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1.0 INTRODUCTION.

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

1.0.2 The Universal Memory Module consists of two completely independant
memory modules which each use 8 16-Pin socketed MOS RAMS. The modules
may be configured with 16K RAMS oraanized as 16,384 X 1 bit or 4K RAMS
organized as 4,096 X 1 bit giving the foliowing Universal Memory
Module standard sizes.

8K o 2 4K modules
16K o 1 16K module, 1 vacant module
32K 0o 2 16K modules
1.0.3 The memory mapping of the Universal Memory Module is unrestricted

with the following exceptions:

o In BOT or TOP mode the memory in the memory mapped 1/0 space
I1/0 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 (RAM) in which case
the BOT access is obtained by firmware inhibiting the TOP memory
=-this can only be done if the TOP memory is addressable 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 ROM
(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 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 INTRODUCTIONS

1.0.1 The Universal Memory Module is used in the 264xX Terminals
for Display Memory or Program Memory. This read-write memory
is normally only accessible through the terminal bus (BOT). If it is
connected to the Processor Module top plane it is then only accessible
through the top plane bus (TOP).

1.0.2 The Universal Memory Module consists of two completely independant
memory modules which each use 8 16-Pin socketed MOS RAMS. The modules
may be configured with 16K RAMS organized as 16,384 X 1 bit or 4K RAMS
organized as 4,096 X 1 bit giving the following Universal Memory
Module standard sizese.

8K o0 2 4K modules
16k o 1 16K module, 1 vacant module
32K o 2 16K modules
1.0.3 The memory mapping of the Universal Memory Module is unrestricted

with the following exceptions:

o In BOT or TOP mode the memory in the memory mapped 1/0 space
I1/0 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 ToOP
Read only memory (ROM) or Random access memory (RAM) in which case
the BOT access is obtained by firmware innhibiting the TOP memory
=-this can only be done if the TOP memory is addressable 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 ROM
(but functioning as RAM) may also be usede.

o In TOP mode Bank Switching is possible using an enhanced

version of the Processor Module and the 16K or 32K configurations 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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The Universal Memory Module is configured by loading the Ram sockets

with the appropriate RAMS as follows :

G W P S Y WD NP TP TR W R R P MR R OB YD WD R G AP G S R WS WR D W D WD G W M G SR G WP R G W D WR T WS oY WS W e a

[Memory size | Left Bank | Right 8ank

| | |

] | (Module 0) | (Modute 1)
"—--"-------l------“------'-l-----—---- -------
| | |

| 8K | 4K RAMs | 4K RAMS

| | |

| 16K | 16K RAMS | none

| | |

| 32K | 16K RAMS | 16K RAMS

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 jumper
plugs J1=-3 positions, set the switches S$S1=2,and connect the Top

Plane connector if TOP access is required.
are also programmable from the P2 connector.

PROCESSOR MODULE TOP PLANE INTERFACE.

The S1-=2 switches

In top plane mode, the Universal Memory Module interfaces to the
Processor Module through the Top Plane Connector Assembly (02640~

60012, 02640-60016, or 02640-60022).
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2.0 OPERATING PARAMETERS.

A summary of operating parameters for the Universal Memory is contained
in tables 1.0 through 5.0

Table 1.0 Physical Parameters.

3 3+t t 4 T 2 1ttt i i i T2 it i ittt it i ittt i i it i i i i it it i ittt 12ttt

| Number | Nomenclature i +/=0.100 Inches | (Pounds) |

|==8==8======='==============================|=======================':========.
02640-60171 Universal Memory PCA 12e5 x 4.00 x 0.5 0.5

=ZE=T===E===22 ================================$===========:===================l
|

Number of Backplane Slots Required: 1 |

|

e S S S R E T S S A T S s E S S SN N S TSR T S s S E T RS ST EST SIS IoSumzss=s=

Table 2.0 Reljability and Environmental Information

16K=2.74 (percent per 1000 hours)
32K~4.04 (percent per 1000 hours)

P E S E T e S e I S T I T e S S S T T S T S T T e T S S S R T S S ST RS S ST ST ST TS A T T S S ST STETRESSSESESnSsEz=Es=S=:S=
i ]
| |
| Environmental: ( X ) HP Class B ( ) VUther: ]
| ]
| |
| Restrictions: Type tested at product level ]
| |
| |
'========3=======:33===========================================================I
|

| Failure Rate: 8k=3.,61 (percent per 1000 hours)

|

|

I

e P T TSt am S A = e o = o R e 2 e . T WP D WS W =P S T E T S A s T S m e r T S aw S R T n AR e e M SN e A tw A mm o Tm e
2+ 3 333 3 13+ 2t 1 2 3+ 1 2 1 2 2 i+ P 2+ P P A P P P R R 2 R L R R A R 2 R R P R P R P 0 b R R
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Table 3.0 Power Supply and Clock Requirements = Measured
(At +/=5% Unless Otherwise Specified)

13+ 2+ 2 3+ 3 3t t 1 1 311t 11ttt ittt ittt ittt ittt it i ittt it i it ittt i it i i ittt ittt
| | | | |
I +5 Volt Supply | +12 Volt Supply | =12 volt Supply | =42 volt Supply |
| | | | |
| 3 910 mA | @ 30 mA | a 20 mA | NOT APPLICABLE |
| | | | |
'=========B==========================:= ' 2+ 3+ - it t 3 ittt i1ttt ittt i ittt it '
| | |
| 115 volts ac | 220 volts ac |
| | |
| NOT APPLICABLE | NOT APPLICABLE |
| | |
|=========S======= P N T e S S S S S S ST S SR S S S S S S S TS ST ST S S S TS TS ST SSS=EE==E==SS=E===== l
| |
| Clock Frequency: 4.9150 MHz +/= 0.1% f
| |
-ttt 3ttt i ittt it 3 ittt it it ittt it it it it it it i it it i i it 2t i i
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Table 4.0 Jumper Definitions

it 3+ 2 131 11 1 It i1 it it 11t ittt it ittt ittt 1ttt i ittt i it it ittt ittt iiii i
| | Function |
| PCA |mmer e e e r e ———— 2 = 0 e e e e e e
| Designation | in | out |
I 12ttt 1t 1 3t it it i1 2t ittt 1t I it ittt it ittt 1ttt it ittt it ittt ittt ittt ittt '
| | I
| | Connects Universal Memory module to Processor Module |
| TOP PLANE | via Top Plane ]
' CONNECTOR | s====z=c===S=rES =S IE T TS TSRS S EES S S S S ST SIS SEIIT IS ITSSSTSSS== == |
| | | |
| | When present selects | When absent selects |

| TOP access | BOT access |
| | | |
'388:38:883::38:: l e T ST S T ST T e T TSI SRS SE TS S oSS ES oI ESsSs=SIszZ=ZsSs=== I
| | [
) J1 } (Note: This jumper must always be installed for |
| ] proper operation of the PCA,located in the center ]
| | of the RAM memory array) |
' | 1ttt i t it ittt ittt it i -ttt it ittt it ittt 2ttt ittt I
{ | | |
| | Applies =5V to the RAM | Disconnects =5V generated |
| | arraye | on the PCA. Permits an |
| | i external supply to be |
| | | connecteda. |
| | | I
|==:====3===:==== I e S S e N S e S S S S R T S S TS S S S ST R TSR E N TR ERNT ISR TER=ZZIE=SS==I== '
| | |
| Je=3 | Bank Selector: Located in top center below P3 }
: :==========================================:================== :
| | | - |
| | *B' Position enables | *B' Position enables |
| | Bank Select mode | normal mode |
| | | |
(12 1t 13 311t 111 1111ttt it ittt ittt it ittt it ittt i it ittt ittt ittt ittt
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Table 4.1 Switch Definitions

R IR S S S S S T S e S ST S S R SN r L S S T I S S S RS S SS TS S s S T Em TSI IC=STE=E=sS=======

PCA | Function |

Designation | == crcncmcn—- e e e e e e S, ———————————— ————

Closed | Open |

R e R S S T R R S ST T | S e T S S S S T N ST R ST SR N T TS T TN T S T ST ST RS TR TTET T =zz==== l

|

$1 Mode Configurator: 0 is Blank Rackground (Left Module) |

|

S S N N S T S | s S S S ST e SN TS S S S S TS ST ST ST TS ST ST T S ST eSS TSRS ST TSNS =SS=S=Z=== I
INH O Inhibits Module 0, this Enables Module 0

must be selected if no
RAMs are loaded.

H o o o e e v —— — — ——— —— — ———————————— ————————— — ittt it

ETITXSZTE=ITITR=E=S

Adds 32K to Module 0
Start Address

Adds 16K to Module 0
Start Address

Adds 8K to Module O
Start Address if
M1.M2.M3.8

Adds 2 to Bank Select
Address of Module 0 if

M1 .M2M3.B.TOP

Adds 4K to Module 0
Start Address if
M1.M2.M3.8

Adds 1 to Bank Select
Address of Module 0 if

M1.M2.M3.B.TOP

Adds O to Module 0O
Start Address

Adds U to Module U
Start Address

Adds 0O to Module U
Start Address if
M1 . M2.M3.B

Adds 0 to Bank Select
Address of Module 0 if

Ml1eM2eM3.8.TOP
Adds 0 to Module U
Start Address if
M1.M2.M3.B

Adds O to Bank Select
Address of Module O if

M1.M2.M3.B.TOP
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Table 4.2 Switch Definitions

(3t s R i e Tt i I P R R s
| PCA | Function |
| Designation R e e e e T e L DL L DL P e e L L |
| | Closed i Open [
|388383======—==B= l 2+t ¢ 1 2 3 1 2 1 3t 2ttt it ittt ittt it it ittt i ittt it i1ttt I
| | |
| $1 | Mode <Configurator: 1 is Solid Background (Right Module) |
| | |
l I==============================3===========8===========8=======
{ | | |
} INH 1 ] Inhibits Module 1, this i Enables Module 1 [
| | must be selected if no | ’ |
| | RAMs are loaded. | |
i | { |
| | | |
| ( | |
| 32k 1 | Adds 32K to Module 1 | Adds 0 to Module 1 |
( | Start Address | Start Address |
i | | |
| | | |
| 16K 1 | Adds 16K to Module 1 | Adds 0 to Module 1 ]
| | Start Address | Start Address |
| | ] |
| i | |
| 8K 1 | Adds 8K to Module 1 | Adds O to Module 1 i
| | Start Address if | Start Address if |
| | — - | — - |
| | M1aM2.M3.8B | MT1.M2.M3.B |
| | | |
| | Adds 2 to Bank Select i Adds 0O to Bank Select |
| | Address of Module 1 if { Address of Module 1 if |
| | | |
| | M1 . M2.M3.B. TGP | M1.M2.M3.B.TOP |
| | i |
| | [ |
| 4K 1 | Adds 4K to Module 1 | Adds 0 to Module 1 |
| | Start Address if | Start Address if |
| | —_— - | —— - |
| | M1.M2.M3.8B | M1.M2.M3.B |
| | ] |
| | Adds 1 to Bank Select | Adds O to Bank Select |
| | Address of Module 1 if | Address of Modulte 1 if [
| | | |
| ) M1.M2.M3.B.TOP | M1 M2.M3.8.TOP |
| | i |
| | | |
1+ 3331111333111t 311113ttt 1t it ittt ittt i ittt it i it it i ittt ittt
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Table 4.3 Switch Definitions

EE ST T T e S T S N S T T S s T T T I T T T S E NS ENT I ESS oSS EZS IS =====
PCA | Function |
Designation ELTT LR P e e e et L L P P P L D DL LRl ) meee—ee———|
| Closed | Open |

3 1 3 3 3 31 1 3 1t it AR i it it i i ittt i i it it ittt it ittt i i l

§2 Mode Configurator: 0 is Blank Rackground (Left Module) |

1 is Solid Backaround (Right Module) |

Enables RAM/ROM mode
for Module O if TOP

Module O responds as
iMemory unconditionally

RAM O Module O responds as RAM

if ReM 0.TOP

Module 0 responds as ROM
( Addressing only ) if

ReM 0 o TOP

Enables RAM/ROM mode
for Module 1 if TOP

Module 1 responds as
Memory unconditionally

Module 1 responds as RAM
if ReM 1.TOP

Module 1 responds as wOM
( Addressing only ) if

M1 0 and 1 are 16K Modules 0 and 1 are 4K todules

M2=3 0 and 1 are 4K Modules or

Bank Select Enabled.

0 and 1 are 16K Modules

FST TOP 400nSec Memory Cycle

(This is the normal mode).

TOP 500nSec Memory Cycle

RPT Inhibits TOP Read to
Processor when Inhibit

Rom is clear.

TOP Read is unconditional.

WPT Inhibits TOP Write

| |
| |
| |
i |
| |
| |
| |
| |
| I
| |
| ]
| |
| |
I |
| |
| |
| |
| |
| ReM 1 o TOP |
| |
| f
| |
| I
| |
| |
{ |
| |
[ |
[ |
| |
| I
| |
i |
[ |
{ |
| |
i Enables TOP Write |
| |
] |

==
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
| RAM 1
|
]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
I
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Table 5.0 Connector Information for uUniversal Memory PCA
P S TS e T T S T S R S T S I T S T E T S S S S S S R T S S N R S S T R R E S S S S SSSESSSS s sss=Es
| Connector | Signal | Signal i
| and Pin No. | Name i Description |
|zz====zzzs=3zx |22 =FTEEES | === E SIS SIS SSSERESSSSS SIS RS SISSSS TSRS T=IIZ=S |
i P1, Pin 1 | +5vV | +5 Volt Power Supply |
: =-2 : GND : Ground Common Return (Power and Signal) :
: -3 : SYS CLK : 4.915 MHz System Clock :
: -4 : -2V : =12 Volt Power Supply :
: -5 : ADDRO : Negative True, Address Bit 0 :
: -6 : ADDR1 : Negative True, Address Bit 1 :
: -7 : ;;E;E : Negative True, Address Bit 2 :
: -8 : ADDR3 : Negative True, Address Bit 3 :
: -9 : ADDR4 : Negative True, Address Bit 4 :
: =10 : ADDRS : Negative True, Address Bit 5 :
: -11 : ADDRG : Negative True, Address Bit 6 :
: =12 : :;;;; : Negative Irue, Address 8it 7 :
: -13 : ADDRS : Negative True, Address Bit 8 :
: -14 : ADDR?9 : Negative True, Address Bit 9 :
: -15 : ADDR10 : Negative True, Address Bit 10 :
: -16 : ADDR11 : Negative True, Address Bit 11 :
: -17 : ADDR12 : Negative True, Address B8it 12 :
: -18 : ADDR13 : Negative True, Address Bit 13 :
: -19 : ADDR14 : Negative True, Address Bit 14 :
: -20 : ZEEET; : Negative True, Address Bit 15 :
: -21 : ;73 : Negative True, Input Output/Memory :
: =22 : GND : Ground Common Return (Power and Signal) :
i3 1 33+ 3133ttt 111ttt 1 i 11t ittt 1ttt ittt ittt i1ttt t 1ttt it i+ttt 2ttt it ¢ 1
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Table 5.0 Connector Information for Universal Memory PCA(Cont'd).

t+ 1+t 1 ittt ittt 11ttt i1ttt it ittt ittt 1ttt it ittt i it 2ttt it
| Connector | Signal | Siagnal |
| and Pin No. | Name | Description |
‘:8:883::8:83:2 ' EITTIIE=TEZ====== ' 2+ 3 2 i 3 3 ¥ -+ - ¢+ - - E R F I R R R E X T E 2 0 1T l
| P1, Pin A | GND i Ground Common Return (Power and Signal) |
| | | {
i -8 | | Not Used ]
| | | |
| -C | +12V j +12 Volt Power Supply |
| | | |
| -0 | | Not Used I
| | —— | |
| - | 8USO | Negative True, Data Bus Bit 0O {
| | | |
| -F | BUS1 | Negative True, pata Bus Bit 1 |
| | ——— | I
| -H | BUS?2 I Negative Trues, Data Bus Bit 2 |
| | s | |
| -J | BUS3 | Negative Tryer, Data Bus Bit 3 ]
| ] — | |
| -k | BUS4 | Negative Trues, Data Bus Bit 4 |
| | — | |
| - | BUSS | Negative True, Data Bus Bit 5 |
| | —n | |
| -M | BUS6 | Negative True, Data Bus B8it 6 |
| -N | BUS? | Negative True, Data Bus Bit 7 |
| | —— | |
| -p | WRITE ] Negative True, Write/Read Type Cycle |
| | — | |
| -R | | Not Used |
i | — i |
| -5 | WAIT | Negative True, Wait Control Line |
[ | | |
| -T | PRIOR 1IN | Bus Controller Priority In |
| | | |
| -u | PRIOR OUT | Bus Controller Priority Out |
[ | | |
| -v | | Not Used i
| { | i
{ =W | | |
| | | |
| -X | | Not Used |
| | — | |
| -y | REQ | Negative True, Request (Bus Data |
| | | Currently Vvatlid) |
| | — [ |
| -7 | ] Not Used |
FE 3t 3 3 i3t t i1 33ttt it ittt i it ittt it it i i it it i ririiiiii ity
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Table 5.1 Connector Information for Universal Memory PCA

P e S S I I E T I T R T S T T S ST TS s ES T CECS ST oIS IzsE=Z=======
| Connector | Signal | Signal |
| and Pin No. | Name | bescription |
I=========3=8=8 ' EREESSEISssssSSz==== l -+ + - 1ttt i i i1ttt ittt it it it i ittt i st '
I P3, Pin 1 | GND | Ground ]
| | | |
| -2 | ADDRO | Address Bit O |
| | I |
| -3 | ADDR1 | Address Bit 1 |
| | | |
| -4 | ADDR2 | Address Bit 2 |
| | | |
| -5 | ADDR3 | Address Bit 3 |
| | | |
| -6 | ADDRS | Address Bit 4 |
| | | |
| -7 | ADDRS | Address Bit 5 |
| | | !
| -8 | ADDRS | Address Bit 6 |
| | | |
| -9 | ADOR7 | Address 81t 7

| | | |
i -10 | ADDRS | Address Bit 8 |
| | | |
| -11 | ADDRY | Address Bit 9 |
| | | |
| -12 | ADDR10 | Address B8it 10 |
| | | |
I =13 | ADDR11 | Address Bit 11 |
| | | |
| =14 | ADDR12 I Address Bit 12 |
| { | i
| =15 | ADDR13 | Address Bit 13 |
| | | |
| -16 | ADDR14 | Address Bit 14 |
| | | |
| -17 | ADDR1S | Address Bit 15 |
i | S | |
| -18 | TOP ACTIVE | Negative True, (Low Indicates Top Plane |
| | i Module Address Recognition. (High |
| { | Causes a Bottom Plane Bus Cycle) {
| | | |
} -19 | READ | High Indicates Top Plane Bus Data Should |
| | | Be Gated On |
( | | |
| =20 | | Not Used I
| | | |
| -21 | SYNC.PHASE1 | Positive Pulse of 100nSEC at Beginning of |
| | | Processor Major Cycle [
| | | |
| =22 | GND | Ground I
3+ 2+ 132 1 31 33 11t ++ 2+ 22 3 2323 2 2 2 1 3t 1 2 3 1ttt i ittt it Ittt i it iI It ittt tiitt Y
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Table 5.1 Connector Information for Universal Memory PCA (Cont'd.)

Mapped I/0 Area (A15 A146 A13 A12) = (16uUD)

3 1 1 2 12 2 2 It i 32t ittt i1 21ttt ittt i ittt it i3t it i i it 223t
| Connector | Signal | Sianal |
| and Pin No. | Name | Description |
|=========8==3= ' aERESTsSTI=E=TE====T ' S+ S+t + 2 2 2 42 - -+ F A E R T 2 42 2 R 2 K5 '
I P3, Pin A | GND | Ground |
| | i |
| -8 | DBITO | Data Bit 0O i
| | | |
| -c | DBIT1 | Data Bit 1 |
| { | |
| -p | DBIT2 | Data Bit 2 |
| | | |
i -E | DBIT3 | Data BRit 3 i
| | | |
] -F DBIT4 | Data Bit &4 I
| | | |
| -H | DBITS | Data Bit 5 ]
| | | |
| -J | DBIT6 | Data Bit 6 |
| | | {
| -k | DBITY? | Data Bit 7 |
| | | |
| -L B0 j Bank Select Bit O ( Enhanced Processor ) |
| | | ( module ) |
| -M | 81 | Bank Select 8it 1 ( Onlye. ) |
| -N | TOP WAIT | Negative Trues, (Low) Causes Processor ]
| ] | Wait States to Synchronise Processor |
| | | with Slow Memories. |
| | —— | [
| - | 1/0 | Negative True, (Low) Indicates Memory |
| | | |
| | | |
| | i |
=
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Table 5.1 Connector Information for Universal Memory PCA (Cont'd.)

1+ 1 i+ 11 3ttt 131 ittt ittt ittt
| Connector | Signal

| and Pin No. | Name
'=========838== l SEXSIITI====Z==E==

=R

-X

~-Y

|

|

|

|

|

|

|

|

|

|

|

|

I -W
I

|

I

|

|

|

|

| -z
|
|

SESESESZIEIETEITIITTITITT=ST=ESE

DISABLE ROM

- —————————

TOP GO SLOW

|
|
|
I
I
|
|
|
|
|
|
I
I
|
|
|
|
I
|
|
|
|
|
TOP |
|
|
=

Signal |

Description |

It i Ittt ittt st ittt it it ittt ittt ittt I
Not Used
Not Used
Not Used

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

Not Used
Not Used
Not Used

Negative True, (Low) Causes Current
Processor Clock Cycle to be 50uUnsec
Instead of the Usual 400nsec

Negative Trues, (Low) Selects Top Plane
Access (TOP), (High) Selects Bottonm
Plane Access (BOT).

- — - e - - - - - P r s rr ey
>3 2 2 22 2 2 + 23 P 2 22 X2 2 2 - F P2 22 P 2 2 A 2R R 2P 0
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Table 5.2 Connector Information for Universal Memory PCA

I+ttt 31 +t 13133t 1 4 2 22+ 2 21 2 2 A 32t Rt EE EE E E T T T 2 E 2 E P T E F 2 R E 2 T R T+ 2 1 2 £
| Connector | Signal | Signal |
| and Pin No. | Name | Description |
|=s=sz=z=z=ss=r=z|s==s=sssssss=ss=sc |sxsssS=SssssssSsTSSESSSsCsSssSsz=I=SsSsSsSZss=sIsSs |
| P2, Pin 1 | MISWOUT | M1 Switch Output |
: -2 : M1SWIN : M1 Switch Input :
: -3 : 4K1Sw;; : Negative True, 4K Module 1 Switch Input :
: -4 : 32KOSWIN : Negative True, 32K Module 0 Switch Input :
: -5 : ?ZK1SNIN : Negative True, 16K Module 1 Switch Input :
: -5 : ;;?;;;; : Nedative True, Read Protect Switch Input :
: -7 : R-MISWOUT : Negative True, Ram/Rom Module 1 Switch Input:
: -8 : REFA : Refresh Input A :
: -9 : ADDRY4 : Negative True, Address Bit 4 :
: =10 : RAMOSWIN : Neqative True, RAM 0O Switch Input :
: =11 : 8KOSWIN ; Negative True, 8K Module 0 Switch Input :
: -12 : ZKOSWIN : Negative True, 4K Module O Switch Input :
: -13 : +5RS : +5V With 1K Source Impedance, Reset Input :
: =14 : REFB : Refresh Input B :
: -15 : GND : Ground Common Return (Power and Sianal) :
l==============‘l==S=============l=============================================:='
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connector  Information for Universal Memory PCA (Cont'd.)

t 222323 1323343 222 11 3 2 ¥ 3 1 2 3 22t L2 2 XL 22 2 A A E - T s i i 22 L E R P E 2 P 2 2 0 1

Signal |
Description |

I I T T I 1 1 3 I e r r r rr Yty r r r rrrrr s r rrrtr i
t+ s ittt 3 12 ¢ 2 - X+ 2 22 2 P P s I I F X - 2 P F 2 2 R R 2 R L 2

Table 5.2

| Connector | Signal
| and Pin No. | Name

|
] P1, Pin A | M2SWOUT
| |
| -B | FSTSWIN
| | -
| -C | M3SWOUT
| |
| -0 | 8K1SWIN
' I A ——— D S
| -E | 16KOSWIN
' | D S— S
| -F | 32K1SWIN
| |
| -H | R.MOSWIN
| | e
i -J | RAMISWIN
| |
| =K | LOAD REFRESH
l I S A RS —
| -t | R.MOSWIN
' ' R S Y S
| -M | R.MOSWOUT
| |
| =N |
| |
| -P |
| |
| =R |
| |
| |
| -5 | WPTSWIN
i ]
===

t 231232333t 142 2 1 - 3 2+ 2 2 2 2 44

“ ——— ——— — — — — —————— A — —— ———— -, wam—— i —— v — i —— —— —

Ground Common Return (Power and Signal)

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Neqgative
Negative
Negative
Not Used
Not Used

Not Used

Negative

True.,

True,

True,

True,

Trues

True,

True.,

True.,

True,

Truer

Fast Switch Input

M3 Switch Output

8K Mndule 1 Switch Input

16K Module 0 Switch Input
32K todule 1 Switch Input
Ram/Rom ModuleO Switch Input
Ram Module 1 Switch Innut
foad Refresh Counter Value
Ram/Rom ModuleD Switch Input

Ram/Rom ModuleOSwitch Output

WPT Switch Input
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3.0

3.1
3.1.1

FUNCTIONAL DESCRIPTION. Refer to the block diagram (fiqure 1),
schematic diagram (figures 2 and 3), the timing diaaram (figure 4),the
component location diagram (figure 5) and the parts list (02640-60171)
Ltocated in the appendix.

The Universal Memory PCA is the display or orogram memory for

the terminal. It consists of memory drivers and series termination
resistorss, memory receiverss, top data port, bottom data portr, memory
arrays, transparent data latch, top~bottom address multiplexer, refresh=
memory multiplexer, bank select switch, mode configurator, 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 qgenerator, 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 strobe
data in, write enable, and address inputs.

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

The series termination resistors minimize undershoot by terminating

the bus Lines with the Line impedance. This approximates to 200hms
since it consists of an 800hm line with distributed, lumped, capacitive
Lloads. Current Limit protection is provided free which Limits the
memory driver output to ¢5mA if two or more array inputs are shorted
together.

MEMORY 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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3.4

3.5
3.5.1

3.5.2

3.5.3

TOP DATA PORT.,

The top data port consists of a transceiver (U34,U44).The receiver
section output correspondjng to the port input is enabled in top mode
only and connects the processor top plane data bus to the to the memory
array input data bus.

The driver section output corresponding to the port output is enabled
by the port selector (TDO) and connects the transparent data latch
output to the processor top plane data bus.

BOTTOM DATA PORT.

The bottom data port consists of a transceiver (US54,U64).The receiver
section output corresponding to the port input is enabled in bottom
mode only and connects the bottom plane data bus to the memory array
input data buse.

The driver section output corresponding to the port output is enabled
by the port selector (BD0O) and connects the transparent data latch
output (BDO) 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 MK&116=4 (16K) MK4027=3 (4K) or
equivalent RAM with a demonstrated reliability of < 0.3% failures
per 1000 hrs may be used.

The RAMS are used with sockets to allow field uparade and repairs
however, only HP 5090 prefix RAMS should oe 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 Sa
cell array (4K) addressable by row and column. The 14=bit (16K)
or 12=bit (4K) address is therefore multiplexed and strobhea into the
internal row and column latches with the row and column strotes.

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

The memory array is organized as two modules of equal size (if both
are loaded). They are both addressed identicallysthe RAS or row address
strobe determines which module is 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) allows the data to propagate through
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 depend on the completion of
the processor=-memory handshake. Therefore, a ajagnostic tool attached
to the terminal bus cannot prevent the memory from being refresheq.

The pull=up resistor array (R10) is required because 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
problems.

TOP=-BOTTOM ADDRESS MULTIPLEXER.

The top=bottom address multiplexer (U35,U65) selects the memory

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 bottonm
plane address buse In top plane mode the multiplexer output is

off and the memory address at the output (U35,65) Wwill come froim the
the top plane address buse

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 cyclese.

——var

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

REFRESH MODE enables the row column driver output (U45,55 Pin 15) .,
COL selects the column address and COL selects the row 3address (145,55
Pin 1).
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3.8.2

3.10

3.10.1

The memory array address for diagnostic purposes is the same for
bottom or top plane mode and the address pit mapping is as follows:

0o 16K Modules
Memory Address

ADOR 15 14 13 11 10 9 8 7 6 12 5 4 3 2 1 0

T S S S T T S S S T T S S ST T S S T ST ST SRS T ST e T TSN ST eSS eSS Es=EESsS==S===
Module A6 AS A4 A3 A2 A1d AQ (A6 A5 A4 A3 A2 Al AG |
Address| | |
| Memory Array i vemory Array |
| Column Address | Row Address |

0o 4K Modules
Memory Address
ADDR 15 14 13 12 11 10 9 a 7 6 S 4 3 2 1 0

Module
Address

| | |
| I |
} Memory Array I Memory Array |
| Column Address | Row Address |

BANK SELECT 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 configurator 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 DISABLE ROM (P3,Pin U), BA14 and 15
outputs of the top-bottom address multiplexer, the output of the opank
select switch (J2,and J3), the switch bank S1, the A6 output of tne
refresh-memory multiplexer (1S5, Pin ?),and the I/0 output of the
top=bottom control multiplexer (U37, Pin 4).
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3.10.2

3.10.3

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

MODULE 1 SELECT (U410, Pin 6), BOARD SELECT (U669, Pin 4), and the input
to memory driver A6 (U535, Pin 4).

The comparators operate as follows:

(only one will be described)

o The I/0 input from the top~bottom control multinlexer enables the
comparator. If the memory 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 opens, 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 refresh-memory multiplexer, and
the M2 and M3 switches would be open enabling the comparator to
start on 16K boundariese.

0o 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 is closed, the
comparator will be enabled if the state of the DISABLE ROM Line is
set and the RAM switch is closed, or if the state of the DISABLE
ROM Lline is cleared and the RAM switch is open ( ROM selected ).

o In bank select mode the memory array has to be loaded with 16K
RAMs and the M2 and M3 switches closed. This is necessary because
in bank select mode the section of the comparator 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 would be closed and the comparator would be
enabled when the state of the B0 and B1 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 (U37) selects the principle control
lines from the top or bottom plane which control the memory operation.
The WPT or write protect switch enables the TOP write (Ub6, Pin 4) when
open and inhibits TOP write into the memory mocule when closed.

It is clear that the WPT switch has to be open when the memory

module is being lLoaded, and cannot be used if any part of the

module is used as read-write memory.

————

The I/0 decoder( U37, Pin 4 ) selects the top or bottom plane I/0 Llines
which decode the memory mapped I/0 area corresponding to 32K to 36Ke.

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

The memory request strobe (U337, Pin 9) positive edae is the earliest a
memory cycle can begin. REQUEST 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 oy

decoding MEMORY WRITE.OUTPUT status.

CLOCK DRIVER,
The clock driver section buffers the svystem clock and oroduces

CLK (Ué6, Pin 11) ,» CLK 1 (US7, Pin 8) » and CLK 2 (U?7&, Pin 6)
which drive the parts of the module wnich are synchronous with the
system clocke.
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3.13

3.13.1

3.13.1.1

3.13.1.2

3.13.1.3

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 memory
request generator outputs REFRESH KEQUEST ,MEMORY REQUEST, and
MEMORY WRITE.

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

The *normal' mode of the module is MEMORY MOODE and the row address

from the memory=refresh multiplexer is set up at the memory drivers
prior to the memory request heing receiveds The memory cycle tnen

begins as soon as memory request is set. when the memory timing has
been initiated, *MEMORY READY is cleared and the refresh request

is inhibited wuntil the memory cyclte ( MEMORY REQUEST is cleared)

and the precharge time is completed ( MEMORY READY set)e

The pending refresh request, if any, is processed next.

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 (48, 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, MEMORY READY is cleareq
and the memory request is inhibited until the memory cycle

(MEMORY REQUEST is cleared ) and the precharge time is completed
(MEMORY READY is set).

The pending memory cycler, if any, is processed nexte.

If a memory and refresh request occur simultaneously, the hardware

is designed such that the refresh cycle will always occur first

since the REFRESH REQUEST (US58, Pin 5) will set a maximum of

7 nsec after the buffered system clocke The pending memory reqguest is
processed (see 3.13.1.1) after the refresh request (see 3.13.1.2).
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3.13.2

3.13.2.1

3.13.2.2

3.13.3

3.14

3.14.1

The mechanism for memory access is as follows:

In BOT mode for a write access MEMORY REQUEST and MEMORY WRITE are set.
If MEMORY READY is set and the REFRESH REWQUEST is cleared the memory
request is enabled ( RAS O or RAS 1 is set ) and the memory is write
enabled (WE is enabled) . The memory timing then continues to
completion. A BOT read access is identical except that MEMORY
WRITE will be cleared therefore the memory write will be inhibited

(WE is inhibited).

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 O or RAS 1 set)
until WRITE (P3-20) is asserted. Since the refresh request is
inhibited a refresh request which occurs during this perijod will

not interfere with the memory access.

The mechanism for a refresh access is as follows:

REFRESH REQUEST is set and if MEMORY READY is setr, REFRESH MODE will
set which enables the refresh address out of the refresh=memory
multiplexer,inhibits the WE to memory and the memory requeste.
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 & Memory Timina Diagram)

The memory timing is initiated when a row address strobe is set

(RAS 0 and=or RAS 1) and ends when MEMQRY READY is 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 propaqgates along the delay Line and each
output will go positive after a fixed time in relation to the input.
The output tap 3 (U779, Pin 11) a 260nsec clears RAS O and RAS 1 and
hence clears the state of the delay line input » the negative edae
then propagates 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 is set by output 3 (7/5nsec) which clocks U77, Pin 9. If the access
is a memory cycle the state of the input (U77, Pin 2 ) will be set

and the CAS output at U738, Pin 8 will be asserted. At the same time
DATA CLOCK which is logically the same as CAS is asserted which enables
the transparent data latche. CAS is cleared by output 4 (32Unsec)

and at the same time the transparent data latch is inhibitea causing
the RAM output data to be held in the.latch. In the case of a retresh
access the CAS flip=flop will be inhibited therefore neither CAS or
DATA CLOCK will be asserted. ’

SET MEMORY MODE is decoded from REFKFSH (U7&, Pin 2) and output S
(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 MEMORY MODE (U448, Pin 6) and
output 1(45nsec) and output 3(260nsec) this gives a nominal cycle time
of 600nsec.

MEMORY READY is cleared by RAS O + 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 adaress
strobe

DELAY LINE and TEST SOCKET.

The delay Lline (U79) is a hybrid circuit containing an L-C delay Lline
and a 3=state output buffer used to generate the memory timing.

The delay line is packaged in a 16 or 32 Pin DIP package rand either
one may be used on the Universal Memory Module.
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3.15.2 The delay Line timing is as follows:
FUNCTION | DELAY FROM INPUT | ODELAY LINE PIN | TEST CONNECTOR PIN
| | |
-+ 3 2 1 1 % l 3 3+t i 2 T 1 1 l s SoEI=ZsSzZ===c I -+ 33 2 2 2t 2k 2tk
{ | |
ouT1 | 45nsec | Pin 13 | Pin 7
ouT2 | 75nsec | Pin 5 | Pin 2
ouT3 | 260nsec | Pin 11 | Pin 8
oUT4 | 320nsec | Pin 7 | Pin 1
ouUTS | 415nsec | Pin 9 | Pin 5
Ground | ] Pin 8,7a | Pin &4
+5v | | Pin 16,143 |
Enable | I Pin 1 |
Input | | Pin 1a | Pin 3
Enable Pin 6
Input
3.15.3 The outputs and the output enable control are accessible from the test
connector for DTS 70 pretest and for servicina. Note that if an
external delay Lline is wired to a test plug it can he 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.
3.16 TOP=-BOTTOM INTERFACE CONTROL.
3.16.1 The top=bottom control logic provides the feedback or handshake
response to memory requests received by the memory request
generator.
3.16.2 In TOP mode, TOP ACTIVE (P3, Pin=-18) is asserted by BOARD SELECT

(U778, Pin 4) meaning the memory module will respond to a top plane
memory access request. The processor moaule will then inhibit the
bottom plane request sequence and complete a top plane memory cycle.

At 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 500Unsec

instead of the normal 500Unsec cyclee.

TOP WAIT (P3, Pin=N) is asserted if a top plane memory request is
initiated 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 when the memory reguest is
initiated and cleared 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 completeda

MEMORY REQUEST GENERATOR.

The memory request generator consists of the MEMORY REQUEST and MEMORY
WRITE flip=flops (U38). These are set if a strobe (U38 Pins 3 and 11)
is input from the top=-bottom control multiplexer when the enables
(U38,Pins 2 and 12) are asserted and the board select(U38,Pin 4 and 10)
is asserted. MEMORY WRITE i1s set for a write operations, and clear for

a read operation.

When the memory operation is completed, the MEMORY REQUEST and MEMORY
WRITE flip~flops are cleared.

REFRESH REQUEST GENERATOR.

The refresh request generator consists of a refresh counter (U27, UZ28)
and a refresh reauest JK flip=flop ( U588, Pin 5).

The refresh counter is synchronous with tne 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 (U27, Pin 15) every 15.27 usec
or each memory row address is refreshed at 15.27 x 128 usec = 1.%0omsec
(4K RAMS are refreshed at twice this rate )« The carry 1is latched

by the Refresh request flip=flop which is cleared after the refresh
memory cycle is completed.

The modules of the refresh request yenerator counter can be c¢nanged
as follows:

REFA | REFB | Modulus | Purpose
===== l sS===== ' Z=mEsIEsos=== l 2+ 2434 F =S+ 3+ 4 2 F E 4 2+ E T 55
| | |
1 I 1 | 74 | Normal refresh o 2msec
| | |
1 ] O | 1 | DTS /0 Pretest
| | |
0 I 1 | 256 | Menmory Tester extended refresh

REFRESH COUNTER.

The refresh counter (U336, US56) contains the row refresh address.
It is incremented at the end of a refresh cycle.
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3.20 DATA PORT SELECTOR

The data port selector controls the TOP and BOTTOM

DATA PORT. In TOP mode the TOP DATA PORT output is enabled

by TDO, which is asserted by READ (P3,Pin=19) and BOARD SELECT

and RPT switch,

The RPT or read protect switch is used to prevent the module from
responding to memory reads when the state of the DISABLE Line is clear.
When the current Loader ROM is used, during the loading process

the state of the DISABLE ROM Lline is initially clear and instructions
are read from the loader ROM while the data is written

into the RAM on memory module. This requires the ROM to bhe read only
and the RAM on the memory module to he write only during the

Load sequence. After the Load operation is complete the state of

the DISABLE ROM Lline is high, the ROM js inhibited and the KAM on

the memory module operates in read or write morde.
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4.0 FUTURE ENHANCEMENTS.

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

64K o 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 RAM except that the +12V supply pin will be replaced hy the
additional address pin the design chanoes required would be minor
and are therefore documented as follows:

1. Connect the TOP=BOT aadress multiplexer outputs (U35,Pins 18=16) to
the unused inputs of the refresh=memory anddress multiplexer (U45,Pin
S and 6).

2e Connect the output (U445, Pin 7) to the refresh buffer (U46, Pin11).,
ana the refresh buffer input (U446, 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 addresse

4. Remove U310 and U410 in the mode configurator ,since the address
would always start at UK. Bank select mode would have to be used
with two 64K modules.

S« Reconnect the memory driver (U63) so that one driver is used for
CAS and one usea for A7 for the memory array .The A7 driver input
would connect to the refresh=memory multiplexer (U45, Pin 7).

5.0 SERVICE GUIDE.
5.1 In the event of problems the most likely causes are:
1« Incorrect configuration.
2. Power supply voltages incorrectly sete.
3. Bad RAMS
4. Other hardware problems which reguire board replacement.
5.2 The performance can be verified by confiaquring the module as display
memory and doing bottom and top plane self test several times.
The top plane test will not orovide diagnostic 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 e Mfr
: A Q Description Mfr Part Number
Designation | Number (D ty scriptio Code
02640=b0171 | & 1 UNIVERSAL MEMORY A3SEMBLY 28480 0264060171
DATE CODE1 Ce19t0e42
€1 01801746 ] 3 CAPACITORFXD jS5UFseioX 20VOC TA 56289 1500156902082
€2 01802039% [ 4 CAPACITORFXD 39UF+aioXx 10VDC TA 56289 150D396X903 082
c3 0160=d892 L] 20 CAPACITORSPXD 1F »e20X% 25VOC CER 28480 0te0eu892
1] 01604892 6 CAPACITORWPXD JuF +e20X 28VDC CER 28480 016004892
cs 0160=4892 [} CAPACITORFXD {uF +=20% 25VDC CER 28480 0160w4892
() 016024892 6 CAPACITOR«FXD {UF +220% 25VDC CER 28480 0160w4892
[3 0160e4892 [} CAPACITORFPXD JUF +w20X 28VDC CER 28480 01604892
cs 0160-4892 [ CAPACITORSFXD tUF +=20% 25VDC CER 28480 0160euB92
(1] 01604892 6 CAPACITORSFXD jUF +s20X 25VDC CER 28480 0le0e4d92
€10 01604892 6 CAPACITORLFXD jUF +=20X 25VDC CER 28480 0160w4892
c1! 01604892 6 CAPACITOReFXD 1UF ++20% 23VDC CER 28480 0160wu892
ct2 016004892 [ CAPACITOR=FXD JUF +=20% 25VDC CER 28480 0160wu892
ct3 016004862 6 CAPACITORSPXD {UF +w20% 25VDC CER 28480 016004892
c14 016004892 6 CAPACITORSFXD 1UF +e20% 2%VDC CER 28480 n160=4892
c18 01604892 6 CAPACITOR=FXD JUF +=20% 25VDC CER 28480 0160e4892
C16 01604892 6 CAPACITOR=FXD {UF +e20% 25VDC CER 28480 016024892
17 0160-4892 6 CAPACITORLFXD jUF +=20% 2SVDC CER 28480 0160=4892
c18 0160.4892 ] CAPACITORFXD 1yF +220X% 2%VDC CER 28480 016004892
c19 0160.4892 6 CAPACITOReFXD tuF +=20% 25vDC CER 28480 01604892
c20 0160e4892 6 CAPACITORFXD 1UF »=20% 2%VDC CER 28480 01604892
[13} 016004862 [] CAPACITORRFXD {UF +e20% 28VDC CER 28480 01604892
ca? 0160.4892 [] CARACITORSFXD 1UF +=20% 25vDC CER 28480 0160e4892
ca3 01800393 [} CAPACITOR=FXD 39uF»=10% 10VDC YA 56289 1500396x904082
cad 01500123 5 16 CAPACITOR=FXD ,1UF +80e20% SnyDC CER 28480 0180=0121
(+1] 015S0e0121 H CAPACITOR«FXD ,1UF ¢80e20% %0vDC CER 28480 01S0w0121
cas 0180.039% [ CAPACITORLFXD 39UFsefnX 10VDL TA 56289 180D396X%901082
Ce? 01%0=0121 S CAPACITORSFXD _1UF +80220X% SoVDC CER 28480 0150e0121
ca8 0150.0121 1] CAPACITORFXD ,1UF 480e20% SovDC CER 28480 0150e0121
€29 0150e0121 g CAPACITORFXD _{UF ¢4B80e20% SoVvOC CER 28480 015020121
[31] 0180=174d6 5 CAPACITORSFXD {SUFeey0X% 20VDC T2 86289 1%00186X902082
€31 0180wy 786 H CAPACITOR=PXD 185UFe=10X 20VDC T4 56289 1500156x902082
€32 0150e0121 5 CAPACITORFXD ,1UF +80~20% SovOC CER 28480 0150e0121
€33 0150=0121 H CAPACTITORFXD ,1UF +80=20X SOVOC CER 28480 0150=0121
(4.1 01S0=012% L CAPACITORFXD ,[1UF +80=20% S0VDC CER 28480 0180=0121
(3.1 01800393 3 CAPACITOR=FXD 39UF+¢=10X 10VDC TA 56289 1500396x901082
C36 0150e0121 H CAPACITORWFXD ,1UF +80=20% SovOC CER 28480 0150e0121
€37 0150.0121 S CAPACTITORLFXD ,1UF +80-20% SovDC CER 28480 01%50=0121
c3e 0150m0121 5 CAPACITORLFXD _{UF +B0=-20X S0VDC CER 28480 0150e0121
1] 01500121 ] CAPACITORGFXD _1UF +Bow20Xx S0VDC CER 28480 0150e0121
Cay 0150.0121 S CAPACITORWFXD _1UF +Bne20% SOVDC CER 28480 0150=0124
Cy2 0150e0121 S CAPACITORAFXD _{UF +80=20% S0VDC CER 28480 0150=0121
Cu3 N150=0121 5 CAPACITOR.FXD ,1UF +80=20% SoVDC CER 28480 01500121
Cad 0150=0121 s CAPACITORLFXD _{UF +80e20% SoVDC CER 28480 0150e0121
CRt 19023092 1 1 DIODE=ZNR 4,99y 2X DOe? PD®,4w TCSe,012% 28480 1902«3092
£y 0360e0126 3 3 CONNECTOR=86L CONT PIN ,04«INaBSC=82 RND 28480 0360e0124
€2 0360e0124 3 CONNECTORSGL CONT PIN _04sINuBSCea8 RND 2848y 0360=0124
3} 0360e0124 3 CONNECTOReSGL CONT PIN ,04eIN=BSC=82 RAD 26480 0360e0124
J1 1251=n697 S 3 COMNECTOR=8GL CONT 8KT ,022=IN=3SC=82Z 28480 1251=0697
J2 128120697 L] CONNECTOR=8GL CONT SKT ,022=INeBSCeS2 28480 12510697
J3 12851=0697 S COMNECTOP«SGL CONT SKT ,022«IN=BSCe82 28480 1251=0697
J4 1200m04%S 6 1 SOCKETe]IC 8«CONT DIP=SLOR 28480 12000458
R1 068304718 0 { RESISTOR 470 %% ,25w FC TCEwU00/4600 o111 CBur1S
R2 18100322 9 3 NETWORKeFES Be81P20,0 QWM X 4 01ie1 4088200V
R3 18100322 9 NETWORKeRES B8+81P20,0 OMM X 4 0jta 4088200J
R4 1810=0322 9 NETWORKeRES Bw8IP20,0 OHM X 4 [2¥Y 3 4osBgood
RS 18100278 1 5 NETWORKeRES 10=81P1,0K OMM x § 01121 2104102
Re 1810m027% 1 NETWORK@RES 10-81P1,0K OHM X @ 01121 2104102
RY 18100275 1 NETWORKeRES 10e81P1,0K OHM X ©§ 0112y 2104102
RS 18102027% 1 NETWORKeRES 10e8IP1, 0K OHM X 9 01121 2104102
RO 1810=0275% 1 NETWORKRES 108IP1,0K OHM X 9 01121 2104102
R10 1810e02R0 8 1 NETWORKeRES 10-81P10,0K OHM x o112t 23104103
8wy 3101e2102 é 2 SWITCHeRKR DIP.RKR«ASSY 10eid _0SA 30VDC 28480 3101=2102
L] 3101e2102 & SHITCHeRKR DIPLARKRwASSY 10eiA ,08A 39VDC 28480 31012102
ver 1R20=3u32 H 4 IC CNTF TTL LS BIN SYNCHRO POSeEDGE®TRIG 0129¢ SN74LS163AN
ua8 18201432 H IC CNTR TTL L8 BIN SYNCWRO POSWEDGETRIG 0129% SNT4LS163AN
U3l 18202102 8 1 IC LEM TTL LS DTYPE OCTL 01298 SN74L8373IN
usy 1A201081 0 7 IC DRVR TT{ BUS DRVR QUAD 1eINP 04713 MCBY26AP
uss 18201917 1 3 IC BFR TTL LS LINE DRYR OCTL 01298 SN7uLS240N




Replaceable Parts

Reference HP Part |c Q s Mfr
PRy t Description Mfr Part Number
Designation Number |D Y p Code
u3le 18201432 ] 1€ CNTR TTL LS BIN SYNCHRO POSeEDGEeTRIG 01298 SN74L8163AN
us? 182ney4ls 1 1 1C MUXR/DATASE| TTL L8 2eT0=1s INE QUAD 01298 SNT4LB82STAN
uss 1820=0693 8 4 IC FF TTL 8 DeTYPE POSEDGE=TRIG 01298 SNT4STUN
use 182121215 2 3 1C GATE TTL L8 EXCL=OR QUAD 2=INP 01298 SNTULS136N
uel 18204081 0 IC DRVR TTL BUS DRVR QUAD t=INP 04713 MCBT20AP
yuu 1R20=1081 0 1C DRVR TTL BUS DRVR QUAD 1sINP 04713 MCBT26AP
uus 1820=t3N9 H 2 1€ MUYR/DATABEL TTL 8 2«TOwisLINE QUAD 01298 BNTUS258N
uus 1820=1917 1 1C BFR TTL LS LINE DRVR OCTL 0129% SNT4L8240ON
uat 1820e1209 4 1 IC BFR TTL LS NAND QUAD 2eINP 0129% SN74L838N
uss 182120693 ] 1C FF TTL 8 DeTYPE POSEDGE=TRIG 0129% SNT487uUN
e 182011203 8 1 1C GATE TTL L8 AND TPL 3eINP 01295 SNT4LSLLIN
usy 1820108 0 1€ DRVR TTL RUS DRVR QUAD 1=INP 04713 MCBT26AP
us4 1A20et R 0 IC DRVR TTL BUS DRVR QUAD {eINP 04713 MC8T20AP
uss 1820=1309 5 1C MUXR/OATA=SEL TTL 3 2«TOeielINE QUAD 0129% SN7uS258N
use 182ne1432 s IC CNTR TTL LS BIN S8YNCHRO POSeEDGEeTRIG 0129% SN74L8163AN
us? 1820=1199 1 2 1C INV TTL LS HEX 1=INP 0129% BN74L804N
use 1R20=0629 0 1 IC FF TTL 8 Jek NEGeEDGE=TRIG 01298 8NY4S 12N
us9 18200693 8 IC FF TTL 8 DeTYPE PD3=EDGE=TRIG 0129% BN74874N
usd 1820=10AY 0 IC DRVR TTL BUS DRVR QUAD t=INP 04713 MCBT26AP
Ued 1820=10R1 0 1C DRVR TTL BUS DRVR QUAD {=INP 04713 MCBT264P
uss 18201917 1 1C BFR YTL LY LINE DRVR OCTL 01298 SN74L8240N
ubb 182941201 6 t 1C GATE TYL L8 AND QUAD 2eINP 01299 SNT74L 808N
Us? 18200681 4 1 IC GATE TTL 8 NAND GUAD 2eINP 0129% 8N74800N
ues 1820e1322 2 1 1€ GATE TTL 8 NOR GUAD 2eINP 01298 SN74802N
Ue9 1R2ue1 144 6 1 IC GATE TTL LS NOR QUAD 2eINP 0129% SNT4L80RN
ur? 182020693 8 IC FF TIL 8 DeTYPE POS=EDGE=TRIG 0129% SN74874UN
urs 1820=1199 1 IC INV TTL L8 MEX feINP 0329% SNTULSOUN
u79 1813=0107 4 1 1C MISC TTL 1=INP 28489 1813=0107
usto 1R20=1215 2 1C GATE TTL LS EXCL=OR QUAD 2=INP 01298 SN74LS8136N
uato 1820=1215% 2 1C GATE TTL LS EXCL=OR GQUAD 2-INP 01298 SNTULB1ION
usto 182000686 9 1 1C GATE TTYL 8 AND TPL 3eINP 01298 BN7481IN
usto 182020685 ] 1 1C GATE TTL 8 NAND TPL 3=INP 01299 SNTU830N
Wy 12%Re0 20 7 3 PINePROGRAMING DUMPER ,30 CONTACT 91506 8136247561
w2 12580124 7 PINePROGRAMING OUMPER ,30 CONTACT 91506 8136247561
a3 12580124 ? PINePROGRAMING DUMPER ,30 CONTACT 91306 8136247561
xyty 12000607 0 s SOCKET®IC 16=CONT DIP®SLDR 28480 120020607
Xu12 120020607 0 SOCKETeIC 16=CONT DIPWSLDR 28480 120020607
XUy 1200m0607 0 SOCKETeIC 16=CONT DIPeSLDR 28480 12000607
xu22 12000607 ] SOCKETeIC 16=CONT DIP&SLDR 28480 1200=0607
XU3y 12000607 [} SOCKET=IC 16=CONT DIPeSLDR 28480 120020607
xu32 120020607 0 BOCKETIC 16°CONT DIP=SLDR 28480 120000407
XUby 12000607 0 SOCKETeIC 16=CONT DIP=SLOR 28480 120020407
xu42 1200=0607 0 SOCKETeIC 16=CONT DIPeSLOR 268480 12000607
xUS1 12000607 0 SOCKET=IC 16=CONT DJIPeSLDR 26480 12000607
xuse 1200=0607 0 SOCKET®lC §6=CONT DIPeSLDR 28480 1200=0607
xUb1 120¢w0607 0 SOCKETaJC 16=CONT DIP=SLDR 28480 12000607
xXU62 1200=0607 0 SOCKET=IC 16=CONT DIP=SLDR 28480 120000607
xu?y “ 12000607 0 SOCKETeIC 16=CONT DIP=3LOR 28480 120020607
xuT2 1200=0607 [ SOCKETeJC 16=CONT DIP=8LDR 28480 120020607
XU8y 1200=0607 0 SOCKETaIC 16=CONT OIPeSLDR 28480 120020607
L LH 12060607 [} SOCKET=-IC 16=CONT DIPeSLDR 28480 1200=0607
712622099 H 1 LABEL 28480 712u=»2099




