
r 
f 

f 

1 

1 
J 

r 
f 

r 

l 

l 
I 

i 

H-7B-040BA 

COMPUTER GRAPHICS 
DISPLA V SYSTEM 

Information Products Division 
Federal Systems Group 

DSANDERS 

MODELS 7702-7704 
LARGE READ/WRITE MEMORY 
TECHNICAL MANUAL 

DANIEL WEBSTER HIGHWAY, SOUTH-NASHUA, NEW HAMPSHIRE 03061 

Copyright 1980 Sanders Asso c iates, Inc . 
GRAPH IC 7 is a trademark of Sanders Asso c iates, Inc. 



Sanders Associates, Inc., reserves the right to modify the products described 
in this manual and to make corrections or alterations to this manual at any time 
without notice. 

A 

Revised Feb. 1980 

PRINT -JUNE 1980-

Reprint - September 1980 -

Reprint - October 1980 -

Reprint-March 1981-

Reprint - April 1981 -

Reprint with change 1 - July 1981 

' 
{ 

I 

{ 

l 

J 

l I 

f 



f 

T 

r 
f 
I 
f 

CHANGE NO. DATE 

1 May 81 

RECORD OF CHANGES 

TITLE OR BRIEF ENTERED BY 
DESCRIPTION 

Update drawings, add 
GS condition 

- --



( 

i 
r 
( 

( 

{ 

1 

1 I 

J 

L , 
1 

J ! 

~ 

J 

r 



{ 

f 

r 

f 

I 
i 

TABLE OF CONTENTS 

Section Title 

1. GENERAL INFORMATION 

2. 

3. 

4. 

5. 

6. 

1.1 
1. 2 
1._2. 1 
1. 2. 2 

Introduction 
Equipment Description 
Physical Description 
Functional Description 

OPERATION 

2. 1 
2.2 
2.3 
2.3.1 
2.4 
2.4.1 
2.4.2 
2.4.3 
2.4.4 
2.5 

General 
Memory Organization 
Memory Addressing 
Example of Memory Mapping 
Software Considerations 
Using Mapping Function to Relocate a Refresh File 
PGR Considerations 
Using the Traffic Controller "Above" 32K 
Display Processor Large Memory Software 
Operator Checkout Procedure 

THEORY OF OPERATION 

3.1 Basic Description 
3.2 Detailed Description 
3.2.1 Card Power 
3.2.2 Page Register Control Circuit 
3.2.3 Address Selection Circuits 
3.2.4 Timing and Control Circuits 

2--5- Da.ta_Co.ntr.oL Gir..c.ui.ts, __ _ 
3.2.6 Memory Array 

INSTALLATION 

4.1 Unpacking and Visual Inspection 
·4.2 Compatibility with Graphic Controller 
4.3 Switch Settings and Jumper Connections 
4. 4 Installation • 

MAINTENANCE 

5.1 
5.2 

Maintenance Philosophy 
Test Point Information 

DRAWINGS 

Page 

1-1 

1-1 
1-1 
1-1 
1-1 

2-1 

2-1 
2-1 
2-3 
2-5 
2-6 
2-6 
2-6 
2-7 
2-11 
2-11 

3-1 

3-1 
3-4 
3-4 
3-4 
3-5 
3-6 
3-10 
3-12 

4-1 

4-1 
4-1 
4-1 
4-2 

5-1 

5-1 
5-1 

6-1 

i 



LIST OF TABLES 

Number Title 

4-1 Switch Settings and Jumper Connections 
5-1 Test Point Information 

Number 

2-1 

2-2 
2-3 
2-4 
2-5 
2-6 
2-7 

2-8 
2-9 
3-1 
3-2 
3-3 

ii 

LIST OF ILLUSTRATIONS 

Correspondence Between Octal Page Numbers and Their Associated 
Addresses 

Structure of 18-Bit Address 
Structure of 16-Bit Address and Memory Mapping 
Mapping Action 
Use of Programmable Mapping Function to Relocate a File 
Labeling of PHOTOPEN-Sensitive Areas 
Representative Interrupt Handler for Processing the PHOTOPEN 

Data Refresh File 
An Approach to LINKs 
An Approach to the Use of the Graphic Controller's Stack 
Large Read/Write Memory, Simplified Block Diagram 
Functional Block Diagram 
Write Cycle, Read Cycle, and Refresh Cycle Timing 

Page 

4-1 
5-1 

Page 

2-2 
2-3 
2-·4 
2-5 
2--6 
2-7 

2- 8 
2-8 
2-9 
3-2 
3-13 
3-15 

r I 

., 

' 
I, 

! 
• I 



f 

J 

1 

, 

l 

I 
i 
j 

1 

1.1 INTRODUCTION 

SECTION 1 

GENERAL INFORMATION 

This manual describes the optional 
the Sanders Associates, Inc., GRAPHIC 7 
tions require large memory capacities. 
of the large memory card: 

large memory circuit card assembly used in 
terminal controller when customer applica­
This manual covers the following versions 

Model 

7704/5704 

7703/ 5703 

Special 

7702 

Part No. 

1089724Gl 

1089724G2 

1089724G4 

1089724G4 

64K 

32K 

32K 

16K 

DescriEtion 

read/write memory cca 

read/write memory cca 

read/write memory cca 

read/write memory cca 

1089724G5 48K read/write memory cca I 
The G2 through GS configurations are depopulated versions of the Gl configura­

tion. The G2 and G3 configurations have the same capacity and the same features, 
but the depopulations are different. 

1.2 EQUIPMENT DESCRIPTION 

1.2.1 PHYSICAL DESCRIPTION 

The large memory circuit card assembly is 7.75-inch by 12-inch long assembly, 
il: t: eel wJ:""E'n a 98-p rrrp-1,rg- eh-a:t- marcire-s- tlTe- ~R:KE>rir e- 7 term±mr: contro-1-J:-er- c-ard- c a-ge 

connectors XAl through XA8, which are connnonly wired. The preferred position for 
the large memory card is the lowest numbered slot available on the processor bus 
(i.e., slot lAlAl), with a second card (if used) in the next higher slot. If a 32K, I 
48K or 16K memory card is used in conjunction with a 64K memory card, the 64K memory 
card must be in the lower numbered slot. Processor bus control priority is not a 
concern with these cards. 

1.2.2 FUNCTIONAL DESCRIPTION 

The large memory card is an optional replacement for the 8K memory card sup­
plied as the nominal lAlAl card for the GRAPHIC 7 terminal controller. Each 64K 
memory card can store up to 65,536 10 16-bit words (or 131,07210 separately 
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addressable 8-bit bytes). The 32K memory card can store up to 32,768 16-bit words 
or 65,536 8-bit bytes. The 16K memory card can store up to 16,384 16-bit words or 
32,768 8-bit bytes. 

A maximum of two 64K memory cards can be installed in a GRAPHIC 7 system for 
a combined storage capacity of 131,072 16-bit words or 262,144 8-bit bytes. Each 
large memory card has its own local oscillator, memory controller, refresh con­
troller, and memory mapping logic. 

A large read/write memory card cannot be used in conjunction with the 8K memory 
cards normally supplied with the GRAPHIC 7 terminal controller. 
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2.1 GENERAL 

SECTION 2 

OPERATION 

The large read/write memory cards connect to and are controlled by the pro­
cessor bus, but do not control that bus. Any applicable circuit card connecting 
to the processor bus can write data into a specific memory location by seizing 
control of the bus, placing the desired address on the ADnn-B lines and the desired 
data on the DAnn-B lines, then placing a low logic level on the WRIT-B (write 
command) and ADRV-B (address valid) control lines. 

Conversely, any applicable circuit card can seize control of the processor bus 
to read out stored data onto the DAnn-B lines by placing the specific address on the 
ADnn-B lines and placing a low logic level on the ADRV- B line while leaving WRIT-B 
high. 

The large read/write memory cards can operate in any of card cage slots lAlXAl 
through 1AlXA7. Sanders recommends that they be installed at the lower end of the 
card cage. If two cards are used, they should be installed in consecutive slots. 
If one card is a 64K card and the other is not, the 64K card should be installed in 
the lower numbered slot. 

2. 2 MEMORY ORGANIZATION 

The memory card is divided into 4K "pages". Each such page is a 4K word 
storage area: page O = addresses O through 4K-l; page 1 = addresses 4K through 
8K-l, etc. The 64K memory card has 16 such pages, the 32K memory card has eight 
pages, and the 16K memory card has four pages. 

The G2 configuration of the memory card contains only octal pages O through 7. 
The . J- GGn-f-i g-1.1-r-a.t-i.Gn-c-ont-a-in.s n-1 y.-pag..es- O- t h.r-ou.glLJ_ancLLO_ thro_ugh_L3_. The_Glf_ 
configuration contains only pages O through 3. 

Figure 2-1 lists the 32 pages of a 2-card memory . The listing identifies 
octal-value page numbers and the corresponding octal-value addresses for each page. 
Note that page O is dedicated and cannot be used for general purpose applications. 
Page O contains all the vector trap addresses and certain other reserved functions. 

Pages 6 and 7 are a special case. The addresses associated with page 6 are 
also the addresses associated with the GCP or GCP+ located in ROM on the ROM and 
status card. An address in the range from 1400008 through 1577768 accesses the GCP 
or GCP+. However, through a special mapping technique, the display processor can 
access page 6 of the large read/write memory card. The display processor is the 
only device that can access page 6. 
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2-2 

OCTAL 
PAGE# EFFECTIVE ADDRESSES 

MEMORY CARD 1 

0 RESERVED 000000:0lm6 
1 MAP AREA 1 020000:03m 6 
2 MAP AREA 2 040000:05777 6 
3 MAP AREA 3 060000:07777 6 
4 100000:11m6 
5 120000: 13m6 
6 GCP (ROM) 140000: 1 sm 6 
7 DEVICE ADDRESSES 160000: 17777 6 

10 200000:217776 
11 220000:23m 6 
12 240000:2sm 6 
13 260000:27777 6 
14 3ooooo:31m6 
15 320000:33m6 
16 34oooo:35m6 
17 360000:37777 6 

' MEMORY CARD 2 . 
' 

20 400000:41m6 
21 420000:43m 6 
22 440000:45777 6 
23 460000:47777 6 
24 5ooooo:51m6 
25 520000:s3m6 
26 540000:55m 6 
27 560000:57777 6 
30 6ooooo:61m6 
31 620000:63m6 
32 64oooo:65m 6 
33 660000:67777 6 
34 7ooooo:71m6 
35 720000:73m6 
36 740ooo:75m6 
37 7 60000:77777 6 

Figure 2-1. Correspondence Between Octal Page Numbers and 
Their Associated Addresses 
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Similarly, the addresses associated with page 7 are also the addresses 
associated with devices (device addresses). An address in the range from 1600008 
through 1777768 accesses a particular device. However, through a special mapping 
technique, the display processor can access page 7 of the large read/write memory 
card. The display processor is the only device that ca~ access page 7. 

2.3 MEMORY ADDRESSING 

Typical devices that have access to .the memory include the display processor, 
graphic controller, and parallel interface. Only the display processor can use the 
memory mapping technique and thus gain access to pages 6 and 7. All other devices 
address the memory directly. 

The memory card can be addressed in either of two ways: by 18-bit addressing 
from any card capable of generating an 18-bit address, or by 16-bit addressing (plus 
page registers) by the display processor. 

Figure 2-2 shows the structure of an 18-bit address. This mode of addressing 
is called direct addressing. Bit 17 (in conjunction with a switch on the memory 
card) determines whether card 1 or card 2 is addressed. Bits 15 and 16 select a 
16K block (4 pages) on the card. Bits 1 through -14 determine the single address 
within the selected 16K block. Bit 0 is not ~eally part of the address; it deter­
mines the word/byte status. 

Direct addressing with an 18-bit address gives access to the total memory, 
except for pages 6 and 7. 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 

'-.---1-----------------------------
COLUMN ADDRESS ROW ADDRESS 

ROW AND COLUMN ADDRESSES IDENTIFY A SINGLE 
ADDRESS WITHIN A 16K BLOCK 

BLOCK SELECT: 0 0 = 0 THROUGH 16K -1 

CARD SELECT: 

0 1 = 16K THROUGH 32K -1 
1 0 = 32K THROUGH 48K -1 
1 1 = 48K THROUGH 64K -1 

0 = CARD 1 (0 THROUGH 64K -1) 
1 = CARD 2 (64K THROUGH 128K -1) 

Figure 2-2. Structure of 18-Bit Address 

0 

BYTE SELECT: 
0 = EVEN 
1 = ODD 

H-78-0408-007 
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The display processor is a 16-bit device, and thus has direct address to only_ 
32K words of memory (8 pages). The display processor can gain access to memory 
locations above 32K-l by memory mapping from memory locations in the range from 4K 
through 16K-l. This feature involves 'the use of three page registers. 

The memory card contains three page registers, each of which can be preloaded 
with some particular value consisting of five bits. When the display processor 
addresses a page register, the five bits stored in that register becomes bits 13 
through 17 of the address, as shown in figure 2-3. This feature allows mapping to 
32 pages. 

15 

BLOCK SELECT: __ __.t 
0 = 0 THROUGH 16K -1 
I = 16K THROUGH 32K - I 

14 13 12 11 10 9 8 

PART OF COLUMN 
ADDRESS 

7 

PGR DECODE: 
0 0 = DIRECT ADDRESS, 0 THROUGH 4K -I 
0 I = PAGE REGISTER I 
I O = PAGE REGISTER 2 
I I = PAGE REGISTER 3 

17 16 15 14 13 PAGE REGISTER BITS 

I L,EST OF COLUMN ADDRESS 

· L BLOCK SELECT: 0 0 = 0 THROUGH 16K -1 
0 I= 16K THROUGH 32K -1 
I O = 32K THROUGH 48K -1 
I 1 = 48K THROUGH 64K -1 

CARD SELECT: 0 =CARDI (0 THROUGH 64K -1) 
I = CARD 2 (64K THROUGH 128K - I) 

6 5 4 3 2 

ROW ADDRESS 

Figure 2-3. Structure of 16-Bit Address with Memory Mapping 

LBYTE SELECT: 
0 = EVEN 
1 = ODD 

H-78-0408-008 

Memory mapping is not invoked when bits 13 through 15 are all zeros; in this 
case the display processor has direct access to page O (memory locations O through 
4K-l). Memory mapping is not invoked when bits 15 is true (low= logic l); in this 

' J 
I , 

I 

f 

case the display processor has direct access to pages 4 and 5 (memory locations 16K f , 
through 24K-l). (In this case pages 6 and 7 are still locked out.) 
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Memory mapping is invoked only when the controlling device is the display 
processor, bit 15 is high (logic 0) and bits 13 and 14 are not both zeros. In this 
case, bits 13 and 14 select one of the three page registers, and bits 1 through 12 
constitute part of the final address. The selected page register contributes five 
additional bits: bit 17 selects the memory card; bits 15 and 16 select a 16K block 
(4 pages) on the card; and bits 13 and 14 select a predetermined 4K block (1 page) 
within the 16K block. This is how the display processor gains access to pages 6 
and 7 and to memory locations above 32K-l. 

However, if the page register is loaded with all zeros, then memory mapping is 
disabled and the address defaults to the appropriate 4K page in the range from 4K 
through 16K-l. 

2.3.1 EXAMPLE OF MEMORY MAPPING 

Assume that the page registers are loaded as shown in figure 2-4. In this case, 
if the display processor addresses map area 1 or 3, it gains access to pages 1 or 3 
because page registers 1 and 3 are loaded with all zeros. However, a read/write 
operation addressed to map area 2 actually reads or writes at the corresponding 
address on page 14, because page register 2 contains a value of 14. 

ADDRESSES 

o-

20000-

40000 -

60000 

100000 

-------------+lGOOQ 

140000 

(PAGE 0) 

(PAGE 1) 

(PAGE 2) 

(PAGE 3) 

(PAGE4) 

(PAGE 5) 

PAGE REGISTER CONTENTS 

172342 0 

172344 14 

172346 0 

(MAP AREA 1) 

(MAP AREA 2) 

(MAP AREA 3) 

(PAGE REGISTER 1) 

(PAGE REGISTER 2) 

(PAGE REGISTER 3) 

Fig~re 2-4. Mapping Action 
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2.4 SOFTWARE CONSIDERATIONS 

2.4.1 USING MAPPING FUNCTION TO RELOCATE A REFRESH FILE 

Figure 2-5 shows a programming technique for using_ the mapping function to 
relocate a refresh file. This assembly-language example assumes a refresh file that 
begins at the start of page 128 and is to be relocated on page 158 . 

START: 

WRITE: 

COUNT 
MOV 
MOV 

·MOV 
MOV 
MOV 
MOV 
SOB 

= 200. 
#20000, Rl 
#60000, R2 
#12 , PRl 
#15 , PR3 
#coUNT,R3 
(Rl)+, (R2)+ 
R3, WRITE 

; 200 WORDS TO BE MOVED 
Rl WI LL BE SOURCE ADDRESS 

; R2 WILL BE DESTINATION ADDRESS 
PAGE 12 IS SOURCE 
PAGE 15 IS DESTINATION 
WORD COUNT IN R3 
1 WORD COPIED 
CONTINUE UNTIL DONE 

Figure 2-5. Use of Programmable Mapping Function to Relocate a File 

In the above example, the instruction MOV ti 20000,Rl selects address 000000 of 

j 

j 

r 

1 I 

! , 

a 16K block and the digit 2 of that instruction specifies page register 1. The ( 
instruction MOV ti 60000,R2 selects address 000000 of a 16K block and the digit 6 

I of that instruction specifies page register 3. 

2.4.2 PGR CONSIDERATIONS 

The graphic controller card's PGR (page register) logic stores and outputs 
address bits AD16-B and AD17-B, which effectively select one of four 32K memory 
banks for read/write operations while the graphic controller card has control of the 
processor bus. The GCP can read or write this register (when the graphic controller 
card is halted) through data bits DA14-B and DA15-B at address 165014s. Such access 
requires paying special attention to the handling of graphic controller interrupts 
and to starting and stopping the graphic controller. 

First, note that the PGR page-register bits are accessed at the same address 
(165014s) as the DPR (display parameter register) bits, normally accessed only 
during the processing of an LDDP graphic controller instruction. Inadvertent chang­
ing of other bits at this program address thus might alter display parameters. 

Secondly, the PGR bits are not incremented by the display program counter (DPC) 
circuit on the graphic controller card. This fact means that a "wraparound" effect 
would occur if the graphic controller sequence were to encounter a 32K boundary - ­
which thus must not be allowed to happen. The housekeeping software must keep track 
of these boundaries and prevent the graphic controller code from crossing them. 
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Finally, all page registers (PGR, PRl, PR2, and PR3) are cleared (to zero 
value) by activation of a REST-B bus-reset signal following power turn-on, execution 
of a reset instruction, or receipt of a host-generated initialize command. 

The following discussion provides further details concerning these 
considerations. 

2.4.3 USING THE GRAPHIC CONTROLLER "ABOVE" 32K 

a. To start the graphic controller, the page register (PGR) bits should be 
set up before loading the DPC, because loading the DPC starts the graphic controller. 

Since a bus-reset (REST-B) signal clears the page register bits after 
power turn-on or after the display processor executes an initialization instruction, 
the graphic controller will initially run at "page zero" (0-32K) if the PGR bits 
remain unchanged. 

b. The use of FUNS (FUNction Control _§_top) and FUNG (FUNction Control Con­
tinue) instructions is not different with the use of the page register. A FUNS 
instruction stops the graphic controller if it is running, a FUNG instruction 
restarts it. 

c. Handling PHOTOPEN®interrupts by checking the DPC is cumbersome, because 
the page register bits also need to be checked. A better approach is the use of the 
graphic controller general purpose registers DRO through DR3 to act as labels for 
PHOTOPEN-sensitive areas of refresh files (see figures 2-6 and 2-7). 

LDDI 1, 1 ; SET LABEL TO II l 11 

(REFRESH ; PHOTOPEN-SENSITIVE 
CODE FOR REFRESH AREA #1 
FIRST AREA) ; 

LDDI 1,2 SET LABEL TO "2 11 

(REFRESH ; 
CODE FOR PHOTOPEN-SENSITIVE 
FIRST AREA) REFRESH AREA #2 

Figure 2-6. Labeling of PHOTOPEN-Sensitive Areas 

d. LINK - All indirect addresses are accessed in the page defined by the page 
register. The direct instruction addresses pertain to page O regardless of the 
state of the PGR bits. A "LINK 170" is not allowed outside of page 0, because the 
display processor does not have a direct 18-bit addressing capability and must use 
memory mapping to access memory addresses greater than 32K. 

®PHOTOPEN is a registered trademark of Sanders Associates, Inc. 
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INTRPT: CMP@#DRl,#1 ; 
BEQ AREAl ; 
CMP@#DRl, #2 ; 
BEQ AREA2 ; 

RETURN: RTI ; 

DID AREA 1 CAUSE INTERRUPT? 
YES .PROCESS AREA 1 INTERRUPT. 
DID AREA 2 CAUSE INTERRUPT? 
YES. PROCESS AREA 2 INTERRUPT. 
RETURN IF UNKNOWN INTERRUPT 

AREA 1: (HANDLER FOR 
AREA 1 INTERRUPT) NOTE: HANDLER SUBROUTINES 

MUST END WITH RTI 
INSTRUCTION.-AREA 2: (HANDLER FOR 

AREA 2 INTERRUPT) 

Figure 2-7. Representative Interrupt Handler for Processing 
the PHOTOPEN Data Refresh File 

An approach to using LINK addresses in pages other than page O would be to 
define a location which corresponds to each of the four 32K blocks for LINKing (see 
figure 2-8). 

OK T--- -- LINK ADDRESSES 
CORRESPOND TO SAME 

FIRST 64K 32K SPOT IN EACH 32K 

MODULE BLOCK 

64K ---- ----

SECOND 64K 
MODULE 96K 

l~ __ EBK 

----

Figure 2-8. An Approach to LINKs 

A LINK performs a "JUMP and MARK" to the subsequent LINK address, then 
halts the graphic controller and interrupts the display processor. The LINK inter­
rupt trap vector is at address 170. 

e. Stack-related instructions, such as CALL, RTRN, SAVD and RESD, require 
the definition of a stack pointer and a stack area in each 32K block. An approach 
similar to that used for LINK addressing would reserve some memory in each 32K block 
for stack, as shown in figure 2-9. 
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SECOND 64K 
MODULE 

l_ 128K - - - -------

STACK AREAS 
CORRESPOND TO 
SAME AREAS 
WITHIN EACH 
32K BLOCK 

Figure 2-9. An Approach to the Use of the Graphic Controller's Stack 

f. Graphic controller calls to specified banks may be incorporated by using 
coded graphic controller halt codes. This method is used by GCP+ after the host 
computer sends a LM (large memory) command. 

The 'Q' register of the display processor is used as a private calling stack. 
The halt interrupt vector is set to interrupt to a special graphic controller bank­
ing routine. The halt interrupt is enabled. General register 3 (DR3) is used to 
pass the 'CALL' address from the graphic file to the display processor. 

The coded graphic halts are: 

OCTAL CODE FUNCTION 

000000 Return from subroutine 

000001 Call bank 0 

000002 Call bank 1 

000003 Call bank 2 

000004 Call bank 3 

Refresh file CALLS would appear as follows: --
LDDI 3,BOXl LOAD THE CALL ADDRESS IN 'DR3 

,WORD 2 CALL BANK Ill 
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Refresh file SUBROUTINES would be similar to this: 

BOXl LDXR -100 ENTRY FOR BOXl SUBROUTINE 

DRYR +100 

,WORD 0 ; RETURN FROM SUBROUTINE 

The graphic controller bank interrupt (HALT) routine is: 

GCBANK': 

GCB3: 

GCBS: 

EXCQ 

MOV 

MOV 

BEQ 

MOV 

SUB 

MOV 

DEC 

ROR 

ROR 

ROR 

MOV 

MOV 

BR 

MOV 

MOV 

MOV 

EXCQ 

RTI 

R2 

RO, -(SP) 

@If DIR, RO 

GCB3 

@ti DPC, -(R2) 

112, (R2) 

@If PGR, -(R2) 

RO 

RO 

RO 

RO 

RO, @It PGR 

@It DR3 , @It DPC 

GCBS 

(R2)+, @If PGR 

(R2)+, @$ . DPC 

(SP)+, RO 

R2 

EXCHANGE R2 AND Q 

SAVE RO 

GET CODED HALT FROM INSTRUCTION 
REGISTER 

SKIP FOR A RETURN 

PUSH DISPLAY PC 

ADJUST DISPLAY RETURN ADDRESS 

PUSH DISPLAY PAGE REGISTER 

CODE 1 = BANK 0, CODE 2 = BANK 1, etc 

ALIGN LOW ORDER 

BITS TO 

MSB POSITIONS 

SET NEW BANK 

START GRAPHIC SUBROUTINE 

RESTORE PAGE 

RESTART GRAPHICS FOR RETURN 

RESTORE RO 

EXCHANGE Q AND R2 

RETURN FROM INTERRUPT 
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2.4.4 DISPLAY PROCESSOR LARGE MEMORY SOFTWARE 

GCP+ firmware supports large memory systems as well as software options. For 
related programming information, see GRAPHIC 7 Options Reference Manual (H-79-0357) 
and GCP+ Programmer's Reference Manual (H-79~0348). 

2.5 OPERATOR CHECKOUT PROCEDURE 

Whenever the terminal controller is initialized in the LOCAL mode, the terminal 
controller performs its built-in diagnostic routines and presents the results of 
this self-test as part of the verification test pattern, as follows: 

1. XX appears in the small box at the lower right portion of the verification 
test pattern. The presence of XX indicates that the 3-digit code at the lower left 
corner of the same box is the results of the built-in diagnostics. 

The diagnostic code is a 3-digit octal representation of 
an 8-bit binary code whose bits are assigned as follows: 

( 

7 6 5 4 3 2 1 

-Graphic controller diagnostic 

-Display processor diagnostic 

-Read/write memory diagnostic 
-Serial interface diagnostic 

-Parallel interface diagnostic 

-3-D coordinate converter diagnostic (GCP+); otherwise not used 

-Not used 

-Not used 

2. When a diagnostic routine detects a malfunction, the corresponding bit in 
the error code is set to l; if no malfunction is detected, the bit is set to 0. The 
octal code displayed in the verification test pattern thus indicates the results of 
all diagnostic tests. For example, 000 indicates all tests passed; 077 (GCP+) or 
Q-3-7- i-nd-i-e-a-t---e-s-t-h-a-t-a-l--l- d--i-agno·st±c-test s a-H-e-d . -he- th±rd- di:-g±t- ±s-4-, - s-,- 6---;--crr 
the read/write memory diagnostic test failed. 

(This paragraph applies to GCP+ only.) As part of the memory diagnostic test, 
you can examine the memory configuration. Address 000736 contains the RAM config­
uration word. 

1. 

2. 

On keyboard, press RETURN 736/ 

The verification test pattern disappears and the display shows 

000736 I nnnnnn 

where nnnnnn is an octal code that describes the configuration of the installed 
read/write memory, as follows: 
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000400 = 16K 

001400 = 32K 

003400 = 48K 

007400 = 64K 

NOTE 

The preceding paragraph 
systems fitted with the 
of the 32K memory card. 
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017400 = BOK 

037400 = 96K 

077400 = 112K 

177400 = 128K 

does not apply to 
G3 configuration 

J 

i 

I 

r 



f 

l 

1 

1 
1 

1 

1 

1 
j 

1 
l 

3.1 BASIC DESCRIPTION 

SECTION 3 

THEORY OF OPERATION 

The large read/write memory card allows the following operations to be performed: 

1. 

2. 

Load five bits of data into the page registers. 

Read a 16-bit word from memory. 

3. Write a 16-bit word into memory. 

4. Read eight least significant bits from memory. 

5. Write eight least significant bits into memory. 

6. Read eight most significant bits from memory onto the least significant 
bit lines of the processor data bus. 

7. Write eight least significant bits from the processor data bus into eight 
most significant bit positions of memory. 

When none of these operations is being performed, the memory runs through a 
continuing program of refreshing itself. 

The major circuit blocks shown in figure 3-1 perform the following functions 
to support these operations. 

a. Signal Inverters. The WRIT-B, ADRV-B, and ADnn-B signals are inverted and 
buffered to match the logic of the card and to allow multiple usage of the signals. 

b. Page Register Control Circuits. The page register control circuits recog­
nize when memory mapping is being invoked and which of the three page registers is 
being accessed. They also recognize whether the page registers are being accessed 
for a memory read/write operation, or whether new mapping information is being 
written into the page registers themselves. The inputs to the page register control 
circuits are those address bits that make up the address 17234X, the additional 
address bits that select a single page register, and a read/write instruction. 

When new mapping information is being written into the page registers, these 
circuits also receive data bits DAOO-B through DA04-B from the data control circuits. 

The outputs from the page register control circuits are address bits Pl-PS, 
which go to the address selection circuits and the data control circuits. Refer 
to figure 2-3 for the functions of these five bits. 

The page registers are cleared by an active low REST-B. 

3-1 



-

w 
I 

N 

- -

DA00-DA04 

REST-B ---------.i PAGE REGISTER 

WRIT-B} ADRV- B 

AD00-8 
THRU 
AD17-B 

~ -

CONTROL CIRCUITS 1---.----------------------
Pl - P5 

SIGNAL 
INVERTERS 

Figure 3-1. 

- -----.. 

ADDRESS 
SELECTION 
CIRCUITS 

M15-
CLOCK I I M17 

MEMORY 
ARRAY 

RAS, 
CAS 

DATA 
CONTROL 
CIRCUITS 

DA00- 8 
THRU 
DA15-B 

TIMING AND ~----------4.----------------------- MEMA-8 
C ONTROL CIRCUITS BTOT-M 

H-78 •0408-0 10 

Large Read/Write Memory, Simplified Block Diagram 

- ---. -- - .-.....-.i '-~ 
_ ____, 

,: - - -



1 

1 
1 

1 
t 

l 
I 
1 

l 
1 

c. Address Selection Circuits. The address selection circuits address the 
memory array in a two-step operation: first the proper row in memory is selected, 
then all columns. The intersection of row and column is the location of the 
individual add re s.s . 

When direct addressing is invoked, the address selection circuits compile the 
address from address bits AD0l-B through AD17-B. When memory mapping is involved, 
the address selection circuits compile the address from address bits AD0l-B through 
AD12-B plus bits Pl through PS from the page register control circuits. When the 
memory is not being accessed by some external device, the address selection circuits 
perform the memory refresh operation. A counter in the address selection circuits 
generates sequential addresses for refresh. 

The output from the address selection circuits consists of two groups of seven 
bits each, the first to select the row, the second the column. The timing of the 
address selection circuits is controlled by the timing and control circuits. 

These row and column bits are applied to all 64 chips in the memory array. The. 
appropriate signals from the timing and control circuits turn on only the appropriate 
chips to enable that address that was selected by the address selection circuits. 

d. Timing and Control Circuits. The timing and control circuits produce the 
signals that turn on only the selected chips in the memory array that are selected 
by the address selection circuits. Two turn-on signals, RAS (row address strobe) 
and CAS (column address strobe), strobe in the row and column address information 
from the address selection circuits. RAS and CAS go only to selected chips in the 
memory array, as determined by bits M15 through M17 from the address selection 
circuits. 

The timing and control circuits also generate clocking signals at 10 MHz and 
20 MHz that regulate timing throughout the large read/write memory card. 

The timing and control circuits also generate the memory acknowledge signal 
(MEMA-B) at the completion of a memory operation, and the time-out signal BT0T-M if 
for some reason a memory request does not get serviced. 

e. Data Control Circuits. The data control circuits are the interface between 
the large read write memory car an t e D nn-B 1nes on t e processor us. en 
data is to be written into either the memory array or the page registers, the data 
control circuits accept the information from the processor bus and pass it to its 
destination. When data is to be read from the memory array, the data control cir­
cuits accept the information from the memory array and pass it to the processor bus. 

When the data to be read or written is an eight-bit byte, the data control cir­
cuits select the appropriate high/low byte of memory address for connection to the 
least significant bit lines of the processor data bus. 

f. Memory Array. The memory array is organized as a matrix consisting of four 
rows and 16 columns. Each row represents a word, and each column represents a bit 
of that word. At the intersection of each row and column, there is a 16K x 1 bit 
dynamic random access memory device. Therefore, each row represents 16,384 10 16-bit 
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words. Total storage for the array (four rows) is 65,53610 16-bit words. Each 
16-bit word is divided into two 8-bit bytes by separate read/write control lines, 
allowing selection of the high or low byte when needed. 

3.2 DETAILED DESCRIPTION. 

Refer to figure 3-2 in this section and to engineering drawing 1089726 in 
Section 6. 

3.2.1 CARD POWER 

The large read/write memory card receives +5V (P05V+), +15V (Pl5+), and -15V 
(Nl5-) from the terminal controller power supply. 

The +5V is filtered and distributed in four discrete fanouts, three of which go 
to logic devices and one goes to the memory array. The four fanouts are decoupled 
from each other. 

Voltage regulator VRl and its associated components reduce the +15V input to 
+12V for the devices in the memory array. 

Voltage regulator VR2 and its associated components reduce the -15V input to 
-5V for the devices in the. memory array. 

3.2.2 PAGE REGISTER CONTROL CIRCUITS 

a. Page Register Decoder. When ADDRESS VALID (ADRV-B) is true, the register 
decoder responds to address 17234X, where X has the value 2, 4, or 6. When WRIT-B 
is also true, one of the three page registers is to receive new data. When WRIT-B 
is not .true, then the contents of the selected page register are to be made available . 
to the address selection circuits. 

b. Read/Write Page Register Control. When the register decoder responds to a 
page register address, a h~gh at the output of U40D is applied to the A and B inputs 
of register U9. The 10 MHz clocking signals from the timing and control ctrcuits 
make this high available at the register QB and QC outputs. 

c. Write Selected Page Register. U48B is a 2-line to 3-line decoder. When 
the read/write page register control QB output is high and WRIT-Bis also true, the 
output of UlOB strobes address bits Al and A2 into U48B. These two bits select one 
of the three page registers, as follows: 

ADDRESS A2 Al PAGE REGISTER 

172342 low high U22 (page register 1 on card 1 or page 
register 4 on card 2) 

172344 high low Ul2 (page register 2 on card 1 or page 
register 5 on card 2) 

172346 high high U2 (page register 3 on card 1 or page 
register 6 on card 2) 
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NOTE 

Page register selection is the same on 
both cards of a two-card memory, but the 
memory control circuit on the card not 
being addressed is inhibited by the· read/ 
write inhibit circuit in the timing and 
control circuits. 

The output of U48B clocks the new data into the selected page register. This 
is how a page register gets loaded with bits DO through D4 from the data control 
circuits. 

d. Read Selected Page Register. The 15 bits representing the outputs of the 
page registers are always applied to the page register output multiplexer. The 
read selected page register circuit, when enabled, determines which set of five bits 
pass through the multiplexer. 

The read selected page register circuit is enabled when the register decoder 
recognizes a valid address 17234X. Then bits Al and AZ form a code (as for the 
write selected page register circuit) through which U38A enables the page register 
output multiplexer to pass one set of five bits from the selected page register. 

When direct addressing is invoked and bit AD15-B is high (bit A15 is low; the 
desired address is less than 16K), data selector U38A is also enabled. In this case 
bits Al3 and Al4 form the code that selects the output of one page register to pass 
through the multiplexer. However, in this case, the selected page register must have 
been loaded with all zeroes; otherwise the result will be inadvertent paging. 

e. Page Registers. The page registers (U2, Ul2, U22) are hex D-type flip­
flops. Each stores five bits of data (DO-D4) that correspond to memory page numbers, 
as explained in Section 2. They get loaded as described under Write Selected Page 
Register and are read as described under Read Selected Page Register. 

f. Page Register Output Multiplexer. Devices Ul, Ull, and U21 constitute 
five 3-line to 1-line data selectors, one for each bit stored in the page registers. 
The selected input bits are connected to the outputs in response to the code from 
the read selected page register circuit. 

3.2.3 ADDRESS SELECTION CIRCUITS 

a. Refresh Address Counter. Devices U26 and U27 comprise a synchronous 7-bit 
counter that gets clocked every 15 microseconds (66.667 kHz rate). When the read/ 
write memory card is not otherwise engaged, it continually refreshes itself. The 
refresh address counter steps through its 128 addresses in 2.0 milliseconds, then 
repeats. Its output consists of refresh address bits RO - R6, which go to the 
memory address multiplexer. 

b. Comparator. Comparator U4 continually monitors the output of the page 
register output multiplexer. If the five outputs of the page register output multi­
plexer (Pl - PS) are all zeroes, the comparator sends a high output to the address 
gate. 
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Similarly, gate UlOC passes .a high ADDRESS VALID signal, provided that the 
output of Ul7D is high and the output comparator Ul6 in the read/write inhibit 
circuit is also high. 

Either a REFRESH REQUEST or an ADDRESS VALID, when .the other signals are high, 
produces a high at the output of U29A, which starts the memory control circuit. 

d. Memory Control. The memory control circuit generates the timing signals 
that trigger the RAS generator, memory address multiplexer, CAS generator, and busy/ 
timeout circuit in the proper sequence. The heart of the memory control circuit is 
a fourstage ripple counter, Ul4 and Ul5. 

A high output from U29A in the refresh request/inhibit cycle gates circuit 
clocks Ul9B, priming gates U30A and UlOA. The same high output from U29A, inverted 
by U20B, presets flip-flop Ul8B. The high Q output of Ul8B passes through gate 
Ul7B (the other input to Ul7B is high at this time) and ripples successively through 
Ul4A, Ul4B, Ul5A, and Ul5B. Each of these flip-flops is clE_cked by the 20 MHz signal 
from the timing generator. When Ul5B clocks high, its low Q output disables Ul7B, 
so that a low level starts rippling through the counter. 

When Ul4A receives the high input, its Q output goes low and triggers the RAS 
generator circuit through Ul7A. When Ul4B receives the high, its high Q output 
strobes the memory address multiplexer, selecting the CAS address. When Ul5A 
receives the high, its high Q output clocks the CAS generator. 

Whether or not a CAS signal is generated depends on whether the cycle was 
started by a REFRESH REQUEST or an ADDRESS VALID signal. If the cycle was started 
by a REFRESH REQUEST signal, the ADDRESS VALID signal remains low throughout the 
cycle, keeping U25B in its clear state; further, the D input to U25B is low, thus 
preventing generation of a CAS signal. If the cycle was started by an ADDRESS VALID . 
signal, the high ADDRESS VALID signal unblocks U25B and the D input to U25B is high, 
which gets clocked through by the Q output of Ul5A. , 

When flip-flop Ul8B is preset at the beginning of the cycle, its Q output is 
gated through U17D to disable the refresh request/inhibit cycle gates for the 
duration of the memory cycle. At the end of the cycle (after the high .!las passed 
through the ripple counter and been replaced by the rippling low), the Q output 
of Ul5B goes high and clocks Ul8B, removing the low from the input to U17D. 

At that point in the cycle when the Q output of Ul5B is still high but the_Q 
output of U15A has gone high, the output of UlOA goes low to preset Ul9A. The Q 
output of Ul9A goes low, clearing Ul9B. This is the normal or static condition that 
prevails between memory cycles. A new REFRESH REQUEST changes the states of Ul9A 
and U19B; a new ADDRESS VALID signal does not change their states. 

Figure 3-3 shows the timing signals associated with memory control. 

e. RAS Generator. The function of the RAS generator is to produce either a 
single low RASn strobe in response to an ADDRESS VALID input or four low RASn strobes 
in response to a REFRESH REQUEST input. 

3-8 



f 
r 
1 

l 

[ 

1 

l 

l 
l 

In the ADDRESS VALID case, gate U30A is disabled by a low input from Ul9B. 
When the output of Ul7A in the memory control circuit goes low, it strobes 2-line to 
4-line multiplexer U24. One output of the multiplexer goes low, as determined by the 
values of bits Ml5 and Ml6 from the address selection circuits. The selected low 
output is gated through U86 to the proper row in the memory array. 

In the REFRESH REQUEST case, gate U30A is enabled. When the output of Ul7A 
goes low, the output of U30A also goes low and activates all four RAS signals to the 
memory array. The memory array cells that get refreshed in this case are a function 
of the output of the refresh address counter in the address selection circuits. If 
there is no interruption by an ADDRESS VALID input, the entire memory gets refreshed 
by 128 REFRESH REQUEST cycles in a 2-millisecond period. 

f. CAS Generator. The function of the CAS generator is to produce four low 
CASn signals in response to an ADDRESS VALID input, and not to generate any CASn 
signal in response to a REFRESH REQUEST input. The CAS generator consists of flip­
flop U25B and four inverters. The ~ction of U25B is described under Memory Control. 
In the ADDRESS VALID case, the low Q output of U25B goes to Ul7D to disable any 
further inputs until the operation is complete. The high Q output of U25B also 
clocks U39A in the read/write lo/hi byte control circuit (part of the data control 
circuits). 

g. MEMA/Timeout Circuit. The MEMA/timeout circuit consists of timer U28B, 
; flip-flops U39B, U25A, and six inverters. The functions of the MEMA/timeout circuit 

are to generate the MEMA-B (MEMORY ACKNOWLEDGE) signal that indicates the completion 
of certain activities, and to generate the BTOT-M (BUS TIMEOUT) signal if the memory 
fails to complete a cycle in response to an ADDRESS VALID input. 

When the page register address is detected, the read/write page register control 
generates the MEMA-B signal to indicate to the display processor that the page 
register decoder has recognized the page register address 17234X. The high QC output 
of register U9, inverted by USOB, becomes the MEMA-B signal. 

In the ADDRESS VALID case, the high ADDRESS VALID signal starts timer U28B. The 
low Q output of Ul9B is applied to the D input of U25A. When (during th~ memory 
control cycle) the Q output of Ul5A goes high, it clocks U25A. The low Q output of 
U25A, twice inverted, becomes the MEMA-B signal. 

When MEMA-B goes low, the device that generated the ADDRESS VALID signal clears 
that signal. The ADDRESS VALID clears timer U28B and flip-flops U39B and U25A. 

If the timer times £_ut (approximately 12 microseconds), the _how-to-high 
transition of the timer Q output clocks flip-flop U39B. The low Q output of U39B, 
twice inverted, produces both the MEMA-B and BTOT-M signals. The MEMA-B signal 
terminates the ADDRESS VALID signal. The BTOT-M signal indicates that the memory 
cycle was not completed. 

In the Gland G3 configurations of the large read/write memory, a jumper is 
installed from E2 to E3 to disable the preset terminals of U25A and U39B. In the G2 
and G4 configuration~, the jumper is installed from E2 to El. If address bit Ml6 
goes high, indicating an address higher than 32K-l, the output of inverter USOF goes 
low; this low presets U39B and U25A and immediately produces both the MEMA-B and 
BTOT-M signals, indicating that the memory card does not contain the address specified. 
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3.2.5 DATA CONTROL CIRCUITS 

a. Data Input/Output Multiplexer. Multiplexers U32, U33, U46, and U47 are 
tri-state devices. The multiplexers pass processor bus DAnn-B data to the memory 
banks as the Dnn data bits at all times. When so directed by LO BYTE/HI BYTE signals 
from the read/write lo/hi byte control circuit, the multiplexers pass the memory 
output bits Onn to the same processor bus. When the LO BYTE/HI BYTE signals are 
inactive, the connections between Onn and DAnn-B are at a high impedance level. 

Each multiplexer acts as both an input and output register. Each register 
contains four bits of the 16-bit data word. Operation of the registers depends on 
the status of the read/write command and the status of the byte select signals. 

b. Read/Write Lo/Hi Byte Control. 
in response to the levels of the BYTE-B, 
following functions: 

The read/write lo/hi byte control circuit, 
ADOO-B, and WRIT-B inputs, performs the 

BYTE-B ADOO-B WRIT-B FUNCTION 

H H H Read 16-bit word from memory 

H H L Write 16-bit word into memory 

H L H Illegal - no response 

H L L Illegal - no response 

L H H Read S LSBs from memory; MSBs on bus= 0 

L H L Write 8 LSBs into LSB locations in memory; 
MSB locations are not altered 

L L H Read S MSBs from memory onto bus LSB lines; 
bus MSB lines= 0 

L L L Write S LSBs from bus into MSB locations in 
memory; memory LSB locations are not altered 

(1) Read/Write Decision. The memory write command is a low from USA 
(lo byte) and/or USB (hi byte). When WRIT-Bis high (indicating a read operation), 
the output of U30B is high, and the outputs of USA and USB are both high. 

Similarly, during a refresh operation, the Q output of Ul9B is low, the output 
of U30B is high, and the outputs of USA and USB are both high. 

When WRIT-Bis low (indicating a write operation), and the Q output of Ul9B is 
high (indicating an ADDRESS VALID case), then the output of U30B is low. If BYTE-B 
is high (indicating a 16-bit operation), then the outputs of U8A and USB are both 
low, and 16 bits of data may be written into memory. 
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If WRIT-Bis low (indicating a write operation), and the Q output of Ul9B is 
high (indicating an ADDRESS VALID case), and BYTE-Bis low (indicating an 8-bit 
operation), then either USA or U8B has a low output (but not both), depending on the 
state of the ADOO-B signal. If ADOO-B is high, the output of U8A is low, permitting 
writing _into the LSB locations in memory . If ADOO-B is low, the output of U8B is low, 
permitting writing into the MSB locations in memory. • 

(2) Lo/Hi Byte Decision. Figure 3-2 shows that, for data flow from the 
data bus to the memory array all 16 bits enter the data input/output multiplexer. 
However, only the eight LSBs go directly from the input/output multiplexer to the 
memory array. All 16 bits go from the input/output multiplexer through the byte 
swap multiplexer to the memory array. This arrangement allows the following three 
possibilities: 

• Write 16-bit word into memory 

• Write 8 LSBs into LSB locations in memory; 
MSB locations are not altered 

• Write 8 LSBs from bus into MSB locations in 
memory; memory LSB locations are not altered 

Similarly, for data flow from the memory array to the data bus, only the eight 
MSBs go directly from the memory array to the data input/output multiplexer. How­
ever, all 16 bits go through the byte select multiplexer to the input/output 
multiplexer. This arrangement allows the following three possibilities: 

• 
• 
• 

Read 16-bit word from memory 

Read 8 LSBs from memory; MSBs on bus= 0 

Read 8 MSBs from memory onto bus LSB lines; 
bus MSB lines= 0 

In the write case, when ADOO-B is high, the byte swap multiplexer (U36, U37) 
passes the eight MSBs from the input/output multiplexer to the memory array. When 
ADOO-B is low, the byte swap multiplexer passes the eight LSBs from the input/output 

uLt.iplexe~ ~ - theL m.emo_r.y.: rx ay_._ In either case, the out uts of the b te swa 
multiplexer go to the MSB locations in memory. 

In the read case, the MSB bits from memory (bits D08 - D015) are always supplied 
to the MSB half of the data input/output multiplexer (U46, U47). All 16 bits from 
memory are applied to byte select multiplexer (U31, U41, U42, U43) . The state of the 
ADOO-B signal determines whether the MSB bits or the LSB bits get applied to the LSB 
half of the data input/output multiplexer (U32, U33). When ADOO-B is high, the LSB 
bits are selected; when ADOO-B is low, the MSB bits are selected. 

Putting the bits applied to the data input/output multiplexer onto the data bus 
lines is a separate operation. When the LO BYTE or HI BYTE signals go low, the data 
is transferred to the data bus lines. When the LO BYTE or HI BYTE signals are high, 
the data input/output multiplexer is held in its high impedance state, and the lines 
are held at a logic high (logic 0) level. 
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The LO BYTE and HI BYTE signals are controlled by flip-flop U39A and gates U30C, 

U30D. In the REFRESH REQUE~T case, the D input to U39A is high. As a result, both { 
the LO BYTE and HI BYTE lines are high, and there is no output from the data input/ 
output multiplexer. 

In the ADDRESS VALID case, the D input to U39A is low; the trailing edge of GAS 
clocks U39A, making the LO BYTE line low. Whether the HI BYTE goes low or not then 
depends on the state of the BYTE-B input. 

(3) Reading Page Register Contents. As a special case, an address of 
17234X with WRIT-B, ADOO-B, and BYTE-B held high reads the contents of the addressed 
page register. In this case, the low output of U29B applied to the byte select 
multiplexer puts bits Pl - PS on the line to the data input/output multiplexer; 
the other three bits are hard-wired high. (logic 0). The low output of U29B also 
clears flip-flop U39A; the LO BYTE line goes low, placing bits Pl - PS on the data 
bus lines. The HI BYTE line also goes low, but because there is no GAS strobe, 
the memory is not accessed. The MSB bytes are all high (logic 0). 

c. Byte Swap Multiplexer. The byte swap multiplexer (U36, U37) is involved 
only in a memory write operation. Its use is described under Read/Write Lo/Hi 
Byte Control. When ADOO-B is high, the multiplexer passes the eight MSBs to the 
memory array. When ADOO-B is low, the multiplexer passes the eight LSBs to the 
memory array. 

d. Byte Select Multiplexer. The byte select multiplexer (U31, U41, U42, U43) 
is involved only in a memory read operation. Its use is described under Read/Write 
Lo/Hi Byte Control. When the B inputs are low, the multiplexer passes bits Pl - PS 
(and the associated hard-wired bits) to the LSB portion of the data input/output 
multiplexer. When the B inputs are high, the output selected depends on the level 
of the A inputs. High A inputs select the most significant bits from memory; low 
A inputs select the least significant bits from memory. 

3.2.6 MEMORY ARRAY 

The individual memory device is a dynamic random access MOS memory circuit, 
organized as 16,38410 words by 1 bit. The device features multiplexed address 
inputs, permitting it to be packaged in a standard 16-pin chip. Other features are 
low power (less than 462 mW active) and fast access time (200 ns maximum). 

Each memory chip is configured as a 128 bit by 128 bit cell for addressing 
purposes. Seven row addresses are latched onto the chip by a low-going RAS signal; 
then seven column addresses are latched onto the chip by a low-going CAS signal. 

Whenever GAS is high, the memory data output lines are held floating in a high 
impedance state. The output contains a logic O or 1 only during the access time of 
a read cycle. 

Chips that do not receive the RAS signal remain in a low power (standby) mode 
regardless of the state of GAS. 
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53 OUTPUT MUX I I Ul, 11 , 21 _5 2 

I I I 
READ 
PAGE 
REGISTER 5 -,d... 

I 
M EMORY ARRAY 

L-- -- -, U61- 68, 70-85, 

I 
--- --- --- --- --- --- --- --- --- --- --- --- ------ --- --- --- --- -- --- ---

TIMI NG AND CONTROL CIRCUITS I Al3- .t.17 I PHYSICAL I MEMORY B7- 102, 104- 119, 
A1-Al2 ADDRESS 121- 128 ADDRESS MUX I MUX I 7 ADDRESS 

I U34, 35, 
I U3, 13 12 44, 45 I I I r I OUTPUT = HI IF I DATA 

I I INPUT= 0 J RAS CAS w OUT 

I 
7 A13- Al6 I ~ 

,--t I 16 
U200 I ~ COMPARATOR 7 2 y 

--<{>--+ WRITE I .__. U4 REFRESH 

\ ADDRESS \ -- ------- - --.__. COUNTER I I 
r-----

I 
ADDRESS PHYSICAL I ~~~~H ___. 

U26, 27 R0-R6 I DATA CONTROL CIRCUITS 

I ;:- GATE ADDRESS 
U40B SELECT 4 4 ) j onn 40C, 49A 

I I 

I , I 3 I I I I _L L_ -7 I L-

1 : \ } 
Sl-1 = CARD SELECT I --- --- -- --- --- -- - -- --- -- --- --- --- --- --- --- --- --- - --- --- --- ------ -
Sl - 2 THRU 51-5 I I = 4K LOCKOUTS MIS~ RAO-RAJ 

I f------+ 20 MHZ I READ '5V LOGIC 
CLOCK 

I 
RAS GENERATOR WRITE 

BYr 

PAGE B 
U24B, 66, 40A, JOA l ~ '5V MEMORY 4 

I 
CLOCK f------+ 10 MHZ READ/WRITE L--...t I BYTE SELECT 
GEN ERATOR - INHI BIT REFRESH REQUEST/ MEMORY CONTROL A UJI, 41 , 42, 43 

:. +l 2V U7, 18A, 28A CLOCK M i l INHIBIT CYCLE GATES U20B, 188, 178, 
AO-U23C, 290 , 24A, I - Ul 9A, 29C, 29A, ICC, 

l 
U , 15, 170, 17A, CAO-CAJ ADR~ 5, 16; SI 

Ul98 10A, 40F READ/ WRITE 

-5V 

I 
f------+ REFRESH - I LO/ HI BYTE -

CLOCK -
T 

CONTROL 

REFl SH 

1---
20 lHZ 

CAS GENERATOR - US, 30, 39A, --
~ U258, 69C, w;,:;- 10 

I GRAO+ I 
103B, 120C LO BYTE, 1 

HI BYTE 
CLOCK I CLOCK -

j -
MEMA/TIMEOUT - --- --- --- --- --- --- --

I ADRV+ ----II U25A, 288, 39a, 

- 57A, 50 -
L I 

------~ --- --- --- --- --- --- --- --- -- --- --- --- --- - -- --- --- -- -- --- --- --- -- - -- --- --- --- ------ -- --- --- --- --- --- --- --- --- --- --- --- --- --- -- - - --

DATA 
IN 

L\ 
V 8 ___ _____.,: - ------ - - --, 

I 

I I 16 K / BYTE SWAP 
I MUX ~ 

I .t.0---il U36, 37 

J Dnn I 
I I 

~ t 
16 8 I I / MSB'S 

I 
I _.I 8 > / DAT.t. I NPUT/ 

OUTPUT MUX 
U32, 33, 

I 2 46, 47 
~ 

I--- --- --- --
____ J 

1.1.. -
;---,--
r-

v--
v--

28 D .t.15-8 

A l 4-B 27 D 

26 D A13-8 

A12-8 

All-8 

.t.I0-B 

25 D 

24 D 

23 D 

22 OA09- 8 

;- 21 DAOS-B 

r-- 20 

-- 19 

v-- 18 

v-- 17 

r-- 16 

,,-- 15 

,-- 14 

/ 
13 

FM GRAH· - 35 

39 r- 42 
....... 

DA07- 8 

DA.Oo-8 

DA05-8 

DA04-B 

DAOJ· B 

DA02-B 

DAOl-B 

DAOO-B 

GRAO+ 

MfMA-8 

BTOT- M 

H•78-o408-009 

Figure 3- 2. Funct i onal Bl ock Diagram 
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Figure 3-3. Write Cycle, Read Cycle, 
and Refresh Cycle Timing 
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SECTION 4 

INSTALLATION 

4.1 UNPACKING AND VISUAL INSPECTION 

Inspect the shipping container carefully. If the container shows any evidence 
of rough handling or is sufficiently damaged to have affected the contents, notify 
Sanders Associates, Inc., and the carrier immediately. 

After removing the large read/write memory card from the container, inspect the 
card assembly for any signs of damage. If the unit appears damaged in any way, 
notify Sanders Associates, Inc., immediately. 

4.2 COMPATIBILITY WITH GRAPHIC CONTROLLER 

Confirm that the graphic controller card in slot lAlAlO in the terminal con­
troller is part number 1089845. Do not use the large read/write memory card with a 
graphic controller card part number 1086758. 

4 . 3 SWITCH SETTINGS AND JUMPER CONNECTIONS 

Confirm that switches are set and jumpers installed as shown in table 4-1. 

Table 4-1. Switch Settings and Jumper Connections 

MEMORY CONFIGURATION 

16K 

32K 
- fG~- e-0n-f-i--gu-l:'a-t-i-0r1~-- ---

48K 

64K 

94K 

Sl SWITCH POSITIONS 
CARD # 1 

Sl-1 thru Sl-5 ON 

Sl-1 ON 
~ 1~ 2- th-i;_u- £ 1 - .5----0EE* 

Sl-1 ON 
Sl-2 thru Sl-5 OFF* 

Sl-1 ON 
Sl-2 thru Sl-5 OFF* 

Sl-1 ON 
Sl-2 thru Sl-5 OFF* 

CARD 112 

N/A 

N/A 

N/A 

N/A 

Sl-1 OFF 
Sl-2 thru 
Sl-5 OFF* 

JUMPER CONNECTIONS 
CARD fl 1 CARD # 2 

E2-E3 N/A 

E2-E3 N/A 

El-E2 N/A 

El-E2 N/A 

El-E2 E2-E3 

I 

Sl-1 ON Sl-1 OFF 
Sl-2 thru Sl-5 OFF* Sl-2 thru 

Sl-5 OFF* .___1_1_2_K __________________________ E_l_-_E_2 ___ E_l_-E_2 _ ____, I 
* - These switch positions allow access to all available memory and may be changed 

to mask out undesired memory blocks. 

Change 1 4-1 



Table 4-1. 

MEMORY CONFIGURATION 

128K 

32K 
(G3 configuration) 

Switch Settings and Jumper Connections (Cont) 

Sl SWITCH POSITIONS 
CARD # 1 

Sl-1 ON 
Sl-2 thru Sl-5 OFF* 

Sl-1 thru Sl-5 ON 

CARD 112 

Sl-1 OFF 
Sl-2 thru 
Sl-5 OFF* 

N/A 

JUMPER CONNECTIONS 
CARD #1 CARD #2 

El-E2 El-E2 

E2-E3 N/A 

f 
f 
[ 

f 
* - These switch positions allow access to all available memory and may be changed 

to mask out undesired memory blocks. r 
4.4 INSTALLATION 

1. Turn off ac power at the terminal controller. 

2. Remove any SK memory cards present in the card cage (lAlAl, 1AlA2, 1AlA3). 

3. Install the large read/write memory card in the applicable card cage slot 
(normally lAlAl). 

4-2 

NOTES 

If more than one large read/write memory 
card is to be installed, the card in the 

!lowest numbered slot is card no. 1. 

If two large read/write memory cards are 
to be installed, of which one is a 64K 
card and the other is a 32K or 16K card, 
then the 64K card must be in the lower 
numbered slot and must be card no. 1. 
The other card should be in the next 
higher slot. 

If any slot between XAl and XA8 is left 
vacant as a result of this installation, 
connect jumper assembly (Sanders part no. 
47067) between pins 35 and 36 (the pri­
ority grant line) of the vacant slot. 
Connect jumper assembly at the back plane. 

r 

r 

r I 

r 
f 
( 

r . 

r 

f 
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5.1 MAINTENANCE PHILOSOPHY 

SECTION 5 

MAINTENANCE 

The overall maintenance approach is based on using the large read/write 
memory checkout procedure in paragraph 2.5. The large memory card is an off-the­
shelf item and is not field repairable. Maintenance is limited to fault isolation 
at the circuit card level. 

5.2 TEST POINT INFORMATION 

There are six test points on the large read/write memory card, accessible when 
the memory card is mounted on a card extender. Table 5-1 describes the signals 
present at these test points. 

Table 5-1. Test Point Information 

TEST POINT SIGNAL NAME 

1 

2 INHIBIT 
CYCLE 

3 REFRESH 
REQUEST 

4 MEMA-B 

5 ADDRESS 
VALID 

6 READ/WRITE 

DESCRIPTION 

Goes high when Ul8B is preset by either a read/write 
connnand or a REFRESH REQUEST connnand; goes low at the 
end of the ripple counter cycle (350 nanoseconds). 

Goes low if the addressed card or 4K memory block 
has been locked out. If this point goes low, TPl 
should not go high; TP4 should go low after approx­
imately 10 microseconds. 

15 microseconds high, 50 nanoseconds low, continuous. 

Normally high, goes low on completion of a read/write 
cycle or at the end of timeout; remains low until 
ADRV-B goes high. 

ADRV-B inverted. Goes high to initiate a read/write 
command. Remains high until MEMA-B goes low, then 
is reset by the device that accessed the memory. 

Same as WRIT-B. Normally high, goes low when 
accessing device issues a write command. 

5-1/5-2 
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SECTION 6 

DRAWINGS 

This section contains the following drawings: 

Large Read/Write Memory Assembly Parts List 

Large Read/Write Memory Assembly 

Large Read/Write Memory Logic 

PL1089724 

1089724 

1089726 

6-1/6-2 
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REVISION STATUS I REVISIO,_.S 

SH 1 2 3 4 5 6 7 ~ 9 10 11 12 LTR DESCRIPTION DATE APPROVED 
I 

REL FOR D£.VELOPMEAlr R1/AOT fl M M M M M M /4/M L - 9FEB78 
REV 

-48/ PARTS A REV PER ENG 2.8FEB78 
SH 13 14 15 16 17 18 19 0 21 22 23 24 

CHAAIGEO ITEM 30,, 31) 35 A8/ REV B l3APR78 
PER EAIG LIST -·-
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WL NA F REV PER £CO 7031~- I/ Jt/o/WL 
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G REV PER ECO .. 7~32(;, 79 ~ 
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H REV PER ECO ' 764 74 31 Jvq'jWL 

J REV PER ECO 764-80 
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ALTERNATE ITEMS, 5£1-ECT O £ ONLY. L REV PE:R. E:CO 9C,388 9MAY90 "tlJ/WL 

3 . FOR AUTf/ORl2ED COMPONENT SU8;~r Tt/TION M FCD 56913A lJMAY p~ 
LIST SEE DW~ SA/088588. Bo 

M. - -s£E DWG REJ/H __ ~ UK 
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CODE iOlNT NO, l 
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Q ~_g'~/;, 3/J/Jr< A 94117 PL /089724 MfQ ~ USEp ON 

I• 

.J :Ve S-2-7tJ1 
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i I P A R T S L I S T ••- =n-•-•· = ~ • w •-~-~-~- ~ -=~ 

I 

ITEM I QTY PER ASSY I OWG I CODE 

NO· G ·/ IG 2. IG 3 SIZE IDENT 

PART OR 
IDENTIFYING NO. 

'I' I''' 2 G4 - • -

2A REF R£~ QEF 
213 REF RE. RE!= 
3 Z 2 2 
4 I I I 

-.t 5 I I I 
~ 4 4 4 
7 2 2 2 
8 I I I 
9 II II I/ 
/0 I I I 
II 2 2 2 
le I I I 
13 I I I 
14 I I I 
15 I I I 

/08972561 
1288/ I MK41/~P-3 

UPD4IGC-2 
01263 Fl6K3DC 
07263 F9354GPC 
072G3 F 90502 PC 
lo7c~3 F9S42 pc 
27014 DS 8833N 

SN7400N 
SN74S02N 
SN74S04N 
5/J74505N 
SN74508N 
SN74/0A/ 
SN74520N 
SN71-2/N 
SN742.5N 

SHEET ONE REVISION LETTER IS THE IDENTIFYING 
REVISION FOR THIS MULTISHfET DWG 

SEE SHEET ONE FOR REVISION DESCRIPTIONS 
SYMBOLS : INDICATES VENDOR ITEM - SEE 

DESCRIPTION 

CIRCUIT CARD SUBASSY 04K MEMOR'," 
MED) Urol, ~2, C,3, to41 ~5, GG., <o 7, ~8, 701 71, 
72)73,74, 75, 70,77) 78,79,80,8/,82, 83,8~85, 
87, 88,89, '10, '}/, 92, ~3, 34, ~5, ~~, ~7, '38, ~9, 
I00,IOI, /02) /04> IOSJ/0~,107, 108,109,110, 
I I I, II 2, I 13, I 14, I l5J II~, 117, I 18,119,121, I c 2, lc3, 
124, I25,12G, 127,128 (MOSTEX) 

MED,(tJEc)(~EE NOTE 4) 
M £D (s£e /VtJTC 4) 
MEO, U4, IC:> 
MED, U28 
MED, U8 
MED, ·•u32,33, 4~, 47 
MED, UZ9,3O 
MED, US 

(F"AJ~C//ILLJ) 
(FAl~Ch'llD) 
(,t:AJRC/1/LD) 
(F-AIRC 1//LD) 
(NATION,4l) 

MED) U31 20, 23,40, 52 1 54, 55,5'1;ro9, /03) 120 
MEO, U50 
MED, t.117,8~ 
tttEDJ U/0 
MED,U49 
MED) U53 
MED, US/ 

SIZE I CODE IDENT NO . 

A I 94117 IPL 1089724 
SPEC/SOURCE CONTROL DWG. 

OP 277 REV C I REV ~___J SHEET 2 I I i 

SYM 

a 

~ '. 

- - - ----., - ---, - ~ ----i ~ ~ --- --, ~ ----, - ~ ---. -



..---- --- ...- - ~ ~ ~ ~ --- ___.._, .---., -----, ----i- ----, - ----, -----:, 

I .:t _ .. . ·---· w _ , ..... .. m • ~-·- _ 

PARTS LIS T 
~ I I _ _ ,. -- - - --

ITEM QTY PER ASSY DWG CODE PART OR 

NO. GI IG 2 IG 3 SIZE !DENT I0FNTIFYING NO. 
DESCRIPTION SYM 

l . 
/(o 

17 
/8 
/9 
20 
21 
22 
23 
24 
25 

5 5 5 SN 7'(!-_ 5 74N 
I I I JKPTr ao-/330071 
2 2. 2 SN 7J4.5139N 

MED. U/4.15. 18. /9 . 25 
CRYSTAL OSCILLATOR zao MHl U7(sEE NOTE1)CT.S}WIG!tr 
MED, U2'1-, 1-8 

I I II II SN 7j45153N MEO, UI, ll,21,31,34,35,41,42,43,44,45 
MED, U/31 36,37,38,56 5 5 5 SN 1~S/57AI 

2 2 2 SN X LS/03N MED, U26~27 
I I I 5N L.S/04N MED, U9 
3 3 3 SN ~L.5171-N 
I - I I 07263 l/A V812 UC 

MED,UZ,/2,ZZ 

I I I 07263 A ~9MO5AIIC 
VOLTAGE REGULATOR t/2 voe, VRl(FAIRCf//LD) 
VOLTAGE REGULATOR -5VOC., VR2 (FAIRCHILD) 

-~.L_ , 
._ - I I 

1.- I 

.ic8 I I I 
29 I I I 
30 22 22 2Z 

3/ 2 2 2 
32 I I I 
33 5 5 5 
34 2 2 2 
~-- .---,-- -. -, 

30 I 2 I 2 I 2 

- - a _ J ,,.... ,.. a I -"' • ..- • - - __ _.. a .... .. - ,,,.,..,~ ,, -:') JL_L/ __ ~_10/ JAJ-~ ,.,, 

I -,;;;,..--;;;;;,,-JrV7~~r, ...,.__,, .'-'·~, ....,,,....,,,,-,7u,•1V"r•, ,,, 

• f?SS;'1¥ftt:?•:t(-5-5162/J; t.t.ik, tt%-;·,to;pft,ff&:· 
RCR~ 7G.2.2:.3JS RES, 22K Of/MS,± 5;1o, . 25W, R3 
RCR07G 243J5 RES, t4K Oh'MS, t-5 fo, . 2!5W, R4 
RcRb1G200Js RES, zo of/MsJ :ts7o,.25w,R5/o,7,B~9)1O, 

I 11, 12,13, 14,15, 16,I~ 1a,19,20,2~2~2.3,i~2s,2, 
RCR07G360JS RES, 30 0/IMSJ ±5 'Yo,,, c5JAI, R33,34 
RcR{: 7G302J5 RES, 3KOI-IM5;,t5'X,, .25W, RZ? 
RCR p7GSl2JS RES, 5./KOI/M5,t'5fo, .25N, R28.29,3~3~32 
RCR()7G /02 t!S RES, IK 01/MSJ t 5;o, . 25PI, R35;, 3fo 
~-l)240i· ;:::~~P-;c;:-:::J;::53/aiMJG Pl &'Dl , Cl 
cKolsax102K CAP, I000PF,±I0'lo,200WVOC,C2)3 

SIZE I CODE i0ENT NO . 

SHEET ONE REVISION LETTER IS THE IDENTIFYING 
REVISION FOR THIS MULTISHEET DWG A I 94117 IPL /083724 SEE SHEET ONE FOR REVISION DESCRIPTIONS 

SYMBOLS : INDICATES VENDOR ITEM -SEE 
SPEC/SOURCE CONTROL DWG. 

OP-277 REV C 

I REV M I SHEET 3 
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I PARTS LI S T 
L------------r----,----,--------=-_.;:...:.....;....;_,----------- - - ··- .. ,·, ---- ----~--·- '"·~--- -----t-"--

ITEM I QTY PER ASSY I DWG I CODE 

NO. G / IG z IG 3 SIZE IDENT 

3719 9 I 9 

38
1

1 I I I 1 
39 /0 /0 /0 

40 I / I / 
41 110 -

I 

•. 42 14 

781-

78 

4 4 

PART OR 
IDENTIFYING NO. 

DESCRIPTION 

M39OO3/01-23041 CAP, <a.au;:, :t 1O~) 3.5 wvoc) c4,5,10., 11, 
12,13,14,15, 16 . 

M39003/ol-2317 CAP, . 33 UP, ± /0 % J 50 WVOC, C(o 
M39OO3/o/-c350 CAP, /.0 UF, ± 10 I", 50 wvoc, C 0 9, 17,, 18, 

19, 20, 2/, 22) 23, 24 
M39003/o!-c302 CAP, Z.2UF, ±10%, 50WVDC) CB 
CK05BX I04K CAP. 0./ UF, :t/o %,50 wvoc~ C25 ~ C/34-
CKOSBX/04K CAP .. 0./ UF;~IO%1 s6 WVLX:./C2S-:C77} 

C82, C87-C94/ C/O3-Cl/8 .,c25' 
CK0SBXI04K ICAP/ 0.1 UF; r f0'7p 50 WVDc, c:..2.5- Cc;'?, 

C::: 8 2. 1 CS 7 :_ c::: It O I C II<?) - C \ 2.(p 
70 I /935 PI I INDUCTOR LI,, 2., .3,4-

43 I 
44 I 
45 I 
4(;, 2 
47 2 
48 2.. 
49 I 

I I 
I I 
I I 

31514 /008- 092 
13/03 0O73B 

!086u;08 PIB 

SW/TCH /SI ·· -~A£) · 
HEAT 5'NK (TH£RMALLDY) 
CONN/ ELEC 1 Pc BOARD 
EYE"LET 2. 2_ 07707j fo0IO 

2 2 
2.. 2 
l I 

A 
A 
A 

ti>00/07P/ 

030003Pl4-
6""40049Pt .• 

SHEET ONE REVISION LETTER IS THE IDENTIFYING 
REVISION FOR THIS MULTISHEET DWG 

SEE SHEET ONE FOR REVISION DESCRIPTIONS 
SYMBOLS : INDICATES VENDOR ITEM - SEE 

SPEC/SOURCE CONTROL DWG. 

OP-277 REV C 

E.TCC TOR. / CA~ 
£Y£L£T1 METI/LLIC 
TR.ANSI PAD 

SIZE I CODE IDENT NO. 

A I 94117 IPL !08<J724 
I REV /VJ [s!iEET 4 • .. 

SYM 
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~ 
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PARTS LIS T 

ITEM QTY PER ASSY 

NO. -G'/ G2 G3 

50 I I I 

51 I I I 
52 I I I 
53 REF RE, REF 
54 (o 6 G 
55 AR AR AR 
50 I I I 
57 

, ■58 3 3 3 
59 AR AR AR 
GO AR AR AR 

DWG -
SIZE 

J 
A 
A 

A 

CODE 
IDENT 

PART OR . 
ID~NTIFYING NO. 

M55V957-/4 
MS/5 795-803 
MS~I083C04 
/O8r7Z6 
/6504C,P/ 
93 Cf02PI 

SN14l574N 

RCR_f7G 33/JS 
27Q00GP5 

DESCRIPTION 

SCREW, MACH., PAN HO, . 112;_40 X .3/ LG 
WASI-IER, PLAT- METAL, , 1251D X. -25 00 -
NUT, SLFLKG, 1-/EX, .//2..:. 40 -
1..06/C _ DIA GR.AM, '14 K MEMORY 
TEST PO!NT/ TPJ-TPG 
SOLDER • 
MED, U39 

- ' 

RES, 330 0IIMS, ±5;/o,. c5W, R3~38,39 
INSULATION TUB!Nq, ElEC. -

SYM 

. "F 

t: 

~
GI REF RE REF A 
~z 32, -

278 bo2p13 -
811 003 

/288/ IMK4rll6P-3 

WIRE, EL£C, UNINSUL., 22 ANG 
PW AAID CKT BO, R£QT ,C0R • • ·, 

: .MED, V~I, 02, ~3, 64,65, 66,~ 7, '18, 70,71, 7~ 7.3, 
•I -

~ 

03· - - ·32 l288I IMK4✓!6P-3 

04 
05 AR AR AR 
G2A - REF -
G3A - - REF 
17A REF REF Rt'F 

i 7Jooop.z,~ 
UPp 41~C-2 
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THE INTENT AND PURPOSE OF THIS PUBLICATION IS TO PROVIDE ACCURATE 
AND MEANINGFUL INFORMATION TO SUPPORT EQUIPMENT MANUFACTURED 
BY SANDERS ASSOCIATES, INC. YOUR COMMENTS AND SUGGESTIONS ARE 
REQUESTED. 

PLEASE USE THE FORM ON THE REVERSE SIDE TO REPORT ANY PROBLEMS 
YOU HAVE HAD WITH THIS PUBLICATION OR THE EQUIPMENT IT DESCRIBES. 
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Ill 111 FIRST CLASS 
PERMIT NO. 568 
NASHUA, N.H. 
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NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

Postage will be paid by 

Sanders Associates, Inc. 
Information Products Division 
Daniel Webster Highway South 
Nashua, New Hampshire 03061 

ATTN: DEPARTMENT 1-2894 (NHQ 1-447) 
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Information Products Division 
Federal Systems Group . 
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Name: _________________ _ 

Company: ----- ----------- -
Address:. __________ ___ ___ _ 

Telephone:_[ __ ] __________ _ 

Date: _ _____ ___________ _ 

Description of problem (or suggestion for improvement) : 

Related tech manual number 

Sanders Equipment --- - - - --------

Part Number _____ _____ _ _ _ _ _ _ 

Software/Firmware System - --- - --- --
Version ____ ___________ _ _ 

Host computer _ _ ______ ___ _ _ _ _ 

Host operating system _____ Version ___ _ 

Host-GRAPHIC 7 interface _ _ ___ _ _ __ _ 

My problem is: hardware D software D 

firmware D manual D 
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