement the
differential amplifier as an instrumentation amplifier. This configuration improves the input impedance of the fully-
differential amplifier. Figure 32 depicts the general format of instrumentation amplifiers.

The general transfer function for this circuit is:
Voo _ R (1+2R2j

Vivi—Vine R R1
Nt~ VIN2 - R(g) )
THS4012
R
VNt (9)
N
THS413x
'7
Vinz THs4012  R(g) R¢
Figure 32. Instrumentation Amplifier
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8.2 Functional Block Diagram

Vees+
A
Output Buffer
VIN— x1 VOUT+
(o] R
Vin+ Vcm Error

Amplifier

T x1 VOUT—

Output Buffer

Vees
30 kQ
Vee- 30 kQ

Vee-

Vocm

8.3 Feature Description

Figure 33 and Figure 34 depict the differences between the operation of the THS413x fully-differential amplifier in
two different modes. Fully-differential amplifiers can work with differential input or can be implemented as single
in/differential out.

Note: For proper operation, maintain symmetry by setting
Rf1 = Ri2 = Rf and R(g)1 = R(g)2 = R(g) @ A= R¢/R(g)

Figure 33. Amplifying Differential Signals
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Feature Description (continued)

RECOMMENDED RESISTOR VALUES

Vo GAIN R(g) @ Rf Q

1 390 390

— Vo- 2 374 750
5 402 2010
10 402 4020

Figure 34. Single In With Differential Out

8.4 Device Functional Modes

8.4.1 Power-Down Mode

The power-down mode is used when power saving is required. The power-down terminal (PD) found on the
THS413x is an active low terminal. If it is left as a no-connect terminal, the device always stays on due to an
internal 50 kQ resistor to Vcc. The threshold voltage for this terminal is approximately 1.4 V above Vcc_. This
means that if the PD terminal is 1.4 V above Vc_, the device is active. If the PD terminal is less than 1.4 V
above V¢, the device is off. For example, if Voc_ = -5 V, then the device is on when PD reaches -3.6 V, (-5 V
+ 1.4V =-3.6 V). By the same calculation, the device is off below —3.6 V. It is recommended to pull the terminal
to V- in order to turn the device off. Figure 35 shows the simplified version of the power-down circuit. While in
the power-down state, the amplifier goes into a high-impedance state. The amplifier output impedance is typically
greater than 1 MQ in the power-down state.

To Internal Bias
Circuitry Control

Vee-

Figure 35. Simplified Power-Down Circuit

Due to the similarity of the standard inverting amplifier configuration, the output impedance appears to be very
low while in the power-down state. This is because the feedback resistor (R) and the gain resistor (R(;) are still
connected to the circuit. Therefore, a current path is allowed between the input of the amplifier and the output of
the amplifier. An example of the closed loop output impedance is shown in Figure 36.
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Device Functional Modes (continued)

2200 T T T TTTT
o Vec =15V
T G=1
™\ Ri=1 kO
‘\ W=VCC—
o]
1
Y
o
c
©
°
2 1200
E
5
=%
s
° \
l\
\
200 N\
100 k 1M 10M 100 M 1G

f - Frequency — Hz

Figure 36. Output Impedance (in Power-Down) vs Frequency
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

9.1.1 Resistor Matching

Resistor matching is important in fully-differential amplifiers. The balance of the output on the reference voltage
depends on matched ratios of the resistor. CMRR, PSRR, and cancellation of the second-harmonic distortion
diminish if resistor mismatch occurs. Therefore, it is recommended to use 1% tolerance resistors or better to
keep the performance optimized.

Vocum Sets the dc level of the output signals. If no voltage is applied to the Vocypin, it is set to the midrail voltage
internally defined as:

(Vee: )+ (Vec-)
2 (8)
In the differential mode, the Vocm 0N the two outputs cancel each other. Therefore, the output in the differential
mode is the same as the input in the gain of 1. Vo¢y has a high bandwidth capability up to the typical operation

range of the amplifier. For the prevention of noise going through the device, use a 0.1 puF capacitor on the Ve
pin as a bypass capacitor. The Functional Block Diagram shows the simplified diagram of the THS413x.

9.1.2 Driving a Capacitive Load

Driving capacitive loads with high-performance amplifiers is not a problem as long as certain precautions are
taken. The first is to realize that the THS413x has been internally compensated to maximize its bandwidth and
slew rate performance. When the amplifier is compensated in this manner, capacitive loading directly on the
output decreases the device phase margin leading to high-frequency ringing or oscillations. Therefore, for
capacitive loads of greater than 10 pF, it is recommended that a resistor be placed in series with the output of
the amplifier, as shown in Figure 37. A minimum value of 20 Q should work well for most applications. For
example, in 50-Q transmission systems, setting the series resistor value to 50 Q both isolates any capacitance
loading and provides the proper line impedance matching at the source end.

390 O

T Output
THS413x I

T Output

390 O

Figure 37. Driving a Capacitive Load

9.1.3 Data Converters

Data converters are one of the most popular applications for the fully-differential amplifiers. Figure 38 shows a
typical configuration of a fully-differential amplifier attached to a differential analog-to-digital converter (ADC).
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Application Information (continued)

VW ——— Vbp

0.1 HF%

Figure 38. Fully-Differential Amplifier Attached to a Differential ADC

Fully-differential amplifiers can operate with a single supply. Vocym defaults to the midrail voltage, Vcc/2. The
differential output may be fed into a data converter. This method eliminates the use of a transformer in the circuit.
If the ADC has a reference voltage output (V,), then it is recommended to connect it directly to the V¢ of the
amplifier using a bypass capacitor for stability. For proper operation, the input common-mode voltage to the input
terminal of the amplifier should not exceed the common-mode input voltage range.

Figure 39. Fully-Differential Amplifier Using a Single Supply

9.1.4 Single-Supply Applications

Some single-supply applications may require the input voltage to exceed the common-mode input voltage range.
In such cases, the circuit configuration of Figure 40 is suggested to bring the common-mode input voltage within
the specifications of the amplifier.

Figure 40. Circuit With Improved Common-Mode Input Voltage

Equation 9 is used to calculate Rpy:
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Application Information (continued)
Ve -V,
Ro | = P~ Vcc
" (Vin—Vp )i +(Vour — Ve o
RG RF 9)

9.2 Typical Application

For signal conditioning in ADC applications, it is important to limit the input frequency to the ADC. Low-pass
filters can prevent the aliasing of the high-frequency noise with the frequency of operation. Figure 41 presents a
method by which the noise may be filtered in the THS413x.

Figure 41 shows a typical application design example for the THS413x device in active low-pass filter topology
driving and ADC.

VNt
THS1050
VIN-

Vocm

Vic

1 I
Figure 41. Antialias Filtering

9.2.1 Design Requirements
Table 3 shows example design parameters and values for the typical application design example in Figure 41.

Table 3. Design Parameters

DESIGN PARAMETERS VALUE
Supply voltage +25Vto +15V
Amplifier topology Voltage feedback

DC coupled with output common

Output control mode control capability

500 kHz, Multiple feedback low pass

Filter requirement filter
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9.2.2 Detailed Design Procedure

9.2.2.1 Active Antialias Filtering

Figure 41 shows a multiple-feedback (MFB) lowpass filter. The transfer function for this filter circuit is:

Rt
K 2R4 + Rt R2
Hy (F)= Where K = ~2
a(f) Y 1 1 ¥ 1 j2rfRARCI | O RS
“|Esrxte ] T +1 U 2R4+RL
FSFxfc) QFSFxfc 10)
ESF x fo = 1 and Qo J2x R2R3C1C2
27/2xR2R3C1C2 R3C1+R2C1+KR3C1 1)

K sets the pass band gain, fc is the cutoff frequency for the filter, FSF is a frequency scaling factor, and Q is the
quality factor.

JReZ+ Imf?
FSF = (Re?+m andaz%lm' (12

where Re is the real part, and Im is the imaginary part of the complex pole pair. Setting R2 = R, R3 =mR, C1 =
C, and C2 = nC results in:

FSFxfc:;and Q:ﬂ
27RCA/2xmn 1+m(1+K) (13)

Start by determining the ratios, m and n, required for the gain and Q of the filter type being designed, then select
C and calculate R for the desired fc.

9.2.3 Application Curve

5
AN
Vec=x15V
0 HHH
-5
3
ig_ -10 ‘ N\
8 Vec =15V
-15 L
Res 3900 g
=20 | R =800 Q', - Vee=5V L {RU
Cg=0pF,
Vi =0.2 VRms
-25 IR R RTITR
100 k 1™ 10M 100 M 1G

f - Frequency - Hz

Figure 42. Large-Signal Frequency Response
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10 Power Supply Recommendations

The THS413x device was designed to be operated on power supplies ranging from 2.5V to 15V. Single power
supplies ranging from 5V to 30V can also be used. Tl recommends using power-supply accuracy of 5%, or
better. When operated on a board with high-speed digital signals, it is important to provide isolation between
digital signal noise and the analog input pins. The THS413x is connected to power supplies through pin 3 (Vccs)
and pin 6 (Vcc.). Each supply pin should be decoupled to GND as close to the device as possible with a low-
inductance, surface-mount ceramic capacitor of approximately 10 nF. When vias are used to connect the bypass
capacitors to a ground plane the vias should be configured for minimal parasitic inductance. One method of
reducing via inductance is to use multiple vias. For broadband systems, two capacitors per supply pin are
advised.

To avoid undesirable signal transients, the THS413x device should not be powered on with large inputs signals
present. Careful planning of system power on sequencing is especially important to avoid damage to ADC inputs
when an ADC is used in the application.

11 Layout

11.1 Layout Guidelines

To achieve the levels of high-frequency performance of the THS413x device, follow proper printed-circuit board
(PCB) high-frequency design techniques. A general set of guidelines is given below. In addition, a THS413x
device evaluation board is available to use as a guide for layout or for evaluating the device performance.

e Ground planes—It is highly recommended that a ground plane be used on the board to provide all
components with a low inductive ground connection. However, in the areas of the amplifier inputs and output,
the ground plane can be removed to minimize the stray capacitance.

» Proper power-supply decoupling—Use a 6.8-puF tantalum capacitor in parallel with a 0.1-uF ceramic capacitor
on each supply terminal. It may be possible to share the tantalum among several amplifiers depending on the
application, but a 0.1-uF ceramic capacitor should always be used on the supply terminal of every amplifier.
In addition, the 0.1-pF capacitor should be placed as close as possible to the supply terminal. As this distance
increases, the inductance in the connecting trace makes the capacitor less effective. The designer should
strive for distances of less than 0.1 inches between the device power terminals and the ceramic capacitors.

» Sockets—Sockets are not recommended for high-speed operational amplifiers. The additional lead
inductance in the socket pins often lead to stability problems. Surface-mount packages soldered directly to
the printed-circuit board are the best implementation.

» Short trace runs/compact part placements—Optimum high-frequency performance is achieved when stray
series inductance has been minimized. To realize this, the circuit layout should be made as compact as
possible, thereby minimizing the length of all trace runs. Particular attention should be paid to the inverting
input of the amplifier. Its length should be kept as short as possible. This helps to minimize stray capacitance
at the input of the amplifier.

» Surface-mount passive components—Using surface-mount passive components is recommended for high-
frequency amplifier circuits for several reasons. First, because of the extremely low lead inductance of
surface-mount components, the problem with stray series inductance is greatly reduced. Second, the small
size of surface-mount components naturally leads to a more compact layout thereby minimizing both stray
inductance and capacitance. If leaded components are used, it is recommended that the lead lengths be kept
as short as possible.
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11.2 Layout Example

r INSERT JUul FOI
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OPEN JUl FOR |
POWER UP

J8
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sz Ju1
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2]1—\ R36b THS413x
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a_rnj cab 72

)
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R5

Jé
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DIRECT INPU

Figure 43. THS413x EVM Top Layer
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Layout Example (continued)

www

.- & '- Separate Vcc+ and _
: - = Vcc- planes
= .

@ @ m
Figure 44. THS413x EVM Layer 3

11.3 General PowerPAD Design Considerations

The THS413x is available packaged in a thermally-enhanced DGN package, which is a member of the
PowerPAD family of packages. This package is constructed using a downset leadframe upon which the die is
mounted (see Figure 45a and Figure 45b). This arrangement results in the lead frame being exposed as a
thermal pad on the underside of the package (see Figure 45c). Because this thermal pad has direct thermal
contact with the die, excellent thermal performance can be achieved by providing a good thermal path away from
the thermal pad.

The PowerPAD package allows for both assembly and thermal management in one manufacturing operation.
During the surface-mount solder operation (when the leads are being soldered), the thermal pad can also be
soldered to a copper area underneath the package. Through the use of thermal paths within this copper area,
heat can be conducted away from the package into either a ground plane or other heat dissipating device.

The PowerPAD package represents a breakthrough in combining the small area and ease of assembly of the
surface mount with the previously awkward mechanical methods of heatsinking.

More complete details of the PowerPAD installation process and thermal management techniques can be found
in the Texas Instruments Technical Brief, (PowerPAD Thermally-Enhanced Package, SLMA002). This document
can be found on the Tl website (www.ti.com) by searching on the key word PowerPAD. The document can also
be ordered through your local Tl sales office. Refer to SLMA002 when ordering.
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General PowerPAD Design Considerations (continued)

.

. o 1 (1]
ide View (a Th |
T ermal | T
1 1]
| \ 1 (1]
- DIE (—
N N
End View (b) Bottom View (c)

A. The thermal pad (PowerPAD) is electrically isolated from all other pins and can be connected to any potential from
Ve to Vees Typically, the thermal pad is connected to the ground plane because this plane tends to physically be
the largest and is able to dissipate the most amount of heat.

Figure 45. Views of Thermally-Enhanced DGN Package
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

EVM User's Guide for High-Speed Fully-Differential Amplifier, SLOU101

12.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 4. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
THS4130 Click here Click here Click here Click here Click here
THS4131 Click here Click here Click here Click here Click here

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (4/5)
THS4130CD ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 4130C Samples
& no Sh/Br) a =
THS4130CDG4 ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 4130C Samples
& no Sh/Br) a =
THS4130CDGK ACTIVE VSSOP DGK 80 Green (RoHS  CU NIPDAU | Call TI  Level-1-260C-UNLIM 0to 70 ATP Samples
& no Sh/Br) a =
THS4130CDGN ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM 0to 70 AOB
PowerPAD & no Sh/Br) CU NIPDAUAG R
THS4130CDGNR ACTIVE MSOP- DGN 2500 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM 0to 70 AOB Samples
PowerPAD & no Sh/Br) CU NIPDAUAG s
THS4130CDGNRG4 ACTIVE MSOP- DGN 2500  Green (RoHS CU NIPDAUAG Level-1-260C-UNLIM 0to 70 AOB Eerore:
PowerPAD & no Sh/Br) e
THS4130ID ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 4130l ol
& no Sh/Br) i
THS4130IDGK ACTIVE VSSOP DGK 80 Green (RoHS  CU NIPDAU | Call TI Level-1-260C-UNLIM -40 to 85 ASO g e
& no Sh/Br)
THS4130IDGKG4 ACTIVE VSSOP DGK 80 Green (RoHS Call Tl Level-1-260C-UNLIM -40 to 85 ASO ol
& no Sh/Br) 23mp-2
THS4130IDGKR ACTIVE VSSOP DGK 2500 Green (RoHS CU NIPDAU | Call TI Level-1-260C-UNLIM -40 to 85 ASO Samples
& no Sh/Br) - =
THS4130IDGN ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40 to 85 AOC
PowerPAD & no Sb/Br) CU NIPDAUAG = =
THS4130IDGNR ACTIVE MSOP- DGN 2500  Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40 to 85 AOC
PowerPAD & no Sbh/Br) CU NIPDAUAG . =
THS4130IDGNRG4 ACTIVE MSOP- DGN 2500 Green (RoHS CU NIPDAUAG Level-1-260C-UNLIM -40 to 85 AOC R
PowerPAD & no Sb/Br) 22mp e
THS4130IDR ACTIVE SoIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 41301 Samples
& no Sb/Br) - =
THS4130IDRG4 ACTIVE SoIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 41301
& no Sb/Br) - =
THS4131CD ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 4131C
& no Sh/Br) s
THS4131CDG4 ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 4131C Samples
& no Sh/Br) - =

Addendum-Page 1
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PACKAGE OPTION ADDENDUM

24-Aug-2018

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ Q) ® @r5)
THS4131CDGK ACTIVE VSSOP DGK 80 Green (RoHS  CU NIPDAU | Call Tl Level-1-260C-UNLIM Oto 70 ATQ
& no Sh/Br) 23mp-2
THS4131CDGKG4 ACTIVE VSSOP DGK 80 Green (RoHS Call Tl Level-1-260C-UNLIM Oto 70 ATQ ol
& no Sh/Br) 23mp-2
THS4131CDGKR ACTIVE VSSOP DGK 2500 Green (RoHS  CU NIPDAU | Call TI Level-1-260C-UNLIM Oto 70 ATQ ol
& no ShiBr) 23mp-2
THS4131CDGN ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM Oto 70 AOD
PowerPAD & no Sh/Br) CU NIPDAUAG 23mp-2
THS4131CDGNG4 ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAUAG Level-1-260C-UNLIM 0to 70 AOD Samples
PowerPAD & no Sh/Br) - =
THS4131CDGNR ACTIVE MSOP- DGN 2500 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM 0to 70 AOD Samples
PowerPAD & no Sh/Br) CU NIPDAUAG - =
THS4131CDGNRG4 ACTIVE MSOP- DGN 2500 Green (RoHS CU NIPDAUAG Level-1-260C-UNLIM 0to 70 AOD Bl
PowerPAD & no Sb/Br) S2mp e
THS4131CDR ACTIVE SolIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 4131C
& no Sh/Br) a =
THS4131I1D ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 4131l o 1
samples
& no Sh/Br)
THS4131I1DG4 ACTIVE SoIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 4131l Samples
& no Sh/Br) a =
THS4131IDGK ACTIVE VSSOP DGK 80 Green (RoOHS CU NIPDAU | Call TI  Level-1-260C-UNLIM -40 to 85 ASP
& no Sh/Br) s
THS4131IDGKG4 ACTIVE VSSOP DGK 80 Green (RoHS Call Tl Level-1-260C-UNLIM -40 to 85 ASP
& no Sh/Br) s
THS4131IDGKR ACTIVE VSSOP DGK 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 ASP EC ol
& no Sh/Br) 23mp-2
THS4131IDGN ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40 to 85 AOE ol
PowerPAD & no Sh/Br) CU NIPDAUAG 23mp-2
THS4131IDGNG4 ACTIVE MSOP- DGN 80 Green (RoHS CU NIPDAUAG Level-1-260C-UNLIM -40 to 85 AOE
PowerPAD & no Sh/Br) 23mp-2
THS4131IDGNR ACTIVE MSOP- DGN 2500 Green (RoHS CU NIPDAU | Level-1-260C-UNLIM -40 to 85 AOE
PowerPAD & no Sh/Br) CU NIPDAUAG 23mp-2
THS4131IDR ACTIVE SOIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 41311 o 1
& no Sh/Br) R

® The marketing status values are defined as follows:
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’- PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS

www.ti.com 24-Aug-2018

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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INSTRUMENTS
www.ti.com 3-Aug-2017
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 [ KO [+—P1—»
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
THS4130CDGNR MSOP- DGN 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
Power
PAD
THS4130IDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
THS4130IDGNR MSOP- DGN 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
Power
PAD
THS4130IDR SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
THS4131CDGKR VSSOP DGK 2500 330.0 12.4 53 34 1.4 8.0 12.0 Q1
THS4131CDGNR MSOP- DGN 2500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1
Power
PAD
THS4131CDR SoIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
THS4131IDGKR VSSOP | DGK 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
THS4131IDGNR MSOP- DGN 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
Power
PAD
THS4131IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 3-Aug-2017
TAPE AND REEL BOX DIMENSIONS
,//T/
4
// S
/\g\ /)i\
. 7
\“‘x‘y// - w//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
THS4130CDGNR MSOP-PowerPAD DGN 8 2500 364.0 364.0 27.0
THS4130IDGKR VSSOP DGK 8 2500 358.0 335.0 35.0
THS4130IDGNR MSOP-PowerPAD DGN 8 2500 364.0 364.0 27.0
THS4130IDR SOIC D 8 2500 367.0 367.0 38.0
THS4131CDGKR VSSOP DGK 8 2500 358.0 335.0 35.0
THS4131CDGNR MSOP-PowerPAD DGN 8 2500 364.0 364.0 27.0
THS4131CDR SOIC D 8 2500 367.0 367.0 38.0
THS4131IDGKR VSSOP DGK 8 2500 358.0 335.0 35.0
THS4131IDGNR MSOP-PowerPAD DGN 8 2500 364.0 364.0 27.0
THS4131IDR SoIC D 8 2500 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ ]0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0X]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1Il=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

i3 TEXAS
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:

i3 TEXAS
INSTRUMENTS
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MECHANICAL DATA

DGN (S—PDSO—-G8) PowerPAD™ PLASTIC SMALL OQUTLINE

0,38

=YL R
il

- -1
[ [ T~
THERMAL PAD 0,23 / AN

SIZE AND SHAPE SHOWN d g 013 /
ON SEPARATE SHEET 2,90 475
l /
! !

L _ ( \ )

l t G‘Guge Plane / "

THHT TN

=}

70
,40

’ / [

-

U_[:]_[:]_[:]_[ji Seating Plane ‘ \ m |

4
10 W 23 Em 1~ -
4073271 /F 05/11
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F. Falls within JEDEC MO-187 variation AA-T

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DGN (S—PDS0-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,

can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAQQ? and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOOA4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

8 5
\
y —+ Fxposed Thermal Pad

Top View

Exposed Thermal Pad Dimensions

4206323-2/1 12/11

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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http://www.ti.com/lit/slma002
http://www.ti.com/lit/slma004

LAND PATTERN DATA

DGN (R—PDSO-G8) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size

may vary depending on layout constraints

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

Reference table below for other
solder stencil thicknesses

035——| |<— |<——|~O65

O’ S Thermal Pad is Solder Mask Defined,
increasing cop|ier area under mask

will enhance thermal performance
(See Note D)
1,95 —
/ * - (See Note E) L
1,57 4,2 f

T Y 1,57 4.2
5x#0,2 x |1
—] 1,89 |~

Example
l Non Soldermask Defined Pad

— 7T T~
- Example
M. Solder Mask Opening

/// — WNote F)

Center Power Pad Solder Stencil Opening
/ Stencil Thickness X Y
| 1,60 \ 0.1mm 2.0 17
\ \;\Pad Geometry 0.127mm 1.89 1.57
0,07 / 0.152mm 1.75 1.45
\ ——{|=-All Around 0.178mm 1.65 1.35

4207737-2/F 02/13

NOTES:

F.

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQ2, SLMAQQ4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

PowerPAD is a trademark of Texas Instruments

These documents are available at

Customers should
Example stencil design based on a 50% volumetric

*3
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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ECHNOLOGY

FEATURES

100MHz Gain Bandwidth

750V/ps Slew Rate

3.6mA Maximum Supply Current

50pA Supply Current in Shutdown

8nV/yHz Input Noise Voltage

Unity-Gain Stable

1.5mV Maximum Input Offset Voltage

4pA Maximum Input Bias Current

400nA Maximum Input Offset Current

40mA Minimum Output Current, Voyt = £3V
+3.5V Minimum Input CMR, Vg = +5V

30ns Settling Time to 0.1%, 5V Step
Specified at £5V, Single 5V Supplies
Operating Temperature Range: —40°C to 85°C
Low Profile (1mm) SOT-23 (ThinSOT™)

and S8 Packages

APPLICATIONS

Wideband Amplifiers
Buffers

Active Filters

Video and RF Amplification
Cable Drivers

Data Acquisition Systems

| t /\D 1T1812

3MA, T00MHz, 750V /us
Operational Amplifier
with Shutdown

DESCRIPTION

The LT®1812 is a low power, high speed, very high slew
rate operational amplifier with excellent DC performance.
The LT1812 features reduced supply current, lower input
offset voltage, lower input bias current and higher DC gain
than other devices with comparable bandwidth. A power
saving shutdown feature reduces supply current to 50pA.
Thecircuittopologyisavoltage feedback amplifier with the
slewing characteristics of a current feedback amplifier.

The output drives a100Q2 load to + 3.5V with £5V supplies.
On a single 5V supply, the output swings from 1.1V to
3.9V with a 100Q2 load connected to 2.5V. The amplifier
is stable with a 1000pF capacitive load which makes it
useful in buffer and cable driver applications.

The LT1812 is manufactured on Linear Technology’s
advanced low voltage complementary bipolar process.
The dual version is the LT1813. For higher supply voltage
single, dual and quad operational amplifiers with up to
70MHz gain bandwidth, see the LT1351 through LT1365
data sheets.

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. ThinSOT is a Trademark of Linear Technology Corporation. All other
trademarks are the property of their respective owners.

TYPICAL APPLICATION

Vin

4MHz, 4th Order Butterworth Filter

232Q

274Q

Filter Frequency Response

4”_0 v

47pF

232Q | 665Q

2740 | 562Q

220pF

VOLTAGE GAIN (dB)

| 470pF

L

— Vour

| Vg =15V

7V|N = 600mVp_p
PEAKING < 0.12dB N/

0.1 1 10 100

FREQUENCY (MHz)

1812 TAO1

1812 TA02

1812fb

LY N



LT1812

ABSOLUTE MAXIMUM RATINGS

(Note 1)

Total Supply Voltage (V*+to V7)

Specified Temperature Range

Differential Input Voltage (Transient Only, Note 2) ......23V  (NOtE8)...cvcvevvveecereeceeecce e -40°C10 85°C
Input Voltage, Shutdown Voltage..........ccccccvveernneees +Vg  Maximum Junction Temperature............ccceveueee. 150°C
Output Short-Circuit Duration (Note 3) ............. Indefinite  Storage Temperature Range.................... -65°C10150°C
Operating Temperature Range (Note 8).....—40°Ct0 85°C  Lead Temperature (Soldering, 10 Sec) ................... 300°C
TOP VIEW
TOP VIEW TOP VIEW |: :| o
NC |1 8 | SHDN
Vour i\ |35V Vour 1= |6V e = v
wz:A V'ZCA:HSHDN }D_I_
N = A 4 N [3f==FF [6] Vour
v [4] 5] NC
S5 PACKAGE S6 PACKAGE
5-LEAD PLASTIC TSOT-23 6-LEAD PLASTIC TSOT-23 S8 PACKAGE
Tymax = 150°C, 64a = 250°C/W Tymax = 150°C, 6a = 230°C/W 8-LEAD PLASTIC SO
(NOTE 9) (NOTE 9) T max = 150°C, 044 = 150°C/ W
(NOTE 9)
LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION SPECIFIED TEMPERATURE RANGE
LT1812CS5#PBF LT1812CS5#TRPBF LTLH 5-Lead Plastic TSOT-23 0°C to 70°C
LT18121S5#PBF LT1812IS5#TRPBF LTLJ 5-Lead Plastic TSOT-23 ~40°C to 85°C
LT1812CS6#PBF LT1812CS6#TRPBF LTLK 6-Lead Plastic TSOT-23 0°C to 70°C
LT18121S6#PBF LT18121S6#TRPBF LTLL 6-Lead Plastic TSOT-23 ~40°C to 85°C
LT1812CS8#PBF LT1812CS8#TRPBF 1812 8-Lead Plastic SO 0°C to 70°C
LT18121S8#PBF LT1812IS8#TRPBF 18121 8-Lead Plastic SO -40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.
Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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LT1812

GLGCTRKHL CHHBHCTGRISTICS Ta = 25°C, Vg = £5V, Vg = OV unless otherwise noted (Note 10).

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 4) 0.4 1.5 mV
los Input Offset Current 30 400 nA
I Input Bias Current -0.9 +4 pA
en Input Noise Voltage Density f=10kHz 8 nV/Hz
in Input Noise Current Density f=10kHz 1 pAHz
Rin Input Resistance Vem = £3.5V 3 10 MQ
Differential 1.5 MQ
Cin Input Capacitance 2 pF
Veu Input Voltage Range (Positive) 35 4.2 v
Input Voltage Range (Negative) -4.2 -35 v
CMRR Common Mode Rejection Ratio Ve = £3.5V 75 85 aB
Minimum Supply Voltage +1.25 £2 V
PSRR Power Supply Rejection Ratio Vg = £2V to 5.5V 78 97 dB
AvoL Large-Signal Voltage Gain Vout = 3V, R = 500Q 1.5 3.0 V/mV
Vout = 3V, R = 100Q 1.0 25 V/mV
Vourt Maximum Qutput Swing RL = 500€2, 30mV Qverdrive +3.80 +4.0 v
RL = 100€2, 30mV Overdrive +3.35 +3.5 v
lout Maximum Qutput Current Vourt = £3V, 30mV Qverdrive +40 +60 mA
Isc Output Short-Circuit Current Vout = 0V, 1V Overdrive (Note 3) +75 +110 mA
SR Slew Rate Ay =-1 (Note 5) 500 750 Vs
FPBW Full Power Bandwidth 3V Peak (Note 6) 40 MHz
GBW Gain Bandwidth Product f = 200kHz 75 100 MHz
tr, t; Rise Time, Fall Time Ay =1,10% to 90%, 0.1V, R, = 100Q 2 ns
0S Overshoot Ay=1,01V R =100Q 25 %
tpp Propagation Delay Ay =1,50% Viy to 50% Vgyr, 0.1V, R = 100Q 2.8 ns
tg Settling Time 5V Step, 0.1%, Ay =-1 30 ns
THD Total Harmonic Distortion f=1MHz, Voyt = 2Vp-p, Ay = 2, R = 500Q -76 aB
Differential Gain Vout = 2Vp.p, Ay = 2, R = 150Q 0.12 %
Differential Phase Vout = 2Vp-p, Ay =2, R = 150Q 0.07 DEG
Rout Output Resistance Ay=1,f=1MHz 0.4 Q
ISHON SHDN Pin Current SHDN >V~ + 2.0V (On) (Note 11) 0 +1 pA
SHDN <V~ + 0.4V (Off) (Note 11) -100 -50 pA
Is Supply Current SHDN >V~ + 2.0V (On) (Note 11) 3 3.6 mA
SHDN <V~ + 0.4V (Off) (Note 11) 50 100 HA

Ta =25°C, Vg =5V, Vg = 2.5V, Ry to 2.5V unless otherwise noted (Note 10).
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 4) 0.5 2.0 mV
los Input Offset Current 30 400 nA
I Input Bias Current -1.0 +4 pA
en Input Noise Voltage Density f=10kHz 8 nV/yHz
in Input Noise Current Density f=10kHz 1 pAHz
Rin Input Resistance Vem =1.5V103.5V 3 10 MQ
Differential 1.5 MQ
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LT1812

ELECTRICAL CHARACTERISTICS 1, - 25°C, vg = 5V, Vyy = OV unless otherwise noted (Note 10).

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Cin Input Capacitance 2 pF
Veu Input Voltage Range (Positive) 35 4 v
Input Voltage Range (Negative) 1 1.5 V
CMRR Common Mode Rejection Ratio Vem =1.5V103.5V 73 82 dB
AvoL Large-Signal Voltage Gain Vout = 1.5V 10 3.5V, R = 500Q 1.0 2.0 V/mV
Vour =1.5V t0 3.5V, R = 100Q 0.7 15 V/mV
Vout Maximum Qutput Swing (Positive) Ry = 500€2, 30mV Qverdrive 3.9 41 v
RL = 100<, 30mV Overdrive 3.7 3.9 v
Maximum Qutput Swing (Negative) R = 5002, 30mV Overdrive 0.9 1.1 v
RL =100€2, 30mV Overdrive 1.1 1.3 v
lout Maximum Qutput Current Vout = 3.5V or 1.5V, 30mV Qverdrive +25 +40 mA
Isc Output Short-Circuit Current Vout = 2.5V, 1V Overdrive (Note 3) +55 +80 mA
SR Slew Rate Ay =-1 (Note 5) 200 350 V/ys
FPBW Full Power Bandwidth 1V Peak (Note 6) 55 MHz
GBW Gain Bandwidth Product f =200kHz 65 94 MHz
tr, t Rise Time, Fall Time Ay =1, 10% to 90%, 0.1V, R = 100Q 2.1 ns
0S Overshoot Ay=1,0.1V, R =100Q 25 %
tpp Propagation Delay Ay =1,50% Viy to 50% Voyr, 0.1V, R = 100Q 3 ns
ts Settling Time 2V Step, 0.1%, Ay = -1 30 ns
THD Total Harmonic Distortion f=1MHz, Voyt = 2Vp-p, Ay = 2, R = 500Q -75 dB
Differential Gain Vout = 2Vp-p, Ay = 2, R = 150Q 0.22 %
Differential Phase Vout =2Vp-p, Ay = 2, R, = 150Q 0.21 DEG
Rout Output Resistance Ay=1,f=1MHz 0.45 Q
IsHON SHDN Pin Current SHDN >V~ + 2.0V (On) (Note 11) 0 +1 pA
SHDN <V~ + 0.4V (Off) (Note 11) -50 =20 pA
Is Supply Current SHDN > V-~ + 2.0V (On) (Note 11) 2.7 3.6 mA
SHDN < V= + 0.4V (Off) (Note 11) 20 50 pA

0°C < Ty <70°C, Vg = £5V, V¢ = OV unless otherwise noted (Note 10).
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 4) 2 mV
AVog/AT | Input Offset Voltage Drift (Note 7) 10 15 uv/ec
los Input Offset Current 500 nA
I Input Bias Current +5 pA
Vew Input Voltage Range (Positive) 3.5 v
Input Voltage Range (Negative) -3.5 V
CMRR Common Mode Rejection Ratio Vem = £3.5V 73 aB
Minimum Supply Voltage +2 V
PSRR Power Supply Rejection Ratio Vg = £2V/ to 5.5V 76 dB
AvoL Large-Signal Voltage Gain Vout = 3V, R = 500Q 1.0 V/imV
Vout = £3V, R =100Q 0.7 V/mV
Vout Maximum Output Swing R = 5002, 30mV Overdrive +3.70 v
RL =100€2, 30mV Qverdrive +3.25 v
lout Maximum Qutput Current Vout = 3V, 30mV Overdrive +35 mA
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ELECTRICAL CHARACTERISTICS 0°c < 1, < 70°C, Vg = +5V, Vgy = OV unless otherwise noted (Note 10).

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Isc Output Short-Circuit Current Vout = 0V, 1V Overdrive (Note 3) +60 mA

SR Slew Rate Ay =-1 (Note 5) 400 Vs

GBW Gain Bandwidth Product f=200kHz 65 MHz

IsHON SHDN Pin Current SHDN >V~ + 2.0V (On) (Note 11) +15 HA

SHDN <V~ + 0.4V (0ff) (Note 11) -150 PA

Is Supply Current SHDN >V~ + 2.0V (On) (Note 11) 4.6 mA

SHDN <V~ + 0.4V (Off) (Note 11) 150 HA

0°C < Ty <70°C, Vg =5V, Vg = 2.5V, Ry_to 2.5V unless otherwise noted (Note 10).

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage (Note 4) 2.5 mV

AVog/AT | Input Offset Voltage Drift (Note 7) 10 15 uv/°c

los Input Offset Current 500 nA

Ig Input Bias Current +5 HA

Veu Input Voltage Range (Positive) 35 V

Input Voltage Range (Negative) 1.5 V

CMRR Common Mode Rejection Ratio Vem =1.5V10 3.5V 71 dB

AvoL Large-Signal Voltage Gain Voyt = 1.5V 10 3.5V, R = 500Q 0.7 V/mV

Vout = 1.5V t0 3.5V, R = 100Q 0.5 V/mV

Vout Maximum Qutput Swing (Positive) Rp = 500€2, 30mV Qverdrive 3.8 v
RL = 100<, 30mV Overdrive 3.6 V

Maximum Qutput Swing (Negative) R = 5009, 30mV Overdrive 1.2 v

Rp =100€, 30mV Overdrive 1.4 v

lout Maximum Qutput Current Vout = 3.5V or 1.5V, 30mV Qverdrive +20 mA

Isc Output Short-Circuit Current Vout = 2.5V, 1V Overdrive (Note 3) +45 mA

SR Slew Rate Ay =-1 (Note 5) 150 V/ys

GBW Gain Bandwidth Product f=200kHz 55 MHz

IsHDN SHDN Pin Current SHDN > V= + 2.0V (On) (Note 11) +1.5 pA

SHDN < V= + 0.4V (Off) (Note 11) -75 PA

Is Supply Current SHDN > V= + 2.0V (On) (Note 11) 45 mA

SHDN <V~ + 0.4V (Off) (Note 11) 75 PA

-40°C < Ty < 85°C. Vg = x5V, V¢ = OV unless otherwise noted (Notes 8, 10).

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 4) 3 mV
AVog/AT | Input Offset Voltage Drift (Note 7) 10 30 uv/°c
log Input Offset Current 600 nA
Ig Input Bias Current +6 pA
Vem Input Voltage Range (Positive) 35 V

Input Voltage Range (Negative) -3.5 v

CMRR Common Mode Rejection Ratio Ve = £3.5V 72 aB

Minimum Supply Voltage +2 V

PSRR Power Supply Rejection Ratio Vg =12V t0 £5.5V 75 dB
AvoL Large-Signal Voltage Gain Vout = 3V, R = 500Q 0.8 V/mV
Vout = 23V, R = 100Q 0.6 V/mV
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LT1812

ELECTRICAL CHARACTERISTICS -10°c < 15 < 85°C. Vig = +5V, Vigyy = OV unless otherwise noted (Notes 8, 10).

SYMBOL |PARAMETER CONDITIONS MIN TYP MAX UNITS
Vour Maximum Qutput Swing RL = 500€2, 30mV Qverdrive +3.60 v
RL =100Q, 30mV Overdrive +3.15 v
lout Maximum Qutput Current Vout = £3V, 30mV Qverdrive +30 mA
Isc Output Short-Circuit Current Vout = 0V, 1V Overdrive (Note 3) +55 mA
SR Slew Rate Ay =-1 (Note 5) 350 Vs
GBW Gain Bandwidth Product f = 200kHz 60 MHz
IsHoN SHDN Pin Current SHDN > V= + 2.0V (On) (Note 11) +2 HA
SHDN <V~ + 0.4V (Off) (Note 11) -200 HA
Is Supply Current SHDN > V= + 2.0V (On) (Note 11) 5 mA
SHDN <V~ + 0.4V (Off) (Note 11) 200 HA

-40°C < Ty < 85°C, Vg =5V, Vg = 2.5V, R to 2.5V unless otherwise noted (Notes 8, 10).
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 4) 3.5 mV
AVog/AT | Input Offset Voltage Drift (Note 7) 10 30 uv/°c
los Input Offset Current 600 nA
I Input Bias Current +6 HA
Vem Input Voltage Range (Positive) 3.5 V
Input Voltage Range (Negative) 1.5 v
CMRR Common Mode Rejection Ratio Vem =1.5V 10 3.5V 70 dB
AvoL Large-Signal Voltage Gain Voyt = 1.5V t0 3.5V, R = 500Q 0.6 V/mV
Vout = 2.0V to 3.0V, R = 100Q 0.4 V/mV
Vourt Maximum Qutput Swing (Positive) RL = 500€2, 30mV Overdrive 3.7 v
Rp = 1009, 30mV Overdrive 35 v
Maximum Qutput Swing (Negative) RL = 500€2, 30mV Qverdrive 1.3 v
RL =100Q, 30mV Overdrive 1.5 v
lout Maximum Qutput Current Vout = 3.5V or 1.5V, 30mV Overdrive 17 mA
Isc Output Short-Circuit Current Vout = 2.5V, 1V Overdrive (Note 3) +40 mA
SR Slew Rate Ay =-1 (Note 5) 125 V/ps
GBW Gain Bandwidth Product f = 200kHz 50 MHz
IsHoN SHDN Pin Current SHDN >V~ + 2.0V (On) (Note 11) +2 HA
SHDN <V~ + 0.4V (Off) (Note 11) -100 HA
Is Supply Current HDN >V~ + 2.0V (On) (Note 11) 5 mA
SHDN <V~ + 0.4V (Off) (Note 11) 100 HA

Note 1: Stresses beyond those listed under Absolute Maximum Ratings may
cause permanent damage to the device. Exposure to any Absolute Maximum
Rating condition for extended periods may affect device reliability and lifetime.

Note 2: Differential inputs of +3V are appropriate for transient operation
only, such as during slewing. Large sustained differential inputs can cause
excessive power dissipation and may damage the part.

Note 3: A heat sink may be required to keep the junction temperature below
absolute maximum when the output is shorted indefinitely.

Note 4: Input offset voltage is pulse tested and is exclusive of warm-up drift.

Note 5: Slew rate is measured between +2V on the output with +3V input for
+5V supplies and 2Vp.p on the output with a 3Vp_p input for single 5V supplies.

Note 6: Full power bandwidth is calculated from the slew rate: FPBW = SR/2ntVp
Note 7: This parameter is not 100% tested.

Note 8: The LT1812C is guaranteed to meet specified performance from
0°C to 70°C. The LT1812C is designed, characterized and expected to

meet specified performance from —40°C to 85°C but is not tested or QA
sampled at these temperatures. The LT1812I is guaranteed to meet specified
performance from —40°C to 85°C.

Note 9: Thermal resistance varies with the amount of PC board metal conn-
ected to the package. The nominal values are for short traces connected to the
pins. The thermal resistance can be substantially reduced by connecting Pin 2
of the 5-lead or 6-lead TSOT-23 or Pin 4 of the SO-8 to a large metal area.
Note 10: For the 8-lead SO and 6-lead TSOT-23 parts, the electrical charac-
teristics apply to the “ON” state, unless otherwise noted. These parts are in
the “ON” state when either SHDN is not connected, or SHDN > V™~ + 2.0V.

Note 11: The shutdown (SHDN) feature is not available on the 5-lead

SOT-23 parts. These parts are always in the “ON” state.
1812fb
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TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Temperature
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LT1812

TYPICAL PERFORMANCE CHARACTERISTICS

Output Short-Circuit Current

Open-Loop Gain and Phase

vs Temperature vs Frequency
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LT1812

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1812

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1812

APPLICATIONS INFORMATION

Layout and Passive Components

The LT1812 amplifier is more tolerant of less than ideal
layouts than other high speed amplifiers. For maximum
performance (for example, fast settling) use a ground
plane, shortlead lengths and RF-quality bypass capacitors
(0.01pF to 0.1pF). For high drive current applications, use
low ESR bypass capacitors (1pF to 10pF tantalum).

The parallel combination of the feedback resistor and gain
setting resistor on the inverting input combine with the
input capacitance to form a pole that can cause peaking
or even oscillations. If feedback resistors greater than 2k
are used, a parallel capacitor of value

CF > RG ° C|N/R|:

should be used to cancel the input pole and optimize
dynamic performance. For applications where the DC
noise gain is 1 and a large feedback resistor is used, Cg
should be greater than or equal to Gy. An example would
be an |-to-V converter.

Input Considerations

Each of the LT1812 amplifier inputs is the base of an NPN
and PNP transistor whose base currents are of opposite
polarity and provide first-order bias current cancellation.
Because of variation in the matching of NPN and PNP
beta, the polarity of the input bias current can be positive
or negative. The offset current does not depend on beta
matchingandis well controlled. The use of balanced source
resistance at each input is recommended for applications
where DC accuracy must be maximized. The inputs can
withstand differential input voltages of up to 3V without
damage and need no clamping or source resistance for
protection.

The device should not be used as a comparator because
with sustained differential inputs, excessive power dissi-
pation may result.

Capacitive Loading

The LT1812 is stable with a 1000pF capacitive load,
which is outstanding for a 100MHz amplifier. This is
accomplished by sensing the load induced output pole
and adding compensation at the amplifier gain node. As

the capacitive load increases, both the bandwidth and
phase margin decrease so there will be peaking in the
frequency domain and in the transient response. Coaxial
cable can be driven directly, but for best pulse fidelity, a
resistor of value equal to the characteristic impedance of
the cable (i.e., 75Q) should be placed in series with the
output. The other end of the cable should be terminated
with the same value resistor to ground.

Slew Rate

The slew rate is proportional to the differential input
voltage. Highest slew rates are therefore seeninthe lowest
gain configurations. For example, a 5V output step in a
gain of 10 has a 0.5V input step, whereas in unity gain
there is a 5V input step. The LT1812 is tested for slew
rate in a gain of —1. Lower slew rates occur in higher
gain configurations.

Shutdown

The LT1812 has a shutdown pin (SHDN, Pin 8) for
conserving power. When this pin is open or biased at
least 2V above the negative supply, the part operates
normally. When pulled down to V™, the supply current
drops to about 50pA. Typically, the turn-off delay is
1ps and the turn-on delay 0.5ps. The current out of the
SHDN pin is also typically 50pA. In shutdown mode, the
amplifier output is not isolated from the inputs, so the
LT1812 shutdown feature cannot be used for multiplexing
applications. The 50pA typical shutdown current is
exclusive of any output (load) current. In order to prevent
load current (and maximize the power savings), either
the load needs to be disconnected, or the input signal
needs to be OV. Even in shutdown mode, the LT1812 can
still drive significant current into a load. For example, in
an Ay = 1 configuration, when driven with a 1V DC input,
the LT1812 drives 2mA into a 100Q load. It takes about
500ps for the load current to reach this value.

Power Dissipation

The LT1812 combines high speed and large output drive
in a small package. It is possible to exceed the maximum
junction temperature under certain conditions. Maximum

1812fb
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LT1812

APPLICATIONS INFORMATION

junction temperature (T;) is calculated from the ambient
temperature (Tp) and power dissipation (Pp) as follows:

Ty=Ta+ (Ppe6ys) (Note 9)

Power dissipationis composed oftwo parts. Thefirstis due
to the quiescent supply current and the second is due to
on-chip dissipation caused by the load current. The worst-
case load induced power occurs when the output voltage
is at 1/2 of either supply voltage (or the maximum swing
if less than 1/2 supply voltage). Therefore Ppyax is:

Pomax = (V* = V") (Ismax) + (V*/2)2/R, or

Pomax = (V¥ = V") (Ismax) + (V* = Vomax)(Vomax/RL)
Example: LT1812CS5 at 70°C, Vg = £5V, R = 100Q

Powax = (10V)(4.5mA) + (2.5V)2/100Q = 108mW

Tuax = 70°C + (108mW)(250°C/W) = 97°C

Circuit Operation

The LT1812 circuit topology is a true voltage feedback
amplifierthat has the slewing behavior ofacurrentfeedback
amplifier. The operation of the circuit can be understood
by referring to the Simplified Schematic. The inputs are
buffered by complementary NPN and PNP emitter followers
that drivea 300Q2 resistor. The inputvoltage appearsacross

the resistor generating currents that are mirrored into the
high impedance node. Complementary followers form an
output stage that buffers the gain node from the load. The
bandwidth is set by the input resistor and the capacitance
onthe highimpedance node. The slew rate is determined by
the current available to charge the gain node capacitance.
This current is the differential input voltage divided by R1,
so the slew rate is proportional to the input. Highest slew
rates are therefore seen in the lowest gain configurations.
The RC network across the output stage is bootstrapped
when the amplifier is driving a light or moderate load
and has no effect under normal operation. When driving
capacitive loads (oralow value resistive load) the network
isincompletely bootstrapped and adds to the compensation
atthe highimpedance node. The added capacitance slows
down the amplifier which improves the phase margin by
moving the unity-gain cross away from the pole formed
by the output impedance and the capacitive load. The zero
created by the RC combination adds phase to ensure that
the total phase lag does not exceed 180 degrees (zero
phase margin) and the amplifier remains stable. In this
way, the LT1812 is stable with up to 1000pF capacitive
loads in unity gain, and even higher capacitive loads in
higher closed-loop gain configurations.

SIMPLIFIED SCHEMATIC

R1

3002

— Jour

T BIAS (I
CONTROL
SHDN @
v [ B _— .

7
7 R
7 X TOZL
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LT1812

PACKAGE DESCRIPTION

85 Package
5-Lead Plastic TSOT-23
(Reference LTC DWG # 05-08-1635)

062 095
. 2.90 BSC
MAX REF
>~ =~ (NOTE 4)
< |+ 122 Rer
150-1.75
3.85 MAX 2.62 REF -+ 1.4 MIN 2.80 BSC (NOTE 4) S I —
\
| |

o 1]
H E| H PIN ONE |

RECOMMENDED SOLDER PAD LAYOUT

0.95 BSC J<_> ﬁ‘ ‘ < 030-0.45TYP

PER IPC CALCULATOR 5 PLCS (NOTE 3)
0.80-0.90 |
A
e 0.01-0.10
\ , 1.00 MAX
DATUM ‘A’ Y | ¢
t‘ -«— 0.30 - 0.50 REF ﬁ ‘ ?
0.09-0.20 ~«—1.90 BSC —>

NOTE: (NOTE 3)
1. DIMENSIONS ARE IN MILLIMETERS

2. DRAWING NOT TO SCALE

3. DIMENSIONS ARE INCLUSIVE OF PLATING

4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
5. MOLD FLASH SHALL NOT EXCEED 0.254mm

6. JEDEC PACKAGE REFERENCE IS M0-193

$5TS0T-23 0302 REV B

1812fb
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LT1812
PACKAGE DESCRIPTION

S6 Package
6-Lead Plastic TSOT-23
(Reference LTC DWG # 05-08-1636)

2.90 BSC
0.62 0.95 -
MAX REF (NOTE 4)
— H ‘Jr\ '1.22REF
1.50-1.75
3.85 MAX 2.62 REF —+ 1.4 MIN 2808SC " yore 4 - - -1
i @ PINONE ID ;

o

10 «

RECOMMENDED SOLDER PAD LAYOUT J ‘ ‘ 0.30-0.45
PER IPC CALCULATOR 0.95 BSC — = > > = 6pLCS (NOTE 3)
0.80- 0.90
\
A
0.20 8SC 1 ooﬁ\nAx + 0.01-0.10
¢ DATUM ‘A ¢ ' | ¢
v J =
#‘ < 0.30-0.50 REF . T 020 ‘ 190BSC
NOTE: (NOTE 3) 6 TSOT-23 0302 REV B

1. DIMENSIONS ARE IN MILLIMETERS

2. DRAWING NOT TO SCALE

3. DIMENSIONS ARE INCLUSIVE OF PLATING

4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
5. MOLD FLASH SHALL NOT EXCEED 0.254mm

6. JEDEC PACKAGE REFERENCE IS M0-193

1812fb
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LT1812

PACKAGE DESCRIPTION

S8 Package

8-Lead Plastic Small Outline (Narrow .150 Inch)

(Reference LTC DWG # 05-08-1610)

189 -.197
045 + 005 (4.801 - 5.004)
.050 BSC —> NOTE 3
I 8 7 6 5
o HH A
245 T
MIN 160+005 150 157
228 - 244 _190-157
7 (5.791-6.197) (3.810 - 3.988)
030 £.005—>]
i iyt
2 3 4

RECOMMENDED SOLDER PAD LAYOUT

.010 -.020

G582 —oeog <A < .053 —.069
(0.254 - 0.508) ‘ et .
(0.203-0.254) 0°- 8° TYP (0.101-0.254)
1 [ S— : s
016 -.050
fs ‘9(0.406—1.270) _014-.019 ‘ ‘ L_,L
. (0.355 - 0.483) 1.270)
NOTE: INCHES v BSC

1. DIMENSIONS IN (MILLIMETERS)

2. DRAWING NOT TO SCALE
3. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED .006" (0.15mm)

$08 0303

1812fb

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.

LY N

15



LT1812

Single 5V Supply 10MS/s 12-Bit ADC Buffer
Vin
225‘(;’-P 12 BITS
27be LTC1420 -/
10MS/s
PART NUMBER DESCRIPTION COMMENTS
LT1360/LT1361/LT1362 | Single/Dual/Quad 50MHz, 800V/us, C-Load™ Amplifiers | 4mA Supply Current, 1mV Max Vos, 1HA Max Ig
LT1363/LT1364/LT1365 | Single/Dual/Quad 70MHz, 1000V/ys, C-Load Amplifiers | 50mA Output Current, 1.5mV Max Vs, 2pA Max Ig
LT1395/LT1396/LT1397 | Single/Dual/Quad 400MHz Current Feedback Amplifiers | 4.6mA Supply Current, 800V/us, 80mA Output Current
LT1806 325MHz, 140V/ps Rail-to-Rail 1/0 Op Amp Low Noise 3.5nV/yHz
LT1809 180MHz, 350V/ps Rail-to-Rail 1/0 Op Amp Low Distortion —90dBc at 5SMHz
LT1813 Dual 3mA, 100MHz, 750V/us Operational Amplifier Dual Version of the LT1812

C-Load is a trademark of Linear Technology Corporation.

1812fb

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 © FAX: (408) 434-0507 ® www.linearcom

LT 0909 REV B + PRINTED IN USA
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Panasonic

DB2S308

Silicon epitaxial planar type

For high speed switching circuits Unit: mm
M Features 0.8 0.13
® [ow forward voltage Vg -
® Short reverse recovery time t,, | | 2
® Halogen-free / RoHS compliant
(EU RoHS / UL-94 V-0 / MSL: Level 1 compliant)
. AN ©
B Marking Symbol: C2 =
B Packaging
DB2S30800L  Embossed type (Thermo-compression sealing): 3 000 pes / reel (standard) 1 | |
B Absolute Maximum Ratings T,=25°C 0.3 0.6
Parameter Symbol Rating Unit
1: Cathode
Reverse voltage Vr 30 \%
2: Anode
Repetitive peak reverse voltage VrrMm 30 \%
E q A | 100 A Panasonic SSMini2-F5-B
orward current (Average) F(AV) TEITA SC-79
Peak forward current Iem 200 mA Code SOD-523
Non-repetitive peak forward surge current *! Trsm 1 A
Junction temperature T; 125 °C
Operating ambient temperature Topr —40 to +85 °C
Storage temperature Tg -55to+125 °C
Note) *1: 50 Hz sine wave 1 cycle (Non-repetitive peak current)
B Electrical Characteristics T, =25°C+3°C
Parameter Symbol Conditions Min Typ Max Unit
Forward voltage A%
Vi, [ Ip=100 mA 0.42
IR] VR =10V 25
Reverse current HA
Iry Vr=30V 120
Terminal capacitance C, Vr=10V,f=1MHz 29 pF
Reverse recovery time *! ty Ir=Ix =100 mA, [, =10 mA, R, = 100 Q 13 ns

Note) 1. Measuring methods are based on JAPANESE INDUSTRIAL STANDARD JIS C 7031 measuring methods for diodes.
2. This product is sensitive to electric shock (static electricity, etc.). Due attention must be paid on the charge of a human body and the leakage
of current from the operating equipment.
3. Absolute frequency of input and output is 250 MHz

*]: t, measurement circuit

Bias Application Unit (N-50BU) Input Pulse Output Pulse
t tp
B — t
10% | t,
¥ B t
L90% 4 /-
Vi I,=10mA

t,=2ps Iz =100 mA
Pulse Generator Wave Form Analyzer t,=035ns I =100 mA
(PG-10N) (SAS-8130) 8=0.05 Ry =100
R,=50Q R;=50Q

Publication date: April 2013 Ver. DED 1



DB2S308

Panasonic
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DB2S308 Panasonic

SSMini2-F5-B Unit: mm
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Request for your special attention and precautions
in using the technical information and semiconductors described in this book

(1) If any of the products or technical information described in this book is to be exported or provided to non-residents, the
laws and regulations of the exporting country, especially, those with regard to security export control, must be observed.

(2) The technical information described in this book is intended only to show the main characteristics and application circuit
examples of the products. No license is granted in and to any intellectual property right or other right owned by
Panasonic Corporation or any other company. Therefore, no responsibility is assumed by our company as to the
infringement upon any such right owned by any other company which may arise as a result of the use of technical
information de-scribed in this book.

(3) The products described in this book are intended to be used for general applications (such as office equipment,
communications equipment, measuring instruments and household appliances), or for specific applications as expressly
stated in this book.

Please consult with our sales staff in advance for information on the following applications, moreover please exchange
documents separately on terms of use etc.: Special applications (such as for in-vehicle equipment, airplanes, aerospace,
automotive equipment, traffic signaling equipment, combustion equipment, medical equipment and safety devices) in
which exceptional quality and reliability are required, or if the failure or malfunction of the products may directly
jeopardize life or harm the human body.

Unless exchanging documents on terms of use etc. in advance, it is to be understood that our company shall not be held
responsible for any damage incurred as a result of or in connection with your using the products described in this book
for any special application.

(4) The products and product specifications described in this book are subject to change without notice for modification
and/or improvement. At the final stage of your design, purchasing, or use of the products, therefore, ask for the most up-
to-date Product Standards in advance to make sure that the latest specifications satisfy your requirements.

(5) When designing your equipment, comply with the range of absolute maximum rating and the guaranteed operating

conditions (operating power supply voltage and operating environment etc.). Especially, please be careful not to exceed
the range of absolute maximum rating on the transient state, such as power-on, power-off and mode-switching. Other-
wise, we will not be liable for any defect which may arise later in your equipment.
Even when the products are used within the guaranteed values, take into the consideration of incidence of break down
and failure mode, possible to occur to semiconductor products. Measures on the systems such as redundant design,
arresting the spread of fire or preventing glitch are recommended in order to prevent physical injury, fire, social damages,
for example, by using the products.

(6) Comply with the instructions for use in order to prevent breakdown and characteristics change due to external factors
(ESD, EOS, thermal stress and mechanical stress) at the time of handling, mounting or at customer's process. We do
not guarantee quality for disassembled products or the product re-mounted after removing from the mounting board.
When using products for which damp-proof packing is required, satisfy the conditions, such as shelf life and the elapsed
time since first opening the packages.

(7) When reselling products described in this book to other companies without our permission and receiving any claim of
request from the resale destination, please understand that customers will bear the burden.

(8) This book may be not reprinted or reproduced whether wholly or partially, without the prior written permission of our
company.

No.010618




PHOTODIODE 12mm?2 ODD-12W

ANODE FEATURES
50 .545
MIN. 555

+ TO-8 hermetic package
« Circular active area
» Low capacitance

.035——I

489 435

.185
199

CATHODE

ELECTRO-OPTICAL CHARACTERISTICS AT 25°C

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
Active Area 4mm DIA. 12 mm?
Responsivity, R @ 632nm 0.35 0.40 A/W
Dark Current, Idr Vg=10V 3 7 nA
Reverse Breakdown Voltage, Vg Ir = 10A 25 60 Volts
Capacitance, C Vg =10V 25 pF
Rise Time Vg =10V 15 nsec
Series Resistance Vi=1V 35 100 Ohms

THERMAL PARAMETERS

Storage and Operating Temperature Range -55°C TO 100°C
Maximum Junction Temperature 100°C
Lead Soldering Temperature’ 260°

14/16" from case for 10 seconds.

1260 Calle Suerte, Camarillo, California 93012
Phone: (805) 499-0335, Fax: (805) 499-8108
pTO DIODE Email: sales@optodiode.com, Website: www.optodiode.com

Revision February 26, 2013




PHOTODIODE 12mm?2

ODD-12W

RELATIVE CAPACITANCE
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CERAMIC DIELECTRIC TRIMMER CAPACITORS SG-305K

SURFTRIM® SURFACE MOUNT
GKRP SERIES

FEATURES SPECIFICATIONS

= Sealed for washability Operating Temperature Range: -40°C to +85°C
= Low mounting profile. Voltage Rating: 25 VDC

- Carrier and reel packaging standard. Dielectric Withstanding Voltage: 75 VDC

= NPO temperature coefficient (up to 10 pF max). Insulation Resistance: 10* Megohms min

- Self resonant frequency above 1 GHz. Torque: 10 to 150 g-cm (0.14 to 2.1 0z-in)

3.2x25x1.3mm
Models

Capacitance Carrier and
(pF) TCC Q min Reel Pack
min | max | (ppm/°C) (1 MHz) Model No.
3.0 5.0 0 £ 500 150 GKRP5R066
3.0 | 10.0 0 + 500 150 GKRP10066
5.0 20.0 N750 = 500 150 GKRP20066
7.0 | 30.0 | N750 £ 500 150 GKRP30066
Carrier and reel specifications on page 11.
0.039
1.0
‘ ‘¢ 0.059 70'059DIA
1.5 1.5
] L /T
0.001°3588 |1 F o
2.3 +0.15 DIA — 7, E——
~ 20,05 t Y :
] 0.01 *
A | T 0.25
0.039 | 0.007
1.0 0.18
0.13 » 010
L Y49 ‘ g 5
3.2
0.075
1.9
oozs ] -
10 - = L0.035
0.9
PAD LAYOUT

All dimensions are in /mm. Unless otherwise specified, the tolerance on dimensions is + 0.004/0.1.
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CERAMIC DIELECTRIC TRIMMER CAPACITORS

GKYB ECONOMY SERIES

FEATURES
* Suitable for reflow soldering.

» Superior Setting Drift Performance
* Low Mounting Profile (only 1.7 mm)
* Available in carrier and reel packaging.

$G-305K.1

SPECIFICATIONS

Operating Temperature Range: -25°C to +85°C
Voltage Rating: 100 VDC

Dielectric Withstanding Voltage: 220 VDC
Insulation Resistance: 104 Megohms min

Torque: 25 to 100 g-cm (0.35 to 1.39 oz-in)

3.2x4.5x 1.7mm
Models
Capacitance
Range (pF) TCC Qmin | Color Code
min max (opm/°C) (1 MHz) or Mark Model No.
1.7 3.0 NPO + 300 300 Brown GKYB3R0O66
2.5 6.0 NPO + 300 500 Blue GKYB6R066
3.5 10.0 N750 + 300 500 White GKYB10066
5.5 20.0 | N1200 + 500 300 Red GKYB20066
7.5 30.0 | N1200 + 500 300 Green GKYB30066
Carrier and reel specifications on page 11.
o020 0.063 + 0.004
0.75 063 + 0.
%47 =~ 0079 EE $:o.ooc + 0.001 %ﬂ -
— =~ 0.012+0.002 ¢‘ 0.15 + 0.03 ' *
. 03 1006 I
0.3 £0.06 ‘ STATOR VBN :
0.02
i B | ﬂ“ 6
- Qﬂ/
0020002 | 1 |
0.5+0.05 L1 _
ROTOR
008 i | Aoo02
ol 0.004 +0.002 8 6
0.10£0.05

07'047’1 ‘« w—»‘ ‘¢ 0.047 { 0.047
1.2 3 1.2 12
PAD LAYOUT

All dimensions are in /mm. Unless otherwise specified, the tolerance on dimensions is + 0.04/0.1.

SPRAGUE-GOODMAN ELECTRONICS, INC., 1700 SHAMES DRIVE, WESTBURY, NY 11590 ¢ TEL: 516-334-8700 * FAX: 516-334-8771 ¢ E-MAIL: info@spraguegoodman.com 3A
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CERAMIC DIELECTRIC TRIMMER CAPACITORS SG-305K

4

®
SURFTRIM® SURFACE MOUNT
GKY WASHABLE SERIES
= Designed for reflow soldering. Models
= Carrier and reel packaging. Capacitance . Carrier and
N (PF) TCC Q min Reel Pack
= Sealed for washability min | max | (ppm/°C) (1 MHz) Model No.
1.0 3.0 0 £ 500 300 GKY3R086
SPECIFICATIONS 2.5 | 10.0 0 + 300 300 GKY10086
Operating Temperature Range: -40°C to +85°C 4.5 | 20.0 | N750 + 400 300 GKY20086
T 4.5 30.0 | N750 £+ 500 300 GKY30086
Voltage Rating: 25 VDC 4.5 |40.0 | N750 + 500 300 GKY40086
Dielectric Withstanding Voltage: 75 VDC 4.5 | 50.0 | N750 + 500 300 GKY50086
. ) Cana :
Insulation Resistance: 10* Megohms min Carrier and reel specifications on page 11.
Torque: 10 to 150 g-cm (0.14 to 2.08 oz-in)
0.071
—— MAX —-— 0.02
18 ﬂ¢o.0059t0.ooz ﬁ*‘ “
0.15 + 0.05 *
y STATOR —
0.071 o
18 41— H ™ TERMINALS m A 0.02 %008
- APPROX. FLUSH ' 0.6 rg
TO MOUNTING Y
/SURFACE Wl
Y _
0‘10:9 + ROTOR 0031 |, koo 8,004
! 0.0047 + 0.002 0.78 0.6 *0
O'OlSTYP* 0.12 £ 0.05
* 0.45
0.047 0.11 0.047 0.059
PAD LAYOUT =~ ‘*T*‘ = 12 ' s GKY ___86
GKY STANDARD SERIES
FEATURES
= Designed for reflow soldering. 3.2x45x1.8mm
- Available in carrier and reel packaging. Models
Capacitance Carrier and
SPECIFICATIONS (pF) TCC Q min | Color | Bulk Pack | Reel Pack
Operating min max | (ppm/°C) |(1 MHz)| Code | Model No. | Model No.
Temperature Range: -25°C to +85°C 1.7 3.0 0 £ 300f 500 |Brown | GKY3R000 | GKY3R066
. 2.5 6.0 0 + 300 500 Blue |GKY6R000 | GKY6R066
Voltage Rating: 100 VDC 3.0 | 10.0 | N400 + 400| 500 | White | GKY10000 | GKY10066
Dielectric Withstanding Voltage: 220 VDC 5.0 | 20.0 | N900 + 400| 300 | Red |GKY20000 | GKY20066
Insulation Resistance: 104 Megohms min 6.0 30.0 [N1200 + 500 300 Green | GKY30000 | GKY30066
Torque: 10 to 150 g-cm (0.14 to 2.08 oz-in) Carrier and reel specifications on page 11.
'2» ‘ ‘ 0.079 - roffgl MAX 08 1 0.02 %
7‘ | 2.0 0,075 STATOR 6y J '
P ERE . * []
A 1.9 4 \
by TERMINALS 0.02 —
018 012, M=, %J N APPROX. FLUSH L ua 06 b~ }*0.10‘217
45 3.0 VY TO MOUNTING J‘ 0.047 0.13 :
¥ f  SURFACE 0.065 ¥ 0.04/
W 0.02 0.067 | 1.65 — 12
0.05 A ‘47 0.5 0.026 ROTOR 0.03 *‘ ‘¢ L 0.02 PAD LAYOUT
12 0.13 065 08 6
-— =
32 GKY _ _ _ 00, 66

All dimensions are in /mm. Unless otherwise specified, the tolerance on dimensions is = 0.004/0.1.

SPRAGUE-GOODMAN ELECTRONICS, INC., 1700 SHAMES DRIVE, WESTBURY, NY 11590 = TEL: 516-334-8700 = FAX: 516-334-8771 = E-MAIL: info@spraguegoodman.com




CERAMIC DIELECTRIC TRIMMER CAPACITORS SG-305K

SURFTRIM® SURFACE MOUNT

Sealed Construction

CONSTRUCTION DETAILS OF 4 x 4.5 mm GKG MODELS
Model GKG __ _ _ 27 Shown
« Special “drive assembly” with

FEATURES upper surface contour. Spring fingers
= Process seal provides protection against conta- also prOV"éel proper tension for smooth N2
minants (flux, solvents, etc.) during production. torque and low resistance. & o=
= Special rotor with die-formed “drive” ~ 7////\\\\\\\

= Designed for flow and reflow soldering.
= Available in carrier and reel packaging.

SPECIFICATIONS

Operating Temperature Range:

Voltage Rating: 100 VDC

Dielectric Withstanding Voltage: 220 VDC
Insulation Resistance: 104 Megohms min
Torque: 15 to 100 g-cm (0.2 to 1.39 oz-in)

-25°C to +85°C

pointed spring fingers to engage rotor

contour on upper surface.

= Flat-lapped and lubricated surfaces
join for reliable capacitance settings.

= Special ceramic stator insert
with metalized electrode.

« Solid one-piece housing with integrally
molded terminals and contact areas.
Central tubular column is spun-out
into a flare after assembly to maintain
built-in spring tension.

I

4 x 4.5 x 2.7mm Models
Capacitance Carrier and Carrier and Carrier and
(pF) TCC Q min Color Bulk Pack | Reel Pack Bulk Pack | Reel Pack | Bulk Pack | Reel Pack
*min | max | (ppm/°C) |(1MHz)| Code Model No. | Model No. | Model No. | Model No. | Model No. | Model No.
1.4 3.0 0 + 200| 300** |[tTRed Dot | GKG3R026 | GKG3R066 | GKG3R027 | GKG3R067 | GKG3R028 | GKG3R068
2.0 6.0 0 + 200| 500** Blue GKG6R026 | GKG6R066 | GKG6R027 | GKG6R067 | GKG6R028 | GKG6R068
3.0 10.0 0 + 300| 500** | White GKG10026 | GKG10066 | GKG10027 | GKG10067 | GKG10028 | GKG10068
4.5 20.0 | N90O + 300( 500** Red GKG20026 | GKG20066 | GKG20027 | GKG20067 | GKG20028 | GKG20068
6.5 30.0 [N1100 + 450( 300 Green GKG30026 | GKG30066 | GKG30027 | GKG30067 | GKG30028 | GKG30068
15.0 50.0 [N1700 + 500( 300 Orange | GKG50H26| GKG50H66 | GKG50H27 | GKG50H67 | GKG50H28 | GKG50H68
t Marking on bottom of capacitor. Available without seal — consult factory.
* Re-rated in 1994 for lower min capacitance. Carrier and reel specifications on page 11.
** Q at 10 MHz Add -07 to Model No. for 700/ reel, —-25 for 2500/ reel.
0.16 + 0.008 )
0.16 +0.008 TERMINALS 40£02 0.1 +0.008
40x02 0.11 +0.008 APPROX. FLUSH TO T27%02 e
sLors % x% op = ‘ 27£02  |ROTOR MACE SLOTS %X% DP\ J] ROTOR
! ol ) ABPROX. FLUSH
0.094 0.18 +0.008 0.11 £ 0.008 0.094 018+0008 TO MOUNTING
2.4 @ 45+0.2 2.8+0.2 2.4 T 45%02 + 0.2 SURFACE
i | i i \/'
0.055 055 DIA—_ 1 0.055 50 AC
»I_.F 0.047 STATOR— 0.20 B 14 STATOR
?TYP SEAL 5.72ma>< R A
+‘ FO 047 SEAL 0.28 +£0.008 |
1.2 7.0+£0.2
GKG _ _ _ 26,66 GKG _ _ _ 27,67
0.16  0.008 o ERMINALS 01140008 0.094 094 %‘ ‘+ 0079 ., PAD LAYOUTS
40+02 MONTNG SURFACE || 2902
002,002 o ROTOR |:| |:| 0.16 oo
SLOTS 55 05 PP SEAL 40 ‘ ‘ 2.0
GKG _ _ _ 26,66
0_094 0.18 £ 0.008 0.28 £ 0.02
2.4 45+0.2 7.0+£0.5 %
' l 016 ‘ ‘+ 0.079
0.055
pia—" l_[mére 0.120:+0.006
bt A 305+015
our, D i
12 GKG _ 28,68
GKG _ _ _ 28,68 GKG _ _ _ 27,67

All dimensions are in/ mm. Unless otherwise specified, the tolerance on dimensions is + 0.004/0.1.

SPRAGUE-GOODMAN ELECTRONICS, INC., 1700 SHAMES DRIVE, WESTBURY, NY 11590 = TEL: 516-334-8700 = FAX: 516-334-8771 = E-MAIL: info@spraguegoodman.com
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CERAMIC DIELECTRIC TRIMMER CAPACITORS SG-305K

PLASTIC ENCASED TYPE

Available With or Without Adjust Cavity Seal

FEATURES SPECIFICATIONS

= Very low cost due to automated production and Operating Temperature Range: -25°C to +85°C
solderless touch contact construction. Voltage Rating: 100 VDC

= Wide selection of capacitance ranges. Dielectric Withstanding Voltage: 220 VDC

= Color coded housings. Insulation Resistance: 104 Megohms min

= Easy blind tuning (2 slots at 90° angle in adjust Torque: 10 to 100 g-cm (0.14 to 1.39 oz-in)

cavity — accepts cross-slotted tool).

= Process seal on adjust screw access face (optional)
provides protection against contaminants (flux,
cleaning agents, etc.) during production.

p
g
o
4 x 4.5mm Models LY
Capacitance Top Mount? Top Mount? Top Mount*
(pF) TCC Q min Color | Spring Lead Model No. | Spring Lead Model No. | Ammo Pack Model No.
'min | max | (ppm/°C) |1 MHz 10 MHz| Code | Unsealed | Sealed | Unsealed | Sealed Unsealed
1.4 3.0 0 + 200 300 300 |’Red Dot [GKG3R021|GKG3R071|GKG3R024|GKG3R074 GKG3R025
2.0 6.0 0 +£ 200 500 300 Blue GKG6R021|{GKG6R071|GKG6R024|GKG6R074 GKG6R025
3.0 | 10.0 0 + 300| 500 300 White |GKG10021|GKG10071|GKG10024|GKG10074 GKG10025
4.5 | 20.0 | N90O + 350| 500 300 Red GKG20021|GKG20071|GKG20024|GKG20074 GKG20025
6.5 | 30.0 [N1100 + 450| 300 300 Green |GKG30021|GKG30071|GKG30024|GKG30074 GKG30025
15.0 | 50.0 [N1700 = 500| 300 | N.A. | Orange |GKG50021|GKG50071|GKG50024|GKG50074 GKG50025
'Re-rated in 1993. *Magazine pack (120 pieces) for auto insertion available — consult
*Marking on bottom of capacitor. factory for pricing.
‘Ammo pack contains 1000 pcs.
SLOTS %K% DP O;ifg'gz 0.24 +0.02
. ‘ 0.1+ 0.008 0.16 + 0.008 00944002 . _ ( 62105
0.079 +0.008 - ™ [ 27:x02 40+0.2 24+05
20£0.2 +0. 4
7 r oiseso $ 00, \ o ||
T g ‘A ROTOR T 08 05y ROTOR 0.008:0.002 1.,
0.18 +0.008 0.094 0.148 + .01 0.21+0.02 0.094 0.18 +0.008 X 0.2+0.05
45+0.2 24 3.75+0.3 53+0.5 2.4 45+0.2
; ) X | i e
0.055 [y 0 STATOR % DIA STATOR ~
14 0.008£0.002 1 - [}
0.16 +0.008 L 02005 0.039 0.03
20t02 4*—* “o—a 10 2 Hotes) 074§
0.039 — 0.20 >3
: | o DIA Eﬂﬂi -~ of 020 =1
-O—0O- 10 (2 HOLES) % L0-06310»008 Mounting Holeiaoyout 4 J
0.148 1.6+0.2 0.05+0.004 .\
3.75 1.2+01
Mounting Hole Layout GKG L 21 , 71 GKG L 24, 74
0.500+0.04
* 12.7+1
0.16 +0.008 P T ] -
40+0.2 A A +0.4 N
«70,027.3281208 0_2‘171%.0203 0-1(?29 Ig,:zo J o:gig.gos DIA
ROTOR . —— T 0.650°¢°
M " m 16.5 *15
0.18 +0.008 T fé 33 i 33 >Q 0.35+0.02 -0
45+0.2 i b " I 9.0+0.5 l
i 35 min /. AN T Wk -
A Sron ' ‘ eii R \/ﬁ 0717338
*‘ Lo.oesto,oos l i . 1871

—_ o gf_ == v:
o.o47j 0.06 maxj | 0.152:+0.03 } 0024+001
1.2 15 ™ 385:08 0.60+0.3
VIEW A-A -850,
(ROTOR) 0.2+0.002 __| |- 0500+0.01 | 0.02£0.002

-

5.0+0.05 12.7+0.3 0.5+0.05

GKG _25 GKG _ _ _ 25 TAPE DIMENSIONS

All dimensions are in / mm. Unless otherwise specified, the tolerance on dimensions is £ 0.004/0.1.
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CERAMIC DIELECTRIC TRIMMER CAPACITORS

SG-305K

PLASTIC ENCASED TYPE
GKG SERIES

FEATURES
« Very low cost.
= Wide selection of capacitance ranges.

= Suitable for printed circuit production methods
using “spring leads” or “straight leads”

SPECIFICATIONS

Operating Temperature Range: -25°C to +85°C

Voltage Rating: 100 VDC

Dielectric Withstanding Voltage: 220 VDC
Insulation Resistance: 10* Megohms min
Torque: 15 to 150 g-cm (0.21 to 2.1 oz-in)

6 mm Economy Models
Capacitance (PF) . Top Adjust Bottom Adjust
min max TCC (ppm/°C) Q min (1 MHz) Color Code Model No. Model No.
1.0 3.0 NPO * 250 300 Black GKG3R015 GKG3R016
2.0 5.0 NPO = 250 300 Blue GKG5R015 GKG5R016
3.0 10.0 NPO =+ 250 300 White GKG10015 GKG10016
5.0 20.0 N750 + 250 300 Red GKG20015 GKG20016
6.5 30.0 N1000 + 500 200 Green GKG30015 GKG30016
7.0 40.0 N2200 + 800 200 Yellow GKG40015 GKG40016
10.0 50.0 N2200 + 800 200 Brown GKG50015 GKG50016
12.0 60.0 N2200 + 800 200 Brown GKG60015 GKG60016
15.0 70.0 N2200 + 800 200 Brown GKG70015 GKG70016
18.0 90.0 N2200 + 800 150 Brown GKG90015 GKG90016
—»| 0.24£0.008 0.16 + 0.008 0.2 - 0:24£0.008 0.16 + 0.008 0.13 0.2
6.0 02 40 £ 02 "ﬁ*‘ 6.0 £ 02 40 £ 02 M) ’*ﬁ"
R 70.2410003 _t ¥ 0.24i0.008 i
E#j 60z02 OA — M 60zo02 DM T
1 ¢ J T $ 0.04 £0.002 1y
0.02+0.008 , 0.02 0.04 +0.002 1\ 1.0 £ 005
0.098 + 0.008 06+ 02 ~ 05 1.0 £ 0.05 0.02+0.008  0.02 ,,
mDIA 0.098 + 0.008 DA +0.6 + 0.2 0.5
25t 0.2
. 0.047
. COLOR CODE 5" DIA (2 PLCS)\ 0oer, %D,A
0.13 i 0.0098 0.008 12
ﬁ? ‘ % 0.25 \\/ \,ﬁﬁ (2 PLCS)
‘ lﬁ l < 0:20 w2 0.25
ROTOR ¥ _sTATOR 5.0 -
— J— Mounting Hole Layout ROTOR STATOR Mounting Hole Layout
0.0098 ’l 0.008 COLOR CODE
025 | 0z
0.24+0.008
6.0 = 0.2
GKG ___15 GKG __ _16

All dimensions are in /mm.

Unless otherwise specified, the tolerance on dimensions is = 0.004/0.1; except slot tolerance is + 0.008/0.2.

SPRAGUE-GOODMAN ELECTRONICS, INC., 1700 SHAMES DRIVE, WESTBURY, NY 11590 = TEL: 516-334-8700 = FAX: 516-334-8771 = E-MAIL: info@spraguegoodman.com
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CERAMIC DIELECTRIC TRIMMER CAPACITORS SG-305K
RUGGED 5 mm
GKU SERIES
FEATURES

= Proven rugged axle design prevents electrode
shifting, maximizes stability.
= Plastic washer between adjust shaft and ceramic

rotor to absorb tuning and environmental stresses.

= Special ceramic dielectric rotor with metalized
electrode.

- Flat-lapped and lubricated surfaces join for reliable

capacity settings.
= Solid one-piece stator electrode and terminal,
recessed and integral with base. Cannot shift. \ 4
o ; i \ 4
ImprO\{es s‘tablllty and resistance t9 humld.lty. . N§ 7.
= Combination spring/contact/terminal maintains
proper tension for smooth torque and low resis-

tance.

= Soldered connection between adjust shaft and rotor O
electrode eliminates contact resistance problems.

= Compact form factor conserves mounting space.
= Straight line capacitance curve.
= Low cost for industrial and commercial applications.

SPECIFICATIONS
Operating Temperature Range: -55°C to +125°C

Voltage Rating: 250 VDC at 85°C
125 VDC at 125°C

Dielectric
Withstanding Voltage: 500 VDC at 85°C
250 VDC at 125°C

Insulation Resistance: 104 Megohms min
Torque: 30 to 140 g-cm (0.42 to 1.94 0z-in)

- .
\ ‘ T— f
020
52
5 mm Rugged Models o |
Capacitance o LO'B 05-252 max Oélgfg-gz
Range (pF) TCC Q min | Color Code 58 ' T
min max (ppm/°C) (10 MHz) or Mark Model No.
15 |t 5.5 0 + 250 300 Black | GKU4R000 ||so7 GZxGF 0P 020
2.0 |t 8.0| N100 + 200 300 Red GKU6R000 r*oj 0081 )0
2.8 |t 12.0| N600 + 300 300 None GKU10000 ol
3.3 [tt 20.5| N800 + 300 300 Blue GKU18000 -O—d
3.8 |t 28.5|N1350 + 650 200 Purple GKU25000 ‘ ‘
4.5 30.0|N1350 + 650 200 Orange GKU30000 STATOR ROTOR  Mounting Hole Layout
5.0 40.0|N1600 * 800 200 Brown GKU40000
6.0 50.0|N1300 + 500 |150 (1IMHz)| Green GKU50000 b e [
7.0 60.0|{N1300 + 500 [150 (1MHz) Pink GKU60000
15.0 90.0|N1500 + 800 [100 (1MHz)| None GKU90000 GKU___00

T Re-rated in 1992 1 Re-rated in 1986

All dimensions are in /mm. Unless otherwise specified, the tolerance on dimensions is + 0.004/0.1.

SPRAGUE-GOODMAN ELECTRONICS, INC., 1700 SHAMES DRIVE, WESTBURY, NY 11590 = TEL: 516-334-8700 = FAX: 516-334-8771 = E-MAIL: info@spraguegoodman.com



CERAMIC DIELECTRIC TRIMMER CAPACITORS

SG-305K

ECONOMY 5mm
GKU SERIES

FEATURES SPECIFICATIONS

= Economical for consumer and industrial applications. Operating Temperature Range: -25°C to +85°C

= Rotor soldered to tuning axle for stability. Voltage Rating: 250 VDC

- It:)or Ie(;:td-through-hole connection to printed circuit Dielectric Withstanding Voltages: 500 VDC
oards.

Insulation Resistance: 104 Megohms min
Torque: 35 to 200 g-cm (0.49 to 2.8 o0z-in)

1 o s 00 ™
b t
5 mm Economy Models ) ‘
- 0‘23TYP 0.12 VP
Capacitance (Y] 3.0
Range (pF) slor 002, 002 o
min max TCC (ppm/°C) |Q min (1 MHz)| Model No. 05 05
1.0 3.0 0 * 250 300 GKU3R010 023+ 0,008
2.0 6.0 0 = 250 300 GKU6R010 58 0.2 *‘ ‘*
3.0 10.0 N750 + 250 300 GKU10010 0.010\p | ‘ _ ®-
4.8 20.0 N750 + 250 300 GKU20010 0.25 \ 0047 o /@ ‘
5.5 30.0 N1000 * 250 200 GKU30010 STATOR ! woron 2 Mounting Hole Layout
6.8 40.0 N2200 + 800 200 GKU40010 o2 e
9.8 50.0 N2200 + 800 200 GKU50010 S0 Tt s
12.0 60.0 N2200 + 800 200 GKU60010 GKU_ 10
14.0 70.0 N2200 + 800 200 GKU70010
GKT SERIES
FEATURES SPECIFICATIONS
= Economical for consumer and industrial applications. Operating Temperature Range: -25°C to +85°C
= Rotor soldered to tuning axle for stability. Voltage Rating: 250 VDC
= For lead-through-hole connection to printed circuit Dielectric Withstanding Voltages: 500 VDC

boards.
= Three hole mounting pattern.

7 mm Economy Models

Insulation Resistance: 104 Megohms min
Torque: 32 to 200 g-cm (0.45 to 2.8 o0z-in)

‘] 2 [ AT %

0.20 +0.008
012 0.010 L

Capacitance 32 DIA o5 P 50 + 02
Range (pF) T i
min max TCC (ppm/°C) Q min (1 MHz)| Model No. f 0262 0.008 00u7 s
2.0 5.0 0 + 200 300 GKT5R012 o408 70 = o;% ares
2.5 10.0 0 + 200 300 GKT10012 ROTOR
3.0 20.0 N470 + 200 300 GKT20012 @PLes)
4.5 30.0 N550 + 800 300 GKT30012 oo || ,‘J-ﬂ
6.0 50.0 N1400 = 800 200 GKT50012 To | oo |0 b .20 + 0,008
8.5 63.0 N2200 + 250 200 GKT60012 02820008  Mounting Hole Layout 50 * 02
10.5 81.0 N2200 + 250 200 GKT80012 70202
12.0 90.0 N2200 + 250 200 GKT90012 GKT__ 12

All dimensions are in /mm. Unless otherwise specified, the tolerance on dimensions is + 0.004/0.1.

SPRAGUE-GOODMAN ELECTRONICS, INC., 1700 SHAMES DRIVE, WESTBURY, NY 11590 = TEL: 516-334-8700 = FAX: 516-334-8771 = E-MAIL: info@spraguegoodman.com
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CERAMIC DIELECTRIC TRIMMER CAPACITORS

SG-305K

THIN 2mm & 3mm TYPES

FEATURES

= Very small size — for hybrid circuit applications.
= Straight line capacitance curve.

= Choice of mounting styles.

MINIATURE SERIES
2.0 x 1.2 mm Models

SPECIFICATIONS
Operating Temperature Range: -25°C to +85°C

Voltage Rating: 25 VDC

Dielectric Withstanding Voltages: 75 VDC
Insulation Resistance: 104 Megohms min
Torque: 10 to 75 g-cm (0.14 to 1.0 oz-in)
Terminal Plating: Silver

°

f ) 0.012, 0.007
e ———=X-——D
9‘ SLOT 25 * 0.18

-

Capacitance (pF)
min* max TCC (ppm/°C) Q min (1 MHz) Model No.
5.0 25.0 N1200 + 800 100 GKH25000 GKH _ 00
*Re-rated in 1996
p 7
.
o
3.0 x 1.8 mm Models bt
Capacitance (pF)
min max TCC (ppm/°C) Q min (1 MHz) Model No. Model No.
1.0 3.0 0 + 300 200 GKX3R010 GKX3R011
1.5 5.0 0 = 300 200 GKX5R010 GKX5R011
2.5 10.0 0 + 300 200 GKX10010 GKX10011
5.0 20.0 N750 = 500 200 GKX20010 GKX20011
5.0 30.0 N750 = 500 200 GKX30010 GKX30011
5.0 35.0 N750 = 500 200 GKX35010 GKX35011
6.0 40.0 N750 = 500 200 GKX40010 GKX40011
DIA
r %TYP
0.02 0.014
SLOTG5 * 0. 0.12£0.01
oe 0% ! 30+ 0.2 DIA ‘ ‘
L] ‘ 0.039 DT/ ®7
1.0 TYP ‘+ 0.2 +0.02 ‘
oon T 50+ 05
T1g M ‘ 01444002 1yp MOUNTING HOLE LAYOUT
w 3.65 j 0.5
— STATOR | 0.005 ) 0.006 . ——
T ‘ t0-12 o 0.2+0.02 %
=~ s0xo05 =
GKX___10 GKX___11

All dimensions are in / mm. Unless otherwise specified, the tolerance on dimensions is + 0.004/0.1.
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CERAMIC DIELECTRIC TRIMMER CAPACITORS SG-305K

CARRIER AND REEL SPECIFICATIONS
CARRIER

Dimension A B C D E F G H K L M N P

0.004
product Jolerance i0.004 i0.004 i0.01 i0.004 ,0.004 i0.004 i0.004 ,0-004 i0.008 ,0:002) =71 0.004| 0.004

Line 01 | 01 3701 | o1 |0l | 01|01 | 02] 005" & 01 | 0.1

GKG 66 Fig. 2 | Q18 | 0:21 | 047 | 022 | 0.069| 031 | 0.08 | 02 | 013 | 001 10059 | _ | _
- 45 | 54 | 12 | 55 | 175| 80 | 20 | 4 | 32 | 03 | 15

GKG. 67,68  Fig.1| Q18 | 0:30 | 047 | 022 |0.069] 031 | 0.08 | 02 | 0.13 | 0.01 |0.059 | 0.08 | 02

45 | 75 | 12 | 55 | 175| 80 | 20 | 4 | 32 | 03 | 15 | 20 | 5

GKRP. __ 66 Fig. 2 | QL | 013 | 047 | 022 1 0.069| 0.16 | 0.08 | 0.2 | 0.075| 001 |0059 | _ | _
27 | 32 | 12 | 55 | 175| 40 | 20 | 4 | 19 | 03 | 15

GKY_ 66, GKYA Fig,2 | %14 | 0:19 | 047 | 022 |0.069] 031 | 0.08 | 02 | 0091| 0.01 |0059| _ | _
6 | 49 | 12 1.75 20 | 4 | 23 15

5.5
GKY___86 Fig. 2 0.132 | 0.185 | 0.47 | 0.22 | 0.069
3.35 | 470 | 12 55 | 1.75

0.3
0.2 | 0.091| 0.01 | 0.059
2.0 4 2.4 0.3 1.5

9°§9<>|
OHO
o
o
(o]

All dimensions are in/ mm. Unless otherwise specified, the tolerance on dimensions is + 0.004 / 0.1.

GKG and GKY_ _ _66 series capacitors are positioned in compartments (blisters) with the stator terminal closer to the "M"
holes. To get the parts with the rotor terminal closer to the "M" holes, add an "A" suffix to the model number.

GKRP and GKY 86 series capacitors are positioned in compartments (blisters) with the rotor terminal closer to the "M"

holes. To get the parts with the stator terminal closer to the "M" holes, add an "A" suffix to the model number.

E 6w - [ H M DIA E G»*l‘ —H M DIA -t
AN P NI
i ®_E> & qj < ® i VI S Y VY ¥ COVER TAPE
¢ v 3 R ¢ v 2] g 3522 K
s B |_J + + B 0.075
- ==k '
s |-
FIG. 1 -~ F ] FIG. 2 —F— | A le END VIEW
A -
+‘O'—12WP |
3.0
Embossment f=}+
Details 0.14
\ 36
00'—083TYPJ
GKG _ __66
REEL
Dimension Quantity A B C D E T w
Per
olerance
Product Reel i% i0.1 10'04 10.08 i0.04 4 .02 10'08
Line 3 3 1 2 1 0.5 2
GKG_ __ 66-07, 67-07, 700 7.09 2.4 0.51 | 0.91 | 0.08 |0.043 | 0.531
68-07 180 60 13 23 2 11 | 135
GKG_ __ 66-25, 67-25, 2500 13.0 3.1 0.51 | 0.91 |0.098 | 0.079 | 0.531
68-25 330 80 13 23 2.5 2.0 13.5
GKRP_ 66 2000 7.09 2.4 0.51 | 0.83 08 |0.047 | 0.512
180 60 13 21 2 1.2 13.0
GKY___ 66, GKYA 1000 7.09 2.4 0.51 | 0.91 | 0.08 |0.043 | 0.531
180 60 13 23 2 1.1 13.5
GKY 86 1000 7.09 2.4 0.51 | 0.83 | 0.08 |0.047 | 0.512
180 60 13 21 2 1 13.0

All dimensions are in/ mm. Unless otherwise specified, the tolerance on dimensions is + 0.004/0.1.

SPRAGUE-GOODMAN ELECTRONICS, INC., 1700 SHAMES DRIVE, WESTBURY, NY 11590 = TEL: 516-334-8700 = FAX: 516-334-8771 = E-MAIL: info@spraguegoodman.com 11



GOODMAN

SPRAGUE

CERAMIC DIELECTRIC TRIMMER CAPACITORS

SG-305K

SPECIFICATION NOTES

1.

10

11

Parts are 100% tested for capacitance range,
dielectric withstanding voltage, insulation resis-
tance, and torque.

. Capacitance range specified is that which is guar-

anteed, and is measured at 1 MHz and 25°C.

. For soldering SURFTRIM® surface mounting models,

pre-heat at 140°C +£10°C for 2 minutes maximum,
and reflow solder at 240°C +£5°C for 20 seconds
maximum.

. For soldering printed circuit board mounting mod-

els, solder at 260°C +10°C for 5 seconds maximum,
except 3 seconds maximum for Miniature Models
(page 10).

. Q factor is measured at maximum rated capaci-

tance and at room temperature. Frequency of
measurement is as listed for each model.

. Dielectric strength is measured at maximum rated
capacitance and room temperature, with test volt-
age as listed for each model applied for 5 seconds.

. Insulation resistance is measured at maximum rated

capacitance and room temperature and at rated
voltage, unless otherwise specified.

. Temperature coefficient of capacitance (TCC) is

measured at 100 kHz or 1 MHz, over a temperature

range of —20°C to +70°C with capacitor set at maxi-

mum rated capacitance.

Axial load during tuning should not exceed 250
grams.

. Capacitors should not be operated outside of

rated capacitance range and working voltage.

. Angular orientation of adjusting slot is random.

APPLICATION NOTES
Soldering and Cleaning
of Ceramic Trimmer Capacitors

Soldering temperatures and times are specified in
Notes 3 and 4 above. If using an iron for manual sol-
dering (for prototyping or repairs, for example) use
an appropriate size and temperature so that the
high temperature exposure of the trimmer is less
than 3 seconds.

We strongly recommend the use of water soluble
fluxes for soldering, followed by cleaning in water
containing detergents, and then a clear water
rinse.

Some operations still use Freon or similar fluorinated
or chlorinated hydrocarbon solvents. These solvents
have a tendency to remove the lubricant, which in
turn makes for bumpy adjustment, and will degrade
the tuning torque, adjustment life, and other
mechanical specifications.

In general, the minimum exposure to cleaning solu-
tions is recommended. The gentlest would be the
detergent and water rinses at fairly low tempera-
tures. When chlorinated or fluorinated hydrocarbons
are used, the boards should never be plunged into
the solvent solution, but rather maintained in the
vapor area of the defluxing equipment, and for the
minimum possible time. Most desirable would be to
clean only the bottom of the printed circuit board,
as with board scrubbers.

The unsealed GKG models are usually specified for
consumer applications where cleaning after soldering
is normally not required. Should cleaning be required,
the method to use would be to clean the bottom of
the board, as with board scrubbers. If a solvent is used
when cleaning the GKG series, sealed versions should
be specified to prevent the solvent from being
trapped in the housing and degrading performance.

Other precautions for using ceramic trimmer capaci-
tors include:

- Beware of excessive handling with bare hands
as, “finger oil” and dirt can bring down Q and
insulation resistance values.

= Terminals should not be cut or reformed, as this
could cause deformation of the spring or break-
ing of the rotor.

Sprague-Goodman Electronics, Inc.
1700 SHAMES DRIVE, WESTBURY, NY 11590
TEL: 516-334-8700 = FAX: 516-334-8771
E-MAIL: info@spraguegoodman.com
WEBSITE: http://www.spraguegoodman.com

© 2005 SPRAGUE-GOODMAN ELECTRONICS, INC., ALL RIGHTS RESERVED.

PRINTED IN THE U.S.A. 2.50501



MKP 416 to 420

Vishay BCcomponents

Metallized Polypropylene Film Capacitors
MKP Radial Potted Type

FEATURES

- | - lt— W—a] 5,10 and 15 mm lead pitch. Supplied loose in box,
in ammopack and taped on reel. Intermediate Pb-free

values are available of the E96 series
Lead (Pb)-free product

RoHS-compliant product RoHS

COMPLIANT

CAPACITANCE TOLERANCE
H +5%;+2 %

RATED (DC) VOLTAGE
- [«— Ot 63 V; 160 V; 250 V; 400 V; 630 V

P+0.3

Dimensions in mm RATED (AC) VOLTAGE
25V; 63 V;100V; 125 V; 160 V
APPLICATIONS

Low losses due to low contact resistance and low loss
dielectric result in applications where high frequency occur or
high stability is preferred. Their small dimensions make them

RATED PEAK-TO-PEAK VOLTAGE
70 V; 180 V; 280 V; 350 V; 450 V

suitable for circuits with high packaging density. CLIMATIC CATEGORY
55/085/56

MARKING

C-value; rated voltage; tolerance; code for manufacturer; RATED TEMPERATURE (DC)

year and week of manufacture; manufacturers type R

designation 85°C

DIELECTRIC RATED TEMPERATURE (AC)

Polypropylene film 85°C

ELECTRODES MAXIMUM APPLICATION TEMPERATURE

Vacuum deposited aluminum 85°C

ENCAPSULATION REFERENCE SPECIFICATIONS
IEC 60384-16

Flame retardant plastic case and epoxy resin
(UL-class 94 V-0)

PERFORMANCE GRADE
CONSTRUCTION Grade 1 (long life)

Wound mono construction
STABILITY GRADE

LEADS Grade 1
Tinned wire
DETAIL SPECIFICATION
CAPACITANCE RANGE (E24 SERIES) For more detailed data and test requirements contact:
0.001 t0 1.2 uF filmcaps.roeselare @vishay.com
Document Number: 28128 For technical questions contact: filmcaps.roeselare @vishay.com www.vishay.com

Revision: 21-Nov-05 275



MKP 416 to 420

Vishay BCcomponents Metallized Polypropylene Film Capacitors
MKP Radial Potted Type

COMPOSITION OF CATALOG NUMBER

TYPE AND PITCHES MULTIPLIER
416 5.0/10.0/15.0 mm (nF)
417 5.0/10.0/15.0 mm CAPACITANCE 0.01 2
418 5.0/10.0/15.0 mm . 0.1 3

(numerically) 1 2
419 5.0/10.0/15.0 mm
420 5.0/10.0/15.0 mm

| Example:

1004 =100 x 1 =100 nF
2222 | 4.. | XX | XX
* Use this partnumber for those with access to the

*
BFCZ 4 ) XX XX Vishay’s SAP system and Partners website within

| the Americas
I

X

>

PITCH PREFERRED TYPES
TYPE PACKAGING LEAD CONFIGURATION
(mm) C-TOL| 63V | 160V | 250V | 400V | 630V
416 Taped; see note 5/10/15 |H=18.5mm; Py=12.7 mm +2% 1
Loose in box 15 lead length 3.5 £ 0.3 mm +2% 7
417 Taped; see note 5/10/15 |H=18.5mm; Py=12.7 mm +2% 1
Loose in box 15 lead length 3.5 £ 0.3 mm +2% 7
418 Taped; see note 5/10/15 |H=18.5mm; Py=12.7 mm +2% 1
Loose in box 15 lead length 3.5 £ 0.3 mm +2% 7
419 Taped; see note 5/10/15 |H=18.5mm; Py=12.7 mm +2% 1
Loose in box 15 lead length 3.5 £ 0.3 mm +2% 7
420 Taped; see note 5/10/15 |H=18.5mm; Pyg=12.7 mm +2% 1
Loose in box 15 lead length 3.5 £ 0.3 mm +2% 7
ON REQUEST
Taped; see note 5/10/15 |H=18.5mm; Pyg=12.7 mm +5% 0
416 . 5/10 lead length 4.0 + 1.0/~ 0.5 mm 5% 3
Loose in box +2% 4
15 lead length 3.5 £ 0.3 mm +5% 6
Taped; see note 5/10/15 |H=18.5mm; Pyg=12.7 mm +5% 0
417 5/10 lead length 4.0 + 1.0/~ 0.5 mm £5% 8
Loose in box +2% 4
15 lead length 3.5 + 0.3 mm +5% 6
Taped; see note 5/10/15 |H=18.5mm; Pyg=12.7 mm +5% 0
418 5/10 lead length 4.0 + 1.0/~ 0.5 mm £5% 8
Loose in box +2% 4
15 lead length 3.5 £ 0.3 mm +5% 6
Taped; see note 5/10/15 |H=18.5mm; Pyg=12.7 mm +5% 0
419 5/10 lead length 4.0 + 1.0/~ 0.5 mm 5% 3
Loose in box +2% 4
15 lead length 3.5 £ 0.3 mm +5% 6
Taped; see note 5/10/15 |H=18.5mm; Pyg=12.7 mm +5% 0
420 5/10 lead length 4.0 + 1.0/~ 0.5 mm £5% 3
Loose in box +2% 4
15 lead length 3.5 + 0.3 mm +5% 6
Note:
Pitch = 5 and 10 mm: taped on ammopack
Pitch = 15 mm: taped on reel with diameter = 356 mm
www.vishay.com For technical questions contact: filmcaps.roeselare @ vishay.com Document Number: 28128
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SPECIFIC REFERENCE DATA

MKP 416 to 420

MKP Radial Potted Type

Metallized Polypropylene Film Capacitors Vishay BCcomponents

DESCRIPTION VALUE
Tangent of loss angle: at 10 kHz at 100 kHz
C <0.0091 yF <5x 10 <10x 104
0.0091 puF < C <0.027 pF <5x104 <15x 10
0.027 uF < C < 0.075 pF <5x 10 <20 x 10
0.075 uF < C <0.11 pF <5x 10 <25x 10
0.11 uyF < C <0.18 pF <10x 104 <30x 10
0.18 uyF < C <0.27 pF <10x 104 <35x10*4
0.27 uyF < C <0.39 pF <10x 104 <40 x 10
0.39 yF < C <0.56 pF <10x 10 <45 x 10
0.56 uF < C <0.75 pF <10x 10 <50 x 104
0.75 yF < C<1.1 pF <10x 104 <60 x 104
Rated voltage pulse slope (dU/dt)g : at 63V (DC) at 100 V (DC) at 250 V (DC) at 400 V (DC) at 630 V (DC)
P=5mm 50 V/us 50 V/us 50 V/us 50 V/ps 50 V/us
P =10 mm 20 V/us 20 V/us 20 Vius 20 V/us 50 V/us
P=15mm 50 V/us 50 V/us 50 V/us 50 V/us 50 V/us
R between leads, for C < 0.33 pF:
at 50 V; 1 minute > 100000 MQ
at 100 V; 1 minute > 100000 MQ > 100000 MQ > 100000 MQ > 100000 MQ
RC between leads, for C > 0.33 uF at 10 V; > 30000 s >30000 s >30000 s >30000 s
1 minute
R between interconnecting leads and casing; > 100000 MQ > 100000 MQ > 100000 MQ > 100000 MQ > 100000 MQ
50 V; 1 minute
Withstanding (DC) voltage (cut off current 10 mA); | 100 V; 1 minute | 260 V; 1 minute | 400 V; 1 minute | 640 V; 1 minute |1000 V; 1 minute
rise time 100 V/s
Withstanding (DC) voltage between leads and case 2840 V; 1 minute|2840 V; 1 minute|2840 V; 1 minute|2840 V; 1 minute|1260 V; 1 minute

Document Number: 28128 For technical questions contact: filmcaps.roeselare @vishay.com www.vishay.com
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MKP 416 to 420

Vishay BCcomponents Metallized Polypropylene Film Capacitors

MKP Radial Potted Type

URde = 63 V; Upac = 25 V; Upp =70 V

CATALOG NUMBER 2222 416 ..... AND PACKAGING
AMMOPACK LOOSE IN BOX REEL LOOSE IN BOX
H=18.5mm; It= H=18.5mm; It=
c DIMENSIONS MASS Po=12.7 mm 4.0 +1.0/- 0.5 mm Po=12.7 mm 3.5£0.3 mm
(E 24) wx hxl @)
(WF) (mm) 9 | ctol=+2% Ctol =2 % Ctol=+2% C-tol =+2 %
last 5 digits of last 5 digits of last 5 digits of last 5 digits of
catalog SPQ catalog SPQ catalog SPQ catalog SPQ
number number number number

Pitch = 5.0 + 0.3 mm; d; = 0.50 £+ 0.05 mm

0.036 13603 43603

0.039 45%x9.0x7.2 0.45 13908 1000 43903 2000

0.043 14303 44303

0.047 14703 44703

0.051 15103 45103

0.056 15603 45603

0.062 16203 46203

0.068 16803 46803

0.075 6.0x11.0x7.2 0.60 17508 750 47503 1500

0.082 18203 48203

0.091 19103 49103

0.1 11004 41004

0.11 11104 41104

0.12 11204 41204
Pitch = 10.0 + 0.4 mm; d; = 0.60 + 0.06 mm

0.13 5.0x11.0x12.5 0.85 11304 600 41304 1000

0.15 11504 41504

0.16 11604 41604

0.18 11804 41804

0.20 6.0x12.0x12.5 1.10 12004 500 42004 750

0.22 12204 42204

0.24 12404 42404

0.27 12704 42704
Pitch = 15.0 + 0.4 mm; d; = 0.60 + 0.06 mm

0.3 13004 73004

0.33 6.0 x12.0x 17.5 1.4 13304 900 73304 1000
0.36 13604 73604

0.39 13904 73904
Pitch = 15.0 + 0.4 mm; d; = 0.80 + 0.08 mm

0.43 14304 74304

0.47 7.0x135x%x17.5 1.9 14704 800 74704 750
0.51 15104 75104

0.56 15604 75604

0.62 16204 76204

0.68 8.5x15.0x17.5 2.6 16804 650 76804 750
0.75 17504 77504

0.82 18204 78204

0.91 19104 79104

1.0 10.0x16.5x17.5 | 3.1 11005 600 71005 500
1.1 11105 71105

www.vishay.com For technical questions contact: filmcaps.roeselare @ vishay.com Document Number: 28128
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MKP 416 to 420

Metallized Polypropylene Film Capacitors Vishay BCcomponents
MKP Radial Potted Type

Updc = 160 V; Ugac = 63 V; U, = 180 V

CATALOG NUMBER 2222 417 ..... AND PACKAGING
AMMOPACK LOOSE IN BOX REEL LOOSE IN BOX
H=18.5 mm; It= H=18.5 mm; It=
(E(;4) D"\"IIVEXN:IXOINS MASS Po=12.7 mm 4.0 + 1.0/~ 0.5 mm Po=12.7 mm 3.5+0.3 mm
(uF) (mm) @ | ctol-+2% Ctol=+2% Ctol=+2% Ctol=+2%
last 5 digits of last 5 digits of last 5 digits of last 5 digits of
catalog SPQ catalog SPQ catalog SPQ catalog SPQ
number number number number

Pitch = 5.0 £ 0.3 mm; d; = 0.50 + 0.05 mm

0.024 12403 42403

0.027 12703 42703

0.03 45x9.0x7.2 0.45 13003 1000 43003 2000

0.033 13303 43303

0.036 13603 43603

0.039 13903 43903

0.043 14303 44303

0.047 14703 44703

0.051 6.0x11.0x7.2 0.60 15103 750 45103 1500

0.056 15603 45603

0.062 16203 46203

0.068 16803 46803
Pitch =10.0 £ 0.4 mm; d; = 0.60 + 0.06 mm

0.075 17503 47503

0.082 18203 48203

0.091 4.0x10.0x 12.5 0.60 19103 750 49103 1000

0.1 11004 41004

0.11 11104 41104

0.12 11204 41204

013 5.0x11.0x12.5 0.85 11304 600 41304 1000

0.15 11504 41504

0.16 11604 41604

0.18 11804 41804

0.20 6.0x12.0x12.5 1.10 12004 500 42004 750

0.22 12204 42204

0.24 12404 42404
Pitch = 15.0 £ 0.4 mm; d; = 0.60 + 0.06 mm

0.27 5.0x11.0x17.5 1.2 12704 1100 72704 1250
0.3 13004 73004

0.33 13304 73304

0.36 6.0x12.0x17.5 1.4 13604 900 73604 1000
0.39 13904 73904
Pitch = 15.0 + 0.4 mm; d; = 0.80 = 0.08 mm

0.43 14304 74304

0.47 14704 74704

0.51 7.0x135x17.5 1.9 15104 800 75104 750
0.56 15604 75604

0.62 16204 76204

0.68 16804 76804

075 8.5x15.0x17.5 2.6 17504 650 77504 750
0.82 18204 78204

0.91 19104 79104

1.0 10.0x16.5x17.5 | 3.1 11005 600 71005 500
1.1 11105 71105
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MKP 416 to 420

Vishay BCcomponents Metallized Polypropylene Film Capacitors

MKP Radial Potted Type

Updc = 250 V; Upac =25 V; Upp = 70 V

CATALOG NUMBER 2222 418 ..... AND PACKAGING
AMMOPACK LOOSE IN BOX REEL LOOSE IN BOX
H=18.5mm; It= H=18.5 mm; It=
(E24) DITVEXN:ISINS MASS Po=12.7 mm 4.0 +1.0/- 0.5 mm Po=12.7 mm 3.5+ 0.3 mm
(uF) (mm) @ | ctol=x2% Ctol=£2% Ctol=2% Ctol=+2%
last 5 digits of last 5 digits of last 5 digits of last 5 digits of
catalog SPQ catalog SPQ catalog SPQ catalog SPQ
number number number number
Pitch = 5.0 + 0.3 mm; d; = 0.50 £ 0.05 mm
0.01 11003 41003
0.011 11103 41103
0.012 | 3.5x8.0x7.2 0.35 11203 1500 41203 3000
0.013 11303 41303
0.015 11503 41503
0.016 11603 41603
0.018 11803 41803
0.02 45%x9.0x7.2 0.45 12003 1000 42003 2000
0.022 12203 42203
0.024 12403 42403
0.027 12703 42703
0.03 13003 43003
0.033 13303 43303
0036 6.0x11.0x7.2 0.60 13603 750 43603 1500
0.039 13903 43903
0.043 14303 44303
Pitch = 10.0 + 0.4 mm; d; = 0.60 + 0.06 mm
0.047 14703 44703
0.051 15103 45103
0.056 | 4.0x10.0x12.5 0.60 15603 750 45603 1000
0.062 16203 46203
0.068 16803 46803
0.075 17503 47503
0.082 | 5.0x11.0x12.5 0.85 18203 600 48203 1000
0.091 19103 49103
0.1 11004 41004
0.11 11104 41104
012 6.0x12.0x 12.5 1.10 11204 500 41204 750
0.13 11304 41304
Pitch = 15.0 £ 0.4 mm; d; = 0.60 + 0.06 mm
0.15 11504 71504
016 5.0x11.0x17.5 1.2 11604 1100 71604 1250
0.18 11804 71804
0.2 12004 72004
092 6.0x12.0x17.5 1.4 12204 900 79904 1000
0.24 12404 72404
Pitch = 15.0 + 0.4 mm; d; = 0.80 + 0.08 mm
0.27 12704 72704
0.3 13004 73004
033 7.0x135x17.5 1.9 13304 800 73304 750
0.36 13604 73604
0.39 13904 73904
0.43 14304 74304
0.47 8.5x15.0x17.5 2.6 14704 650 74704 750
0.51 15104 75104
0.56 15604 75604
0.62 |10.0x165x175| 3.1 16204 600 76204 500
0.68 16804 76804
www.vishay.com For technical questions contact: filmcaps.roeselare @ vishay.com Document Number: 28128
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MKP 416 to 420

Metallized Polypropylene Film Capacitors Vishay BCcomponents
MKP Radial Potted Type

URdc = 400 V; Ugae = 125 V; Uy, = 350 V

CATALOG NUMBER 2222 419 ..... AND PACKAGING
AMMOPACK LOOSE IN BOX REEL LOOSE IN BOX
H=18.5 mm; It = H=18.5 mm; It=
(E(;4) D"\chxr\lﬁlxole MASS Po=12.7 mm 4.0 + 1.0/~ 0.5 mm Po=12.7 mm 3.5+0.3 mm
) (mm) @ [cto-12% Ctol=£2% Ctol=£2% Ctol=+2%
last 5 digits of last 5 digits of last5 digits of last 5 digits of
catalog SPQ catalog SPQ catalog SPQ catalog SPQ
number number number number
Pitch = 5.0 + 0.3 mm; d; = 0.50 + 0.05 mm
0.001 11002 41002
0.0011 11102 41102
0.0012 11202 41202
0.0013 11302 41302
0.0015 11502 41502
0.0016 11602 41602
0.0018 11802 41802
0.002 3.5x80x7.2 0.35 12002 1500 42002 3000
0.0022 12202 42202
0.0024 12402 42402
0.0027 12702 42702
0.003 13002 43002
0.0033 13302 43302
0.0036 13602 43602
0.0039 13902 43902
0.0043 14302 44302
0.0047 14702 44702
0.0051 15102 45102
0.0056 15602 45602
0.0062 16202 46202
0.0068 16802 46802
0.0075 45%x9.0x7.2 0.45 17502 1000 47502 2000
0.0082 18202 48202
0.0091 19102 49102
0.01 11003 41003
0.011 11103 41103
0.012 11203 41203
0.013 11303 41303
0.015 11503 41503
0.016 6.0x11.0x7.2 0.60 11603 750 41603 1500
0.018 11803 41803
0.02 12003 42003
Pitch = 10.0 £ 0.4 mm; d; = 0.60 £ 0.06 mm
0.022 12203 42203
0.024 12403 42403
0.027 4.0x10.0x12.5 0.60 12703 750 42703 1000
0.03 13003 43003
0.033 13303 43303
0.036 13603 43603
0.039 5.0x11.0x 125 0.85 13903 600 43903 1000
0.043 14303 44303
Document Number: 28128 For technical questions contact: filmcaps.roeselare @vishay.com www.vishay.com
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MKP 416 to 420

Vishay BCcomponents Metallized Polypropylene Film Capacitors

MKP Radial Potted Type

CATALOG NUMBER 2222 419 ..... AND PACKAGING

AMMOPACK LOOSE IN BOX REEL LOOSE IN BOX
H=18.5mm; It= H=18.5mm; It=
(EZ4) D"\‘:IVEXN:IXOINS MASS Po=12.7 mm 4.0 + 1.0/~ 0.5 mm Po=12.7 mm 3.5+0.3 mm
) (mm) © [cto-z2% Ctol=£2% Ctol=£2% Ctol=+2%
last 5 digits of last 5 digits of last 5 digits of last 5 digits of

catalog SPQ catalog SPQ catalog SPQ catalog SPQ

number number number number
0.047 14703 44703
0.051 15103 45103
0.056 6.0x 12.0x 12.5 1.10 15603 500 45603 750
0.062 16203 46203
0.068 16803 46803
Pitch = 15.0 £ 0.4 mm; d; = 0.60 + 0.06 mm
0.075 17503 77503
0.082 5.0x11.0x17.5 1.2 18203 1100 78203 1250
0.091 19103 79103
0.1 11004 71004
0.11 6.0x12.0x17.5 1.4 11104 900 71104 1000
0.12 11204 71204
0.13 11304 71304
Pitch = 15.0 £ 0.4 mm; d; = 0.80 + 0.08 mm
0.15 11504 71504
0.16 7.0x135x17.5 1.9 11604 800 71604 750
0.18 11804 71804
0.2 12004 72004
0.22 12204 72204
0.04 8.5x15.0x17.5 2.6 12404 650 79404 750
0.27 12704 72704
0.3 13004 73004
0.33 10.0x16.5x17.5| 3.1 13304 600 73304 500
0.36 13604 73604
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Metallized Polypropylene Film Capacitors Vishay BCcomponents
MKP Radial Potted Type

Ugdc = 630 V; Ugac = 160 V; U, = 450 V

CATALOG NUMBER 2222 420 ..... AND PACKAGING
AMMOPACK LOOSE IN BOX REEL LOOSE IN BOX
H=18.5 mm; It = H=18.5 mm; It=
(EC;4) DITVE:]:ISINS MASS Po=12.7 mm 4.0 + 1.0/~ 0.5 mm Po=12.7 mm 3.5+0.3 mm
(WF) (mm) @ | ctol=+2% C-tol=+2% C-tol=+2% C-tol=+2%
last 5 digits of last 5 digits of last5 digits of last 5 digits of

catalog SPQ catalog SPQ catalog SPQ catalog SPQ

number number number number
Pitch = 5.0 + 0.3 mm; d; = 0.50 + 0.05 mm
0.0015 11502 41502
0.0016 11602 41602
0.0018 11802 41802
0.002 35x80x7.2 0.35 12002 1500 42002 3000
0.0022 12202 42202
0.0024 12402 42402
0.0027 12702 42702
0.003 13002 43002
0.0033 13302 43302
0.0036 45%x9.0x7.2 0.45 13602 1000 43602 2000
0.0039 13902 43902
0.0043 14302 44302
0.0047 14702 44702
0.0051 15102 45102
0.0056 6.0x11.0x7.2 0.60 15602 750 45602 1500
0.0062 16202 46202
0.0068 16802 46802
Pitch = 10.0 + 0.4 mm; d; = 0.60 + 0.06 mm
0.01 11003 41003
0.011 11103 41103
0.012 11203 41203
0013 4.0x10.0x 125 0.60 11303 750 41303 1000
0.015 11503 41503
0.016 11603 41603
0.018 11803 41803
0.02 12003 42003
0022 5.0x11.0x 125 0.85 12203 600 49203 1000
0.024 12403 42403
0.027 12703 42703
0.03 13003 43003
0.033 13303 43303
0.036 6.0x 12.0 x 12.5 1.10 13603 500 43603 750
0.039 13903 43903
0.043 14303 44303
0.047 14703 44703
Pitch = 15.0 + 0.4 mm; d; = 0.60 + 0.06 mm
0.051 15103 75103
0.056 6.0x 12.0x17.5 1.4 15603 900 75603 1000
Pitch = 15.0 + 0.4 mm; d; = 0.80 + 0.08 mm
0.062 16203 76203
0.068 16803 76803
0075 7.0x135x%x175 1.9 17503 800 77503 750
0.082 18203 78203
0.091 19103 79103
0.1 11004 71004
011 8.5x15.0x17.5 2.6 11104 650 71104 750
0.12 11204 71204
0.13 11304 71304
0.15 10.0x16.5x17.5| 3.1 11504 600 71504 500
0.16 11604 71604
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MAXIMUM RMS VOLTAGE (SINEWAVE) AS A FUNCTION OF FREQUENCY
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Metallized Polypropylene Film Capacitors Vishay BCcomponents
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Application Guide Film Capacitors

Capacitance Change vs. Temperature Insulation Resistance vs. Temperature

Polyester Typical Characteristics at 1 kHz
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Dissipation Factor vs. Temperature Dissipation Factor vs. Frequency

Polyester Typical Characteristics
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Capacitance is within tolerance
when measured at 1 kHz +£20
Hz (120 Hz for polyester if C >1
uF) and 25 °C +5 °C. Standard

tolerance is +10%.

Dissipation Factor or tan o is
the ratio of the capacitor’s ESR
to its reactance. It’s no more than
specified when measured at 1 kHz
+20 Hz (120 Hz for polyester if
C>1 pF) and 25 +5 °C.

Insulation Resistance changes
from a minimum resistance
capacitance product (MQ.uF)
to a minimum resistance (MQ)
for rated capacitances above
0.25 to 0.5 pF, depending on the
capacitor type. It is no less than
the lesser of the RC product or
the R specified, when measured
at 100 Vdc after 2 minutes and at
25 %5 °C.

Rated Voltage is the maximum
continuous voltage for actual
use up to the rated maximum
operating temperature.

Dielectric Strength is the
maximum peak voltage that the
capacitor is rated to withstand
at room temperature. Test by
applying the specified multiple
of rated voltage for one minute
through a current limiting
resistance of 100 (2 per volt. As
an illustration, to test a Type DPM
capacitor rated 250 Vdc and 175%
dielectric strength, apply 438 Vdc

through a 43.8 kQ or higher value
resistor.

Life Test: Subject capacitors to
rated maximum temperature +3
°C with the specified multiple of
rated voltage applied for 500 or
1,000 (+72, -2) hours as specified.
There will be no visual damage
and the capacitance will not
have changed more than +5%.
Insulation resistance will not
decrease to less than 50% of
initial limit. Dissipation factor
will not increase to more than
initial limit.

Pulse Capability is peak-current
Capability. The ability of the
capacitor to withstand current
transients is set largely by the
integrity of the lead connections
and is indicated by the dV/dt
rating, the maximum permitted
rate of change of voltage in V/ps.
The peak current rating in amps is
the rated capacitance in uF times
the dV/dt rating:

Ipk = C(dV/dt)

Marking includes part number,
capacitance in uF, tolerance in %,
manufacturer and rated voltage
in Vdc and Vac. Small units
may include only Type, CD,
capacitance in pF and a tolerance
code. Example: “DLMCD” and
“682K” means Type DLM, 6800
pF (“2” is the number of zeroes)
and 10%.

When used, tolerance codes are:

ZWHTEC}TJ
T L S O
(8]

N

20%

Metallized vs. Film/Foil
Construction. Here’s how to
choose. For a metallized film
capacitor, the capacitor plates
are aluminum sprayed onto the
dielectric film by thin-film vacuum
deposition. Compared to making
the capacitor with separate foil and
film sheets, metallizing enables
smaller size, lighter weight, lower
cost per microfarad and self-
healing, but it also engenders
lower current capability. Smaller
size and cost is especially striking
in high capacitance ratings.

Self healing refers to an internal
short circuit from an overvoltage
transient or a fault in the film
which clears in microseconds
by vaporizing the aluminum
metallizing at the fault site. There
isa glitch in the applied voltage, but
the capacitor suffers no permanent
damage save a negligible reduction
in capacitance. The advantages
make CDE metallized film
capacitors the correct high-value

CDE Cornell Dubilier * 1605 E. Rodney French Blvd. ¢ New Bedford, MA 02744 ¢ Phone: (508)996-8561 ¢ Fax: (508)996-3830 « www.cde.com
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choice for all applications except
four:

* low capacitance, less than
.01 uF, where size difference is
not significant and the film/foil
material cost is less,

* high continuous current as in a
resonant circuit,

* high-transient current as in a
snubber circuit, and

* low noise where self clearing is
a problem with its attendant, albeit
rare, volts of noise.

Polyester Dielectric: Just as
metallized is usually the CDE
construction of choice, so too,
polyester is usually the dielectric
film material of choice. Of the
three CDE dielectrics, polyester
has the highest dielectric constant
and delivers the lowest cost,
smallest size capacitors with the
bonus of being able to operate
to 125 °C at half rated voltage.
However, with a DF hovering at
1% at higher temperatures, power
dissipation prevents its choice for
high current or high-frequency
AC voltage applications, and with
about a 5% capacitance change
from -55°Ct00 °C and from
50°Cto 125 °C, polyester is not the
choice for precision capacitance at
temperature extremes. But notice
that capacitance changes only
+1% from 0 °C to 50 °C.

Polypropylene Dielectric with its
low dissipation factor empowers
CDE capacitors for high-current
DC, high-voltage AC and high-
frequency AC applications. And
its high insulation resistance and
low dielectric absorption are a
fit for precision DC capacitors.
It would displace polyester
in many applications except
its low dielectric constant and
unavailability of thin-gauge films
produces larger case sizes and
prices. A slight handicap — its
maximum operating temperature
is 105 °C.

Polypropylene fits many of the
applications polyester misses. It
even complements polyester in
wide temperature applications:
capacitance decreases with
temperature at about the same
rate as capacitance increases
for polyester capacitors, so
a polypropylene capacitor in
parallel with a polyester spawns
a temperature-compensated
capacitor.

Polyphenylene Sulfide is for
precision capacitance and wide
temperature applications. Able to
operate from —55 °C to 125 °C and
hold capacitance change to less
than 1% over all but the extremes
of the range, polyphenylene sulfide
is the preferred precision-capacitor
dielectric and is the dielectric film
in FCP chip capacitors.

AC Voltage Operation:

You can use all CDE film
capacitors with either AC or DC
voltages or a combination of the
two. The rules for successful
application are: 1) don’t exceed
the dielectric’s voltage capability;
2) keep the capacitor cool, and 3)
don’t operate with corona. As a
practical matter, here’s how you
do those three rules.

Limit the voltage peaks to the rated
DC voltage. Limit the current
peaks to the rated capacitance
times the dV/dt rating. For high-
frequency operation limit the
power dissipated so that the case-
temperature rise is no more than
15 °C and at high temperatures
the case temperature no greater
than the maximum operating
temperature. The maximum high
frequency sine wave voltage for
a 15 °C rise may be calculated
using the following formulas:

Round cases:

.

Oval cases:

11(.57 D* + n DL)
2nf C ® DF(%)

Vrws = [ 21(TH +TL + HL)
\ 2nf C » DE(%)

D, T, H, and L are dimensions
taken from the ratings dimensions
chart.

CDE Cornell Dubilier » 1605 E. Rodney French Blvd. « New Bedford, MA 02744 ¢ Phone: (508)996-8561 ¢ Fax: (508)996-3830 « www.cde.com



Application Guide Film Capacitors

DF is dissipation factor in percent
at operating frequency taken from
the DF vs. Frequency charts which
appear two pages back.

And for rule 3, limit the applied
voltage to the maximum AC rating
listed for each type to avoid
corona.

Comparison of Dielectrics

Corona is partial breakdown of
the dielectric by sparking across
air voids in the insulation system.
It occurs with the application
of AC voltage because the
effective “capacitance” of the
voids is lower than the surrounding
dielectric material. Like low-value
capacitors connected in series

with high-value ones, the voids
get higher voltage gradients and
they break down. Corona is to
be avoided because the sparking
tends to carbonize the dielectric
which converts it to conductive
material and eventually a carbon
track can short the capacitor.

Best Change Change/ Typical Typical Size
Dielectric Tolerance -25to 85 °C Year DF DA* IR 1 uF/100 V
Polyester, .
) 5% +5% 0.40% 0.50% 0.3% 30 GQ 0.09 in®
Metallized
Polypropylene, .
) 5% -3% 0.10% 0.10% 0.1% 100 GQ 0.13in®
Metallized
Polyphenylene
Sulfide (PPS), 2% 10.5% <1% 0.20% 0.08% 3 GQ 0.09in®
Metallized
Polyester, .
, ) 5% +5% 0.40% 0.50% 0.35% 100 GQ 0.40in®
Film/Foll
Polypropylene, .
, ) 5% -3% 0.20% 0.05% 0.1% 200 GQ 0.71in3
Film/Foll

* Dielectric absorption — a measure of energy stored in the dielectric. Needs to be low for sample-and-hold circuit
applications to avoid voltage rebound
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Metallized Film Capacitor Lifetime Evaluation and Failure Mode Analysis

R. Gallay
Garmanage, Farvagny-le-Petit, Switzerland

Abstract

One of the main concerns for power electronic engineers regarding capacitors
is to predict their remaining lifetime in order to anticipate costly failures or
system unavailability. This may be achieved using a Weibull statistical law
combined with acceleration factors for the temperature, the voltage, and the
humidity. This paper discusses the different capacitor failure modes and their
effects and consequences.

Keywords
Metallized film capacitor; failure mode; lifetime.

1 Capacitor technologies
The following different power capacitor technologies are used in inverters:

—  Electrolytic capacitors characterized by very big capacitance per volume unit, but with low rated
voltages and very important power losses due to the ionic conductivity. In particular, the bigger
the capacitance density, the lower the rated voltage.

—  Film foil capacitors made of dielectric films between two plain aluminium foils. These capacitors
can sustain very high currents.

— Metallized film capacitors, which are made with dielectric films with a metallic coating on the
surface. With this technology the electric-field stress may be much bigger than with film
capacitors thanks to the metallization self-healing capability.

Today the dielectric films that are used are mainly polypropylene (PP) or polyethylene
terephthalate (PET). Formerly, paper (PA) was used in film foil technology—either pure paper or mixed
with polypropylene (DM). In special applications, where high temperatures are required, polyethylene
naphthalene (PEN) up to 125°C or polyphenylene sulfide (PPS) up to 150°C are used.

PET presents the following advantages over PP: a dielectric constant 50% bigger (&= 3.3 versus
2.2), which means 50% more capacitance in the same volume, a better mechanical resistance (which
means a higher endurance to self-healing), and the possibility of manipulating thinner films,
consequently leading to a smaller capacitance and a higher exploitation temperature (+10°C). The
negative point is that the loss factor is ten times larger, which means a ten-fold increase in temperature
elevation for the same rated power. The nominal electrical field is about the same.

The capacitive elements must be dried to remove moisture, which would cause accelerated aging
and bigger losses if left in the capacitor. In the case of power capacitors, the dried elements are either
impregnated with vegetable oil or with gas (SFs, N2, etc.).

The dielectric films are either wound or stacked before being inserted in a plastic or metallic
container. The best winding machines are required to produce active wound elements of reliable quality
in the case of oil-free capacitors. One way of overcoming the difficulty of controlling the space ratio
between the gas and the film in the winding curves is to wind the film on a large-diameter wheel and to
cut the film layers to obtain a stack.



The plastic containers are not completely moisture tight—there is always some residual
permeability in polymers. In the case of metallized films, this may lead to electrode corrosion when the
capacitors are submitted to environmental conditions of high humidity.

The electric-field stess in metallized film capacitors may be much larger than in film foil
capacitors. This is obtained thanks to the ability of the electrodes to self-heal. If a breakdown occurs in
the polymer, the current will increase through the defect and on the electrode near the defect. Close to
the defect the current density will be big enough to evaporate the 100 nm metallic layer. If the capacitor
is well designed, the phenomenon will stop when the diameter is large enough to insulate the defect and
small enough not to damage the film. The electrode resistance (given in ohm/square) is the key
parameter to define to achieve good self-healing behaviour, with Joule losses as small as possible. A
thick metallized layer will present a lower resistance, but higher energies will be involved during the
self-healing process, leading to greater damage [1-5].

2 Capacitor failure modes

Most of the metallized film capacitors fail because the capacitance drops below the required tolerance.
This normally occurs after the expected lifetime given by the manufacturer. The capacitance drop is
generally accompanied by an increase of the loss factor.

From a general point of view, the causes of capacitor failures may occur because of bad design,
bad processes, or inappropriate application conditions. During the design phase, the following causes
may lead to failure: the dielectric film is too thin, insulation distances are too small, the metallization
layer is too thick or too thin, or the conductor is the wrong size. During production, causes may include
the following: poor mechanical tension control during the winding, bad drying (leaving too high a
humidity content in the capacitor), or bad sealing. In application, the causes may be: higher voltages,
EMI, lightning, higher temperature, or a high humidity environment.

The failure modes are a little more complicated to describe because different causes may lead to
the same modes. Figure 1 gives a non-exhaustive summary of the possible failure modes which can
occur in metallized film capacitors.

Causes
Design

Process

Field

Mechanical Joule Insulation
Mode Tupture losses | | resistance

¥

Corrosion

Uncontrolled
self-healing

¥

Chimney

7

Effects

Consequences

Fig. 1: Metallized film capacitor failure modes with their causes, effects, and consequences



For example, bad space factor control of the dielectric films during the winding operation will be
the cause of the electrode corona demetallization, which will lead to a fast capacitance drop and to the
loss of functionality of the capacitor.

A bad choice of the metallization resistance value, or poor metallization control during the film
manufacturing process, leads to bad self-healing management, which may damage the dielectric film
mechanically and produces heat which is transmitted locally to the next film layers. At this location the
dielectric strength of the film drops and breakdown may occur. Consequently, chimneys of melted
polypropylene may appear through the winding. The formed channel is conductive, inducing a drop in
the insulation resistance and a leakage current that can generate enough heat to melt the polypropylene
and increase the internal pressure of the capacitor. Along with bad metallization resistance, the final
consequence can, in the worst case, lead to fire ignition or even a capacitor explosion.

4

Fig. 2: Chimney through the film layers in the capacitor Winding'

One of the main failure modes is often due to high currents, which increase the capacitor
temperature, leading to a reduction of the breakdown voltage and, in the worse cases, even melting of
the capacitor. In this regard, the shape of the capacitor is very important. For high-power applications,
it is important to build short elements in order to reduce the current path length and increase the number
of parallel layers, and consequently reduce the heating. The current capability of a capacitor is specified
through the series resistance Rs and the loss factor tan & at different frequencies. The relation between
the two factors, in the high-frequency domain where the effect of the insulation resistance is negligible,
is given by the linear relation

tanés:ZZ—R:RSa)C, 1)

where C is the capacitance, @ = 2x f is the frequency, Zr is the impedance real part and Z; the impedance
imaginary part.

The presence of humidity in the capacitor, because of poor drying during the manufacturing
process, or because the moisture permeability of the material was too high, or because the humidity
level where the capacitors are installed was too high, may lead to three failure modes with different
effects and consequences.



Fig. 3: Electrode corrosion due to the presence of moisture

The first is electrode corrosion (see Fig. 3) [6-8], where the series resistance will slowly increase
over time. The effect is a loss factor increase due to the electrode thickness reduction and a heat
dissipation increase. The elevation of the temperature will accelerate the capacitance loss because of the
reduction of the dielectric strength with temperature, ending with the loss of functionality of the
capacitor.

The second effect (see Fig. 4), today known as ‘corona’ [9-11], is due either to a decrease of the
dielectric strength of the gas present in the capacitor in the gaps between the dielectric films or to a poor
space factor control of the films. The bigger the gap, the more severe the problem. The thickness of the
gap is characterized by the space factor, which is the ratio of the dielectric thickness to the total distance
between the electrodes. This space factor is very difficult to control in curves of flat windings, leading
manufacturers to build either round winding or stacks. Only performant winding machines can achieve
good space factor control by managing the mechanical tension of the films during the winding. The
consequence of this is a fast capacitance decrease due to the appearance of corona discharges on the
electrode edges, i.e., the locations where the electrical field is more intense due to the point effect. In
the case of segmented metallization, the corona failure mode may also propagate from the non-metallic
lines which separate the active electrode metallic areas.

Fig. 4: Demetallized electrodes by corona arcing in the gas gap between the films

The third failure mode is a reduction of the insulation resistance, which is the parallel resistance
of the capacitor. A decrease in insulation resistance leads to an increase in current leakage from one
electrode to the other. This phenomenon is present at low frequency. It may be measured via either the



loss factor (tan o) or the d.c. resistance Rp. The relation between the two parameters is given by the
following relation (only true at very low frequencies):
VA 1

tano. =—R = .
4 R aowC

i p

(2)

This later failure mode may have a runaway behaviour. The more the insulation resistance decreases,
the more heat is produced, and the more the temperature increases, which leads to a new insulation
decrease. This phenomenon may end with the appearance of chimneys and melting of the dielectric.

3 Lifetime expectancy

The lifetime [12] of a capacitor is the time to failure, where failure is defined as the lack of ability of a
component to fulfil its specified function. The failure modes are classified into two main categories:
‘early failures’ and ‘wear out failures’, which are reflected in the curve known as the ‘bathtub’ curve
(Fig. 5): at the beginning of the component’s existence, in its ‘infancy’, the failure rate is rapidly
decreasing. These ‘youth’ failures are normally screened by routine tests performed by the
manufacturer. They are due to design and process weaknesses which have not been detected by the
design and process failure modes and effects analysis FMEA performed during the development. They
are more probably due to production process variations or to changes in material quality. The process
variations are due to tool wear, operator change, and lack of formation. This early failure mode is not
taken into account by the Weibull model theory. In normal operation this failure process should not be
observed in the field of applications. If it occurs, the capacitors are normally covered by manufacturer’s
product warranty.

Once the “early failures’ regime is past, the failure rate starts to follow a statistical prediction law
which depends on several parameters that may be defined experimentally as a function of the voltage,
the temperature, and the environmental humidity. It has been shown that a Weibull statistic can provide
a good prediction of the capacitor lifetime expectancy.
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Fig. 5: Bathtub curve of the failure rate function showing the infancy or early failures occurring at the beginning
of the component’s life (in red) and the wear out curve (in blue) which is defined by aWeibull law with 2
parameters: the power factor p = 1.8 and the inverse of the time necessary for 63% of the sample to fail

ho= 1/1,500,000 hL.

The failure rate A(t) may be given in FIT (failure in time), which is the number of failures
occurring during 10° h of working of one object, i.e., 3E~ h™! corresponds to 300 FIT. The Weibull
failure rate is given by



At) =2, p (A1), (3)

where Ao must not be confused with A(t). Ao is a constant (independent of time, but dependent on
temperature, voltage, and humidity) which corresponds to the inverse of the time necessary for 63% of
the sample to fail, and A(t) is the inverse of the mean time to failure (MTTF). In the wear out failure
region, A(t) increases with time. The manufacturer specifications give the maximum value of A(t) within
the announced lifetime: for example, 150 FIT and 100,000 h of lifetime expectancy in Fig. 5. The slope
parameter of the Weibull law is denoted by p.

The survivor or Weibull reliability function R(t) is the probability that a capacitor has not failed
or has not lost its function at time t and is still working. The survivor function is given by

R(t) = e )" (4)

When multiplied by the number of capacitors N in the batch, this gives the expected number of capacitors
still working after time t. There are capacitor manufacturers [13] that use a simple exponential model
instead of the more complex Weibull model. Actually the exponential model corresponds to a Weibull
model where p = 1. In this exponential model the failure rate is constant over the time A(t) = Ao. To fit
this model to the actual statistical behaviour of capacitors, manufacturers limit the exponential model to
a time period which they call the ‘service life of the product’. After that time period the failure rate starts
to increase.

Weibull statistics can also be used to predict the capacitance evolution of a metallized capacitor
under electrical, thermal, and humidity stresses. In such cases, the failure definition will be, for example,
1% or 1%o capacitance loss, depending on the available resolution of the measurement device. The
capacitance will be given straightforwardly by the survivor function. The Weibull reliable life, which
gives the expected lifetime of a capacitor for a given reliability level (the proportion of remaining
working objects, in our case capacitance) is

1 1p
Te =—{-In(R)}"", 5

where /o is the failure rate for the special case when 1/e, or 36.8%, of the samples still remain.

Table 1: Capacitor lifetime expectancy factor as a function of the required capacitance minimum in an exponential
model.

Reliability Lifetime,

(%) 1120 (h)
36.8 1

50 0.693
63.2 0.500
80 0.223
90 0.105
95 0.051
98 0.020

If the manufacturer gives a capacitor failure rate of 50 FIT at 40°C and U./2 for an exponential
model, it means that the lifetime expectancy for a capacitance drop tolerance of 10% will be 2.1x10° h
in these conditions.



4 Aging acceleration factors

The speed of capacitance drop depends on the temperature, the voltage, and the humidity. The increases
in these parameters are considered as aging acceleration factors. These factors are determined
experimentally based on the following theories.

4.1 Temperature

It has been shown [14] that capacitor aging as a function of the temperature follows an Arrhenius law,
in other words an exponential law
E.(1 1
t(T)=t exp| =2 =——— ||, 6
M=t p[kB(T TD (6)

where t; is the expected lifetime at a reference temperature, 70°C or 85°C for example, kg is the

Boltzmann constant, and E. is an activation energy. A relatively good fit of Epcos/Vishay factors (see
Fig. 6) may be obtained with a ratio Es/ks = 7000 K [15]. Between 40°C and 70°C there is an
acceleration factor of 7.1 with the parameters considered.
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Fig. 6: Temperature acceleration factor
4.2 Voltage
Regarding voltage dependency, authors use either an inverse power law

U -n
t=t, (U—J (7)

n

or an exponential law
(U _Un)
| (8)

U

n

t=t, exp[—a

where 1, is the expected lifetime at the nominal voltage or reference voltage and t/tUn is the voltage
acceleration factor.

A careful examination shows that these laws do not differ much when considered between 0.7
and 1.3U,. To sketch Fig. 7, n and a have been both set to 3.5.
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and the exponential law are both parameterized with a factor 3.5. The Vishay data would fit better with an
exponential law with factor 5 [16, 17].

Between U,/2 and U, there is an acceleration factor of approximatively 5 (Epcos) to 10 (inverse
power) with the parameters considered. The discrepancy between the values may be attributed to the
different technologies produced by the different manufacturers. It is interesting to note that the Vishay
display on p. 6 of Ref. [18] has almost the same accelerating factors as Epcos.

4.3 Humidity

Humidity is a concern for capacitors contained in plastic because moisture can permeate through this
type of material. Once inside the capacitor, the moisture has several effects: first, it decreases the
electrical strength of the gas in the case of oil-free capacitors, leading to corona demetallization of the
electrode, and secondly it corrodes the electrode. When moisture is present in the dielectric film, the
loss factor is increased, because of the presence of water dipoles, and the insulation resistance is reduced,
leading to current leakage and generation of heat. The lifetime as a function of the humidity level can
be estimated using the following relation [19]:

RH_Y"
t(RH):tHn(RH”j , ©)

where t,, is the expected lifetime at a reference humidity level.

4.4  Capacitor lifetime expectancy calculation

To design and size a capacitor correctly engineers must work through two steps. First, they must
determine the law parameters: E, for the temperature, n for the voltage, and m for the humidity. This is
basically achieved by defining a plan of the experiment with three different temperatures, voltages, and
humidity levels. The second step is the calculation of the lifetime expectancy as a function of the
customer specifications. For example, for a solar inverter, half of the time there is no voltage and the
temperature is 20°C, 20% of the time the voltage is maximum and the temperature reaches 90°C, and
30% of the time the voltage is 80% of the maximum and the temperature is 60°C. Each stress condition
must be converted to a reference condition value. The sum of the contributions will determine the
lifetime expectation.



Table 2: Lifetime expectancy with indicative data

Duration  Voltage Temperature  Converted aging weight

(%) (Un) (°C) @ reference conditions(%b6)
50 0 20 5
30 0.8 60 25
20 1 90 70

In most applications, in the first step the required dielectric thickness is calculated at the reference
temperature for the specified voltage distribution. In the second step the temperature distribution is used
to adapt the dielectric thickness to the temperature profile requirement. In the section ‘Power cap sizing’
of the site http://www.garmanage.com [20], there is a tool which allows the user to calculate the lifetime
expectancy with ten different stresses.

Taking again the example of a failure rate of 50 FIT in an exponential model, which gives a
lifetime expectancy of 2.1 x 10° h at 40°C and U./2, it may be calculated by multiplication of Egs. (7),

(8), and (9)
E(1 1))(U)"(RH,Y
(U RH) =t e, eXp(E[T THD(U J (RH] >

n

that the lifetime at 70°C and U, may be estimated to be approximatively equal to 60,000 (h) or nearly
7 years.

5 Technology qualification

The next thing to do is to evaluate the confidence level that, in operation, a given number of capacitors
k in a batch of N capacitors are fulfilling the defined condition (for example, a proportion p > 90% of
remaining capacitance after 100,000 h of operation).

The confidence level is given by a binomial law (failed/not failed) and will improve with the
number of capacitors which pass the tests. The reverse question is: how many pieces have to be tested
to get a given confidence level? The simple relation

_ log(1—-CL) 1)
log(p)
yields the number of pieces which must tested without failure to get a confidence level CL. For example,
in an accelerated test at 70°C and 1.4U,, n = 16 pieces must be tested, and none must fail during a 2000 h
test, to get a confidence level of CL = 80%; in other words, 80% of all the capacitors will have a
remaining capacitance greater than p = 90% in these conditions. Considering the acceleration factors,
the test will state that 80% of all the capacitors will have more than 90% of their capacitance after
60,000 h of operation at U, and 40°C.

In order to introduce the new technology of oil-impregnated metallized film with an electrical
field rated at 200 V/um, the company Montena Components (today called Maxwell Technologies), in
collaboration with the French railways company (SNCF), ran comparative accelerated tests during the
1990s, alongside the tests defined by the IEC 61071 standard [21]. The TGV high speed train input filter
capacitor bank has a nominal voltage of 1800 V d.c. and a capacitance of 8 mF. The requested lifetime
is 20 yr with a capacitance tolerance £10%. The bank is built with four 2 mF capacitors.


http://www.garmanage.com/

The volume and weight of the capacitors vary inversely with the square of the electrical field. The
first generation was operated at 150 V/um, and each capacitor had a mass of 44 kg. Ina TGV in normal
commercial use, a bank at 200 V/um (four capacitors of mass 22 kg with film thickness of 9 xm) was
mounted in one of the tractors, and a bank at 240 VV/um (four capacitors of mass 17 kg with film
thickness of 7.4 um) was mounted on the other side of the train. The voltage and climatic conditions
were therefore the same for the two batteries.

Fig. 8: A 2 mF 1800 V d.c. capacitor for input filters of TGV application. The sizes correspond to 150, 200, and
240 V/um in the dielectric.

In parallel with the field experiment, a 2 mF capacitor, made with 9 um thick film, has been tested
in an oven at 70°C in the manufacturer’s laboratory at 2500 V d.c., a voltage which corresponds to an
electrical field of 280 V/um. The capacitors in the TGV have been measured before the test and after 6
months and one, two, and four years, the capacitors in the laboratory have been measured weekly at the
beginning and monthly at the end of the test.
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Fig. 9: Capacitance loss as a function of time for 280 V/um laboratory test at 70°C and TGV in situ tests at 200
and 240 V/mm film [22].



At the beginning of the stress application a slight capacitance increase is observed because of the
electrostatic compression of the films. It is also interesting to note that during four years the two
capacitor batteries mounted in the TGV in commercial use are still in the compression phase.

The capacitance loss of a metallized film capacitor may be fitted by a Weibull law. In the case of
an electrical field of 280 V/um and an oven temperature of 70°C, a good fit is obtained with p=1.2 and
Ao = 1/120,000 h~%. The 10% capacitance loss has been reached after 20,000 h at 70°C and 280 V/um;
tan 0 was smaller than 70E~, whereas it was 30E* at the beginning.

With a very rough estimation of mean temperature of 35°C inside the TGV tractor, a temperature
acceleration factor of 10 between 35 and 70°C and a voltage acceleration factor of 10 between 200 and
280 V/um, one may expect a lifetime of 2,000,000 h to reach 10% capacitance loss at 35°C and
200 V/um. With an acceleration factor of 3 between 240 and 280 V/um, the expected lifetime at
240 V/um would be ‘only’ 600,000 h.

6 Conclusion

Capacitors often represent a small part of the cost of an installation. Their failure however may have
huge physical and financial consequences. A typical example is a small capacitor of cost 1p connected
in series in the electronic control of a freezer which leads to almost all these devices having to be
scrapped when they fail. When capacitors have to be used in highly reliable applications, they should
be tested in advance.
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_ co295_ _N-M71RC|2.800( 71.12] 2.900| 73.66
~ co30s_ _N-M71RcC| 2,900 73.66] 3.000( 76.20
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__C034S__N-M71RC|3.300] 83.82] 3.400( 86.36
0355 N-M71RC| 3.400( 86.36] 3.500( 88.90
_ _C0o365_ _N-M71RC|3.500( 88.90] 3.600( 91.44
0375 _N-M71RC| 3.600( 91.44] 3.700( 93.98
~ co38s_ _N-M71RC|3.700[93.98] 3.800( 96.52
~_C0395__N-M71RC|3.800]96.52] 3.900( 99.06
_ C405_ _N-M71RC|3.900] 99.06] 4.000(101.60
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DESCRIPTION APPROVER

THIS IS CAD DRAWING, DO NOT REVISE MANUALLY!!

Material

@ Insulator: Glass Filled Polyester
@® Flammability: UL94v-0

® Color: Black

@ Contacts: Brass

® Plating termination: 1.2u" Au min, 50u" Ni

Ratings

® Current:

® Voltage:

® Contact Resistance:

@® Insulation Resistance:
® Dielectric Withstanding

3A

250V AC(r.m.s.)

<20mQ

>1,000MQ

Voltage: 1500V AC for one minute

® Operating Temperature: —40°C £105°C

@ Solderability:

RoHS Compliant

PART NUMBER:

245°C = 5°C for 3+£0.5 seconds

PLATING

1= Full Gold Flash/Nickel [STD)
5 = 120u” Tin over 50u” Nickel
T = Selective 15u” Gold/Nickel
8 = Selective 30u” Gold/Nickel
NON-STD may require MOQ

302-RXXX

Number of circuits

Dim. D
3.10 - leave blank (standard)

2.80 - add 2.8 to end of p/n
may require MOQ

ON—SHORE

TECHNOLOGY, INC.

TITLE 302 Series - Dual Row Right Angle Box Header
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MANNER WITHOUT THE PRIOR WRITTEN Marvi Marvi Marvi @ P UNIT: mm/inches| 'y £020/.008
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THIS DRAWING IS UNPUBLISHED. RELEASED FOR PUBLICATION AUGUST , 2005. LOC DIST REVISIONS
@ ALL RIGHTS RESERVED.
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F | ECO=12-018113 27DEC2012 TITAN | MARTIN
/2 50 TRAY PACK IN ACCORDANCE WITH AMP SPEC 107-3275
/3\ Au PLATING OVER Ni PLATING OVER Cu PLATING
/A Ni PLATING OVER Cu PLATING
& TIN PLATING
A RECOMMENDED SELF—TAPPING SCREW 221108—4
7. RECOMMENDED MOUNT NUT 1-1634816—0
8. RECOMMENDED LOCKWASHER 1—1634817—0
9. FOR TECHNICAL DATA REFER TO YOUR LOCAL TE CONNECTIVITY SALES OFFICE
BNC ELBOW PCB SOCKET 50 OHMS WITH MOUNTING POSTS
10. ALL DIMENSIONS ARE NOMINAL FOR REFERENCE ONLY UNLESS OTHERWISE STATED (1-1634612—0 & 6-1634612-0)
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Assembly - Top View

SECTION A-A

End View of Assembly
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Enclosures can be Factory Modified ( Milling, Drilling, Printing etc.)
Contact Factory mjm@hammondmfg.com for quotes
Solid models of this enclosure available in STEP or IGES.
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Material: ABS (UL94-HB), Light Gray color
Lid Screws: M2.6 x 18
Circuit Board Screws, 4 Supplied (M2.6 self tap)
Suggested Lid Screw Torque: 30 ozf-in (21 cN-m)

HAMMOND
MANUFACTURING
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EMI/RFI Shleldmg — Acrylic Conductive Coatings

e Provides effective EMI/RFI shielding

e Easy to use, solvent based system - available in liquid or aerosol
e Smooth, durable, and abrasion resistant

e Strong adhesion to most plastics

e Does not contain xylene or toluene

e Available in four pigments: carbon, nickel, silver coated copper, or silver

Acrylic Conductive Coating Shielding Effectiveness

_____ Aluminum
Panel

—e— 838AR
—e— 841AR
—e— 842AR

«— 843AR

Shielding Attenuation (dB)

Blank

0.01 0.1 1 10 100 1000 10000
Frequency (MHz)

1S0 9001:2008 Registered Quality System — Burlington, Ontario, Canada

SAl Global File #004008
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Acrylic Conductive Coating Comparison Chart

Uncured Working Properties 838AR 841AR 843AR 842AR
Conductive Filler C (carbon) Ni (nickel) Ag/Cu (silver coated copper) | Ag (silver)
Format Liquid Liquid Liquid Liquid
Color Black Dark grey Light metallic brown Metallic silver
Solids Percentage 15% 57% 31% 61%
Density @ 25 °C[77 °F] 0.85 g/mL 1.7 g/ml 1.1 g/ml 1.7 g/ml
Viscosity @ 25 °C[77 °F] 154 P 1460 cP <30 P 873 P
VOC Content 47% 14% 17% 12%
Shelf Life 2y 2y 2y 2y
Coverage & Application Properties
Ready to Spray No No Yes No
Theoretical HVLP Spray Coverage <25 300 cm?/L <29 600 cm?/L <15 000 cm?/L <59 600 cm?/L
Re-coat Time 3 min 3 min 3 min 3 min
Drying Time @ 25 °C[77 °F] 24h 24h 24h 24h
Drying Time @ 65 °([149 °F] 30 min 30 min 30 min 30 min
Electrical Properties
Volume Resistivity 0.33 Q-m 0.0040 ©-cm 0.00030 Q-cm 0.00011 Q-cm
Volume Conductivity 315/m 250 S/em 3300 S/cm 9337 S/mm
Surface Resistance @ 1 coat 170 Q/sq 0.52 Q/sq 0.071 Q/sq <0.01 Q/sq?
Surface Resistance @ 2 coats 60 Q/sq 0.38 Q/sq 0.018 Q/sq <0.01 Q/sq?
Attenuation from 0.01 fo 18 000 MHz | 23 dB + 25 dB 59dB+12dB 65dB+11dB 73dB+11dB
Salt Fog Test @ 35 °C[95 °F1, 96 h®'| Before: 70 ©/sq Before: 0.38 Q/sq Before: 0.08 Q/sq Before: <0.01 Q/sq
After: 70 ©/sq After: 0.51 Q/sq After: 3.3 /s After: 0.05 ©/sq
Thermal Properties
Constant Service Temperature -40 10 120 °C [-40 to 248 °F] | -40 10 120 °C [-40 to 248 °F] | -40 to 120 °C [-40 to 248 °F] | -40 to 120 °C [-40 to 248 °F]
Intermittent Temperature Limits -50 10 125 °C [-58 t0 257 °F] | -50 t0 125 °C [-58 to 257 °F] | -50 o 125 °C [-58 to 257 °F] | -50 to0 125 °C [-58 to 257 °F]
Adhesion *! 58 58 58 58
Pencil Hardness®! H, hard 3H, hard F medium 3H, hard
Magnetic Class Diamagnefic (non-magnetic) | Ferromagnetic (magnefic) Diamagnetic (non-magnetic) | Diamagnetic (non-magnetic)
Relative Permeability <1.0 >100 <1.0 <1.0

Values for conductive coatings in aerosol format will vary slightly. Please see product’s TDS for exact values.
a) Readings less than 0.01 ©/sq are below the detection limit of the test apparatus  b) Tested on acrylonitrile butadiene styrene (ABS)

Applications and Uses: ® Electronic enclosures e Sensors e Controllers e Receivers @ Test equipment e Scientific equipment e Grounding
¢ Medical equipment @ Shielding repair ® Communication devices @ Satellite dishes and radar systems e Antennas @ Aerospace ® Electric vehicles
e Network gear @ Military equipment @ Cellphones, laptops, PDAs e GPSs, navigation systems e TVs, monitors, displays ® Consumer electronics
e Prototyping and circuit repair ® RC vehicles @ Electric guitars and other amplified instruments e Conductive undercoat for electroplating

Total Ground™ Carbon Conductive Coating (838AR) Provides effective for low frequency shielding, musical instruments, and grounding.
Super Shield™ Nickel Conductive Coating (841AR) Suitable for most device level shielding applications with excellent corrosion resistance.
Super Shield™ Silver Coated Copper Conductive Coating (843AR) Provides superior shielding at higher frequencies.

Super Shield™ Silver Conductive Coating (842AR) Offers the best shielding and corrosion resistance. It is also the best choice for board level
shielding and can be applied very thin.

North America: 1-800-340-0772 www.mgchemicals.com

Europe: +44 1663 362888 Version # 17072 Printed in Canada
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KEYSTONE ELECTRONICS CORP. AND

SHALL NOT BE REPRODUCED, DISTRIBUTED
OR USED AS A BASIS FOR MANUFACTURE
WITHOUT PRIOR WRITTEN PERMISSION
FROM KEYSTONE ELECTRONICS CORP.

—={.300 [7.62] |=—
; MIN. FOR BATTERY SIZE: 'A' DIM.
200 [5.08] AAA 1.959 [49.76]
MIN. AAAA 1.864 [47.35]
f MOUNTING PAD LAYOUT
+.015 [+0.38]
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NOTE:
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KEYSTONE ELECTRONICS CORP.
www.keyelco.com e NEW HYDE PARK, NY 11040e Tel (516) 328-7500
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NOTES:
1. MATERIAL: NYLON 6/6 UL 94 V-2 (RMS-01)
2. COLOR: GREEN

3. ALTERNATE UNITS [ ] FOR REFERENCE ONLY

HOLE DIAMETER MAX
R ANDARDY PART NO. +010-.005 [T +.005 [+0.13]| [ NORNBRFONEL | RECOMMENDED | "A"REF "B "C" REF "D"
[+0.25/-0.13] PANEL THICKNESS
NAS1368N4A GFA-N4A 235 [5.97] .025-.080 [0.64-2.03] .030 [0.76] .
NAS1368N4B GFA-N4B 37519.9] 295 [7.49] .081-.140 [2.06-3.56] .100 [2.54] 967 [144] | .367+.003[9.3] | .251[64]
NAS1368N6A GFA-N6A 235 [5.97] .025-.080 [0.64-2.03] .030 [0.76]
NAS1368N6B GFA-N6B 500 [12.7] 295 [7.49] .081-.140 [2.06-3.56] .090 [2.29] 692 [17.6] | .492+.003 [12.5] | .376 [9.55] |.058 [1.47]
NAS1368N6C GFA-N6C 360 [9.1] .141-.200 [3.58-5.08] .160 [4.06]
NAS1368N8A GFA-N8A 235 [5.97] .025-.080 [0.64-2.03] .030 [0.76] .
NAS1368N8B GFA-N8B 625[15.9] 295 [7.49] .081-.140 [2.06-3.56] .090 [2.29] 815[20.7] | 6152.005[15.6] | 499 [12.7]
NAS1368N10A GFA-N10A 235 [5.97] .025-.080 [0.64-2.03] .030 [0.76]
NAS1368N10B GFA-N10B 781 [19.8] 295 [7.49] .081-.140 [2.06-3.56] .080 [2.03] 971 [24.7] | .771+.005 [19.6] | .605 [15.4]
NAS1368N10D GFA-N10D 420 [10.7] .201-.250 [5.1-6.35] 210 [5.33]
NAS1368N12A GFA-N12A 235 [5.97] .025-.080 [0.64-2.03] .020 [0.51] .083 [2.11]
NAS1368N12B GFA-N12B 906 [23] 295 [7.49] .081-.140 [2.06-3.56] .070[1.78] 1.096 [27.8] | .896£.005 [22.8] | .730 [18.5]
NAS1368N14A GFA-N14A 235 [5.97] .025-.080 [0.64-2.03] .020 [0.51] .\
NAS1368N14B GFA-N14B 1.031[26.2] 295 [7.49] .081-.140 [2.06-3.56] .070 [1.78] 1:221[31] |1.021.005[25.9]| 855 [21.7]
@"All REF
G"B" .105 MAX[ 2.67 MAX |
A - @llcll REF lIDll
|
4 A 7/ 7
| | ﬁ% A 125(3.2]
/ | % wTn
n i/ |
/ ? f
A<l SECTION A-A
SCALE 2 : 1
FLIP GROMMET © =] hom [
Eihwoma. | FILE # GFA DWN: DK APP: MB FINAL
TOLERANCES SHEET: 1 OF 1 | SHEET SIZE: B DT: 01/10/11 CHKD: DZ PART # PRINT
C ADDED COLUMN FOR MILITARY STANDARD CO 200736 DK  11/17/2011 UNLESS NOTED RE: TYPE
XX=£.010 .
B ADDED COLUMN FOR MAX PANEL THICKNESS, CO 200702 DK 08/29/11 s 005 RICHCO, INC. R|CHCO’ |NC SEE TABLE
REV. DESCRIPTION ENGR. DATE ANG.=£1°
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