
HP 13255 

UNIVERSAL MEMORY MODULE 

Manual Part No. 13255-v1171 

REVISED 

DEC-26-78 

DATA TERMINAL 
TECHNICAL INFORMATION 

HEWLETT~PACKARD 

Printed in U.S.A. 



13255 
Univ~rsal Memory Module 

1325,-91171/02 
REV DtC-26-78 

1.0 

1.0.1 

1.0.2 
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INTRODUCTION. 

The Universal Memory ModuLe is used in the 264XX Terminals 
for Display Memory or Program ~emory. This read-write memory 
is normally only accessible through the terminAL bus (ROT). If it is 
connected to the Processor Module top plane it is then only accessible 
through the top plane bus (TOP). 

The universal Memory MOdule consists of t~o completely independant 
m~mory modules which each use 8 16-Pin so~eted ~OS RAMS. The mOdules 
may be configured with 16K R~MS or~anized as 16,384 X 1 bit or 4K RAMS 
organized as 4,096 X 1 bit giving the following Universal Memory 
Module standard sizes. 

8K 0 2 4K modul~s 
16k 0 1 16k module, 1 vacant module 
32k 0 2 16k modules 

The memory mapping of the Universal Memo~y Module is unrestricted 
with the following exceptions: 

o In BOT or TOP mode the memory in the memory mapped 1/0 space 
I/O space (32K-36K) can only be used with an enhanced version of 
the Processor Module. 

o In BOT mode the module can overlay the 0-64K space occupied by TOP 
Read only memory (ROM) or Random access memory (RAM) in which case 
the BOT access is obtained by firmware inhibiting the TOP me~ory 
-this can only be done if the TOP memory is ~ddressable as all RAM or 
all ROM. 

o In TOP mode the module can occupy the same 0-64K space as TOP ROM, 
if none is present a second Universal ~emory Module addressed as ~OM 
(but functioning as RAM) may also be used. 

o In TOP mode Bank Switching is possible using an enhanced 
v~rsion of the Pracessor Module and the 16K or 32K confiqurations of 
Universal Memory module. This permits up to 4 memory modules to 
the overlay the 0-64K TOP memory space. Bank Switching can only be 
used with an enhanced version of the Processor Module. 
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1.0 

1.0.1 

1.0.2 

1.0.3 

INTRODUCTION. 

The Universal Memory Module is used in the 264XX Terminals 
for Display Memory or Program ~emory. This read-write memory 
is normally only accessible through the terminAL bus (ROT). If it is 
connected to the Processor Module top plane it ;s then only accessible 
through the top plane bus (TOP). 

The Universal Memory MOdule consists of t~o completely independant 
me~ory modules which each use 8 16-Pin so~eted ~OS RAMS. The mOdules 
may be configured with 16K R~MS organized as 16,384 X 1 bit or 4K RAMS 
organized as 4,096 X 1 bit giving the following Universal Memory 
Module standard sizes. 

8K 0 2 4K modules 
16K 0 1 16K module, 1 vacant module 
32K 0 2 16K modules 

The memory mapping of the Universal Memor'y Module is unrestricted 
with the following exceptions: 

o In BOT or TOP mode the memory in the memory mapped 1/0 space 
1/0 space (32K-36K) can only be used with an enhanced version of 
the Processor Module. 

o In BOT mode the module can overlay the 0-64K space occupied by TOP 
Read only memory (ROM) or Random access memory (RA~) in which case 
the BOT access is obtained by firmware iNhibiting the TOP memory 
-this can only be done if the TOP memory is ~ddressable as all RAM or 
all ROM. 

o In TOP mode the module can occupy the same 0-64K space as TOP ROM, 
if none is present a second Universal Memory Module addressed as ~OM 
(but functioning as RAM) may also be used. 

o In TOP mode Bank Switching is possible using an enhanced 
version of the Processor Module and the 16K or 32K configurations of 
Universal ~emory module. This permits up to 4 memory modules to 
the overlay the 0-64K TOP memory space. Bank Switching can only be 
used with an enhanced version of the Processor Module. 
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1.1 OPERATION. 

The Universal Memory Module is confiQured hy loading the Ram sockets 
with the appropriate RAMS as follows: 

I I 
IMemory size I Left Bank Right 9ank 
I I 
I I (Module 0) (Module 1) 

I-----------~I-------~------~-,~-~~-~---~---~-~~-~·, 

8K 

16K 

32K 

4K RAMs 

16K RAMS 

16K RAMS 

4K RAMS 

none 

16K RA~S 

The HP Part Numbers are 5090-0109 ( 4K RAMS) 
5090-0114 (16K RAMS) 

-no other parts may be used. 

The remaining part of the configuration is to set the jumoer 
plugs J1-3 positions, set the switches S1-2,and connect the Top 
Plane connector if TOP access is required. The S1-2 switches 
are also programmable from the P2 connector. 

1.2 PROCESSOR MODULE TOP PLANE INTERFACE. 

In top plane mode, the Universal Memory ~odule interfaces to the 
Processor Module through the Top Plane Connector Assembly (02640-
60012, 02640-60016, or 02640-60022). 
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2.0 OPE~ATING PARAMETERS. 

A summary of operating parameters f~r the Universal Memory is contained 
in tables 1.0 through 5.0 

Table 1.0 Physical Parameters. 

==a.az==c====_ =============_================-================================== 
Number Nomenclature +/-0.100 Inches (~ounds) 

= ••• ~a===.=== =====~======================== z=::::======:=========: ========= 

02640-60171 Universal Memory PCA 12.5 x 4.00 x 0.5 0.5 

=.=.=====:==~====================================~============================ 

Number of Backplane Slots Reauired: 1 

=== •• =====-===================================================================== 

Table 2.0 Reliability and Environmental Information 

-=_._=== •• ==-=================================================================== 

Environmental: ( X ) HP Class B ( ) vther: 

Restrictions: Type tested at product level 

===z==z=======================================================================1 
Failure Rate: 8k-3.61 (percent per 1000 hours) 

16k-2.74 (oercent per 1000 hours) 
32k-4.04 (percent per 1000 hours) 

========-=================================================================:===== 
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Table 3.0 Power Supply and Clock Requ;rem~nts - Measured 
(At +/-5% Unl~ss Other~ise Specified) 

==================-====================-===========:============================ 

+5 Volt Supply +12 Volt Supply -12 Volt Supply -42 Volt Supply 

il 910 mA @ 30 rnA aI 20 mA NOT /lPPLICAHLt: 

==========================:_========== ============================;========== 

115 volts ac 220 volts ac 

NOT ~PPLICABLE NOT APPLICABLE 

==============================================:=============================== 

Clock Frequency: 4.9150 MHz +/- 0.1% 

========================-======================================================= 
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Table 4.0 Jumper Definitions 

=== •• =========================================================================== 

PCA 
Designation 

Function 
I----------------~--~------~-·-~---~----------~-------~----~--

In Out 
I=======··====~==-============~=================~======:============:========== 
I 
I 
I 
I 
I 
I 

TOP PLANE 
CONNECTOR 

Connects Universal Memory ~odule to Processor Morlule 
via Top Plane 

====================================================;======== 

When present 
TOP access 

selects When absent 
BOT access 

selects 

==_==========c== ============================================================= 

J1 (Note: This jumper must always be installed for 
proper operation of the PCA,located in the center 
of the RAM memory array) 

= = = = = = = = =-= = = = = = = = = = = = = = = :-= = = = = = = = = = = = = = = = = := = = = = = = = = = = = = = :-= = = = 
Applies -SV to the RAM 
array. 

Disconnects -5v generated 
on the peA. Permits an 
external supply to be 
connected. 

================ ==:=:====:===:==:===:=======::==:==::==::=::==:=::=========== 

J2-3 Bank Selector: Located in top center below P3 

1============:======================:=====================:=== 
I I 
I 'B' Position enables I 
I Bank Select mode I 
I I 

, ~ . Position enables 
normal mode 

.=====.===.===.=============~===========:=======-=;=================;=========== 
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Table 4.1 Switch Definitions 

=================~============================================================== 
I PCA Function 
I Des; gnat i ~on --~----~-~-------~-~-~-~---~---~~~--~~--------~~---~---------1 
I Closed Open 
================ ============================================================= 

S1 Mode Configurator: 0 is Blank Rackqround (Left Module> 

=========-====== ==============================-=======================:=:==== 

INH 0 

32K 0 

16K 0 

8K 0 

4K 0 

Inhibits Module 0, this 
must be selected if no 
RAMs are loaded. 

Adds 32K to Module 0 
Start Address 

Adds 16K to Module 0 
Start Address 

Adds 8K to Module 0 
Start Address if 

M1.M2.M3.B 

Adds 2 to Bank Select 
Address of Module 0 if 

M1.M2.M3.B.TOP 

Adds 4K to Module 0 
Start Address if 

M1.M2.M3.B 

Adds 1 to Bank Select 
Address of Module 0 if 

M1.M2.M3.B.TOP 

Enables Module U 

Adds 0 to Module 0 
Start Address 

Adds U to Module u 
Start Address 

Adds 0 to Module u 
Start Address if 

M1.M2.M3.B 

Adds 0 to Bank ~elect 
Address of Module 0 if 

M1.M2.M3.B.TOP 

Adds 0 to Module U 
Start Address if 

M1.M2.M3.B 

Adds 0 to Rank Select 
Address of Module 0 if 

M1.M2.ft13.8. TOP 

_: ••• =========================================================================== 
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Table 4.2 Switch Definitions 

_== ••• a:aa==.==== •• ==========;================================================== 
peA 

Designation 
Function 

I--------------------------·--------~--~-------~-----------~--I Closed Open 
=·=··==·========I··====================~======================================1 

I 
S1 I Mode Configurator: 1 is Solid Background (Rig~t M~dule) 

INH 1 

32K 1 

16K 1 

8K 1 

4K 1 

I 
1=============================================================-
I 
I Inhibits Module 1, this 

must be selected if no 
RAMs are loaded. 

Adds 32K to Module 1 
Start Address 

Adds 16K to Module 1 
Start Address 

Adds 8K to Module 1 
Start Address if 

M1.M2.M3.8 

Adds 2 to B~nk Select 
Address of Module 1 if 

M1.M2.M3.8.TOP 

Adds 4K to Module 1 
Start Address if 

M1."'2.M3.8 

Adds 1 to Bank Select 
Address of Module 1 if 

M1.M2.M3.B.TOP 

Enables Module 1 

Adds 0 to Module 1 
Start Address 

Adds 0 to Module 1 
Start Address 

Adds 0 to Module 1 
Start Address if 

M1.M2.M3.8 

Adds 0 to Bank Select 
Address of Module 1 if 

M 1 • M 2 • M"3 • 8. TOP 

Adds 0 to Module 1 
Start Address if 

M1.M<.M3.8 

Adds 0 to Bank Select 
Address of Module 1 if 

M1.M2.M3.8.TOP 

.== •••••• z.: •• ===_z===========================================a================= 
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Table 4.3 Switch Definitions 

==z=_==._== ••• =================================================================-
I PCA Function 
1 Designation ,-------------------~-~~------~--.-------------~~~-~-----~----
I Closed Open 
================1============================================================= 

S2 

R.M 0 

RAM 0 

R.M 1 

RAM 1 

,.,1 

"'2-3 

FST 

RPT 

WPT 

I 
t 
I 

Mode Confiqurator: 0 is Blank Rackqround (Left Module) 
1 is Solin Backqround (Right Module) 

==============================-============================== 

Enables RAM/ROM mode 
for Module 0 if TOP 

Module 0 responds as RAM 
if R.M O.TOP 

Enables RA~/ROM mode 
for Module 1 if TOP 

Module 1 responds as RAM 
if R.M 1.TOP 

o and 1 are 16K Modules 

o and 1 are 4K Modules or 
Bank Select Enabled. 

TOP 400nSec Memory Cycle 
(This is the normal mode). 

Inhibits TOP Read to 
Processor when Inhibit 
Rom ;s clear. 

Inhibits TOP Write 

Module 0 responds as 
Memory unconditionally 

Module 0 responds as ~OM 
Addressinq only) if 

R.t'~ 0 • TOP 

Module 1 responas as 
Memory unconditionally 

Module 1 responds as ~o~ 
Addressing only) if 

o and 1 are 4K Modules 

o and 1 are 16K ~odules 

TOP 500nSec Memory Cycle 

TOP Read is unconditional. 

Enables TOP Write 

=== •• =_.a========_==============================:=============================== 
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Table 5.0 Connector Information for Universal Memory PCA 
==a:_._ •••• = •• ====================================;=========:=================== 

Connector 
and Pin No. 

=====-=-=====-
P1, Pin 1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 

-16 

-17 

-18 

-19 

-20 

-21 

-22 

Signal 
Name =.====:::=.=:==. 

"'5V 

GND 

SYS ClK 

-l2V 

ADORa 

AOOR1 

ADOR2 

ADDR3 

ADOR4 

ADDR5 

ADOR6 

AOD~7 

ADDR8 

ADDR9 

ADOR10 

ADOR11 

ADDR12 

ADDR13 

AOOR14 

ADDR15 

1/0 

GND 

Signal 
Description 

===============================-============== 
+5 Volt Power Supply 

Ground Common Return (Power and Signal) 

4.915 MHz System Clock 

-12 Volt Power Supply 

Negative True, Address Bit 0 

Negative True, Address Sit 1 

Neqative True, Address Bit 2 

Negative True, Address Bit 3 

Negative True, Address Bit 4 

Negative True, Address Bit 5 

Negative True, Address Bit 6 

Negative Jrue, Address Sit 7 

Negative True, Address Bit 8 

Negative True, Address Bit 9 

Neqative True, Address Bit 10 

Negative True, Address Bit 11 

~eqative True, Address Bit 12 

Negative True, Address Bit 13 

Negative True, Address Bit 14 

Negative True, Address Bit 15 

Negative True, Input OutputlMemory 

Ground Common Return (Power and Signal) 
==_=_=c:a=_===================================================================== 
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Table 5.0 Connector Information for Universal Memory PCA(Cont'd) • 
• =.=.===.==============~========~=================:============================= 

ConnectQr 
and Pin No. 

:c:=a========= 
P1, Pin A 

-B 

-c: 

-I> 

-E 

-f 

-H 

-J 

-K 

-l. 

-M 

-N 

-R 

-s 

-1' 

-li 

-v 

-w 

-z 

Signal 
Name 

========a======= 
GND 

+12V 

8USO 

BUS1 

I:iUS2 

BUS3 

BUS4 

BUSS 

8US6 

BUS7 

WRITE 

WAIT 

PRIOR IN 

PRIOR OUT 

REQ 

SiQnal 
Description I 

==============================================1 
Ground Common Return (Power and Signal) 1 

Not Used 

+12 Volt Power Supply 

Not Used 

Negative True, Data Bus 8it 0 

Negative True, Data Bus Bit 1 

Neqative True, Data Bus Bit 2 

Negative True, Data Bus Bit 3 

Negative True, Data Bus Bit 4 

Negative True, Data Bus 8it 5 

Negative True, Data Sus Bit 6 

Negative True, Data Bus Bit 7 

Negative True, Write/Read Type Cycle 

Not Used 

Negative True, Wait Control Line 

Bus Controller Priority In 

Bus Controller Priority Out 

Not Used 

Not Used 

Negative True, ReQuest (Bus Data 
Currently Valid) 

Not Used 

I 

====_=a=======* __ ==============================================================_ 
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Table 5.1 Connector Information for Universal Memory PCA 
======_===a====_============================================-==================== 

Connector t Signal Signal 
and Pin No. t Name Description 

============== ================ ============================================== 
p3, Pin 1 GND Ground 

-2 ADDRO Address Bit 0 

-3 ADDR1 Address Bit 1 

-4 ADDR2 Address Bit 2 

-5 ADDR3 Address Bit 3 

-6 ADDR4 Address Bit 4 

-7 ADDR5 Address Bit 5 

-8 ADDR6 Address Bit 6 

-9 AOOR7 Address 8it 7 

-10 ADOR8 Address Bit R 

-11 AODR9 Address Bit 9 

-12 ADDR10 Address Bit 10 

-13 ADDR11 Address Bit 11 

-14 ADDR12 Address Bit 12 

-15 ADOR13 Address bit 1 .s 

-16 ADOR14 Address Bit 14 

-17 ADDR15 Address Bit 15 

-18 TOP ACTIVE Negative True, (Low Indicates Top Plane 
Module Address Recognition. (High 
Causps a tjottom Plane Bus Cycle) 

-19 READ Hiqh Indicates Top Plane Bus Data Shoula 
Be Gated On 

-20 Not Used 

-21 SYNC.PHASE1 Positive Pulse of 100nSEC at Beginning of 
Processor Major Cycle 

-22 GND Ground 
=======_==_=====:s=====c========================================================= 
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Table 5.1 Connector Information for Universal Memory PCA (Cont1o.) 
================================-==============================================-

Connector Signal 
and Pin No. Name 

============== ================ 
P3, Pin A GND 

-B D81TO 

-c DBIT1 

-D D8IT2 

-E D81T3 

-F DBIT4 

-H DBIT5 

-J DBIT6 

-K DBIT7 

-L 80 

-M 81 

-N TOP WAIT 

-p I/O 

SiQnal 
Description 

============================================== 
Ground 

Data Bit 0 

Data Bit 1 

Data Bit 2 

Data Bit 3 

Data Ait 4 

Data Bit 5 

Data Bit 6 

Data Bit 7 

Bank Select Bit 0 ( Enhanced 
( Module 

Bank Select Bit 1 ( Only. 

Negative True, (Low) Causes 
Wait States to Synchronise 
with Slow Memories. 

Processor ) 
) 

) 

Processor 
Processor 

, 
I 
I 
I , 
I 
I 
I 

Neqative True, (Low) Indicates Memory , 
~apped 1/0 Area (A15 A14 A13 A12) = (10UO)1 , 

I 
.=.============~==============================:===:============================= 
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Table 5.1 Connector Information for universal Memory PCA (Cont'd.) 
==_aa.=:======= ==a============================================================= 

Connector 
and Pin No. 

===a========== 
-R 

-S 

-T 

-U 

-v 

-w 

-x 
-y 

-z 

Signal 
Name 

================ 

DISA8LE ROM 

TOP GO SLOW 

TOP 

Signal 
Description 

============================================== 
Not Used 

Not Used 

Not Used 

High Indicates Future Memory Access Cycles 
should be Acknowledged by RAM not kOM 

Not Used 

Not Used 

Not Used 

Negative True, (Low) Causes Current 
Processor Clock Cycle to be 500nsec 
Instead of the Usual 400nsec 

Negative True, (Low) Selects Top Plane 
Acceas (TOP), (High) Selects Bottom 
Plane Access (BOT) • 

• =&=&=.=.===&==.======~===~===========~================~==============a========_ 
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Table 5.2 Connector Information for Universal Memory PCA 
e==_===_==_=====_=============================================================== 

Conn~ctor 
and Pin No. 

Signal 
Name 

Signal 
Descriotion 

==============1=====:========== ====:===============:=====:====::=====:======= 
P2, Pin 1 M1SWOUT M1 Switch Output 

-2 M1SWIN M1 Switch Input 

----:3 4K1SWIN Neqative True, 4K j'vlodu l e 1 Switch Inout 

-4 32KOSWIN Negative Tru@, 32K Module 0 Switch Input 

-5 16K1SWIN Negative True, 16K r·lodu l e 1 Switcn Input 

---6 RPTSWIN Neqative True, Kead Protp.ct 5witch Input 

-7 R.M1SWOUT Negative True, ~am/Rom Module 1 Switch Input 

-8 REFA Refresh Input A 

-9 ADDR4 Negative True, Address Bit 4 

-10 RAMOSWIN Neqative True, KAM 0 Switch Input 

-11 8KOSWIN Negative True, HK ~odule 0 Switch Inout 

-12 4KOSWIN ~egative True, 4K Module 0 Switch Input 

-1 :5 +5RS +5V With 1K Source Impedance, Reset Inout 

-14 REfB Refresh Input B 

-15 GND Ground Common Return (Power and Signal) 

==================-============================================================= 



13255 
Universal Memory Module 

13255-91171/16 
REV OEC-26-78 

Table 5.2 Connector'Information for Universal Memory PCA (Cont'd.) 
=.a •• ::.a.a.:::a= •• =:=:==:=:=::=::::::=:==::=====:::==:==::=====::=::=:::=:::::: 

Connector 
and Pin No. 

Signal 
Name 

SiQnal 
Description 

====.=.==.=====~===============================================================-

P1, Pin A M2SWOUT Ground Common Return (Power and Signal) 

-B FSTSWIN Negative True, Fast S~itch Input 

-C M3SWOUT Negative True, M3 SloIitch Output 

-0 8K1SWIN Negative True, 8K Module 1 Switch Input 

-E 16KOSWIN Negative True, 16K Morlule 0 Switch Input 

-F 32K1SWIN Negative True, 32K rllodu l e 1 Switch Inout 

-H R.MOSWIN Negative True, Ram/Rom fvlOdu leO Switch Input 

-J RAM1SWIN Negative True, Ram Module 1 Switch Input 

-I<: LOAD REFRESH Negative True, Load Refresh Counter Value 

-L R.MOSWIN Negative True, Ram/Rom ModuleO Switch Input 

-M R.MOSWOUT Negative True, Ram/Pom ModuleOSwitch Output 

-N Not Used 

-P Not Used 

-R Not Used 

-S WPTSWIN Negative True, WPT Switch Input 

==z===_._=_============================================================~:======_ 
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3.0 FUNCTIONAL DESCRIPTION. Refer to the block diagram (fiQure 1), 
schematic diagram (figures 2 and 3), the timfnq diagram (figure 4),the 
component location diagram (figure S) and the parts list (02640-60171) 
located in the appendix. 

3.1 

3.1.1 

3.1.2 

3.1.3 

3.2 

The Universal Memory peA is the display or orogram memory for 
the terminal. It consists of memory drivers and series termination 
resistors, memory receivers, top data port, bottom data port, me~ory 
array, transparent data latch, top-bottom address multiplexer, refresh­
memory multiplexer, bank select switch, morle confiqurator, top-bottom 
control multiplexer, clock driver, memory access control, memory timing 
,delay line and test connector, top-bottom interface control, 
memory request generator, refresh request generator, refresh counter, 
and data port selector. 

MEMORY DRIVERS AND SERIES TERMINATION RESISTORS. 

The memory drivers ( with integral receivers) drive the memory array 
bus inputs consisting of column address strobe, row address strohe 
data in, write enable, and address inputs. 

The drivers have a specified propaqation delay for a capacitive load 
1.5X the worst case memory array input capacitance. 

The series termination resistors minimize undershoot by terminatinq 
the. bus lines with the line impedance. This approximates to 2UOhms 
since it consists of an BOOhm line with distributed, lumped, capacitive 
loads. Current limit protection is provided free which limits the 
memory driver output to 75mA if two or more array inputs are shorted 
together. 

~EMORY RECEIVERS. 

The integral memory receivers are used in diagnostic mode; they 
allow the the memory array inputs and outputs to be tested. 
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3.3 TOP DATA PORT. 

The top data port consists of a transceiver (U34,U44).The receiver 
section output corresponding to the port input is enablea in top mode 
only and connects the processor top plane data bus to the to the memory 
array input d~ta bus. 
The driver section output corresponding to the port output is enabled 
by the port selector (TOO) and connects the transparent data latch 
output to the processor top plane data bus. 

3.4 BOTTOM DATA PORT. 

3.5 

3.5.1 

3.5.2 

3.5.3 

3.5.4 

The bottc)m data port consists of a transceiver (U54,U64).The receiver 
section output corresponding to the port input is enabled in bottom 
mode only and connects the bottom plane ~ata bus to the memory array 
input data bus. 
The driver section ou~put corresponding to the port output is enaoled 
by the port selector (800) and connects the transparent data l~tch 
output <BOO) to the bottom plane data bus. 

MEMORY ARRAY. 

The memory array consists of eight or sixteen 4K or 16K RAMS in 
ceramic DIP packages. Any Mostek MK4116-4 (16K) MK4027-3 (4~) or 
equivalent RAM with a demonstrated reliability of < 0.3% failures 
per 1000 ~rs may be used. 

The RAMS are used with sockets to allow field uparade and repair; 
however, only HP 5090 prefix RAMS should be used (these have been 
subjected to a burn in, functional and parametric tests at HP 
incoming inspection). 

Each RAM is organized as 128 X 128 cell array (16K) or a 64 X 64 
cell array (4K) addressable ,by ro~ anO column. The 14-bit (16K) 
or 12-bit (4K) address is therefore multiplexed and strobea into the 
internal row and column latches with the ro~ and column strObes. 

The power distribution is via a low impedance 4-layer PC ~oard 
structure. The cer.mic capacitors which supply the transient current 
are organized so that some redundancy exists. This allows reliable 
operation with one open circuit component. 

The memory array is organized as t~o modules of equal size (if both 
are loaded>. They are both addressed identically;the RAS or row address 
strobe determines which module ;s selected for a write or read. 
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3.6 

3.6.1 

3.6.2 

3.7 

3.8 

3.8.1 

TRANSPARENT DATA LATCH. 

The transparent data latch (U33> allo~s the data to propagate throuqh 
the latch prior to being latched. This means the RAM access time is 
optimized and if a higher speed RAM is used, the memory will appear to 
be correspondingly higher in speed. The data is latched so that 
the completion of a memory cycle does not deoend on the completion of 
the processor-memory handshake. Therefore, a oiagnostic tool attached 
to the terminal bus cannot prevent the memory from being refresheo. 

The pull-up resistor array (R10) is required oecause in the case of the 
16K RAM, the data output is not latched internally and when the output 
is in the tri-state condition, the indeterminate logic levels wnich 
result can propagate through the latch causing potential oscillation 
pr1oblems. 

TOP-BOTTOM ADDRESS MULTIPLEXER. 

The top-bottom address multiplexer (U35,U65> selects the me~ory 
address bus from the top or bottom plane. In bottom plane mode the 
top connector (and therefore the top plane address bus> is aisconnected 
and the memory address at the output (U35,65> will come from the bottom 
plane address bus. In top plane mode the multiplexer outout is 
off and the memory address at the output (U35,65) will come from the 
the top plane address bus. 

REFRESH-MEMORY MULTIPLEXER. 

The refresh-memory multiplexer selects the row or column address 
(U45,55> from the top-bottom address multiplexer for memory cycles and 
selects the refresh counter (U46) address for refresh cycles. 

MEMORY MODE enables the refresh driver output (U46, Pins1 and 19). 

REFRESH MODE enables the row column driver output (U45,55 Pin 15) , 

COL selects the column address and COL selects the row address (U45,55 
Pin 1). 
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3.8.2 

3.9 

3.10 

3.10.1 

The memory array address for diaqnostic purposes is the same for 
bottom or top olane mode and the adaress oit mapping is as follows: 

o 16K Modules 

Memory Address 

AODR 15 14 13 11 10 9 8 7 6 12 5 4 3 2 1 o 
=============================================================== 
Module IA6 
Addressl 

I 
I 

o 4K Modules 

A5 A4 A3 A2 

Memory Array 
Column Address 

Memory Address 

AOOR 15 14 13 12 11 10 9 

A1 AO IA6 
I 
I 
I 

7 6 

A5 A4 A3 A2 

'~iemory Array 
Row Address 

5 4 3 2 

A1 

1 

ACJI 
I 
I 
I 

o 
=======================================================:=:===== 

Module IA5 A4 A3 A2 A1 AO A5 A4 A3 A2 ~1 AOI 
Address I I 

I Memory Array Memory Array I 
I Column Address Row Address I 

BANK SELE:CT SWITCH. 

The bank select switch (J2 J3) is used to select bank select 
mode ( B-position ) in which the top plane bank select address is 
output to the bank select address decoder section of the mode 
configurator( U310 and U39, Pin 3 and 6). In normal mode this is used 
as part of the module address decoder for 4K modules and connects 
to the top-bottom address multiplexer. 

MODE CONFIGURATOR. 

The mode confiqurator consists of two identical comparators for 
the two memory array modules 0 and 1, and an enable for the most 
significant memory driver. 

The inputs to the configurator are DISA~LE ROM (P3,Pin U), 8A14 and 15 
outputs of the top-bottom address multiplexer, the output of the oank 

select switch (J2,and J3), the switch bank S1, the A6 output of tne 
refresh-memory multiplexer (U55, Pin 7),and the I/O output of ~he 

top-bottom control multipl~xer (U37, Pin 4). 
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3.10.2 

3.10.3 

The outputs of the configurator are MODULE 0 SELECT (U410, Pin 8), 

MODULE 1 SELECT (U410, Pin 6), BOARD SELECT (U69, Pin 4), and the input 
to memory driver A6 (U5j, Pin 4). 

The comparators operate as follo~s: 
(only one will be described) 

o The 1/0 input from the top-bottom control multiplexer enables the 
comparator. If the ~emory address is in the memory mapped 1/0 
space (32K to 36K), the memory module will be inhibited in ROT mode 
and may be enabled in TOP mode only with an enhanced version of 
Processor Module (13255-91209). 

o The INH switch disables the comparator when closed. This is the 
normal mode if the RAMS are not loaded or the memory array has to 
be turned off. 

o The 32K,16K,8K,and 4K switches specify the starting address of the 
module in normal mode. If the memory array contains 4K RAMs the 
M1 switch would be set open, this means the A6 input of the memory 
array is low and the memory array chip select is enabled. Also the 
M2 and M3 switches would be closed enabling the comparator to 
start on 4K boundaries. 
If 16K RAMS are used the M1 switch would be closed connecting the 
A6 memory address driver to the refresn-memory multiplexer, and 
the M2 and M3 switches would be open enabling the comparator to 
start on 16K boundaries. 

o The R.M switch is used to enable the comparator to respond to the 
DISABLE ROM line ( P3, Pin U). When the R.M switch ;s closed, the 
comparator will be enabled if the state of the DISABLE ROM line ;s 
set and the HAM switch is closed, or if the state of the DlSABlE 
ROM line is cleared and the RAM switch ;s open ( RO~ selected >. 

o In bank select mode the memory array has to be loaded with 16K 
RAMs and the M2 and M3 s.itches closed. Th;s is necessary because 
in bank select mode the·section of the comoarator used to decode 
the module address in a 4K RAM configuration is used to decode the 
bank select address. Therefore, if the bank select address is 3, 
the 8K and 4K switches wOIJld be closed and the comparator would be 
enabled when the state of the 80 and 81 lines is set. 
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3.11 

3.11.1 

3.11.2 

3.11.3 

3.11.4 

3.11.5 

3.12 

TOP-BOTTOM CONTROL MULTIPLEXER. 

The top-bottom control multiplexer (U57) selects the principle control 
lines from the top or bottom plane ~hich control the memory operation. 
The WPT or write protect s~itch enables the TOP write (U66, Pin 4) ~hen 
open and inhibits TOP write into the memory module when closed. 
It ;s clear that the WPT switch has to be open when the memory 
module ;s being loaded, and cannot be used if any part of the 
module ;s used as read-write memory. 

The I/O decoder( U37, Pin 4 ) selects the top or bottom plane 1/0 lines 
which decode the memory mapped 110 area correspondinq to 32K to 30K. 

The memory request enable (U37,Pin 12) is unconditional from the bottom 
plane, the top memory request is enabled if the status for a halt 
instruction is absent. 

The memory request strobe (U37, Pin 9) positive edqe is the earliest a 
memory cycle can begin. HEQUEST is used in bottom plane mode, and 
SYNC.PHASE1 in top plane mode. 

The memory write enable (U37, Pin 7) enables a write into memory, in 
bottom plane mode it is enabled by WRITE and in top plane mode by 

decoding MEMORY WRITE.OUTPUT status. 

CLOCK DRIVER. 

The clock driver section buffers the system clock and oroduces 

ClK (U66, Pin 11) , CLK 1 (US7, Pin H) , and ClK 2 (U7b, Pin 6) 
which drive the parts of the module which are synchronous with the 
system ctock. 



13255 
Univ~rsal Memory Module 

13255-91171/23 
REV DtC-26-7~ 

3.13 MEMORY ACCESS CONTROL. 

The memory access control initiates the memory cycle timing (RAS 
and-or RAS 1 set> from the output state of the refresh and me~ory 
request generator outputs REFRESH REQUEST ,MEMORY REQUEST, ana 
MEMORY WRITE. 

3.13.1 The philosophy for resolving the conflicts between the normal memory 
requests and the refresh requests requireo to refresh the dynamic 
RAM array is as follows: 

3.13.1.1 The -normal' mode of the module is MEMORY MODE and the row address 
from the memory-refresh multiplexer is set uo at the memory drivers 
prior to the memory request being receiveu. The mpmory cycle then 
begins as soon as memory request is set. when the memory timinq has 
been initiated, ·~EMORY READY is cleared and the refresh request 
is inhibited until the memory cycle (~E~ORY REQUEST is cleared) 
and the precharge time is completed ( ME~ORY READY set). 
The pending refresh request, if any, is processed next. 

3.13.1.2 When a refresh request is received REfRESH MODE is selected Which 
enables the refresh address to the output of the refresh-memory 
multiplexer and the actual refresh cycle oegins 200nsec later when 
REFRESH sets (U48, Pin 9). The memory module cycle time is therefore 
optimum for normal operation, and a longer cycle is used for refresh. 
When the memory timing has been initiated, ~EMORY READY is clearea 
and the memory request is inhibited until the memory cycle 
(MEMORY REQUEST is cleared) and the precharqe time is completed 
(MEMORY READY is set). 
The pe~ding memory cycle, if any, is processed next. 

3.13.1.3 If a memory and refresh request occur simultaneously, the hardware 
is designed such that the refresh cycle will always occur first 
since the REF~ESH REQUEST (US8, Pin 5> will set a maximum of 
7 nsec after the buffered system clock. The pending memory request is 
processed (see 3.13.1.1) after the refresh request (see 3.13.1.2). 
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3.13.2 The mechanism for memory access is as follows: 

3.13.2.1 In BOT mode for a write access MEMORY REQUEST and MEMORY WRITE are set. 
If MEMOR1 READY is set and the ~EFRESH ~EQUEST is cleared the memory 
reQuest is enabled ( RAS 0 or RAS 1 is set) and the memory is ~rite 
enabled (WE is enablwd) • The memory timing then continues to 
completion. A BOT read access is identical except that MEMORY 
WR~TE will be cleared iherefore the memory write will be inhibited 
(WE is inhibited). 

3.13.2.2 In TOP mode the operation is identical except that for a write 
access the write data is not available at the same time as the memory 
reQuest therefore the memory timing is not enabled (RAS 0 or RAS 1 set) 
until WRITE (P3-20) is asserted. Since the refresh request is 
inhibited a refresh request which occurs during this period will 
not interfere with the memory access. 

3.13.3 The mechanism for a refresh access is as follows: 

3.14 

3.14.1 

REFRESH REQUEST is set and if ME~ORY READ( is set, REFRESH MODE will 
set which enables the refresh address out of the refresh-memory 
multiplexer, inhibits the WE to memory and the memory request. 
REFRESH sets 200nsec later which sets RAS 0 and RAS 1 
(U59, Pin 4 and 10) the memory timing then continues to completion. 

MEMORY TIMING (see figure 4 Memory Timing Diagram) 

The memory timing is initiated when a row address strobe is set 
(RAS 0 and-or RAS 1) and ends when ME~ORY READY ;s set indicating a 
new cycle may begin. The memory timing controls the column address 
selection (COL), the transparent data latch clock (DATA CLOCK), 
the initialization of MEMORY MODE ready for the next cycle, the 
clearing of RAS which initiated the memory timing and the clearing 
of the request which caused the access (MEMORY REQUEST or REFRESH 
REQUEST). 

RAS 0 or RAS 1 causes the state of the delay line input to be set, 
the positive input edge propaqates along the d~lay line and each 
output will go positive after a fixed time in relation to the input. 
The output tap 3 (U79, Pin 11) @ 260nsec clears RAS 0 and RAS 1 and 
hence clears the state of the delay line input, the negative edge 
then prooagates along the delay line. The delay line outputs 
therefore appear as a a series of 260nsec wide pulses each delayed 
a different time with respect to the input. 
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3.14.2 

3.14.3 

3.15 

3.15.1 

CAS ;s set by output 3 (15nsec) which clocks U77, Pin 9. If the access 
;s a memory cycle the state of the input (U77, Pin 2 ) will be set 
and the CAS output at U78, Pin 8 will be asserted. At the same ti~e 
DATA CLOCK which is logically the same as CAS is asserted which enables 
the transparent data latch. CAS is cleared by output 4 (320nsec) 
and at the same time the transparent data latch is inhibiteo causing 
the RAM output data to be held in th~·latch. In the case of a refresh 
access the CAS flip-flop will be inhibited therefore neither CAS or 
DATA CLOCK will be asserted. 

SET MEMORY MODE is decoded from REFkESH (U78, Pin 2) and output 5 
(415nsec) and output 3 (260 nsec). 

CLEAR REFRESH REQUEST is decoded from REFRESH (U78, Pin 2) and 
output 3(260nsec). 

CLEAR MEMORY REQUEST is decoded from ~EMORY MODE (U48, Pin 6) and 
output 1(45nsec) and output 3(260nsec) this gives a nominal cycle time 
of 600nsec. 

MEMORY READY is cleared by RAS 0 + RAS 1 + (output 5 and output 3) 
at U77 Pin 13 and is set synchronously at the next clock 
giving the minimum required precharge time following the row adoress 
strobe 

DELAY LINE and TEST SOCKET. 

The delay line (U79) is a hybrid circuit containin9 an L-C aelay line 
and a 3-state output buffer used to generate the memory timing. 
The delay line is packaged in a 16 or 32 Pin DIP oackage ,and either 
one may be used on the Universal Me~ory Module. 
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3.15.2 

3.15.3 

3.16 

3.16.1 

3.16.2 

T~e delay line timing is as follows: 

FUNCTION DELAY FROM INPUT DELAY LINE PIN TEST CONNECTOR Pl~ 

========= ==================== ================ ==================== 
OUT1 
OUT2 
OUT3 
OUT4 
OUT5 
Ground 
+5V 

---Enable 
Input 

Enable 
Input 

45nsec 
75nsec 

260nsec 
320nsec 
415nsec 

Pin 13 
Pin 5 
Pin 11 
Pin 7 
Pin 9 
Pin 8,7a 
Pin 16,14a 

Pin 1 
Pin 1a 

Pin 7 
Pin 2 
Pin 8 
Pin 1 
Pin 5 
Pin 4 

Pin 3 

Pin 6 

T~e outputs and the output enable control are accessible from the test 
connector for DTS 70 pretest and for servicina. Notp. that if an 
~xternal delay line is wired to a test pluq it can be used in repair 
to substitute for the one on the memory board. The enable delay line 
input on the test socket and the enable on the external delay line 
must be grounded and +5V connected to the external delay line. 

TOP-BOTTOM INTERFACE CONTROL. 

The top-bottom control logic provides the feedback or handshake 
response to memory requests received by the memory reouest 
generator. 

In TOP mode, TOP ACTIVE (~3, Pin-18) is asserted by BOARD SELECT 
(U78, Pin 4) meaning the memory module will respond to a top plane 
memorY access reouest. The processor mooule will then inhibit the 
bottom plane request sequence and complete a top plane memory cycle. 

A~ the same time GO SLOW (P3,Pin Y)is enabled if the FST switch is open 
will be asserted indicating the memory cycle will be 5UOnsec 
inst~ad of the normal 500nsec cycle. 

TOP WAIT (P3, Pin-N) is asserted if a top plane memory request is 
initiate1 while a refresh cycle is in progress. 
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3.16.3 

3.17 

3.18 

3.18.1 

3.18.2 

3.18.2 

3.19 

In BOT mode, WAIT (P1,Pin-S) is asserted ~hen the memory request is 
initiated and cleareo when the data is ready. The intervening time 
may include a refresh cycle in which· case the data is ready after 
the refresh and the memory cycles are completed. 

M~MORY REQUEST GENERATOR. 

The memory request generator consists of the MEMORY REQUEST and ~EMORY 
WRITE flip-flops (U38). These are set if a strobe (U38 Pins 3 and 11) 
is input from the top-bottom control multiplex~r when the enables 
(U38,Pins 2 and 12) are asserted a"d the board select(U38,Pin 4 and 10) 
is asserted. MEMORY WRITE is set for a write operation, and clear for 
a read operation. 
When the memory operation is complet~d, the MEMORY REQUEST and MEMORY 
WRITE flip-flops are cleared. 

REFRESH REQUEST GENERATOR. 

The refresh request generator consists of a refresh counter (U27, U28) 
and a refresh request JK flip-flop ( uSa, Pin 5). 

The refresh counter is synchronous with the system clock and is used to 
time out the interval between refresh requests. The modulus of the 
counter is 74 this gives a carry output CU27, Pin 1S) every 15.27 usee 
or each memory row address is refreshed at 15.27 x 128 usec = 1.90msec 
(4K RAMS are refreshed at twice this rate). The carry is latched 
by the Refresh request flip-flop which is cleared after the refresh 
memory cycle is completed. 

The modules of the refresh request generator counter can be cnanged 
8S follows: 

REFA 1 REFS 1 ModuLus I Purpose 
=====1======1===========1================================== 

1 I 1 
1 1 1 I 74 I ~ormal refresh W 2msec 

I I 1 
1 1 0 1 1 1 DTS 10 Pretest 

1 1 I 
o 1 1 1 256 I Memory Tester extended refresh 

REFRESH COUNTER. 

The refresh counter (U36, US6) contains the row refresh address. 
It is incremented at the end of a refresh cycle. 
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3.20 DATA PORT SELECTO~ 

The data port selector controls the TOP and BOTTOM 
DATA PORT. In TOP mode the TOP DATA PORT output is enabled 
by TOO, which is asser'ted by REAO (t->3,Pin-19) ann BOARD SELECT 
and RPT switch. 
The RPT or read protect switch is used to prevent the module fro~ 
responding to memory reads when the state of the UISABLE Line is clear. 
When the current loader ROM is used, during the loading process 
the state of the DISABLE ~OM line is initially clear and instructions 
are read from the loader ROM ~h;le the data is written 
into the RAM on memory module. This requires the ROM to be read only 
and the RA~ on the memory module to he write only du~ing the 
load sequence. After the load operation is complete the state of 
the DISABLE ROM line is high, tne RO~ is inhibited and the ~AM on 
the memory module operates in read or write mode. 
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4.0 FUTURE ENHANCEMENTS. 

When 64K RAMs are available,(~ith design modifications> the 
Universal Memory Module standard sizes would be as follows: 

64K 0 1 64K module, 1 vacant module 
128K 0 2 64K modules 

Based on the assumption that the 64K RAM will be the same as a 
16k RA~ except that the +12V supply pin will be replaced by tne 
additional address pin the design chances required would be minor 
and are therefore documented as follows: 

1. Connect the TOP-BOT aadress ~ultipLexer outputs (U35,Pins 1R-16) to 
the unused inputs of the refresh-memory address multiplexer (IJ45,Pin 
5 and 6). 

2. Connect the output <U45, Pin 7) to the refresh buffer (U46, Pin11), 
ana the refresh buffer input (U46, Pin 17) to the refresh counter 
(U56, Pin 11). 

3. change the constant at the preset inputs of the refresh counter 
(2msec - 1 memory cycle time) apart for the same row address. 

4. Remove U310 and U41U in the mode contigurator ,since the aadress 
would always start at OK. Bank selpct mode would have to be used 
with two 64K modules. 

5. Reconnect the memory driver (U63) so that one driver is used for 
CAS and one used for A7 for the memory array .The Al driver input 
would connect to the refresh-memory multiplexer (U45, Pin I)~ 

5.0 SERVICE GUIDE. 

5.1 In the event of problems the most likely causes are: 

1. Incorrect configuration. 

2. Power supply voltages incorrectly set. 

3. Bad RAMS 

4. Other hardware problems which require ooard replacement. 

5.2 The performance can be verified by confiquring the module as display 
memory and doing bottom and top plane self test several times. 
The top plane test will not orovide ~iagnostic messages ( since the 
DMA mOdule does not have a top plane interface mode). However, the 
terminal will beep each time the test is passed successfully and the 
lights will go off after the last test. 
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Replaceable Parts 

Reference HP Part c Qty Description Mfr Mfr Part Number Designation Number D Code 

020,,0-onl71 • t UNIvERSA~ ~E~ORY ASSEMBLY 28480 Oh"o-oOl71 
DATE CODEI C-tq,O-4! 

Cl O18O-t7". 15 1 CAPACITOo<.F)(O I'SUF.-IOX loVDC TA !JU8' 1500151t)(901082 
C! 0180·019J 0 0 C AII' At ITOR.nO 19U'.-tox 10VDC TA l5un 1500190)(901082 
C, 0100-,,892 /I 20 CAI'ACPOR_'lID IIJF .-201 25VOe e!~ 28£110 011t0-1I192 
CII 01U-lIn! 0 eA",cnOQ-')(o tuF .-20" 25VOC CER UUo oho-lIeq2 
C5 011t0·1I892 It CA"ACITOR_FICO tuF .-20" 25VOC C!R 284180 OlltO-QU' 

c~ 0100-4892 It CAPACITOR.F)(O IUF .-20" 25VOC CER U,,80 01/t0-1I8Q2 
C, 0'ltO-,,892 b CAPACITOR_')(O IUF .-20" nVDC CER uuo IIUO-/I8'2 
ea 0IbO.4892 b CA"ACITOR.FXO tUF •• 20" 2'SVDC CER 281480 OhO-1I89! 
e. OUO-II89Z It C'''ACITOR.I'ICD IU' +-20" 25VOC CER 28480 OhO·48Q2 
CIO 0100.48'" It CAI',c I TOR.'ICD \UF .·20X 215VDC CER U480 OlltO-48'2 

Cll 0100-4n2 0 C'''·CITOR.FICO IU' .-201 nVDC CER 28480 oho-ueQ2 
Cll 01ltO-4n2 It CAPACITOR-F)(D IUF .-20" 2'SVOC CER 281180 OhO-ue'2 
CtJ Ot 1t0-ueQ2 0 CA"ACITOR.'lCO tu' .-2OX i!'Svoe CER 281180 OUO-48Q2 
C1Q 0IbO-,,892 0 CAPACITOR.FICO tu' .. 201 2!VOC CER 28480 ohO-UQ2 
Ct! 0100-US92 0 CAPACI TOR-FICO lUI' .-20" 2SVOC CER UIiIO 0100-14892 

Cllt OUo-UQ! 0 CAPACITO~_FxD tUF .-20" 25VOC CER 2all80 0100-,,892 
Cl1 ouo-/Jn! b CUACITOP.')(O luF .-20X 25VOC CER 28480 0100-11892 
Ct8 OUO_/Jn" b OPAcnOR.'XO tu F ··20" 25VOC CER 28,,80 01ltO_U92 
ct' 01 bO-II892 • CAII'ACITOfl.FxO IUF .-20" 2'SVDC CER 281180 0101)-,,892 
CZO 0100-4892 b CAPACITOR.'wD luF .-20" 25VOC CER 281180 011t0-U92 

Cil 0100-"U2 • CAPACITOR.FXD IUF .-20X 25VOC CER 28480 0100-148.2 
en 0lbo."n2 II CUAClTOhFX!) IUF .-20X 2SVec Cilt U480 OUIO-U'Z 
CU 0180·0]9] 0 CAPACITDIIe'lCO ]'U'.-101 10VOC TA 50i!l9 150D19U.0 I 082 
elO OlSO-OUI 5 tit CAPACITOR.'X!) .tU' .80-201 snvOC C!R 281180 01150-0 12 I 
Ci! OuO-OUt S CAPACITOR.F)(!) .1U' .80.201 50Vec CER 2811S0 0150.0121 

Clo 0180·0J'J • CAPACITOR.F)(O 3.U'.-\0" IOVOC TA 'SoZS. 1500)9f1 x·01082 
C,T OUo-OUt 15 CAPACITOR.'XO .tUF .en-20" 50VOC CER 28L180 0150.0UI 
C2S 0150-0121 5 CAPACITOP_FICO .IU' .Sn-20" 50VOC CEil 28480 OUO·OUI 
e2' OUO.OUI 5 CA"ACITO~.F)(O .IUF .80-20X 50VOe CER 211180 0150-0121 
cn OUO·11II11 5 CAP'CrrOlh'kO 15U'.-10" ZOVOC TA 5Un 1 !OOUon02082 

CU OUn.17U 5 CAPACITOR.'XO 15U,.-ln" ZOVDC TA SU8. 150015U90208Z 
eu OuO-otll S CA"'CITOR_F)(O .IUF .80·201 50V!)C CER 28480 0150·0121 
cn OISO-oUt 'S CAPACITOR-'X/) .IU' .80-20" 50VDC CER 28480 0ISO-0121 
C1II 0150-0121 S CAPACITOR-'XO .luF .80-20X SOVec CEQ 18l1li0 OUO-OUI 
CJ5 0180-0).3 II C.PAC!TOR-')(O ].U'.-IO" loVeC TA sun 1500nu'0 I oU 

CU OISO_OUI 5 CAPACITOR_FIID .IUF .80-20X 50VOC CER 21L180 0150·0121 
CH OuO-OUI 'S CAPACITOR_FxO .IUF .SO .. 20X SOVOC CER 28480 0150-0121 e:n OISO-0121 'S CAPACITOP_FwD .IUF .80·20X 50vec CER 2S1180 /1150.0121 
Coo ol50-nUt 5 CAPACJTOfl.F)(D .IU' .80-20" 50VOC CER 281180 al50.0UI 
C41 0150.0121 5 CAPACITOR.F)(D .1 U, .80-2011 50VOC CEFI 281180 D150-0Ul 

CQi 0150.0121 5 CAPACITOR.FlCO .1 U' +110·20" SoVOC CEFI 28/J80 0150·0121 
CGJ OISO-0121 5 CAPACITOR_FXO .1 u' .110-20" SOVOC CEFI 28480 0150-0121 
CIIII 0150.0121 5 CAPACITOR_'XO .1 UF +80-201 sovec CER 28L1S0 0150·0121 

CRI 1902-JOCJ2 I I DIOOE-ZNR LI."V 2' 00.1 II'O •• "~ TC.-.0121 281180 \902.]092 

EI O'JbO-O ULI 1 ] CONNECTOP_SGL CONT PIN .0".lN_SSC-SZ FIND 28/J80 Olbo.OUIi 
!2 OlbO-OUIi 1 CONNECTOR_SGI. CONT PIN .0/J-IN.esc.sz RNO 28L1S0 03.0.0 U4 
EJ 0]00 .. 01214 1 C;O"NEtTOR_SGL CONT PIN .Oll-IN .. BSC_SZ RNO 2S480 OlbO-OUIi 

JI U5' .. nb97 S 1 CO~INECTOR-tlGI. CONT SteT .OZ2-IN-SSC-SZ 281180 1251-00.' 
J2 IZ51-0fl91 5 eONNEe:TOP-SGL CONT SI<T .OZ2·IN-Bse-sz 281180 1251-01t.7 
J3 1251-0b~7 5 CO~NEe:Top.aGL e:ONT SKT ~022-IN.esc-sz Z8480 1251-0097 
JII !Zon.04155 fI I SOCKET-IC 8-CONT OIP-8~OR 2euo 1200-04S5 

"I 0081-/J71 5 0 I RE8ISTOR 4'0 5% .25~ Fe TC •• /JOO/t.OO 01121 C84'15 
RZ 11110-0]22 • J NET~ORK_FE8 8-SIP~0.0 OH~ x II () 1 Ii! I 1I081!200J 
'11 UIo-o3U q N!T~ORK_pE8 e-81P20.0 OHM x II 01121 "oeUooJ 
"II 1810·0]22 • NET~O~I<-RES e-sIP20.0 O~~ )( ~ 01121 IIOeB200J 
'IS I III 0-OiT5 1 5 NETwOR~.QES 10.SIPI.nl< OMM lC q o t Ii! 1 210Al02 

". I III 0-02715 1 NETwORK_RES IO.SIPI.OI< OMM X • o I Ii! I 210AI02 
'17 IAI0-1)2'5 1 NEhO~K_"ES lo-stPI.OK Ot04M X q 01 tit 210Al02 
'18 11\10.0215 1 NEhORI<_P!1 IO-S1PI • .,1< OMM X • 01 Ii! I 210Al02 
U IAIO.02'5 I N!TwORI<.RES 10.SIPI.01< OHM X • 01 t21 210'102 
"10 IAlo.02/10 II I N!hORI<_R!1 10.IIPIO.OK OMM X • ., 1121 210AIO] 

SWI ]IOI-~IOI 0 ~ SWITC~.R~R OIP_RKR_ASSV 10-IA .05A lOvOe ~e480 3101-2102 
awl 1IOI·~102 fI SwITe:~_RKR OIP_RKR_ASSY 10-IA .05A loVDC 28480 3101-Zt02 

un 1/120-1/1]2 5 II Ie: CNTP TT~ LI BIN SVNC~RO POS-EOGE-TRIG 012.5 IN1"LSlo]AN 
U28 tIl20-t431 S IC CNTR TTL LI BIN SYNCMRO POS_EDG!_TRIG 01295 I N74LStUAN 
un 111 20-"102 8 I Ie: Le:M TT~ La D_TYP! OCTL 01Z·5 SN7I1LS]7]N 
U1" 11-20-1 (lAI 0 7 IC ORVR TTL BU8 ORVR QUAD I.IN" 0"'13 Mcar20AP 
UJS \1120-1'1' 1 3 IC eFR TTL LS LINE ORVR DCTL 01295 8N111LSZLION 

, 



Replaceable Parts 

Reference HP Part c Qty Description Mfr Mfr Part Number 
Designation Number 0 Code 

U3f1 t~21\-ICl3i 5 IC CNT~ TT~ ~S BIN SYNCM~O ~Os-EDGE_T~I~ 012'5 sN14I.I1f1UN 
u17 t~il1-11138 t , IC MUX~/DATA-S!L TT~ ~s ~-TO-t-~INE QUAD out! SN14~n!1AN 
U31! Ui,)-OIlH 8 4 IC F' TTL S D-TYPE POS-EDGE-T~IG out! SN74114N 
U1II Illi!1-U!t!i 2 3 IC GATE TT~ ~S Exe~-OR QUAD i-IN~ 012'! IN741.SUIIN 
UCl3 11121'-1081 0 IC D~vP TT~ BUS DRV~ QUAD I-JN~ 04713 Mcan"p 

UCiCI '~il)-I081 0 IC D~VR TT~ BUS ORVR QUAD I.IN~ 04113 Mcnu" 
UCl5 11I2n-13n'l 5 2 IC ~UvR/DATA-SE~ TT~ S l-TO-t-~IN! QUAD 012115 IN141ne N 
UClb 1112/)-\'1" t IC BFR TT~ ~S ~INE D~vR OeTI. OU'5 IN741.UIION 
UCl7 111211-120'1 II , It BFR TT~ ~S NAND QUAD 2-INP Olill! SN7111.S3SN 
UII8 1112')_01143 1\ It F' TT~ S C-TYPE POS-EDGE-TRIG OU9! SN7U14N 

UII'I IlIln-120] e \ IC GATE TT~ LI AND TP~ J-INP 012'5 IN741.111N 
U53 ,112 ,1-1. (111\ 0 IC DRVR TT~ AU! CRVR QUAD l-INP 011113 MCn2U~ 

U511 1112,1-' 0111 0 IC DRVR TTl. BUI DRVR QUAD I-INP 011113 MCIT2U" 
Ulj5 11120-130'1 5 IC MUXR/DATA-8E~ TTl. I l-TO-!-~lNE QUAD 01195 IN7C1S2!SN 
Uljll 18(1,,_\4112 IS IC CNTR TT~ ~I eIN eYNCMRO POI_EDGE_TRIG 012115 SN711~SIUAN 

Ulj7 11I21l-I!q'l I l IC INV TTl. ~s MEX l-INP Oil'! 8N74~'04N 
Ulj8 11I2,,-nbi'1l 0 1 IC F' TTL I J-~ NEG-EDGE-TRIG Oil'S 8N74St liN 
UIj'l 1112"-Ob4] 8 Ie " TTL S D-TYPE POI-EDGE-TRIG Oil'S SN741UN 
Ub3 1ll2o-1r)/I! 0 IC O~VR TT~ BUS DRVR QUAD I-INP 04113 MCSTZUP 
UfllI 11\2 ')-1011 \ 0 T C DRVR TT~ BUS ORVR QUAD I-INP 04713 MCeTaUp 

Ub5 11\21)-1'1\1 I IC BFR TTL LI LINE DRvR DCT~ 01295 8N111L.U40N 
Ubb I "2')-U()1 b \ IC GAT! TTL ~S AND QUAD Z-INP Oln! IN74L.IOIN 
Ub 7 I ~211_I1I1(\\ II I IC GATE TTL I NAND QUAD i-INP OI2Q! 8N111100N 
Ub8 1-"20-1322 2 I IC QATE TT~ I NOR QUAD ~-INP o 129! SN711802N 
Ub" 1-"i'Il-IIIICI b I IC GATE TT~ LS NOR QUAD 2-IN~ 01l9! IN741.IOZN 

un 111211-(104] I I C F' TT~ I O-TYP! POS-EDQ!-TRIG 012'5 SN74114N 
U71 I~i!o-II'I'I I IC INV TT~ ~I M!. I-INP 01195 SN14L.'OIlN 
U7'1 \~1 :~-Ol 117 " 1 IC "'ISC TT~ \-INP 281110 t8U-OI01 
U310 1/l2p-12\5 2 IC GATE TTL LS EXC~-OR QUA~ l-INP OU95 SN111L.SUIIN 
UIiIO IUo-UI! (I IC GATE TT~ ~S !~C~-OR QUAD 2-INP Oll'l ''0741.11 ]11'" 

uSIO 11I20_0b/lb q I IC GAT! TT~ SAN~ TPL ]-INP 012Q5 SN141l1N 
UtllO 1'120-0b85 8 \ IC GATE TTL S NAND TP~ ]-INP OUQ5 SN74SION 

I'll 125"-1)1211 7 3 PIN_PROGRAMING OUMP!R .30 CONTACT 91S0b 11311-475GI 
I'I~ 125'\-O\l4 7 PIN_PROG~AMING DU~PER .10 CO~TACT cn50b 8Uo-475GI 
1/3 125!l-0121.1 '7 PIN.PROGRAMING DUMPER .]0 CONTACT '11500 11U-415GI 

XUII Ilon-Obo1 0 111 SOCKET-IC: III-eONT DI~-$~DR !81110 UOO-Ob07 
XLIIi! 1200-0flO'7 0 SOCkET-IC IfI-CONT DIP_SLDR 28118(1 IlOO-Ofl01 
IIU21 I ?0(I-U07 0 lOCKET-Ie: Ib-CONT DIP_8~O~ 281180 IlOO-Ob07 
lCUU 1200-00(1'1 /l SOCi<ET-IC Ib-CONT DIP_S~DR 281180 liOO-01l01 
XU31 \ZOO-Ob07 /l SOCKET-Ie Ib-eONT OIP_S~OR 281180 liOO-01l07 

xull 1200-0b07 0 SOCKET-IC Ib-CONT OI~-SL.DR 281110 1200-01101 
ltU41 lion-0001 0 SOCl<n·IC Ib-CONT DIP-SL.OR 2S1180 1l00-Ob07 
XUI.li! 1201'-0'01 a SDCI<ET-IC lb-CONT DIP-S~DR 2811'0 lioo-01l01 
)lUSI 1200-ob07 0 SOCKET-IC \tI-CONT DIP-SLoDR 28I1S0 \200-0b07 
xU5i' 12on-Ob01 0 SOCKET-IC IfI-CONT OIP·SL.OR 284S0 1200-01101 

XU6I 120(-Ob07 0 SOC~fT-te: IfI-CONT DIP-S~DR j?81110 lioo-01l07 
XUIII 120('-01107 0 SOCI<E'-IC lo-CONT DIP-!LO~ 28480 1200.01ln1 
lCu71 '- 120('-00(11 0 socwn-tc tll·CONT DIP-SL~R 211180 IloO-Oo07 
~U72 \20(l-~ba7 0 SOCI<!:T-rc lfl-CONT DIP-aLOR i!~1180 lloa-Obo7 
lIUel 12(1(\-01101 0 SOCItET-IC IfI-CONT OIP.SI,.DR UliIo liOO-Oo01 

XU8i' 120 (I-ObO 1 0 SOCKET-IC IfI-CONT DIP.S~DR 281180 liOO-Ob01 

112£'-20"4 2 I I,..e~~ 211180 1UII·2a" 


