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SECTION I

GENERAL DESCRIPTION

1.1 INTRODUCTION

This manual contains four sections which describe the NS11lE
Add-in Memory System. This information will include a
general description, an installation and maintenence section,
theory of operation; and a section containing assembly
drawings, schematics, and bill of materials. Figure 1-1 is

a photograph of the NS11lE Add-In Memory System.

1.2 PURPOSE

The NS11E, P/N-980103839, is designed for use with DEC * PDP-
11 CPUfs. The NSllE is directly compatible with any DEC
UNIBUS/Modified UNIBUS type backplane.

* DEC,UNIBUS, Modified UNIBUS, and PDPll are registered

trade marks of Digital Equipment Corp., Maynard Mass.

1.3 PHYSICAL DESCRIPTION

The NS11lE memory is contained on one multilayer printed
circuit card. See Table 1-1 for the physical dimensions of

the NS11E.
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Table 1-1 NS11E Dimensions

Thickness .480 inches
Height 8.680 inches
Length 15.687 inches

The NS11lE memory is designed to mount on a minimum center-to-
center board spacing of 0.50". Two card ejectors permit easy

removal of the card.

Figure 1-2 is a connector locator diagram.
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1.3.1 1I/O Connectors

The NS11lE Memory is designed to fit mechanically into the
following PDP-11 backplanes:

1. DDl1-DK slots 2-8

2. DD1l1-PK slots 3-8

3. DDl1-CK slots 2-3

For installation in backplanes not listed above, the subject
backplane connector pin assignments must be compatible with

the NS11lE pin assignments as listed in Table 3-1.

1.4 FUNCTIONAL DESCRIPTION

The NS11lE is 64K x 16* bit Add-In Memory for the DEC PDP-11
family of minicomputers. The NS11lE board requireé +5V only
and generates the +léV and -5V with an on board DC to DC
converter. The board is designed with byte ECC for maximum
reliability and speed. Additionally, the board contains an
on-board CSR register, eliminating the need for a DEC M-7850
parity controller. The NS1llE is completely hardware and
software compatible with all DEC systems as described in
paragragh 1.2.

*26 bits internal, 16 bits on the Bus.

1.5 GENERAL SPECIFICATIONS

The following tables list the general specifications of the
NS11lE Add-In Memory. Table 1-2 lists the power requirements

and Table 1-3 lists access and cycle times.



Table 1-2 NS11E Power Requirements

Current-Amps
Supply Voltage Operational Standby Battery Back-up
TYP. MAX. TYP. MAX. TYP. MAX.
+5V 4.0 4.0 4.0 4.0 '] %)
+5V’BB 2.0 3.5 1.5 1.5 1.5 1.8

Table 1-3 Access and Cycle Times

READ

Cycle Time 450ns MIN

Access Time 400ns MAX
PARITY (CSR OPTION) ACCESS 100ns MAX

Log Access 100ns "MAX
WRITE

Cycle Time 450ns MIN

Access Time (Add/Data Latch)

100ns MAX

REFRESH

Cycle ‘Time 450ns MIN

(Cycle requests made during a refresh will extend the cycle
and access time an additional 450ns Max) .
NOTE
1) Cycle time - The interval between memory reception of
Bus MSYN L (at reciever input) and the availability

of the memory to respond to the next Bus MSYN L.



2) Access Time - The interval between memory reception

of Bus MSYN L and the assertion of Bus SSYN L.

1.5.1 Operating Modes

The operating mode of the memory is determined by the state

of the CO0 and Cl control lines and the A0 address line. These

modes are defined in Table 1-4 shown below.

Table 1-4 Operating Modes
A0| C1l] coO COMMAND OPERATION
X 0 0 DATI Read
i X 0 1 DATIP Read
X 1 0 DATO Write Word
0 1 1 DATOB 0 Write Byte 0
1 1 1 DATOB 1 Write Byte 1
NOTE: Logic 1=0 volts (LOW)

Logic 0=+

3.4 volts (HIGH)
1.6 ENVIRONMENTAL SPECIFICATIONS

The NS11lE is designed to operate over a variety

conditions. Listed below are the environmental

and specifications.

1.6.1 Operating Specifications

¢ TEMPERATURE......

¢ THERMAL SHOCK....

1-6

of environmental

conditions

...Ambient Air temperature range of 0°c

e o o

to +500C.

The NS11lE Memory can withstand a thermal

shock with a maximum rate of change of

30°c per hour during operation.



@ HUMIDITY...uoooeoeons The Memory has been designed to
operate in a relative humidity of up

to 95% (without condensation).

O ALTITUDE....¢eveee.e This system is capable of operation at
' altitudes from -1,000 feet msl to
+10,000 feet msl.

@ COOLING..::2eeseanos Suggested minimum air flow for the
NS11lE Memory is 25 cfm.

1.6.1 Shipping and Storage Specifications
¢ TEMPERATURE......... The NS11lE Memory can withstand a
temperature range of -40°C to +85°C

during shipment or storage.

¢ THERMAL SHOCK.......A thermal rate of change as high as
10°¢ per minute can be tolerated by

the Memory.

O ALTITUDE......ceeeen A Shipping Altitude of 40,000 feet can
be withstood.

0 MECHANICAL SHOCK....The NS11lE Memory, housed in its shipping
» container, can tolerate mechanical shock
resulting from drop tests performed in
accordance with MIL-STD-810B, Method
516, procedure V, without exhibiting

damage or degradation.

1.7 RELIABILITY

This card was designed to the best commerc¢ial standards of
workmanship. Vigorous testing is conducted (including tests
over operating temperature range) to ensure a reliable service
of ten years at 24-hours per day usage (exclusive of routine

maintenance time). The design is such that catastrophic



failure occurrence is minimized and minimal propagation of
such failure will be experienced. Calculated MTBF using A+
logic and MIL Handbook 217B (where applicable) is 113,000

hours.



SECTION IT

INSTALLATION AND MAINTENANCE

2.1 GENERAL

The NS1llE Memory is ready for installation upon receipt; how-
ever, the memory size and address switches and the option
jumper must be checked before the card is installed. Refer

to paragraphs 2.4 thru 2.7. for switch and jumper information.

The NS11lE is completely compatible with DEC's PDP 11-34
computers and all standard DEC peripheral devices. It can be

used in both parity and non-parity systems.

For installation in backplanes not listed below, the subject
backplane connector pin assignments must be compatible with

the NS11lE pin assignments listed in Table 3-1.

The Memory is directly plug-compatible into the following

DEC backplanes:

® DDl11-DK (slots 2-8)
¢ DD1l1-PK (slots 3-8)
& DDl11-CK (slots 2-3)



Table 2-3

SWITCH DESIGNATIONS AND LED INDICATORS
SWITCH 1

1-4, Memory size
— See page 2-12.Table 2-7

5-8 CSR Address assignment
"" See page 2-8 Table 2- 4

Special Bus operation, see page 2-6
21_10 ECC disable, see page 2-114

NHJO
Slobo ki b Lo o

SWITCH 2

1-6 Error log I/O assignment
- See page 2-9 Table 2-5

7 Error Log access disable, See page 2-9
—1_§,9 I/0 space selection, see page 2-11, Table 2-6

fj_lo Spare

NHdO
S Lo bo b for b s joo o] 14

SWITCH 3

1-9, starting address select,
— See pages 2-5 and 2-6
Tables 2-1 and 2-2

=ﬁ__,1o CSR/Parity disable, See page 2-8

NHJO
S Lo koo | fo fro] =

NOTE: (a) Red LED is for parity error. (CSR bit 15 set)

(b) Yellow LED is lighted for convertor failure and
DC LO is asserted.



CAUTION
Do not attempt to install the NS1lE Memory board into DEC

backplanes listed below or damage to the equipment could

result:
® MFll-U
¢ MFll-w

Maintenance of the NS11lE is minimal, enhanced by the use of
fixed timing sequences. Refer to paragraph 2. for maintenance

information.

2.2 SAFETY
The following safety precautions should be observed during .

installation and maintenance:

WARNING
Proper concern for the safety of all personnel is vital when
installing equipment. The following safety practices. should

always be observed, or injury could occur.

2.2.1 Power

1. Remove all power from the system before installation
using the related facility and/or system circuit breakers.
Remove the AC power plug from the AC receptacle. (This
is particularly important when cards or components are

to be removed).



2. Tag all system circuit breakers with WARNING tags to
ensure that cirucit breakers will not be inadvertently
turned on during installation.

3. When it is necessary to work on a system where power is
present, never work alone. Two people must always be
present when work is being done within a system, or on an

interconnecting cable whenever system power is applied.

2.2.2 Fire

1. Good housekeeping is a significant factor in fire and
accident prevention. Keep benches and working areas
clear of unnecessary articles.

2. Ensure fire extinguishers of the CO2 type (fof electrical

fires) are readily available.

2.3 UNPACKING AND INSPECTION

Follow the steps listed below to unpack and inspect the NS11E

Memory board:

1. Remove all packing materials. (Failure to do so could
result in damage fo the equipment and present a fire
hazard); store the reusable packing materials for future
use.

2. Remove the Memory board from its container.

3. 1Inspect the board for visual damage, checking for bent

stiffener, damaged IC's,broken wires or connectors,



dislocated or broken switches or indicators, etc. Certain
damage may not be detected until power has been applied
and diagnostics performed.

NOTE: Visually damaged or inoperative boards should be

returned toﬁ NATIONAL SEMICONDUCTOR
2900 Semiconductor Drive
Santa Clara, California 95051

2.4 ADDRESS AND I/O SWITCH CONFIGURATIONS

2.4.1 Address

The NS11lE Memory will accept a full 22 bit addfess with the
least significant bit being used for Byte selection. The
address lines to the memory are single rail{ the addreééing(
mode may be random. The address lines are identified as A0

through A21.

The NS11E may be used for expansion to 2M words using the
22 bits of address. When this expansion is used, address
I/0 pin assignments are as follows:
BUS Al8-BE2
BUS Al9-BEl
BUS A20-AP1l
BUS A21-AN1
A0 is used for Byte selection. Al through A2l are decoded for

one of 2,097,152 address locations.



Al3 through A21 are 'strappable' on the memory module. These
address lines may be strapped to set the initial address for
a memory module. Nine switch positions located at S3 are
‘provided to set the initial address. Four positions are used
for initial address selection in the 0-64K address range.

The remaining five positions can be used for expansion to 2M
word See Table 2-1 for 0-64K Select. See Table 2-2 for
expansion to 2M word. Address selection is in 64K blocks to
2M word. Addresses Al7 thru A2l are switch settable via
switches per Table 2-2. Address buffer for Al8-A21 must be
~enabled by closing switch 1-9 (LO). For system expansion
beyond 64K, Table 2-1 is used in conjunction with Table 2-2

to ascertain required switch settings.

Table 2-3 is a general guide to the address and I/O switch
‘configurations, and lists the pages of this guide for switch

selection. (See page 2-2)



Table 2-1

STARTING ADDRESS SELECT

UNIBUS MEMORY SWITCH 3

STARTING ADD STARTING

(OCTAL) ADDRESS S$3-4 83-3 S3-2 S3-1

000000 0K off of f off off

020000 4K off off of f on

040000 8K off off on off

060000 12K off off on on

100000 16K off on off of f

120000 20K off on off on

140000 24K off on on off

160000 28K off on on on

200000 32K on off off off

220000 36K on off off on

240000 40K on of f on off

260000 44K on off on on

300000 48K on on off off

320000 52K on on off on

340000 56K on on on of f

360000 60K on on on on

off = OPEN
on = CLOSED
Table 2-2 STARTING ADDRESS SELECT
SPECIAL BUS MEMORY
STARTING ADDR STARTING ADD A21 A20 Al9 Al8 Al7
(OCTAL) ADDRESS EW S3-9 S3-8 S3-7 S3-6 $3-5
00400000 64K off off off off on
01000000 128K off off off on off
01400000 192K off off of f on on
02000000 256K off off on off off
02400000 320K off off on off on
03000000 384K off off on on off
03400000 448K off off on on on
04000000 512K off on off off of f
04400000 576K off on off off on
05000000 640K off on off on off
05400000 704K off on off on on
06000000 768K off on on off off
06400000 832K of f on on off on
07000000 896K of f on on on off
07400000 960K off on on on on
10000000 1024K on off of £ off off
10400000 1088K on off off off on
11000000 1152K on off off on off
11400000 1216K on off off on on
12000000 1280K on off on off off
12400000 1344K on off on off on
13000000 1408K on off on on off
13400000 1472K on off on on on
14000000 1536K on on off off of f
14400000 1600K on on off off on
15000000 1664K on on off on off
15400000 1728K on on off on on
16000000 1792K on on on off off
16400000 1856K on on on off on
17000000 1920K on on on on off
17400000 1984K on on on on on
of f = OPEN ?2-7
on = CLOSED



2.5 CSR ADDRESS ASSIGNMENT

The NS1lE contains an on board CSR, which contains error
information in the event of a parity (double bit) error.
There are 16 possible CSR addresses as listed inVTable 2-4.
When a NS11lE is used in conjunction with DEC parity memory
and a DEC M7850 parity cOnfroller, or multiple NS11lE's, the
CSR addresses of'the‘M7850 and NS11lE's must not be the séme.

The CSR can be disabled by closing switch 3-10.

Table 2-4
CSR ADDRESS (SWITCH 1)
' SWITCH 1 CSR ADDRESS SELECTION

UNIBUS SPECIAL BUS

8765 ADDRESS ADDRESS
0000 772100 17772100
0001 772102 17772102
10010 772104 17772104
0011 772106 17772106
10100 772110 17772110
0101 772112 17772112
0110 772114 17772114
0111 772116 17772116
1000 772120 17772120
1001 772122 17772122
1010 772124 17772124
1011 772126 17772126
1100 772130 17772130
1101 772132 17772132
1110 772134 17772134
1111 772136 17772136
1=0PEN
0=CLOSED



NOTE: CSR address has no relevance to the memory
starting address or storage capacity of the

NS11E.

2.6 LOG I/O SPACE ASSIGNMENT

Since the error log is addressable via the bus there are 64
address locations assigned in the user address boundary as
listed in Table 2-5. Switch 2-7 when closed inhibits log

Reads or Writes wvia the bus.



Table 2-5

ERROR LOG ADDRESS ASSIGNMENT

BUS ADDR
S2-6 S2-5 52-4 s2-3 S2-2 s2-1 (OCTAL)
1 0 0 0 0 0 0 764000
2 0 0 0 0 0 1 764002
3 0 0 0 0 1 0 764004
4 0 0 0 0 1 1 764006
5 0 0 0 1 0 0 764010
6 0 0 0 1 0 1 764012
7 0 0 0 1 1 0 764014
8 0 0 0 1 1 1 764016
9 0 0 1 0 0 0 764020
10 0 0 1 0 0 1 764022
11 0 0 1 0 1 0 764024
12 0 0 1 0 1 1 764026
13 0 0 1 1 0 0 764030
14 0 0 1 1 0 1 764032
15 0 0 1 1 1 0 764034
16 0 0 1 1 1 1 764036
17 0 1 0 0 0 0 765000
18 0 1 0 0 0 1 765002
19 0 1 0 0 1 0 765004
20 0 1 0 0 1 1 765006
21 0 1 0 1 0 0 765010
22 0 1 0 1 0 1 765012
23 0 1 0 1 1 0 765014
24 0 1 0 1 1 1 765016
25 0 1 1 0 0 0 765020
26 0 1 1 0 0 1 765022
27 0 1 1 0 1 0 765024
28 0 1 1 0 1 1 765026
29 0 1 1 1 0 0 765030
30 0 1 1 1 0 1 765032
31 0 1 1 1 1 0 765034
32 0 1 1 1 1 1 765036
33 1 0 0 0 0 0 766000
34 1 0 0 0 0 1 766002
35 1 0 0 0 1 0 766004
36 1 0 0 0 1 1 766006
37 1 0 0 1 0 0 766010
38 1 0 0 1 0 1 766012
39 1 0 0 1 1 0 766014
40 1 0 0 1 1 1 766016
41 1 0 1 0 0 0 766020
42 1 0 1 0 0 1 766022
43 1 0 1 0 1 0 766024
44 1 0 1 0 1 1 766026
45 2 0 1 1 0 0 766030
" 46 2 0 1 1 0 1 766032
47 1 0 1 1 1 0 766034
48 1 0 1 1 1 1 766036
49 1 1 0 0 0 0 767000
50 1 1 0 0 0 1 767002
51 1 1 0 0 1 0 767004
52 1 1 0 0 1 1 767006
53 1 1 0 1 0 0 767010
54 1 1 0 1 0 1 767012
55 1 1 0 1 1 0 767014
56 1 1 0 1 1 1 767016
57 1 1 1 0 0 0 767020
58 1 1 1 0 0 1 767022
59 1 1 1 0 1 0 767024
60 1 1 1 0 1 1 767026
61 1 1 1 1 0 0 767030
62 1 1 1 1 0 1 767032
63 1 1 1 1 1 0 767034
64 1 1 1 1 1 1 767036
2 _ | O NOTE: 1=OPEN

0=CLOSED



2.7 I/0 CONFIGURATIONS

A. Space Selection

The NS11lE has a normal reserved I/O space of 4K but can be
selectable to either 8K or 2K. The I/O space normally resides
between 124K and 128K for Unibus operation. I/O space will
reside at the top of the 2M words for 22-Bit address operation.

See Table 2-6.

Table 2-6

I/0 SPACE SWITCH-2

9 8
8K off off
4K off on OFF=0PEN
2K on on ON=CLOSED

B. ECC Disable

ECC can be disabled by closing switch S1-10.

C. Memofy Size Selection

The NS1lE can be configured in 4K increments to 64K. Memory
size must be set according to actual board capacity. See

Table 2-7.



Table 2-7

Switch 1 Memory
Ss1-4 sS1-3 S1-2 S1-1 Size

off off off off 4K
off off off on 8K
off off on off 12K
off off on on 16K
off on off off 20K

off on off on 24K

off on on off 28K

off on on on 32K ON=CLOSED
on off off off 36K OFF=0PEN
on off off on 40K

on off on off 44K

on off on on 48K

on on off off 52K

on on off on 56K

on on on off 60K

on on on on 64K

2.8 INSTALLATION

Perform the following steps in the order listed to install

the NS11lE Memory board:

1. Verify that the PDP1ll system is performing properly by
running the appropriate memory diagnostics before any

changes to the CPU configuration are made.



2. Verify that jumper connections and switch settings are
correct according to the memory starting address, memory
size, CSR address, ECC operation, error log address, I/O
space, and battery back-up. As per sections 2.4 thru 2.7.

3. Turn off CPU power.

4. Carefully slide the memory into the sélected slot:. Be
sure that the component side faces the correct direction,
that the board is aligned in the card guides. Insert
and remove slowly so contact is not made with adjacent
boards. When the memory has engaged the connectors,
press firmly on the card and seat it by exerting equal
pressure on the two ejectors.

5. Replace any cables, covers, panels, etc., which were
moved during installation. Turn on CPU powér.

6. Perform post-installation checks listed in paragraph

2.9 .

2.9 POST INSTALLATION CHECKS

Post installation checks consist primarily of checking
operation of the memory unit as an integral part of the data'
processing system in which it is installed. Since the func-
tional checks depend upon the data processing system configura-
tion and user application, the test routines to be used are
left to the discretion of the user. Owing to the all-elect-
ronic nature of the memory unit, there are no mechanical

checks or inspections to be performed once the unit is installed.



NOTE: Any unused modified bus backplane slot must have a bus

grant card in location D, or CPU will show bus error.

Again verify that the system is performing properly by

running the appropriate memory diagnostics.

2.10 MAINTENANCE

The maintainability of the NS11lE Memory is enhanced by the use
of fixed timing sequences. Since all timing is controlled

by the user, and one card type is used, complete interchange-
ability is realized. A spare card can be used in place of a

failing unit without the need for any timing adjustments.

The memory devices are all mounted in sockets, and the peripheral
devices are in common use so that repairs can be effected

on-site.

Paragraph 2.10.1 contains a listing of steps to follow prior

to troubleshooting at the component level.

2.10.1 Preliminary Checks

If the memory fails, the following preliminary procedure should
be followed before component-level troubleshooting:

1. Check the memory installation; it must be installed facing
the correct direction. (Memory components are facing the

same direction as the CPU board components.)



2. Remove memory and visually inspect; wipe edge-connector
with cleah cloth.

3. Recheck the jumper connections and switch settings.

(Refer to paragraphs 2.4, thru 2.7.

4. Reinstall the Memory carefully seating module in the
chassis connectors.

5. Using the peripheral equipment, interrogate various address
areas of the memory. (This will assure the modﬁle is fully
operational.)

6. When possible, switch with another module known to be
operating properly. (Use the results to determine whether

the problem is in the module or in the processor interface.

2.10.2 Pretested Memory Replacement

One pretested memory device is plugged into an on-board socket
for spare requirements. This spare memory device can be used
to replace any failing memory devices in the field. The spare

memory is at location ul3l.
Figure 2-1 may be used for locating defective memory devices.

2.11 ERROR LOG UTILIZATION

The NS1lE error log can be polled from either the CPU front
panel, a remote terminal, or by software:
e Utilization of the error log software package, as supplied

by NSC, is discussed in TN79-002.



The error log automatically clears itself during a power-up
sequence. However; due to some CPU operations during system
initialization, the error log may have to be manually cleared
to ensure log data integrity. Most operating systems, and
some boot routines (to determine the size of available
memory), will begin system initialization by READING blocks
of memory. Since the NS11lE storage medium is comprised of
volatile RAM, which contains random data after power is
applied, there is a high probability that any Memory Read
will produce an error, which will be logged.

After the power-up sequence, boot, and memory-sizing has
been completed, the error log(s) may be reinitialized by
depositing 0000028 in the appropriate error log register.
Table 2-5 gives a list of the possible Error Log address
assignments.

It should also be noted. that the same problem exists when
running a DEC memory diagnostic which contains a parity
memory test. This diagnostics will check the functionality
of the parity CSR register by writing wrong parity into
memory and checking that the CSR registers the error on the
subsequent READ. Because the diagnostic clears the "write
wrong parity" bit (02) on the CSR prior to reading, the error
log will also record the errors as double-bit errors. To
utilize the error log capabilities while running DEC memory

diagnostics, the following steps must be taken:



a) Power up system and load diagnostics.

b) Set CPU front panel switch registers (or software switch
registers) to indicate that non-parity memory is present.

c) Start diagnostic run. Stop CPU after memory size has
been printed.

d) Clear the appropriate error log registers (one each for

each NS11E by depositing 000002, in each error log

8
register.
e) Press CONTINUE on the CPU console. The diagnostic will
now continue running with all error log registers reset.
NOTE: After several passes through the diagnostics, the

contents of the error log registers should be examined.

Paragraph 2.11.1, below, describes the error log register.

2.11.1° Error Log Operation and Testing

Each memory has an on-board error log for recording single and
multiple Bit errors that occur in memory. The log functional
operations; other than logging errors, are software controlled
via bus protocol. U@on power—-up, the error log executes a
Clear/Write and bus DC LO is held LOW until this operation

is complete. See to Figures 2- 1 and 2- 2 for log operation and

Data interpretation.

Error log register Data Bit assignment is as follows:
a) Bits 0-4 (read) are syndrome Bits for Byte 0
b) Bits 8-12 (read) are syndrome Bits for Byte 1

c) Bits 6 & 7 are most significant Address (row indicator)



d) Bit 15 "ERROR IN LOG" indication
e) Bit 14 is "END OF LOG PASS" for scan or clear
f) Bit 0, when written, is a log scan command (Logic 1)
g) Bit 1, when written, is a log clear command (Logic 1)
h) Bit 13 is always read as a logical 0
i) Bit 5 "ERROR FOUND" indication
NOTES: 1) Bits 2-15 are Read only Bits
2) Bits 0, and 1 are the only Bits that can be written
from the bus and are transparent to the bus (i.e.

bus Data written in log Bits 0 and 1 cannot be read).

2.11.2 Error Log Operation Description

The following is an operational description of the érror log:

(see‘Figure 2-2). |

1) Bit 14 is always set unless the log is in the process of
scanning or clearing (i.e. Bit 0 or 1 has been set).

2) Processor reads log register to see if Bit 15 is set -
ignores all other Data Bits; if Bit 15 is set there are one
or more errors in the log.

3) Set log register Bit 0 to start log scanning for errors,
Bit 14 will clear, log counter resets to 0 and log begins
error search.

4) Log register may be read during scan but Data may be delayed
by log cycle in progress by up to 500 ns.

5) If Bit 14 is not set, scan is not complete. If Bit 5 is

not set, error has not been found.

2
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6)

7)

8)

9)

10)

11)

12)

13)

14)

Log scan in progress will stop if the log register is Read
via the Unibus, but will continue when Read log regisﬁer
bus protocol is complete.

If error is found, Bit 5 will be set, log scan will stop
and error Data is available in log register.

To continue scan, Bit 0 must again be asserted.

When log scan is complete,'Bits 14 and 15 will be set.

If a Clear/Write of log is to be exeéutéd, Bit 1 is set.
When CLR log is compléte, Bits 5, 13 and 15 will be cleared;
the remaining bits will be set.

Error logging is disabled during log scan or clear and
when the parity CSR Bit 2 is set (for Write/Wrong parity
diagnostic.‘ NOTE: If diagnostic does not leave CSR Bit

2 set for both Read and Write, error log will fill with
errors and must be cleared).

If the syndrome Bit Data combination is even, a multiple
Bit error has occurred and'only the most significant
address information is valid (Log Bits 6 ahd 7).

If the error loé stops on an error and a clear is required
and bit 14 is not set, Bit 1 must be set twice to clear the
complete log.

Error log access is disabled when switch 2-7 is closed.

2.11.3 Error Log Interrogation

This paragraph provides an example of an error log interrogation

via the CPU front panél.' The assumptions are that there is only

one NS11E installed and the E.L. register address is 764000

8"
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Step
Number

Comments
Examine the contents of 764000.
Is Bit 15 set? 1If not, then there is no
error information in the register and the
interrogation is complete. If Bit 15 is
set, then at least one error has occurred.
Deposit 0000018 (set bit 0) @ 764000.
This will start the error log scan. The
scan will continue until the first error
is found.
Examine.764000. Is Bit 5 set? If not,
re-examine the location until Bit 5‘is
set. NOTE: Because Front Panel manual
operations are so slow, Bit 5 should
always be set since the log scan caused
by step 3 can only take a maximum of 2 ms.
If Bit 5 is set, the rest of the data
can be interpreted per Figure 2-1. An

example of data interpretation is:

Bit No. 15 14 13 12 11 12 9 8 76 543 210

1 0 0 11 01101110101

Bits 0-4 are the syndrome bits for byte 0.
An odd number of bits has been set, so the
error is a single bit error. Using bits

0-4 in conjunction with Bits 6 and 7 and



Step
Number

Comments

and Figure 2-1, shows the faulty RAM to be

U28. See ‘assembly for RAM location.

Examination of bits 8-12 shows an even

number of syndrome bits sets, therefore;

a double-bit or uncorrectable error has

occurred in ROW Ol;

NOTE: If the syndrome bits in a byte are
‘all 0's, then no error occurred in
v‘that particular byte. |

IS Bit l4_$ét? If not, ﬁhe log has not

reached the end of it 's scan. Repeat

steps 3 and 4, noting if Bit 14 does set,
the scan is complete.

To clear the log, deposit 000002, (set

8
bit 1) @ 764000. Since the log will only
clear from its present scan address to

the last scan address, it is suggested

that bit 1 be set twice in succession to

‘ensure that the log is completely clear.

The log register should now contain

057737.



Figure 2-1

LOG REGISTER BIT TO MEMORY CHIP LOCATOR

(Reference Figure 1-1)
Spare RAM is at Loaction U131l

LOG REG
BIT o0 1 1 o0 1 o0 1 1 0 1 0 0 0 0
BIT 1 1 o0 1 0 1 1 0 1 0 1 0 0 0
BIT 2 0 1 1 0 O0 ©0 1 1 0 0 1 0 0
BIT 3 0 0 o0 1 1 1 1 1 0 0 0 1 0
BIT 4 1 1 1 1 1 0 0 0 0 0 0 0 1
o 1 2 3 4 5 6 7 co ClL C2 C3 c4 MEggiY
0 0 UL U2 U3 U4 U5 U6 U7 U8 U9 UL0 ULl Ul2 Ul3
0o 1 U27 U28 U29 U30 U3l U32 U33 U34 U35 U36 U37 U38 U39
1 0 U53 US54 US55 U56 U57 U58 U59 U60 U6l U62 U63 U64 Ue5 HRRAY
11 U79 U80 USL US2 U83 US4 U85 US6 US7 USBS U89 U90 U9l
BIT BIT ‘
7 6 BYTE 0
LOG REG
LOG REG
BIT 8 1 1 o0 1 o0 1 1 o0 1 0 0 0 0
BIT 9 1 o0 1 o0 1 1 0 1 o0 1 0 0 0
BIT10 0 1 1 o0 ©0 o0 1 1 0 0 1 0 0
BIT11 ©0 o©0 o0 1 1 1 1 1 o0 0 0 1 0
BIT12 1 1 1 1 1 0 0 0 0 0 0 0 1
8 9 10 11 12 13 14 15 C5 C6 C7 C8 C9 MEggiy
0 0 014 Ul5 Ul6 ULl7 U18 Ul9 U20 Ul2 U22 U23 U24 U25 U26
0o 1 U40 U4Ll U42 U43 U44 U45 U46 U47 U488 U49 US0 USL US52
1 0 U66 U67 U68 U69 U70 U71 UL2 UL3 U74 U75 U76 u77 u7s DRRAY
11 U92 U93 U94 U95 U96 U97 U98 U99 UL00 UL0l ULl02 Ul03 UL04
BIT BIT
7 6 BYTE 1
LOG REG
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SECTION ITI

THEORY OF OPERATION

3-1 GENERAL

This section comprises a functional description of the memory
card assembly. Description is divided into general discussion
and detailed circuit description, each referring to appropriate
block simplified logic, logic, schematic, and timing diagrams.

The schematic diagram is located in section IV.

3-2 INTERFACE
3.2.1 Unibus; Standard, Modified and Special Bus

The DEC PDP-11 Unibus has three configurations. The
standard configuration differs slightly from the Modified
and Special configuration in pin designation. The Unibus

signals are delineated in Table 3-1.



TABLE 3-1 Bus Signals Viewed From The Connector End

PIN

NUMBER STANDARD MODIFIED SPECIAL
AAl INIT L INIT L INIT L
AB1l INTR L* INTR L* INTR L*
ACl DOO L DOO L DOO L
AD1 D02 L DO2 L DO2 L

AEl DO4 L DO4 L DO4 L
AFl D06 L DO6 L DO6 L

AH1 DO8 L DO8 L DO8 L
AJ1 D10 L D10 L D10 L

AK1 D12 L D12 L D12 L
ALl D14 L D14 L D14 L

AM1 PA L* PA L* PA L*
AN1 GND¥* PAR. P1%* A21 L

APl GND* PAR PO A20 L

ARl GND¥* +15 BATT* +15 BATT*
ASl GND¥* -15 BATT¥ -15 BATT*
AT1 GND* GND . GMD

AUl NPG H* +20V (CORE) * +20V (CORE) *
AV1 BG7 SO¥* +20V (CORE) * +20V (CORE) *
AA2 +5V +5V +5V

AB2 GND¥* TP* TP*

AC2 GND GND GMD-

AD2 D01 L DOl L DO1 L

AE2 D03 L D03 L D03 L

AF2 D05 L D05 L D05 L

AH2 D07 L D07 L D07 L

AJ2 D09 L D09 L D09 L

AK2 D11 L D11 L D11 L

AL2 D13 L D13 L D13 L

AM2 D15 L D15 L D15 L
AN2 PB L PB L PB L

AP2 BBSY L* BBSY L* BBSY L*
AR2 SACK L* SACK L* SACK L*
AS2 NPR L* NPR L* NPR L*
AT2 BR7 L* BR7 L* BR7 L*
AU2 BR6 L* BR6 L* BR6 L*
AV2 GND ' +20V (CORE) * +20V (CORE) *

*Pins assigned in Unibus connector but not used by memory.



TABLE 3-1 Bus Signals Viewed From The Connector End (Cont'd)

PIN
NUMBER STANDARD MODIFIFD SPECIAL
BAl BG6 H* RESV* RESV*
BB1 BG5 H* RESV* RESV*
BCl BR5 L* BR5 L* BR5 L*
BD1 GND¥* +5 BATT +5 Batt
BE1l GND* SSYN INT L* Al9 L
BF1l ACLO L* ACLO L* ACLO L*
BH1 A0l L A0l L A0l L
BJ1 A0O3 L A03 L AO3 L
BK1 A05 L AO05 L A05 L
BL1 A07 L AQ7 L A07 L
BM1 A09 L A09 L A0S L
BN1 All L All L All L
BP1 Al3 L Al3 L Al3 L
BR1 Al5 L Al5 L Al5 L
BS1 Al7 L Al7 L Al7 L
BT1 GND GND GND
BU1 SSYN L SSYN L SSYN L
BV1 MSYN L MSYN L MSYN L
BA2 +5V * +5V * +5V *
BB2 GND * TP * TP . *
BC2 GND * GND * GND *
BD2 BR4 L* BR4 L* BR4 L*
BE2 BG4 L* PAR DET L¥* Al8 L
BF2 DC 1O L DC 1O L DC LO L
BH2 A00 L A00 L AOO L
BJ?2 A02 L A02 L AO2 L
BK2 A04 L A04 L A04 L
BL2 A06 L AQ06 L A06 L
BM2  AO8 L A08 L A08 L
BN2 Al0 L Al0 L Al0 L
BP2 Al2 L Al2 L Al2 L
BR2 Al4 L Al4 L Al4 L
BS2 Alé L Alé L Alé L
BT2 Cl L Cl L Cl L
BU2 co L Cco. L co. L
BV2 GND * -5V (CORE) * -5V (CORE) *

*Pins assigned in Unibus connector but not used by memory.



3.2.2 SIGNALS |

There are three types of signals; input, output and bi-
directional. These signals are received, processed and
passed back to the CPU in two logic levels. A high, or
logic level one, and a low, or logic level zero.

Specifications for these logic levels are as follows:

TYPE OF LEVEL LEVEL

SIGNAL ONE ZERO

Bus Logic Levels +0.8V or Less +2.0V or More

Input Signal

Logic Levels 1.3V Maximum 1.7V Minimum
30 microamps 80 microamps
typical at maximum at
0.8V 2.5V

Output Signal
Logic Levels 0.8V maximum 2.4V mimimum
at 70milliamps25 microamps
maximum at
3.5V

Memory System Interface Timing is given in figure 3-1.
All timing is measured at the card edge connectors and

is referenced to the +1.5V level of signal transition.

3.2.3 Types of Signals

There are three types of signals. ' Input signals, output

signals and Bi-directional signals.

“Input Signals

These sighals are address anhd command’ signals.
A00 through A21 are address lines ' which determine
memory location. A0 determines which byte is
~written when Byte Write (DATOB) is executed

(BH1 - BS1l, BH2 - BS2). When addresses Al8 -
"A21 are used the following pin assignments

are used (Special Bus Operation). Al8 - BE2

Al9 - BEl
“A20 - APl
- A21 - AN1
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CO0 and Cl are the signals which determine cycle
and if the memory will be processing data in
Byte Write mode or in Full Write mode. Cl
selects Read or Write Cycle. CO selects Byte
Write or Full Write.

Master Sync, MSYN, is the Bus control signal
which initiates memory cycle when memory is
available (BVI).

Initialize, INIT, is used as a clear signal
before MSYN occurs. It clears the Control
Status Registers (CSR's) for bits 0, 2, 14,
and 15 (AAl).

DC LO, when asserted, causes the memory to
perform Refresh only. It also causes data to
be retained should the battery back-up voltage
be activated (BF2). A

Output Signals
SSYN is the Slave Sync signal. It tells the

host system that memory is on line and data is
ready for the Read Cycle. During the Write
cycle it indicates that address/data has been

accepted by memory for processing (BUl).

PB is the signal which indicates that a parity
error has been detected.

Bi-directional Signals

DC through D15 data lines are bi-directional.
These 16 lines are used to communicate data
information with the Unibus I/0 (ACl through
AK1l and AD2 through AM2).



3.3 ADDRESS (FIGURE 3-2)
The NS11lE Memory accepts a full 22 bit address with the least

significant bit being used to control Byte Write. The address

lines to the memory are single rail and the addressing mode is
random. Address signals are identified as A0 through A21 (See
Figure 3-2.

A0 is used in the Byte Write mode as the byte selection control
bit. Al through A21 can be decoded across a range of add-
resses from zero through 2,097,152 locations in memory. The
extention of memory addressing through 2 Mega Words is achieved
by the setting of Switch S1-9, that enables the buffer for bits
Al8 through A21 and allows them to be included in the address

certification process.

Four Buffer chips receive the address from the bus. The add-
ress is stable on the Bus for 75 nSec prior to receipt of
MSYNC, the Master Sync pulse. During this time it is processed
through the address selection circuitry (see Figure 3-2). The
address buffers receive and pass all inputs from the bus to the
Address Latch which is transparent until the Selection process

is completed.

A0 through Al7 are passed .through the Address Latch_chips. Al
through Al4 go directly to the RAS/CAS Address Multiplexer
where they select the Row and Column RAM address. This is:

discussed in greater detail later in this section.

Al3 through A21, (seen on the schematic as BAl3 through BA21,)
are presented at the Starting Address Select circuitry and
compared with the initial address entered in the nine switch
positions located on Switch S3. These nine switch positions

represent the minimum bus address to which the card can respond.



When the Starting Address Selection process is complete one of
two conditions have been recognized:

0 The address is either less than the minimum number
set in Switch 3, 1 through 9.

o Or it is equal to, or greater than, the minimum
switch settings.

If the address is less than the switch settings it is rejected
and no further action is taken. If, however, the address is
found to be equal to or greater than the minimum switch setting
the Starting Address Select function outputs a Normalized add-
ress. This address is the difference between the bus address
and the address set in Switch 3, 1 through 9. When the number
arrived at is less than the maximum switch selectable upper
limit for this card (from 8 to 64K) the +addr Sel signal is
generated. The +Addr Sel signal, when enabled by MSYNC,
latches the address in the Address Latch beginning the memory

cycle.

When the two criteria cited above are met, address bits NAlS
and NAl6 are presented to the Row Decode circuitry which sel-

ects a row of RAM on the card.

Signals BAl through BAl4 briefly mentioned above, select row
and column position in each memory chip affected. They are
multiplexed by the Address Multiplexer chip which transmits
row address then column address during a normal cycle. During

the Refresh Cycle the chip also provides refresh address.



The I/0 Block is an area in Memory that is usually 4K words

in size. It is normally located in the top 4K of Memory,

i.e., from 124K words to 128K words, using a Unibus interface.
It is located at the top of 2M words when interfacing with

the Special Bus (from 1.996M to 2M). 1In the I/O address space,
the Memory does not respond to Bus MSYN L unless the on-board
CSR or Error Log have been addressed. The I/O Block has a
Size Select Switch which permits selection of 2K, 4K, or 8K
words of I/0O space. This switch is set as a part of the in-

stallation procedure; (Section II)

CSR Address Selection is accomplished in the I/O region. The
CSR, seen by the CPU as an I/0 peripheral, has assigned
addresses which can be accessed (one of sixteen) by a Bus
Master via the Unibus or Special Bus. This address will
contain diagnostic and error information (error address to
the nearest 1K) if an error has occured. CSR operation can
be disabled via S$3-10.

The CSR starting address receives an enable from the I/O

region (high) and BAl-12 . S3-10 enables the starting

address circuitry. The output of the CSR starting address is
fed to the Read/Write CSR Control which receives the CSR

(1 of 16) select input. These inputs combined with +MSYN,
+READ 'OY¥ +WRITE produce -WRT CSR 'Or -ENB CSR. |

CSR starting address also provides A05, A07, and A08 to the

log Starting Address. The log also receives a high from the
I/0 Region, BA6, BAll, and BAl2. S2-7 is set high enabling

log access. There are four 16K increments of error log
addresses. The Log Starting Address circuitry output, combined
with the Log Select Signal are input to the R/W Log Control
which produces -WRT LOG Or +RD LOG. Log access can be disabled
by closing S2-7.
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3.4 TIMING AND CONTROL (FIGURE 3-3)

The Timing and Control circuitry determines if a Bus Cycle is

to be executed or not. It tests the condition of the memory to
find out if it is busy performing a read or write cycle, or if
a refresh cycle is taking place. A Bus Cycle can be delayed as
much as 500 nSec if it arrives after a refresh cycle has

begun. A unique arbitration technique for testing the condi-
tion of the memory is employed each time a bus cycle is ini-
tiated.

There are eight fixed timing sequences generated by the Johnson
Counter that are used to control the memory system timing. The

Timing Generator Flip-flop controls the Johnson counter.

The Cycle Flip-flop is set when the following conditions

are true; there is no activity in the I/O Block, -Busy is

not asserted, powerUp Sequence is not asserted, +Address Sel-
ect is present, the MSYN Lock Out Flip-flop is set and MSYN is

present.

With the above conditions true, a +Cycle Start pulse is present-
ed to the Cycle Flip-flop and the Arbitration circuit simultan-
eously. If a Refresh Cycle is not in progress, or if the re-
gquest for a Refresh Cycle .arrives at the same time as the

+Cycle Start (the request for a Normal Cycle) the mémory will
run a normal cycle. This causes the system to place any

Refresh request in a hold status pending completion of the
Normal Cycle. +Cycle start initiates normal cycle timing and
inhibits the Refresh Reset, insuring that any existing request
for Refresh will not be lost.

The Refresh One Shot is set by the output of the Refresh

Reset Flip-flop, which also resets the Refresh Request Flip-
flop. Airefresh cycle is run one every 15 uSec when a normal
cycle is not in progress. When Refresh Request is accepted by
the Arbitration circuitry the Refresh Cycle Flip-flop is set

and a Refresh Cycle begins.
3-11
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Refresh Cycle does not interfere with CSR or error log accesses.

3.5 REFRESH (FIGURE 3-4)
Refresh of the dynamic RAM's takes place every 15 uSec and

lasts 450 nSec cycle. RAM is refreshed to prevent loss of

- existing DATA. Refresh is accomplished by the selection of a
particular Refresh RAS Address, and inhibiting Row Decode so
that all rows of RAM are selected. A counter in the Refresh
Address Counter and Multiplexer increments once each time a
Refresh Cycle is completed. This counter sets up the RAS
address selection process for the next Refresh Cycle, thereby
stepping the refresh activity completely through the memory
every 2 milleconds. When the following conditions exist,
Refresh Cycle can start:

Refresh Request is present.
-Busy is not asserted.

+Cycle Flip-flop is reset.

0O O O ©°

+Cycle Start is not asserted.

When +Cycle Start is not asserted at the arbitration circuitry
and Refresh Request is present, the Refresh Flip-flop is set.
When in the set condition, the Refresh Flip-flop enables the
Refresh address onto the Memory Address lines and selects re-
fresh RAST timing. At the conclusion of the Refresh cycle the
Refresh Flip-flop updates the Refresh Address Counter, fires
the one shot and resets the Refresh Request Flip-flop.

3.6 MEMORY ARRAY (FIGURE3-5)

The Memory Array is comprised of 104 16K Dynamic Rams in a

4%x26 matrix. Each Byte contains 64kx13 bits of memory,
eight data bits and 5 check bits. Addresses MAOA thru MA6A
are common to all Rams. RAS and CAS signals (1 of 4) are common

to each row. Basic Array organization is shown in Figure 3-5.
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3.7 ECC (FIGURE 3-6)
The NS1lE has Error Correction and Check (ECC) circuitry which

allows single bit error correction and double bit error
detection for each byte. Figure 3-6 shows the ECC data
path block diagram. Each byte contains it's own ECC check

bit generation and compare circuitry.

3.7.1 ECC Write Data Path
During a write (DATO or DATOB) cycle the data to memory

passes from the bus, through the 8641 tranceivers

and is latched internally by S373 octal latches. The
Data-in latch outputs are tied to the "internal data
bus", which is labled as D@-D15 on the schematic. The
data from the latches is fed to the check bit generation
circuit and also the memory array. The check bit
generation circuit is comprised of several exclusive
OR/NOR gates (S135's) and will generate a unique

check bit pattern, based on the Hamming Code, for any
combination of input data. To provide single bit
correction and double bit detectidn, N+2 check bits
must be provided for every 2N data bits. Since there
are 8 data bits per byte, an additional 5 check bits
per byte are required, thus providing a total of 13
data bits per byte. Table 3-2 illustrates how each
check bit is generated. As an example, check bit @
will also be a zero. The check bit generator output
(Cg-C9), along with the data on the internal bus, is

written into the appropriate byte(s) in the memory array.



3.7.2 ECC Read Data Path

During a Read (DATI or DATIP) cycle, the sixteen data
bits DFM @-15 are buffered by two S241 octal buffers and
put on the internal data bus. The data appears at both

the correction merge circuitry (comprised of S135 XNOR's)
and the check bit generator. Another set of check bits
is generated and compared with the check bit data that
had been stored (DFM C@-C9) at the syndrome bit genera-
tion circuit. Any difference between a newly generated
check bit and the check bit that had been stored in
memory will generate an error bit called a syndrome

bit. The presence of any syndrome bit (S@#-S9) during a
read cycle constitutes an error and an error clock will
be enabled. S@-S4 are associated with byte @# and S5-S9
are for byte 1. An odd number of syndrome bits for any
byte indicates a correctable or single bit error, while
an even number (excluding zero) will indicate an un-
correctable or multiple bit error in that byte. If a
single bit error has occured in either (or both) bytes,
the correction bit generator will decode the syndrome
bit pattern and, through the correction merge circuitry,
complement the bit in error. In the case of an un-
correctable error in either byte, the correction bit
generator is disabled and the partiy error flag, BUS PBL,
will be enabled onto the bus. '

After passing through the correction merge circuitry,

the corrected data (if a single bit error occured) is
latched by the Data Out latches (S373's). The 3 state
outputs from the DFM buffers are disabled and the outputs
from the DO latches are enabled. The data then passes

through the 8641 transceivers and on to the Bus.



3.7.3 Diagnostics

When parity diagnostics are run, bit 2 in the CSR is

set to write wrong parity in the memory. Since the NS11E
is not a parity memory, the CSR bit 2 output is used to
complement check bits C@-C3 and C5-C8, which are being
written into memory. During the subsequent Read of that
data, syndrome bits S@-S3 and S5-S8 will be generated

(an even number for each byte). The error circuitry will
detect an uncorrectable error in each byte and the parity

error flag will be enabled.

The dip socket at location Ul31l, which houses the spare
RAM, 1is also used as the input connection for factory
ECC test diagnostics.

ECC can be disabled by turning switch 1-10 ON (CLOSED).

For syndrome Bit to defective RAM location see section II.

CHECK BITS DATA BITS
of1l2 [3]asle [z [8]o holrahio|1314d1s)

Cco X X X X X

Cl X X X X X

c2 X X X X

C3 XX XXX

c4 XXX XX

C5 XX X XX

c6 X X XX X

c7 X X X X
i C8 XXXX X

C9 o o, ., XX X XX .

TABLE 3-2

CHECK BIT GENERATION CHART
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3.8
The Error Logs main purpose is to store the error location,

ERROR LOG (FIGURE 3-7)

If a failure has occured. It is a sub-system of the main

system in that it has it's own timing generator and control

circuits. It is software addressable via the operators

console or maintenance panel. The error log has three modes

of operation:

20

l) Error Logging
2) Log Scan for Errors
3) Log Clear

3.8.1 Error Logging

Memory System is in normal operation and error log is
operational. On a read cycle if there has been an

error detected in the ECC circuitry, the +ERR CLK signal
is generated and sent to the error log. This signal
serves as an intiate for the log. Syndrome data (S@-9)
and row address data (RAO RAl) are latched and used as
address for the 4Kxl memory in the log. A "ONE" is

written in Log Memory at this location.

3.8.2 Log Scan

When it is desired to find the bad Memory a Log Scan
will be performed. The Log will be written via the Bus
and Bit 0 will be set. The Log will scan until it
finds a "ONE" In Memory. Scan then stops and that
address of Log Memory provides the error location in
main memory. To continue Log Scan Bit 0 must again be
asserted. This process will be repeated until complete

log has been searched.

3.8.3 Log Clear
After all data has been read from the error log and a
clear is required, Bit 1 is set and the log will be

cleared to all 0's at all locations.
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3.9 CSR (FIGURE 3-8)
The Control and Status Register (CSR) in the NS11lE allows

program control of certain diagnostic information (error
address to the nearest 1K) when an error occurs. The CSR is
assigned an address and can bé accessed by a bus master via the
Unibus or the Special Bus. Each NS1llE in a given backplane,
must be assigned a different address. Some CSR Bits are
cleared by the assertion of BUS INIT L as a part of the pro-
cessor power-up sequence. The CSR Bit assignment and opera-’
tional description is as follows:

The memory corrects single bit errors and detects
multiple bit errors. The detection of an uncorrectable
multiple bit error is used to generate the parity

error flag BUS PB L and to latch the faulty address
into CSR. The memory is compatible with all modified

Unibus parity or non-parity memories.

NOT NOT NOT
USED ED SED
STATUS T Er\ ’} |‘ T
REGISTER - -
BITS 15{14|13 |12 |11 |10 | 09]08}07]06 | 05| 04| 03] 02]01{00
PARITY Al% A{6 Alsgl4ﬁl3ﬁ12 Lll WAITE
ERROR OR WRONG
FLAG 0 0 0 A21A20A19 AlS8 PARITY
ERROR l I l ERROR
RETRIEVAL ERROR ADDRESS IND
CONTROL ENABLFE

Bits 1,3,4,12,13

These bits are not used and are always read as
logical 0's. Writing these bits has no effect
on the CSR.
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DO-(Bit 0) is the Error Indication Enable Bit. When DO
is logical 1 it allows the memory to assert BUS PB L. This
Bit is a Read/Write Bit and is cleared by BUS INIT L. DO

sets the PE Enable Flip-flop'that enables (CSR 0) the Bus
PB L Driver. : - T . -

D2-(Bit 2) is the Write/Wrong Parity control. This Bit, when
set, causes the NS1lE to complement the ECC check Bits when
Data is written during a Write cycle (DATO or DATOB). A
multiple Bit error will then be detected when this Data is
read during a Read (DATI or DATIP) cycle. The detection of
the multiple Bit error causes the parity error flag to be
asserted as if bad parity had been written. This Bit is

set for diagnostic purposes and is cleared for normal
operation. Bit 2 is a Read/Write Bit and is cleared by

BUS INIT L.

D5-11 (Bits 5-11) are the Error Address Bits. Once a multiple
Bit error has been detected, these bits contain a partial
address of the faulty Data that caused the multiple Bit error.
In Unibus operation address Bits All-Al7 are in CSR Bits 5-11
respectively, specifying the faulty Data location to a 1K
segment of memory. 1In special Bus operation, the address
placed in Bit 5-11 is determined by Bit 14. Bits 5-11 are
Read/Write Bits and are not cleared by BUS INIT L.

Dl4—(Bit 14) is the Special Bus Error Retrieval Bit. This
Bit, when set, causes the memory to place A18-A21 of the
faulty Data location into CSR Bits 5-8; logical 0's are
placed in Bits 9-11. Address Bits All-Al7 are placed in
Bits 5-11 when Bit 14 is cleared. 1In Special Bus operation,
Bit 14 is a Read/Write Bit and is cleared by BUS INIT L.

in Unibus operation, Bit 14 is a Read only Bit and is always

a logic 0 (clear).

3-24



NOTE: In normal Special Bus operation, Bit 14 is a logic 0,
If a multiple Bit error has occurred, the partial
‘address (All1-A21) of the faulty data is retrieved with

the following sequence:

a) Read CSR to obtain All-Al7. Bit 14 should be
read as a logical 0.

b) Write a logical 1 in Bit 14 of the CSR.

c) Read CSR to obtain Al8-A21. Bit 14 should be

read as a logical 1.

Bit 15 is the Parity Error Bit. When set it indicates that a
parity error has occurred. Bit 15 is a Read/Write Bit and is
cleared by BUS INIT L. A red LED is provided for CSR Bit

15 to indicate a parity error.

NOTE: The on-board CSR can be disabled by closing the (ON)
Switch, 3-10.

3.10 DC TO DC CONVERTOR (FIGURE 3-9)
The NS11lE employs a DC to DC convertor switching regulator

that operates as flyback convertor in a step-up mode. The

basic circuit is shown below:
I

L Dl I out
o —_— —_— -
vin(+53)o__fYYY7 ° ﬂ: —¢ —0
I, Dy _lIc

Te
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_]_ WIDTH
L MODULATOR RECTIFY
— ' - > P +12V
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I | T

TIMING -5V
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When the switch, S1, closes the applied voltage drops to

almost zero (Va=VS), and the voltage Vin-Vs is applied accross
the inductor, causing the inductor current to increase linearly.
Because the applied voltage is less than the output voltage,
the diode is reverse-biased and current cannot flow to the
output. When the switch opens, the inductor current cannot
change instantly and the applied voltage changes to the total
of the output voltage plus the diode voltage. At this time
current can flow through the diode to the load capacitance

and the inductor current decreases at a linear rate, determined
by Vout + Vp-Vin. Timing adjustments control the average

diode current (IDl) so it is equal,to the load current. The
diode current can only flow during off-time, so the maximum
output current is (Ipk/2) (Toff/Ton+Toff)' If the load current
is less than the maximum output current, off-time is increased
by a dead time with no current to the output. Input current
can flow during both on and off times, so the average input

current is always greater than the maximum output current.

In the above figure the designations correspond to schematic
reference designations as follows: L=L1, Sl=02 thru 05,
Dl=CRS, CR6, Co=all capacitance on +12V line.

Main control for the convertor is handled by a pulse width
modulator that controls on time, off time, dead time, voltage

regulation and soft-start sequence.



82-¢

UNIBUS

WRITE DATA PATH

BLOCK DIAGRAM

FIGURE 3-10
TRANS —
CEIVER
BUS DATA
0-15

DATA
LATCH

CHECK

po-1s | BT

o GEN CHECK BITS
k w
ERROR CSR MEMORY
LOG 00,2, ARRAY
(DO, I 5—11,14,15 DO~-I5




READ DATA PATH
BLOCK DIAGRAM
FIGURE 3-1i

l———*"DOG

BUS DATA
(Ol £5]

UNIBUS

TRANS -
CEIVER

ERROR SYNDROME|
CLOCK fa@—< TIMING BIT GEN
GEN
SO-9
ERROR ?[S0-9
ves [*¢
NO

DATA CORRECT

ouT CIRCUIT [

HOLD

<2212 (aTCH
@ 2015 DFMC O -9
- DATA >J i $0-9
HOLD | MEMORY
Y ARRAY
\DO =15 ERROR CHECK
LOG DATA
BIT DFM
BUFFER| 5 |5

CSR GEN DO-I5 >

(DO~ 15

!

—DFM ENB




£

UNIBUS

REQUEST RFSH
COMPLETE ONE [TRFSHIRAs/CAS MUX
SHOT ADD DRVR
RFSH COUNT|-ADDR_TO MEM
o BUS SSYNC L TIMING +ADDR|, e AlC14INORM/RFSH
AND B OUNDRYIAR-2! ADD MUX
. ') CONTROL B \
MSYNC L ,
co,cl RCVR LATCH L RAS
AO-17 . DRVR
" ml .
SYNC
R
@BE=2D Al-2| |A,'é'" DECODE CAS
SPECIAL BUS et DRVR MEMORY
CSR RFSH 64K X 26
CAS WRT
cs DISABLE
| BusPB DRVR CSR B0
3s
kY # B R MSYNC §RAT T
Al-2l S0-59
— MODE ERRO + ERR CLK B
GEN LOG BIT 2 R LOG ~ i A
- 3s |
BITS LoG OFM
01"2L$aus DATA BUFFER
BITS 0-12, 14,15 DO-7 IN 33
DB-15 IN
DO-7 OuT
D8-15 OUT 11y
WRITE |WRONG PARITY
cANTERNAL DOUBLE|BIT ERR 1
M A BUS = y
<-———9D0-I5 -
DFM §20-S ECC GEN [t
DIO-7| LATCH po-7[ LATCH ° CORRECT k=2 € CHK | o | DTM CO-4
IN |- < ouT ENBJCORR| g0 ~ | DFM co-4
3s 35 0-7 -
BUS pFM [po-1sTt Y559 CK BIT DATA
Do -15 ) DI8-15[ LATCH | | Ds-1s[ LATCH CORRECT|o 12 | | ¢ CHK | o DTM €5-9
<:_—>TRCVR N é’; > - 03UST 8-15 leENB CORR 81 < DFM C5-9




1

VOLTAGE TABLE

REVISIONS

REV | DATE ECO NO.

APPVD

B |7/w /%|PDD 3468

DEVICE TYPE |+5V |+5VB|GND|REFERENCE DESIGNATIONS
DELAY LINE 25NS 14| 7 |ulle
DELAY LINE I0ONS 8,14 |uI82 D
3524 6 | 8 [UIO5
26502 16_| 8 |UI30
3242 28 | 14 [UI07
4044 8 | 9 [ua3
8136 B 8_|ui56
8641 s 8 |U232-235
864l 16| 8 U236
8837 16 8 U227 —23l
74LS00 14| 7 [uno,i29
74LS00 14 7 |U146,159,221,225 —
74500 14 | 7 |ulz, 123
74500 14 7 |uisa
74502 4| 7 |ures
74502 14 7 _|UI80
74L504 14 | 7 |uie7
74L504 14 7 U528
74504 4| 7 _|uizi
74504 14 7 _[U141,151,186
| 74L508 14 | 7 luiis c
74L508 4 7 _|U145,224
74508 4 | 7 luize
BUS GRANTS REFERENCE DESIGNATIONS 74LS10 14 7 [ulao
(OKz —DL2 LAST USED NOT USED ;22%0 :i ; 3|22242
oMz ——CoN2 D i
(P ——(DR2 cioe €150 72510 2 7 U3
(bsz ——Dt2 CR9 74LS11 14 | 7 lune
A —(CBlI ) DS2 74LS11 14 7 |u223
GND T.P. Fl 74520 14 7_|uigzy NOTESS UNLESS OTHERWISE SPECIFIED. <+
/" 74522 14| 7 |ule4
T- T o) L 74530 14 7 |UI85,188 le CAPACITANCE VALUES IN MICROFARADS, 50V, 10 %
] Q6 74532 14 7 U148 2+ RESISTANCE VALUES IN OHMS, I/18W, 5%.
ACZ XATI Y(BCZ XBTT O R54  |Re9—R32 2l T 3. ALL DIODES ARE IN453I.
0T :)_j:’ RP7 740574 A 710119, 216=215 4. ALL TRANSISTORS ARE 2N3506. B
ECZ JETI LPCE XFT 1 S3 74L574 i4 | 7 |ui20
= 74574 i3 7 _[Ul47,160,161,220
U236 U140 ,142,144,177,200 UL P L T
7485 i 8 [U190 =l
74586 14 7 _|UI135—139,226 | =
745132 4_| 7 |ulez
AA2 Y BA? X CAZ D ’ - > +5V 745133 16 8_[U150
+5V PRz XEAZ X FA2 n +_[cu9o—|94, | €121,138-143,145,146,148,149,151,152, 745135 1 8 |ul70=174, 202—205
a2y 196 155188 745138 i6 8 [Ul53,206—209
) .4)71 745140 14 7 (U183
w25\ = (18X} 745157 16 8 |UIS5
. BRI o 74LS157 16 8 |UI32—134,154,194 -
+5vB(BR +lc'95 wed’ €3,9,15,21,30,36,42,48,52,55,61,67,73,82,88,94,100, +ove 745175 16 | 8 [Ul3,ii4
IS 104,116 —120,122,124,144,147, 153,154,189 74L5193 6 8 _|U213-215
T33% 47T 74524 20 [ 10 [Ui5
=20%  @ox= 745241 20 10 [UI75,176
-5va—t » -5V 745260 14 7 _|Ui25,189,212
.47IC6,|2,|8,24,27, 33,39,45,51,58,64,70,76,79,85,91,97,103 745280 14 7 (U210, 211
(18X= 745283 5 8 [Ul55,157,158
OV . 2V 745373 20 10 [U162,166—169,191—193,197,199
5 4 Cl26 7] C1,2,4,5,7,8,10,11,1314,16,7,19,20,22,23,25,26,28,29,31,32,34,35,37, 745374 20 10 [UI78,179,196,198 - A
25V = THRU 38,40,41,43,44,46,47,49,50,53,54,56,57,59,60,62,63,65,66,68,63, 75452 8 4 _|u20! WATERIAL G (o 712 L\T—S S ————
20% | C137 (68,Jj|,72,74,75,77,78,80,81,83,84,86,87,89,90,92,93,95,96,98,99,;ou,;oz Vo (3579 0 semtc b, S G, ct 55
aex) = = FINISH Py Py & ?\JCSH—E ';A|AET|C DIAGRAM
" Crcsere Dlelt 155y ByTE MEMORY
UNLESS OTHER SPECIFIED L —Toro .
TOLERANEE g e | 1870103839 (001
NEXT Assy USED ON ANG l i i RsmVSAinS AND SHARP EDGES. BREAK SHARP CORNERS o NONE ISNE—ETL 0F_|Q_
8 7 6 A 4 3 ] 2 ] 1



8 | 7 ' 6
| [ 5 v 4 | 3 | 5 1
R33 YELLOW
330 DSI ,’ l REVISIONS
+5VB== M REV | DATE ECO NO. APPVD
. . . R B SEE SH |
B | et i : A L L ! !
4D o5 Q2 +TI | 4D ale +12 spp CL +T3 cL +T4 cL C
>, 2P pro s S5l 510 55 QfZ 2o S5 alio *75 12l S5 alio +76 3o S5 alis*T e £ als|+7s
L2 9l si7e |3 S g";g 5 S %"3 . uia U3 una s u%?
PR aleT | TR —~E 5 SIS _lo__ | 93,5175 3 94 SI7s (i 94, SI75 _|I1 X, SI7s 14 9
= = ~H e SI7 4l |-T D
S04 ¢tk @ J_OCK a3 ¢k Q rPcK a eK l‘ﬂ%x ale TR @ .
[ +T6
= | ul2o 12 1 P JSH4
sHe[AI=EoCNT il (574 |8 '3|| 10 5 =T6 R JsHe
K¢ @ 508 120 PR glg R42  270PF +T4515He
13 ) 1 PO = +5VB + PWR UP H
= | UI65 82K 2| |o|6§]| oy I
na i 74874G§ 4 RX  CX U |sSHa |
+5VBa— : KoL = PO Q +- -T2
K 713 - U180 L322 o WSH4
s02 _ 1251 U7 \.8 -
- . 02 32 P | s . —Q[;DD CLK STOP o6
BUS DCLO 7~ —— Ty N X O3 5
BF2 geal| |is : —RES RFSH PULAC JsHe
! B —CLK_STOP + RFSHsHa
BUSINITL ! -+ - —PUSEG visHg | ¢
1 4
3 8228 !9 U7 \e | 1o TOVB |g0ouUT —CLEAR
; . 51500 S 1 1[Ui6 25K |7 —DC Lol-2en &
In o : U2l IN DIELAY Line [ L | +RAST [rol 4
= X 13 12 121 41101 6! Ui\ 3 +REH
= || e
J L +CYCLE 2
_ U7\l <
srrEsiama — |k s
SH4| C R45 —RFH
) 4e7K 2 ToveLeraE e
—LTCH ADDR/DATA <23 5
| L s - —RFSH , ’
3 4 TEN _ DATA B
2 .@ i—?mm 6| | o0 i'IQ:LSOO ' 2 X [ e DA JsH 5
SH lis22 O—EOC o @—4» 2p pro R4 [
36,8 [0 FEMSYN 2 LI uiz7 LS00 EJ = vizo | | | jolueas -2
10 ui22 JERTINNN o] , US| 3l 1 S74 SH5 =l
il 8 . 13 LSOO CK © 9|SI10 <
LSO4 2luie3\2 cL_Q —
uiel 9U|2| 13S10 “3 )'
TN
s0a 55 — Lﬁ‘s'@ e 2
i ulN,3 R26 W
MS RES 1337 A= RT8 THRUISEATsH 10
3 13—
4lue3\ 6 4 UM\, R20 —WRTQ THRU 7
21810 5lagy PP lejs37 e {AKJSHO [
SH3[E }HBCO [ 1o
SH3[F +BAO - ultl .8 ut27
CFF 2537 3D a4 i
j: I (S04
© 8 12 *~
: .% Sl 2 %21}3 BUS SSYN L 557
SH 37 [} =ENB CSR 5 13,500 50
sH g [ =ENBLOG 4408 LS S uI27 ik
SH 3’7 E '-W RT CSR |2 D P/O Q-g— 2 D p/o Q 5 |3 '2 MATERIAL _.i:‘:\vv\lcd 02'27'79 ms National Semiconductor Corporation A
—WRT [_OG U“9 U“9 LSO4 Mi 3-5-79 2900 Semiconductor Drive, Santa Clara, Calif. 95051
SH4,8L M% LS74 _|8 _3_>LS74 |6 FINISH 33 ; NS—1I1E
SH3,7 [M -EWRITE KL CK oL @ 7 [ 128K BYTE MEMORY
SH 3,5,7@.’. READ YIS YI /,“/ UNLESS OTHER SPECIFIED L
) TOLERANCE PPCED OF PLATED FINGHES, | C-UDE CHEMICALLY P - 1
NEXT ASSY USED ON ANG. [ 2PL I 3PL REMOVE BURRS AND SHARP EDGES. BREAK SHARP CORNERS D 870 I 03839 OOI
8 7 6 scaie NONE  [sueer 2 or 10
5 A 4 | 3 | 2 -
| 1



' 1
5 4 3 2
8 7 6 + REVISIONS
REV DATE ECO NO. APPVD
B SEE SH |
=L TsH6
+BCO g2
+WRITE
M_ISH2 7
VI B 3] e —on + BAOj'___]{—T—,SSHIZ
- U124
BUSCIL 5| TYP |6 ClA - 2 +READ i IsH257
BB A0 Bl vear [IE20 o0 L ETYSCTeTe R
8837 [0 a2 ( - PUS AR ISH468
DB DA cO a1 CO - 1=9 i ap K
L/ BAI7 Gy 4 (_BAI3 6lg) (4 oS! RPI-9 ,\p K4 |
7] g o6l 5! s si stz REL2 K]
A2 UI58 BA 14 2/—\2 uls7 | RPI-3 1K
(BA 18 IZ B sp \- - B2 s? o8l=3 ,
4 -
A —A3 S283 Sl-4 RPI-4 IK
BAI9 1502 32823 13 \_BA |5 5z <3 o LAAN
@hBUS AQ3 13 12 _A3 - 28 B
=—BUS AO4 |15 14 A4) 12ing 12ing =
@KZ BA20 g 54'_0 BA 16 Hina 10
BRI HBUS A0S [ 1] TYP [10 A5) - B4 4 - B4 4 S4 1
EBLE BUS A0 [ 1] j5p9 |2 A6 . E BE o !
CBLIBUS AOT |3 4 A7 | LSMas s C
@:@BUS A08 5/ 8837 |6 A8 02 Y uiss
= 55 3 +5V gAz soH—
) o4 i " m ig 5283 |5
NCOA T3y 318 o2 |_RP3-IO K4 5 23
\CIA 8, U9l 9 6 _ B3
ap aQ o=~ RP3-2, 5K 12 10
\AQ___ 13]g; S373 5|12 oL Ad s4flQ
TEmN 14 A9 Al 520 SN 8 RP3-3,,, 1K | ga
(BRTOBUS A%9 :5>D o AN (a7 S0 IQm % NAI7 3, RP3-4, ., IK ca
CBNZ HBUS Al ' 2 2D 2QRE——70N ° ST NAIS 2/UI89 — ——WW—% 9 4+>MAX
—S—<"BUS All 2 TYP |12 Al A3 17]5 7q[16__BA3 RP3-9 | RP3-5. 1K [ASJsH4 [€
CBNI ) a_n) Yaa g - 19 BAG) = +5V NAI9 1) 5 I A S | NAI4
55—~ BUS Al2 3 U228 fe} 8Q BA2| 9 IK -6 1K (AT JSH4
CLD, 6 a3 Va5 14 15 BAS5) L RP3-6,, K|
@m BUS AlI3 5 8837 A AV 6DG OE6Q BA2O 12 y187 RP3-7 K NA IS @]SH a
@?2% BUS Al4 ! 2 A4 5 BAID 13 8 | U226 W NA16
Re ) DB DA TN f BAls 101520 _\)D\,) RP3-8, ., 1K —{AV |SH 4
9 2//s86
! BA2] ! —{aw]sH4 | B
- U225
1 I 225
A 14 15| BA6 10]U225\,8 L1 13 U
o izl U192 S par Y LSO0 [_54 2lLsoop® 2l soop! 5 U225 N~
BRT).BUS AI5 5 DDFQJ*‘S\ (a8 |18 S373 gAlI9] BAB) P gﬁ:g . S uigs uis2 oV 4 LS00)S AXJSH 4 s
555 BUS Al6 13 12_ale) Vao 3y ale BAQ NG | 8 ! 2 {AY JsH4 |—
BSTOBUSAIZ_ L TYP DAY A0 [i7l7n 7Q[i6LBAIQ] BAIA 21220 Lso04 RS2 RS | U224 {AZ]sH 4
— U230 = All 4lon oql2 BA“\ " BAI 578 4 10K 10K 3 3,U222
3 4 a2 |7 6| BAIR o o 2|Ls0g/) 4 6 —WRT CSR
15| 8837 |ia b 7= 3D 3Q ™ é PR — —{ K _JsH27
DB__ DA @ G OE N | BAle s 4 U224 —2
7 9 L9 L 52~9 - SO\\G 0 U222
L | BAZ E’q 1508/ |'C')|_SIO —ENB CSRpshe7 |
g 52160 5 BA JSH4
rAl4 3D Q2 BAI4\ - 13 (BB |SH4
BUS AIB 5 Do [as[8lap U193 4qle] ean] BAII g2 | —1/0 BLOCK {2
CBET ) BUS Al9 5 6 _AI9Y YVas 4 S373 oql8 BAIB UIge 141U150
= BUS A20 11| TYp [0 a2\ V4, 2D Q 2 S04 yis! CSRADS rBEisH4
CARL ) 2 a2) [AT—hE  3a—BAT BA9 2 08 = )é 3ot CSRAD?
BUS a2l 13 u23| 0nr 14, 6qls BA18N uisi Leng _11/S133 €04 {BD]SH4
15] 4 (a9 |13 12l BaI9 BAS o8 112 CSRADS
8837 |2 % 5D 5Q N [BE|SH4
i e [A20 175 7q{16]BA20] UisI Leo, 7 A
'Ross LB o A2l l8 8D 8Q = BAZ'\ BA7 ! e ['—Q MATERIAL on o JCJ 022779 @V National Semiconductor Corporation
+5v 7 '9 w T G Ot ‘ uist S04 2 - “:?‘74]4 /- 3.579 mh 2900 Semiconductor Drive, Santa Clara, Calif. 95051
si-9 | u186 7 E___ BA5 13 12 PR T - [ NS — 1IE
O oS 110 a 4 UiBEL <04 L . L 128K BYTE MEMORY
SHZSI:AD —LTCH™ ADDR/DATA S04 1 UNLESS OTHER SPECIFIED — :
SH 7 [AN}EPAR e e s e | D | 870103839 |00
NEXT ASSY | USED ON e i AL e F soae _NONE [ sueer 3 or 10
3 2 1
8 | 7 | 6 ] 5 4 4 | |



8 L 5 + 3 2 1
REVISIONS
REV DATE ECO NO. APPVD
B SEE SH |
SHe[w =12
. (~CAS ADDR) ]3
. BA| o[ oW +MAOA THRU +MAGA =519 0
YT —
o BAZ Slar ENB O Qobll +Maoa/
i —]
B2 ___The ui07 13 +MAIA
S woo———=¢ (BA“—Q‘A3 3042 Qp2— TVAR
X BAS gg pa Toplz  +MA2AY
_ © A5 _
" 9 +5V gﬁg 2|$ A6 Qzpl8  +MA3AY
Wi 'BAG g ig Qabl? +MAGA J
\ 'BAIO 8 =
__howmo_: N 2190 Qspl6 +MASA A
N _
|_BAI4 5% { 'BAl2___ 22 Al Qgp!9 +MAGA J
wi3 ( 24
BAl—BAI3 BRI = 2:%@_‘ RFEE
- BA y f UNT _E
SH 37[AP |
SH2 X |tRFSH ™)
SH 2 [ABERAST
g:i 2; 2 uee 2 RT LOG
[ —-W o)
SH 368[ARIEYS LsioP T |sH28
SH3[BA}
SH3[BB} RPI-8 IK 13,U223
SH3[BE FCSRAD 8 1 HE +RD LOG rgTsH 8
Lsit)
SH3[BD CSRAD 7Y
SH 5@CSR ADS
RP2-7 IK
+5V
s:c')]'BK SH8
{BL]SH 8
RP2-5 IK Uige Ol L Ul%g RI9 A1 15 —RASO
RP2-4 IK S04 R27 SI-7 UI09
+5V SI-8 1 8 RI6, 15 —RAS|
RP2-3 IK A 0K o= 9lsa7 P AN [BN]SH 9,I0
RP2-2 IK T2 ouT S \ = CSR ADDR 13, —UI09 oz s
DM8I36 5155 G — 3 R23 15 ~RAS3
o821 ;6 [—égg ui54 oyl7 Ha YOO’S ! s@ ZAAA- [BRISHS,10
Se2-2 \BA2 3 o 2lia 7 2 14 4, —UIo8
$—o 0 B2 3A LSIsT 1, VIR BN ST U— 6 RIZ,,A15 -
- 3 NN CASO
"“’O/Ogg-i B3 ik i —3c 2 :g 507437 WA =BS IsH 90
0 0355 B4 “o12A 5 =, 8138 Y3p & o —UI08
— 032" BS Mg 3yl ——94eea vapl 8  RI8, .. I5 —CAS|
o o528 B —8an —2dees  Y5pl0 07437 AN [BTISH9,I0
BS sTRB i3 12 B 9 -
4h0/_0§2"7—_ _|_7 —48 aqYr— ——Gl v7 Yo~ 4 12~ ulos R25 |
= = 77 13]7437 )" e —CASE[BUTsHYI0
SH 3[AT ) :::g " UI52l | —UIo8
SH 3[A 3 R24,,, 15 —CAS3
SH3 Ae NAlG (504 2 7493 (BV]st 10
4,U223 -
g:: 2\:(/ +2>MiN 51 \e +ADDRSEL
3|LSH/ {C JsH2
SH 3[AS] +> MAX 54u>15% ___
SH 2 _Z_E._‘ _RF’ H LSOQ MATERIAL on 8y JC\J 02‘27'79 NS National Semiconductor Corporation
SH 2 U +T3 w{/ / LI 3,_(,7 i 2900 Semiconductor Drive, Santa Clara, Calit. 95051
sH2[p 16 FiNiSH = [ NS - IIE
e L 128K BYTE MEMORY
SH 2,6,[§—H_—|[ +RFH UNLESS OTHER SPECIFIED L o '
- - TOLERANGE APPLyEno:RPEIi'Y‘:Ié«:FTrEEi{?D. INCLUDE CH:M‘CALLY D 870[03839 OOI
NEXT Assv USED ON .AL 2PL iP-I; RE;A,O;V‘E‘ABX\TIRRs AND SHAI )GES. BREAK SHARP CORNERS o NONE ls"ET‘i O;I_O
8 3

2 I

1

la]



8 7 | 6 | 5 v 4 | 3 | 2 1

SH G‘ BW CORRO —CORRY 4 % 2q 5 DO REV | DATE REVIi:Z‘sno. APPVD
\__CORR4 _2j 3 CORRO 2 3 | 8lapUIEE 4ql2 DI ) B SEE SH |
S v 00 il v Blog . aqle__02)
. K (CORR5 14],, U203 , i3 CORRI__ 6lpg U202 ,, |7 13]5p S373 5[l D3 )
1 /Q5___L5.48 S135 (D_l_.._._QZA S35 _560 6Q.|_5_._
T4 D4 - CORRG 6 2B 2y 7 CORR2 10] 3A 3Y9 —73D 3Q_6_
(_JCORR7 _10f5, 312 (CORR3 154 ayli3 3|0 Ql—
ID‘g N 0?7 ll3g B D3 14]n “TG OE::|
h IC 3¢ Ic 3C '
15 OV | 2c  ac 2C__ 4ac
06 4 2 4 12 455 2ql2 D4 J
R54 14 ) ule7? gq 15 D5
7  2al6 06 Y
Is 10K 7120 5373 3Q ~
D7 7D 7Q 16 07\
N 3 1D |Q§__
| \ \ 8lap 4QP2—
6 17 18lgp 8Qfle-
NIO 45— 4q] DA
N |77DU|997Q 4
\1_2___&505373 5Q
NI 8l4n>°"04q
MBD 8Q
NIS__3Ip 1Q
NIG6 4 2D 2Q 5
(177
6 og”
SH o[BX JREMO ZDFMT 89,10
—'qu?D U168 7Q:5£
CORR 8 — CORR 5 —=130 3Qr—
SHG[BW _8 9
| HeEE .
~ 4 5 D8 A
2D 2Q
08 2324 o g 2 1315 sqile {09
A 5! 1 1IC 3C I 3C 3|20 > DIO
amcaal ) eC  4ac eC ac 1ala3 e
18] ' E N3 |112 (__CORRI2__ 5|y, U205 ,y|7 \__CORRE 5|5, U204 y|7 46D - ¢ 6Q /
DS | 2 D13 |) DI2 6o 08 o8 135 T i
d Ly T N | o ales Sl \(CORRS 105, S5 e i
1 - D ’5 48 D 1 B
JEENE—T|
B 19 1/ :L‘>¢ 5 LS \_[CORR14_10]5, aylo \_fcorri0 2| WK 31D Qe
DIOA 21 l|| DI \ D14 T B L DIO ] 1A 22l5p uie9 5Q &
™4 ! (_¥corris (), Wk (CORRI 1 avli3 70 Q-
10 | ! L‘>C io| 114 DI5 A DIl Blag 4lop S373 pq5
DI . 5 [DI5 @ O 814D aQ2 DI2
4: o : N 18 3D 8qH2 DI3 J
1 ' 16 115 46D sQr2——pi
J 9: : ~ rJ 7 3DG OF 3Q6 DI5 A
[}
1 i
_ o) > L . = )
L= 4 +5V
BUSDI2| = = DFM8 170 2val3 D8 4
CARL ) e0sD I8 largn eqlis D8 ) AP K DFM8 (" DFM 9 135pa Uo7 DO
2L2 ) Bus oia N2 Bisputo7 sQfiz D [RPeT 0K ppmo |/ DFMIO 11|50 5241 pyy[9_DIO
BUS DIS| 70 Q== N N DFM 1 6A3 1y3|4_DilA
@ \ILI—S4D83734G9—-D—;/ GD-—FEDJG\/VQ\, 10K DFM 10 \ﬁDFM 12 8a4 1yall2__DI2 /
N2 85y gql2 D LRPe4 0K pFmiI Y DFMI3 I5[2A35  2Y3[5_DI3/
NI2_4pp g5 DB RP6-8 0K prmiz Y .DFM 14 alne  1y2[l6_Dl4
NG 3lp g2 T oA ~{ DFM IS 2ilal 1vilg Dis
A (II5 73D 3Q 6__DIS) * AN DFM I3 \/ |'§)G 2G|9 ol =
Rp7"4 |OK MATERIAL on e 02’27‘ National Semiconductor Corporation
—LTCH ADDR/DATA < Ot A DFM 14 Tt 250 st D, S G 0, 01
SH2,3 AD o READ . Iy I RPT-2 10K prmis ) var o e 2072 NN ==
SH2,37 N DFM ENB L A ~ o FINISH € - NS—IHE
SH 2 [AH t=al= e ' 7 L 128K BYTE MEMORY
SHIO|BY ‘_.r_ v S04 UNLESS OTHER SPECIFIED L T :
SH 2[AF J=PATAHOLE e s D | 870103839 00
NEXT ASSY | USED ON — 015 MAX. ’ soae NONE __ [sweer 5 or 10

8 7 6 5 A a | ~ 3 | 2 | 1

Tal



8 7 6 5 v 4 3 | 2 1

REVISIONS
SH +RFH TMOD WRITE Rev | DATE ECO NO. APPVD
24 (BRI~ B SEE SH |
SH2[ S
—-T6_
sH2[ R
+5V +5v
A Rrea-3 10K pey Emcs RP4-7 1ok A b
4-5 10K . RP4-6 10K
+ RPAAOK DEMCI | DEmMce RPISO 10K §
4 RP4-2 10K t RP5-2 I0K
8K 4 RP42 10K pEmc2 | DEmMC? }
sHI[T FCIA 2D p/0 Q5 ], RP4-4 10K pEmcs [ DEMcg RP5-3 10K
ular 10 *— M\ ~3~ A ]
sH 2[CrJECYCLE Sk S74 o I [RPE;R,0K_DFwmea JoFmce RPAZE 10K
cL
ul47
SH2[AL] —CLK STOP T' "I_léxsm 68_
cL
SH =1 PU 013 +PAR FRCE rehisn7|
3480AR | +M3§YN +ERR CLK rresHg
2,382 JDFW CO —DFIIC )
g , SO=59 = sHs
7[CB}FWAT ERR SO 1 vobls_caerr ksl i, Yobls__COERR 45y
5,78 BZ SO | 2|, A NS | 25 v b4 _COERR  ks6| 2jg yibl4___C5ERR
910 DO D5 S 1]s 20— (S2 3lc U208 yop3 CIERR  ks7] 3|~ U206 yopl2  CGERR R48 c
THRU LD6 CO 12,39 52 | 12 U21i yzple__CORRO yzpl2___CORR 8 oK
DI5 QDI ui7a uiz3 1_SOAS3| i}l $280 S138 11 _C2ERR S138 1l CTERR) LO=ECC OFF
yr yI73 (1 oemco 13))sse D y4pll Lo 4o —LEE
D3 ) ,O@— 9 | 12— UI38 \S4] 13| S3 ddcon y5plO__CORRI| 4S8/ 4.5, ys5hlO __ CORR9 L 5—=Si-10
13))sge Q! 9 UB‘% o) Lidc L 5dcoB yeb2_ CORRDY +5de2B Y6:9 CORRIQ)
174 UI73 ¢ DFMCI 8la 6 7 ) 6 7 \ =
UI7a uI73 ,3 9. UI38 ¥~—LO) o 5 ©! L © i ulal
8 ciffca  2,—U39 B SE TINNSTo!
10 r@‘g@a s2f M1 "
Ir S04
€3 5.._UI39 - (SO | 15 C3ERR | S5 1| |15 CBERR
ui7a ur73 ’l::)omcs 6 S3 S| 2@ "ﬁﬂm CORR 31 lS6 2@ YY? 14 CORRII <
U'74 5 urr3 uI38 4 5| 1l 6 Ss2 3e U209 yopl2 CORRA [S7T1 3lc U207 yohl®>  CORRID)
O SI35 =& E@l ' 3 colJca 5 —URT_ lsel ol 0P - v3b/2_CORR & - ysbl2_CORRI3)
4 2 { 6 _SHS7I 8 uzlo SI38 2P| si38 Y30y \
174 4. UI73 ¢ FmC4 L1 Oin Yap-— Yap—
6 C3 sshso] 4 L[5 5 CORR?) L5 P9 CORRID)
D"' ' 45 (DFMCS |3 2 i2); s3] Tel®  yob7 ss lelor® VT B
\D5 ~—25 G Y7, L Gl Y 70—
4. U172 Ui36 - H . :
2| ———jDi a5 DFMCG no’ Ho e N CORR O —CORRI5
§ > SI35 B 13 N BW |SH5
Bfg 2)Jsi35 7 Jcz 2 u&sg o L F {BW]
N DFMC? , - 3 S
(D14 l::) ] MCO —MC9
17 '
D9 I um Y70 uI7o fce 55— ¢ . -
DII 10 @_ 12, — U135 DFMC8 4 f
E)’u Qllcs o —ui37 \JECO 2, Iyl4___Mco 4 wmcaf K Jec8 2|, Iy
um UI70 ¢ - 8 s9 (CO 3 g3
uI7o S B 1B
DIO I |3 9 yizs OFMCO | NJECI__ Slop UIB3 oy(7  MCU 7 MC5) ECO 55, U132
8 c6 2A 2y 2A 2y
] DIz 2 0 . | BS—teB s 7 | ol e LC—9-—|6|-23 Ls157 | |
2A 3y = —13A 32—
\DI5 A N2 04p 105
D9 ui7i U!?O T NECS 14y 12 MC3) 12 MCY 42 12
Um UI7O SEE e e EN ¥
DIO ) = 6 | ui35 | 6 D 41} —24B s
014 2)ee > eco 17 B T T
Il uI7
DIl Ui i3 UI7O % 4, UI35 ECI 13] UBL hal Ecs 4 T
:) D.e c8 EC2 |4 13| EC6
g:g 2 EC3 |5 12| EC7 / = A
B EC4 6 l l EC SJ MATERIAL on &Y \.JC\J 02-27’7? m Nationali Semiconductor Corporation
DIO —') C9O L ) 7 10| EC9O J _;E%% 3-5-74 | 2900 Semiconductor Drive, Santa Ciara, Calit. 95051
[DZ n)§3|35> DS'35 e 2 ~ FNiSH p NS—IIE
R43 | = L 128K BYTE MEMORY
+5V N~ UNLESS OTHER SPECIFIED e :
10K R e v s cmass | D | 870103839 |00
NEXT ASSY | USED ON 015 MAX. scaie NONE |s.4551§ or 10

8 | 7 1 6 5 A 4 3 [ 2 | 1



8 | 7 6 5 v 4 | 3 | 2 1

+12V TEST ' Revisions
@ CRQ REV DATE ECO NO. APPVD
‘ * 1 cos I O‘Wé‘o-——qp__jﬁ__j B SEE SH |
VB¢ N Fl R LI R7 33 ers | L e MPTE 12 L
Ve +]_ C”3l g.o\/ Lcnz I50UH 2.2K lzssv,eo% w3o—¢ -
CiI5 a7= AMmP 47 iawl o - INS8I7
33 * 15 = |/ A ¢ ¢ CR6 C|O7 * 6W4\C o +|2V
35v,20% = Beer VIN  CI e . 33 +I.ng8
‘\| IN58I7 35V
= 242K c2 3 SSV —»> —5Vp
1% 2\t ! Fﬁ Qs 0%
RI3 ulo5 El—e CR8 =
RI2 L 8.87K 563524 o4 | ¢ " * Wi —5V
2.2IK 1% 1y E2 CR7 * as ohs %CR3 CR4 lc%gs
% R0 coMPI2—9—— 5 22 _Hasv we'
2.2IK 5 R 35v,20% 20%
. —CL cl IM 2 a CRI
% R R3 R5 LR
1 | S - +cLla :880PF . | | | | ) IN523IB IN5817
= - CT 0OV 0sC v y vew Jizew Yiew Y ivew L =
|3 RI4 +|Ch4 =
RS9 24TO0PF a7k 4.7
10K 10V,20'% 3.UlI2
o . -+ > 5 6 _+WRTER
1 +5VB 4lLSi1) ERR[CBsHe
(AST =5V TEST R28 +PARAN]SH3
53-10 1K 12 Ull8 ul2l
s s o o . I sPs 12139
SH2,36[ M FHWRITE = 13| 508 3
sH 6[CD . £PAR FRCE so4 2
SH 2;3|:K—_z—‘ —WRT CSR
SH3,4AI|_BA2I ~ - \
DO—DI5
SH56,8[BZ
9,:0D h b 1 )
SH2 35 N -EREAD . 4 ™) G | I
[N} | I
\é)f“ i'A S 1yl4___CSRS/ |09 2| \CSRS__ 181y OE aql2_D3/ 3, OE Q2 DOA \BAI8 1815, OFE g4l D5/
. ] B uiss | com - e [CSR6 17| Uigs 7 I6__ D6 750 ez a6 D2 (BAI9 1715, 2Ql6__ D6/
06 55, oyl7___CSR8; D105 (CSR7__14|5p s> D7 Blsp Y62 ol DI/ [ BA20 Jal, U198 (05 D7
\_JBA2_6elg | )57 W A CSRB_ 7|5 S374;0[6 DB/ 17[5p $373 336 D14/ (BA2I 715 $374 30[6 D8/
BAI3 1035 BAI7_I0 CSRIO _4l>n oq15__ 01 [Z1e calls___ 03/ 4lop oq|5_ DI/
\BDABI4 :g 2A ayll2___CSR8) tDIS 14 CSRIL _13[cp) sqll2_DIl al>g 2Q5__ D3/ 13125 512 DI
- | B — . 3o . \ale_oi2) 8l4p o EIGTE 35 ale_bi2)
8 G CLK
- — - +PAR_ERR
@BUS PB L
_ VA
‘[: S04 | —ENB 11—17
CSR O .
] - +CSR2 e
+ 5v<—5/33' R 4 U159
.- » ’ . 6 —ENB 18—2I
5k E ; p [
Do 2l SR qls_ i2lp SR qlo | 2b &g Ql5_ D4 12p 57 qlo o UI59
U16l ulel U160 U160 10|LS00, 8
3| 74574 _|e _ul 7s74 8 | 3| 74574_|6 11| 74574 |8
ek .. Q ek . Q tK . Q e Q
cL cL cL CK oL —CSR2
~CLEAR j( 13 | B CJ]sH8
SH2[Z } - . = LT~
5 g?}e hd MATERIAL OR By \JC\.J 02'27‘79 N National Semiconductor Corporation
cm o 3-5-729 2900 Semiconductor Drive, Santa Clara, Calit, 95051
LS04 FINISH - - NS—IIE
ps2 /) R2| !
L 128K BYTE MEMORY
Foe e 336 s omen s b o ~
o TOERGE | N e | D[ 870103839 00!
NEXT ASSY [ USED ON il 015 MAX ' scale _NONE lsnzi’rl_ or 10

8 | 7 6 5 X a T 3 | 2 | 1

a



6 5 v 4 3 2 1

REVISIONS
REV DATE ECO NO. APPVD
, < ) ) B SEE SH
Al LAOY 3 LAY lss 15 (LAO | \LAO__18[5y 19 DO
g a1 852 LAL 2 LAS/ so | [ (a2, (LAl alo) U178 535 D)
LSI93 36 LA2/ 6 LA/ 10} \LA2 3], U143 | KiA2  7],0 S374;006 D2 —STRT N
C Qc A2 3D 3Q {CH]sH
QDIZ___LA3) 7 _LA7 9 \LA3 45 4044| KLAZ 8 2q2__D3
BORPS o3 4 LA Sirg NLAG 311D e—DaY hias  afo o508
CRY'JZ L 12 5 \LAS 6A5 £7D 7Q 16 D5 \LA6 13 5D ulz9 50 2 D9)
e NLAS  17lAg NLAIO | 14l5p eqH2 D6 KNLA7 laloy S37454l15 D)
||4 I L+RESCNT lll} LA7 16 A7 \LAILI 13 5 5Q 12 D7 \LAS 7 2D 3 6 DI
L T—LOAD NAS Diag OF CLX (LA9 8l 202 D)
\LA9 14 AD W 8 | 1 _3p a 2  DI3Y
LAIO 13610 Zfg Loi4 [ 17),0 7q/6__DW)
\LAIL l2iay S LDIS | 18l4 8Qllo__DB) —
I D Q 7 T © C%g CLK N
LTCH DATA ] I Tu
¢ DO-DI5 _SH
9 Ul8o o L \_ B2 567,
115 O ) 89,10
- 12 ;.‘P B (B2] .9,
sH2[YJ—FPUSEQ oS¢ alio 8, uigo EOCNT A JsH 2
- 86502 28MIN J>L8004 12)502 %> i2—E%! uees
PUI 13 - v
SH2 [AC]H . %o oy G 9 LI 337vp —_I—START M 13 I ENB LOGIj o 2
14 LUI49 I U2z , o
R40 i3 :)D_ uis ul
+5VB=. e 2|LSIO 21500 13N gl2 3 od
. L [ o Lso4 “1s04
SHS,6,7[BZ 122Dt y ‘ LDIg l
89,0 } g2 o bio do [ s r!’;? a S SR 5
PR
DO 2p g0 Qs 2D 55 Q2] 12D 55 Q9 12D p/5 Q2 L12p 55 Q5 J:%D /0 Q5 2P g Q5| | 12D po QP 2o 55 Q2 +al 2D 55 Q5[ +G2
Vst U218 U218 — | U216 = | ual7 U216 = | 217 U220 = | U220 U219 u219
SH2a[ [ =WRT LOG UM 3L LS74 |6 i Ls74 |8 ol LS74 18] “HL LS74 _|8 3L LS74 _|6 “3L LS74 |6 43L74574 |6 “1L74574 _|8] 1LLS74 _|84=Ql 3L1S74 |6]-Q2
f CK o Q Ko Q@ K o Ko Q@ CK oL K o Q Ko Q] tk o Q tk o, Q e
504 ! /13 3 713 [ T [ 13 U3+ L RUN T
+RD LOG +5v
H B ST o8y
SH236[ D P > L | e
+PWR Up o U8 '@. Lso4 4l 8 220
- 8
o o be Lo '08 . | LIS || uig2  DELAY LINE |
= - .— N R
srelan L READ +0ae 3 |o’8 I 100N R49
9,
Pg—T +LV:JT£E i@o‘ 2 BEEENECEE] 270
RP2-10 5 e e/ 8 9,Ui49 =
+5V 10 q 10 8| —LEOC 9 -
IK T LS@D LT6
PU3 , l 51ui83
SH34,6[AR * a 6
2is1a0 '
F —LTI0
_ 9,U223
usl [ 10 @ 8
N0 [ongLsi™
(504 1 7 +LTI0
MATERIAL on &Y \J C \.J 02-27’79 National Semiconductor Corporation
:"?yj«% 3-5-79 ms 2300 Semicanductor Drive, Santa Chu.rl:lil. :Sosl
FINISH T ; NS—IIE
5,U149 L 128K BYTE MEMORY
711 -CSR 2 3 6 UNLESS OTHER SPECIFIED L
SH 7 Cd LS'O b s1ze | DR. NO B
+ ERR CLK 4 ARE IN INCHES AND INCLUDE CHEMICALLY
SH -(T-‘ TOLERANCE APPLIED OR PLATED FINISHES. D 870'03839 OOI
6 _____J -—r"_Lso . NEXT ASSY USED ON ANG. I i l l REmv!EAABXURRs AND SHARP EDGES. BREAK SHARP CORNERS o NONE I s@_ OF—&

8 7 6 5 - A 4 | 3 [ 2 | 1



8

1

SH -
6,|O[__(;EMC O —MC4

sH 5, [EZ =Dl
67810
+MAOA

THRU
SH +MABA

4'|o

SH
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127 Ofo4 160101770~001 [LocTiTE
128 4 lo4 790002971-001 [TEANSISTOR PAD Qz-5
125 3]04 215100496-003 | TERIAIMAL
140 ! jo4 980103715~00) |STIFFENER~-EJECTOR
141 & lo4 230100055 -006| SCREW,4-40 x 3/a8L6 PH
42 105}04- 214102685-003]1.C.SOCKET; 16 PIN Ul-104, 13}
142 1 Jod 482102598 -012| 16K RAM Zoo NS ITEY]
144 1 Jo4 2114103006 -008|T.C. SOCKET, 2.8 PIN Uo7
NOTES:
ASSY
USAGE
REF REV C E m}js _ -
" FPD .| PCO _ S =
B R 123 1 BYTE MEMORY
SUT Y qsur 1 lHT
ﬁ;ﬁ;’;;\f@;“r.b;;i DESIGN DATE APPR — L, T - -
cutc;m ' DATE | APPROVED OATE % National Semiconductor Corporation SIZE | Biu OF maTEmIAL NO w2l
2900 Semiconducter Drive, Saata Claca, Catil, 95051 980103839-000 o 10
vome e seA

UNIT 01 ¢ EACH 04 ¢ BULK A wiTnem RELEASED FOR ASSEMBLY | B'LL OF MATERIAL NO. UNIT 01 e EACH 04 ¢ BULK AeWITHEM RELEASED FOR ASSEMBLY | B'LL OF MATERIAL NO
e maiee W ntnne | 98010383 9-009 @i g [WoR e | 980103839 -004
l::: QUANTITY PER AsstmeL u;;' Klt':' ‘;;’ R“:::Lc"s":;::"“w TITLE/DESCRIPTION o“é"&' REMARKS ‘r’:‘u, QUANTITY PER ASSEMBLY "31' K:,' ‘;7 ni!;::;;u:(:é:»lﬂn? TITLE/DESCRIPTION D“:;G_ REMARKS
NO 000 | meas NO 000 meas!
97 \ {od 470100611-055 |RES €€ 4700, YaW, 5%, R8 113 2 |04 270101134 -063| RES.c, ik, Vaw 5% R13,4[
98 . 114 1 |54 470101134-109|RES.cc,B2K,/BW, 5% Z
99 2[4 474102565-038]RES ,FILM 2.21K /AW, | %o Rio=12 15 1 ]o4 470101124 -049| RES .cc 2704, 1/gw 5%/ R49
100 Ljos 474102565-096|RES , FILM B.87K, /oW, | %o RI13 16 | jo4 470101134 -047| RES.cc 220, Y/au. 5% RS0
161 17
102 1 o4 470101 (34-135|RES.CC \M R, VoW, 5% RIS 1B
103 10]04 470101124 -019 [ RES.Ce_ 15 /oW, 5% R\6-2022-2 119
104 2|04 470101134 - 05| RES.CC 330, '/aW 5% R2) 33 120
105 2 |04 470101134103 | RES . ce 47K Yaw, 5% R14.3 121 16t{04 151104975-012|CAP,CER,.4TUF. 50V, 10% Cl1-104.112
106 12]04 470101134 -087| RES.CC oK, ful, 5%/0 R9327,35 36 122 W3 6—-122)
107 43,44 46-28 122 124 ,12F- i85
168 51—54 124 12124 15510544.2-005| CAP, TANT, j5UF 25Y,20% Cl24-137,
109 ?2-]04 AT10101134-081 [RESCE S.6K, VoW, 5%, R37,40 125 190-194
1o 1 |04 AT0I01I34-015 |RES, ce 104, /aw 5%, R328 126
i 2| 470101134 -079| RE S, cc 47K, YaW, 5% R39,45 127 | o4 155104 570-003 [CAP, TANT, 22UF,35V,20% clos
112 123 | 04 151101308 -033 |CAP,CER.,4700PF, 100VY,10% Cl10
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145 o[04 482102.598-012 [16K RAM , 200NS (&)
146 o A 482102989- 112 |8K ParTiaL RAM-R,HALF Z00NS {6)
147 o |24 482103060~112 [8K ParTiaL RAM-L,HALF 200NS| (6)
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