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GENERAL

The DR-129/229S consists of a Bulk Semiconductor Control
(BSC) board and from 1 to 16 Bulk Semiconductor Array
(BSA) boards. The DR-129S memory system uses 16K dynamic
RAM devices, while the DR-229S uses 64K dynamic RAM's.
Each DR-129S Bulk Semiconductor Array (BSA) board contains .
512K bytes of storage using 16K NMOS semiconductor memory
chips. The maximum system capacity is 8 megabytes (16
BSA boards). Each DR-229S Bulk Semiconductor Array (BSA)
board contains 2 megabytes of storage using 64K NMOS
semiconductor memory chips. The maximum system capacity
is 32 megabytes (16 BSA boards). The identical Bulk
Semiconductor Controller is used for 16K or 64K RAM's and
is strapped accordingly.

DR-129S BSA (16K RAM) boards and DR-229S BSA (64K RAM)
boards may not be intermixed in the same system.

Each DR-129/229S BSA board contains Error Correcting Code
(ECC) storage and the BSC board contains ECC circuitry to
correct all single bit errors and detect all.double bit
errors which may occur during operation of the system. In
addition, error logging circuitry to record up to 64 memory
error locations is contained on the BSC board. The error
log may be directly examined from the memory bus and when
used in conjunction with a Dataram BULK SEMI chassis pro-
vides information for an error log display.

The DR-129/229S may be configured as either an 18-bit word
or a 36-bit word memory system by installation of wirewrap
jumpers on the BSC board.

The DR-129/229S memory system is electrically compatible to
the Dataram BULK CORE (DR-128) memory system and will work
with all Dataram BULK CORE Interface (BI) modules. The
DR-129/229S interface is via a handshake asynchronous bus
through an exchange of request and status signals. This
allows convenient access to the memory for a variety of
users, both fast and slow.

Bulk Semiconductor Control (BSC) Board

The BSC contains all necessary logic to drive up to 16 BSA
boards. This logic consists of the following circuitry:
Timing and Control

Data Registers

Address Registers

ECC Generating & Checking Logic

Error Logging Storage & Display Control Logic
Refresh Circuits
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The data input/output circuitry can be configured to
provide either an 18 or 36 bit interface.

Bulk Semiconductor Array (BSA) Board

The DR-129S BSA Board is configured as a 128K x 43 bit
memory array and the DR-229S BSA Board is configured as
512K x 43 bits. The 43-bit word length consists of 36
bits of data and 7 bits of ECC storage. A 39-bit

version (32 data and 7 ECC) is also available. The BSA
consists of 344 16K or 64K NMOS semiconductor memory
chips, row/column address drivers and data buffers. Also
included is inverter circuitry to generate -5 volts for
the 16K semiconductor chips.

1-2




2.0 ELECTRICAL SPECIFICATIONS

2.1 System Characteristics

2. 3

2.al.2

2121

Sjze

DR-129S: 512K bytes expandable to 8 megabytes in 512K
byte increments. A 512K byte system may be
configured as 128K x 36 or 256K x 18 bits
with maximum capacity of either 2048K x 36
or 4096K x 18.

DR-229S: 2 megabytes expandable to 32 megabytes in
2 megabyte increments. A 2 megabyte system
may be configured as 512K x. 36 or 1024K x 18
bits with maximum capacity of either 8192K
X 36 or 16,384K x 18. Lol

Multiple Systems:

With the 25 bit addressing capability of the

- DR-129/229S, multiple systems may be daisychained
to obtain maximum capacities of 128 megabytes
using a 36 bit word or 64 megabytes using an
18 bit word.

Modes and Cycle Time

Cycle time differs for various modes of operation.

18 Bit Configquration

*Includes 75 nanoseconds Read-Modify- Time

Minimum Cycle

Mode Time (nsec)
Read Word 550
Read Even Number of Sequential Words 400 (avg)
Write Word 700
Write Either .Byte 700
Read Word/Modify/Write Word 900*

Read Word/Modify/Write Either Byte 90Q0*

2-1



2.1.2.2 36 Bit (Double Word) Configuration

Minimum Cycle

Mode Time (nsec)
Read Double Word 550
Write Double Word 550
Write Any Byte or Bytes 700
Read Double Word/Modify/Write Double Word 900*
Read Double Word/Modify/Write Any Byte(s) 900*

*Includes 75 nanoseconds Read/Modify Time

2.1.2.3 Refresh

An additional mode, Refresh, is necessary to prevent
loss of data stored in the NMOS storage chips. NMOS
Random Access Memory (RAM) devices store data on the
gate capacitance of a field-effect transistor. A "1"
is stored as the presence of a charge and a "0" is
stored as the absence of a charge. The stored charge
tends to deteriorate and must be renewed at least
every two milliseconds.

Refresh cycle time is 700 nanaseconds. When ADRAVN
is sent to the memory during a Refresh cycle, the
memory cycle and access times may be extended by up
to 700 nanoseconds.

2.1.3 Access Time

For an even number of sequential words (18 bit), access
time is 260 nanoseconds average. For all other modes,
access time is 400 nanoseconds maximum.

2.1.4 Voltage and Current Requirements

The BSC board uses +5 volts and +15 volts. The DR-129S
BSA board uses +5 volts and +15 volts while the DR-229S
BSA board only uses +5 volts. Separate inputs for battery

. backup to support memory refresh at reduced current during
primary power failure are provided. -

.
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DR-129S

Current Max. Amps

2-3

Voltage +5% Operating Standby
BSC +5V Total 101 9.8
BSC +5V BBU .95 .9
BSC. +15V sl il
BSC +15V BBU 2] o
BSA +5V Total 1.2 .86
BSA +5V BBU D0 o 31
BSA +15V 98 .45
BSA +15V BBU .95 .45
DR-2295S

Current Max. Amps
Voltage +5% Operating Standby
BSC +5V Total 10.1 9.8
BSC +5V BBU .95 . .9
BSC +15V o] 21
BSC +15V BBU il il
BSA +5V Total 315 2.4
BSA +5V BBU 2.8 1.9




2.2 Input/Qutput Signal Lines

NO. OF INPUT/ LOAD/
MNEMONIC DESCRIPTION LINES OUTPUT DRIVE
ADRAVN Address Available 1 IN 15
ADRACN Address Accepted 1 ouT 74538
ADROON-ADR24N Memory Address 25 IN 1 LS
RADVLDN Response Address Valid 1 IN 1 S
(Data Clock)
DTAOON-DTA35N Memory Data (Bidirectional) 36 IN/JOUT 1LS/174S38
0DAVN Output Data Available 1 ouT 74538
IDACN Input Data Accepted 1 ouT 74538
MRDRN Memory Read 1« IN S
MWRLBN Memory Write Lower Byte, g IN 1 LS
Lower Word _
MWRUBN Memory Write Upper Byte, 1 IN 1 L5
Lower Word ‘
MWRLBAN Memory Write Lower Byte, 1 IN 1 LS
Upper Word ;
MWRUBAN Memory Write Upper Byte, 1 IN I LS
Upper Word
MEMSIZO0-MEMSIZ6 Memory Size 7 ouT 74538
PWRINTN Power Interrupt 1 IN 1 8§
NORMN Normalize 1 IN 1. TTL
CRERN Correctable Error L ouT 74538
UCERN Uncorrectable Error 1 ouT 74538
STATN Status 1 IN 1.5
STAVN Status Available 1 ouT 74538
MBYN Memory Busy 1 ouT 74538
CLRBYN Clear Busy 1 ouT 74538
LGFUL Logful 1 ouT 74574
ERR 3 Error 1 oUT 74121
BGN Begin Log 1 IN 1 S
CLRN Clear Log 1 IN 1 FFL
EXAMN Examine Log 1 IN 15



3.0 MECHANICAL SPECIFICATIOQONS
3l

3

2

Dimensions

The BSA and BSC cards measure 13.64" x 16
designed to fit on a minimum of 0.75 inch
Figure 3-1). The cards contain two 120-pin
card edge connector interfaces designated
Stiffeners are utilized to add add1t1ona1
the cards.

Weight

2.25 pounds (1.02 kg) per BSC
2.75 pounds (1.25 kg) per BSA

3-1
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ENVIRONMENTAL SPECIFICATIONS

Cooling

BSC 50cfm
BSA (each) 15¢fm

Storage Temperature

-409C to +809C

Operating Temperature

09C to +5590C

Relative Humidity

Up to 95% without condensatioh
Altitude

Up to 10,000 feet above mean sea level - operating
Up to 40,000 feet above mean sea Tevel - storage

Vibration

Will withstand normal stresses ‘encountered in transport.
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ORDERING INFORMATION

The following part numbers have been assigned to the
DR-129/229S:

62904
62901
62902
62907
62981
62982

DR-129/229S BULK SEMI Controller (BSC)
DR-129/229S BULK SEMI Controller (BSC)
DR-129S BULK SEMI Array (BSA)
DR-129S BULK SEMI Array (BSA)
DR-229S BULK SEMI Array (BSA)
DR-229S BULK SEMI Array (BSA)

36 Bit

s 1 Bt

128K x
128K x
512K x
512K x

43
39
43
39



6.

0

INSTALLATION AND OPERATION

The DR-129/229S is installed in the Dataram 7" or 15-3/4"

BULK SEMI chassis for operation with Dataram or user
designed memory interfaces. The appropriate BULK SEMI
chassis manuals cover installation instructions. Careful
review of the theory of operation and the schematics in
this manual will aid in troubleshooting the memory.

The DR-129/229S BSC has many configurations and option
jumpers. These are listed on Sheet 2 of Schematic 03191.
These jumpers should be checked carefully to ensure that
the BSC is configured properly for the application.

6-1



.0 THEORY OF OPERATION

In the following sections, all signal levels from 0.0VDC to
+0.8VDC will be referred to as a low and all signal levels
from +2.4VDC to +5.2VDC will be referred to as a high. If
the last letter of a signal mnemonic is the letter "N",
this signal is low true asserting. If the last letter is
not an "N", the signal is high true asserting. Discussion
of operation will refer to schematics 03191 and 03333 con-
tained in the rear of this manual.

.1 General Description

Refer to Block Diagrams Sheet 1 of 03191 and Sheet 1 of
03333.

.1.1 Memory Bus

The DR-129/229S consists of a BULK SEMI Controller and
up to 16 BULK SEMI Array (BSA) boards. A1l boards are
identical in size and contain two card edge printed
circuit connectors identified as P9 and P10. A1l inter-
face between the memory system and the outside world
occurs on connector P9 of the BSC. This interface is
defined as the memory bus and consists of all data,
address, control and command signals to the memory.

The BSC, acting on command and control signals from

the memory bus temporarily stores data and address
signals and forwards data for storage at the appropriate
location in the dynamic RAM's on the BSA board. Al]l
communication between the BSC and the BSA boards occurs
between connector P10 of the BSC and connectors P9 and
P10 of the BSA boards. This path is defined as the array
bus. Figure 7.1 depicts the paths of communication for
the memory bus and the array bus. The signals on the
memory bus at connector P9 of the BSC are defined as
follows:

Address Available (ADRAVN)

ADRAVN initiates the start of a Read, Write or Read/Modify/
Write cycle. The command must be a low and remain low until
the assertion of ADRACN.

Address Accepted (ADRACN)

ADRACN is asserted to indicate that the addressed memory
modules have accepted the address and cycle control
information which is validated by ADRAVN. This informa-
tion may go invalid when ADRAVN goes false. If there is

no Refresh contention, ADRACN will go true within 780 nano-
seconds of the receipt of ADRAVN. The ADRACN output is
derived from a 74S38 open collector gate and shall be
pulled-up at the receiving end.

7-1
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Addresses

Addresses ADROON-ADR16N (DR-129S) or ADROON-ADR18N (DR-
229S) are required to select locations within 6ne BSA board
with the system operating in a 36 bit mode, Addresses ADROON-
ADR17N (DR-129S) or ADRODN-ADR19N (DR-229S) are required
to select one BSA board with the system operating in an

18 bit mode. Addresses ADR17N-ADR24N are used to select
between BSA boards (up to 16) or between systems when
expansion beyond one 8 megabyte system (DR-129S) or one

32 megabyte system (DR-229S) is required. A1l addresses
must be stable 50 nanoséconds prior to Address Available
(ADRAVN) and remain stable until ADRAVN goes false.

Response Address Valid (RADVLDN)

RADVLDN acts as Data Clock for both Read and Write trans-
fers to and from the memory. For.Read transfers, assertion
of RADVLDN will enable ODAVN and DTA bus drivers. RADVLDN -
going false acts as "Output Data Accepted". ODAVN will go
false in response to RADVLDN going false. For Write trans-
fers, assertion of RADVLDN assumes the role of "Input Data
Available". The data bus shall be valid a minimum of 20
nanoseconds before assertion of RADVLDN.

RADVLDN also assumes the role of "Start Write Half Cycle"
for Write full cycle and the Write portion of Read/Modify/
Write half cycle operations.

" RADVLDN must be asserted and go false during or after a
Read full cycle or Read half cycle prior to any further
full cycle or half cycle operations. In the case of Read/
Modify/Write operations, two assertions of RADVLDN are
required. '

Memory Data (DTAOON-DTA35N)

Memory Data consists of up to 36 single rail bidirectional
bits. For a Read operation, DTAOON-DTA35N will be valid
when ODAVN goes true and become invalid when ODAVN goes
false. For a Write operation, DTAOON-DTA35N shall be valid
20 nanoseconds prior to assertion of RADVLDN and remain
valid until IDACN goes true.

The data bus consists of four bytes defined as follows:

DTAO8N-DTA16N e
DTAOON-DTAQO7N, DTA1l7

Lower Word Lower Byte
Lower Word Upper Byte

DTA26-DTA34
DTA18-DTA25, DTA35

Upper Word Lower Byte
Upper Word Upper Byte




Data bus is non-inverting (a low written into memory results
in a low read from memory) and is low-true. Data outputs

. are derived from 74S38 open collector gates and shall be
pulled-up at the receiving end.

For an 18 bit configuration, upper word data bits are
internally wired in parallel with the lower data bits.
Address ADRQOON is then used to control selection of upper
or lower words.

Data bits DTAOON-DTA15N are also used to provide error 1log
information when enabled by the signal STATN or EXAMN. The
memory chip in error is defined as follows:

BSA Board Number DTAO3N-DATO6N
Chip Row Number DTAOON-DTAQ2N
Exact Bit in Error DTAQ7N-DTA12N
Uncorrectable Error : ' DTA13N
Log Location Empty : DTA14N
Correctable Error DTA15N

Qutput Data Available (ODAVN)

Assertion of ODAVN indicates that output data is valid and
will remain valid until RADVLDN goes false. During a Read
operation when RADVLDN is true, ODAVN will go true no later
than 400 nonoseconds from ADRAVN and will go false after
RADVLDN goes false. (See Figures 7.2, 7.3, and 7.6.) ODAVN is
derived from a 74S38 open collector gate and shall be pulled-
up at the receiving end.

Input Data Accepted (IDACN)

Assertion of IDACN by the memory module indicates that input
data validated by RADVLDN has been accepted. IDACN will go
true after RADVLDN goes true and will go false after RADVLDN
goes false. (See Figures 7.4, 7.5 and 7.6.)

IDACN is derived from a 74538 open collector gate and shall
be pulled-up at the receiving end.

Cycle Control Lines
(MRDRN, MWRLBN, MWRUBN, MWRLBAN, MWRUBAN)

The cycle control lines, Memory Read (MRDRN), Memory Write
Lower Byte (MWRLBN), Memory Write Upper Byte (MWRUBN), Memory
Write Lower Byte Upper Word (MWRLBAN) and Memory Write Upper
Byte Upper Word (MWRUBAN) are used to control the various
Read/Write modes of operation. MRDRN, MWRLBN and MWRUBN
shall be valid 50 nanoseconds prior to ADRAVN and remain
valjd until ADRAVN goes false. Tables 7.1 and 7.2 define the
various modes of operation for all combinations of MRDRN,
MWRLBN, MWRUBN, MWRLBAN and MWRUBAN.

7-4



¢ L 3WNIIA

7-5

b,
I
¥

00 009 00§ 00¥ 002 001 0




:m..nmncwuxm.._._”

7-6



ot 3
i

AT e

1
1
4

Sl 51543 s b

_ uwm._q;.. 69 %ﬁ 32 2__””

m_u:oummgm@__




NAGW

4 NXXYLQ

NJVQI

NaTAavy

NJYHQy

NAYYOY

-NYSNAMA

rNYSTUMW

ﬂzm:zzz

 NTTYMW

NJaHW

4 NXXYQy

7-8



Y0M 379n00 ILIYM/A4I00W/AYIY - 9°/ WN9I4
.mn:ouwmo:m: 006 mo awig m_QAu ayl

i
1
]

7-9

00vT




1°4 319Vl

*ejep 93LJ4M 3yl BuLrjrLwsueal 03 Jorad Aaowaw

GYOM ¥3ddn
GYOM Y¥3IMOT
3LA8 ¥3ddn
31A8 ¥IMOT
3LA8 ¥3ddN
3LA8 ¥3IMOT

gyom 74a

JLTYM
JLTUM

ILIYUM
ILIYM
ALTYM

JLTUM
JLTUM

GYOM ¥3ddn 3LAE
GYOM Y3ddN 3LA9
GYOM Y¥3MOT 3LA8
GHOM ¥Y3IMOT 3LAH

Wouay ejlep pead 3dadde ISNW A0SS3D20J4d Y[«

A4TQOW 0YOM 190 Y3y« MO MO H9IH HOIH MO

A4100W QYOM 19C- QY¥3I¥x - HOIH H9IH MO MO MO
, QYOM Y3 ddn

A4100W QYOM 190 AY3IYx MO HOIH HYIH H9IH MO

43 Q4OM ¥3ddn

AJ100W QYOM- 180 QY 3Y« HYIH MO HOTH HOIH MO
AYOM Y3IMOT

AJICGOW QYOM 180 QY3 Y~ HOIH HOIH MO HYIH MO
- QYOM Y¥3IMOT

A4100W CYOM 190 QY3 YU« H9IH HOTH HIIH MO MO

A41G0W QYOM 190 QY3IYx MO MO MO MO MO

0¥OM 190 ILIYM LR Mo TR R HOTH

QYOM ¥3ddn 3LIym MO MO HYIH HOIH HY I H

GHOM Y3IMOT 3ILIYM HOTH HYIH MO MO HOTH

¥3ddn 3ILIYM Mo HOTH HOTH HOTH HOTH

Y3IM0T JLIYM H9IH MO HOIH HOTH HOTH

¥43ddn ILIYM H9IH HOIH MO HOTH HOTH

Y3IMOT IJLIYM HOTH H9IH HOIH MO HOIH

aYyOoM 190 av3y HOTH HOTH HOIH HOTH MO

3249 NYGNUMW  NYETYMW NENYMW ERELL NYaUH

pPJ4OM Jaddp pPAOM JBMO

NOTLYYNOIINOD LI§ 9¢€

7-10



2L 378Y1

¥ ¥4 ‘eIRp 9FLJ4M 3Y3
mc_pu_sm=MLp 03 JoLJ4d Auowdw wouy ejep pesd 3ds3d2%e 3snw J0SS3204d Y] x

QYOM I1IYM AJIQOW QHOM OVIYx MO MO MO

JLA8 ¥3ddn ILIYM AJI00W GYOM QVIYx MO H9TH MO
JLAS ¥IMOT ILIYM A4100W QYOM Q¥3IYx H9IH MOT MO
GYOM JLIYM MOT . MO H9IH

3LA8 ¥3ddn ILIYM MO H9TH HITH

JLAS ¥3IMOT ILIYM HOIH MO H9TH

QYOM 0OV3Y HOIH H9IH MO

3[24) NINUMNW NTTUMW NY QYW

NOTLVYNOIINOD LIg 8T

7-11




Memory Size (MEMSIZO-MEMSIZ6)

The MEMSIZO-MEMSIZ6 outputs are sent to the processor to
indicate total memory capacity of expanded systems. The
use of MEMSIZO0-MEMSIZ6 will prevent addressing of non-
present memory modules to avoid hang-up conditions from
failure to receive ADRACN from non-present memory modules.
The MEMSIZQ0-MEMSIZ6 signals are derived from 74538 open
collector gates and shall be pulled-up at the receiving
end. :

Power Interrupt (PWRINTN)

The power system shall drive PWRINTN when loss of logic or
storage power is detected. PWRINTN shall be asserted as
early as possible after power failure is detected, but in
no case so late as to allow malfunction of a busy memory :
board. The busy memory will complete the cycle requested
and will inhibit any further cycles from being initiated.

A not busy memory will not 1n1t1ate any cyc]es when PWRINTN
is asserted.

Normalize (NORMN)

The NORMN signal acts as a general reset. The NORMN will
clear all internal memory control registers, cause all
memory modules to go "unbusy" and abort any outstanding
data transfers. This may cause a Write cycle to store
erroneous data. No further cycles may be initiated until
NORMN goes false. NORMN must be ‘asserted for at least. 150
nanoseconds. -

Correctable Error (CRERN)

The correctable error signal is asserted during valid data
time in a Read cycle when a correctable error has occurred
in the memory. If a correctable error has occurred, CRERN
shall be true when ODAVN goes true and shall remain true
until ODAVN goes false. CRERN is derived from a 74538 open
collector gate and shall be pulled-up at the receiving end.

Uncorrectable Error (UCERN)

The uncorrectable error signal is asserted during valid data
time in a Read cycle when an uncorrectable error ‘has occurred
in the memory. If an uncorrectable error has occurred, UCERN
shall be true when ODAVN goes true and shall remain true
until ODAVN goes false. UCERN is derived from a 74S38 open
collector gate and shall be pulled-up at the receiving end.

7-12



Status (STATN)

Status is asserted when the error log is to be examined
from the memory bus. Assertion of STATN disables memory
data and steers error log information to Data Bits
DTAOON-DTA15N on the memory data bus. The command must
be lTow and remain low until the assertion of STAVN.

When STATN is asserted in direct response to receipt of
an error signal, the 1og will present that error informa-
tion. (See Figure 7.7.) Repetitive assertions of status
will sequentially examine the 64 log locations.

Status Available QSTAVN)

Status Available is asserted by the memory to indicate
that the error log information is available. Status
Available will go low 450 nanoseconds after receipt of
status and remain low until status goes false. STAVN
is derived from a 74S38 open collector gate and shall
be pulled-up at the receiving end.

Memory Busy (MBYN)

Memory Busy is asserted when ADRAVN is accepted by the
memory and shall remain asserted until the memory has
completed its cycle. MBYN is also asserted upon power
up. while the memory is performing an internal clear.
MBYN is derived from a 74538 open collector gate and
shall be pulled-up at the receiving end. MBYN is not
asserted during a Refresh cycle.

Clear Busy (CLRBYN)

Clear Busy is asserted by the memory upon power up to
indicate that the memory is performing an internal clear
operation. An internal memory clear is necessary to
establish proper parity in the ECC circuitry and to
clear the error Tog. CLRBYN will go Tow at power up

and remain low for 4 seconds. CLRBYN will not be
asserted and the memory will not be internally

cleared if BBU is 'utilized and main power fails.

CLRBYN is derived from a 74S38 open collector gate

and snall be pulled-up at the receiving end.
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Array Bus

The'signa1s on the array bus between BSC connector P9 and
the BSA connectors P9 and P10 are defined as follows:

Extended Addresses (EXADON-EXAD3N)

The four signals EXADON-EXAD3N select between sixteen BSA
boards. The four signals are compared with the hard-wired
module select codes MSON-MS3N to enable one of sixteen BSA
boards. The extended addresses must be terminated with
220/330 ohm pull-up/pull-down resistors at the end of the
array bus.

Module Select Codes (MSON-MS3N)

The module select codes MSON-MS3N are either open or
grounded at each BSA to provide a unique four bit address
for each of sixteen BSA's. This four bit address is then
compared with the extended addresses EXADON-EXAD3N to
provide appropriate BSA selection. The module select
codes are also used to derive the array size signals
MSIZ0-MSIZ3. Figure 7.8 shows the module select code
arrangement for sequential selection of BSA boards.

Module Size (MSIZ0-MSIZ3)

The module size signals are derived on the BSA boards and

are the inversion of the module select codes MSON-MS3N.

The modute size signals are driven by open collector devices
and are wired in parallel between all BSA boards. The module
size lines from each BSA are gated with signal MEMAV. Each
BSA board, when inserted, forces MEMAV of the preceding board
false, thus disabling the module size line on the preceding
board. The highest board inserted, therefore, always presents
its module size signals to the BSC. This results in a binary
board count as from one to sixteen boards are inserted. See
Figure 7.8. The module size signals must be terminated with
220/330 ohm pull-up/pull-down resistors at the end of the
array bus.

Memory Available (MEMAV, MEMAVN)

Memory Available (MEMAV) enables the module size signals
MSIZON-MSIZ3N on each BSA. MEMAVN is grounded on each BSA.
BSA slots must be wired such that MEMAVN is connected to
MEMAV of each preceding slot, thus causing MEMAV on each
preceding slot to go false upon insertion of a BSA board.
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Signals MSON-Pin 25, MSIN-Pin 19, MS2N-Pin 26
and MS3N-Pin 20 on 16 BULK SEMI Array slots:
are either open (H) or ground (L).

FIGURE 7.8
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RAS Addresses (RADSON-RADS7N)

Low true assertion of one of the eight 1ines RADSON-RADS7N
enables one of eight rows of dynamic RAM's on the selected
BSA board and provides the row strobe for the multiplexed
row addresses of that row. During a refresh operation, all
eight Tines are asserted low simultaneously to provide a

row address strobe to all RAM's on the BSA. The RAS address
lines must be terminated with 220/330 ohm pull-up/pull-down
resistors at the end of the array bus.

Column Address Strobe (CASN)

The column address strobe signal when asserted provides a
column strobe for the multiplexed column addresses of the
dynamic RAM's. The column address strobe line must be
terminated with 220/330 ohm pull-up/pull-down resistors
at the end of the array bus.

Multiplexed Addresses (XO7N-X613N, Xl415N)

The eight multiplexed addresses (XO07N-X613N, X1415N) when
demultiplexed by the row and column address strobes provide
sixteen addresses to decode one of 65,536 locations in each
64K RAM. For BSA's using 16K RAM's multiplexed address
X1415N is not used. The multiplexed address Tines must be
terminated with 220/330 ohm pull-up/pull-down resistors at
the end of the array bus. '

Array Refresh (ARREFN)

The array refresh signal ARREFN is asserted when it is
necessary to refresh the dynamic RAM's. ARREFN enables
all BSA boards at the same time thus causing all dynamic
RAM's to be refreshed at the same time. The array refresh
lTine must be terminated with 220/330 ohm pull-up/pull-down
resistors at the end of the array bus.

Write (WRN)

The write signal (WRN) provides a strobe for input data to
the dynamic RAM's. The write line must be terminated with
220/330 ohm pull-up/pull-down resistors at the end of the
array bus. :

Array Data Bus (DBOON-DB42N)

The bidirectional array data bus DBOON-DB42N carries read
and write data between the BSA's and the BSC. The data
lines must be terminated with 330 ohm pull-down resistors
at the end of the array bus.




Read Bus Enable (RBE)

The Read Bus Enable (RBE) signal determines the direction
of data flow through the data bus drivers and receivers at
the BSA. When RBE is asserted high, data is read from the
BSA. The Read Bus Enable Tine must be terminated with a
220/330 ohm pull-up/pull-down resistor at the end of the
array bus.

The following signals emanate from P10 of the BSC and are
used for error logging functions:

Logfull (LGFUL)

Logfull is high true asserted by the memory when the maximum
address of the 64 word error log has been reached. LGFUL is
driven by a 74S74 and is used in conjunction with a BULK SEMI
chassis to drive Logfull indicator light circuitry. After
the LGFUL signal is asserted, the log will wrap around and
continue to log errors beginning again at the lowest log
address. = .

Error (ERR)

Error is a high true signal of approximately one second
duration asserted by the memory each time a correctable

or uncorrectable error has occurred. ERR is driven by

a 74121 and is used in conjunction with a BULK SEMI chassis
to drive error indicator light circuitry.

Begin Log (BGN)

Begin Log is low true asserted when the error log is to .be
returned to the Towest log address. BGN must be Tow for a
minimum of 150 nanoseconds and is normally used in conjunction
with a BULK SEMI chassis.

Clear Log (CLRN)

Clear Log is asserted when all 64 locations of the error
log are to be cleared. CLRN must be low for a minimum of
150 nanoseconds. A log clear operation takes 72 micro-
seconds. Completion of a log clear results in assertion
of Logfull from the memory. CLRN is normally used in
conjunction with a BULK SEMI chassis. .

Examine Log (EXAMN) o

Examine Log is used in conjunction with a BULK SEMI chassis.
Assertion of EXAMN performs the same operation as STATN. In
the BULK SEMI chassis, error information will be displayed
as long as EXAMN is asserted.
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BULK SEMI Array (BSA)

The DR-129/229S uses as its storage element 16K or 64K
NMOS dynamic RAM's in 16 pin dual-in-line packages. To
achieve the packing density, the sixteen binary addresses
required to select one of 65,536 locations for a 64K RAM
are presented as eight multiplexed signals at the device.
The eight signals are demultiplexed inside the package by
a row and column strobe. The proper application of the
row address strobe (RAS), the column address strobe (CAS),
and the multiplexed addresses provides data out of the RAM.
The proper application of the RAS, CAS multiplexed address
and a write strobe allows data to be written into the
device.

The storage mechanism within the dynamic RAM is the gate
capacitance of a field-effect transistor. A "1" is the
presence of a charge and a "0O" is stored as the absence
of a charge. The stored charge tends to deteriorate and
must be renewed at least every two milliseconds. This is
accomplished by selecting each row address once within
the two millisecond period. - : ‘

The DR-129/229S BSA consists of an array of 344 dynamic
RAM's configured as 128K (16K RAM's) or 512K (64K RAM's)
by 43 bits. The 43 bits of storage consist of 36 data
bits plus 7 bits of error checking and correcting code
(ECC) created on the BSC to enable single bit error
correction and double bit error detection. The BSA
board contains the necessary circuitry to receive the
address, RAS, CAS, and write strabe information from
the BSC and drive the RAM array. (There is no timing
generated on the BSA.) -The BSA also contains the
necessary drivers and receivers to transmit data and
receive data from the BSC. Al]l data transfers between
the BSC and the BSA consist of 43 bits.

Sheet 1 of schematic 03333 is the block diagram of the
BSA. To reduce drive loading, the 344 RAM array is
divided into three groups of 15, 14 and 14 bits with
each group driven by separate RAS, CAS, Address and WR
drivers. The RAS, CAS, Address and WR signals to the
drivers are received at the array bus by buffers which
are enabled when the appropriate BSA address has been
selected. Data to and from the RAM array is buffered

at the array bus and enabled in either the read or. write
direction by the signal Read Bus Enable (RBE). :

The BSA also contains regulator circuitry to generate +12
volts and -5 volts from the +15 volt supply when 16K RAM's
are used. The 64K RAM's operate from +5 volts only and
consequently do not use this Circuitry.
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BULK SEMI Controller (BSC)

Sheet 1 of schematic 03191 is the block diagram for the

BSC. During a normal memory operation, addresses and

cycle control signals from the memory bus establish the
location and type of cycle to be performed. The addresses
are compared to the module size signals from the BSA to
ensure memory exists at the location requested. If memory
exists, a select signal is issued and upon receipt of ADRAVN
a cycle is begun. The cycle control signals and the
addresses are latched and the addresses are appropriately
translated for 18 bit or 36 bit operation or for 16K or

64K RAM's. The lower order addresses are multiplexed to
provide RAM addresses; the middle order addresses are
decoded to provide row addresses; the higher order addresses
provide BSA extended addresses.

During a power up clear cycle,-cleah addresses override
memory bus addresses to provide sequential address
selection. ;

Data on the memory bus is handled as 18 or 36 bits. Data
inside the BSC is always handled as 36 bits. Data buffers
at the memory bus steer the data to or form the proper 36
bit registers. Data written into memory is stored in
registers and then passed to the array bus and to error
code generation circuits. The data and the ECC codes are
then stored in dynamic RAM's on a BSA. Data and ECC codes
read from a BSA are fed to error code check and correction
circuitry where single bit errors are corrected. The data
is then latched and fed to the memory bus. If an error
has occurred, the bit and address information is stored in
an error log which may be interrogated via the memory data
bus.

The timing and control section provides RAS, CAS, and WR

timing and mode controls to manipulate data for Byte
operations.
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Modes of Operation

The DR-129/229S has eight major modes of operation.
They are:

READ

MATCH READ

WRITE 36 BITS

WRITE BYTE OR 18 BIT WORD
READ/MODIFY/WRITE

POWER CLEAR

STATUS OR EXAMINE

REFRESH -

The modes are described as follows:

Read (See Figure 7.2)

ADRAVN in conjunction with the.appropriate address and
cycle control signals begins a read cycle. Upon receipt
of ADRAVN the BSC responds with ADRACN, asserts a
memory busy signal, latches address and cycle cantrol
signals and starts delay line timing to create RAS and
CAS signals. The RAS and CAS signals are of a fixed
preset duration. The RAS, CAS, and address signals are
steered to the appropriate BSA from which 36 bits of
data plus 7 ECC Bits are read. The data and ECC Bits
are received on the BSC where the data bits are corrected -
if necessary and stored in a 36 bit register. Data is
taken from the BSC by assertion of RADVLDN. " The BSC
responds to RADVLDN with ODAVN which is asserted at the
memory access time or immediately upon receipt of RADVLDN
if RADVLDN is later than the access time. ODAVN signals
that data has been enabled on the memory bus. The data
and ODAVN will remain valid until RADVLDN goes false.
The memory will remain busy until QDAVN goes false. A
BSC strapped for 18 bits operates exactly as a 36 bit
BSC except that data from the appropriate half of the

36 bit BSC data register is steered to the 18 bit memory
bus by the address AOQ.

Match Read (see Figure 7.3)

A match read cycle occurs automatically in an 18 bit

BSC when sequential address reads are being done. Since
data from the BSA is always stored as 36 bits on the BSC,
two adjacent 18 bit words are actually stored. Upon
receipt of ADRAVN, the cycle control lines and addresses
ADROIN-ADR24N are compared with those of the previous
cycle. If they agree no access to the BSA is required.
The data is simply steered immediately to the memory bus
from the appropriate data registers upon receipt of
RADVLDN. To take advantage of the match read-access time,
RADVLDN must be asserted very early in the cycle.
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Write 36 Bits (See Figure 7.4)

The write cycle begins with ADRAVN in conjunction with

the address and cycle control signals. The BSC responds
with ADRACN, asserts a memory busy signal, latches

address and cycle control signals and starts delay line
timing to create RAS and CAS signals. The RAS and CAS
signals, however, are not of a fixed duration as in a read
cycle. The RAS and CAS signals .must be latched so they
remain until data to be written is presented by RADVLDN.
Upon receipt of RADVLDN the BSC clocks the data into
registers, responds with IDACN and creates write timing

to generate error checking codes and store the data and
the ECC code on the BSA. When internal write timing is
complete, the RAS and CAS signals are unlatched and memory
busy is negated. Cycle time will be delayed by late
presentation of RADVLDN. ' _

Write Byte or 18 Bit Word (See Figure 7.5)

The write byte operation begins exactly as a 36 bit write
operation. However, since only a portion of a 36 bit word
is to be written into memory, the 36 bit word already in
memory must be read so that the portion which will not
change may be combined with the new data, thus enabling
correct ECC to be generated for the new word. The BSC
therefore performs an internal read operation, corrects
the data if necessary and stores it in a 368 bit register.
New data received at RADVLDN is clocked into registers
and IDACN is asserted. The write timing, however, is not
begun until the old 36 bit word has been corrected and
stored. The latched cycle control lines establish which
old data and which new data is to be combined in a new
word. MWrite timing is then begun as in a:36 bit write
operation to store the new word and its ECC codes on the
BSA.

The write byte minimum cycle time is increased due to
time allowed for the read portion.

A BSC strapped for 18 bits always operates as described
above. :

Read/Modify/Write (See Figure 7.6)

The Read/Modify/Write cycle operates in a similar, mannee
to ‘the Write Byte cycle. Upon receipt of ADRAVN, the
addresses and the cycle control signals, the timing is
begun and RAS and CAS signals are latched. The BSC then
responds to two sequential RADVLDN signals. On the first
RADVLDN, ODAVN is asserted and corrected data is pre-
sented to the memory bus. RADVLDN is then removed and
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the data and ODAVN are negated. Upon receipt of the
second RADVLDN, new data is clocked into the BSC, IDACN
is asserted, and the data is combined with the old data
as dictated by the latched cycle control lines. Write
timing is then begun to store the new word and its ECC
on the BSA and complete the cycle.

Power Up Clear

The Power Up Clear cycle automatically establishes proper
ECC in the memory at power up by performing 36 bit writes
at all locations. Upon power up the signal CLBYN is
asserted by the BSC and a sequential address count is
begqun. The array bus data lines are all forced high

thus writing "ones" to the memory. CLBYN prevents all

~other operations until power up clear is complete. The

error log is also cleared at this time. The power up
clear cycle is independant of +5 volts and will only
respond to loss of +5B and +15 volts.

Status or Examine (See Figure 7.7)

The status cycle is used to examine the error log from

the memory bus. The cycle is begun by assertion of STATN
and the upper addresses ADR2IN-ADR24N. Upon assertion of
STATN, all other accesses to the memory will be blocked

and data from the error log will be steered to memory bus
data bits DTAOON-DTA15N. The signal STAVN is asserted

when the log information is available. The log information

“will remain as long as STATN is asserted. Figures 7.9A and

B:-provide:the error decode-«information for the-data bits
DTAOON-DTAISN. - '

The examine cycle is identical to the status cycle except
that addresses ADR21IN-ADR24N need not be decoded to examine
the error log.

Refresh

The refresh cycle is internally generated by a free-running
clock on the BSC. to provide periodic refresh to the dynamic
RAM's. With the exception of status, examine, or power up
clear, the refresh cycle periodically enters into conten-
tion with the other cycles. If a refresh cycle has been
requested just prior to the assertion of ADRAVN, the memory
cycle may be delayed up to 700 nanoseconds at which time
ADRACN will be asserted. In a Read cycle if a refresh cycle
has been requested after ADRACN has been asserted, the
refresh cycle will occur directly after the Read cycle. In
a2 Write cycle if a refresh has been requested after ADRACN
has been asserted but before RADVLDN has been asserted, the’
refresh cycle will shut down the cycle and commence to
refresh. Upon receipt of RADVLDON, data will be immediately
clocked in and IDACN will be asserted. The Write cycle will
automatically restart upon completion of the refresh cycle.
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7.3 BSA Detailed Description

Refer to Schematic 03333.

7.3.1 Internal Signa]s

The internal signals on the BSA are defined as follows:

AQAN-AOMN thru A7AN-A7MN - The buffered multiplexed
address lines XO7N-X63N, X1415N which drive the
dynamic RAM's. ' ;

CASAN-CASMN - The buffered CASH signal which drives
the dynamic RAM's.,

CASSL (CAS Select) - The inverted CASN'signal gated
by SELN. 3 .

RASOAN-RAS7AN, RASOBN-RAS7BN, RASOCN-RAS7CN - The
buffered RADSON-RADS7N lines which drive the dynamic
RAM's. - - '

RWON-RW4AN - The buffered RBE signal which enables
the data transceivers.

SELN (Select) - SELN is asserted low when the array
board has fallen within the appropriate address range.
SELN enables CASN, WRN, and RBE. SELN is not asserted
during a refresh.

SELRN (Select RAS) - SELRN is asserted low when the
array board has fallen within the appropriate extended
address range or when the array refresh (ARREFN)
signal has been asserted. SELRN enables the RAS
address lines RADSON-RADS7N.

WRAN-WRMN - The buffered WRN signals which drive the
dynamic RAM's.
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BSA Selection

Sheet 2 of the schematic depicts BSA selection.
Extended addresses EXADON-EXAD3N from the array

bus are buffered by Z44 and compared with hard-
wired module select codes MSAN-MS3N at.Exclusive-OR
Z41. :If the select.codes. and the extended addresses
agree, the inputs Z42-1, 2, 3, 12, and 13 go low,
resulting in a high at Z42-5. Z42-5 is inverted to
create SELRN at Z42-6 and SELRN at Z44-6. SELRN at
Z42-6 may also be asserted low by array bus signal
ARREFN which is buffered by Z44. The ARREFN signal
allows SELRN to be asserted during a refresh cycle.
SELRN enables the array bus signals RADSON-RADS7N
at Z45 and Z46 (Sheet 3). During memory read or
write only one of the signals RADSON-RADS7N is
asserted low. During refresh-all of the signals

are asserted low. The array bus signals CASN, WRN,
and RBE are enabled at Z18 by SELRN. Multiplexed
addresses XO7N-X613N, X1415N are buffered at Z19
(Sheet 4) and drive the array via inverters 220-Z37.

Data (Sheets 4-6)

The data into the array is received by 74LS240's.
The data from the array is driven by 74S38 apen
collector devices. The data out is enabled by
signals RWON-RW4N which are the expanded buffered
array bus signal RBE.
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BSC Detailed Description

Refer to schematic 03191.

Internal Signals

The internal signals on the BSC are defined as follows:

ADOON-AD24N (Latched Addresses) - Addresses ADROON-ADR24N
which have been received at the memory bus and latched on
the BSC. .

BO-B10, BON-B1ON (Write Delay Line Timing Signals) - These
signals provide timing for the write operation during a
write cycle.

BWRN (Blanking Write) - BWRN is asserted:-low at the end of
a write operation to prevent a refresh cycle beginning
before the write cycle is complete.

CCIN, CCZN, CC4N, CC1ON, CC20N, CC40N, CCPN - The ECC code
bits which are read from the array bus as DB36N-DB43N and
sent to the ECC parity generators.

CINTN (Clear Initialize) - CINTN is held low upon power up
until +5B and +15 volts have stabilized. CINTN initiates

a power up clear cycle. CINTN is not asserted during power
failure when battery backup is used.

CIP (Cycle in Progress) - CIP in asserted high upon the
acceptance of an ADRAVN signal from the memory bus.

CLADOLN-CLAD16N (Clear Addresses) - Addresses generated
during the power up clear mode to allow writing proper
error checking code in all memory locations.

CLBY, CLBYN (Clear Busy) - CLBY is generated by the BSC to
indicate it is in the power up clear mode. CLBY disables
memory bus generated addresses and enables clear addresses
CLADOIN-CLAD16N and forces the memory into the write mode.
CLBYN forces a set data pattern on the array bus to allow
proper ECC to be written.

CLSTR (Clear Start) - CLSTR is generated during a power up
clear and begins internal write cycles to provide proper

ECC to the memory. oo

CLWN (Clear Write) - CLWN is asserted low if a write cycle
has been interrupted by a refresh. CLWN clears the byte
write timing register which is reset from the major delay
lTine timing upon restart.
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CRDO-CRD35A (Corrected Data) - Data from the array bus
which has been corrected and latched. This data is fed
to the memory bus read drivers.

CREN (Correctable Error) - This signal is asserted high
when a single bit error has occurred.

DIOON-DIO35N - Data from the array bus which is fed to
the ECC parity .generators for ECC code generation.

DO-D20, DON-D20N (Delay Line Timing Signals) - These
signals provide the major timing for the operation of
the BSC.

D27-D33 - Latched data from the memory bus which is multi-
plexed with the ECC code bits to manipulate-ECC syndrome
generation. These signals are used for diagnostic purposes
only. ' - ‘ ' -

ECC1l, 'ECC2, ECC4, ECC1l0, ECC20, ECC40, ECCP (Error Check
and Correction Bits) - The outputs of: the ECC parity tree
which are used during read as syndrome bits and during
write to create checking code bits.

EC0-EC35 (Error Correction) - The ECO-EC35 signals-are the
decoded error syndrome bits which correct a single bit
error from the array bus. The signals are normally low.
One of the signals will be asserted high for single bit
correction. :

EXSEL (Extended Select) - The EXSEL signal is used to enable
the BSC when multiple memory systems are daisychained. The
EXSEL signal is jumper enabled as a function of addresses
ADR21N-ADR24N and gates ADRAVN.

INCASN (Internal CAS) - INCASN is an internal CAS timing
signal which gates the WRSN to ensure proper write restart
timing. :

INTN (Initialize) - INTN is held Tow upon power up until +5
volts and +15 volts have stabilized. INTN clears all registers
and prevents spurious timing signals. INTN is wire-QRED with
NORMN. < : :

IWUBAN, IWLBAN, IWUBBN, IWLBBN (Internal Byte Write Data
Enable Lines) - These lines enable internal corrected array
bus data to be combined with latched memory bus data to
create new 36 bit words during byte write operations.

LKOUTN (Lockout) - LKOUTN is an extended memory busy signal
used to prevent the start of a memory cycle until the previous
.cycle has been completed and address and control signals have
been unlatched, thus enabling proper setup time for new
address and control signals. LKOUTN gates ADRAVN.
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LUCE (Latched Uncorrectable Error) - LUCE is the UCE signal
which has been stored in a register.

MATCHN (Match) - The MATCHN signal is low true asserted when
the memory is strapped for 18 bits is in the read mode and
has just previously done a read at the same address or at
the same address plus or minus one if the second least
significant address ADRIN has not toggled. MATCHN is
disabled high for a 36 bit BSC. The MATCH signal enables
data to be read directly from the 36 bit data register,

thus shortening the memory cycle dramatically.

MB, MBN (Memory Busy) - The MB, MBN signal is a portion of
the memory busy sginal MBYN. MBN is used 'to Tatch memory
bus addresses and cycle control signals on the BSC.

MSEL (Memory Select) - MSEL is high true asserted when the
memory "falls within the bounds of the asserted memory bus
~addresses. MSEL gates ADRAVN. * :

ODACN (Output Data Accepted) - ODACN internally gates data

to the memory bus, clears the CIP register during a read
cycle and extends MBYN during a MATCH cycle. ODACN generates
ODAVN. ;

RAS (Row Address Strobe) - The RAS signal gates the appro-
priate latched and decoded memory bus addresses to create
the RAS addresses (RADSON-RADS7N:).om thesavray bus.

RDALBN (Read A1l Bytes) - The RDALBN signal is generated by
the latch cycle control lines (WRUBAN, WRLAN, WRUBN, WRLBN)
and is asserted low when all bytes are being read.

RDEN1-RDEN3 (Read Enable) - RDEN1-RDEN3 enable the memory
bus read data drivers and steer data from the 36 bit array
bus data registers to the eighteen bit memory data bus when
the BSC is strapped for eighteen bits. RDEN1-RDEN3 are
gated by ODACN.

ROLAN (Read Latch) - RDLAN is asserted low to latch data from
the array bus which has been corrected. RDLAN also generates
array bus signal RBE.

RDSN (Read Start) - RDSN is asserted low to begin the major
delay timing during a normal memory access. RDSN ;
is initiated by CIP when the memory is not in a MATCH cycle.

READN - READN is the buffered and latched cycle control
signal MRDRN.

RFHCLK (Refresh Clock) - RFHCLK is derived from a free-running

14 microsecond timer and signals the need for a refresh cycle.
RFHCLK initiates RFHRQN.
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RFHCLN (Refresh Clear) - RFHCLN is asserted low at the end
of a refresh cycle to clear refresh timing registers.

RFHE, RFHEN (Refresh Enable) - This signal indicates that
a refresh cycle has been enabled and prevents any read or
write operations in the memory.

RFHRQN (Refresh Request) - RFHRQN is asserted when a refresh
cycle is required. RFHRQN gates ADRAVN.

RFRSN (Refresh Set) - RFRSN is asserted low when refresh
.contention has been resolved and refresh has won. RFRSN
initiates RFHEN. :

RMOO-RMO15 - RMOO-RMO15 are the outputs of the error log
which contains failed RAM error information.

RWADON-RWAD2N (Row Addresses) - RWADON-RWAD2N are the higher
order latched memory bus addresses which are decoded to
create the RAS addresses (RADSON-RADS7N).

STBYN (Status Busy) -. STBYN is low true asserted when a
Status cycle has been initiated from the memory bus or

when an Examine has been initiated from a BULK SEMI chassis.
STBYN gates ADRAVN and prevents normal RAM memory .access.

UCE (Uncorrectable Error) - This signal is asserted high
when a multiple bit error has occurred.

WIPN (Write In Progress) - WIPN is. asserted low upon the
beginning of the write port1on of a memory cycle.

WORD, WORDN - This signal allows data from the 36 bit array
bus to be steered to the 18 bit memory bus when in the 18

bit mode. When in the 18 bit mode, this signal is controlled
by ADROON. In the 36 bit mode, this signal steers data
directly to the 36 bit memory bus from the 36 bit array bus.

WRALB (Write Al11 Bytes) - WRALB is asserted high in a double
word write operation and enables an earlier write with a”~
shorter cycle time. WRALB is disabled low in an eighteen
biit BSE.

WRCLK (Write Clock) - WRCLK is initiated by RADVLDN during a
write or a read/modify/write cycle and clocks memery bus data
into registers on the BSC.

WRINTN (Write Initialize) - During a write cycle, WRINTN

clears the memory busy register, the RAS and CAS registers,
and the byte write timing register.
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WRLAN (Write
MWRLBN.

WRLBN (Write
MWRLBAN.

WRUAN (Write
MWRUBN.

WRUBN (Write
MWRUBAN.

Lower

Lower

Upper

Upper

Byte A)
Byte B)
Byte A)

Byte B)

WRLAN is

WRLBN is

WRUAN is

WRUBN is

da

buffered

buffered

buffered

buffered

and latched

and latched

and latched

and latched

WRSN (Write Restart) - WRSN is asserted low to restart the
major timing delay line if it has been shut down due to a

refresh interruption of a write cycle.

WUBAN, WLBAN,

WUBBN, WLBBN (Byte Write Data Enable Lines) -
These Tlines enab]e latched memory bus data to be combined
with corrected array bus data to create new 36 bit. words

during byte write operations.
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4.

2

Address and Selection (Sheets 3 and 4)

The memory bus addresses ADROON-ADR24N are buffered
on the BSC by 74LS241's Z202, 203, 205, 207 and if -
a cycle is begun are latched by MBN in 74S373 octal
registers, 2201, 204, 206, 208. The latched addresses
then pass to 74S257 tri-state 2 to 1 multiplexers
Z173-177 and 74S253 tri-state multiplexers Z149, 151,
179, and 180 where they are translated to accommodate
18 or 36 bit operation or 16K or 64K RAM's. For 18
bit operation, the B input of multiplexers Z174-4 is
passed and ADROON determines WORD or WORDN. For 64K
RAM's, the addresses at multiplexers Z149, 151, 179,
and 180 are shifted up by two to accommodate the
increased BSA capacity. The addresses 0 thru 15
(Sheet 3) are multiplexed at tri-state octal buffers
2192 and Z193 to provide the multiplexed addresses

to the array bus. The timing signal D2N at Z197-2
and Z154-9 enables addresses 7 thru 13 and 15 during -
RAS time and addresses 0 thru 6 and 14 during CAS time.
The timing signal D2N is gated with RFHEN to disable
these addresses during refresh and enable refresh
addresses which are generated at refresh counter Z195
and buffered onto the array bus via Z194. The Row
addresses RWADON-RWAD2N from multiplexers Z179 and
Z149 are decoded at octal decoder Z189 and buffered
to the array bus via Z190. Tri-state buffer Z190 is
enabled by RAS at Z196-1 to provide proper timing for
the RAS address signals RADSON-RADS7N. During normal
memory operation, only one RAS address at a time is
asserted low. During refresh all RAS addresses are
asserted low by enabling tri-state buffer 2191 with
RFHEN and passing the RAS signal to the array bus.
Extended address from Z151 and Z180 (Sheet 4) are
buffered to the array bus by octal buffer Z186.

The BSC is selected when inverted module size lines
from the array bus (Sheet 4) are presented to the

adder Z187 and summed with the extended addresses

from multiplexers Z151 and Z180. If the extended
addresses are equal to or less than the inverted modGle
size lines, a. carry is generated and MSEL is asserted
high. MSEL gates ADRAVN thus enabling a cycle to begin.

Multiple memory systems may be bussed together and
selected separately by the signal EXSEL which«is
enabled at Z211-6 by the inverted or non-inverted
addresses AD2IN-AD24N at Z211-3, 4, and 5. EXSEL
gates ADRAVN thus enabling a cycle to begin.
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4.

3

Data (Sheets 8-12)

Data to be written into memory is received from the
memory bus by 74S240's Z100 - Z107 and clocked into
octal registers.Z113, Z117, Z121, 7130 and Z136 by

WR CLK upon receipt of RADVLDN. In the 18 bit mode,
buffers Z102, Z106 and Z107 are disabled. Data is
alternately steered to registers 2113, Z117, Z121-13,
Z121-14 or registers Z126, 7130, Z121-7, Z121-8 by
enabling the buffers 7100, Z103-13, Z103-11, Z104 or
Z100, Z103-6, Z103-8, Z105 with the signals WORD or
WORDN. The signals WORD, WORDN are toggled by the
least significant address AO. In the 36 bit mode,

WORD is forced low and WORDN is forced high disabling
2100, Z103-6, Z103-8, Z105. 77102, 2106, 2107 are en-
abled and 36 bits of data pass directly to the registers.
Data from the registers is' passed to the array bus via
buffers Z122, 7156,  Z159, Z163, Z166, Z169 where it is
passed to the BSA's. The data is also passed back to
the BSC via buffers Z158, Z161, Z165, Z171 and thence
to error checking code circuitry: (Sheet 11) as signals
DIOOON-DIO35N. The error checking code circuitry uses
extended parity generation to create a modified Hamming
code. The code bits ECCl, ECC2, ECC4, ECC10, ECC20,
ECC40, and ECCP are buffered to the array bus check bit
via Z200 (Sheet 12) as signals DB36N-DB42N for storage
aon the BSA along with the data bits.

Data read from the BSA is passed to the BSC via buffers
Z158, 7161, Z165, Z171 (Sheet 8) and thence to the error
checking code circuitry (Sheet 11) as:sdgnals DIOON=DTO35N
and to Exclusive-OR gates (Sheet 18) where the data awaits
correction if necessary. The signals DIOOON-DIO35N at

the error checking circuitry are combined with the check
bits received from the BSA to determine if errors have
occurred. The parity generated code bits EGCL... ECC2,
ECC4, ECC10, ECC20, ECC40, and ECCP define a unique

code to correct single bit errors and detect double bit
errors if they have occurred. (See Figure 7.10) :
The code bits at parity chip Z67 and nand gate Z66
determine if a correctable or uncorrectable error has
occurred. The correctable error signal enables the
error decoders (Sheet 12). When a single bit error
has occurred, the code bits at decoders 258, 761, Z62,
263, 165, 768, Z71 assert one error correction signal
ECO-EC35 Tow for the~bit.inm error. The error-‘correc-
tion signals ECQO-EC35 proceed to' Exclusive-0R's

(Sheet 8) where the data from the array bus has been
awaiting correction. Bits not requiring correction are
inverted at the Exclusive-OR by the high true correction
signals. The bit in error is not inverted by the low
correction signal, thus providing corrected data. After
sufficient time for correction, the corrected data is
latched by RDLAN at octal registers 214, Z118.. Z123,
£127, Z131. The data remains latched until the beginning
of another memory cycle. The latched corrected data
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CODE BIT
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CRDO-CRD35 1is buffered to the memory bus via 74538 open
collector devices (Sheet 10). CRDO-CRD15 are first
passed through 2 to 1 multiplexers to allow selection
between memory data CRDO-CRD15 and error log data RM0OO-
RMO15. The 74S38 data output gates are enabled by
signals RDEN1, RDEN2, RDEN3. In the 18 bit mode, RDENI
is permanently low while RDEN2 and RDEN3 are toggled by
address A0. In the 36 bit mode, RDENl and RDEN3 are
enabled while RDEN2 is disabled low.

For write operations in the 18 bit mode or for byte writes,
data is first read from the BSA, corrected and latched as
described in the read operations. Data to be written is
clocked into registers as indicated in the write operation.
The portion of the corrected data from the BSA which is to
be retained is merged on the array bus with the newly
clocked data and sent to the BSA and to: the error checking
code circuitry. The write operation then proceeds as

described earlier. The merging of data is accomplished

via tri-state buffers 7122, Z157, Z160, Z162, Z164, Z167
(Sheet 8) which steer the latched corrected data back to
the array bus and via tri-state buffers 7122, 7156, Z159,
162, 7163, 2169 (Sheet 9) which steer the newly clocked

'data to the array bus. The internal data buffers are

7.4.4

7.4.4.1

enabled by signals IWLBAN, IWUBAN, IWLBBN, and IWUBBN .
while: the newly cloeked:data buffers are emabled. by ;
WLBAN, WUBAN, WLBBN, and WUBBN. These signals are derived
from the mode control tines.. _

Timing and Control

Figure 7.11 thru 7.15 depict the timing for the BSC in
various modes of operation. The major delay Tine timing
is identical for all modes.

Read (No Match)
The read cycle timing proceeds as follows:

1) Addresses and cycle control signals are
presented on the memory bus.

2) ADRAVN is asserted low at 2209-3. If the
memory is not busy from a log interrogate
(STATUS) or' from a previous cycle and if
RFHRQN has not been asserted, Z39-8 will go
Tow. A Tow at Z39-8 sets cross coupled'
latch Z11, 7212 and ClP is asserted. R12,
R13 and C6 at Z11-10 form a pulse stretching
network to ensure sufficient width to set
-the Schmitt triggered gate.
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3) CIP clocks a high into the memory busy
flip-flop Z14-12 and MBYN and MBN are
asserted.

4) The assertion of MBN latches the address
and cycle control lines.

§) CIP at Z35-3 enables RDSN at Z35-6 which
sets cross coupled latch Z34, Z35 and
propogates a high thru delay line Z7 and
Z5. The latch is reset by delay line
signal D14N which results in a timing
pulse 220 nangseconds long.

6) RDSN at cross coupled latch Z57, Z60
(Sheet 6) asserts the RAS timing signal.
The latch is held reset or in the flow
thru state by the previously asserted
signal RDALBN at Z97-8. RDALBN is estab-
Tished by the cycle control. lines. The
RAS signal width at Z57-6 is determined
by RDSN and the timing signal D8N. . WRSN
at Z57-2 is high for this mode of operation.

7) At time delay D4N CASN is asserted at cross
coupled latch Z56 (Sheet 6). The latch is
also held in the flow thru state by RDALBN
low. -

8) At the trailing edge of D2N the data
available flip-flop Z9 (Sheet 5) is preset
thus asserting nand input Z13-1 high in
anticipation of a RADVLDN signal. The
preset to data available flip-flop Z9 is
gated by the cycle control signal READ at
255-10. The data available flip-flop also
extends memory busy at OR gate Z12-2 until
RADVLDN has arrived.

9) At the trailing edge of D6N the cross
coupled latch Z16, Z15 (Sheet 6) is set
This asserts RDLAN which latches the
corrected data registers.

10) At the ‘Teading edge of D8N the CIP latch
Z1Ll, Z212 95 reset.

11) At D16 the memory busy flip-flop is cleared
by nand gate output Z39-6 (Sheet 5). Memory
busy may be extended by the data available
flip-flop if RADVLDN has not yet arrived.

12) Upon receipt of RADVLDN which is enabled by
MB at Z182-4, the signal ODACN is asserted
at Z13-3. ODACN enables the data out gates
and after a short delay enables ODAVN.
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13)

7.4.4.2 Match Read

Upon negation of RADVLDN, ODACN is negated.
This clocks a low into the data available

flip-flop which negates MBYN. The cycle
is complete.

The Match
in a Read
MATCHN is

Read cycle proceeds exactly as Steps 1 thru 4

cycle. However, if a match has occurred
asserted Tow blocking CIP at Z35 and thus

preventing the start of delay line timing. The cycle

proceeds a

1)

2)

3)

s follows:

MATCH at Z8-10 presets the data available
flip-flop. \

Upon receipt of RADVLDN and the assertion
of ODACN the CIP latch i's reset and the
memory busy flip-flop ‘is cleared.:

Upon negation of RADVLDN, ODACN is negated.
This clocks a low into the data available

. flip-flop which negates MBYN. The cycle

is complete.

7.4.4.3 Write 36 Bits

The write

cycle proceeds exactly as steps 1 thru 5 in a

Read cycle. However, since the signal RDALBN is high
during a write cycle, the RAS and CAS latches are set.

The remainderof the cycle follows:

1)

2)
3)

The latch Z57, Z60 is set by RDSN thus
generating RAS.

At D4N: the CASN latch Z56 is set.

RADVLDN is enabled at Z182 by memory busy
and by presetting of flip-flop Z1. Z1 is
preset by nand Z2 with inputs CIP and
RDALBN.

RADVLDN is further gated at Z29-9 by cycle
control Tines READN and RDALBN both high
at nand Z32-1, 2.

The assertion of RADVLDN at Z29-8 generates
WRCLK which clocks a high into flip-flop
Z31-2 and which enables IDACN.

The Q side of Z31 enables nand Z110 which
sets cross coupled write latch 259, Z2.
The write timing delay line is now ready

~ to begin.

ROLAN is enabled when latch Z15, 716 is set
by nand Z16-8 at major delay line time DS8.
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7.4.4.4

7.4.4.5

5) The output of write latch Z59-6 is gated
at 756-3 by major delay_line timing signal
D12 at Z32-9 or by the Q of flip-flop Z1-8
clocked at the trailing edge of D8N. Write
delay Tine timing begins. The write latch
is reset after 110 nanoseconds.

6) The signal WRN is generated by the write
delay line. :

7) At the end of write delay line timing
WRINTN is generated. The RAS and CAS
latches are reset. The memory busy flip-
flop is cleared. The cycle is complete.

Write Byte or 18 Bit Word

The byte write or 18 bit write timing is exactly the
same as the 36 bit write timing except that in Step 5
the write delay line timing is not enabled at D12 but
only at the trailing edge of D8N. This ensures time
for a read operation before new data‘'is written. The

" RDLAN signal is also generated later via nand Z16-3, 4,

5 at the trailing edge of D6N. Nand Z16-9, 10, 11 is
disabled by the cycle control lines.

Read/Modify/ Write

The Read/Modify/Write cycle proceeds exactly as a byte
write cycle except that two RADVLDN's are issued. The
sequence of responses to RADVLDN is as follows:

1) At D2N the data available flip-flop Z9 is
preset. D2N is enabled by READ at Z55-10
and by the Q output of Z31-9 at Z55-9.
Z31-10 has been preset at initialization
or by a previous cycle.

2) RADVLDN is enabled at Z182-6 and enables
ODACN at Z13-3 thus providing the read
response to the cycle. RADVLDN, :however,
is blocked from the write circuitry by Z229-10
which is low due to the cycle control lines
READN being low at Z32-1 and the Q of Z31-9
being high.

3) Upon negation of the first RADVLDN, ODACN
is negated. The trailing edge of ODACN
clocks a lTow into Z31-2 sending the Q output
Z31-9 low. This enables Z29-10 preparing
the memory for a write response to the next
RADVLDN.
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7.4.4.6 Refresh
A Refresh cycle proceeds as follows:

1) Free running timer Z3 and one shot Z10 create
150 nanosecond low going pulse RFHCLK.

2) RFHCLK presets Z9 and issues RFHRQ at Z9-5.

3) RFHRQ and RFHCLK at Z35-1 and Z36-4 start
delay line timing with RFRSN if the memory
is not busy from a previous cycle as indicated
by BWRN at Z36-5 and the delay line timing at
135-2.

4) RFSRN presets Z42-4 issuing RFHE and RFHEN
which disable CAS, enable ARREFN and enable
all RAS address lines simultaneously.

Contention between a refresh cycle and the start of a
memory cycle is resolved at nand gate Z39-8 and at nand
gate Z35-12. ' If a RFHRQ occurs at Z39-13 before an
ADRAVYN, the memory cycle is delayed. If the ADRAVN
occurs just before a RFARQ the pulse stretching network
R12, R13, C6 insures the setting of the CIP latch.
Delay line time is begun and the refresh is blocked at
235-2 before RFHCLK goes high. :

During a write cycle, if refresh has been blocked at the
beginning or occurs after the beginning, the cycle may
belinterrupted-if: RADVEDN- has: not yet clocked flip- -7 -
flop Z31-5. Contention is resolved at Z110-1, 2, 3
(Sheet 5) and at Z30-8, 9, 10. If a write cycle is not
yet in progress, RFHQN will be passed at 2Z30-8 thus
resetting the RAS and CAS latches. After appropriate
delays at Z35-2, the refresh cycle will occur. Upon
receipt of RADVLDN flip-flop Z31-5 will be clocked high
and upon negation of RFHRON at Z110-1 will set the write
latch. The signal WRSN at Z2-8 begins major delay line
timing allowing the RAS and CAS latches to again be set.
The write cycle then proceeds as normal.

7.4.4.7 Power Up Clear {(Sheet 12)

. The Power Ug Clear cycle proceeds as follows: (See
Figure 7.16 - : ' -

1) Upon power up transistor Ql is on (CINTN asserted)
- and remains on until the +5B and +15 volts have
exceeded preset values. Counters Z46, 247, Z48
are reset. Flip-flop Z42-13, Z44-14 are cleared.
CINTN and CLBY are asserted. And gate Z41 is
disabled.
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2)

4)

On power up CINTN is negated enabling and
gate Z41-11. The delayed signal at Z41-8
becomes CLSTR which creates an internal
write cycle. CLBY remains high disabling
memory bus addresses. CLBYN enables power
up clear address drivers 773, 274, Z75.

The timing signal BION via and Z43-11, 12,

13 advances the address counters and clocks
the current address into flip-flop Z44-12.
BION delayed via one shot Z64 clocks the newly
advanced ‘address tnto flip-flop Z44-2. Flip-
flops Z44-6 and Z44-9 along with and gate
L£43-8, 9, 10 form a comparison circuit to
determine if maximum counter address has

been reached. If max address has not been
reached, Z43-8 remains low allowing CLBYN

to be reclocked low at Z42-12. CLBY continues
to enable and gate Z41-9 thus allowing another
CLSTR signal. ;

The process of step three continues until
maximum address count has been reached. 743-8
goes high allowing CLBYN to be negated at
flip-flop Z42-9. The cycle is complete.

7.4.4.8 Error Log (Sheet 7)

The error log is written as follows:

1)

2)

3)

4)

Error codes and address information are
clocked into octal registers Z21 and 722 by -
ROLA at every read cycle. If an error occurs,
the latched UCE and CRE signals are ORed at
Z25-12, 13 and gated with a delayed RDLA at
Z26-1, 2 to start the timing to write the
register information into the CMOS static
RAM's Z49-752. '

The signal at Z26-3 is gated at nand Z13-11, °
12, 13. Nand input Z13-12 has been enabled
high due to the clearing of register 270-6

by initialize. Z13-11 via or gate Z24-4
advances the RAM address counter 223.

Z26-3 triggers one shot Z53 to create a
momentary errer signal. Z26-3 is inverted
and sent to ane shots Z54-5 and Z19-4 which
creates a write signal for the RAM's.

Inverted Z26-3 is also sent to one shot Z54-11
which creates a chip enable for the RAM's.

The data from registers Z21 and 222 is written
into the RAM thus completing the write.
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The error log is read as follows:

14

2)

3)

4)

5)

An error

1)

2)

5)

STATN or EXAMN is asserted low presetting
flip-flop at Z27-10 to assert STBY and
STBYN. One shot Z45-4, 5 is also triggered.

After a 400 nanosecond time out the one shot
Z45-7 enables STAVN on the memory bus.

The assertion of STBYN at Z6-13 triggers one
shot Z54-11 to create the chip enable signal
to read the RAM's. :

The assertion of STBY clocks a low to Z70-6
which prevents the address counter from
advancing the next time the error log is
written. ]

Upon negation of STATN or EXAMN Z81-8 goes
high clocking a low to.Z27-9 and disabling
STATN gate Z108-11. The negation of STBY

and STBYN creates a pulse at Z25-4, 5, 6,

which advances the address counter.

log clear cycle proceeds as follows:

The assertion of CINT or CLRBN triggers one
shot Z19-11, 12. The one shot delay is set
for greater than 32 microseconds.

The one shot Q output Z19-9 is inverted at
Z72-3, 4 and tristates the registers 221
and Z22 which have pullups on their outputs.

The low going edge of one shot Z19-9 triggers
the multivibrator pair Z20. The multivibrator
oscillates with a 500 nanosecond period and
triggers one shots Z54-12 and Z54-4 which
Create chip enable and write enable signals

to the RAM's. The-address counter is advanced
via OR gate Z24-3 at the end of each period.
A1l highs are written into the static RAM's.

Step 3 continues until the address counter
reaches its maximum count when the maximum
address is inverted at Z80-3, 4 and used to
reset one shot Z19-9. This disables multi-
vibrator pair Z20. '

At the resetting of Z19-9 a low going pulse
is created at 7Z25-3 to reset the log full
register and reset the address counter.
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4.

5

Match (Sheet 4)

The match circuitry compares last used addresses and
mode information to determine if data is already
stored in registers on the BSC.

At the end of each cycle the addresses and the mode
signal RDALBN are clocked into registers Z137, Z141,
Z145 by the trailing edge of MBN. At the start of the
next cycle, the stored addresses and mode are compared
with the current addresses and mode at comparators
2135, Z139, 7143, Z147. If the old and new addresses
and mode agree, the A=B outputs .of the comparators

are asserted high. The resultant highs at nand gate
Z178 inputs assert MATCHN low at Z178-8.
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