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MMS1182
ADD~-IN MEMORY ARRAY BOARD

The following changes and corrections should be made to the manual.

1) On page 2-6, the paragraph should read:

MMS1132{(0)
68ASD13330W
ADDENDUM #2

There are three types of jumpers on the MMS1132 array board. Jumpers E1
and E2 are zero ohm resistors which are soldered onto the board in the
factory. Jumpers E3 through E31 are normally “mini»jump" shorting plugs;
however, the wafer posts could be wire wrapped instead. The last Jumper
is a staple jumper used for systems without memory management (see item

k in section 2.3.2).

2} On page 2-17, add the following entry to section 2.3.2:

A

k) Q-Bus Compatibie Staple Jumper

‘This jumper is used to disable address lines BDAL 18 through
To select this option remove the 7485 comparator chip locate
and insert the goid staple Jjumper from pin 6 to pin 11. In
make sure mini Jjumper E4 is removed
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Siorage Capacity:
Hord Length:

Read Access Time:
Write Access Time:
Read Cycle Time:

Write Cycle Time:

Refresh Latency Time:

Mode(s) of Operation:

Input/Output:

Temperature:

Reiative Humidity:

Input Power:

Dimensions:

SPECIFICATIONS

128K Hords

16 Bits

225 nancseconds {dom)
175 nanoseconds {Nom)
525 nanoseconds (Nom)
525 nanoseconds {om)
525 nanoseconds (Max)
Write (¥ord or Byte)
Read .
Read/Modify/lirite
Refresh

120 ohm Terminated Bus

0°C to 50°C {operating)
=40°C to B0°C {Mon-operating)

5 te 90% without condensation

e

{

o, 09

2¢ 9
n £
64x /128

=

A4

knl

{

8.43 in (214.12 mwm) wide by §.19 in
(131.75 mm) high by 0.056 in (1.42 mm)
thick. Reguires 0.5 in (12.7 mm) width
connector slot.

Effective Capacity is Switch Selectable at any 1K Hord Increment

Addressing is Switch Selectable to Start on Any 1K Word Boundary From

0 to 127K

Refresh Implemented Internal to the Board {(Transparent to the System).
On-Board Jumpers Permit Synchronization of Refresh if Desired.

Jumper Selectable Batte

Soyrce

ry Backup Provisions Allow Use of Separate Power

Optional Parity and On-board Parity Controller

LSI-11 (Q-Bus and Q-Bus Plus)* Interface Compatible

* Trademarks of Digital Equipment Corporation

111/4v

s X
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CHAPTER 1

GENERAL INFORMATION

1.1 DESCRIPTION

The MMS1137Z is a high density add-in memory array board. The array board
s intended for use in Digital Equipment Corporation's LSI-11%, LS1-11/2%,
and LSI-11/23* processors as well as PDP-11V03* computer systems.

The MMSI13Z2 utilizes 32K or 64K x 1 BAM devices and provides up to 128K
words by 18 bits of memory storage on a single dual height module. The
array alsc provides for battery back-up of stored data.
The power and signal pin-outs are compatible with any LSI-11 "Q" Bus Plus*
board slot. The MHS1132 presents one standard bus Yoad to the LSI-1] Q"
Bus Pius* independent of options or jumper selections.
The MMS1132 memory array board is implemented on one standard “Dual-height”
printed circuit board. It requires only one single {1/2 inch) width con-
nector siot. ;
* LSI, PDP, and "Q" Bus Plus are tradenarks of Digital Eauioment Corpovration.
f";
1.2 MODELS
ations, mems:
mory devices used
TABLE 1-1. MODEL DESIG
! i Capacity | | Rumber | !
|_Device Number| In 16 Bit Word | Parity |of RAMS | RAM Type |
i i B | %
I M¢s1132 I Basic Assembly §
f ' § 32K I Ne | 16 32Kk = 1 |
| i 32K | Yes | 18 32K x1 |
S 0 B R ! 64K P Ko ] 16 | 64K x 1 |
| MMS1132P3064 | 64K i Yes | 18 P68 x 1 |
| MMS1132M3065 | 64K I N0 | 32 I 32 x1 |
. | MMS1132p3065 | 64K | Yes | 36 P32k x 1 |
| MMS1l3zwzies | 128 I Ko | 32 | 64K x 1 |
| M4S1132P3128 | 128K | VYes | 36 I 68K x 1 |
s § E | ! I |
| !
I K = 1024, 1 word = 16 bits {2 bytes) i
!

1-1
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CHAPTER 2

. INSTALLATION

2.1 PRE-INSTALLATION
Pricr to installation, check the following:
a) Adequate power supply for all units.
b) Prior placement for individual units.
c) Adequate equipment for checkout.
1) Multimeter

2) Oscillescope .
2.2 PREPARATION FOR USE

2.2.1 Handling

CAUTION

Turn power off before removing or installing a
part or board.

SPECIAL HANDLING REQUIRED

Store board in special conductive bag. Do not
touch circuitry while handling. Static discharge
may damage components. If shipment of board is
necessary, pack board in conductive {(non-static)
plastic bag and place in original carton for pro-

!
l
!
|
j
f
§
|
|
|
|
g
g tection.

e Sy TS oo oD WSS USEID WU S s Aonet e oy, aren

The circuit board must be kept in a unit or in a conductive plastic bag
and transferred without touching the circuitry. Generally, i1t is re-
quired that the unit, the board, and installing or repairing personnel
all be at the same (ground) potential. An installed and connected unit
will have its case at ground potential and board changing may be accom
plished. If the unit is on a bench or is not installed, a common ground

i
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connection between installing and/or repairing personnel and the unit
should be made.

In handling of unmounted chips, care should be taken to avoid differences
in voltage potential. A conductive carrier, or a carrier having a con-
ductive overlay should be used.

Precautions

Because MOS devices have extremely high input resistance, they are sus-
ceptible to damage when exposed to high static electrical charges.

To avoid possible damage to the devices during handling, testing, or
actual operation, use the following procedures:

a) The leads of devices should be in contact with a conductive material,
except when being tested or in actual operation, to avoid build-up
of static charge.

A

b} Soldering-iron tips, metal parts of fixtures and tools, and handling
facilities should be grounded.

c) Devices should not be inserted into or removed from circuits with
the power on because transient voltages may cause permanent damage.

d) Signals should not be applied to the inputs while the device power
supply is off,

MOUNTING
Pin Assignments

Edge connector pin identification is shown in Figure 2-1 and pin assign-
ments are listed in Table 2-1. The MMS1137 utilizes gold plated edge
connectors. The {dentification system is based on the LSI-11 bus .

The LSI-11 bus 1s based on the use of a dual-height board that plugs
into a 2-sTot bus connector. Each slot contains 36 pins (18 on the
component side and 18 on the solder side).

2-2



—- < - LDV XT i el 1 LD e Bl o emn L,

Edge Connectors (gold-plated finger contacts, 2 each,
36 pins - 18 on component side, 18 on
L solder sfde}
N Identification for the finger
A7 | contacts is as follows:
¢
e The first Tetter denotes the
£ top or bottom edge connector
® H (either A or B). The second
4 = letter denotes the pin (& -
K V, excluding letters G, I, O,
v and Q). Icentification aiso
N includes & numeric identifier
P for the side of the board. The
: component side is designated
T side 1 and solder side is
¢ decignated side 2.
V1
: At
&
g m @ &
. & K
H f 9
P~ b
WH@ B
[BX =] [
o g
£ . :
@ &
i T
FT o i
Vi
~
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BUS PIN ASSIGNMENTS

TABLE 2-1.
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TABLE 2-1. BUS PIN ASSIGNMENTS {cont'd)

Connector B

Component Side (1) Solder Side (2)

Signals left blank (---) are not connected.

**The {nternal refresh oscillator at BX1 1s nor-
maily jumped to BLl on the backplane. Jumper
options allow for an external refresh oscillator
to be connected through BLL.

i

| I

I I

| ] 1 i

% Pin | Signal | Pin | Signal
| i 1

g BAl g BDCOK H g BA2 % +5

| 881 | - | BBZ | =--

I I | |

i BC1 § MMUDAL1S L g BC2 i GND

g BD1 g MMUDAL1O L | BD2 i e=e

{

| BEL |  MMUDAL20 L [ BE2 | : BDAL@Z L

! | | I

g BF1 g MMUDAL21 L | BF2 | BDALE3 L

| |

g BHL | == | BH2 g BDALPS L
| |

| BJL | GND | BJ2 | BDALES L

| | ! |

; BK1 | INT REF®% | BK2 g BDALES L

H i i ¢

% BLL | EXT REF IN¥* § BL2 g BDALBT L
E 1

| BML | GHD | BMZ | BDALES L

é | ! ]

; BN1 g oo é BK2 % BDALEY L

é BP1 g oo § BP2 % BDALIO L

| BRI | ee- ! BR2 | BDALII L

E | ! I

g BS1 g coe g BS2 % 8DAL1Z L

} BT1 | GND | BT2 § BDALI3 L
| |

| Bul | — | Bu2 | BDALL4 L

| | | |

| BY1 | 45 Y | BY2 | BDALI5S L

I I | ]

|

6

!

|

|

|

!

|
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2.3.2 Jumper Configuration

There are two types of jumpers cn the MMS1132, Jumpers E1 and £2 are zero
ohm resistors which are soldered onto the board. Jumpers E3 through E31
are normally “mini-jump" shorting plugs; however, the wafer posts could
be wire wrapped {nstead. Figure 2-2 {1lustrates the Jjumper locations.

1 ES _

Eg SIE 16

E20

E@ »—ggi

2

E7 Ez23

lEv0 ' 6
Ei9
1 Eq2
\ Eig
Ei14
1Ess
Ei8
1E17
Esg
gl Eze
34

FIGURE 2-2. JUMPER LOCATIONS
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a) Jumpers El, E2

These two jumpers are associated with
In the non-battery

In the battery back-up configuration, El comn
AV1 to the +5 VBBU network on the MMS1132.

Jumpers E3, E&, E5, E6

memory management.
128K word pages.

these pages the MMS1132 will appear in.
the four MMU address lines were high true instead of Jow true.
cases, the presence and absence of jumpers ¢ opposite of that for low
true MMU address Tines.

Refer to Table 2-2,

the +b volts battery power distri-
ack-up configuration {(normal), £2 connects
+5 volts from bus pins AAZ, BA2, and BY1 to the <5 VBBU network on the

ects +5 volts from bus pin

These four jumpers are used in LSI-11/23 systems that support extended
In these systems memory space {s extended to sixteen

Jumpers E3 thru E6 are used to establish which of

On some early revision CPi‘s

"’%

TABLE 2-2. ' JUMPER CONFIGURATION
E z ;
E3 184 1 g8 | EE | Page |
A £ b L. }
XLx DX |- i1
% ol - ¥ 1oz
X ¥ ol - « b3
¥ - b X ¥oboa
¥ - 1y - 15 | 7777
X - | - X | & 77777%
X -} - < | 7 | 07000000 - 07777777
- X | ox X | 8 | 10000000 - 10777777
- X | X - 1 ¢ | 11000000 - 11777777
- X | - X 10 | 12000000 - 12777777
X | - - |11 | 13000000 - 13777777
- | X X |12 | 14000000 - 14777777
- | X - |13 | 15000000 - 15777777
- 1 - X |14 | 16000000 - 16777777
- 1 - = |15 | 17000000 - 17777777

(Low True M¥U Bus Lines):

X = Jumper Present, - = Jumper Removed

Early CPU's (High True MMU Bus Lines):
- = Jumper Present, X = Jumper Removed

™

R N, G R
s

RS GO CEIIID QTSNS WIS ST GEALT VSRR SR IR GGG v WERGTS SO GRS st et e



e}

Jumpers E£7, E8

These two jumpers are used to cs
32K x 1 RAK devices,

bit TAL7 H to the row select Togic.

lated address bit TAl6 H to the row s

Jumpers E§,

=HW M T

e

TABLE 2-3.

select logic (refer to Table 2-

RAM TYPE CONFIGURATION

RAM Type

e
o
77y

ES

g
o
fon]

(xat]
ot
[y

MCME665L28
MCM66336L28
MCM66331L28

> pa Q

L

B s O, P
[
P T R pe—

B A CCANN| BUS——

X

P T A S—

[

i1

s e e e e

0 >

won

3

Jumper Instalie
Jumper &hsent

-

> §

El

0,

page.

L]

the saw af the star
than 128K, then the board will only select
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STARTING ADDRESS JUMPER CONFIGURATION

TABLE 2-4.
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STARTING ADDRESS JUMPER CONFIGURATION (cont'd)

TABLE 2-4.

@y
@ W
[ T R v ]
g ) fu
ne2
© vy 32 2 3 22 M AL N N B S S N Mg B S B 3l S 3 3C ue
WY 23“v67&%m123@56?&%0123%567&%&123
NLe] MO OGS G D @ DU D UG U D D WD D D D D
Rpatd
e o e e s e o s s s s o e e i e S i S S S S S e et e e e 20 et o e e et e e e
oo
i B3R 03 03¢ 0B 0 B 073K 0 BC b € 0 3k 0D 0 BE 3 0 B€ 0 B¢ 0 > ) »e
o o e o s s o e o e e e e e e e e e S S8 e 3 S e S et 2ot et e e e e e s
-
e 6033 0 03X 0 0B ) DI 0 0 BEHE J GBI 0 ) B § P B ¢
(Vo]
o R e e o S I B B R B B RO e i S T S IO DO,
T
[0 §
o B0 0 0 0 D ) D IEICIBEICICICOC B 0 D b ) § § § B IE IC 3 B B DC 3¢
g
m 6 6 ¢ o 0 0 0 0 00 6 0 B8 O & @ exxxxxxxxxxxxxxxx
[32)]
s PE L 3C € 3K K 3 L 3C 3L B B 3 3K B BC B 3 3 3L 3K B 3 3 2 I B 2€ 3 5 I ¢
T.l;ﬁn.l...l-!..ﬂ-llul.lllolﬁllulll.!ll..'llﬂlalqll»-l.l!'.l.l.niellllb.lg!!!!'ﬂgﬂ!lil|ﬁl|!gaggial
(aY]
ﬂ § 6 0 8 9 0 8 O O O 0 B U & @8 § 0 0 8 6 6 8 ® 6 0 B & 6 8 0 g 0

li...tilll.lriﬂlllill.gg!‘!ﬂ'!!@l‘li@éii!liiia‘!iﬁf’li-l?.isnuaﬂl:.glll.illnlg

2-10



STARTING ADDRESS JUMPER CO%FIGUR&TZON {cont'd)

TABLE 2-4.
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2

e of the memory space of the MMSII3

See Table 2-§,
MEMORY SIZE JUMPER CONFIGURATION

{1 = 128X words).,
TABLE 2-5.
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MEMORY SIZE JUMPER CONF IGURATION (cont'd)

TABLE 2-5.
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MEMORY SIZE JUMPER CONFIGURATION {cont'd)

TABLE 2-5.
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MEMORY SIZE JUMPER CONFIGURATION (cont'd)

TABLE 2-5.
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g)

h)

1)

J)

2.3.3

Jumpers E26, E27

These two jumpers are used to configure the parity option of the MMS1132.
If £E26 is instailed then the output of the parity checking circuit will

assert BDALI6 L if a parity error is detected during a read operation.

If E27 {s installed instead of E26, then parity §s disabled and BDALI7 L
will never be asserted by the MMS1132. Jumpers E26 and E27 should not be
installed at the same time.

Jumper E28

This Jumper 1s used to enable BBS7 L to override selection of the MMS1132.
If E28 is not present, assertion of BBS7 L has no effect on the MMS1132,

Jumper E29

This jumper s used to enable a special form of refresh in conjunction
with BREF L. When E29 1s installed, both E3@ and E31 should be removed.
When E29 is installed BREF L may be used for synchronous refresh., The
master would assert BREF L while BSYNC L was not asserted. The MMS1132
will perform a refresh cycle.

Jumpers E30, E31

These two jumpers are associated with the refresh circuitry. The board
is normally built with E3% installed and E31 not installed. The normal
refresh configuration is @ jumper between BK1 and BL1 on the backplane.
The internal asynchronous refresh oscillator is routed from BXi through
the backplane jumper to BL1, then through E3@ toc the refresh circuitry.

To synchronize refresh from one source to several boards, bus pin BLI

and tie 1t to the refresh oscillator source. The backplane jumpers

must be removed from BK1-BL1.

If E31 is installed instead of E3@ then no backplane jumper is required.
Operation

To use the MMS1132 Add-In Memory Array Board, after jumpers are installed,

turn off system/backplane power and carefully insert the board intc its
proper slot. Turn on power,
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CHAPTER 3
THEORY OF OPERATION

3.1 CONFIGURATIONS

3@3

There are two configurations of operation for the MH51132, normal and
battery backup. The board is shipped in the normal configuratisn (see
Chapter 2). Jumpers may be changed to allow the board to work in the
battery back-up configuration.

The power- distribution within the MMS1132 board is partitioned in such a
manner that the circuitry necessary for maintaining data can optionally be
obtained from the pin assigned as +5 V BBU. This option can be implemented
via jumpers E1 and E2. The board is normally shipped with jumper E2 in-
stalled and jumper El not installed (non battery back-up). To reconfigure
for battery back-up, install jumper El and remove Jumper E2.

For battery back-up, an uninterrupted power source must be comnected (+5
volts battery to pin AVi).

ADDRESSING

The MMS1132 has jumpers to allow flexible configuration of the MMS1132 in
address space. Addressing circuitry is aiso affected by two bus signals
{BBS7 and BREFL).

Bus signal BBS/ (Bus Block Select 7) is an indicator that the CPU is making

an I/0 reference sc the memory should be inhibited. In systems with more
\ Y

than 32K words of address space, it is sometimes desirable to defeat this
inhibit so that all memory on the MMS1132 can be used. Jumper E28 i used
for this option (see Chapter 2 on jumper configuration for details).

BREFL is a bus signal indicating that a CPU generated refresh cycie should
be performed. The MMS1132 inhibits 1ts board select and generates a
refresh cycle in response te this signal. In systems using this type of
refresh, the other type of refresh should be disabled by removing Jumpers
E30 and E31. The BREF L feature is enabled by instaliing jumper E29.
Refer to Chapter 2 on Jumper configuration for details.

Jumpers E19 through E25 are used to set the board size from 1K to 128K
words. Jumpers E3 through E6 are used in LSI-11/23 systems with extended
memory management. In these systems, jumpers E3 through E6 are used to
configure the MMS1132 to reside in one of the 16-128K word pages. Jumpers
E12 through E18 are used to set the starting address of the MMS1132 (@K
to 127K}. Note that all memory on an MMS1132 must reside in the same
128K word page (i.e., 1f an MMS1132 is configured ¢o start at 127K and
its 'sfze’ is set to 32K, 1t will actually only exist to the next 128K
boundary and will not ‘wraparound’ or extend intc the next 128K page).

BLOCK DIAGRAK

Refer to Figure 3-1.
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3.4 MEMORY ARRAY

The memory array on the MMS1132 consists of a 36 device array. Figure 3-2
i1lustrates the memory array layout. On the non-parity versians, there
are no parts inserted for Ul, U10, U19, or U28. On versions with only one
row of RAMs, no parts are inse*ted for UlO through U18 or U28 thﬁcggh u3e,
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FIGURE 3-2. MEMORY ARRAY
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3.5 INPUT/OUTPUT SIGNALS

The following table describes the various control and response signals of
the MMS1132 array board.

TABLE

3-1. SIGNAL DESCRIPTIONS

Type

Description

BDOUT L

Input

Input

Input

Output

Input

Input

Input

i
!
E
|
e
!
a
u
!
i
s
|
i
!
;
I
;
|
s
s
|
;
;
!
]
!
|
s
s
e
a
!
i
a
!
i
a
s
s
s
a
i
i
|
a
s

This signal {when asserted Yow) indicates that
the Master (CPU) has initiated a bus cycle.
Depending upon the addressing jumper configu-
ration, the cycle may or may not be intended
for a particular MMS1132.

This signal is used to'tell whether a cycle is
& read or write cycle and if it is a write
cycle, whether it is a byte or word write., If
BWTBT L 1s not asserted at the falling edge of
BSYNC L, then the cycie is a read cycle. If
the cycle is a write cycle and BHIBT L is as-
serted Tow while BDOUT L is asserted low, then
it is & byte write,

This signal is asserted lTow by the Master
whenever an access 1s made to any address in
block 7 (ectal x7sxxx, where x = don't care).
This s usually an 1/0 access so the MMS1132
should be deselected; however if jumper E28 is
removed, then the board may select anyway.

This signal {s used on some early versions of
CPUs to perform memory refresh. Refer to E29
in Chapter 2 for & detailed explanation.

This signal 1s asserted Tow by the Slave
(MMS1132) to fndicate that write data has been
taken or read data 1s evailable on the bus
(BDALGY through BDAL1S).

This signal is asserted high on the bus when
the system dc voltages are valid and stable.

This signal is asserted Tow by the Master %o
indicate that the Slave (MMS1132) may place
read data on the bus (BDAL®Z through BDAL1S).

This signal %s asserted low by the Master to
indicate that write data is valid and avail-
able on the bus (BDALBZ through BDAL15).

-....—-.-a-......-.-—.—-..._......ﬁ.—.m—w——“mma—-—-m“—»c——.—._m-—wm..._——-.—....._..-—...w—.me..-.—.._._._u—m-.-m._._.____._.___ p—
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3.6
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TABLE 3-1. SIGNAL DESCRIPTIONS (cont’d)

Signal

Type Description

BDALGG-17

MMUDAL1B L -
MMUDALZL L

i
i
|
!
|
3
|
|
|
|
|
EXTREF IN g Input
|
s
|
5
|
?
|
|
|
i
|
i

These multi-function address/data lines are
bi-directional and time multiplexed. During
the first part of a bus cycle, they carry
address information from the Master to the

|
|
|
<
Input/ |
t |
|
g Stave (MMS1132). During the last portion of
|
I
I
{
|
|
|
I
|
|
!
|
§
I
i
é

Outpu

the cycle, they carry data to {write) or from
(read) the Slave {MMS1132).

This pin can be used to synchronize refresh
between multiple memory boards in a system.
See jumpers E30 and E31 in Chapter 2 for
~details. Normally refresh is performed by an
on-board osciilator and EXTREF IN is not used.

These four signals are used on LSI-11/23 CPUs
with extended memory management. The lines
behave as high order address bits. 0On some
early versions of CPUs, these 1ines were high
true instead of Tow true so addressing jumpers
should be applied differently. The MMS1132
will operate with either polarity.

Input

TIMIK

)

Table 3-2 contains all the relevant timing parameters for the modes of
operations for the MMS1132.

The following notes apply to all timing parameters (comsistent with the
specifications ef the LSI-11 *Q“ Bus Plus):

p=b

)

2)

5)

A1l Timing is measured on the memory side of the Bus transceivers.

Memory is mot busy (i.e., assuming that no refresh cycle is in
progress at the time of cycle initiation}.

A1l access times are measured from the leading edge of SYNC H to
the leading edge of RPLY H, and assume the minimum specified delay
from SYNC H to DIN H (25 ns) and from SYNC H to DOUT H (50 ns).

The read modify write cycle assumes that the delay from RPLY H to
DOUT H is 350 ns.

Cycie time is defined as the shortest time between recognition of
successive SYNC H signals,

3-5



TABLE 3-2. MMS1132 TIMING

% Parameter § Symbo1 ; Typical ; Worst Case } Unit %
g Write g tya E 175 % 225 ; ns %
2 Read g taa g 225 g 275 % ns i
§ Read Modify g tou g 575 g oeo E ‘ﬂs g
| Write | I [ I l
g Cycle § tey E 525 § 550 § ns E

3.6.1 WMODES OF OPERATION
a. Normal Read

Refer to Figure 3-3, read cycle timing diagram. The read bus cycle is
divided into two parts, address portion and data portion. During the ad-
dress portion, a bus master transfers a memory address to the MMS1132 on
signal Tines BDALF L through BDAL17 L and MMUDALIS L through MMUDALZ21 L

{22 Vines total). This address is valid for a set-up time (75 ns) before
and a hold time (25 ns) after the rising edge on the buffered signal SYNC H.

Also, during the addressing portion of the read cycle, the bus signal BWTBT L
will be inactive and the state of the BBS7 L signal may override selection
of the MMS1132 board if it is active and properly configured.

Determination of board select is made during the address set-up time and
1 selected, a read access time will be started with the activation of
BSYNC L. '

After the address portion of the cycle, the master activates the BDIN L
bus signal which starts the data portion of the read cycle. When the read
access time has timed and the DIN signal is present, the M¥S1132 will ac-
tivate the BRPLY H signal to indicate to the bus master that the requested
data has been placed on the BDALZY L through BDAL15 L bus pins.

The bus master then removes the BDIN L signal which causes the MMS1132 to
remove the BRPLY L signal. The bus master then removes the BSYNC L signal
which completes the read cycle.

b. Normal Write

Refer to Figure 3-4, write cycle timing diagram. The write cycle {s divided
into two parts, address portion and data portion. The address portion is
the same as described above for the read cycle except that the bus signal
BWTBT L will be activated during the set-up and hold time.

o



Following the address portion of the write cycle the master activates

the BDOUT L signal to start the data portion of the cycle.

Data ¢o %o

the MMS1132 1s valid on bus lines BDALBE L through BDAL1S L for 25 ns
set-up time before BDOUT L 1s activated and for 25 ns hold time after
BDOUT L is released.

If the BWTBT L signal is asserted during the data

then only one byte will be written instead of 2 16 bit word.

portion of the cycle,

If BDAL16 L

1s asserted during the write operation then false parity is generated
for diagnostic purposes.

Upon completion of the write operation the MMS1132 ssues the BRPLY L
signal, then the master releases BDOUT L, then the MMS1132 releases
BRPLY L, and finally the master releases BSYNC L.

WD/RD

X apor X

e

% BATA
$25n
&= A

i—-icﬁns MAY

28ns BMIN— <=
SYNC K | N /
- g }
@J{3§§E§ 150ne ﬁi%éjm\ 1508 e
Iy ! £33
DIN H M Yy - I
e g B 4i‘ %ﬁ~3@@a% B I ~——t
BPLY 4 !
4 - TBns MIN
B8S7 # ; i
. =] 26ne MIN
WTBT M /

WOTE: All timing measured from Ilnslide bus trenecelvers.

FIGURE 3-3.

READ CYCLE TIMING DIAGRAM



WD/RD ¥ ADDRX DATA '
=] = 28ns MiN =®3 -28ng RMIR

BYNC ¥ \
8088 <=
POUT M T
S00RE =t
RPLY | j MiR
@inasa@m%ﬂ—»m s a
B87 M X

28ne MIN < f@?&m B4 IR

]
WIBT 0 ] N/ ASSERTION BYTE X

7 Grie—e =~ 28ns MIN
MiIN

KROTE: AU ¢imlng messured frem lnelde bus trerneeelvere.

FIGURE 3-4. WRITE CYCLE TIMING DIAGRAM

SYNE
[ See—— tpy
=7 8ne MIN 28ns MIN <=

i == 1286ne MIM y

= '8A8° =

e [=-78ns MIN = 2608 MIN <= (=26n0 MIN
WTRT H f ASSERTION = BYTE

e |lez8ns MIN

NOCTE: All timing measured from inzide busg transcelvers.

FIGURE 3-5. READ/MODIFY/MRITE CYCLE TIMING DIAGRAM
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€. Read-Modify-tirite

Refer to Figure 3-5, read/modify/write cycle timing diagram.

The read/modify/write cycle is 1ike a read cycle followed by a write cycle
where BSYNC L remains asserted throughout the entire operation. The ad-

- dress 13 the same for the read and the write, however, the write may be a
byte write while reads are always for full 16-bit words. The read/modify/
write cycle is divided into three parts, the address portion, the read data
pertion, and the write dats portion.

3.7 REFRESH LATENCY

The storage cells in the MMS1132 are impiemented with dynamic MOS devices.
The charge stored in each cell 1s automatically refreshed every 2 milii-
seconds. The latency induced to bus cycles concurrent with refresh cycles
is no greater than the cycle time of the particular memory. A singie
refresh cycle is initiated approximately once every 16 microseconds.

Wa\‘
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4.1 TROUBLESHOOTING

4.2

CHAPTER 4
MAINTENANCE

For all troubleshooting, refer to the test point locations diagram, Figure

4-1, and the schematic dia

is shown in Chapter 5.

gram, Figure 4-2. The component location diagram

Begin troubleshooting by checking the power sup§1y voltage. Use caution

when replacing defective parts.

destroy components.

TEST POINTS

Improper handling and too much heat can

Fifteen test points are included on the MMS1132 for convenience. Table 4-1
gives the test points and describes their function.
the test point locations on the MMS1132.

Figure 4-1 illustrates

SR oD S G I GUGIS) GSND S CIRIE TS K A Sas G M WP S s

TABLE 4-1. TEST POINT DESCRIPTION
| |
Test Point | Description |
T !
TP1 | Ground -
TP2 | Memory Address Drive MAI i
TP3 | Memory Address Drive MAS |
TP4 | Memory Address Drive MA4 !
TPS | Memory Address Drive MA3 |
TP6 | Memory Address Drive MAG I
7 | Memory Address Drive MA2 %
TP8 - | Memory Address Drive MAg i
TPS | Read Reply (Active High) !
TP10 | Bus Drive Enable {Active Migh) |
TP11 | Hrite Reply (Active High) 1
P12 | Memory RAS Enable ]
TP13 | Memory CAS Enable |
P14 | Ground |
TP1S | Timing Chain Input g
|

4-1



o e T W Bl N e

S el T et e

B

PLE N

-

@, o G g Wy
P G B 8. 8 Q.
oo B o o> e

1

o,

@ i @ e e e o

@ b de.
P e e

€ v 0 @B @
= o

. e G 8 & &
L A ol o
P

daan e

(el e o G

o i it e

ﬂg SRS B R
RN R xﬁmﬁl R ERAR

% mwﬁﬁg i, i
ﬁ:?éaé\w

f\: o vg

RE SN AN X WAV 5N

e K.ﬁ.‘nexwax.f‘ww w

ef @“% @Q&&Q“’

HESEHE)
T

SARERER)

b

L R R RER: Exmxmmﬁ_ EELOTE maﬁﬁn

RIS

o

FRBHE] AR R MR AR ) Mwébéﬁ s
(B AR A ARRE]) oo oo ovewwaws” 3

svpe

S

b
HEHBE

i PR A )

Sopeen

ARHEHER

) el EradA,
FRBA BB Mg gwereesu
wugﬁgj ﬁ.fﬁs
VRN £aing s (&
)

L.

MHZQ?.&»E.J =
01 LT .?M, g

T e: e Q e

"

Did LS

WMNN%%L g\ﬁﬁdﬂ . ch.,w‘ﬁaé.

4-2



4.3 CIRCUIT DESCRIPTION

Refer to the schematic diagram, figure 4-2. Sheet 2 contains edge con-
nector circuitry. The power connection requires a single 5-volt supply,
applied through jumpers E1 and E2. Jumper E2 (normal) connects the +5
volts to the board battery network and E1 allows battery back-up configura-
tion from bus pin AV1.

U40A and U498 concerns read reply. U49B pin 6 becomes active (high} when
all inputs to U49B are Tow. The high becomes a low to U45 pins 4 and 12

for bus reply.

Write reply 1s developed in timing during a write cycle. When write re-
ply is high to U45 pin 5, it also causes U45 pins 4 and 12 to go low for a
bus reply signal. '

U37, 69, 70, 71, and 72 buffer the multiplex data and address lines. Dur-
ing part of the cycle they carry address informition, and in another part,
carry data. USIC is a buffer enable for the board-to-bus direction when low,
during a read cycle. U784 buffers the board main control signals and is

only used as a receive buffer. US7C and D buffer the sync signal and delay
it slightly.

Device U73 is the asynchronous refresh oscillator with an output to jumper
E31 and the edge connector.

7 The parity circuits are Ubl, 62, 63, and 64. Parity generation occurs in
U66 and 64 and parity checking in U6l and 63. Eight bits of data are used
to generate & parity bit.

When doing a write cycie with the board configured for parity, if WALG %o
pin 1 of U6Z and 64 is active, it will force a parity error to be written
into memory. The forced parity error is & test and verification feature.

When reading data from memory, the parity checking circuitry redevelops
the parity bit including the stored parity. If the 0DD output of UGl or
63 1s Tow, a parity error will be generated through U51D. This parity
error will be applied to jumper E26 if present, and to U37 for output to
the bus.

Normal refresh occurs from U73 to bus pin BK1, through a backplane jumper
to BL1 through E30 to U74, to U4OE pin 11. A synchronous refresh uses
the BREF L signal with E29 in place and E30 and 31 out.

s The BDCOK H signal is Tow when the +5 volts dc input is missing, which
will disable the board from performing any cycles.
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Sheet 3 has address mapping devices U38, 46, and 47. UG5, 66, and 67
form a 3-to-1 address multiplexer and driver. US9 is a refresh clock.

Device U38 compares the state of address Tines WAIB-21 to the state of
address lines controlled by jumpers E3-6. A matching comparison gives g
high output signal on U38 pin 6, and a Tow to U494 pin 1. AI1 & inputs
to U49A must be Tow to cause the board to be selected. The board select
is true only at the rising edge of signal SYNCHB H.

Devices U456 and 47 are an adder combination for a starting address select
signal.

Jumpers E12-18 provide conditions for comparison with address limes WD11-15
and WALE and 17. When the comparison is in range, U46 pin 10 provides a
high to U40B and thus & Tow to U4SA pin 2.

The adder outputs of U46 and 47 also form signals TAL1-17 (translated
:.F'?

address) to U39 and 48. These signals are used with Jumpers E19-25 to
establish oversll size of memory space. '

Devices US0B and US2A are the two flip-fiops that cause the start of a
cycle. USOB is the refresh latch and US2A is ¢he select latch. Since

nd 420 provide & high at U42C pin 8 {TP1). The
U lay tine U44 and clocks refresh/nommal

e
¥ UR0E determine whether g refrech or

a0

A normal cycle begins with a RAS, 50ns after the delay line starts. This
S0ns signal clocks US2B whose input is the normal cycle high (NCY H) sig-
nal from US0A pin 6. US0B outputs a high at pin © to US4B pin 5 and US8A
pin 2,

The other fﬁput to US4B pin 4 {s RASI enable, and to US54 pin 1 is RASY
enable. Either RAS signal occurs from USSR through row select Jumperse
E7 and 8.

The US4B pin 6 output {for RASI) is & high if US4B pin 4 is RASIEN low.
pin 6

Us3B alsc is low {active) to the memory array since its input pin 4
is high through U54C and U540 for a normal cycle. RASE enable at U53D
pin 11 occurs the same way if RASE is enabled from U55A. Both RASE and
RASI cannot be enabled at the same time for a normal cycle, but are both

on for a refresh cycle.

|
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A refresh cycle makes US4C pin 8 Tow at 150ns into the cycle, making U54D
pin 11 high. U54B pin 6 and US4A pin 3 are now both high since U52B pin
9 is lTow during refresh. Thus both RASE and RASI are enabled at the

same time to the memory array.

CAS timing 1s controlled by flip-flop US6B which is clocked at 150ns into
a cycle. A normal cycle will clock & high to U5S6B pin § and enzble the
MEMOrY arvay.

During & read cycle, the reply timing is controlied by US6A. A read cycle
causes U43C pin 6 to be high, and at 200ns, both highs at US6A pins 2 and

3 will cause a low at read reply pin 6.

A write reply requires that the cycle has been underway for at least 150ns,
to make U42D pin 12 high. Also DOUT H to U42D pin 13 must come from the bus.
U42D pin 11 thus enables the write enable drivers U574 and B. US8A, B, and
U40F determine how much of the word will be written.

WEL L (Write Enable Low) goes to the low order byte of all the memory words.
WEH H (Write Enable High} goes to the high order byte of all the memory
words. Normally, all 16 bits are written-to at the same time, except during
the byte write cycle when the WTBT signal is activated. The low or high
order byte will be enabled by USBA or U58B through the LAD H signal from
U558 pin 9,

Control for address mutliplexing is through U41D, US8C, and US80. With no
signal in the delay line U44, U41D pin 11 and US8D pin 11 will both be
high and USSC pin 8 low. This will select the row multipliexer U66. U66
inputs will then be transferred to the memory address lines XAZ through
XA7 to become MAB-MA7.

Bgr%ﬂg\a normal cycle, when the 100ns tap of U44 is active, U5S8D pin 11
goes Tow. This turns off row driver US8C pin 8, turns on column driver
Us8d pin 11, and column mulitiplexer UGS.

During a regular cycle {normal cycle}, at 50ns RAS occurred, at 100ns the
multiplexer switched from row to column address, and at 150ns the CAS
occurred, .

A refresh cycle will activate, at 50ns, the refresh low signal at U41D pin
11 to turn off the row address. Refresh driver U67 will be enabled to take
addresses from the refresh counter U59. After the refresh cycle is ended,
U67 is disabled and the refresh counter is incremented to the next state.

Sheet 4 shows the memory array, consisting of 36 devices arranged electri-
cally as 2 rows of 18 devices (row @ and row 1). The write enable (WEL L)
connects to the low order data bits of both rows. WEH L connects to all

the high order data bits of both rows.

Device Ul, 10, 19, and 26 are for parity circuits. Refer to figure 3-2
for the memory array layout.
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FIGURE 4-2. SCHEMATIC DIAGRAM

Sheet 1: Index Page
Sheet 2: Schematic Diagram
Sheet 3: Schematic Diagram

Sheet 4: Schematic Diagram

This is sheet 1 of Figure 4-2. The
schematic diagram contains 3 sheets.
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CHAPTER §

PARTS LIST
GENERAL
This chapter consists of Figure 5-1, Board Outline and Component Layout,
Table 5-1, which is a 1isting of parts contained in the MMS1132 Add-in
Hemory Arrsy Board, and Table 5-2, Model Types and Special IC Quantities.

TABLE §-1. MMS1132 PARTS LIST

; Part Reference
| Quan Description Number Designation
g 1 | PC Board, Basic oo coe

1 Integrated Circuit | 761500 ua1

3 Integrated Circuit | 74500 Usi, 54, 58

1 | Integrated Circuit | 74504 Ué3

1 Integrated Circuit | 74L504 Uso

1 Integrated Circuit | 74508 uéz

2 | Integrated Circuit | 74837 us3, &7

4 | Integrated Circuit | 74574 use, 52, 55, 56

1' | Integrated Circuit | 74.5260 | Ud9

! | | !
| I I I
| I | |
] ] ] ]
I | ] |
I | I |
i I | I
| | | |
{ | | |
I | | |
| | I |
] I | !
! | | |
| ] ] i
| | | |
| I | {
! | i i
! ! | |
{ i i |
! | | E
i | ! 5
| | I {
g Integrated Circuit g 7415283 g U3s, 46, 47, 48 §
1 § Integrated Circuit g | us9 |
! ' I

s | I |
| ] | !
! | ! I
I I | |
| | | |
| ! I |
| | | |
| | | I
| | | |
I ] | |
I ! I |
I I | |
] I | I
| i | |
| i | |
| | | |
| | | |
| ] | |
]

|

7418393
1 | Integrated Circuit | 74585 | u38
3 Integrated Circuit | MC6882 Ues, 66, 67
8 Integrated Circuit | DSB641 U3z, 45, 68-72, 74
1 Integrated Circuit | NESSS U73
1 Integrated Circuit | Delay vas
Line
*36 Integrated Circuit | 66331L20 | Ul-36*
*18 Integrated Circuit | 6665L20 Ul-9, U19-27*
* 2 | Integrated Circuit | 745280 u62, 64*
* 2 Integrated Circuit | 74LS280N | U61, 63*

* Varies per model type. Refer to Table 5-2.
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MMS1132 PARTS LIST (cont'a)

TABLE 5-1.
| 1 i | i
| | |  Part | Reference |
| Quan. | Description | Number | Designation i
| i Bl | i
i 5 ; Resistor, SIP, 1K x 7 ; ; Zi-4, 6 |
| : |
I 2 g Resistor, SIP, 33 x 4 g | 28, 9 !
| | |
| 2 | Resistor, SIP, 22 x 4 g 125, 7 |
| | | |
; 1 % Resistor, Zero ohm g } g2 ]
]
g 1 | Resistor, 8.25K, 1/8W, 1% % | Re ]
| | |
I 1 | Resistor, 28.7K, 1/8W, 1% | | R1 |
! ! ] N |
g 1 % Resistor, 1K, 1/4W, 5% g E R3 ]
|
{ 585 | Capacitor, 0.1 uf mono | | Cé-62 |
| § ] ! ‘ |
{1 | Capacitor, 300 pf mica f | €3 |
| ! f ! §
I 2 | Capacitor, 100 uf, 16v § {C1, 2 |
| ! { { !
I 2 | Card PuYier | | i
{ { ! i |
TABLE 5-2. MODEL TYPES AND SPECIAL IC QUARTITIES

| \ I WISTT 37 WODEL TVPE j

I IC DEVICE aMD | 3032 | 3086 | 3065 | 3128 ]

! REFERENCE DESIGHNATION §¥TP¥?€¥?§N!P}?€H~T3

| ] device guantitly |

| MCM66331L20 S I N

| Uz2-9, 20-27 D17 N R R A R R B

| Ui-9, 19-27 N 5 22 R D

| U2-9, 11-18, 20-27, 29-36 | | | | {32 | I | |

| Ui-36 PooF b b ke b

§ b T T T T

I MCMG665L20 R I T R R R

i uz-9, 20-27 I N D -3 N

i Ul-9, 19-27 N N R B E- 0N A

i uz2-9, 11-18, 20-27, 29-36 | | | E | | 132 | |

! y1-36 I N T I I R

] o0 T T T T

| 745280 | T R R R D

] U2, 64 P12zt 121 tetl Vel

i P T T T 17T T

! 74152804 N T T R R R

i uel, 63 Pode2t f2l 12t 2]
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Type M-FWS

FACTORY WARRANT

SERVICE PLAN

The Faclory Warranty Service plan setls forih the ser-
vicge available ef Motorole Memery Systems for the
repair of producis end product subassemblies which fall
during the warranty pericd. Moterela Memesy smm
warrants all faciory-supplied proBucts In eccordane
oAl me Standere Warranty stated at the end @f ws
PE.A%
Motorola Memery Sysiems provides a@mp&ets fectory sup-
pert for its products and produet subassembiies which fail
Guring the warranty period.

Motorola faclory authorization for @ feturh must be ob-
tained prior o returning any articte 1o the laciery. Upen
authorzation, the fectery will issue @ Cusiomer Retum
Order Number which will be ulilized for 8l correspondence
regarding such @ product being retumned for ssrvice by
Motorola Memery Sysiems.®

Any article returned o the faciory must be properly
packed and marked with @ return addrese which incluges

Within ten working days (phus shioping time} sfier receipt
of the anicls, Moterola Memery Sysiermns will either refund
the purchase Prics. & repair of replace the anicle with 8
rew of eouvaleni-lo-hewpedormanca snricle which has
been subjecied 1o appropridle lests. regualifying it 16 ornigr
w smincmm See the STANDARD WARRANTY which

sverrs ol getaile of this plan

cm&ags -

Warranty repsirs,-as defined within the STANDARD WAR-
RANTY, wil be made at no charge 1o the customer for
parts and labos. Arlicles returnsd to the laciory should be
shipped prepsid. They will be returned prepsid.

Repak, labor, and/or paris replacement made at the eus-
tlemer's reguest for failures nol covered by warranty
provigions will be invoiced 10 the cusiomer at the then-
eursent 7afes and conditions lor Motorols Memeory Sys-
tems’ Factery Repair Service.

PARTS
The pars replaced will be new of equivalent {0 new in per-

e pame and lelephong number of the indricust reguest-
g the repair. The nature of the failure must be clesrly
identifred.

It a subassembly is being returned. the ssnal number of the
assembly from which the subsssembiy was removed musi
atso be provided.

fermance. Defective parts replaced become the property
ot Moiorels Memory Sysiems.

MECHANICAL CONDITION

Factory repair s resiricted 1o .correcling anicle failure.
Cosmetic refurbishmant will no} be performed.

STANDARD WARRANTY

The Selier warrsnts that the sricies sold hereunder will at the time of shipment be free from defects in matenal and
worhmanship and will conform to the Seller's specifications. or as appropriate. 16 the Buyer's specifications which have
been accepted in wriling by the Seller. Seller's sole obligation hereunder shall be kmited io either refunding the pur-
chase price or repairing or replacing the arlicies fior which written description of renconformance hereunder s received
wathin one yeer from cate of initiat shipment: provided 8 Customer Retumn Order Number is obtaned” for return of non-
conforming articles ang; provided suth ariicles are returned FOB Selier's plant or authorized repair cenier wihun thirty
{30} days rom expiration of said one year pericd. This warranty shell not apply 1o any products which Selier deterrunes
have. by Buyer or otherwise, been subjectd 1o testing for other than specified elecincal charactensiics of 10 operating
and/er environmenial conditions in azcess of the maximum vaiues established thereiore in the applicable specificanons
er ctherwizse have been subjected to rushandiing, misusa, negiect, mproper lesting, repsis, alieration or damage. as-
sembly &r pregessing thet alters physical or electricsl properties. Transperation charges for the retum 10 the Buyer
ghall be paid by Motorole within the contigucus 48 United States and Canada. |f Motorols determines shat the progducts
are not celective. Buyer shall pay Motorela all eosts of handhng 8nd transporniation. The warranly outside the contig-
vows 48 United States ang Canads gxciudes all eoste of shippmg. cusioms clesrance and relzted charges.

In no event will Seller be liable for any incidental o7 conseguential damages. THIS WARRANTY EXTENDS TO BUYER

ONLY AND NOT TO BUYER'S CUSTOMERS OR USERS OF BUYER'S PRODUCTS AND IS IN LIEU OF ALL OTHER
WARRANTIES WHETHER EXPRESS. IMPUED, OR STATUTORY INCLUDING IMPLIED WARRANTIES OF MERCHANT-

ABILITY OR FITNESS.

° Authorization ang Customer Return Order Number ars obiained by ealling (512) §28-6000 X 4203. Motorola Memory Systems

Warranty and Repair Service. 3501 Ed Bluestein Bive., Austin, Teras 78721
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Type
FACTORY REPA

SERVICE PLAN

eveileble at Moterela Memory Sysiems for the repalr of
progucts and producl subsssemblies which ars net un-
der warrenty.

PLAN

Motarols Memery Sysiems provides compiete lactory ser-
vice lor Whe repair and regusiificslion of it products and
oroduct subassemblies.

Motorole faciory authorizslion for a return mas! be eb-
tained prior 10 fetuming any article 1o the lactory. Upon
awherization, the feciory will issus @ Customer Retumn
Order Number which wili be utilized for all correspongence
regarding the product beng serviced by Motorole Memory
Sysiems®

Faciory service requires & method lor guarsnieed payment
for all repai and requalificalion services prior 10 any actual
work periormance.

Any article seturned 1o the fectory must be propetly
packed and marked with 8§ raturn address which includss
the name and ieteshone number of the ndmdus! reguest-
ing the repsir. The nstwre of the lsilwre must be clesny
wgeniitied

subsseemily it heing reumned, the seris! number of the

H g subs
zssembly frem which the subsssembly was removed sl

2480 be prowded.

Wanin len working days (pius shipping time) after receigt
of the anicle. Motoreis Memory Systems will repair o e~
place the eriicle with a8 new 0f equivaieni-lo=new-
periormance ariicie which has been subjected to approper-
ate teste, requakifying it 1o origingl specifications.

Warranty end Ret

CHARGES

They wil be retwnsd prepaid. Repal, labor, and oans re-
plaesd will be inveiced to the cusiomer 8t the thea-current
reles ang conditons lor Molorola Memory Sysiems’ Fae-
tery Repair Service. A minimum faciory service charge wall
be imposed for processing repal 6/6ers of small goliar
velus. Contact Moiorola Memary Systems® Warraaly and
Repair Service for informgtion regarding munimum {aciory
service charges.

PARTS

The pans replsced will be aew of equivalent o new in per-
formance. Daleciive panis replaced become the property
&! Motoroiz Memory Sysiems.

MECHANICAL CONDITION

Feetory repeir & restricied 10 comeciing article failure.
Cosmetic refurbichment wilt Aot be pericrthed.

WARRANTY .

hMotcrols Memory Sysiemns warrants only the repsair and
parts replaced for 2 penod of pinsty (90) Cays from date of
return of fecsired arlicis 16 cusiomer, Droviced lasciory
authorzsiion and & Customsr Retumn Order Number =
ohigmed® for the return of nonconiormance Of repaw oF
parts replaced angd; rovidsd such repairsd ericle & re
turned FOB Moicrols Memory Sysiems’ plani within thirty
{30) gays trom exoration of esid ningly {80} day penod.

n Ao event will Seller be isble for any ncicents! of conse-
guential camages. THIS WARRANTY IS IN LIEU OF ALL
OTHER WARRANTIES, WHETHER BXPRESS. IMPLIED
68 STATUTORY INCLUDING IMPLIED WARRANTIES OR
MERCHANTABILITY OR FITNESS.

- Authorization 8nd Cusiomer Beturn Orgder Number are obtained by calling (512) 928-6000 X 4203, Motorele Memory Sysiems.
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-

CUT ALOMO DABHED LINE

L)

1

REQUEST FOR READER®S COMMENTS MuB1182

Your comments and suggestions will help us ia our eontinucus effort to improve
the quality and usefulness of our publicatiens.

Please restrict your comments toc the usebility, accuracy, readability, organi-

zation, and completeness of this manual. When complete, please remove thig
sheet, fold, staple, and mail.

1. Please specify by page any errors you found.

v

2. Does the manual cover the information you expected or reguired? Please
make suggestions for {mprovement. . ‘

3. What faults do you find with the manual?

4. Did you have any difficulty understanding descriptiens or wording? Where?

Please describe your position.

Name Organization

Street Department

City ~ State Zip or County
i

REO(M8)=1
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MOTOROLA MEMORY SYSTEMS
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