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DRAWING NO. 
SHEET 

NO. 

4400 so ALL 

4401 so ALL 

4406 so ALL 

4411 so ALL 

4430 so ALL 

4461J so ALL 

4500 so ALL 

4400 CD ALL 

4401 CD ALL 

4406 CD ALL 

4411 CD ALL 

4430 CD ALL 

4464 CD ALL 

4500 co ALL 

TELETYPE 
CORPORATION 

R 8 0 FORM 361 (6-66) 

-
WIRING DIAGRAM PACKAGE FOR THE 40C435 AEE 091 CONTROLLER CARD SET WOP 0495 

DESCRIPTION 
ISSUE NUMBER 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

') 

SCHEMATIC DIAGRAMS ' 

3 3 
I 

INSTRUCTION EXECUTION L091C A ASSEMBLY 3 3 3 3 3 
INSTRUCTION EXECUTION LOGIC B ASSEMBLY 6 6 6 6 6 6 6 

SSI 4 ASSEMBLY 6 6 6 6 6 6 6 

CIU/DIU/PIT/SID ASSEMBLY I I I I I I I 

DISPLAY 1/0 LOGIC 5 5 5 5 5 5 5 

8K READ/WRITE MEMORY 3 3 3 3 3 3 4 

EPROM I I I I I I I 

'') . 
.. 

CIRCUIT DESCRIPTION 

INSTRUCTION EXECUTION LOGIC A ASSEMBLY 2 2 2 2 2 2 2 

INSTRUCTION EXECUTION LOGIC B ASSEMBLY I I I I I I I 
') 

SSI 4 ASSEMBLY 2 2 2 2 2 2 2 

CIU/DIU/PIT/SIO ASSEMBLY 1 I I I I I I 

DISPLAY 1/0 ASSEMBLY 2 2 ?. 2 2 2 2 

8K READ/WRITE MEMORY I I I I I I I 
EPROM I I I I I I I ) 

25258-R NOTE : THE LAST COMPLETED COLUMN INDICATES THE LATEST ISSUE NUMBER OF WOP. SHEET_1_0F ..1. ) 
- ----- --· 

___ Y{) ---



WIRING DIAGRAM PACKAGE FOR THE 40C435 AEE 091 CONTROLLER CARD SET WOP 0495 l 
SHEET DESCRIPTION ISSUE NUMBER 

DRAWING NO. NO. I 2 3 4 5 6 7 10 II 12 13 14 15 20 29 8 9 16 17 18 19 21 22 23 24 25 26 27 28 30 

CIRCUIT CARD ASSEMBLY DRAWINGS . 
~10~00 1 1 XL A ASSEMBLY q 4 4 4 5 5 5 

~10~01 1 IXL B ASSEMBLY 7 7 7 7 8 8 8 

ij10ij06 3 SS I ~ ASSEMBLY 7 7 7 7 12 12 12 

~10~11 I CIU/DIU/PIT/SID ASSEMBLY 5 5 5 5 6 6 6 

~10~37 1 DISPLAY 1/0 ASSEMBLY 7 7 7 7 8 8 8 

~10~6~ I SK READ/WRITE MEMORY ASSEMBLY 2 2 2 2 4 4 4 

' ~· ·' i 

IJ.10520 I 10K ROM - I 2 2 4 4 4 4 

~10521 I 2K +IK ROM I I 2- 2 2 3 3 

i 

I 

t I 
MISCELLANEOUS I 

1 

~08968 ALL CARD LOCATION & SWITCH SETTINGS CHART 1 I I I I I I 
I 
I 

' 

TELETYPE 
NOTE : THE LAST COMPLETED COLUMN INDICATES THE LATEST ISSUE NUMBER OF WOP. SHEET_2 OF 2.. CORPORATION 

-~--------

R a D FORM 361 (6-66) ¥1 



A 

l 
B 

-

C· 

-

0· 

-

E 

TC 654 /8·/il 

I 2 I 3 J 4 I 5 

SHEET INDEX 
SHEET f.=RT; ISSUE NO. 1 SHEET~ 

coNTENTs _l_=_i;i~ 1 2 3-r;,5 16 17 I e 19 l'o I'' 1121•3f41'511si_'711BI'" 120 12' 122123,24,25 No_ 
$h::£T P::J!:Y., SLJP?JRTIN':; r~r~l:•.\ATI~ ~ • 2 3 4 1 1 

5L:t:::". :u.~~=.t .. ~ 

Fo-1 BUS INTERfACE ~>:;: RE::STER FILE 

P:S-:' 'A r.t.Jt..Tlf?t~Jt(R - L~ 9'-":£ 

f'~·-3 •A'?oU...TIP:..D'.£R- rl! =.....-r:. A.t..;~ S::i~ ~U...T!Pl£X£2 

F"S-.: 
.o..=-.11-t'-'~fi:: A.'~·~.:~!: ..t.:T, A:C:J'<l.LATOF~. A.'.:. 
;:.-..~~ 'f !'l "JL T!=>'._D·:::: 

VS-5 S7ATJS ~TIPL::::t.E:~ ~~::'liSTER & RlJ'.i L!G..JT na,:::: 

F'S-f PJ~£R A."D F!LT£i=i :::=:..::TS 

T" ' '., 

4 

5 

6 

I I 2 

I I I 

2 3 I 3 

I I I 
5 

I I I 
6 

9 

TC-3 u 
I TC-

2 I D I' I I I I I I I I I I I ! I I I I I I I I I I I I I I I I ~ 
r: -• 12 

NOTES: 

1. THE VOLTAGE, +SV. IS APPLIEC TO PIN 8 OF THE 8 PIN PACKAGE, PIN 14 OF 14 PIN 
PACKAGES, PIN 16 OF 16 PIN PACKAGES, AND PIN <:4 OF 24 PT"l PACKAI'.ES. Gfi(U() 

IS APPLIED TO PIN 4 OF THE 8 PIN PACKAGE, P!N 7 OF 14 PIN PAO<AGES, PIN 8 
OF 16 PIN PACKAGES, IHl PIN 12 OF 24 PIN PACKAGES. 

2. LOGIC NOTATI~ 

j~~ 
CUl 

INDICA ITS PACKAGE 
LOGIC F\..N:TION 

i'U4BERS REF£11 TO PACI<AGE PIN 

}--1----INOICATES PACKAGE I,OCATION 
~ THE CIRjl.IIT CARD 

2 
. ....___.. 

3. CPTI~ STRAP 

~ 

~ 

• . St£ET LOCA TI~ COtE 

2 AS 

T -c._ OOICATES X-Y COCIROINATE ~ !Hl:T 

L-r~ICATES SI£ET IU4BER 

5. CCHIECTOR COOE 

A - II'VICATES CONNECTOR"A" 
~INDICATES MALE Pl .. 

---"7!'3.........._ 
1 ............. NOICAT<S PIN N.MlER 

6. THE FOLLOWING INTERCONNECTION METHOD IS USED TO CONSERVE 
SPACE ON LEAOS PERFORMING SIMILAR FUNCTIONS. 

', 

Al 

.!iL-. 
A3 

.!L_ 

.!L_ 

1 

Al 

~ 
A3 

I ~ 

IS THE 
SA. I£ 

A.S 

Al Al 

A2 A2 
A3 A3 
A4 M 

A5 A.S 

2 I 

7, 

3 

CCN£CT:JR PIN ASSIGIH:NT 

CONNECTOR I PIN 

A 

A 
A 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 

"' A 
A 
A 

A 
A 
A 

H 
v 
~ 

~ 
D 
~ 

n 
H 
G 
a 
a 
~ 

G 
u 
~ 
~ 

~ 

~ 

ro 
n 

CESCRIPTION 

::J/A (;il) 

D/A <ll 
D7Al2T 
li7r"T3i 
Oiii(7) 
0/A (5) 

iiTATsT 
D7A'(71' 
1i7AliT 
0/A (9) 
PIA (10) 
0/A (11) 
0/A (12) 

0/A (13) 

f7A1T4i' 
0/A (15) 

+SV 
+SV 

OV 
ov 

' \ 

SHEET LC<:A TION 

341 

3Al 
3A1 
3A.l 
381 
3C1 
3Cl 
3C1 
3C1 
3Cl 
3Cl 

301 
3E1 
3El 
3£1 
3El 
881 

881 
801 
801 

B. ALL CAPACITANCE VALUES ARE IN MICROFARADS IJNLrc;s OTHERWISE SPFCIFIED 

I 4 I • 

:~ "··;;:CT'JR I pp; 

B 
B 
B 

B 

8 
8 
B 
8 
8 
8 
8 
8 
e 
B 

B 
B 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
B 

8 
8 
!l 

B 
B 

8 
8 
8 
B 
8 
B 
B 
li 
B 

B 
B 

B 
8 
B 

4 
5 
6 
7 
8 
9 

lQ 

11 

u 
13 
u 
15 
u 
17 

w 
R 
~ 

" H 
u 
n 
H 
~ 

m 
n 
~ 

D 
u 
~ 

~ 

n 
~ 

H 
a 
a 
G 
G 
~ 

~ 

~ 

~ 

~ 

~ 

ro 
61 

~ 

~ 

~ 

~ 

~ 

ro 
n 

5 

12 

:J!:S:RIPTI)~; 

R2 
R3 
R1 
R0 

D/A (3) 
BYTE 

D/A (1) 

::UT ENABLE 
D/A (2) 

0/A (3) 

~/A (4) 

0/A (5) 

0/A (6) 

D/A (7) 
0/A (8) 

M.ll 
WL8 

0/A (9) 

0/A (10) 
0/A (11) 

0/1\ (12) 
0/A (13) 

0/4 (14) 

0/A (15) 

STAT CTRL 3 
STAT CTRL 2 
STAT CTRL 1 
STAT CTRL I! 

CNTEN 
CYCTRL 1 
CYCTRL I! 
ACC CLK 

SEC, CTRL 0 
M 

z 
p 

c 
T 

WTR 
RESTART 

N 

>PSI! 
toPS 1 
toPS 2 
toPS 3 
fofJX 4 
fofJX 3 
fofJX 2 

RLN (OJT) 

fofJX 1 
RLN (IN) 

l-UX 1!1 

I 6 I 

SUPPORTING INFORMATION USE OF SHEET INDEX r CATE~ORY I NO~ r~·- .. -c·.-.~ . · . .,. 'l 
t- . . . .... . ' 

-- I . ""' . ,.·:> . '"'·. i 

I

I I -~-:~c:.': .:::· • ; •. i 
I ····'2'' I 

;J I ,~':" ·1 .__ _________ _L l 

';HcET LXATD"l 

I 

3C6 
396 
336 

3C6 
3S2 

7C1 
382 

3El 
382 
382 

382 
382 
382 

382 
302 
307 
387 
302 
302 
302 
302 
302 
302 
302 
7A.l 
7Al 
7Al 
7A.l 
706 

6C1,501 
6C1,501 

6E1 
7Cl 

6E2 
706 
7:J6 
7C6 
706 
4:'1-4 
4CI 
706 
6Al 
6Al 
6Al 
6A.l 
SA.l 
SA.l 
4A.l 
7E6 
4Al 
7El 
4Al 

.A 

9 ALL RESISTANCE VALUES IN OHMS UNLESS 
OTHERWISE SPECIFIED 

10. vL • OV TO + 0.4V 

VH • + 2.4V TO 5.5V 

II. LOGIC SYMBOLS: 

V • LOGIC OR 
II • LOGIC AND 
¥ • LOGIC EXCLUSIVE OR 

12. TIMING CHARTS: 
!IIIII • INDETERMINATE 

NOT LOGIC I OR LOGIC 0 

6 L"'. l 

-
7 

I$S .. E 

3 I 2-17·76 116055 
4 110· 25-78 122076RC 

-+--- I lA 
T 

SCHEMA TIC DIAGRAM 
FCf! 

INSTRLCTI~ 

EXECUTI~ 

LOGIC/A 
CARD A.SSEMBL Y 

APPROVALS 

1-

B 

~ 

c 

~ 

o-

~ 

o•" 'munl.]i».li: .2./>>h.rl E 
R QO FILE 6-l67.172AA 

S·NUMBER 

TE:LE.TY ... e: 
'~ W' q I~'\ 

® 

4400SD-1 
7 '-1-2 

) 
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BLOCK DIAGRAM 

i {'} . 
"A" 

~ATAI~ESS --- ----- ---------- ··----CO'N:STJR 8/A < 15:3 > 

•5 VOLT 0 v::u FS-1 

"6" BUS 
COtH:CTCll !NTERFA.CE 

I 
I 
I 

I J;A, ( .:s : , 
' 

I ; ~~?; <;,W-~' "-.:''.f:i~• ~ ~·:,~ltM~JF~~·:~ ''-. ~~~~·f.?;;.,,,~ 

I .4 
I 

!NTR 
FS-3 FS-3 FS-1 

A SGNX A REGISTER 

IXL/B "JL TIPLEXER MUX 1-UL TIPLEXER FILE 
CARD LO BYTE HI BYTE 

" 
CCJ-lTR!l. 

~ 
LEADS 

ACC ClK 

FS-5 
A a 

FS-4 
C, Z, N, P, T, CNT EN STATUS FS-4 

C IN 
1-UL TIPLEXER ARITH'1ETIC & ux;rc I.Jj!T 

t-UX 
& REGISTER F 

.. RESTART o----- 51 ·--, . 

'· . 
•.-

52 FS-4 

ACCll'U.A TCll 

: 
i 

RUN 
FS-5 LED .. 

~(IN) ~ ·;~?'~_.iilg;,"W;~ __ ,,C'JJ!Il{''; -~ LED 
TI"f::R 

RUN (OUT) 

TELl!! TYPE 
SCHEI.1ATI:: DIAGRA'-1 

f lui®' F:)R 

INSTRUCTIJ'~ fXcc'JTlJ" 
L~GIC I A ClflCVIT C~c: L1400SD-2 

- " " "' "7 ~ ~ 



-
I - - I - - .. - -

FS-1 BUS INTERFACE 8 REGISTER FILE 
ISSUE 
r--

131141 I 
REGISTER FILE r---1--

4 r--
I 

TI:LEBUS ,____ 

25 ~ 
T'lANSCEIIIERS 15 1 I--

i5iA:i Jo 13 J/A~ 
4A2 &86 

~.:: 2! 4 A3 A2 A l."j 5 RBa 
683 -BUS 1 · O~T 1 

i' ~3J 14 w JJ ~ 
I~ 1 

A:C 1 
27 !/ DIAl 12 I~ 0/Al 6 

a1 01 
7 RBI 

61>3 A ll'JS 2 :lJT2 492 686 

•"' R91 .. 
I'l 2 

29 k "57i:2 E2 MLC8 
1 

9U" 3 :>JT 3 
3 !:J/A2 

402 696 
1:) 

02 02 --.9 R82 
51>3 

R32 2 
!'; 3 I 

31 y DiA3 .... :7 T:C3 4 
B'JS 4 ~JT 4 

6 J/43 
4E2 696 12 J3 03 

l! Rl>3 
61>3 

I"' R•• = :-

I 
!"t 4 cs 1€ 

I DISB :ISA 

2~ ,)3 

77 
9 . 6 

I I 
6 -I I 

6 !/ ::}IA2 11"..3 --.1 23 I 8 ,, 

·~ 1/ I ~IAl /1 
J. ,, I Rl ,1 

12 '/ utAZ /1 6 

'31/ 
,, 

D/A3 I 
R3 " . I' n'-' !)/A7 13TH I 15 1 /1 5 

B A:: 4 J t..3 A2 Al 4'J 5 R64 I 
161,-

I"' srs :JO :J- 6C3 
J/A6 I 

I' I D/A5 6C6 
ACC 5 6 :JI 

7 RBS 
I 

1s K 01 6C3 
I MLC6 I 

14 1/ 
I 0/A4 AC:; £ 

6C6 lJ !)2 02 
9 RB6 

6C3 I 
33 

V DIA4 I"' 15 13 DIA4 
I B~S 1 :JUT I 444 

ACC 7 I'- fi84 14 12 ll R97 
IN 1 6C6 J3 03 r- 6C3 I . 35 'L. DiA5 12 
ElJS2 OJT2 lJ DIA5 

494 cs t•< I -·-
'"' RBS 11 IN 2 MLC5 ~2 y3 

37 !/ im6 l BUS 3 OJT 3 3 D/A6 
4CS 

'"' RBS 2 
IN 3 I 

39 '/om 4 sus 4 OUT 4 6 OIA7 
4E4 

R:! 'I 7 i' R67 5 
IN ~ISB OISA 

WRITE CNTLS 

I J 
/j 

WU8 ( VL IS ACTIVE) 

I -~ 
(9 R2 ~ 4 WLB (VL IS ACTIVE) 

I I 
i3hJ 

/j c 
I ACc8'" 15 1 

41 
v 0148 15 

EllS 1 :lJT 1 13 DIA8 
4A2.5Bl 606 

4 A3 A2 Al 40 5 RB8 
603 ,, RSB 14 IN 1 

DO 0~ 

V57A9 12 BUS 2 
10 0149 ACC 9 6 

01 
k7 R69 603 43 OJT 2 482,5Cl 606 01 

:"'- R69 11 
IN 2 14..C9 3 MLCIO 

/ OIA.la OIA10 402 • SCl 4c'Ci.0 10 02 h9 RB13 
45 

1
BUS3 OJT3 606 02 603 REGISTER SELECT '"' RB13 2 IN 3 ~ 

1/ Oiiii 4 
OJT 4 

6 01411 
4E2, SCI 

AcCil 12 03 03 --.n ABU 603 47 BUS 4 606 

I"' R811 5 IN 4 
REGISTER CNTLS 

cs ~E 

I OISB OISA 
., N .... "' REGISTER 

~2 3 "' cr cr 0: 

~ 
9 

B ., I I I VH VH VH VH Rll 

8 
ZO J, 0/AS VH VH VH VL Rl 

I 
VH VH VL VH R2 

24 y I" 0/A9 
IU! ' 22 

D 

I"' 
25 Y 0/AHJ 

/ VH VH VL VL R3 

VH VL VH VH R4 
I 1' 0/All 26 '/ VH VL VH VL RS 

I"' 
30 Z DIAlS VH VL VL VH R6 

1/. I"' D/Al4 VH VL VL VL R7 (SP) 

zs I' 
28 

Y D/Al3 
VL VH VH VH PC 

. I 
13,J 

VL VH VH VL SRC 
~ 

27 '/ I'- DIAl? VL VH VL VH TE14' 

49 I( O/Al2 I' 
IS 1 

.'1 13 [)IA12 ACC 12 4 A3 A2 Al A8 h5 --~6E3 VL VH VL VL X 
BUS 1 OJTl 4A4 ,501 6E6 

RBI2 14 DC 0~ 
VL VL VH VH y 

51 '.t i3IAi3 
IN 1 "Ac"Cl3 6 

Dl 12 10 OIA13 6E6 OJ '"'7 RB13 6E3 VL VL VH VL z BUS 2 OUT2 494,~01 

'"' R813 11 
IN 2 MLC3 MLC4 VL VL VL VH IV 

53 1/ i'i7Ai4 l BUS 3 
3 01Al4 6E6 

ACC 14 10 02 02 9 RBI4 6E3 M3 405,!101 VL VL VL VL TRAP 
I'- RBI4 2 IN 3 E 

55 v i5liJ5 4 
BUS 4 

6 DIAlS 6E6 
ACC IS 12 03 03 II RB15 6E3 OUT4 4E4,5DI 

I' RBI5 S IN '?J cs ~ 

I ISB DISA 

~ L.3 
TI!LETVI"I! B 

.~ t SCHEMATIC DIAGRAM 'J!rui; I FOR 

ll V OJT ENABLE I I . INSTRUCTION E ·'ECUTION 

I"' I LOGIC I A CIRCUIT CARD 

440050-3 
TC~ .. I I 2 I 3 I 4 I 5 I 6 I 7 ~~~~ 

-· I f 



- - I • 
B FS-2 "A" MULTIPLEXER -LO BYTE 

ISSUE ;-,-
~ 'IJX 3 c--z--

n I"' ----r-
:-----

69 IL t.tJX1 !--
1"- '--

67 1/ 'IJX 2 'fJX 2 

I" 
SCl 

R7 

I •5V 
1JJJ n ' 9 l'/ 11 9 1~ u : a ~ 8 • ~/43 4 :'/A4 4 

3A3 DO 3S3 JO 

581.3C3 
:;;Aa - 3 :Jl 5:'1. 3::3 

: /Al2 3 
Jl 

-· 2 
J2 2 J2 

1 
J3 

•t..Bll 
AJ 

1 
J3 MLB4 

4CC 3 15 )4 h 
6 

683 15 6 ~4 
785,6!36.5U )4 " 6C3 

5J€, SC:l A:c a 14 JS 6E6, 5Jl <::: :2 14 
05 

68€ '581 
A::s 1 1305 6C5 ,585 ~:: 5 13 

05 

7D6 
~ 12 07 54 v :·nR 12 

D7 
7 

STR:lSE !" 7 
STR:JSE I 

i B \7 I 

9 10 111 llj_ 10 9 

DIAl 4 c B A 
01~5 

~ 6 c 
3A3 DO 3C3 4 DO 

5C1,3C3 
0/A9 3 01 5D1, 3E3 

0/Al3 3 
91 - 2 02 2 
02 

... 
MLBlO 

1 
03 

1 
D3 14..85 

~ il 
6 A1 

683 ....£. 6 AS 
04 04 H 6C3 

605 ,5C1 
ACC 9 14 05 6E6,501 

.6.CC 13 14 
05 

686,5A3 
ACC 2 13 06 6C6,5A6 

ACC 6 13 
06 

c 12 
07 12 

7C6 , 681, SE1 ~ 

T 
07 

7 
STROBE 

51 7 
STROBE ~ 

B 

~ 
52 \7 I 

55~ RESTART 

9 10 111 ll 10 9 . D/A2 4 c B A D/AS 4 
A B c -3A3 DO 3C3 DO 

5C1,3C3 
0/Al:il 3 

Ol 5D1.3E3 
D/Al4 3 

01 

2 02 +SV 2 02 

l 03 
MLB9 1 MLB6 

6 A2 03 
6 A6 ~ w 683 15 04 R5 04 w 6C3 A SELECT 

606 ,5C1 
ACC 10 14 

05 1000 6E6,5D1 
ACC 14 14 

05 

686,583 
ACC 3 13 06 > 6C6,586 

AcC 7 13 
06 I 

706 
z 12 07 12 

07 
N ..... "' FUNCTI~ 

7 
STROBE -,l;- SWI 7 X X X 

~ ::> ~ li' CONTINUE 
STROBE " 

\7 SWITCH 

Vl VL VL BUS 

VL Vl VH BUS SWAB SGNX 

91101 

VL VH Vl •1 

. 
Vl VH VH -2 -

In llf 10 9 

D/A3 
c B A 

3C3~ 
A B c YH VL yl ACC 

3A3 4 DO 4 
DO 

5Cl,303 
0/All 3 

Dl 5C1 ,3E3 
0/A15 3 

01 VH VL VH ACC SWAB 

2 
02 

2 
02 MLB7 

1-t..BS VH VH yl ACC- SR 
1 1 03 

6 A3 03 ;;:; 
__.!§. r: 683 --..!2. 6 VH VH VH STATUS 

04 04 H 6C3 

605 ,5C1 
ACC 11 14 05 ACC 15 14 05 E 

6E6,5Dl 5 AT 
6C6,5A5 

ACC 4 13 06 1306 
y 5~1 

N 12 07 12 07 TELETVr-1! 706 SCHEMATIC DIAGRAM 
7 

STROBE 
7 FOR ')Fl:' STROBE 

'---- INSTRUCTION EXECUTION 
LOGIC/ A CIRCUIT CARD 

4400SD-4 
I . I -.-



-
I - ~ I ~ I :> I 6 I 7 - - .,._ 

FS-3 "A" MULTIPLEXER- HI BYTE S SGNX MULTIPLEXER 
~-

8 t---!-
I 1--

o5 K 'fJX 3 1--
1---
'--I/ \fJX 4 A "U. TI"!..EXER HI CYTE -

' 63 '"' l3 J 13 31 13 31 13 13 
8 A 12 8 A l 12 2~~ 

8 A 
l? 2C~ 

B A 12 
2CO 

~: ~ ,---!! 2C1 ,---!1 .,---.ll 2Cl ,.---11. 2:1 4:: 3 11 
2C2 A:: 2 lJ 2C2 ~::E. ,4£::2 

AC: 4 1J 
2S2 5C6. 4':.4 

!.:: oS lJ 2:2 785,686,462 636,4:2 

~ L-14 Ai ...--2- 2:3 211 14 ill 6J3 !,....2. 2C3 21· 
14 m 6E3 ,----1. 2C3 2~ 

hl4 l.J4 
6E3 2C3 21• 6J3 

I 4 """ 1LIIl3 'LB12 _ 'LB2 'LB3 - ~ 1...2 i9 ~ lCJ 1• ~ z All 6J3 :/. 2 iiT 
5E3 .......:. l:J 

1...2 ... 15 !CO hi 6J3 ~ lCJ "2_f, 
fJ 6E3 

~ """ .... ~ t-i---1- r--2-lCl 1:1 )Cl ~--"" ACC 1 6 
1C2 •:: 3 6 A."""" t:. 6 

1C2 £.:f..' 4::~ 
A:: 7 5 lC2 686.432 €36 .4:2 1:2 6:6,484 
~ T•, 7 

1C3 r 1C3 ~ 1C3 (e._ 683 

"0" 'LIL TIPLEXER 

081 Q/48 2 
lA 1Y 

4 
3C3,4A2 -
606,482 

ACC 8 3 
18 

3C3 ,482 
0/A9 5 2A 2Y 

7 J9 

606,4C2 
ACC 9 6 

28 

3C3,4::l2 
O/Al3 ll 3A 3Y 

9 013 

606.402 ACC 13 10 38 14..814 

303,4E2 
0/All 14 4A 4Y 12 011 

I 
606,4E2 ACC 11 13 48 

NABLE SELECT 
15 1 

4A6 
ltJX 2 

SGNX SELECT 

\] CYCTRLI CYCTRL0 SGNX 
15 1 

VL VL A7 - O/Al2 2 ENABLE SELECT 
4 012 VL VH A7 1-3[3,444 1A 1Y 

6E6,484 
ACC 12 3 

18 VH VL A7 

3E3.4B4 0/AlJ 5 2A 2Y 
7 013 VH VH CsTAT 

6E6,4C4 
ACC 13 6 

28 14..81 
O/Al4 11 3A 3Y 9 014 4 SELECT 3E3,405 ---

6E6 ,404 
ACC 14 10 38 

... "' N ~ ,.., c DIAlS 14 4A 12 015 
X X X X X FUNCTION 3E3,4E4 4Y 
:::> il il il :::> ACC 15 13 48 :>: ::E 6E6,4E4 

VL VL VL VL VL 8JS a SGNX ltJL Tlf'\.EX£R 
VL VH VL VL VL BUS SGNX I 

37 v CYCmt. 0 
VL VH VL VL VH BUS SWAB SGNX 

36 i> CYCmt. 1 VL VL VH VL VL ACC 

i"' 3j_ 13 VL VH VH VL VL ACC SGNX 1-
B A 

VH VL VH VL VH ACC SWAB 
4[6 A7 4 

1CO 
VH VH VH VH VL ACC ~R 

VL VH VH VH VH STATUS 5 
lCl 

VL VH VL VH VL +1 
14..C2 

1Y l SGNX 
VL VH VL VH VH -2 

6 
1C2 NOTE: MUX 0 AND MUX I CNTLS ARE 

E LiSTED IN TABLE BUT SHOWN 
ON 440050-4 

7C6 • 4C1, 681 c 7 1C3 

SCHEMATIC DIAGRAM TELETYPE 

FOR 'H: INSTRUCTION EX°CUTION 
LDGoC I A CIRCUIT CARD 

440050-5 
----- --·- 'T - ,, - I - I 



A 

-

B 

-

c 

-

0 

-

E 

TC&40..03H 

2 3 4 5 __l. 6 7 

FS- 4 ARITHMETIC AND LOGIC UNIT, ACCUMULATOR, SCARRY IN MULTIPLEXER 
Re 

.y\/\ 
720 

+5V 

r 2 3 .. a 
8 I lA 1Y 702 

ACCu"'.l...ATJR 

I 785,6E4 CALU 4 2A 2Y 
5 

C"LU 7A5 I ' ~=B 7C2 

y M."S3 5 3A 7 S3 ARITn.'£TIC ANJ LOGIC U)<IT ~ 
+5 

3AS 'iBJ 

782 785 793 783 

~ n l I" "'-.Al3 9 S2 T 
I / lJ . 4Y r I I I 

5J L_ M."S
2 

4A SY 11 Sl _ I 

1"- 13 

59 
Y M."S1 12 

5
A 6Y t-= 

1"-

SJ 

1"- 1 15 " !< ""' u ·" I ~I 

GIN ~ TIPLEXER 

------1212CO 

...( 11 2C1 V I 
t-LC2 

115 e CIN 586 

C I 10 
7C6, 4C1, 5El 2C2 

..--1-lzc3 ,. B 

CYCTRL~ 
1~ 3 

B 

I 

43~ 
38 :< ACC CLK 

T 2 I 3 

AC: 3 3A5 " l: ... 
I3" 1 3 t..:c 3 492: 5Al, 795 433~ 

Fi 3A5 R8l - n0.2 2J 2~ •:: 1 3~5 
_ s ~:c 1 4B2 .581 
L~ ACC 2 
3~ 3.5 

MLAI2 4C3~ 
MLAB F2 12 . 3D 3A5~ F2 t-ll 

35 
4~ 3~5 

ACC 2 
4C2. 5~3 
~ ~4:J 

A.CC 3 
402,583 A:: I~: i 

4C3_s 
F3 3A6~ 

4E3~ 
CK 

37.--15 ------+-e 

7 0 1615 1413 ;)1 
2 ACC _1_ 385 

=- 3 ASC 4 4£2 .~~5 
1 CN SJ 51 S2 53 9 "4 I I 4 J CLR 
~~ ro . n 

485A4 1 2 Ao 

385~ 

1Q ACC 5 395 - 7 

.:::. 484,585 

_g Bl Fl 10 Fs I I 5 20 

~ Al MLA7 II I 
386~ 

2~ ACC 6 385 

3C 4C4 5A6 

20 11 f'6 121 MLA4 
_ 

1
....::.::. 82 ·F2 3D 

4C6 AS 
386~ 

405 A6 21 A2 

386 R87 I 1883 F3 13 TI ! I 13 40 

4E5 A7 I 191 A3 .., CN+4 CK 

~ 15 9 

702 

A1 70 lslsl4b 
R88 I 11CN SOS1S2S3 9 I ! fij I I 4 CLR 

3C5 - 8C FO I 10 
5A3 AS 2 A::> 

3C6 RB9 22 Bl fl 10 F9 I I 5 20 

583 4) 23 Al MLAIO 

3C6 RB10 - 20 82 F2 11 F10 I I 12 3J 

MLAII 

5A4 A10 21 A2 

306 RBll 18 83 F3 13 Fll I I 13 40 

c~ 

- ' . 
584 All 

19 
A3 - A=B ~ 

M '-'N+4 

0 I 916r------t--' 9 

1Asl11 h . - ~1 

3:i ACC 7 

40~ 

1Q~ 
101-l 

ACC 7 

ACC 8 

ACC 9 

404,586 

ACc8 

4B2,5CI 
ACC9 

4C2 ,5C1 

ACC Hl 

ACC Hl 402, 5Cl 

ACC 11 

ACC 11 4E2, 5C1 

CN SJ 51 52 S3 - CLR --
3E5 R312 1 8::> FJ 9 Fl2 4 

18 10 2 ACC 12 

546 A12 2 AO _ i;; 3 ACC 12 48, •50! 

3
E

6 
R813 22 81 Fl 10 FB 5 20 2C 7 A':C13 

385 

3C5 

3C5 

3C5 

305 

3E5 

3E5 

A13 23 Al MLAS - ...._A3 2:; 6 ACS 13 4C4, 5Cl1 

3E€ R814 20 82 FZ 11 Fl4 12 3~ 3~ 10 ACC 14 3E5 
A14 21 A2 _ 3Q II ACC 14 

404 
' 501 

3E5 3
ES R815 18 B3 F3 13 Fl5 13 4::> 40 ~ ACC 15 

A15 19 A3 A=B flL l 40b 
"l CN+4 -

J ~ 
CK 

4£4,501 
ACC 15 

7C2-----' 

CALU 
5A1, 785 

ACC CLK 
704 

, 
I 4 1 0 I 6 

§
ISSUE 

I 
I 

' 

' 

CYCTRLI 

VL 

VL 

VH 

VH 

C~RY m SELECT 

CYCTRL0 

VL 

VH 

VL 

VH 

ALU OPERA TIQNS 

CIN 

J 

1 

CsTAT 

ACC 15 

S3 52 51 Sjil MoVL - ARITH'1ETIC OPER M o VH - L::JGIC OPER. 

~~~~ 
~~~~ 

~ ~ ~ ~ 

~~~~ 

~~~~ 

A • CIN 
A .. A A. s .. erN 

A + A 1\ 8 + CIN 

A + A + CrN 
(A v B) + CIN 

A 

AAB 
AA B 

0 
A v 8 

vH VL VH vL~<~"B)•(AvB)•CrN I B 
VH VL VL VH A - B - CrN A ..,.. 8 

vH vL vL vL 1 A , c A v 8> • c1N 

(Av8)•CrN ~~~~ 

~~~~ 

~~~~ 

~~~~ 

~~~~ 

~~~~ 

~~~~ 

~~~~ 

A + 8 + CzN 

IAA3) +(AvB) +CIN 

A+(Av8)•CrN 

CIN 

(AJ\8) ·Cr~ 

(AI\ B) ·CrN 

A - erN 

SCHEMATIC Dl AGRAM 
FOR 

INSTRUCTION EXECUTION 
LOGIC/ A CiRCUiT CARD 

I 7 

A;B 

A vB 

A -..a 
8 

AI\B 

1 

AI\ 8 

AvB 

'A 

TEL£ TYPE 

rv::;Tr\ 
-~"' 

4400SD-6 

'/7 

A 

f-

8 

1-

c 

-

0 

1-

E 



-
I ~ I w I I w v I ' .. 

8 FS-5 STATUS MULTIPLEXER AND REGISTER ISSUE 
1-"-f r--:--

34 v S!!.T ~T:.""_ J r--
.. , r--

1-----
3' 1/ sr.:. ... crq~ 1 .___ 

" f' 
32 i/ ST!':" CT~ 2 

'"' 
31 i/ ST.tr C:T=<-'L 3 

'" 31 13 3 13 9 1J 11 

p 8 A B A ~ 8 4 

12 z:o A = S 12 400 z:o 

- 11 
2:1 645 

;-2 11 2C1 :::3 3 Dl - 6t.3 

6~!; '0 11 
2:2 

z lJ 
2C2 2 J2 

) 2:3 zv 15 p 'tJX 9 2C3 2Y 
15 z I1J)( 

6!.5 
>:"1 103 ~A14 

'f-.:13 ~ c4 ,, 6 : 'fJX 
"t.Cll 

~ 1""• 1Y 1 T "Jl( 4 
!CO ~ ~ JS w 1 y 

~ 1C1 5A5 F3 5 
J:J 

:.'.L:J 13 06 
EAl .6E4 

~ 1:2 r--2- "" ' 12 Cl7 !C2 686 • 452' 541 
7 1C3 7 

JC3 
7 

STROOE 

T - ~ 

~AS 
A•B 

+5 

B 
I R9 ' 

39 i/ SEQ CTRL 11 1000 

I" 4 

gv BYTE 
...... 31 I 13 1 8 

"'~ 

Fi5 
8 A 

N41..U 
.LR I 

6E5 
12 

2CO 211 
i-14 ......1 10 1~ 2 - c ,. 

L.u 2Cl 
T c 

681, 5El, 4Cl 
/1 49 

1-rr 4 
20 20 

5 z 
'

1 
47 6C5 

10 
2C2 

I...! MLCI2 T z 
401 

7i 
; 2C3 N ~ux 6 

30 30 
7 N ,. 57 

'l..Cl4 
T N 7t 

4E1 

' 48 ll 40 4~ 
10 p 

4 
lCO T p 

481 
7 

643 
A=i3 - 5 1::1 13 50 s:: 12 T 

' 52 l 6 lCZ 
7 STATUS 

I 

L2 lC3 
2 14 60 6J 

15 CNTEN ' 35 111 ,.., CK / .., N ..; "' 9 .J .J .J li! a: a: a: 
4CC CLK 

... ... ... ... 
6£6 

<.J <.J u <.J F'l.NCTION 
+5 

... ... ... ... .., 
"' « < 

l 
... ... ... ... 
"' "' "' "' 
Vl VL Vl Vl XFR 1-~ Rl Vl Vl VL VH sua 

1M 
~ Vl VH Vl VL ~IJP (RECIRCLL\TE) 

4 8 
A R3 Vl VH VH VL AOO 

6 RST •Vee 3 RLN (0JT) ' 68 
TH'ISI..D (lJT 7i VL VH VH VH SHR 

47 
8 7 DSCf(; VH VL VH VH BUS 
I ~R4 
I A R2 

MLA2 41 VH VH VL VL CLEAR T 

70 i/ RLN <IN> 2 
TRGC;R CNTRL~ • E 

:" 4700v 
VLG VH VH VL VH SET T 

-'- Cl C2 ,,.1/ RLN 

~0.1UF TO.Ol UF SC~~A TIC JIASRt>.~ TI!LI!TVPE 

-f- Ll , In!: FQR 

~ 
INSTRUCTION EXE'.'JTION 

LOOIC I A CIRCUIT C4RJ 

4400SD~7 
T.: 64043ee I I 2 I 3 I 4 I 5 I El I 7 t,L~ 



' I ~ - I ~ 

ISSUE 

FS-6 POWER AND FILTER CIRCUITS 1---j---
r-
r-
r-
r-
'---t 

( 

"A" 

CC»l. 

I 
I 

681/ 
1'- +SV I 
I 
I 
I 

69v ,, 
I 
I 
I 
I I 
I 
I + I -~ ,-- -- -~ -- -~ -~ -- -~ -- -~ ~- -- -~ -~ -~ -~ -- -- -~ -~ -~ 

I "~r- ~~- ~T "~- "~- '-~r- "~r- "~' "T no~r- m~r- m~r- m~- "'T m~' "'T m~r- "'~' ""~' cwr- m~r- "'T 
I 

.1 0.01 .1 .1 .1 .1 .1 .1 .1 .1 .1 47 .1 .1 .1 .1 .1 .1 .1 .1 1 .1 

I 

J 
1 

I 
I 
I 

. 10v 

" I 
I 
I 
I 
1/ 

71" 

l 
. 

i 
I 

S::HE'~ TIS C'!A.G~A'-1 
TELETVPf! 

FOR 'IroX: INSTRUCTI~~~ EY.ECUTI:JN 
LC::I~ /A. 2!'~CJIT CA::::; 

4400SD-8 

I 
j 

f it . . - A I ~ I ~ I - I ,.-;]1, 



A 

-

8 

-

c 

-

0 

-

£ 

-
2 3 4 5 s 1 -·"'~-7-----.---·-. 

TC 1 

~ 
TIME IN NANOSECONDS 

MICROPROGRAM CLOCK 
(REFER TO 4401CD) 

BUS ENABLE 
(REFER TO 4401CD) 

MICROPROGRAM STEP 
(REFER TO 4401CD) 

A MULTIPLEXER CNTLS 
MUX 13, MUX I,MUX 2 

871 869 B67 

SGNX MULTIPLEXER CNTLS 
CYCTRL,I3 , CYCTRLI 

837 U& 

REGISTER SELECT CNTLS 

RO, Rl, R2,R:S 
84. 85, 86,87 

ARITHMETIC AND LOGIC CNTlS 
M,SD,SI,S2,S3 
MLA5,MLA7, MLAB,MLAIO 

CARRY IN MULTIPLEXER CNTL,S 

CYCTRL.0 , CYCTRt.l 
831 B36 

\ 

697.5 837.0 976.5 0 139.5 279.0 418.5 558.0 697.5 837.0 976.5 1116.0 1255.5 1395.0 1534.5 1674.0 1813.5 1953 0 2092.5 0 139.5 279.0 418.5 558.0 697.5 

I I I I I I I I I I I I I I I I I I I I I I I I I 

DESTINATION- REGISTER AUTO- INC T DESTINATION J[ -WORD T 

]///A tl 1//~ BUS 

=:J/~ A7 /~ A7 

=:J'l /l Ro j/ / ~ TEMP 

=:J/ ~I A+B+I 1/ ~ A 

J'/~ I //~ ~---~ 0 

STATUS MULTIPLEXER CNTLS ]';/,/::I 1~/.: 
STAT CTRL 13, STAT CTRL !,STAT CTRL 2, / NOP NOP 

STAT CTRL3,SEQ CTRLD,BYTE - • /~------------------------------------------------------------------------------------------------------------------__J 
MLAI4, Ml,.CII,MLCI:S, MLCI4 

WRITE UPPER BYTE, LOWER BYTE 
WUB 822, WL8 B23 

T 2 T 

u 

3 l 4 T 5 T 6 

SCHEMATIC DIAGRAM 
FOR 

INSTRUCTION E>;eCUTION 
LOGIC/A 

CIRCUIT CARD 

T 

~ 
• __1~~®-

4400SD-9 
7 5() 

A 

f-

B 

I-

c 

!-

0 

!-

E 



- I - I ~ I - -
TC-2 ISSUE 

I ---
r--

TI\£ IN t~ANOSECIJWS 697.5 837.0 926.5 0 139.5 279.0 418.5 558.0 697.5 837.0 976.5 1116.0 1255.5 13950 1534.5 1674.0 1813.5 1953.0 2092.5 0 139.5 279 0 418.5 558.0 697.5 
f--

I I I I I I I I I I I I I I I I I I I I I I I I I 
'---

MICRCf'ROGRAM CLOCK 

(REFER TO 4401C:J) 

aus ENA3LE I I l I - (REFER TO 4401C0) 

~ICR:PRO:;RAM STEP I 0£ST!f-..:t. T:::Cl'~ . REGISTER ~ 1JT0- If'£ I :;t:STV<A TIJN II - NJID I (REFER TO 4401C0) 

ACCLIU.A TOR CLOCK L I I I ACC CLK 838 

l/~1 1/~1 . BUS OJT ENABLE CNTL I !-
OUT ENABLE Bll 

1//J BUS Cllll'LS ~//1 LOAD ADDRESS AND READ (LAlli~ READ DEVICE ( ROV) 
Gil, CI, C2 (11lEFER TO 440lctl)' 

I//// ///////////////////////1 l TEL.E!lU5 MU I AOOff(SS V//1 AOJRESS DATA 1//// 0/oil. < 15:8 > 
K.C3 , !t..CS, loLC7 , IILII9 

A ~ TIPLEXER OJTPU! 

1//////////////////////////////~1 
~ 

"'-.Bll,loL810 ,ML89 .~ ,14_84,i'l..BS, J//,..1 • 1 < 177.7768 > OUA 

"'-.86, "'-.B7, ML813, Ml812 ,K.Sl,lt..B3 

I I REGISTER FILE WTPUT I loLCS .loLC6 , "'-.ClO, MLC4 oii.ODRESS OF DEYICIE CONTENTS OF TEW. RGR. 
I 

ARITHMETIC AND LOGIC UNIT OJTPUT =:J'l////i loLA8 , loLA 1 , loLAl 0 , 1-t.AS 
A.XRESS +2 r////////////////////////////////1 DATA 

- t-

ACCUoU.A TOR ()JTPUT 
DATA FRIJ.I f RE'/ICUS MICRO-STEP l/l ADDRESS +2 I/[ DATA 

loLA12, lol.A4, loLAll, loLA3 

STATUS REGISTER OJTPUT l/1 STATUS FR8'1 PREVIOUS INSTRUCTION l/1 I 
!ot.Cl2 STATUS Ffn'~ PREVIOUS INSTRUCTICI'I 

SCHEMA TIC JIA.GR~'-1 
TELETYPE 

F:)R 'Xri!'t::' INSTRUCTION EXEr JTION 
LJGIC I A CIRCUIT CARJ 

4400SD~!O 
~ I .. I ... I " I " I ~ 51 



-
' <;__ .1___ 7 !"'"' J 5 -'-----· 4 ·--··- I 

3 

----~-----L----~
2

----~---- TC-3 ~--· 

A 

-

i3 

-

837.0 976.5 0 139.5 279.0 418.5 558.0 697.5 837.0 976.5 0 139.5 ~79.0 418.5 558.0 697.5 697.5 
r:ME IN NANOSECONDS 

I I I I I I I I I I I I I I I I I 
MICROPROGRAM CLOCK 
(REFER TO 4401CO) I U U 

BUS ENABLE 
(REFER TO 4401C0) 1 r 1 r 

MICROPROGRAM STEP [ INCREMENT I DATO I WORD I 
I REFER TO 4401CO) 

A MULTIPLEXER CNTLS 

MUX 0, MUX I,MUX 2 
871 B69 867 

~A ACCUMULATOR 1///~_-·_---~-eus ___ _ 

SGNX MULTIPLEXERCNTLS Y/~ A7 V//~ A7 

C~~~RLt, C~~~RLI ~---------------------------------------------

L.__ 

A 

f- ' 

B 

f-

;:I I I c 

-

) 

-

TC 640.038$ 

REGISTER SELECT CNTI.S l // ~ SOURCE RGR ~/ ~ SRC RGR 
RO,RI,R2,R3 __J/ /// /// 
84,85 86,87 

ARITHMETIC AND LOGIC CNTLS --, // ~ A •I V/ / B 
M,S0,SI,S2,S3 _j/ /// /// 
MLA5,MLA7,MLA8,MI.AI0 

CARRY IN MULTIPLEXER CNTLS J // ~ 4> w ~ f3 
CYCTRI.fl, CYCTRU _j/ /// /// 

837 831; 

STATUS MULTIPLEXER CNTLS --, ~A XFR V/ ~ NOP 
STAT CTRI. 0, STAT CTRI.I, __J/ / /// 
STAT CTRI. 2, STAT CTRL 3, 
SEQ CTRL t, 8YTE,MLAI4 
MLCII,MLCI3,MLCI4 

WRITE UPPER BYTE ,LOWER BYTE 
WUB 822, WLB 823 

---····-u 

T 2 I 3 I 4 I 5 I 6 

SCHEMATIC DIAGRAM 
FOR 

INSTRUCTION EXECUTION 
LOGIC /A 

CIRCUIT CARD 

I 

TELETYPI!: 
p lQWii1 c .•• 
riru.A®' 

4400SD-11 

f-

0 

1-

E 

7 .sz 



-

-

-

-

TC IW0-036Q 

J 

THE IN NANOSECCNlS 

MICROPROGRAM CLXK 
(REFER TO 4401COI 

BUS ENABLE 
(REFER TO 4401COI 

'1ICRO"RRGRAM STEP 
(REFER T04401COI 

ACCIML\TOR CLOCK 
ACC CLK 838 

BUS OUT ENABLE CN1L 
OUT ENABLE 811 

BUS CNTLS 
C0, Cl, C:t (REFER TO 4401COI 

TELEBUS DATA I b.DDRESS 
otA t5:e 

MLC3, MLC5,MLC7, MLC9 

A MlJL TIPLEXER CUTPUT 
MLBII,MLBIO,MLB9, MLB8,MLB4,MLB5 
MLB6,MLB7,MLBI3, MLB:t, MLB3 

REGISTER FILE OUTPUT 
MLCB, MLC6, MLCIO ,MLC4 

ARITI+ETIC AND LOGIC ~IT CUTPUT 
MLA8,MLA7,MLA~,MLA5 

ACClJ!.U:A TOR lll1T1"UT 
MLAI:t, MLA4,MLAII,MLA3 

STATUS REGISTER WTPUT 
MLCI2 

I 

2 

2 

I 3 I 4 j_ 5 I 

TC-4 

697.5 837.0 976.5 0 139.5 279.0 418.5 558.0 697.5 837.0 976.5 0 139.5 279.0 418.5 558.0 697.5 

I I I I I I I ' I I I I I I I I I 
I U LJ 

L---~- _____ J ---~------ l___ r 

I --------- INCRE!of:NT I DATO/riCRD I 

1 r --------- ---- ---1 _J 

~/~ //~-----------

]/~1 ~ V//.~----~m ______ __ 

//////////////////////////..__1 --D-ATA+-1 ---

=.J/ //1 om I/// ///L--1 __ oA-TA•r __ _ 

--v //I CONTENTS OF saKE RGR 1////// /1L---_oA_TA •r ___ _ 

~/ /// /l Dm+l I/// //._I ___ oAT-A •1 ___ _ 

DAT4 =.J/[ DATA +l 1/'---[ --

--------------------------'1/[- NEiV STATUS CALCLA..ATED N, Z, C = 3 1/l._ _____ _ STATUS FROM PREVICUS INSTRUCTION 

I 3 I 4 I 5 I 

6 

6 

I 

SCHE'1ATIC DIAGRA.'1 
FOR 

INSTRUCTION EXE~ JTI:JN 
L:JGIC I A CIRCi.JIT CARD 

I 

7 

ISSUE 

~ 

TELETYPE 
PQ41QN4 ,- Vn[V '\ 
~0 

A 

1-

8 

1-

c 

1-

0 

r-

E 

4400SD-12 
7 S3 



I I - -
SHEET INDEX R ~ v' I$ I C: 1.( S 

SUPPORTING IN FOR~ATION USE OF SHEET INDEX ~£!DATE jAl>-TH. NO. 
SHEET ISSUE NO. SHEET 

~:~~ ~::~~~,:::= ~:~:c:~ I 
I 3-13-75 23862R 

CONTENTS NO. I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 NO. CATEGORY NO. 
2 2-16-76 16055 

/S'iEET INDEX, SU??DRTit.l> INF::JRI-'.A liON 1 I 5 4 5 6 .1 CIRCUIT OCSCPI 0 TION 4400CO 
3 4- 2· 76 11684 

2 
SCHEMA TIC DIAGRA!oiS 4400$0 4 12·20·76 18006 

BLOCK DIAGRA!A 2 I I I I I I 2 
.·.:. __ s::: ;;::;:::::..:.: 

5 2- 9-77 18078 CIRCUIT DESCRIPTION 4401CD ="·=~·~·=:~ .. ::; ~-:::::- .1. 

FS-1 lo'ACR8 I~STR~TI::lN REGISTER. 6 5. 2~. 77 18583 

INSTR. DEC:DE & MAJ::lR STATE CrnTRU. LOGIC 
3 I I I I I I 3 2 V"·>·"'.::c: s-£E'o c::- I --

FS-2 ~:..:'~ :.x::::!r'f:- :ssl;~ 

I I I I 4 ':.MJ::c I 
FS-3 NEXT STATE AOORESS ENCOOING LOGIC 4 I I I I 

I ,; 
-:- .... ::: ~:..s.,. :,:v.P_::TE: :;_\.)...,, 

MAJOR STATE Ai'O AOORESS ENCOO!NG TABLES 5 I I I 2 3 5 :~. : .... : s~~~~ :~cf:.( T_.J.-

"'ICRJ-PROGRAM A:DRESSING LOGIC AND 
::.-::~ -'""'f ~-.:..7:_:::~ :s -.-:: 

FS-4 
"1ICRO-PROGRAM ST::lRAGE ARRAY ~.(). 1 

6 I I I I I I 6 p:_:~ ::-:::::· 

FS-5 MICRO-PROGRAM STORAGE ARRAY NO. 2 AND 7 I I I 7 
REGISTER FILE A.JDRESSI"lG L'X'IC I I I 

r 
MICRD-PROGRA.'I CCNTRQ FIELD COOING 8 I I I I I I 8 

FS-6 BUS CONTROL , INTERR'JPT, AIV SELF TEST LOGIC 9 I I I I I I 9 

FS-7 Tl!o!ING LOGIC 10 I 2 3 3 4 4 10 

TC-1 ~INAL TIMING DIAGRAM 11 I I I I I I 11 

TC-2 RDV TIMING DIAGRA.'I 12 I I I I I I 12 

TC-3 TIMING DIAGRAM FOR STANDBY POilU< OPERATION 13 I I I I I I 13 

TC-4 MICRO-PROGRA.'I TIMING DIAGRAM 14 I I I I I I 14 

TC-5 MICRO-PROGRAM, INTERRUPT TIMING DIAGRAM 16 I I I I I I 15 

FS-8 POWER AND FILTER CIRCUITS 16 I I I I I I 16 

NOTES: 

l. THE VOLTAGE, +SV, IS APPLIED TO PIN 8 OF THE 8 PIN PACKAGE, PIN 14 OF 14 PIN 7. CCJioi.IECTOR PIN ASSIGI+ENT 
PACKAGES, PIN 16 OF 16 PIN PACKAGES, AND PIN 24 OF 24 PIN PACKAGES. GROlJ(l 

IS APPLIED TO PIN 4 OF THE 8 PIN PACKAGE, PIN 7 OF 14 PIN PACKAGES, PIN 8 CONNECTOR PIN DESCRIPTION SHEET LOCATION COI'MCTOR PIN DESCRIPTION SHEET LOCATION 
OF 16 PIN PACKAGES, AND PIN 12 OF 24 PIN PACKAGES. 

A 8 INTG (OUT) 902 8 31 STAT CTRL 3 6E5 
A 10 INTR 903 8 32 STAT CTRL 2 6E5 

. 
A ll DEV A ENABLE 904 

8 33 STAT CTRL 1 6E5 
' 2. LOGIC i'CTA TION 8 34 STAT CTRL l'l 6E5 

A 12 OEV 8 ENABLE 903 8 35 CNTEN 686 

~ INDICATES PACKAGE A 15 INITIALIZE 903 8 36 CY CTRL 1 6E6 
LOGIC FUNCTIIJol A l7 TRAP 903 8 37 CY CTRL If 6E6 

_.2.. 0 PR"' ,S .L_ A 19 Cl'l 902 
B 38 ACC CLK 1087 
8 39 SEQ CTRL l'l 6E7 

14..83 
A 20 C1 902 

8 
__2. c~ Q~ 

A 21 C2 902 43 M 7C3 
A 1 I/0 CLK 1007 8 47 z 306 

- ~)-
A 3 BUS EN 1087 8 p 4EI r-48 

INDICATES PACKAGE ~1 
- IU48ERS REFER TO PACKAGE PIN 

A 5 toEM CLK 1087 8 49 c 306 

8 52 T 4EI 
LOCATION IJol THE 

COtH:CTOR PIN DESCRIPTION SHEET LOCATIC~l 8 54 INTR 906 
CIRCUIT CARD 

1 • 8 55 RESTART 1DE1 J ~ "'3 . 8 1 LOAD 3 
306 

8 2 OSC EN 1001 
8 57 N 

. ./ : 8 3 lUX EN 1001 
8 58 MPSIJ 7C4 

8 4 R2 7E4 
8 59 MPS 1 7C4 .. 

8 5 R3 7E4 
8 60 MPS 2 7C4 I 

8 6 Rl 7E5 
8 61 MPS 3 7C4 

3. SHEET LOCATION caE B 7 RIJ 7E5 
8 63 "-lX SEL 4 7C6 

2 AS 8 8 OIA (IJ) 3A6 
8 65 .u< sa 3 7C7 

1 T B 9 BYTE 3E2 
B 67 "'-..X SEL 2 7C7 

IIVICA TES X-Y COORDINATE IJol St£ET SCHEMATIC DIAGRAM 
8 10 OIA (l) 3A6 

"'-..X SEL 1 7C7 F::JR 
INDICATES St£ET NLM!ER 8 11 OUT ENAa.E 6E4 

8 69 
8 70 RLN (IN) ~-gES 

INSTROCTION 
8 l2 OIA (2) 3A6 EXECUTION 8 7l "'-..X SEL 3 7C7 

4; CCI'NECTOR COO£ 8 13 OIA (3) 3A6 LOGICIB 
A INDICATES CCN£CTOR "A" 8 14 OIA (4) 3A6 CA.RO ASSEl'BL Y -t INDICATES MALE PIN 

8 15 DIA (5) 3A5 
8 16 OIA (6) 344 8. ALL RESISTANCE VA.Ll£S IN 01+15 LN..ESS OTI£RWISE SPECIFIED. 
B l7 OIA (7) 344 APPROVALS 

OOICATES PIN NLM!ER B 20 OIA (8) 344 9. VC1. TAGE LEVELS: 
PROJ. :-l PR0J. MFG. REL. 

8 22 r.ue 7E6 L = OV TO +0.4V ~,"'UC{ihPL. 
5. +5 VCLT STAKJBY caE 8 23 I'A..B 7E6 H = +2.4V TO +5.5V 

B 24 OIA (9) 344 ENGR. S. A. !OSGNR. 

8 25 OIA (liJ) 344 10. LOGIC SYMOO...S ORN. 11.1i.HJOATE I 

8 26 OIA (11) 344 V =LOGIC OR R l!oO fiLE 6·167.172AA 8-_.ru, .... 8 27 OIA (12) 3A3 A= LOGIC ANO S·NUMBER 440 I 

POWERED FR()4 8 28 OIA (13) 3A.2 ¥ = LOGIC EXCLUSIVE OR TI!L£TYPE 

+5V STAioO!T Slf'PLY B 29 OIA (14) 3A.2 1L TIMING CHARTS ~~~ 
6. ALL CAPACITANCE VALl£S ARE IN MICROFARADS LN..ESS OTHERWISE SPECIFIED. 

B 30 OIA (15) 3A.2 I I I II = It«TERMINA TE 
NOT LOGIC l OR LOGIC 0, 
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I S'SUE 
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NEXT MAJOR STATE TRANSITION TABLE "2-

-r--""--

,,,, 
--

-
MICRO ·PROGRAM ADDRESS PRESENT STATE INSTR\..CTION TYPE !<EXT STATE ~TES: 

FIEl.DS {OCTAL) NAME PS2, PS1, PSI! NA)o£ IR7, IRS, OS:. C1', P()~, i'lREN NA.'£ NS3, NS2, NS1 , NS0 l. SOJRCE ~ FIELD DEFINES ~ 1i! 

0-37 FETCH L L L BR.W::H {NOT ENABL.EO) X H L X L FETCH L H L L S:l\JRSE 9 F"IELD DEFINES '()DES 1 Trf<'J 1 

BR.w::H { E~IA!!l£0) X H L X H BRANCH H H H H 
DES TINA TI')N A FIELD DEFINES KlCJE 0 BYTE 

Cil'<TRCt. GROI.P 
D~SHNA TI::JN 8 FIELD DEFINES 'ODES l THRU 1 AND ><JOE 1!1 ~ORO ~ 

L L L X X CONTRQ L L L L DES TINA Till'< C FIEL: DEFINES THE JlM' '()DES 
DOU9LE. OPER~ ~ X X H X X SOJRCE L H L H 

EXEO:JTE A FIELD DEFINES THE INSTR~TIONS BIT, Clot', TST, J'f' AND JSR 
SWGL.E Cl'ER~ GROl.f' H L L X X DESTINA TIDN H H H L 

40-43 SOORCE A { SEE '<OTE 1 ) L H L I DESTINATION H H • H L EXECUTE B FIELD DEFINES ALL OTHER SII'GLE Of' OR OOUBLE ::JP INSTR'JCTION 
NOT IN EXECUTE A. 

44·77 S:JURCE B (SEE NOTE 1) L L H SOLJlCE II H L H H 

102·103 DESTINA TIDN A H L L llJT ROR X X X L X EXECUTE H L L H 
(SfE ~TE 1) 

2. 'H' DENOTES A HIGH LOGIC LEVEL 
ROR X X X H X DESTINATION II H L H H 

'L' DENOTES A LOW LOGIC LEVEL. 

100·101, 104·137 DESTINA TIDN 9 (NOTE: 1 ) L H H :JESTINA TIDN II H L H H 'X' DENOTES DON'T CARE 

140·141. 144·177 DESTINA TIDN C (NOTE 1) H L H EXECUTE H L L H 
3. 340,341,344·353,355·360,362·364,366,370·375. 

142·143 BRANCH H H H FETCH L H L L 
4. 342, 343,354,361' 365,367, 376,377. 

200·307' 320·327 CONTRCt. H H H FETCH L H L L 

310·317 SOURCE II L H L DES TINA TIDN H H H L -
320·337 DESTINA TIDN II H L H EXECUTE H L L H 

(NOTE 3) EXECUTE B (NOTE 1) H H L OATO H L H L 

(NOTE4) EXECUTE A (NOTE l) H H H FETCH L H L L 

360·367 . DATO H H H FETCH L H L L 

c 

f-

NEXT STATE ADDRESS ENCODING TABLE 

NEXT ST4TE. NEXT MICRO·RWTINE AOORESS ~TES: 

NAME NS3, NS2, NSl, NS!Il A7 A6 M A4 A3 A2 41 ~ l. A = INTR AT A p A TEST A TiiAP 

FETCH l H L L L L L TEST TRAP 1\ TEST A (SEE NOTE 1) B (SEE ~TE 1) L 
B = <INTR v T v P) 1\ TEST 1\ TRAP 

C = DBL OP 1\ IR14 1\ SUB v OeLoP 1\ IRlO 0 

SOURCE L H L H L L H IRll IRlO IR9 BYTE l 
D = OBI.. C1' 1\ IR13 1\ SUB v DBL!l' 1\ IR9 

SOURCE II H l H H H H L L H L BYTE 000 BYTE E = OBI.. CP 1\ IR12 1\ SUB v DBLCP 1\ IR6 

OESTINA TIDN H H H l L H ..UP IRS IR4 IR3 BYTE L 

DESTINATION II H L H H H H l H H ROR BYTE 000 BYTE 2. 'H' DE~TES A HIGH LOGIC LEVEL 

EXECUTE H L l H H H H OBI.. CP 1\ IRll DBL CP C <SEE NOTE l) D (SEE ~TE 1) E (SEE NOTE l) 
'L' DENOTES A LOW LOGIC LEVEL 

CONTROL L L L l H IRll IRlO IR9 IR6 IRS IR4 L -
BRANCH H H H H L' H H L l L H L -· 
DATO H L H L H H H H l [)of,1J BYTE/\(~) 000 BYTE 
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r~::: _:..~- ~~··'F_:::~£: :::. ..... ~~. I 

FSS - COI+UUCATICN WTERFACE LtiiT RECEIVER 6 I 6 i 
:•, -:- .... :: 5·~:: .. :·-.c:::x I'.CI-
.:.:.-:-:.::: :'"': · . .:.-::s· :ss ..... ~ 

FS6 - JIA!...ER INTERFACE \/liT 7 I 7 =::= =··:::: ... .....__ 
FS7 - PR'JG'lo\f'M.I.BLE HITERVAL Tit.ER I STATI~: IO 8 I 8 . 
FSS • STATICN IO ( B!TS 0·3) 9 I 9 

FSB - STATION IO (BITS 4-7) 10 I 10 

FS9 - f'OI\'ER CISTR16UTICN .11 I 11 

TC1 - TELEBUS S IGNALLit.G 12 I 12 

TC2 - TYPICAL ASYNCHRCt,"\JS DATA PA TTERI': 13 I 13 

TC3 • TYPICAL SYNCHRONOJS DATA PATTERN 14 I 14 

.,) 0 \, 

,{ 

. 
I 

,) 

. ~ 

.. .. ) 

I 

CMWICA TICN 
INTERFACE 

UNIT 
PIT/SID 

CIRCUIT CARD 
1-410411 (CC4ll) 

APPROVALS 

PROJ. 'I PROJ. d"FG REL. SUP)'- _ qu;
1 

r.COMPL. 

~~-~',,, ·:····1} .. -en. 
ENGP.. C)/,S !OSGNR. 

ORN. !DATE 2-19-76 t 
R SO FILE 6-167.17244 
S·NUMBER J

. 
: 

~ TI!LETVPI! 

I 'x: 
4411SD-I 

I 

7 ,oll.j 



-

~ 

-

-

l}l;t,lii!IQ;~ 

I 2 I 

CIRCUIT MllES: 

1 Oi. VQ TAGE VCL TAGE RANGE 
+10.8 TO +13.2 
+4.5 TO +5.5 
-10.8 TO -13.2 

102. 

+12 
+5 
-l2 

INTEGRAlEO CIRCUIT BATIERY CC».£CTICtiS: 

TYPE 

on. 
on. 
rn. 
rn. 
rn. 
rn. 
rn. 
TTL 
rn. 
TTL 
1«)$ 

1«)$ 

1«)$ 

rn. 

PART I'U-IBEP 

335528 
335529 
339002 
339138 
339161 
339347 
339404 
339438 
339837 
339838 
342290 
342291 
342292 

339251 

•12V 

14 

+SV 

14 
14 
16 
l6 
16 
14 
14 
16 
16 
1 
1 
1 

16 

GRD 

7 
7 
7 
8 
8 
8 
7 
7 
8 
8 

8 

-6.2V 

40 
40 
40 

-12V 

l 

20 
20 
20 

103. SIYITCH PROGRAit([NG: 
CLOSE SNITCH (ON) TO PROGRAM 
A LOGICAL '0'. 

CPEN SWITCH (OFF) TO PROGR4M 
A LOGICAL 'l' . 

ASTh'CHRCNOUS BAUD RATE SELECTION 

~ 
. 

c:::::::J 
c::::J 

SPA21 

DEPRESS ON CJl OCT SIDE 
OF SWITCH TO CLOSE • 

StaTCH l (Sill) IS At.IIA YS 
ORIENTED T(l(jARD TP.!' TCP 
OF THE CIRCUIT CARD. 

BAUD 
RATE 

s~2 I s~~ I s114 J sr~s I s116 T-Sil7 -----r swa 

50 

SPEED 2 BAUD RA 1E TABLE I SPEED 1 BAUD RATE T4BLE 
BIT 7=0 IN CONTROL REGISlER 1 BIT 7=1 IN CONTROL REGISTER 1 

OFF I OFF I OFF I Ct-1 I OFF I OFF I OFF 
75 OFFIOFFIONION I ON I OFF I OFF 

100 OFF ON OFF 0~ OFF ON OFF 
110 OFF ON ON ON 01~ ON OFF 
150 ON ilFF OFF ON OFF OFF ON 
300 ON OFF ON ON 0~~ OFF ON 
450 ON ClN OFF ON OFF ON ON 
600 C\11 ON ON ON ON ON ON 
300 OFF OFF OFF OFF 

450 OFF OFF ON OFF 
600 OFF ON OFF OFF 
900 OFF ON ON OFF 

1200 ON OFF OFF OFF 
1800 ON OFF ON OFF 
2400 ON ON OFF OFF 
3600 ON ON ON OFF 

SY!>.'C I ISOC LOOPBACK TEST BAUD RATE SELECTION 

BAUD SPA2l 
RATE S~2 S~3 SW4 S115 
800 OFF OFF OFF Gtl 

1200 OFF OFF ON ON 
1600 OFF ON OFF ON 

1760 OFF ON ON ON 
2400 0': OFF OFF ON 
4800 m.; OFF ON ON 
7280 {); ~' OFF ~ 

9600 o:: ON ON ON 
4800 OFF OFF OFF OFF 
7200 OFF GFF ON OFF 
9600 OFF ON OFF OFF 

14400 OFF ON ON OFF 
19200 ON OFF OFF OFF 
28800 ru OFF ON OFF 
38400 ON ON OFF OFF 

57600 ON ON ON OFF 

I 2 I 

3 

3 

I 

103. (C~TINlEl) 

DESIGNATION 

SPA21 - SW9 

("'~~, 

S"2 
S1'13 
Sf/4 

SPB12 --1 SWs 

Sll6 
S~7 

swa 

SPA2l-SW1 

4 I 

FUNCTIO~~ 

"loODEM CHECK" F~ fo()OEM 
STRAFED P£RMANENTL Y "OFF" 

BIT 7} 400RESS OF CIUR, 
BIT 

6 
CIUT AND DIU <Jl 

BIT 5 ' 
BIT 4 TELEBUS 

BIT 5}- 400RESS OF PIT /SID 
BIT 6 ON TELEBUS 
'sn 1 

F ACTCJ!Y lEST SI'IITCH: 
WHEN SWITCH IS CPEN, LOCAL 
CLOCK ON CARD IS ISCLAlED 
FRG4 LOGIC FCJl FACTORY lEST 
PIJlPOSES. 

"CARRIER DElECT" FRG4 !olXJEM 
STRAPPED PERMAI£NTL Y "ON" 

SID SWITCH PROGRAMMING INFORMATION 

YiORD 0 

WORD 1 

IIORD 2 

WORD 3 

WORD4 

IIORO 5 

WORD 6 

WORD 7 

BIT 0 
SPSl 
SWl 

SPBl 
s.,z 
SPBl 
SVi3 
SPB1 
SW4 

SPBl 
Sl'i5 
SPBl 
51'16 

SPBl 
·sr11 
SPBl 
Sl~8 

IWORMATION MJTES: 

BIT 1 
SPB2 
SWl 

SPB2 
SW2 
SPB2 
SW3 
SPB2 
5114 

SPB2 
SW5 
SPB2 
Sl'/6 

SP82 
SW7 

SPB2 
sw8 

BIT 2 
SPB3 
Sl'll 

SPB3 
SW2 
SPB3 
Sl'i3 
SP83 
sr14 

SPB3 
sr;s 
SP83 
5116 

SP83 
5117 

SPB3 
SYIS 

BIT 3 
SPB4 
SYil 

SPB4 
SW2 

SP84 
sr13 
SPB4 
SYI4 

SPB4 
S1'15 

SPB4 
srl6 

SPB4 
SW7 
SPB4 
SVIS 

BIT 4 

SPB5 
SWl 

SPBS 
SW2 
SPSS 
SW3 
SPB5 
SW4 
SPB5 
SW5 
SPBS 
SW6 

SPBS 
SVI7 

SPBS 
swa 

5 

SI'HTCH STAlE (TO ENABLE Fl.J'ICTION) 

OFF 

ON= LOGIC '0' ON T;l EBlJS 

ON = LOGIC '0' ON TELEBUS 

ON (THIS S~ITCH 1-lJST BE 
CLOSED FCR PROPER CARD 
CPERATI~l 

ON 

BIT 5 
SPB6 
Sill 

SPB6 
SV/2 
SPB6 
SW3 
SPB6 
SW4 
SP86 
SIIS 
SPB6 
SW6 

SPB6 
SW7 
SPB6 
SVI8 

BIT 6 
SPB7 
sru 
SPB7 
SW2 
SPB7 
SW3 
SPB7 
SW4 
SPB7 
S115 
SPB7 
51'16 

SPB7 
SW7 

SPB7 
Sl'/8 

BIT 7 
SPB8 
SWl 

SPB8 
SW2 
SPB8 
SW3 
SPB8 
SW4 
SPB8 
SW5 
SPB8 
SW6 

SPB8 
SW7 
SPB8 
SW8 

201. ALL RESISTORS 1/4 WATT ANJ RESISTANCE VALUE IN GfofS, UN.ESS SPECIFIED. 

202. ALL CAPACITOR V4LUES IN MICROFA!'!4DS, tH.Ess· SPECIFIED. 

203. ~ INJICATES MALE TERMINAL. 

204. LOGIC DESIGNATION 

205 . CROSS REFERENCE DESIGNATOR 

4C6--- COL~ 

~R()I 
~ SHEET tUflER 

I 4 

,.--NIJI.'BER Il'lliC~TES PACKAGE PIN 
3 

CODE INDIC4 TES LOCATION ON CIRCUIT CARD 

I 5 

I 

I 

6 ' 
It-:FORMATION NOT€5: (CONTINUED) 

206. SWITCH PACK DESIGI:ATiml 

SPA21 - swa 

~
-.;;:___ S1'11TCH 8 

""---LOCATION ON CIRCUIT CARD 
StaTCH PACK 

207. RESISTOR PACK DESIGNATION 

RP4l3 

"'~ LOCATION ON CIRCUIT CARD 

"---- RESISTOR PACK 

208. POSITIVE LOGIC SYMBOLS ARE EMPLOYED 

6 

Ccr..f.f.JNICATI:JN D-lTERFACC UNIT 
PIT /SID 

CIRCUIT CARD 
410411 (CC41l) 

I 

7 

IIS~UE 

A 

1-

B 

1-

c 

1-

0 

1-

E 

7 1~ 



TC-

MARK 

SPACE_j 

I 

685 
7A4 
SC6 
9C7 

10C7 

2V 
s 19 14 

I I 
> 

Rl3 > I 
I 4.7'< < 

I > > 

I • L_ 
OUT 0 7 6 l 

OUT 1 

O'JT 2 

OUT 3 

OUT 4 

OlJT 5 

OUT 6 

OUT 7 ..... 

!E7 SEL SID 

;02 READ ENB CI~ 

rc1 READ ENS DIU 

!02 READ ENS PIT 

~v 
_1 J\ RPB17 ..l,_ 

4.7K v --

'A' 
CON£CT!JI 

I c2 23/ 3 

' I 
21/ I c1 5 

' I 7 

~ I 
I 
Ito 19/ ll 

' I 
I DEY A ENB 13/ 15 

' I 
3/ I !iUSEtii 3 

' I 
15L IIffiT 13 

' I 9 

1 L I I/0 CLOCK 5 

' I 7 

2 

13 121 11 10 

l I -, 
RPC9 I > 
4. 7K I . < I 

> > I 
< I 

r--_j 2'3 4 5 

11~1D v 
M-03 

~ 
1 I' .._./ 

-, 
r----L./ 

~ 
.--, 

rU 
1./ ...... 
.--, 
...._/ 

"'-01 

2 

9 

3 4 5 

FSI-TELEBUS INTERFACE 
Sl ... ..., II> ..., ..., .... 

J- / I' / i' / I' MARK 
'A' 

CCN-ECTOR ------ ---- ---------
I~ . I~ I~ I~ 

1 4 12 15 

Q: ~ ~ ~ 
IL\10 

~ 
7 

' l 
9 -

2 3 5 e ll 10 14 13 

~SPACE .-< ..., 
/ I' 

"' N 

.I i' 
... 
N 

.I I' 
II> 
N 

.I I' 
---- ---- ---- ---- --

I~ I~ I~ 0 I~ 
1 4 12 15 

'-: ~ ~ ~ ~ 9 J ' ./ 

2 3 5 6 11 10 14 13 

6 

RPC20 

lK < 

·[?-~~ 
8 

r------.... 
I SPB12 I 

161 ,., SW1 1 
'1ij'f""ffij 8E2 

1sl ,., Sr12 ' ' 2 

141 
,, 

, _, SW3 3 +SV 

L ul ,., SYI4"' 4 

114 ! "' I 5 6 10 11 13 15 

~ l"f-~l 
L ____ _j 

R17 A2 Bz 43 83 A4 84 As Bs 
6.8K A•B 9 SELECT 501 

IL\12 682 
Ao flo A1 B1 Eii 7C2 

~ 
1 2 3 4 

R20 I . l14 +SV 470 
RPB13 ! 4 

L_6.~ __ j 
6 

+5V 

~E~)-

9~ lEV A E~ 8B2 
Yo 15 8 

"'-05 

/ 10 

2 8 

14 
1 A 

14 
4 6 G1 

y1 

501 ~c Y2 
13 

12 INIT 602 G2A G28 
7C2 4 

15 

f" 
802 

R9 
6 I/0 CLOCK 602 470 470 

~:: 
802 

> v R1 
lK +5V 

~~ 

3 4 5 6 

I~ _g_ 12 -lll.. uJ..L 1i.. _-, 
14 I > ~ > RPA13 I 

> 1K I 
I • • • I 
I• > > ,t 
L,~,~-~----J 1 

5 6 3 2 4 7 1 !NO 

IN1 

IN2 

IN3 

IN4 

INS 

IN6 

It-7 

READ 

5 

M..D6 
6 REAii 

4 

-
Rll 

+5V v 
470 

LA 

iii 

CMUNICATION INTERFACE UNIT 
PIT /SID 

CIRCUIT CARD 
410411 (CC4ll) 

7 

+SV 

4C4 

T -

I MARK 

CE_J 

5C1 
682 
782 
SC2 

5C1 
682 
782 
802 

I:L!:TYPE .. ~' 
r lnOC ®' 

4411SD-3 
7 

A 

B 

c ,~Jll 

.iii 

0 

..; 

E 

()' 



.• 

5Dl DIVIDE BY 11 

882 PUl 

C23 
0.1 

+5V 

2 3 

FS2 -CLOCK CIRCUIT 

5 

RP817 
4.7K 

10 +5V 

-12V 

H..Cl4 

RPB13 
6.8K 

14 

8 

10.1376 M-iz 18 I 21Cp 
OSCILLATOR MR 

1 

H..Cl3 T ,15 
Q c 

3 
11 

13 

8 

+SV 

RP8l3 
6.8K 

SP812 }o 
X 

9 • 
swa 

4 5 6 7 

FS3-INTERRUPT ARBITRATION 

602 
7C2 

INTG IN 

SE2 

+5V 

J 
R23 
lK 

307~ 
3 13 r-----.-. I 

602 
INTR REQ CIU 151 "'- 14 

7C2 
INTR REQ DIU 

8E2 
INTR REQ PIT 

+5V 

Rl4 
4.7K 

BALO CLK SOl 

-12V 

+5V 

R5 
470 

~ 

I 

2c<" ~:n 

+5V 

>~o 
"A" 

CONNECTOR 

11 l INTGIN I \7 

I 

I 
I 

\ 3 Wi'G(jiJT 
' 8 

iNiii I )10 p6 

C<J.Il-UNICA Tictl HITERF ACE UNIT 
PIT I SID 

CIRCUIT CAR~ 
410411 ( CC4ll) 

A 

I B 

c 

D 

E 

YELETYI""I! 

-JEL'··. ' 'fJ"u; 
' ® 

TC00043.. I 2 4411SD 4 
3 4 5 6 , ,7 a, 



TC-

I 2 3 4 5 6 I 7 -

FS4-COMMUNICATION INTERFACE UNIT TRANSMITTER 

r-sPAil-1 
ul '-/ Sl'jB I a 

,---------, 

.. "G, ti til ~J 
13 12 ll 1::1 9 B 5 

121 ~ vSII7 17 
131 ,/sl'l6 A Is 

-12V '141 " Xs"s Is I I I + 
1sl '-/$l'j4 14 

~--

161 '-/$l'j3 h 
-s.2v '

17 ! XSW2 ~ J2 h Is 17 Ia 19 l1o In 
CIUT L_-- - I SSH3 SSH2 SSHl HIL ssu SSL2 . ssu I 

OSii 13 

r- Il\'0 39 0/A IN> 

nu 38 
0/4 INl 

CTS 
17 

IN:? 37 0/4 IN2 SCT 
24 

!1.'3 36 0/4 IN3 
387----l IN4 35 D/4 IN4 Vss 

l 

INS 34 
0/4 I"''S 

IN6 33 
0/A IN6 - 32 IN7 0/4 IN7 -....:::: 

VGG 
20 

voo 40 

ML420 
ifiS 28 

3E7-c~ 311 u 
30 iii 

SELECT 
291 sa 304 

3E4 
INIT . 21 

INIT 

BAI..O CLK 
181 BC 404 

481 
DIVIDE BY 11 12 11112 

ss 
27 

-{'~~" 
M iJ) 

LOC4L CLOCK 26 LC 6C2 

TBA 25 T8A 

CIU-T 

~I" I sm 22 

if 19 

~[ 
I 

[i 3 

Sf -

so ,15 

Tl T2 
1 

16 114 

> 
RPB17 

RPB17 r R?Bl5 

4.7K 

< 
4.7K 4.7K 14 

< 

.1 
~---+-~!..... +SV 

-12V 

-6.2V ·l2V 
CIUT 

2 3 

+5V 

·12V 

-6.2V 

I I 
I I 

'8' 
Cot:-£CTOP. 

I 
JSR I ) 40 

., , ~, I 

~ "' )" ~ ~:fi I 
, • ""'' . • . "' I > " 

DsR 

J
r------=-oC6 

5 ~ 10 I 1 I I ·"'-' fi . -' "-""' I ., 
~~x I 

v "' >" 
I "L"' I 

I :~:)n 
I 

3 

I 

I 
I • I I 

-- I ~ 34 

·- . ' AI ' ) 732 

RO 1-) 10 

I "- 33 
7 

DL 

:SI -- I '-
7 12 

so -I '- 35 ~ACE 
7 

4 

> 
R21 

_4.7K 
< 

-12V 

5 

Rl XMIT ·MARK 180 

XMIT-SPACE 

6 

A/\-

~·sv 

v 

COMMJI\'ICATICN INTERFACE UNIT 
PIT /SID 

CIRCUIT Cl · :D 
410411 (CC411) 

TI!LI!TYPE 

r Irui®' 

4411SD-5 
7 

A 

B 

c 

D 

E 



TC &40.03&9 

2 3 4 5 6 

ISSUE 

I 

FS5-COMMUNICATION INTERFACE UNIT RECEIV·ER 

387 

39 0/4 INO 
Ir.Kl 38 0/4 INl 

Ull 37 0/4 IN2 

_]N2 36 0/4 I•G 

__.!!£ 35 0/4 IN4 
IN4 34 0/A INS 

IN5 _ll 0/4 IN6 

IN6 . 32 0/4 IN7 -!NT 

-{
[i 'T' 3E7 ~ 3

0 Mi 
RE40 11 READ 

304 
SELECT 29 sa 

584 RTS 

-{ 

coo> '"' ~ 1:' 
501 LOCAL CLOCK LD 26 LC 

TBA 25 TBA 

M..Al6 

CIU-R 

0/ A aJTO 2 CUTO 

D/4 oJn 3 run 
0/A rui2 4 OUT2 

D/4 run 5 · run 

D/4 OUT4 6 OJT4 

D/4 OJT5 7 0\.JTS 

0/4 OUT6 8 OUT6 

014 run 9 our1 

Vss 
1 

+SV 

vro~ -12V 

Voo -6.2V 

RD~ 

colE 

SCR.,!!. 

f-- 381 

1 
.J, SPA21 
.f SW1 

18 

I 

12 

RECV-SPACE 

VVv-1/1 
1"--.J 180 

CR2 ~ r·5V 
<}--+--I 

0 

I ·a· 
CR1 ~ CO!'~~CTCil 

REVC-MARK 

-- I 741 

I 
I 

8 ~16 10 C25 
9 

------------- -------------------------------v _, 
220 pF 'I' 

I 
~38 

I 
I 

-- I 
~44 

A 

I B 

I c 

I 
I 

--- I 
~37 

I 
I 

~1~ Ill r ,~·~9 . ::£ · -, 
.001 9 

221 3E4 I/0 CLOCK I/0 CLK 

INIT 21 INIT 3E4 

3C1 ROO ENB CIU 19 READ £NB iii~ 

7C2 INTG DUT CIU 18 INTG WT 

4C4 INTR REQ CIU 16 INTR 

484 INTG IN l2 INTG IN 

t:c lli 

OUT ENB 

lOL------~~ 

+5V 

I 2 I 3 4 1 5 

I 
RI I 

I 
I 

. ·- I 

I 
I 

3~_1 
c~ -- '"-' 

.001 ~ 

6 

C().1MU:HCATIO~~ INTE;<FACE :.mT 
PIT I SID 

CIRCUIT CI>P.J 
410411 ( CC411) 

742 

~11 

TEL:::TVPE 

~ 
·.r~,· 

4411SD-6 

I o 

E 

7 f3 



..,_.. 

t ____ 2 _ _ ___ L ___ 3 4 5 6 

FS6-DIALER INTERFACE UNIT 

::l/~ ::lUTO 2 OUTO -
D/4 OJTl 

3 OUTl +5V 

4 
D/4 O!JT2 

()IJT2 

5 

10 9 

:l/4 0JT3 
OJT3 ,- -- ---., 

D/4 O'JT4 
E OUT4 391 I 
7 I 

fl"C20 

OIA o:;rs OUTS lK 

::;;~ O'JT& 9 0:JT6 I 
9 Q'JT7 L_ 

J/4 C1JT7 
__ _j 
5 

L4 

1iR 

., I=AD 

PNo 14 ~--_j_ 
0::0 15 11 

-{

LA 

~ ~ 
3E7 " 

~ L• 
I'IC 

~ot.Ala• 

304 SELECT DIU 

3E4 .l!!!T 

5A5 
i5SR 

484 
INTG IN 

4C4 
INTR REQ DIU 

3C1 
READ ENB DIU 

602 
INTG OJT CIU 

INTG OJT DIU 

~l: 
~ .All .. ~ )--J > R22• 

4.71< 

INTG llJT 

____.:;..fLG>. '~ ! 

~ I" I I I 1 d?>:.. ~· i 
3 t&i j24 ----t--1 _J_1 _LI 2 I "'-.Cl9" 

~ 126 

....-------:.::ro = ~ ~ I'' I I I I I 1 cD>·· -! 

113 1 NBl 22 NtH! 

RP815 

~-6.2V 
5 4. 7K lO CIIJI 

-12V 

2 

liPBl7 

4.7K 

2 

+5V 

Vss voo voo 
1 20 40 1 2 3 4 5 6 7 ,-----------, 

I RPBl9° I 
I 4.7K I 
L_____ __j +5V -12V -6 .2V 

14 13 12 11 10 9 8 
-12V 

3 4 5 

7 

A 



----- - I ----~ 2 L_ __3 ___ ------I ; I 5 ~ I 7' 

!SSUE 
I 

FS7-PROGRAMMABLE INTERVAL TIMER/STATION ID 
-

I 
A 

~ ~ 
_7 __ _6_ 5 

,-.-----,14 
+SV 

- ~ iii _,~~ I ~ ~ i ~ ~ ~~::1 ~ ~ ) ~ ) 
i-

4C1 
P'J1 6 

~ 
L ~_j L: ____ ~_J 

13 10 11 12 7 6 5131112 

-{'~"~ 
5 "'3 

"'2 
83 

11 
4 

304 81 12 
BUS ENS 3 N 44 

I A1 .... 
0 l3 

2 i 34 
Bo 

"5 
14 

1 
Ao 

Bs 
15 

7 15 14 9 10 23 13 
EN 

A ~a ~ ~ U') S1 .... N 

" .... .... 2 ruro-..... Cl) en (I) w en en 0/A OUTO 
19 

.... .... 
29 .... 

SEL a 3 oun - l 
D/A OUT! 

4 OUT2 -
> R18 

D/A OUT2 
5 OUT3 

47D D/A OUT3 -381 
24 

D/A IN3A 6 OUT4 D/11 M4 

D/A OUTS 
7 OUTS 

+SV 8 OJT6 D/A OUTS 
II-D 39 

D/A roo 
' -12V 

INl 38 
D/11 INl 4 3 2 

IN2 37 
D/A IN2 

,---:l 
IN3 36 i > > RPB15 

D/A IN3 4.7K I 
387- IN4 35 I < < < I D/A IN4 

INS 34 
D/A INS L ___ _j 

IN6 33 
D/A IN6 -

tol.Al4 11 12 13 
IN7 32 

D/A IN7 PIT /SID ! 

1~2 ~'-{~ 
31 i:A 'A 28 A 
3D Wii v READ 11 FiO 

')> [ 

i3 21 4 9 
3E4 

I/0 CLOCK • 2 
I/0 CLOCK 

3E4 INIT 21 !NIT 

5~6 
1--- 9C1 

10C1 
READ ENB PIT 19 3C1 READ EN 

NOTUSD 18 c 25 c 
INTG OUT 

7 7D2 
INTG OUT DIU 17 INTGIN2 . 
INTR REQ PIT 16 SEL SEJ f-

404 INTR 
/ INTG :N l2 

494 !NTGINl 26 13 ...-----. 
SEL SID 

11 SEL SID . 
12 MlD6 3C1 

Vss VGG YI)J 

I 1 20 40 

OUT ENS > 
3C3 R12 I 

4. 7K 

.. 
CCJ.MJNICATION P.ITERFACE UNIT TELETYPE 

+5V -12V -6.2V PIT /SID r:'f7JC' 
-12V CIRCUIT CARJ 

J~~ 
.~;;,. ' "' 

410411 (CC4ll J 

4411SD-8 ~ ~ . - . - . - . . 



I 2 3 ---- ... ~ r .. --- <1 5 

FSS-STATION I D (BITS 0-3) 

+5V ·-· 

807 

+5V L- - - ·- - - - - _j 
----------------- ------------------------

L _______________ ...J 

6 -----7---------·~--~ 

COM.'4JNICA TICJI I~TERFACE UNIT 
PIT /SID 

CIRCUIT CARJ 
410411 (CC411 l 

381 

TELETYPE s:• 
riroL®' 

A 

B 

c 

D 

E 

I I 
TC- I I 2 I 3 I I I I 44l1SD 9 ~" 4 5 I s I · 7 . 



------...-..:...' 2 3 • 5 6 

+5V 

807 

+5V 

TC 640·03e9 

FS8-STATION 1 D (BITS 4-7) 

A. 

B 

c 

1 ----------u --------------~ 
- I 

I I ~I I 6.8K I 
I I 
I I 
I I L ____________________ .J 

7 6 5 4 3 9 

--~­

fi\3- ~I !L ~I !0._ ~I"- ~I!!__ ;I!!__ ~I!' l ,:-1 
Lt __ f __ f __ f __ f __ f __ f __ f __ J 

y: y: y: y: y:5 y:4 ~:3 y:2 
Do 01 ~ 03 J4 os 06 07 

H...C6 
vl-L 

A. B c s 
ll llD 19 h 

SEL SID 

11 110 19 .l 7 
A. B C S 

H...C7 
y ._L-

~ ~ ~ ~ ~ ~ ~ ~ 

+SV 

2 3 

•5V 

4 

I 

•5V 

~~--~---; -- -i -- -~-- -i -- -~-- -i-~.,;;-1 v 
lf ~5 ~4 ~3 ~2 ~l ~10 lg l 

Lt _______________________ _______ J 
1 2 3 4 s s_ 1 a 

14 I , 3 I L I L I 1ls I t 14 I 113 I , 12 

Do 01 02 D3 04 Ds J6 07 

H...CS 

A. 8 c s 
11 lw fg Y1 

11 110 19 .l 7 

A. B C S 
H...ca 

o0 o1 ~ o3 D4 o5 o6 o7 

5 

vIs 

y. 5 

6 

OUT4 

OUTS 

OUT6 

OUT7 

+SV 

CCI-r.UHCA.TIO~~ H~Tt::RFA:;t:: U\IT 
PIT I SID 

CIRCUIT CARD 
410411 ( CC411) 

---- ~-r----

7 

ISSUE 

A 

B 

c 

361 

0 

E 

7 



TC:MO.o31W' 

.,.. 
eot-t.EC'Ttl'! 

I 
/ •12V I 

66 ". 

/ +SV ss, 

/ +SV 
69' 

I 
I 
I 

2 

70~ I GRCJI.NJ 

71~ 

64~12V 

/ -12V 65, 

i 
I 
I 
I 
I 
I 
I 

2 

_c:1o _u:n .J.E.ls .J_£3~ 

"'TQ.1 'lis lo.1 lo.1 

-J..El2 
""'T' 

15 

~17 

""'T' 
0.1 

_._C2~ .J.:.33 
'T'O.l To:l 

3 4 

FS9-POWER DISTRIBUTION 

-l.E14 

""'T' 
47 

--l..E1 ...l£.2 ~3 ..J£4 ..L cs .J.£.8 ~9 ...l£11...1.£16 ..J..£18 ..J..£21-l£27 

~.110:110.'1 lo.1 ~1 lo.l 1;.1 lo.1 -,;1 To:1 To.11o.1 

-I.SJ 
""'T' 

0.1 
CR6 

5 

..J.£20 ..J£26 ..l£19 

~-1 To:l lo.l 

6 

-l.E32 ..J.E30 ~31 _L C22 

~-1 lo.11o.11"0.1 

+12V TO 4LL CIRCUITS 

•SV TO 4LL CIRCUITS 

GRO TO 4l1. CIRCUITS 

• ( j<:]) ' l I I ' I I I -6.2V TO CIU-T 

-12V TO All CIRCUITS 

:s 

6.2V 

CRT 

• ( j:J) ' I ' I ' I I -6.2V TO CIU-R 

6.2V 

CR5 

I ( j:::J) ' I I ' ' ' -6.2V TO PIT /SID 

6.2V 

R15 
60 
5W 

-12V ------41----+---~ 

4 5 6 

CO+I..tiiCI. TIGI INTERF 4CE UNIT 
PIT /SID 

CIRCUIT CARD 
410411 (CC4ll) 

7 

I .I!UI"' e 

TI!LI!TYfi'E 

·- ~ 4 

441150-11 
7 

A 

8 

c 

0 

E 



-

J I 

Tc-..... 

·---··· 

I 2 3 .;. 5 6 7 

TC 1 TELEBUS SIGNALLING 

I-_ 1 CYCLE = ---1 
r ~ ms nS 1 r--1 ?-----, 

~l:~s I I I r~ I I I .. I I ~.-1 ----
ARE4 3El 

ii'i4"0-1 
lol.410, K.All 

AREA 344 I ArolESS I I I I I I I I I DATA I I I I DATA I I /I 400RESS I I I I I I I I I IV I I I I I I I 
CIU o\OORESS MPIJT DATI. TR4NS"llT DATA OOT CIU o\OORESS INTERRUPT VECTCJl 

FR()ol CIU CHAA TO UIIE FR()ol CIU 

~ 
lol.01-15 --, 
4RE4 3El I 

co. c1. C2 
lol.01, IUl3 

AREA 301 

u 
lt.05-14 

ARE4 3E7 

'READ 
lt.ll6-6 

AREA 307 

iiii 
lt.05-3 

AREA 3E7 

SELECT 

I LA I I II ROV. I I II "" I I II LA I I II RDV I I I I I I I 
LD4D ADDRESS READ DEVICE LOAD ADDRESS WRITE LOAD ADDRESS 

CF CIUT TO 
DAT4BLFFER 

~ ~ 

1 r 
-----------------~~ 

K.412-9 
AREA 304 __r---lV I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

1'84 
H.A20-25 
ARE4 5El i

1 II I I I I I 1~'----------

iiiTR 
lol.D4-6 

ARE4 407 

'itii'G'IN 
lol.01·1 
AREA 487 

I 

--------------------------------------------~1 I If 

2 I 3 I 4 

Y~-------------
APPROXIMATELY 5 CYCLES 
Of iNTGfN BEFORE ROV 

I 5 I 6 

C()o!MJNICATI().l INTERFACE UNIT 
PIT /SID 

CIRCUIT CARe 
410411 ( CC4ll ) 

I 

ISSUE 
I 

r---L__ 

TELETY~E ....... 
r ~).®' 

A 

I-

B 

!-

c 

I-

0 

~ 

E 

441150-12 ._ 
7 n 



~----------~~' 2 3 4 - 5 6 7 

.. , __ 

TC2 TYPICAL ASYNCHRONOUS DATA PATTERN 

MODE: ANALOG LOOP. INTERRUPt ENABLE ON, 10 BIT OPERATION A 

~ 

iiR 
(roOATA~~)---------- r-----------------------~ r-----------------------------------------------------------------------------------------------------

Jot.DS-3 
AREA 3E7 

TBA 
lt.A20·25 
AREo\ 5£1 

iiTs 
lt.A20·28 
AREA 5114 

CTS 
lt.A20-17 
AREA !5C3 

LOAD OiAR 1 LOAD CHAR 2 

1 f 

---1 r~IH 

(SEt«) 04TA •RE:IVE 04TA) IILE I START I 1 I 2 I 3 I " I 5 I 6 I 7 I 8 I STIP I START I -1- I 2 I 3 I 4 I 5 I 6 I 7 I 8 I STIP I ICl.E 
foi.C21·8 / 

r 

AREA 507 

iN'iR 
loi..D4·6 

AREA 407 

2 'f 3 

CHAR 1 CHAR 2 

I I I 
INTERRI.f>T INJ'ERRII>T INTEIIILPT 

FROM CHAR 1 SERVICED FRCJ4 CHAR 2 

I 4 I 5 I 8 

B 

1-

c 

1-

0 

~ 

E 
~ 

~ 

~------------r---------~ COIMJNICATICl-1 INTERFACE UNIT 
PIT /SID 

CIRCUIT CARr 
410411 ( CC411) 

T 

TKLI!TVI'C 
a 

r~.' 

441150-l~b 
7 / 



TC 64Q.03H 

I --~- 3 
4 5 6 

SCT 
)L020-10 
AREA 586 

TC3 TYPICAL SYNCHRONOUS DATA 

MODE: ANALOG LOOP, INTERRUPT ENABLE ON, STRIP SYNC ON 

PATTERN 

TRANSMIT SYNC ON 
(BIT1. ~~~G1) ~--------------------------------------------------------------------------------------------------~ 

H...A20 OFF 

so 

WR 
HUlS-3 

AREA 3E7 

TBA 
H...A20-25 
AREA 5El 

LOAD CHAR 1 LOAD CHAR 2 RESET BIT 1 
CONTROL REG 1 

(SEND DATA= RECEIVE DATA) I 7 I 8 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I . l I 2 I 3 I 4 I 5 I 6 I 7 I 8 I l I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 
J.LC2l-8 

AREA 507 

Ri'S 
H...A20-28 
AREA 584 

iNi'R 
J.L04-6 

AREA 407 

2 

CIW!l ASCII OR EBCDIC CHAR 2 
SYNC CHAR 

l I 
I I 

INTERRLPT INTERRLPT NO INTERRUPT SHU: INTERRLPT 
FRD1 CHAR 1 SERVICED STRIP SYNC IS ()I FRD1 CHAR 2 

3 4 5 6 

COM."--"ICATION INTERFACE U~ITT 

PIT /SID 
CIRCUIT CARD 

410411 < CC4ll) 

7 

ISSUE 

TELETY,.I! 
p lQDi CJ.F"4 

'Pi®' 

441150-14 

A 

B 

c 

0 

E 

1 ~ 



ll 

-

8 

-

c 

-

0 

- -----

E 

,· 

TC 654 18·111 

I 2 I 3 I 4 I 5 I 6 I 
SHEET INDEX SUPPORTING INFORMATION USE OF SHEET INDEX 

SHEET 
CONTENTS NO. I I 2 3 

~SSUE NO. I SHEET 
4 1 s 1 s 1 7 1 a 1 9 1 10 Iff 112 I 131 t4 Its Its I t7 Ita lt9 l2o l2t 122 I 23 124 125 NO. 

CATEGORY 

SHEET It>DEX. SUPPORT!~ INFOR!VA TION. Al'V BLOCK :Jl4GRA" 

BUS It.'TERF AC:: Al'V rlf'UT CACf£ 2 

DISPLAY CACHE. F()\IT RCMS, AJIJ ATTRIBUT£ LOGIC 3 

VIDEO LOGIC 4 

TIMING Al'V CCNTRCL LOGIC 5 

NnES: 

1. I.N..£SS OTHEP.IIISE DVICA ltD. +5Y IS AI'PI..IED TO PIN 

2. 

14 OF 14 PIN Pf<CKAGES No[) PIN 16 OF 16 PIN PACKAGES. 
GRaH:l IS APPLIED TO PIN 7 OF 14 PIN PACKAGES No[) 

PIN 8 OF 16 PIN PACKAGES. 

9 

N.HlERS fi•~~·~ TO .....-...PIN 

'-+----- DVICATES PACK UX:ATIIJI 
IJII THE CIRCUIT CARD 

'---~'----- DVICATES LOGIC F\JICnc-1 

3. SHEET LOCAIIOi !XI£ 
1 -.!.,.:i T L__ IIVICATES X-Y COORDINATES (JI DISTANT SI£ET 

L-----ItVICATES D!STANT SI£ET IUEER 

4. CINECT!J'! CaJE 
~ DVICAm MALE PIN 

T~ IIVICATES PIN rueER 
L...=: ItVICATES A OR 8 ~ 

5. CINECTOR P.Itl ASSIG!!£NI 

2 3 4 5 

3 

2 2 2 4 

I I 2 I 3 

2 3 ! 4 I 5 

• 

CINECTOR I PIN I DESCRIPTI()\1 SHEET ux:ATI()\1 CCHEI;l"OR I PIN I DESCRIPTION SHEET ux:ATIIJII 

A 3 ~L£ 
A 7 lllTG. IN 
A 8 mTG.6iif 
A 10 fN'fR 
A 15 INITIALIZE 
A 19 Cll 
A 21 eJ: 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

23 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 
64 

65 
68 
69 
70 
71 

Ci 
ti7Al5 
!5/Al 
~ 
om 
!'.17M 
~ 
tm6 
IVn 
1m§ 

ll7A9 
tmm 
0/All 
07m 
l57li3 
D7li4 
0/AlS 
-12Y 
-12V 
+5V 
+5V 
Gtll 
Gtll 

501 
501 
5Cl 
5Cl 
501 
501 
501 
501 
2Bl 
2Al 
2Al 
2Al 
2Bl 
2Bl 
2Cl 
2Cl 
2Bl 
281 
281 
281 
2Cl 
2Cl 
2Cl 
2Cl 
301 
301 
301 
301 
301 
301 

B 64 H4LF INTENSITY 
B 65 HALF INTENSITY 
B 66 VfiiEli 
B 67 VIDEO 
B 68 IOUZ. ORIVE 
B 69 IO'IIZ. RETIIlN 
a_ 70 VERT- RElRACE 
a 71 VERT. RETIIlN 

6. VEiiT()! S!!ITCH PROG!!A!t!ItG 

4A7 
4A7 
4A7 
4A7 
-407 
¥11 
!5E7 
!5E7 

[11 "til" • SWITCH CLOSED 
2 "OFF"- SWITCH tJ'EN 

3 l«lVE SIIITCH lO "ON" SlOE OR 
4 PRESS DOT SIDE TO CLOSE. 

VEC1tJI PAIRS 

0&2 
4&6 

10&12 
1• & 16 

4110 & 402 
4IN & 406 
4lD & 412 
414 & 416 

SWITCH N.MIER 
1 I 2 I 3 
00 ()\! (JII 

ON IJII OFF 
ON OFF IJII 
ON OFF OFF 

OFF ON ON 
OFF IJII OFF 
OFF OFF ON 
OFF OFF OFF 

TOIFFOI 
TELEBUS l II ~ACEI t I 

,., 

~ 

~ 

aJITRCL 

LOGIC 

BLOCK 

INPUT 
ANO 

DISPLAY 
CACHE 

.,. 01'-

·~ .....-

CIRCUIT DESCRIPTICXl 

2 

3 

4 

5 

DIAGRAM 

-

r 
l 

FOO 
RD4S 

Al11UBUTE 
LOGIC 

TIMIIG 
LOGIC 

l l t 
+5V -l2V Gtll 

,! 

I , 
,.,., 

..... 

VIDEO 
LOGIC 

If' 

l 

NO. 

4430CO 

ftH~t-.. SI-A~~GES ARE MA:~ !h 

TH!S CRAf,!t-.i(, 

1 ONL 'f St-~~t~GEC: S~E TS 
1\I;_~.., BE RE.: SS ... :::: 
: IM::~L£:~13 s~~::-;- 1 1 

2. lJ-.:CHA!\:;t:: Sr-EE ... S R£­
rt.p. ~x:srr~ !SSUE 
N\MiER 

THE L~T C:CiwF:..ETE:'J ::':....:..M. 
ON Tt£ SHEET !•CEX l'.Cl­
CUES it£ LA :[~T ISS-£ 
P£R Si-£ET. 

I ) TO IOffiOR 

I ~TO IOaT!J'! 

7 

REVISIONS 

!SS\JE I DATE lAUtH. NO. 

2-6-75 123774-R 
5-14-75 114156 

3 18-5-76116250 
4 18-31-76116509 
5 110-10-77 118818 

A 
~--~----1-----~ 

1-

B 

I-

c 
-· 

' --< 

J 

~ 

D 

i 
t-------t 

PROJ. 
SUPV. 

SCHEMATIC 
DIAGRAM 

FOR 
DIO CARD 

APPROVALS 

..r 

1-

DRN."'11U..H loATE I E 
R 8 0 FILE 2-l76.172AA 
S-NUMBER 

TI!LETV~I! 

,~-"' 
® 

c 

4430SD-1 
T 2· ! 1 3 T 4· ;r 5 ' "" ~~. -~· t-... 

. - T 
> • '*' ..• ______ ! 

~ . ~ ..- ... ~ ' 6 . 
. • ...A::oo: ... ,,.._ .... ,. .... ·-, 9 4 .. :•~·-··· -·'-~>-4~:::_:7 ...o..J...-~.-."9.2 

:"!! 



' I ... I - I 

BUS INTERFACE ~ 
f--1,_ 

AND ~ 
:-L. 

TELEBUS +5V 

INPUT CACHE -Ill IVERS I -r -

,.:;;, ~ ~ > 
Ilf>UT 

CACI£5 

'A' SES 585 R6 R7 < R5 112 nr- M'PXR 
CONN. BE I 9 TL24* 3.3K 3.3K 3.3K 3 CP 1 2 

1A 4 bit 1 ' OSA • ~ ~ !1 01 1y 3AI 
A27 / : 0/Al 15 au§1.· IN 1 14 5 

2A 

' I 13 6 r!-ul 11 7 bit 2 I OUT 1 Iz Oz 3A 2y :1m2 3AI 
A29 / 12 BUS2 L~2 

11 ... .,3 14 
4A , .... "'-.C6 

" I l:J D 7 3 
1e 

"'-C7 I OJT 2 I3 03 3y 
9 bit 3 

3AI 
A31 / lt:im 1 au53 IN3 2 ...... z VECTCJI 

6 2e 

' I 
OJT 3 3 

,.... 
SIIITCI£5 15 13 I I4 04 ,...-!!2. 3e 4y 12 bit 4 

3AI 
A41 / om 4 

8US4 IN4 
5 -1 RIO 

r-1l 4a +Sv 

" "'-.:5 Of 4 ~ 
, .... 

R!'CR. SEL E 
D!S. 470A CXXl CLOCK 215191 J14 1 ( 15 

vmcR 17 586 
ST6 

twJiiT 

112 nl 5E3 

A25 / 
2 1mO 1 IN4 OUT 4 CP 1 

'/ 3 I 01 
!57A§ 3 INS OUTS 

4 6 l 

A43 ' 
I2 

Oz 4 
A45 / !lmn 5 IN6 OJT6 

6 10 I3 

" "'-.C9 
A47 / m 11 10 15 !4 ~ 7 

' 
IN 3 OUT 3 

"l 
A33 / 1 om 13 

IN2 OUT2 
12 "'-.CS 

" :om 04 13 - A35 ./ 15 14 
IN1 OUT1 

" I DISABLES RECR. I 470..n: 06 I 

~9 215191 Jl4 I 
11" •. • I EVEN 

I CLOCK ST7 I 
M'PXR I 112 u I 

A37 / l!m.6 1 
IN4 OJT4 

2 3 I1 
t;t' 1 2 

1A 1y 
4 bit 5 

Dt 3CI 

' I 

S 2A A39 / : I57A'1 3 
IN50UT5 

4 

Dzli--J . "'\. I 6 I2 ll 3A 2y 
7 bit 6 

3CI 
A49 / : li7m 5 5 

IN6 OUT6 ~ 7 I 14 

' ' foi...Cl4 
4A "'-.C12 

A51 / : 157m 11 IN3 OUT3 
10 10 

I3 3 
1s 

9 bit 7 

" I 3y 3CI 
"'-C10 6 

2e A53 / : D7rn 13 
IN2 OUT2 

12 
15 04 13 I I4 10 3s 12 bit 8 ' 3CI 

A55 / :~ 15 l4 4y 
IN10UT1 13 48 

" I DISABLES CURSOR REGISTERS Cli!SOR C!M'ARA TCJIS RECR. SEI... E I 
"A" 

~9 r--
CQo 404.5C6 

21 51 91 Jl4 p ?15 CONN. ....J.. 01 Q1 2 3 
01 D1 

2 1 Ao Bo 2 M.JX. SELECT 4C6 1 
CQ}_404 

112 nl MUX. EN. 
5A7 

4 Oz Oz 5 4 Dz 5 3 A1 4 
Oz 81 

6 ~ ~ 7 6 ~ 7 5 A2 Bz 6 CQz404 3 
I1 

CP 1 
~ 01 

___!!. K.B6 10 11 04 
IUl5 10 10 "'-84 11 ~404 04 D4 Q4 A3 ~ 6 12 Oz 4 

13 l2 13 CQ4 4C4 13 
Ds 05 

12 
o5 Ds .E A4 84 

-1 

j 
I 

I 
-I 

15 14 o5 15 14 15 COs 4C4 
10 

I3 03 
7 14 o5 Os 05 As Bs 

CP CLR CP CLR s A=B "'-.C13 
9 I' 9 y· ~ ~ CURS!ll 493 

15 
14 04 

13 

' 
RECR. 

3 G1 Q1 
2 3 01 01 

2 1 Ao A=B 2 COs 4C4 215191~4 ~ - Bo RECIRCULATE 5B4 

4 Dz 5 4 Oz Oz 5 3 At Bt 4 TLOo 5C7 . Oz 
4 Dz Oz 5 DfAI3 

383 
~ 7 6 ~ 7 5 A2 Bz6 11..Ql5C7 6 03 ~ 

' 

11 04 
"'-88 10 11 04 

M..B7 10 10 foUl9 
83 11 11..Qz 5C7 6 ~ ~ 7 DfAI4 

383 04 Q4 A3 

13 Ds Ds 
12 13 Ds Os 

12 12 A4 8 13 % 5C7 
11 04 10 

Q4 0/AI5 383 
14 o6 15 14 Ds 15 14 As Bs 15 ~ 5C7 I 

Os Ds ATTRIBUTE "'-CIS 
CURSCJl CP CLR CP CLR s 

Ql 
2 IFF 

383 REGISTER 
5A5 

LOAD 9 II 19 t' ~ SCI-HI'-TIC DIAGRAM 
TI!LI!TVP'I! 

CP CLR 

'~: VERT. BLANK I FCP. 406,5E7 19 11 OIO A5SEJ.t3L Y 402 
j CC430 

4430SD-2 
TC 64043M (8-72.) I I 2 I 3 I 4 I 5 I 6 I 7 _q . ~ 



,. 

T<O--

2A7 

247 

DISPLAY CACHE 
l2V 

2 

OISPLA Y CLOCK 

3 

ST5 

4 5 6 

DISPLAY CACHE. FONT ROMS 
AND +5V 

lJ 11 • W'FER REGI5S~R ATIRI BU TE LOGIC 124 

_ CP 1 3 O " 2 BIT 1 8 L. Vee L.:1:.;6--------------
bl t 1 3 !1 01 1 w1 --u 07 r 

02 
4 4 ~ ~ 5 BIT 2 7 A OE 1"1:.;5~-----------. 

bi t 2 6 12 7 6 ~814 7 BIT 3 6 1 14 
03 o

3 
:!3 A2 05 F----------. 

bi t 3 10 )t 8!3 13 11 10 BIT 4 5 13 _::;.;;..;;.. ... __ =ofl3 04 04 Q4 A3 04 F~-------., 
12 BIT 5 4 ~Al7 ll 

247 

blt 4 15 
14 

---¥ 
05 

a; Oe • A4 03 t-"'------...., 
RECP.. ~ D5 CPc::los ~ 5£5 COMMAND REGISTER CLOCK d ~ 02 ~1:.::0------s 

215191 114 -l2V 9 II 2:l "-E 01 r9;;..._ _ ___, 

+5V ~I ....__ ATTRIBUTE 19 " 08 ..!!_ 
I. DEC!XER ~~ -:-::-- - -
(5 12 11 , 9 I 18 :E GNO 

12 

__..l Vee " 15 6 
12 

CP 4 4 ~ ~ 2 BIT 4 4 J;. O 12 1.1.. 491 As A7 As As 
o1 "'1 - 02 "1 ..,~1 3 1 23T fl 2T 3 

2 n 16 3 l 5 " ~ 7 SIT 3 7 Az ~ ll HALl' ITEN_ 485 I 
L--__;~ ~z 02 n 01 "2 ~c1s 

~Cl7 Q,. 10 BIT 8 6 A. · n.. 10 CHA.R. 8LAN< 4B2 
10 7 12 - 1 -~ 

ATIRIBUTE ~16 F- I3 03 ~ ZES 0/A. 13 As O 9 +5V 
LOOIC 0/A 14 ~ 14 -_::2,;.4'----. 

12 ~C18 2E6 As Ez ~ 8 •· Vee 07 16 J":~ 

~ 
GNO 2E6 0/A 15 A A A r,1 13 --u - ""{' 

CP RECP.. 4 :1 7 7 15 r. ~I ' 

13 2f5l9ll14 l..t..SL 5j15il M A1 
06 

-~·\' 
DCiz Jl 5B7 5 A 05 14 r. I ' 

.J
4 

}--- I~ 
2

E
6 

CiF i2 5 
2 

~Al8 13 r~ \ 
~2 6 A3 04 \~ 

..-4-J----~;;;._-J.-1-..J +5 2.11otiz • C) 
4 

A4 03 
11 Q9 

bit 8 -- -12V ·f 4£7 ... 21 CE 02 10 r:~ 
1;j ur- R12 9 +sv 9 12 20 CE 01 9 t: ;'1 \ V 

bit 5 3 11 eb1~ 3.3K CP I J K 19 l7 t.:~ \~ 
'67 6 W VCC Q ll INTENSIFY 4B7 18 g~ G~O 12 -\ li' 

bit 6 6 I2 02 4 - STl ..,.. 4 0s . M..AlO As 47 As As 

-BIT 6 tf6 il.-- ~ 7 231 11 213 
bit 7 10 7 5 4C3 ~ CP SET 402 1 

I3 03 BIT 7 Dr Qr 2,_ 

BE 11.812 M..B15 2 ri:S GilD 
~~ ~ ~ 

LsL 21 sp'i J14 BIFFER .. RE-GI_STER _ _, L---' 8 "o Vee 07 16 t: ~ 
DISPLAY CAD£ 

7 
A.1 06 

15 ~ ij \; 
/ 6 42 05 14 ~ ~ W' 

" +5V - 5 A3 04 13 I':~'\;~ 
/ 4 A

4 
~Al9 03 ll f': :1 \;li' 

" T . 21 'CE 02 w r: k1 ' ~ 
Cl 2 -~- C5-cz5 20 CE 01 9 . r: ~ ' v 

47MI'"OI T .- r' 0.1 liFO 19 r~ 17 f": ~ \ ~ CZI-I'LS) ~ os '""""__.._. 
/ 18 Cf GNO 

12 
\; 

" ~~AsAs < 23 ll 21 3 

2A7 

4E3 .SC5 

2C7 

2C7 

2C7 

2C7 

SES 

567 

A68 

A69• 

A70• 

A71< 

+ -12V 
47M~~::~ T. 241 +SV 

/ 8 "o vee 07 16 r.~ oon 
...... 7 A1 06 15 T": ~ /..::/ i5i5'f2 

/ ,. Y-++-HI-+++-HI--~6 A2 05 14 r.-:-... ~ !S1l'f3 
, s 

43 04 
13 r.~J.::/ oon 

1 4 ~0 u T":~J..::/ iiiifs 
"A" A4 03 ~-~ 

coNN. n CE 02 10 r. ~- ron 
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LJ ~3 3 -' LINE 
14.A6 r- _____J CCJLt.;TER 

,.!! 0 7 2 ~ ~ .,..-_,.___ d 14.A8 6 r-1~~---_-_-_-_-_-_~:_::._:.:._:::._-_-:_rf--t--1~--~;_-_-~--~--J----, 
u

9 
- 13 ~ 7 6 

T 2 :t 11 9 Q 14 10 08 07 06 

~ 
' M.A7 f 2C6 L 0 Ao 0<1 ~ 

\,.,.12 EVEN 3 II 3 
~ K.AS ,... CLOCK +5v4 CLR 01 

1 
A1 03 ~ 

STA.TE SCAN 
RECIRCI.l.ATE 2E6 L{ ....-1- " O 12 12 4 LII£ 

OECOO::R - 2 LSL vP 2 2 14..Al4 !Ecoo::R 

r ---, Q II 13A A~ 

.l 
14.A7 '4..-'15 3 3 4 

7t .A IS +SV 1 COo -r- "' 404,204 -L seow J TC E 

RI'BaT U<(-~ 15 J15 

K.A 7 4 CQ;;' TLCio 4E5 

AlO 

"--_J.:...------__;:;;.\L_ 404 TL01 2E4 

/ 
- ,-

4 1 DISPLAY () TLQ2 ~~: 
INTR 6 .r1 14..Al3 CLOCK • - 1 D:;jz TEXT ST2 TL03 2E4 

..... • ""\. 5 10- ..A• 11 4E3 ' liBI LII£ 
'\.. ~9~ 3• K.Al2 mt.:r~l () +5V 

.......,. \.. 2 DATA. ELANK 406 :r R L Is 
cP 0 ~ vee 

-9 I Q 3 15 TLQ 
_ 

1 
8 342 ~ CLR Ql J.L CLR Q4 

4 
2E4 

~ r K.U2 D2 ~-
4:/_.;;INT~G;.;.ou;;;..;.r_o;:t..~ K.Al3 r 10 ~· • K.B10 II l MLAIO '- l2 +IIV 03 J.:.:-..... --4~:lCP 

- R9 ,i Pl TC IS 
4 

J 

~ ~ ~~ ~~ 
- v ~~ v 

__· t'"'.::., :a: I . u " ~ 1i2l' ~~fli " r;;: L..-IL:o-9-' Ita-~ -=---1-)1 __ 1,.,2 

AS 

A7 

-'21 

Al5 

.. 

INTG.IN l4 ........_.0 A .1Qo L 7r 02ll5 6 FSL 13 
/ 1 1 2 13 1 3 l B 10 131 n. 03 OJ -

IN4 WT4 A3 A4 01 .1~1 11 
'- /~~ 3 4 12 02 2 2 2 C 9 lZI.q (lmt + VBLK)• 15 Os 04~ -12 ~1-

A23 INS M 5 A2 MLCZ 3 1 MLCI 7 .. --. ML82 K.-'2 / ' /if' ! 5 MLC3 6 11 03 3 S Q3 +5V 05 0s 14 11 ,../ K.A6 K..All \,-,.08;..__-11 
f-:::.:.......;,~~Vl6 M6 Al 04 4 15 4 y 5 7 CEP ~ 10 13 I'"' 
"' ~""' , 0 10 13 Ia I T10 0. - ./ Al9 /l-IJo -1 IN3 WT3 1 A0 6 ~ ~ CET ;>R3 4 ·ro4 -
-~ ~ l ~ 5 <C 3,3K Dz 
/!liiiT · 1 13 IIIZ OUT 2 _ll 7 CP CLR <' CP CLA 

5 
- • 

A3 "- ! DIS • l.l;:l.4 SEQUENCE 3 

c±N. 7f-!l -115-~5 COUNTER .I .__..:::...._ __ ~ Rl4 •a• 

" ~ -282 8,..._ K.A!? 9 1...--- 402 4P 3.31( CO,NN• 

TELEIIUS RECEnfR ~ -
3 

IU9 ·~4 9J1- I ' 
13 K.Al3 ""8 I 

~ 
_ 2 14.Al2 11 lO hRTICALRETRACE l / 

12 7 VERTICAL RETLflN I . ' 
L---------~--~ BE VERTICAL Bt..AN< I / ..... ___ .....;=.;.:,~;;;...;;;;;.;.;;.;...._ 2E3. 

B70 

B71 

406 

. I I ~ .. 3CI TELl! TV.-I! 2-'2 3A3 
SCHEMATIC Ul A<oRAM 
FOR DIO ASSEMBLY 

CC430 
T ~"\ 

e 

4430S0-50F5 
! 

2 - 3 4 5 6 7 

~ ..i --I. ,'. . ... 

>~ 

A 

B 

c 

.o:J 

D 

, __ j 

E 



~. I ~ _L - - ' 

REVISIONS 
SHEET INDEX SUPPORTING INFORMATION USE OF SHEET INDEX ISSUE OATE AUTH. Nt 

SHEET ISSUE NO. SHEET CATEGORY NO. WHEN CHANGES ARE MADE IN I 10 26 76 24695-R 
CONTENTS NO. 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 NO. nus ORMING 2 4-18-77 18403 

SHEET INOCX, SlP"''RT INFORMATION, ll..OCK DIAGRAM 1 I 2 3 4 1 CIRCUIT DESCRIPTION 4464CD 1. ONLY CHANGED SHEETS ! ~~=:a=:: ~0:44: 
2 CIRCUIT CAAO 8K 410464 l'iiLL BE REISSUE:). 
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FS-2 CCJ.'TROL LO:IC 3 I I 
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3 3 2 . UNCHANGED SHEETS RE- ~ 
1 4 TAIN EXI~Tit>.G ISSUE 

FS-3 ~ AIP.A.Y 4 I I I Nt.MlER. 

FS-4 VCl.TAGE AIC BYPASS CIRClJITS 5 I I I I 5 THE LAST CO>f'LETEO CDL\M-1 r--·-----'----i 
ON THE SHEET II« X INC!-

TC-1 TIMING DIAGRAM 6 1 I 1 I 6 CATES THE LATEST ISSUE 

PER SHEET. 

\ 

• ~S: -
1. lN..ESS cm-£RIIISE INDiCATED, +SV IS APPLIED TO 8. COif.ECTDR PIN ASSIGN£NT 

PIN 14 CF 14 PIN PACKAGES AND PIN 16 OF 16 

PIN PACKAGES. GRCX.Nl IS APPLIED TO PIN 7 OF CCH£CTOR PIN DESCRIPTION LOC. ON St£ET 
OF 14 PIN PAO<AGES ANO PIN 8 CF 15 PIN .,_ ___ ..:.·+--+------t------1 
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--{) ~ '-' A 68 +5V 5C1 ...6..BITS 

- L__ INDICATED OPTION STRAP ROOVED A 69 +5Y 5Cl AOORESS t--
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I {"' 5 oo j 387 
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- 13 
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-
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3 c 

XCVR CONTRa. 
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AU. MEM:IRY PACKS 
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NOTE 

+12 +5 
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PRESENT ON 410455 ASSEMBLY 

2 

OI 0 

000 

2 14 
Dl 00 

R45 
CAS 
,6,0 

,6,1 
A2 lot.A6 

43 
A4 

ASR/11 CS 

3 13 

l 

13 3 

RAS5 R/r. 

C45 

,6,0 

,6,1 
A2 lot.,6,14 

A3 
44 

A501 00 

2 14 
DI 00 

RAS 
C45 
,6,0 

,6,1 

A2 lot.B6 
43 
A4 

ASR/11 CS 

113 3 
cs RIW 

R4S 
CAS 
,6,0 

,6,1 
A2 IU!l4 
A3 
A4 

10 
2 14 

008 

\ 018 

2 

3 

OI 1 

001 

2 14 
4 4 

DI 00 
15'- R4S 15 '-

C45 s- 5'" 

-t ,6,0 --:::.... 

-T ,6,1 _§_ 

A2 lot.A7 _L 

""'~ III....!L 
-fi- A3 

4 To A4 
~ ASR!w cs 

..J.Q_ 

3 13 

l 

13 3 

~ 
~45cs Rlri 

~ "45 

l.a.o .~ 
___; fu _g. 

7 IA2 1(.,6,15 
7 ._g .Jt 143 -tt ~ A4 fa __..:;;:;. 

A50I 00 
~ 

-

2 14 
4 

Rif/ I..".J 
4,.. 

15 ... 15:: 
CAS 

5 ,6,0 ~ ----t ·-t Al --4 
7 

--!... A2 IU!7 .:::g •--..!L A3 

=¥a A4 --¥. 
I __.=:::. ~R/11 CS 

_!Q. 

n 3 

~ 
,Jl· RIW ~ CAS 

~ ,6,0 ~ 

~ Al. __§_ 
7 _]_ 

-~ 
A2 14..815 

l:jt A3 ~,_g_ 
M I.:::..U.. 

i _lQ.. ASor 1 
I _!Q_ 

12 14 

009 

OISI 

3 

4 5 

FS- 3 MEMORY ARRAY 

OI 1 v 
MEMlRY DATA 

Ir-.PUT 2C4 

002 

2 14 

1~ F..a.SDI 00 

C4S 

l::f AO 
,6,] 

A2 loLA8 7 

""'---& 43 . 

I~ A4 

!As _lQ.. 
P.IY• CS 

3 13 

B 3 

R~~s R/1'1 

~ CAS 

,6,0 ,~ 
,6,1 1-i 
A2 lot.A16 _2.. 

43 "'.....JZ.. 
A4 I-.!!.. 

A5DI 00 
I .J.9... 

2 14 

RiAl w 4 ... 

15 ... 
C4S 

~ 
.~ 

___§_ 

A2 lo\.88 _]_ 

~ 
jil,_g. 

....!!.. 
ASR/11 CS 

_!Q_ 

13 3 
CS RIYI 

~ R45 
CAS 
/10 I _.i.. 

Al I_!_ 

•:=rl= A2 IU!l6 
A3 
M l=tf 
A5 OJ IXl ·-=-

2 14 

0010 

DilO 

OI 3 

003 

2 14 
DI 00 4,. 

R45 
c.a.s 15 ,. 

~ ,6,0 I____.:::. 

,6,1 I~ 
A2 lot.A9 J ____!_ 

~ 12 A3 l-IT 
A4 I~ 

A5FIW CS 
1-1£. 

3 13 

1 

n 3 

R~S R/V. 

~ CAS 
,6,0 J:± ,6,1 

A2 "'-.,6,17 jill :it 
A3 
A4 13t 
A50I 00 

2 14 
DI 00 4,. 

RAS 
C4S 

15 

,6,0 ·,:1 Al 

·;~ A2 lo\.89 
A3 
A4 ,_g 
~~~~ cs 

,_..!Q 

13 3 
CS RIYI 

~ RAS 
C45 
,6,0 ,.2.. 
,6,1 I_§_ 

7 
A2 lot.817 ~::it A3 
A4 l=tf 
ASor oo ·-=-

0011 

DI!! A 
MEM)RY DATA DI'UT 

2C4 

4 

DI 4 MOORY DATA 
OUTPUT 

282 2A2 

004 

2 14 

RASOI 00 4,. 

15:: 45 

1:1 ,6,0 

Al 
A2 lot.AlO ~~ A3 

1-M-A4 

ASP/Yi CS .~ 
3 13 

l 

13 3 
CS R/1'1 

~ RAS 
CAS 
,6,0 --2. 
,6,1 I~ 
A2 lot.A18 

7 
jill~ 

A3 1--TI A4 I~ 
ASci 00 

--=:::. 

2 14 
OI 00 4 

RAS 
15:: 

C45 
,6,0 5 

l=i Al 
,-L A2 lo\.810 

A3 •,_g. 
A4 ,_g. 
A5RIW CS 

,_..!Q.. 

1 

13 3 
CS RIW 

~ RAS 
C45 
,6,0 ' ---2. 
Al I-.§. 

,__r A2 IU!18 

A3 ~.-B 
A4 I-ll. 
ASoroo I ___!!2. 

0012 

IEIO!Y DATA OUTPUT 
DI 12 202 

5 

6 

DI 5 DI 6 

~ 006 

2 14 2 14 

RASDI 00 .... Cl IXl 
15 .... RAS 

c.a.s C45 
_i:. ,6,0 AO 

41 .....2.. Al 
A2 lot.All ~j: A2 lot.A12 
A3 A3 1.1}_ A4 A4 

A5RfY; CS I~ ASp/VI CS 

3 13 3 13 

l 

13 3 13 3 
CS RIW 

~ 
CS P./11 

R45 R45 
CAS CAS 

,6,0 •6 AO 

A1 I~ Al 
A2 lot.Al9 A2 lo\.420 

~:~ A3 A3 
44 ._Jl A4 

ASci oo 
,_JQ, 45 DI 00 

2 14 2 14 
Dl 00 DI 00 

RAS 15 .... AS 
CAS AS 
,6,0 I___§_ ,6,0 

A1 I ___.§. ,6,1 l_l A2 lot.Bll A2 lot.B12 
A3 •,_g A3 

A4 I~ A4 

A!\</11 cs 
,__.!!:!. 45

RIW CS 

1 1 

11.3 3 13 3 
cs Rill 

~ 
CS RIW 

RAS R45 
C45 C45 

,6,0 I ___.2. 

~ ,6,1 1--2. 

-~~ ~14..820 A2 IU!19 

A3. . )~ 

~ A4 I_!! 

ASci oo I _.lQ. jAs, I 00 

0013 00 14 

Dil3 DI 14 

f-

6 

7 

\ 
DI 7 

007 

l 2 14 

4 DI 00 

15 :: 
fiAS 

.a.s _.i:_ 
lAO 

_§_ jill 
7 

.J:t IA2 f.U13 
j.\3 ll ...;;;;;;... lt.• 

_1Q_ IA5RIII r.~ 
3 13 

I ,k 13 3 CS RIW 
15 RAS 
~AS 

__§_,6,0 

J~j41 
~ • ---l j42 ~t.A21 
l_llA3 __u. j44 

_.lQ. ASor oo 

2 14 
4 ,. 

RN 
00 

15 :: 
CAS 

_2. ,6,0 

I___§_ ,6,1 
-l A2 lot.Sl3 .-#- A3 

--#- A4 
I .29_ 

ASR/1'1 CS 

13 3 

~ ~~ CS R1Y1 AS 

~ ir.45 

·~ ~ 
.,~ IA2 lot.B21 

A3 

I~ jA4 
.,, ID 

0015 

o; 15 

I TI!LI!TY"I! 
a 

r~"\ 
s 

SCHEMA TIC DIAGRAM 
FOR 

RE.a.DIWR:rt 
IEMJRY 

446450-4 
7 

A 

B 

"1 

c 

0 

E 



" 

-

B 

-

c 

TaEBUS 

-

0 

-

c: 

TC.....,... 

I I I I 5 I 6 I 7 2 3 4 

FS- 4 VOLTAGE AND BYPASS CIRCUITS ~ 
A 

~ 

A 
9 

I 
61:<•5V STANDBY ALL +5V S.B. 

: I J III "I l o.~ o.~ o.;T' oT oT c!; ...,..... 1-

l/•l2V STAIO!Y +12V S.B. 

631'\. 

I 
I 
I 
I 

68:<·5V 

I 
69

1
(•5V 

I 
I 

7a:(cw 

C.!l_ ~ C!.J_ 

a_if' aT Q_l" 
~ ....,..... 

0_1 

w_ ...,..... 
0.1 

c~~4t 

o-:illo.t 

CJ,£1_ Clll_ CUL 

a:T a.~ aT 

C4..ti_ c~ 

o:J' oT 
C32.J._ 

...,..... 
a.1 

cl.D..J.! ...,..... 
6 .. 8 

C3.§..1_ 
...,..... 

a.1 

C5!J.! 
...,..... 

6.8 

C31.l.!.. C3~ C4Qj_ C42...L_ 

6.;! a.il a.iT' a._iT' 

C52__._ 
...,..... 

a.l 

r 
cill_ c~ c<l§j_ c~ c4.tl_ c~ 

a.T aT a.~ 6:-;r' a.~ aT 

::1~ . ~t =t ~r ~r ~r :r I 1 1 1 1 1 1 1 1 1 .w ... 
I -12V ST AIO!Y 3900 

C2~ C~ C2Ll_ C28......L­

a.~ aT o.~ a.7' 
C22.J._ 

...,..... 
a.1 

C30__._ 
...,..... 

a.l 

C3.!J_ C3l.J_ C33_L C34-1-

a.~ a.:T' a.~ a.;-" 

I 

I 2 

~atl 'tf:J 5V ZENER 

I 3 I 4 T 5 -. 6 

c~ 

&?' 
Cla~ 

4-:;r-

..!J...._ Cll 

...,..... 47 

SCHEMATIC DIAGRAM 
FOR 

READ/WRITE MEKJRY 

I 

+5V 

TI!LETYP'E 

• ~- 4 , ..I._roi' 
<!J 

4464SD-5 

c 

~ 

0 

1-

E 

7 /0/ 



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

-

-

-

-

_i_,.""'~..,.... 

TIMING INTERVI>i... 

TELEBUS I£M a..ocK 

TELEBUS BUS ENAII..E Q..K 

TELEBUS OAT AI AOOO!:SS 
TRUE Til£ 

TELEBUS Cti'.'TFO. .. CO, Cl, C2 
TRUE 

TELEBUS I/0 CU< 

LOAD AIXJIESS 
lt..C4-6 

REFRESH 
lt..C3-l3 

REFRESH COlMER 
'£N'AiiT lt..Cl- 6 

110 CLOCK lt..C2 -2 

READ C1HW() 

lt..CS-6 

READ FIF OUlPUT 
lt..B2-8 

XCVR CNTR 
lt..B2-5 

RAM OUlPUT TRUE 

IIRIT'E IXHIANJ 

Rill aMoWil 
lt..B4-3, lt..B4-6 

WRITE DATA LATa£1l 
K...C8, lt..Cl4, lt..B22 

INCREIENT C(MW() 

lt..C4-ll 

ADDRESS REGISTER 
ENAII..E lt..S3-f; 

ROW ADDRESS STROBE 
( RAS) M...A4-3 

txX..I..MII ADDRESS S rRDI!E 
(CAS) lt..Bl-9 

OiiP SELECT 
lt..A3-ll 

T 

TCI 
TIMING DIAGRAM 

l r 69.75NS 
~ 

I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I 

I I I I I 
I I I I 1 

I I I I L----~'--------
1 I I I 1 

..------~1 I I 

I I I I ~ 
I ADDIIESS I :>< DATA I I ADDRESS I I DATA I I 

I I I 1 : 
I LAR ] I NOP I I LA I I WWI I I 

I I I I 
I I I I 1 
I I I I 1 
I I I I 

I I 
I I 

I I I I 
I I I 
I I I 
' I I I 
I I I 
I I I 
I I I I 

I I I I J : I I II ...... -~:-------L 

1 I 

1 I 

\\\ I 

I I 

I 
I 
I 

------------------------~-------------------~~------------------~'----~ I I I 
~ I 

-------------------------~----------------------~~-------------------~~------, I r-
l I I 

~--------------------+--~-----------------~~ I I 

I l 
~-----------------+--------------------~ ~--~--------1 

I I 
I I ..---.:.......1 ------. 

I I I I : I I l I 1 l L 
I I I 

I I I : I I : l I : 
I I 
I I 
I I SCHEMATIC DIAGRAM TELI!T\'~1! 

FOR r Iroi~' READ/WRITE MEMJRY 

4464SD-6 

A 

8 

1-

c 

1-

D 

1-

E 

2 T 3 T 4 T 5 I 8 T 7 70'~ 

';1 

] 



I I I - . 
SHEET INDEX REVISIONS 

SUPPORTING INFORMATION USE OF SHEET INDEX ISSUE DATE AUTH. NO. 

SHEET ISSUE NO. SHEET 
CATEGORY NO. tl'riE~ CHANG~ S ARE MACE Ht : 10· 25 ·76 24724 R CONTENTS NO. I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 NO. 2 2-14-79 22!30 rHIS DRAr'4I\iG 

Sf£!::T It«X. SUPPORTING INFORMA. TION, BLOCK Dio\GRAM 1 I 2 3 1 CIRCUIT CARD ASSEMBLIES 4105XX 3 3- 21·79 2 2 474 
l . CNL Y C:!'-IA~~::;£:J S!-E::TS 

CIRCUIT DESCRIPTION 4500CD ,·,ru ... 8E RE:SSJE:. FS-1 DA T .VAOORESS u:mc 2 l i' 3 2 
CIRCUIT CARD 410504 ; I~L'LING SH~E7 l) 

FS-2 CONTROL LOGIC 3 I 2 3 3 410505 2. ~CHt..~ .. ::;EC S~E TS RE> • A 
4 I I I 4 T !.!!'. EXISTING ISSUE 

FS-3 ROo! l£10lY ARR~ y 
NlMJER 

FS-4 VQTAGE, PIJLL.l.f', BY·P~S CIRCUITS 5 I 2 2 5 THE LAST C~LETE: C8LU''•f\ 

i 
TIMING QWiT 6 I I I 6 Of..: THE SHE£T P.CEX H.Cl-

TC-1 
Ct. TES 7H£ LATE~T ISS£ 
P€R S.-€£7 

- ICTES: -
1. UN-ESS OT1-£Ri'IISE II'()IC.\TEO, +5V IS APPLIED TO PIN 7. CCN£CTCJI PIN ~IGN£NT 12. ISSUE 2 OF THIS SCHEMATIC ADOS PULL UP RESISTOR RPA5·5 

14 CF 14 PIN PAC~GES AKJ PIN 16 CF 16 PIN P~GES. TO NODES MLA2·1,MLB4·1 MLB5-I VIA AN INSULATED 

GRCUD IS APPLIED TO PIN 7 CF 14 PACKAGES AKl PIN 8 WIRE STRAP. 
CCN£CTCfl PIN DESCRIPTION LOC • ON SI£ET 

CF 16 PIN PACKAGES. 13. ISSUE 3 OF THIS SCHEMATIC CHANGED THE CIRCUIT CARD ARTWORK 
A 1 I/0 CLK 582 ,. SUCH THAT PULL UP RESISTOR RPA 5· 7 CONNECTS TO NODES MLA2·1, 

2. LOGIC NOTATION FCflMAT A 3 BUS EN CK 3Dl MLBI-1, MLBI-13, MLB3·1, MLB4-I, MLB5-1, MLB6-I AND MLC7-I. 

~ A~ICATES PACKAGE A 5 I£M CK 3D1 PULL UP RESISTOR RPA 5- 5 CONNECTS TO NODE MLBI-4. 

I LOGIC A.N:TION A 1 INTG IN 5C2 THIS CHANGE MODIFIES NOTE 12. 
B 4 

A 8 INTG ClJT 5C2 
PR 

~ A 10 INTR 5B2 _l_ D .2;_. 
A 12 DEV BEN 5B2 

MLB2 A 13 DEV A EN 5B2 
___1. 

CP CUi\ Q 6 
A 15 INITIALIZE 5B2 
A 17 TRAP 5B2 

N..MlERS REFER TO 
A 19 co 301 

11 

PACKAGE PIN 

- A 21 C1 301 
f-

A 23 C2 301 

" 

INDICATES PACKAGE A 25 D/A D 2Al BLOCK DIAGRAM 
LOCATicr. ON THE A 27. D/A 1 2Al BUS •. 

1 
CIRCUIT CARD A 29 0/A 2 2Al PULL-UP ; 16 BITS 

3 A 31 D/A 3 281 RESISTCf!S 
MLB4 

A 33 0/A 4 2B1 1 2 
.....___. A 35 D/A 5 2C1 

A 37 0/A 6 2Cl 
: A 39 D/A 7 2Cl c 

A 41 D/A 8 2Cl BUS ADDRESS READ ONLY DATA 
3. 00\RD SELECT SWITCH 

43 D/A 9 201 XCVRS LATCH ClJT A I£Kf!Y ARRAY I--
ON- 0/A 10 201 <:I D/A 15 BITS 10 BITS 

~ A 45 LATCH 

'[i] "ON" - SWITCH a..oSED A 49 D/A 12 2El 

2 CJ::] •a=F• - SIIITCH !FEN A 51 0/A 13 2E1 t--
3 r::::::c::J DOT DOfiN EQUALS "ON"· 

A 53 D/A 14 2E1 
A 55 0/A 15 2El - 4 CJ::] A 57 NIC 5A2 ~~ .j~ t !-
A 6: +5 STAKJBY 5E2 

4. CABLING 
A ,64 -12V 5C2 

--:rHfFOLLOI'IING INTERCCN£CTION I£THOO IS USED TO 
CONSERVE SPACE ON LEADS PERFCf!MING SIMILAR Fltl· A 65 -12V 5C2 

10 SELECT LII'£S 
CTIONS. A 66 +12V 502 

u~u u 
Al A 67 +12V 502 

1 BIT 

A2 A2 IS A2 A2 
A 68 +5V 502 
A 69 +5V 502 

A3 ~ TI£ A3 A3 A 70 GND 502 
1- SAME 0 

M A4AS A4 M A 71 GND 502 

~ CARD 
~ 

ROo! 
A5 A5 A5 A5 "" AOORESS CQlHI 

~ AI'() . SELECTCfl 
...___ 

RANGE 
r f--

5. CONNECTCfl CODE 8. ALL CAPACITANCE VALUES IN MICRCFARAOS, ALL RESISTCA SCHEMA TIC DIAGRAM 
BUS SELECTCfl -VALUES IN CHIS, lJ'.l.ESS OTHERWISE SPECIFIED. FCfl 

A- II'()ICATES "A"· CONNECTCfl PULL-UP 
EPRG! I RESISTCf!S -~INDICATES MAl£ PIN 9. SIGNAL FLOfl INDICATCf!S 

U<IOIRECTIONAL BIDIRECTIDIAL I CLOCKS • TIMING .. I 
1 '-INDICATES PIN N.MlER DATA DATA DATA BUS --- - CLOCKS APPROVALS RECEIVER 

i ~J '~· PR~~MFG REL. 

{ } i 
ex: OIR. COMPL. 

6. SI£ET LOCATION CODE 
CONTRU.S 1\- , i'h~r' ~'Y] 

I 
L_. ClJTPUT ENGfl. A\s.IDSGNR. 

1 - A-5 3 BITSI CrnmoL 1-- DRN,i · . ..J !DATE E T -c__ INDICATES X-Y COCJIDINATES CN 
.. CONTROL 

DECCDE .. R S 0 FILE 6-167 .172M 
LA, LAR S~NUMBER OIST ANT SI£ET 

10. Rl7 R43 ONLY PRESENT ON CIRCUIT CARDS BUS 
INDICATED DISTANT SI£ET IUilER 

THROUGH 
CONSTRUCTED FROM 410504 BASE CARD. PULL-UP T~LETVPI! 

II. FULL MEMORY ARRAY SHOWN SEE SPECIFIC CARD RESISTCf!S ,~~ ASSEMBLY FOR ACTUAL MEMORY CONTENT. 

4500 SO-l 
I . I I - .~~~. .... 



.... --

-~ 
E 

2 

NOTE 10 
+SV --t>-----4>-----4>-----, 

'A" 

I 

R28 
180 BUS TROCEIVERS 

3 4 5 6 

FS -I DATA I ADDRESS LOGIC 

OAT.\ CUTPliT Lo\TCH 

1/ D/A 0 IIOORESS LATCH 

I" CUT C lC 25 A tD 
27 V D/A 1 1 B D _!L 

I' 8 2 12 B B 13 D1 
29 :~ D/A 2 l2 BUS {" 5 2 "j £{1 

A 3 DO j I€KJRY 
DArt. 

+SV ----''---.~~.-.-..---, 

31 1/ D/A 3 15 IN C ll . 10 C ru;N C 11 D2 

I" 0 14 7 D 0 6 03 
fot.C3 

EN 8 EN 4 

Ot 09 
14..83 

CUTPUT 

4C7 

l~' 
CLR 

I 
I 

NOTE 10 I J . I' MLB4 

·sv r : 3 :[ ~ ... 2 l , o\1 CK 4 5 l A2 
Y9 B B ~:: h: ~: ~~:~ E~B 7 E~~~94 6 j :4 ~>IN CUT ~ ;5 ~ 

> > ;> ~C4 B 3 13 E E 12 AS 

33 
1/ D/A 4 4 A CUT C 10 11 F F l10 46 

~ ou '/ 
I· ~ 

35 '/ D/A 5 1 B BUS ~9 
I" {A 5 15 A /A 14 04 _ _ ___ _ 
IL D/A 6 12 2 s 4 os r RPC17 2 .2K , 

37 c 8 B 8 +5V I 

39 c D/A 7 15 D 1 IN ~ ~~ 
1

~ ~ ~ ~
1 

: I€KJRY : -t.t,t,t I I'- < DATA I I 
CUT OOTFUT 

NOTE 10 IN 4C7 I I I 

•sY ~ ~ l ~ 1~ ~ : ~3 : I c~~ I '- i2 i3 9 iO-- J 
~ ... I '/ 

R39 R38 R37 R36 CK CLR MLBS 

I > 180 > 180 > 180 180 _y 9 : T 3 A A 2 l I I A7 

41 1/ D/A 8 4 A ~A 6 
4 J fB 

5 
l . AS I' 8 3 14 c IN c 15 A9 

43 1/ D/1. 9 1 B CUT C 10 13 D D ~ o\10 
1'\. 

0 
13 II E OUT 10 

I' ... 5 ' : CK 
: ' I : 9 . I LA11382 

7 

} ~ss 
401 

}~ 
45 1/ 0/4 10 12 : J)BUS E 

47 I/ D/1. 11 15 0 {B 2 i ' ; . y~ LOll ORDER 
I"- IN C 11 · ' ; . ; COUHI SELECT AOORESS 

EN
8 

EN o 

14 

: , I : ~+~5 ' . 14 n rl9 -- r-----, 
NOTE 10 . ,• 2 2K I SEE NOTE 12 

+5V ~ ~• ~ ~· ~ '_ --· _ • ___ · I R~AS ~AND 
13 

v . L,. _____ _. 

R43 R42 R41 .ft40 7 9 7 Put 382 

180 180 180 180 ENS EN I.~A 6 
RAl2 } 6 I ' .. > > > fot.C6 8 3 RA13 HIGH ORDER I I 

fot.C7 ' 1/ 0/A 12 4 ~ CUT 1D RA14 ADDRESSES 

49 I" AI' ~ 11 RA15 382 5 A /A 4 01D 

51 1/otA13 1 8 1 8 8 s ou 

I" <)BUS (A s 2 c c 3 ou 

53 I/ D/o\14 12 C 8 2 10 ~< CUT D 11 013 J 
II'- IN lu 12 IN< 13 014 

C E E 

55 
I/ OtA 1s 1s 

0 0 114 1s F 1 : 14 ms 1"- ~ ·,~ ,, 
307 XCVR DJTPUT DW!lE CK 

3E7 DUA OUTI'ur lATCH ClK J 9 

307 AlllRESS lATCH CLK 

2 3 4 5 

IEKRY 
DATA 

CUTPUT 
4C7 

6 

SCI£MA TIC DIAa!AM 
FOR 

El'fl()l 

TI!LI!TV~e: 

P£U!~C 
I ..(~ '\ 

® 

4500 SD-2 
7 /b 

A 

8 

] 

···]_·_ .. ··, 

,;,; 
c 

D 

E 



TCM()..()3H 

3 

"'I 5 

~) 19 
~ 

21 

23 

2 

SWl 

u . ,_, 

7 ,~2 (9) 

6 :--3 (C) 

5~4 (:l) , .... 

"" 207 
LAll 

LOll OOOER 
COLJ.Mj srucr AOORESS 

PU 1 
207 

SEE NOTE 12 

_L. 
CLR 

'r"r 7 RAl2 

l2 ~-"( RA13 

"•" ~ llc OUTC 10 !S"'o 
RAl4 i:I!N 

~§ 
5 RAl5 4 D D :c 

CK 
~ 

"""99 

HIGH Cll!JER 
AiJDRESS LATCH 

+5V 

Rl 4.7K 

---- - ·--· 

"~ ><a"~ 
2 ,. .. 

I 
3 8 8 4 !/ BUS EN CK 

l) I-EM CK 5C OUTC 6 

IN D 10 [) co 11 D 

:) C1 13 E E 12 

:>. C2 
15 FiENA EN~ 14 

"' J 9 

0 0 0 0 0 

"' "' <X) co "' .... .... .... .... 

" " .1~ .1.1.1 •• 
BUS RECEIVER 

+5V ~ 

NOTE 10 

2 

3 

"~ ..,.. •n 
v 

R3~ 

R2~ 
R4 v 4.7Kj 

v 

15 47 r.t.A3 01 

1 A£, 02 

2 A5 03 

3 A4 04 

5 Ail 

6 Al 

7 42 

4 ~Sl CS2 rr,. 
cARD srucr 

RCM 

... 

~ 

c:r- 8 
t-t..B2 

~ 

3 

4 5 

FS-2 CONTROL LOGIC 

14 RPA5 2 . 2K ~SISTCP.S 
•5V 

•5V 

~~~~ ;> _l -l2 4 3 2 1 

R16 13 
v 

15 0 AO 

1 
l2 R 15 

12 14 
Al 2 

ll Rl4 

R 13 10 
v 

1 42 3 11 

R 12 9 
v ....L .6.3 4 10 

Rll 5 3 
v 

9 

R 10 4 
v 6 

R~ 5 
v 7 

R8 6 
v 8 

R 7 7 
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'3. 

CIRCUIT DESCRIPTION OF THE 410400 

INSTRUCTION EXECUTIVE LOGIC/A CARD ASSEMBLY 

Section I - User Information 

1. General Description 

4400 CD 
Issue 1 

1.1 The 410400 Instruction Execution Logic/A (IXL/A) Card Assembly and the 
410401 Instruction Execution Logic/B (IXL/B) Card Assembly provides the logic 
and timing necessary to execute the instruction stream for the 40C400 Controller. 

1.2 The IXL/A card assembly contains the data path logic, consisting essentially 
of a Bus Interface, Register File, Arithmetic and Logic Unit, and a Status 
Register. The controls for the logic are generated on the IXL/B Card and 
connected to the IXL/A Card via the '~" Connector. The !XL/A Card is connected 
to the Telebus via the "A" Connector. 

1.3 In operation, each instruction is executed as a sequence of micro-steps. 
Each micro-step requires 1.116 microseconds. The sequence followed for a 
given instruction is dictated by the microprogram stored in the IXL/B Card. 
(Refer to 4401CD .-) The steps for an instruction generally follow this 
sequence: 

(1) The instruction is fetched and stored; the Program Counter is advanced 
to the address for the next instruction. 

(2) The Source operand is fetched and stored in the Register File. 

(3) The Destination operand is fetched and stored in the Register File. 

(4) The arithmetic or logic operation is performed on the Source and 
Destination and the result is stored in the Register File. 

(5) The result is written in the Destination address. 

1.4 ·The number of micro-steps per instruction v~ries from 2 to 12. During 
each step, the control leads from the IXL/B select the logic operation for the 
IXL/A Card. At the next step, a different logic operation is select;ed. 

2. Feature.i 

2.1 The operational features of the IXL/A Card are described by the instruction 
set of 40C400 Controller (refer to 4401 CD). 

2.2 Run Light 

. 2.2.1 One feature unique to the IXL/A Card is the Run Light. This is a 
Light Emitting Oiode (LED) on the left side of the card which is normally 
positioned to the front of th~ module. · Each execution of the DLA instruction 
actuates a timer circuit which in turn energizes the Run Light for approxi­
mately 100 milliseconds. By ex~cuting the DLA instruction every 100 milli­
seconds during normal operation of the Controller, the Run Light appears as a 
continuously glowing indicator. Deviation from normal operation should cease 
execution of the DLA instruction with the consequent extinguishing of the Run 
LED. In this manner, the Run Light serves as an indicator of Controller opera­
tion. 

• 
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' 
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2.2.2 Provision is made for locating the Run Light at a remote location. 
Pin (B68) of the IXL/A "B" Connector may be connected to another LED 
through the backpanel and an external cable. 

2.3 Restart Function 

2.3.1 A Restart Function is provided on the IXL/A Card. It permits a 
Restart Switch to be connected to the IXL/A via the Back Panel. Operation 
of the Restart Switch causes a timed active low signal on the Telebus 
Initialize lead similar to that provided by the Power On Reset (POR) 
generated by the Power Supply whenever AC Power is initially applied. 

2.3.2 The condition of the Restart Switch, open or closed, is reflected 
in Bit 5 of the Status Register where an instruction may be used to test 
for the state of the switch. This permits differentiation between 
Initialize generated by the POR and one generated by operation of the 
Restart Switch. The System Power Up sequence can use this difference to 
either restart the user's program or branch to the System Absolute Loader. 

2.3.3 Two straps may be inserted to obtain one of three modes of operation. 
The IXL/A Card is supplied with Strap s2 inserted and Strap 5, deleted. 

2.3.3.1 Whever both of the two straps are connected, Bit 5 of the Status 
Register is wired to- a permanent "O" condition and the Restart Switch option 
is bypassed. Upon termination of the Initialize signal, the !XL will auto­
matically sequence through the vector address at location 177776 • 

2.3.3.2 Whenever strap s2 is inserted and S1 is deleted, bit 5 of the Status 
Register is wired to a permanent "O" condition, but the Restart Switch 
option is effective. Each time the switch is operated, an Initialize signal 
will be generated causing the IXL to recycle to the Power-Up sequence through 
the vector address contained at location 177776. 

2.3.3.3 Whenever strap s2 is deleted and 81 is inserted, the Restart 
Switch option is again effective and the Status Register Bit 5 reflects 
the state of the Restart Switch. Consequently, whenever an Initialize signal 
has caused the IXL to recycle to the Power-Up sequence, operation of the 
Restart Sw~tch is required to allow the power up sequence to be completed. 

2.4 Continue Switch 

2.4.1 The Continue Switch is a momentary switch located at the top, left of 
the !XL/A Card adjacent to the Run Light. This switch is intended to be 
utilized by a field maintenance person during Self-Test checkout of the 
40C400 Controller • 

2.4.2 The Self-Test procedure allows the System Designer to vary the 
composition of a 40C400 Controller within the framework of the System 
Definition and still permit the Self-Test sequence to function without 
modification. 

3. Supporting Information 

3.1 Schematic 4400SD. 
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Section II - Circuit Description 

1. General 
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1.1 The 410400 Card Assembly requires +5 Volts from the power supply. 
The voltage drop of the power leads on the 410400 card has been held to 
less than 2%. The power supply system should provide the +5 Volts with· 
sufficient tolerance to include the 2% due to card voltage drop and still 
provide +5 Volts +10% at the supply. leads of all integrated circuit 
packages. -

1.2 Other voltages referred to in the circuit description have the 
following tolerances: 

Voltage 

VL 

VH 

Voltage Range 

0.0 v. to +0.4 V. 

+2.4 V. to 5.5 V. 

1.3 The logic notation format is shown in 4400 SD-1. 

1.4 Positive logic symbols are used in the associated schematic (4400 SD). 

1.5 Signal leads are labeled with a title of the function of the signal. 
A line drawn over the title indica~es the signal to be in a low (VL) state 
when the function described by the title is active or present. A title 
with no line indicates the signal to be in a high (VH) state ~hen the · 
function described by the title is active or present. 

1.6 All Telebus signal leads have a line drawn over their titles 
indicating the VL state is the active state. The Telebus logic 1 is a 
VL voltage level with the logic 0 a VH voltage level. 

1. 7 The IXL/A card has an "A" and a "B" Connecter. Power and Telebus 
signal leads utilize the "A" Connector. All leads to and from the IXL/B 
c;ard utilize the "B" Connector. Two leads for the Run LED Timer function 
are connected to the back bus via the "B" Connector-. The connector 
notation format for the schematics is shown in 4400 SD-1. 

2. Block Di~gram 

2.1 The IXL/A Block Diagram, shown in 4400 SD-2, depicts the functional 
blocks and interconnections of the IXL/A Card Assembly. Within each block 
is listed the Functional Schematic (FS) which provides the detailed 
schematic of the block. 

2.2 All the functional blocks.have control leads connected to the IXL/B 
card via the "B" Connector. Interconnection of the control leads is not 
shown in the Block Diagram. 

2.3 The BUS INTERFACE consists of bus transceivers to receive the 16 lead 
Data/Address Telebus signal and to drive the Data Address (D/A 15 - D/A0) 
Telebus signal leads under control of the microprogram. Within the IXL/A 

t~.-,_...,.._».WAAii."'"5"4 If#« 4f'¥*.fl.«i ¥Gil4¥4!f'4ff*f 4·$4fl:0:4,f.Q ;epa:;¢ -~~·~-------~ 14 +• __,~-,..,..,~.-
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Card, the signal leads D/A 15 - D/At/J are connected to the "A" MULTIPLEXER 
and to the IXL/B card via the "B" Connector. 

2.4 The-REGISTER FILE is 16 word by 16 bit random access memory. The 
16 words store the contents of the 16 registers of the IXL. During each 
microprogram step, data can be read from one of the registers, modified 
by the IXL/A logic, and written into the same register. The address 
selection and write control leads of the REGISTER FILE originate in the 
IXL/B card. The output of the REGISTER FILE can be transferred to the 
Data/Address signal leads of the Telebus under microprogram control; the 
output is also connected to the B input of the ARITHMETIC AND LOGIC UNIT. 

2.5 The "A" MULTIPLEXER selects data from the ACCUMULATOR or the D/A(l5) 
- D/A(t/J) signal leads and presents the data to the A input of the ARITIIMETIC 
AND LOGIC UNIT. An integral part of the selection is the Sign Extend 
Multiplexer (SGNX M:uLTIPLEXER) used to extend the logic value of Bit 7 to 
Bit 8 through Bit 15. 

2.6 The ARITHMETIC AND LOGIC UNIT (ALU) performs 16 arithmetic and 16 
logic operations on two 16 bit words. The inputs A and B are 16 bit words; 
the outputF is also a 16 bit word. The Carry In Multiplexer (CIN MULTIPLEXER) 
selects a value for the-carry input from the ACCUMULATOR or the STATUS 
REGISTER. The ARITHMETIC AND LOGIC UNIT and the CIN MULTIPLEXER control 
signals are generated by the Microprogram Read Only Memory (ROM) and trans­
mitted to the IXL/A card via the "B" Connector. 

2.7 The ACCUMULATOR is a 16 bit storage register. The output (F) of the 
ARITHMETIC AND LOGIC UNIT is stored in the ACCUMULATOR during each VL to 
VH t~ansition of the Accumulator Clock (ACC CLK). The ACCUMULATOR output 
is available in both true and inverted state. 

2.8 The STATUS REGISTER is a 6 bit storage register. The values of the 
Status bits C,Z,N,P, and T plus the value of a microprogram flag, CNTEN, 
are stored in the register during each VL to VH transition of the ACC CLK. 

2.9 The STATUS MULTIPLEXER selects values for the C,Z,N,P,T status bits 
from the ARIT.METIC AND LOGIC UNIT output, the ACCUMULATOR output and the 
STATUS REGIS1ER output. The STATUS MULTIPLEXER output is stored in the 
STATUS REGISTER. The value of the status bits are calculated once per 
instruction. Since the STATUS REGISTER is clocked once per microstep, 
the status bits value are stored by recirculating the STATUS REGISTER 
output through the STATUS MULTIPLEXER to the input of the register. 

2.10 The RUN LED TIMER drives the RUN LED and provides the Run Timing 
function. A RUN IN signal in the VL state for approximately 3 micro­
seconds will trigger the timer. The timer provides a pulse approximately 
100 milliseconds in duration. In turn, the timer actuates the RUN LED 
for 100 milliseconds. ~ 
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3. Description of FS-1 Bus Interface and Register File 

3.1 General· 

4400 CD 
Issue 2 

3.1.1 The BUS INTERFACE provides the interface for the IXL/A card to the 
Telebus Data/Address signal leads. Data can be received or transferred to 
the Telebus D/A leads under control of the OUt ENABLE lead driven by the 
L~L/B card. 

3.1.2 The REGISTER FILE is a 16 word by 16 bit random access memory which 
stores the contents of the 16 IXL registers. During each microprogram step 
of 1.12 microseconds, data can be read from a register, modified by the data 
path logic, and written into the same register. 

3.1.3 Refer to 4400 SD-3 for the FS-1 schematic and 4400 SD-9, -10, -11 
and -12 for timing charts. 

3.2 Telebus BUS INTERFACE 

3.2.1 The bus transceivers MLC7, MLCS, MLC9, and MLC3 interface the IXL/A 
card to the Telebus signal leads D/A~ through D/A 15. Each transceiver 
contains 4 high input impedance receivers and 4 open collector drivers 
connected to provide bidirectional bus data flow. 

3.2.2 To receive data from th~ Telebus, the transceiver drivers are 
di~abled by a VH state on the OUT ENABLE lead. The high imped~ce 
receivers within the transceivers amplify, invert the Telebus D/A 
signals, and drive the D/A0 through D/A 15 IXL/A signal leads. The . 
D/A~ through D/A 15 signal leads drive the "A" MULTIPLEXER and the IXL/B 
card Instruction Register through the "B" Connector. 

3.2.3 To transfer data from the IXL to the Telebus requires a VL state on 
the OUT ENABLE lead. Data from the REGISTER FILE (RB~ through RB 15) is 
inverted by the bus transceivers and drives tr~ Telebus D/A0 through D/A 15 
signal leads. Since the receivers within the o~s transceivers are always 
active, the Telebus signals are returned to the u:L/A card. The state of 
RB0 through RB 15 signal leads is reflected by the Telebus bus transceivers 
onto the IXL D/AO through D/A 15 signal leads. 

3.2.4 The timing cycle for the IXL/A card begins with the VL to VH transition 
of the micrcprogram clock and extends until the next VL to VH tra~sition. If 
data is to be transferred from the IXL/A card to the Telebus, the OUT ENABLE 
signal is actuated shortly after the MICROPROGRAM CLOCK positive transition. 
The OUT ENABLE is activated (VL) sufficiently in advance of BUS ENABLE to 
conform with the Telebus timing discipline that D/A signal leads be stable 
70 nanoseconds prior to the VH to VL BUS ENABLE transition. Since auf 
ENABLE remains activated until the next MICROPROGRAM CLOCK transition, 
D/A generated by the IXL/A card does remain stable for at least 70 nano .. 
seconds beyond the VL to VH BUS ENABLE transition. (Refer to TC-l,-2,-3,and -4.) 
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3.3 REGISTER FILE 

3.3.1 The REGISTER FILE.is constituted from four 16 word by 4 bit 
read/write memories (MLC4, MLC6, MLC8, and }~ClO) to form a 16 word by 
16 bit storage file. The 16 registers are: 

Mnemonic. 

RO,Rl,R2 
R3,R4,RS,R6 
R7 (SP) 

PC 
SRC 
TEMP 

X 

Y,Z 
IV 

TRAP 

Name 

General Purpose Registers 

General Purpose Register can 
act as a Sta=k Pointer 

Program Counter 
Source Register 
Temporary Register 

Register used for Store Instruction 

Spare Register 
Interrupt Register 
Trap Register 

3.3.2 The address of fhe REGISTER FILE is selected by the signal leads 
R0, Rl, R2, and R3. The coding or state of the leads are listed and 
shown in 4400 SD-3. When the address leads are stable, correct data will 
be read out of the REGISTER FILE within 60 microseconds. The REGISTER 
FILE output is a VH for a logic one and a VL for a logic zero. The 16 
output signal leads (RB0-RB 15) drive the "B" input leads of ARITHMETIC 
AND LOGIC UNIT and the bus drivers of BUS INTERFACE. Data can flow out· 
of the REGISTER FILE through the BUS INTERFACE to the Teleb~s fi7A 
signal leads. 

3.3.3 Within one timing cycle of the IXL/A card, data is read from and 
written into the REGISTER FILE. Within the cycle one register address 
is used. At the beginning of the cycle, the REGISTER FILE is in the read 
mode. At the end of the cycle, Write Upper Byte (WUB) and Write Lower 
Byte ~LB) can be asserted. When asserted, data from the ACCUliDLATOR 
is written L1to the REGISTER FILE. The WUB and WLB signals are timed 
to be inac~ive prior to the subsequent address change to the next 
IXL/A card cycle. Refer to TC-1,-2,-3, and -4. 

3.3.4 The integrated circuit packages used for the REGISTER FILE read 
out the complement of the data read into the memory. The REGISTER FILE 
output is asserted as positive logic. To accommodate the data inversion, __ .. 
the complement of the data is written into the REGISTER FILE. · -. 

4. Description of FS-2 "A" Multiplexer Low Byte 

4.1 General 

4.1.1 The "A" Multiplexer - Lmv- Byte selects data from the ACClJMULATOR, 
STATUS REGISTER or the D/A(l5) - D/A(~) signal leads and presents the 
selected data as the low byte of the A input to the ARITHMETIC AND LOGIC 
UNIT. Three leads (MUX~, MUXl, and MUX2) from the IXL/B card control 
the selection. 
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4.1.2 Refer to 4400 SD-4 for the FS-2 schematic and 4400 SD-9,-10,-11 and 
-12 for timing charts. 

4'.2 "A" MULTIPLEXER - Low Byte 

4.2.1 The circuit packages MLB4, MLBS, MLB6, MLB7, MLB8, MLB9, MLBlO,·and 
MLBll make up the "A" MULTIPLEXER - Low Byte. Each package provides one signal 
lead of the output leads A7 - A0. The outputs are selected from the high or 
low bytes of D/A, the high or low bytes of the ACCUMULATOR output, the 
STATUS REGISTER output, an interrupt request signal (INTR) and the state 
of the RESTART SWITCH. 

4.2.2 The states of the three control leads OMUX0, MUXl, and MUX2) are 
listed in a table in 4400 SD-4. The functions of the control states are 
as follows: 

4.2.2.1 BUS-Data from the low byte of the bus (D/A0 through D/A7) is 
transferred to A0 through A7. , 

4.2.2.2 BUS SWAB SGNX - Data from the high byte of the bus input signal 
(D/A8 through D/AlS) is transferred to A0 through A7. 

4.2.2.3 +1 - The value +1 is transferred to the A0 through A7 leads (0bl). 

4.2.2.4 -2 - The value -2 expressed in twos complement (177776g) is 
transferred to the output leads. For the low byte,- 376s is transferred 
to A0" through AT~ 

4.2.2.5 ACC- Data from the ACCUMULATOR (ACC0 through ACC7), expressed in 
positive logic (VL = logic 0 and VH = logic 1), is transferred to the output 
signal leads AW through A7. 

4.2.2.6 ACC SWAB- Data from the ACCUMULATOR high byte (ACC8 through ACClS), 
expressed in positive logic (VL =logic 0 and vH =logic 1), is transferred 
to the output leads AW throughlrr. 

4.2.2.7 ACC - SR - Data from the ACCUMULATOR ACCl through ACC8, expressed 
in a positive logic, is transferred to output leads Mf through A7. The 
ACCL~LATOR signals are shifted right one bit position, that is ACCl 
becomes "i§ and ACC8 becomes A7. 

4.2.2.8 STATUS - Data from the STATUS REGISTER, the Continue Switch, 
RESTART SWITCH, and the IN~R signal lead is transferred to the A0 through 
A7 signal leads. Status bits C, Z, N, P, are transferred to leads 
A0 through A3, INTR is transferred to. le_ad A4, the state of the RESTART 
Switch is transferred to lead AS, and the state of the Continue Switch 
is transferred to lead A6. 

-·~",..,_,,_...........,~···'- _._..~-------- . .». 
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4.2.3 The "A" ARITHMETIC AND LOGIC UNIT input requires active low logic 
levels, that is VL equals a logic 1 and VH equals a logic 0. The "A" 
MULTIPLEXER utilizes logic packages capable of providing the inverse of 
the output. The output pins of MLB4, MLBS, MLB6, MLB7, MLB8, MLB9, 
MLBlO and MJ"Bll pr~vide the selected signal in active low logic levels, 
suitable for the "A" input of the ALU. The output A7 is provid~d in 
both normal and inverted logic form. 

4.2.4 The VH input signals to the "A" MULTIPLEXER are derived from the 
resistor R7 connected to the +5 Volt Supply. The VL input signals are 
derived by connecting the inputs to GROUND. 

4.2.5 The states of the control leads are changed at the VL to VH 
transition of the MICROPROGRAM CLOCK and are stable approximately 200 
nanoseconds after the transition. 

5. Description of FS-3 "A" Multiplexer - High Byte and SGi'.'lCMultiplexer 

5.1 General 

5.1.1 The "A" MULTIPLEXER- High Byte selects data from the D/A signal 
leads, the ACCUMULATOR output signal leads, and the output of the SGNX 
MULTIPLEXER and presents the selected data as the high byte input "A" 
of the ARITHMETIC AND LOGIC UNIT (ALU). The states of two signal leads 
(MUX3 and MUX4) control the selection of the "A" MULTIPLEXER - High 
Byte. 

5 .1. 2 To minimize the "A" MULTIPLEXER logic, another leve 1 of selection 
is provided to obtain the logic literals D8 through Dl5. A signal 
(MUX2) from the IXL/B card controls the selection of the output from 
either the D/A leads or the ACCUMULATOR output leads. 

5.1.3 To handle data in byte form requires the sign extend logic 
operation. The sign bit of a byte (Bit 7) is replicated in Bits 8 
through 15 to convert a byte into a word. Once in·word form, the data 
can be processed by the word oriented IXL data path. The SGNX 
MULTIPLEXER :rovides the bit (SGNX) to be replicated. The SGNX signal 
lead is cor .1ected to the "A" MULTIPLEXER Bit 8 through 15 inputs. The 
state of the leads CYCTRL0 and CYCTRLl control the selection of the 
SGNX MULTIPLEXER. 

5.1.4 Refer to 4400 SD-5 for the FS-2 schematic and 4400 SD-9,-10,-11 
and -12 for the timing charts. 

5. 2 "A" MULTIPLEXER - High Byte 

5.2.1 The circuit packages }~B2, MLB3, MLB12 and MLB13 make up the 
"A" MULTIPLEXER - High Byte. The outputs selected are the low byte 
output of the ACCu~IDLATOR, the output of the SGNX MULTIPLExER, and the 
DB through Dl5 output leads from MLBl and MLB14. 
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5.2.2 The integrated circuit packages MLBl and MLB14. provide an additional 
level of selection. The outputs D8 through Dl5 are selected from D/A8 
through D/Al5 signal leads and the output of the ACCUMULATOR ACC8 through 
ACC15. Signal MUX2, a signal from the IXL/B card, cont~ols the selection 
of the MLBl and MLB14 mult~plexer. 

5.2.3 The states of the control levels, MUX2, MUX3 and MUX4, are listed 
as a table in 4400 SD-5. The functions of the control states are as follows: 

5.2.3.1 BUS - Data from the high byte of the Telebus input (D/AS - D/Al5) 
is selected as D8 through Dl5 and is again selected and transferred through 
"A" MULTIPLEXER - High Byte to the AS through A15 signal leads. 

5.2.3.2 BUS SEX - The output of the SGNX MULTIPLEXER, SGNX, is transferred 
to the "A" MULTIPLEXER output AS" through Al5. The total effect of the 
"A" MULTIPLEXER is to transfer the low byte of Telebus input data D/A0 
through D/A7 and convert the byte to a word by extending D/A7 into D/A8 
through D/Al5. 

5.2.3.3 BUS SWAB SEX - The output of the "A" MULTIPLEXER - High Byte is 
the output of the SGNX MULTIPLEXER. The output of the "A" MULTIPLEXER 
Low Byte is the high byte of the D/A signal. The net effect of the 
combined action of swab and sign extend is to right justify the D/A 
high byte and convert the justified byte to a word. 

5.2.3.4 ACC - Data from the ACCU}21LATOR, expressed in positive ~ogic, is 
selected by MLBl arid MLB14 multiplexers and by the "A" MULTIPLEXER - High 
Byte and transferred to the output signal leads ~ through AI! . 

5.2.3.5 ACC SEX - Data from the SGN MULTIPLEXER, SGNX, is transferred to 
the "A" MULTIPLEXER outputs A8 through ffi. 

5.2.3.6 ACC SWAB - Data from the ACCUMULATOR, ACC'/J through ACC8, is 
transferred to the "A" MULTIPLEXER- High Bytr. A8- Al5. 

5.2,3.7 ACC - SR- Data from the ACCUMULATOR is shifted right one bit 
position and transferred to the output, The ACCUMULATOR data A9 through 
Al5 is first selected by the multiplexers MLBl and MLB14 and transferred 
to the "A" NULTIPLEXER - High Byte via the data leads D9 through Dl5. 
When shifted and transferred through the "A" MULTIPLEXER - High ~yte 
~ equals ACC9, A9 equals ACClO, up to AT4 equals ACC15. The output 
of the STATUS REGISTER,C, is transferred through the MLB3 to become 
output Arr. 

5.2.3.8 STATUS - The output of the "A" MULTIPLEXER - High Byte is set to 
a positive logic 0 (VL). _!he "A" MULTIPLEXER - Low Byte is set to transfer 
the STATUS to A0 through A6 and a logic 0 (VL) to A7. The SGNX MULTIPLEXER 
transfers the signal A7 as its output SGNX. In turn SGNX is replicated 
and transferred through the "A" MULTIPLEXER - High Byte outputs XB' 
through AI5'. 
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5.2.3.9 +1 - The output of the "A" MULTIPLEXER is selected to present +1. 
The high byte of the output is generated by selection of bit A7 of the low 
byte as SGNX by the SGNX MULTIPLEXER. In turn the signal SGNX is 
replicated and transferred to the "A" MULTIPT-EXER output "AS through AI3. 

5.2.3.10 -2 - The output of the "A" MULTIPLEXER is selected to present -2, 
in tw~ complement, to its output (A~- AO = 1777768). The high byte 
AI5 - A8 is formed by replicating Bit A7 in Bits A8 through Al5. 

5.2.4 The "A" input to the ARITHMETIC AND LOGIC UNIT requires data in an 
active low logic form, that is VL = logic 1 and VH = logic 0. The circuit 
packages comprising the "A" MULTIPLEXER - High Byte, MLB2, MLB3, MLBll and 
MLB12 provide the output in true and inverted form. The A8ithrough Al5 
signals are derived from the inverted output to drive input "A" with active 
low logic data. 

5.2.5 The state of the "A" MULTIPLEXER - High Byte controls (MUX2, MUX3, 
and MUX4) is changed once per MICROPROGRAM CLK cycle. At each VL to VH 
transition of the MICROPROGRAM CLOCK, the state of the controls is changed 
and becomes stable 200 nanoseconds later. 

5 • 3 SGNX MULTIPLEXER 

5.3.1 One of the four input multiplexers of circuit package MLC2 serves 
as the SGNX MULTIPLEXER. The inputs are A7 and Bit C of the Status. 

-Signals CYCTRL0 and CYCTRLl, generated on the IXL/B card control the 
selection. 

5.3.2 The states of the control leads are listed in a table in 4400 SD-5. 
The functions of the control states are as follows: 

5.3.2.1 A7 -The output of the "A" MULTIPLEXER, Bit A7, is selected 
as the output SGNX. 

5.3.2.2 C - The C bit of the STATUS REGISTER is selected as the output 
SGNX. 

5.3.3 T~e signal SGNX is of active high logic polarity, that is VH = 
logic 1 and VL = logic 0. 

5.3.4 The SGNX MULTIPLEXER control leads change state with each VL to 
VH transition of MICROPROGRAM CLOCK. The state of the control leads becomes 
stable within 200 nanoseconds after the transition. 

6. Description of FS-4 Arithmetic and Logic Unit, the Accumulator 
and the Carry In Multiplexer 

6.1 General 
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6.1.1 Functional Schematic Four depicts the detailed logic of the 
ARITHMETIC AND LOGIC UNIT, the ACCUMULATOR, and the CIN MULTIPLEXER; 
these logic blocks form the core of the IXL data path. The ARITHMETIC 
AND LOGIC UNIT performs the logic or arithmetic operatir.ns on data.­
The ACCUMULATOR stores the ALU output in a 16 bit storage register. 
The CIN MULTIPLEXER selects the carry signal for the ongoing logic or 
arithmetic operation. 

6.1.2 The ARITHMETIC AND LOGIC UNIT performs 16 logic and 16 arithmetic 
operations on two 16 bit inputs, A and B. The output is 16 bits, F. 

6.1.3 The ACCUMULATOR is a 16 bit storage register. Data is stored 
during each VL to VH transition of ACCUMULATOR CLOCK. 

6.1.4 The CIN MULTIPLEXER provides a logic signal CIN as the carry input 
for the ALU logic and arithmetic operations. 

6.1.5 Refer to 4400 SD-6 for the FS-4·schematic and 4400 SD-9, -10, -11 
and -12 for timi~g charts. 

6. 2 ARITHMETIC AND LOGIC UNIT 

6.2.1 The ARITHMETIC AND LOGIC UNIT (ALU) consists of the MLA5, MLA7, 
MLA8, and MLAlO integrated circuit packages. The ALU operates on two 
16 bit word inputs, A and B. Input A is expressed in active low form 
(VL = logic 1 and VH = logic 0) wh~le input B is expressed as active 
high logic levels (VH = logic 1 and VL = logic 0). The output, F, is 
a 16 bit word in active low logic levels (VL = logic 1 and VH _= logic 0). 

6.2.2 The ALU has one additional data input, CIN, which provides a carry 
signal for arithmetic operations. The CIN should have VH = logic 1 and 
VL = logic 0. 

6.2.3 In addition to the output F, the ALU al.3 provides the CALU and A 
= B sfgnals. The CALU signal is the resulting carry out of an arithmetic 
operation with VH = logic 1 and VL = logic 0. 

6.2.4 The ALU output signal A = B is used to detect the zero condition 
of the output F. Each integrated circuit package comprising the ALU 
contains a four input AND gate. The inputs are the F.signals anc the 
output is an open collector. Connecting the four open collector outputs 
A = B forms a 16 input AND gate. For F = O, each F signal is VH, and 
the A = B ALU signal is VH• 

6.2.5 five signal leads, generated on the IXL/B card and connected via 
the "B" connector, control the ALU. The signals (SO, Sl, S2, S3, and M) 
voltage levels a'1d the resulting ALU operations are listed in the table 
in 4400 SD-6. The table of ALU operations lists the possible operations 
regardless of the logic polarity of the inputs or outputs. 
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6.2.6 The table of ALU operations lists 32 possible arithmetic and logic 
operations. Only the following operations are used for the IXL: 

6.2.6.1 A - The output F equals the input. For each bit of A in the VL 
voltage state, the corresponding F bit is in the VL state where VL = 
logic 1 for both F and H. 

6.2.6.2 A + CIN - The output of the ALU equals the value of A summed with 
the value of CIN. 

6.2.6.3 A A B - The ALU output equals the product of the A input and the 
complement or inverse of the B input. To demonstrate the difference in 
voltage logic levels, the truth table for each bit of the output is 
presented: 

A B F 

VH = 0 VL = 0 VH = 0 

VH = 0 VH = 1 VH = 0 

VL = 1 VL = 0 VL = 1 

VL = 1 VH = 1 VH = 0 

6.2.6.4 A A B - The ALU output is the product of the A and B input signals. 

6.2.6.5 0 - The ALU output is 0; that is all Bits of F are VH voltage level. 

6.2.6.6 A +A + CIN - The ALU output is the value of A summed to itself 
and ·the value CIN. 

6.2.6.7 A - B - CIN - The output F equals the value of A minus B minus 
CIN (the inverse of CIN). 

6.2.6.8 A v B - The output F is the inverse of the logic product of 
A or B. 

6.2.6.9 A v B - The output F is the logic product of A or B. 

6.2.6.10 A ~ B The output F is the logic product of A exclusive or B. 

6.2.6.11 A+ B + CIN- The output F is the arithmetic sum of A plus B 
plus CIN. 

6.2.6.12 B -The output F equals the value of the B input. 

6.2.6.13-A A B- The output F is the logic product of the inverse of A and B. 

6.2.6.14 A- The output F equals the inverse of A. 

6.2.6.15 A- CIN- The output F is the result of A minus CIN. 
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6.2.7 All arithmetic and logic operations are binary. Subtraction is 
performed by forming the two's complement of the subtrahend and summing 
the result to minuend. 

6.2.8 The state of the ALU control leads is changed at every VL to VH 
transition of the MICROPROGRAM CLOCK and stabilizes within 200 nanoseconds 
of the transition. The settling time for the ALU output is dependent upon 
the arrival times of the inputs. The timing charts TC-1, TC-2, TC-3 and 
TC-4 present the different settling and arrival times the ALU in operation 
for four steps of the microprogram. 

6.3 ACCUMULATOR 

6.3.1 The ACCUMULATOR is a 16 bit word storage register composed of 16 
"D" type flip-flops. Data at the input is stored and transferred with each 
VL to VH transition of ACCUMULATOR CLOCK. 

6.3.2 The ACCUMULATOR provides the literal in true or complement. ATICW 
through ~ signals are VL for a logic 1 and VH for a logic 0. The 
outputs ACCV through ACC15 signals are VH for a logic 1 and VL for a 
logic 0. 

6.3.3 The integrated circuit packages MLA3, MLA4, MLAll, and MLA12 
comprise the ACCUMULATOR. Each circuit package contains 4 "D" type 
flip-flops which are positive edge clocked. 

6.3.4 The state of the ALU F output, which is also the ACCUMULATOR input, 
is stored with each positive (VL to VH) transition of the ACCUMULATOR 
CLOCK. The ACCUMULATOR CLOCK is generated in the IXL/B card and connected 
via pin B38 to the IXL/A card. The positive transition of ACCUMULATOR 
CLOCK normally occurs 837 nanoseconds after positive transition of the 
MICROPROGRAM CLOCK. The exception is the microstep calling for the Read from 
Device (RDV). If one of the Telebus signal leads DEVICE A ENABLE or 
DEVIC~ B ENABLE is actuated, the microprogram tep for RDV is extended 
to 2.24 microseconds, as shown in TCl·and TC2. for this case, the 
ACCUMULATOR CLOCK occurs 1.95 microseconds after the positive transition 
of the MICROPROGRAM CLOCK. The "stretching" of the RDV microstep allows 
the device on the Telebus sufficient time to place data on the Telebus. 

6.4 CARRY IN MULTIPLEXER 

6.4.1 The CARRY IN MULTIPLEXER consists of one of the four input 
multiplexers of MLC2. Signal leads CYCTRL0 and CYCTRLl, derived 
from the IXL/B card through pins B37 and B38 control the selection of 
the CIN MULTIPLEXER. 

6.4~2 The states of the control leads are listed in a table in 4400 SD-6. 
The states description follows: 

6.4.2.1 0 -The output of the CIN MULTIPLEXER is set to V1 = logic O. 
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6.4.2.2 1 - The output of the CIN MULTIPLEXER is set to VH = logic 1. 

6.4.2.3 C STAT - The output of the CIN MULTIPIEXER is equal to bit C 
of the STATUS REGI~~ER. 

6.4.2.4 ACC15 - The output is equal to Bit 15 of the ACCUMULATOR output. 

7. Description of FS-5 Status Multiplexer, Status Register and 
Run LED Timer 

7.1 General 

7.1.1 Functional Schematic Five depicts the Status Multiplexer, the 
Status Register, and the Run LED Timer. The IXL Status Register contains 
information on the current state of the IXL. The Status consists of the 
N, Z, C, and P bits plus the status of the INTR signal, the condition of 
the Restart Switch and the condition of the Continue Switch. 

7.1.2 The STATUS REGISTER maintains theN, Z, C, and P bits as calculated 
once per instruction cycle. The data is maintained by recirculating the 
STATUS REGISTER output through the STATUS MULTIPLEXER back into the STATUS 
REGISTER. The STATUS REGISTER is clocked once per MICROPROGRAM CYCLE with 
each VL to VH transition of the ACCUMULATOR CLOCK •. 

7.1.3 The STATUS MULTIPLEXER selects the values for the STATUS under 
control of the STAT CTRL 0, STAT CTRLl, STAT CTRL2, STAT CTRL3, SEQ CTRL, 
and the BYTE signals derived from the ·rxL/B card. All STATUS bits 
including the I~~R, Restart Switch, and Continue Switch Conditions are 
selected by the STATUS MULTIPLEXER. 

7.1.4 The RUN LED TIMER is an analog timer which drives the RUN LED. 
When pulsed by a pulse of 3 microseconds or longer, the TIMER powers 
the RUN LED for approximately 100 milliseconds. 

7.1.5 Refer to 4400 SD-7 for Functional Schematic Five and 4400 SD-9, -10, 
-11, and -12 for the timing charts. 

7.2 STATUS KEGISTER 

7.2.1 The STATUS REGISTER is a storage register composed of 5 "D" type 
flip-flaps of the integrated circuit package MLCll. The sixth "D" type 
flip-flop stores the Count Enable bit (CNTEN); this bit can be considered· 
a status bit for the microprogram and is not available for program use. 

7.2.2 The inputs to the STATUS REGISTER are the outputs of the STATUS 
MULTIPLEXER. The outputs C,Z,N,P, and T are connected to the "A" 
MULTIPLEXER - Low Byte, the STATUS MULTIPLEXER, the SGNX NULTIPLEXER, 
and to the IXL/B card via connector pins B47, B48, B49, B52, and B57. 
The output signal CNT EN is connected to IXL/B through connector pin B35. 

7.2.3 Data is stored in the STATUS REGISTER during each VL to VH 
transition of ACCUMULATOR CLOCK. 
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7.3.1 Integrated circuit packages MLA14, MLCll, MLC13 and MLC14 comprise 
the STATUS MULTIPLEXER. The STATUS MULTIPLEXER selects ~alues for the :, 
Z,N,P,T, -and CNT EN Status bits from the ALU outputs, F, C ALU, and A = B, 
and from the STATUS REGISTER outputs. 

7.3.2 The selection of a value for theN bit involves another multiplexer 
within the MLC14 circuit package. The output of the multiplexer is N ALU~ 
The control leads are Byte and SEQ CTRL, both derived from the IXL/B card 
through connector pins B39 and B9. The function of this multiplexer is 
to select the value of N from F7 for a byte operation andfrom Fl5 for a 
word operation. The signal N ALU is connected the input of the STATUS 
MULTIPLEXER. 

7.3.3 The states of the STATUS MULTIPLEXER control leads are listed in the · 
table in 4400 SD-7. The function of each state is as follows: 

7.3.3.1 XFR- The XFR is used to calculate the status for the Move, Bit 
Test, Bit Clear, Bit Set, Exclusive Or, Clear, One's Complement, Increment, 
Decrement, Test, and Exchange Bytes instructions. Status list N is the 
value of Vi or F!) depending on word or byte operation. The Z bit is 
derived from the A = B output of the ALU. The status bits P and T remain 
unchanged by recirculating the STATUS REGISTER outputs P and T through the 
STATUS MULTIPLEXER back to the inputs of the STATUS REGISTER. 

7.3.3.2 SUB- The SUB state is used to calculate the status for the 
Subtract and Compare instructions. Status bit N is set to the value of 
signal F7 or Fl5, dependent on word or byte instruction. Status bit Z 
is set to the value of the A = B output of the ALU. Status bit C is set 
to CALU, the inverse of the carry out from the ALU. Status bits P and 
T remain unchanged by a recirculation of the STATUS REGISTER outputs 
through the STATUS MULTIPLEXER back to the inputs of the STATUS REGISTER. 

7.3.3.3 NOP (RECIRCULATE) -The NOP state is used to maintain the Status 
from the previous microstep. Status bits C,Z,N,P, and T remain unchanged 
by a recirculation of the STATUS REGISTER output through the STATUS 
MULTIPLEXER back to the STATUS REGISTER INPUTS. The next ACCUMULATOR 
CLOCK V1 to ~'H transition will restore the Status bits into the STATUS 
F£GISTER. 

7.3.3.4 ADD- The ADD state is used to calculate the status of the ADD, 
Arithmetic Shift Left, and Rotate Left instructions. Status bit N is set 
to the value of 'F7 or m, dependent on word or byte instruction. s'tatus 
bit Z is set to value of the A= B output of the ALU. Status bit C is set 
to valu~ of the CALU output of the ALU. Status bits P and T remain 
unchanged by the recirculation of the STATUS REGISTER outputs back to 
the STATUS REGISTER INPUTS. 

7.3.3.5 SHR- The SHR state is used to calculate the status of the 
Arithmetic Shift Right, and Rotate Right instructions. Status bit N is 
set to F7 or FI5 dependent on word or byte instruction. Status bit Z is 
set to the value of the A = B output of the ALU. Status bit C is set to 
the output of the ACCUMULATOR, ACC0. Status bits P and T are maintained 
by recirculation of the P and T bits of the STATUS REGISTER. 

----,··---~-------------
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7.3.3.6 BUS -The BUS state is used to transfer data from the data path to 
the STATUS REGISTER. Data from the Telebus or REGISTER FILE is propagated 
through the ALU and into the STATUS MULTIPLEXER. In turn, the new data is 
clocked into the REGISTER. ALU outputs FW, FT, F; and Fr are selected by 
the STATUS ~IDLTIPLEXER and stored as STATUS REGISTER bit P, C, Z, and N. 
Status bit T is maintained by recirculation of the STATUS REGISTER output. 

7.3.3.7 CLEAR T - The CLEAR T state is used to clear the T bit of the 
STATUS REGISTER. The other bits of the STATUS REGISTER are maintained by 
recirculation of the STATUS REGISTER outputs. When cleared, the T bit is 
VL• 

7.3.3.8 SET T- The SET T state is used to set the T bit of the STATUS 
REGISTER and maintain the other bits. Bits C,Z,N, and P are restored by 
recirculation of the STATUS REGISTER outputs. The T bit is set or recleared 
by equating T to the value of the STAT CTRL0 signal in the STATUS 
MULTIPLEXER. 

7.3.4 The control leads STAT CTRL0, STAT CTRLl, STAT CTRL2, STAT CTRL3, 
SEQ CTRL0,and Byte are changed once per MICROPROGRAM CLOCK cycle. The 
control signals begin to change value or state at the VL to VH transition 
of the MP CLK and become stable within 200 nanoseconds. The STATUS 
MULTIPLEXER outputs become stable prior to each VL to VH transition of 
ACC CLK. 

7 .4 RUN LED TIMER 

7.4.1 The RUN LED TIMER is an analog timer, MLA2, with resistor Rl and 
capacitor Cl as the timing components. The input is the RL~ (IN) signal; 
the output is the RUN (OUT) signal and the RUN LED. 

7.4.2 A pulse of three microseconds or longer of VL level applied to 
the RUN (IN) lead will trigger the timing circuit. The timer output, 
MLA2(3) rises to VH for approximately 100 milliseconds, actuating the 
RUN LED and driving RUN (OUT) to VH· 

--~--~ ----~~ ---~--~----~-~- --------~ ~-----
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SECTION I - USER INFORMATION 

1. General Description 

4401CD 
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Issue 1 

1.1 The Instruction Execution Logic (IXL) requires two card assemblie~ -
the IXL/A and IXL/B inserted into card positions 1 and 2 of the Logic Module. 
The Instruction Execution Logic provides the logic required to execute a 
sequence of instructions for the 40C400 Controller. 

1.2 The IXL is divided into Data Path Logic and Sequence and Control Logic. 
The Data Path Logic receives data from the Telebus, processes the data and 
returns the data to the Telebus. The IXL/A card comprises the logic for the 
data path. The Sequence and Control Logic contained on the IXL/B card decodes 
the instruction stream so as to sequence the data path operations. The 
Instruction Set is composed of Instructions, Figures 1 through 7, and the 
Operand Addressing modes, Figures 8, 9 and 10. Table 1 lists the abbreviations 
used to describe the Instruction Set. The Instructions are divided into the 
following categories: 

1.2.1 Double Operand Instructions - The Double Operand Instructions, shown 
in Figure 1, require both Source and Destination Addressing, shown in Figures 
8 and 9. 

1.2.2 Single Operand Instructions - The Single Operand Instruction, shown 
in Figure 2, Pequire only Destination Addressing. 

1.2.3 Branch Instructions - Figure 3 lists the Branch Instructions. 

1.2.4 Jump and Return Instructions 
Instructions. 

Figure 4 lists both Jump and Return 

1.2.5 Data Block Instructions (Control Instruction Group) - Figure 5 lists 
the Data Block Instructions. 

1.2.6 Diagnostic Instructions (Control Instruction Group) - The Diagnostic 
Instructions are listed in Figure 6. 

1.2.7 Status Register Instructions (Control Instruction Group) - Figure 7 
lists the instructions that can set or clear the Status Register. 

1.3 The IXL/B card executes an instruction by first obtaining the instruction 
from the Telebus via the IXL/A card. The instruction is stored and decoded. 
into a series of steps called microinstructions. In turn the microinstructions 
~re decoded into control signals by a.microprogram stored in an array of 
Read Only Memories (ROM). The series of microsteps, each approximately 1 
microsecond in time, sequences the data through the data path to perform the 
instruction. When an instruction is completed, the next instruction is fetched. 

1. 4 The IXL/B also contains logic to command Te lebus operations and logic to 
generate timing pulses to synchronize the operation of the Controller. 

t 
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2. Features 

4401CD 
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2.1 The IXL/B card contains the capability to implement a Self-Test feature. 
This feature is provided by four LEDs and a momentary switch called the 
Self-Test switch installed on the upper edge of the card. ~amed Diagnostic 
LEDs, these LEDs are used to indicate the successful completion of the Self­
Test routine, or to indicate the card position code of a card which has 
failed the Self-Test. Depressing the Self-Test Switch intiates a self-test 
microinstruction sequence within the IXL. If the IXL functions properly all 
four Diagnostic LEDs are energized. Releasing the Self-Test Switch continues 
the testing of the Controller by means of the Self-Test routine contained 
in the System Memory area. 

2.2 In addition to the conventional Instructions, the IXL/B microprogram 
permits special instructions to be easily incorporated which enhance the 
performance of 40C400 Controller. These include instructions which speed 
up Display functions; Rapid Block Transfer (RBT), Store (STO), Search (SRH). 

3. Supporting Information 

3.1 Refer to 4401SD for schematics of the IXL/B card. 

3.2 Refer to 4400CD and 4400SD for a description and the schematics of the 
IXL/A card. 

-·-~-~ - 1 .,0 ----.. - R-~-
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TABLE 1 ~, ..;t N N ..;t ..;t ..;t ..;t ..;t 

~ co ,..._ ,..._ co co co co co . . . . . . . . 
i : LEGEND FOR INSTRUCTION SET DESCRIPTION H ,..._ \0 \0 ,..._ ,..._ ,..._ ,..._ ,..._ 

f 
~ 
~ 

I , ' Q 
i 
I LEGEND FOR SYMBOLS USED ~ ! 
I 

J:>;:l 

I • = 0 for wo·rd/1 for Byte 
l ss = Source Field (6 bits) -- :I 0 i' 0 0 0 0 i' i' 
I = Destination Field (6 bits) I DD i' i' i' i' i' i' .;c iC 

I JJ = Jump Address Field (6 bits) i' i' iC i' iC i' i' i' 

I R = General Register 0 to 7 (3 bits) / 

XXX = Offset, +127 to 1-128 (8 b"its) 

I yy = Parameter or selected status bits (4 bits) 

• I = Index Word 
I A = Valid Address I N = Program Variable ....... z f<n (IJ rn rn rn 

I s = Contents of Source 0 
H '-" > > + 
~ 

< Cll 
I d = Contents of Destination co co co "t:: "t:: "t:: ..0 "t:: z 
! PC = Contents of Program Counter ~ ~ .. ~ .J. 

"" 

0 
rz:l I < H 

= Contents of Status Register ' P-o ~ 
SR 0 "t:: "t:: "t:: "t:: "t:: "t:: "t:: "t:: u 

TR = Contents of Trap Register 
.. ~ 

IR = Contents of Interrupt Register ~ 
Cll 

= Jump Address 
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j ' 
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= Number of words in the data block operation 
I'Ll 

n Q 0::: z 0 
-r ~ 0 
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fP I CODE DD 
I I 

6 5 0 5 

MNEMONIC OCTAL CODE INSTRUCTION OPERATION N Z C EXECUTION TIME 

1 

l 

CLR(B) • 002DD CLEAR d~o 0:1 0 

COM(B) I 003DD ONE'S COMPLEMENT d+- d * * 0 

INC(B) I Ol2DD INCREMENT d~d + 1 * * 0 

DEC(B)' 1013DD DECREMENT d+-d - 1 * * 0 

TST(B) I 022DD TEST d * * 0 

ASL(B) I 023DD ARITHMETIC SHIFT LEFT d+-2d * * * 
ASR(B) !11032DD ARITHMETIC SHIFT RIGHT d +-d/2 * * '1< 

ROL(B) 1033DD ROTATE LEFT d +-2d + c * * * 
ROR(B) I042DD ROTATE RIGHT * * * 
EXB 0043DD EXCHANGE BYTES * * 0 

TSR 0052DD TRANSFER STATUS REGISTER d+-SR 

TTR 0053DD TRANSFER TRAP REGISTER d~TR 

SINGLE OPERAND INSTRUCTIONS 
FIGURE 2 

' -----------------------· --------------- ·-

[ I 
15 

MNEMONIC OCTAL COD:!:. 

NOP 000400+XXX 
BR 001400+XXX 
ENE 002400+XXX 
BEQ 003400+XXX 
BGE 004400+XXX 
BLT 005400+XXX 
BGT 006400+XXX 
BLE 007400+XXX 
BPL 100400+XXX 
BMI 101400+XXX 
BHI 102400+XXX 
BLS 103400+XXX 
UNUSED 104400+XXX 
UNUSED l05400+XXX 
BCC(BHS) 106400+XXX 
BCS(BLO) 107400+XXX 

If the branch condition is not 

OP CODE· 

• I I I 
8 7 

INSTRUCTION 

No Operation 
Branch Unconditionally 
BR If Not Equal 
BR If Equal 

XXX 

BR If Greater Than or Equal 
BR If Less Than 
BR If Greater Than 
BR If Less Than or Equal 
BR If Plus 
BR If Minus 
BR If Higher 
BR If Lower Than or Same 

BR If Carry Clear 
BR If Carry Set 

satisfied, execution time is 2.24 usee. 

0 

Always 
:f 0 
= 0 
?:o 
< 0 
>0 
!SO 

+ 

::> 

~ 

~ 

< 

If the branch condition is satisfied, branch to location. Execution time 
is 3.36 usee. PC ~Address of branch instruction +2 + (2•offset). 

BRANCH INSTRUCTIONS 
FIGURE 3 

CONDITION 

g = 0 
b = 1 
N = 0 
N = 1 

Nv6 = 0 
NvZ = 1 

N = 0 
N = 1 

CVb = 0 
CVb = 1 

c 0 
c 1 

5.60 

5.60 

5.60 

5.60 

4.48 

5.60 

5.60 

5.60 
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S.60 
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MNEMONIC OCTAL CODE 

JMP 0072JJ 

JSR 0073JJ 

MNEMONIC OCTAL CODE 

RTS 007267 

RTI 001140 

RFT 000120 

• 

MNEMONIC OCTAL CODE INSTRUCTION 

OP CODE I I I I I I I 5 I I 6 

INSTRUCTION 

JUMP 

JUMP TO SUBROUTINE 

INSTRUCT!Qtj 

RETURN FROM SUBROUTINE 

RETURN FROM INTERRUPT 

RETURN FROM TRAP 

JUMP AND RETURN INSTRUCTIONS 
FIGURE 4 

1st OPERAND 

OPERATION 

JJ I I I I 0 

OPERATION 

PC+-j 

sp+-sp - 2 
(SP).,._ PC 
PC+-j 

OPERATION 

PC._ (SP) 
sP-+-sP+2 
SR -f-(SP) 
SP "f-gp + 2 
PC~ (SP) 
SP +-sp + 2 

PC "-TR 

RBT 001000 RAPID BLOCK TRANSFER Moves a block of data from RAM 

SRH 00202R SEARCH 

STR 00402R STORE 

to the Telebus. The first Operand 
defines block length. The second 
Operand defines the block address. 

I 

Search a block of data. 
R0 contains block addrs. 
Rn defines block length. 
First Operand defines bits tested. 
Second Operand defines bit sense 

Modifies a block of data. 
R0 contains block addrs. 
Rn defines block length. 
First Operand defines bits cleared. 
Second Operand defines bit set. 

DATA BLOCK INSTRUCTIONS 
FIGURE 5 
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MNEMONIC OCTAL CODE 

SWT OOOOOO+YY 

RTT 000060 

RTC 000160 

LDT 00216R 

RIV 00502R 

00504R 

005060 

DLA 002000+YY 

DLB 003000+YY 

DLC 004000+YY 

DLD 005000+YY 

I J 
OP CODE R 

I 3 2 

OP CODE yy 

f I 
4 3 0 

INSTRUCTION 

Software Trap 

Return from Trap and Trap 

Return from Trap, Trap and Clear T 

Load Trap Register 

Move Interrupt Vector Register to a General Register 

Pause (Contents of R decremented until zero each 1.12 usee) 
(If contents of R is zero, 2 x 1016 cycles required) 

Issue Grant and Load IR with the Interrupt Vector 

LED Ql 

LED 1 

LED 2 

LED 3 

(Led on for period of cycles necessary to 
decrement 2YY to zero. If YY is zero, 
2 x 1ol6 cycles required) 

DIAGNOSTIC INSTRUCTIONS 
FIGURE 6 

----------------------------------------------------- --------------

15 

MNEMONIC 

ZER N, b, c, p 

SET N, b, C, P 

OP CODE 
I 

OCTAL CODE 

4 3 2 1 0 

INSTRUCTION 

OOOlOO+bb Clear the Selected Status 
Register Bits 

000140+bb Set the Selected 
Register Bits 

STATUS REGISTER INSTRUCTIONS 
FIGURE 7 

Status 

EXECUTION TIME 
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4.48 
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MODE 
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NAME 

REGISTER 

REGISTER AUTO-DECREMENT 

ABSOLUTE 

IMMEDIATE 

REGISTER DEFERRED 

REGISTER AUTO-INCREMENT 

RELATIVE 

INDEXED 

5 

NAME 

REGISTER 

REGISTER AUTO-DhC~NT 

ABSOLUTE 

ABSOLUTE DEFERRED 

REGISTER DEFERRED 

REGISTER AUTO-INCREMENT 

RELATIVE 

INDEXED 

'• 

MODE I R : ,. .. I i 
9 8 6 

SYMBOLIC 

R 

-(R) 

-
A 

ifoN 

(R) 

(R)+ 

$A 

±I(R) 

DESCRIPTION EXECUTION TIME 

The Operand is contained in 0.00 
General Register R 

Decrement R. The Address of the 1.12 
Operand is contained in R. 

The Address of the Operand is 
contained in the second word 
of the Instruction 

The Operand is contained in 
the second word of the 
Instruction 

The Address of the Operand is 
contained in General Register R. 

The Address of the Operand is in 
R. After the Operand is accessed, 
R is incremented 

The Address of the Operand is the 
sum of the second word of the 
Instruction and PC 

The Address of the Operand is 
the sum of the second word of 
Instruction and R. 

1.12 

o.oo 

o.oo 

o.oo 

3.36 

3.36 

SOURCE OPERAND ADDRESSING 
FIGURE 8 

I I MODE R 
I I I I 

·3 2 0 

SYMBOLIC DESCRIPTION EXEC. TLV,E 

R The Operand is contained in R. o.oo 
-(R) Decrement R. The Address of the 2.24 

Operand is in R. 

--A The Address of the Operand is 2.24 
contained in the last word of 
the Instruction 

@A The Address of the Address of the 3.36 
Operand is contained in the last 
word of the Instruction 

(R) The Address of the Operand 1.12 
is in R. 

(R)+ The Address of the Operand is 1.12 
in R. After the Operand is accessed, 
increment R. 

$A The Address of the Operand is 4.48 
the sum of the last word of 
the Instruction and the PC 

±I(R) The Address of the Operand is 4.48·. 
the sum of the second word 
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SECTION II - DETAILED DESCRIPTION 

1. General Introduction 

1.1 Purpose of Circuit 
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1.1.1 The CC4401 IXL/B Circuit Card Assembly contains the logic required to 
accept instructions and other external inputs and generally a proper sequence 
of control signals in response to each such instruction or external input. 
The control sequences, in turn, govern the detailed activity of the Data 
Path Card (IXL/A) and Telebus to execute the function specified by the in­
struction or specific external input. 

1.2 Microprogram 

1.2.1 The Instruction execution logic for any Programmable Controller, like 
the 40C400, usually consists of two subunits. One of these subunits, the Data 
Path Logic is required to perform storage, and arithmetic and logical mani­
pulation of all operands and addresses as required by the instruction set of 
the controller. The other subunit is the Control Logic which interprets the 
instruction and issues .a series of commands to the various logic elements in 
the data path (such as the registers, arithmetic logic or data switches or 
bus) in response to each instruction in the operating program. The 40C400 
IXL/B control unit uses a technique called "microprogramming" to implement 
the proper sequencing of these controls. All control commands to the Data 
Path and Telebus originating from the Control Unit during a given IXL clock 
period constitute a control word or "micro-instruction". A sequence or 
collection of microinstructions is called a "microprogram" or microsubroutine 
and-constitutes the actual step by step control of operations within the IXL. 

1.3 Control Word 

1.3.1 The microinstruction control word for the 40C400 is divided into a 
number of control fields each designed to control a specific logic element 
of the IXL as shown in Figure 11. A detailed account of these fields and 
their coding wi 1.1 be presented in subsequent sections. 

1.4 Control Storage 

1.4.1 The entire microprogram of the 40C400 consists of 256 control words 
stored in ROM arranged in groups or "microroutines ". Each routine has a 
name and performs a specific function in the course of instruction execution 
as follows: 

1.4.2 The FETCH microroutine accesses the next macro instruction and services 
the overhead functions for interrupts, traps or self tests. 

1.4.3 The SOURCE microroutine accesses the first operand for all double 
operand instruction. The operand can be addressed in any one of 8 different 
addressing modes. See Figure 9. 
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1.4.4 The DESTINATION microroutine accesses the second operand for all 
double operand instructions or the only operand for single operand instructions. 
It also accesses the jump address for all jump instructions. Again, the 
operand can be accessed in any one of 8 different addressing modes. See 
Figure 10. 

1.4.5 The SOURCE II and DST II microroutines are an extension of the SRC and 
DST routine which sign-extend and swap byte operands for subsequent manipula­
tion by the ALU. 

1.4.6 The EXECUTE microroutine controls the actual arithmetic or logical 
operations performed on the previously accessed operands. 

1.4. 7 The CONTROL microroutines perform the data manipulations required to 
execute the Control Type instructions such as RBT, SRCH and STORE. 

1.4.8 The BP~NCH microroutine performs the arithmetic calculations required 
to perform the branching instructions. 

1.5 Major State Transition 

1.5.1 For correct execution of a macro-instruction, the Control Unit must 
select one or more microroutines to be executed in sequence. The proper 
sequencing of these microroutines for any given macro-instruction is shown 
in Figure 12 in terms of a major state transition diagram. ~1en the machine 
is executing a particular microroutine (such as FETCH) it is said to be in a 
major state. At any given time, the selection of the next major state, 'or 
microroutine depends on the present major state and the type of macro in­
struction being executed. All such conditions and their corresponding micro­
program state transitions are shown in Figure 12. 

1.6 Microprogram Next State Address Encoding 

1.6.1 Since each major state, or microroutine of the machine corresponds to 
the execution of a distinct block of control words in the 256 vlOrd ROM micro­
program, a st~rting address for that particular section of ROM must be 
generated for each transition to its corresponding major state. It should 
be noted, however, that some major state microroutines divide into a number 
of smaller sub-blocks. Each sub-block in the routine performs a different 
variation of the required basic microroutine function. For example, the 
SOURCE and DESTINATION routines are actually divided into 8 sub-groups each; 
each performing the accessing of the SOURCE or DESTINATION operand in one of 
the 8 possible addressing modes. Thus, in addition to selecting the correct 
microrouti.ne, the starting address generated upon major state transition must 
select the proper segment within the r . .Juti.ne. 

1.6.2 An overview of the 256 word microprogram layout is shown in Figure 13. 
For a detailed account of the step by step microprogram operation the reader 
is referred to a complete microprogram listing in a later section • 
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2. Voltage and Logic Standards 

4401 CD 
Sheet 23 
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2.1 The 410401 Card Assembly requires +5 Volts and +5 Volts Standby from the 
power supply. The voltage drop of the power busses on the 410401 Card is 
held to less than 2%. The power supply system should provide +5 Volts·and· 
+5 Volts Standby with sufficient tolerance to include the 2% due to card 
voltage drop and still provide +5 Volts ± 10% at the supply leads of all 
integrated circuit packages. 

2.2 The following convention is used in the circuit description to give a 
unique designation to each circuit in an integrated circuit package. 

MLB8 -- (4) 
ML refers to micrologic 
B8 refers to the package at board location B8 
(4) refers to the pin number of the output of the circuit. 

2.3 The terms "HIGH" and "LOW'. are used in this description to indicate logic 
voltage levels; where "HIGH" represents any voltage between 2.4 and 5.5 volts 
and "LOW" represents any voltage between 0.0 and 0.4 volts. 

2.4 Signal leads are labeled with a title description of its function. When 
they are superscribed with a bag (e.g., INTR) it indicates that the signal is 
in the LOW state when the state descr~bed by the signal is present; otherwise 
it is in the HIGH state. 

3. Block Diagram 

3.1 (Refer to 4401SD Sheet 2) 

The schematic documentation of the 410401 Circuit Card Assembly (4401SD) 
is broken up into a number of Functional Schemati·-s (FS1-FS8). The operation 
of eaqh functional block will be described in this section. The block diagram 
(4401SD Sheet 2) shows the logical relationship of th~ functional blocks to 
each other. 

4. Circuit Card Operation 

4.1 FS-1 - INS~RUCTION REGISTER (Refer to 4401SD Sheet 3). All macro­
instructions which are executed by the IXL are first brought into and stored 
iu a 16 bit register called the Instruction Register ("t-~Cll, 12, 13). The 
instructions originate from memory and are transmitted via the Telebus and 
received by bus transceivers located on the IXL/A circuit card. From there, 
they are transmitted on the back (B) connector to the instruction register 
on the IXL/B card. The proper signal for .strobing of the instruction is 
generated by gataMLB14-(12). Strobing of the instruction occurs when the 
FBl and FB2 leads, part of the'microprogram control word, are LOW and the 
ACC CLOCK lead, originating in the Timing Logic (FS-8) goes LOW. 

4.2 FS-2 - INSTRUCTION DECODE AND MAJOR STATE CONTROL LOGIC (Refer to 4401SD 
Sheets 3 and 4). 
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4.2.1 The instruction decode ROM (MLBll) and outputs 2 and 3 of the branch 
ROM (~~C9) are used to decode certain attributes vf the instruction currently 
being executed. These attributes are required by the address encoding logic 
and affect the microroutine starting address as follows: 

4.2.1.1 BYTE - The instruction is a byte operation. This attribute affects 
starting address encoding in the SOURCE, SOURCE II, DESTINATION, DST II and 
DATO routines. 

4.2.1.2 SUBTRACT - The instruction is a subtract instruction. This condition 
affects address encoding in the DOUBLE OP routine. 

4.2 .1.3 BYTE" A (HOVBt\DMO) - The instruction is a byte operation; but not a 
MOV destination mode 0. This attribute is needed to control the starting 
address in the DATO routine. 

4.2.1.4 DMO - The instruction has a destination mode of 0. This condition 
affects the address encoding in the DATO routine. 

4.2.1.5 JUMP - The instruction is either a JMP or JSR instruction. This 
attribute affects addr~ss encoding in the DESTINATION state. 

4.2.1.6 ROR - The instruction is a ROR. Starting address of the SRC II and 
DST II routine is affected. 

The Boolean equation for decoding these attributes is also shown on 
FS2. The detailed relationship between the above attributes and the micro­
routine starting addresses is described in the explanation of the M.P. 
address encoding logic (FS-3). 

4.2.2 The Branch ROM (MLBll) in addition to decoding instruction attributes, 
compares the instruction bits which identify the branch type (IR9-IR11 and 
IR15) with the condition codes C, Z and N originating in the Status Register 
on IXL/A. Whenever the value of the condition codes satisfies the condition 
imposed by the branch type, a HIGH level is generated on the BR ENABLE output 
MLC9-(12). Thir output, in turn, is fed to the next state ROM (HLClO) and 
affects a stat~ transition to the BRANCH routine if the instruction is a 
branch type. 

4.2.3 The Next State ROM (MLClO) receives two groups of information. The 
first group (PS0, PSl and PS2) contains a code which conveys the present 
major state of the control unit. This code is part of the microprogram control 
word and is generated by the micro-control ROM HLAll (10-12) on FS4 as a direct 
result of the microprogram address. The second group (BR ENABLE, IR7, IRS, 
DBLOP and ROR) conveys information necessary to decode the type of instruction 
currently being executed. The Next State ROM combines this information and 
generates a coded output on "t-~ClO (9-12) which signifies the next microroutine 
to be executed. This next state code (NS0-NS3) is sent to the microprogram 
address encoding logic (FS3) and selects the proper address encoding for each 
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4.2.3 Continued 

4401CD 
Sheet 2S 
Issue 1 

particular microroutine. 4401SD Sheet 5, Table 1, sholo•S a detailed major stst:'e 
transition table, which describes, in symbolic and binary form, the coding of 
the MLClO Next State ROM. The first part of the table indicates a micro­
program address field and the corresponding microroutine or major state, located 
in the field. The present major state code (PS0-PS2), generated from the 
address field by the control ROM MLAll, is shown alongside the name·of the 
present state. For each present state, the table shows one or more transitions 
to a next state, whose name and ~ode (NS0-NS3) are shown at the right. Where 
there is more than one possible transition, as in FETCH, the particular next 
state depends on the instruction type currently being executed. The information 
necessary to decode instruction type is listed along the name of the type. 
Note that in some cases, more than one present major state is assigned to a 
particular coding of PS0-PS2, for example in BRANCH, CONTROL and DATO. This 
is done to minimize the code since, in each such instance, the next state is 
the same. Also, the next state code is assigned in such a manner as to 
simplify the address encoding logic shown later. It can be seen that the 
transition table is simply a more detailed version of the transition diagram 
of Figure 12. 

4.2.4 The gate MLB14-(6) decodes the ~ attribute which is required by 
the next state ROM and by the branch ROM to decode the ROR and JMP attributes. 

4.3 FS-3 Micro-Program Next State Ad~ress Encoding Logic (Refer to 4401SD 
Sheet 4) · 

4.3.1 The next state code (NS0-NS3) generated by the MLClO ROM controls the 
selection of microroutine starting addresses as follows. Each bit. of the 
starting address for a given microroutine forms an input to a 1 of 8 multi­
plexer. Since 8 bits of address must be generated to produce an entire next 
microroutine address, 8 channels of multiplexing are required to generate the 
whole address set. For each particular next stat~ code, a set of 8 inputs is 
chosen to be gated ·through to the next state microp:ogram address bus (NS 
ADDRS0-NS ADDRS7). Each microroutine starting address, generated in this 
manner, is not a fixed value but is dependent on certain attributes from the 
instruction itself. The binary value of these attributes cause a modification 
of the entry point in a given microroutine. For example, the starting 
address for the SOURCE routine is selected by NS code = 5 (octal) which gates 
the "D5" inputs of multiplexers MLB6 through MLB9 and MLC6-C7 to the ''NS ADDRS" 
bus. A number of attributes modify the SOURCE routine starting address as 
follows: 

a) 
b) 
c) 
d) 

BYTE.on address bit 1 
IR9 on address bit 2 
IRlO on address bit 3 
IRll on address bit 4 

(NS ADDRSl) 
(NS ADDRS2) 
(NS ADDRS3) 
(NS ADDRS4) 

Thus there are really 16 different sub-block starting addresses, or encoding 
combinations, for this particular routine._ A pair of different microprogram 
sub-blocks, in this case, contro~s the execution of one of the eight source 
operand addressing modes, one sub-block of each pair in the word mode and one 
in the byte mode, as seen in the detailed microprogram listing. Note that the 
attributes IR9-IR11 correspond directly with that part of the instruction word 
which specifies the source addressing mode; · 

:.~· -~ .. -~-----
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4.3.2 Table 2 of 4401SD Sheet 5 shows the address encoding selection for each 
of the nine major states or microroutines of the Control Unit. The SRC II and 
DST II state encoding has been combined to foL~ a single input into the 1 of 8 
address selector multiplexers. The starting addresses for these two micro­
routines differ only in bit po~ition 4 (SRC II bit address bit 4 is LOW, and 
DST II address bit 4 is HIGH). Since the Present State code lead PSl is LOW 
in the SOURCE state and HIGH in the DESTINATION state, this lead is used as an 
attribute in address bit position 4. It should be noted that the encoding 
for address bits 6 and 7 (NS ADDRS6 and NS ADDRS7) is done by dual 4-1 
multiplexer MLC8 since the upper address b:i.ts have the same value for more than 
1 microroutine. For example the FETCH and SOURCE routines both have address 
bits 6 and 7 LOW; the DESTINATION and BRANGH have address bit 6 HIGH and 
address bit 7 LOW, etc. The microroutines are subdivided into four such 
groups, and thus it only becomes necessary to select the group, instead of 
the exact routine. The next state code bits NS2 and NS3 are assigned so that 
they select such a group of these routines. 

4.3.3 Multiplexer MLBlO is used to select 1 of 2 sets of attributes and com­
bines them into 1 set for use by the EXECUTE microroutine. Since the "routine 
address determining" bits for a Double-Operand Instruction are IR12, IR13 and 
IR14 and for a Single Operand instruction are IR6 and IR9-ll, MLBlO selects 
between the two sets. The resulting outputs are called EXEC0 through EXEC3 and 
are gated to the microprogram address bits 0, 1, 2 and 4, upon entry into the 

-EXECUTE microroutine. The Subtract instruction disables the outputs and 
causes LOWs to be applied to the particular microroutine address positions. 
Both the "DBL OP" and "SUBTRACT" leads originate in the Instruction decode 
logic (FS-2). · 

4.3.4 Gates MLB15 and MLB16 generate the attributes required for handling 
interrupts, traps and self tests in the FETCH state, since each of these 
conditions require the execution of a different FETCH microprogram sub-block. 
For example the "INTR" condition, along with LOWs in the "T" and "P" status 
register bits, will generate a HIGH on microprogram address bit 2, if there is 
no "TRAP" or self TEST pending; causing an entry into the FETCH microroutine 
at octal address 4. Normal entry into FETCH is made at octal address 2 since 
the absence 0f all ext~al conditions causes a HIGH level on the MLB15-(13) 
gate, (TEST TRAP INTR T P), which is gated, via the MLB7 multiplexer, into 
microprogram address bit 1. Similarly the self TEST and TRAP conditions cau~ 
an entry at octal address 20 and 10 respectively, due to HIGH level generated 
on the TEST or TRAP*TEST leads which are gated into levels 4 and 3 of the 
microprogram address prior to the execution of the FETCH microroutine. 

4.3.5 The exact address generated for each specific entry into a microroutine / 
can be read from the Address Encoding Table of 4401SD Sheet 5. By imposing, 
upon each address bit, the attribute specified in the table, the total address 
is derived. If the specific attribute is a " H 11 or "L" , the corresponding 
address bit is fixed at entry into that microroutine. If the attribute is an 
Instruction Register bit, such as IR9, the address is dependent upon the value 
of that bit when the microroutine is executed. If the attribute is a more 
complex boolean expression, it must be evaluated to establish the microroutine 
next state address. 

----·--~-- ·--...-..- -~ -----------------.. -·----·-~----·--- ---.-..·~·--· 
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4.4 FS-4 Micro-Program Addressing Logic and Micro-Storage Array No. 1 

4.4.1 Microprogram Addressing Logic 

4.4.1.1 Two 4 bit presettable counters, MLA6 and MLA7, make up an 8 b~t 
micro-program address register. The outputs of this register drive the address 
lines of the entire 256 word ROM microprogram storage array. The lower 4 
bits of the counter receives 2 sources of preset data via the MLA5 quad 2-1 
multiplexer. One source comes from the next state address encoding logic on 
FS3, labeled NS ADDRS0 through NS ADDRS3, and the other source comes from the 
ROM microprogram control word and is labeled MPBR ADDRS0 through MPBR ADDRS3. 
The upper 4 bits of address can be preset with encoding logic outputs NS ADDR4 
thru NS ADDR7. . 

4.4.1.2 Whenever transfer to a new microroutine is to be executed, the address 
register is preloaded with the routine starting address on the NSADDR leads 
generated by the address encoding logic. Within a given microroutine, however, 
sequential addresses are generated on the MPBR ADDRS leads by the micro-ROM 
itself, and are loaded into the lower 4 bits of the micro-program address 
register one after another at each IXL cycle as the microroutine proceeds until 
a new nexts~te starting address is required. This activity is controlled by 
the leads labeled SEQ0 and SEQl, which are also part of the microprogram ROM 
outputs. Thus when SEQ0 and 1 are both HIGH, a load of 8 bits from the NS ADDRS 
leads occurs because·MLC17-(l) and ~fLC17-(4) are both LOW, and when SEQ~ is LOW 
and SEQl is HIGH a load of the lower 4 bits from the 11PBR ADDRS ROM outputs 
occurs because MLC17-(l) is LOW and MLC17-(4) is HIGH. 

4.4.1.3 Conditional Loading - Whenever lead SEQl is LOW the MLA6 preset is 
conditioned by the CNT EN lead. This lead originates on the IXL/A card and 
indicates the success or failure of a microprogram level test. The test 
indicates that the result of the ALU operation currently being executed is 
either zero or non-zero. The SEQ0 lead is sent to the IXL/A card and selects 
a zero test when in a LOW state and a non-zero te. ,. when in a HIGH state. 
w'hen the particular test fai Is, the IXL/ A sends a LG;J level on the CNT EN lead. 
This condition, together with SEQl lead being LOW, causes the address register 
to index (count) rather than preset to a next address. Using this technique 
the microprogram can do conditional branching within a microroutine. This 
feature is freq1ently employed within the microroutines for the SEARCH, STORE 
and other instructions in the CONTROL group. The add-ress register i~ clocked 
every IXL cycle with the MP CLOCK lead which originates in the Timing Logic 
(FS-7). A HIGH condition on the PWR RESET lead going to MLA6 and MLA7 causes 
these registers to be r-eset to all LOWs. This condition will initiate micro­
program execution at address 0, which corresponds to the power up microroutine. 
(See microprogram listing.) 

4.4.2 Micro-Storage Array No. 1 

4.4.2.1 The succession of microprogram addresses, from the address register 
MLA6-MLA7, feeds the ROM microprogram arrays No. 1 and 2 which, in turn, 
generate the 44 bit micro-control words required to control the IXL and 
TELEBUS. Micro-ROMs Mu\9 thru MLA13 generate the following control fields: 
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a) Control ROM MLA9 generates the MPBR ADDRESS field. This 4 bit field 
specifies the low-order part of the next microprogram address location 
to be executed on the next IXL clock cycle. 

b) Control ROM MLAIO generates a 4 bit BUS CONTROL field. The leads MPC0-
MPC2 specify the bus operation (e.g., load-address and read) to be executed 
during the upcoming TELEBUS cycle. The lead MPINTG specifies that the 
interrupt grant (INTG) lead of the TELEBUS is to be activated. 

c) Control ROM MLA10 -(10-12) generate the 3 bit present state code (PS0-PS2) 
which converts the microprogram address fields, corresponding to a specific 
microroutine, into the codes specified by the NEXT State Table (4401SD 
Sheet 5). Control ROM MLA10- (9) generates a single "OUT ENABLE" which 
controls the IXL/A TELEBUS output gating. 

d) Control ROM ~12 generates a 4 bit STATUS CONTROL code field. These 
leads control the loading, setting or clearing of the N, c, z, P and T 
status bits residing in a register on the IXL/A card. 

e) Control ROM MLA13-(9, 10) generate a 2 bit ALU carry input control code. 
This code specifies the value of the ALU input carry and the value of 
the sign extension during the upcoming IXL cycle. Control ROM MLA13-(11,12) 
generates the two sequence control leads (SEQ0 and SEQl) required to 
control the cycle by cycle activity of the microprogram address register, 
described in 4.4.1. 

4.4.2.2 Detailed listing of the above control codes and their specific 
functions are found in the tables accompanying the 4401SD Sheet 6. An ex­
planation of the functions controlling the IXL/A card can be found in the 
4400CD. . 

4.5 FS-5 Micro-Program Storage Array No. 2 and General Purpose Register 
Addressing Logic. 

4.5.1 M.P. Stora~e Array No. 2 

4.5.1.1 This part of the microprogram storage consists of MLA3 and MLA14 
through MLA18 and generates the following control fields: 

a) Control ROM ML\8 generates the 4 LED control leads LED0 through LED3. 
These leads, when programmed in a HIGH state, light their corresponding 
LED during the upcoming IXL cycle. The feature is used for the IXL self 
test operation and by program execution of the LED macro-instructions. 

b) Control ROM HLA14-(9-11) generates a 3 bit code (FB0-FB2) which controls 
the loading of the macro-instruction (see 4.1), clearing and setting of 
the TRAP condition and sampling or clearing of the Odd byte condition as 
described in detail in Section 4.6. 

c) Control ROM MLA14(12) and MLA15 provide the ALU function code (MPS0-MPS3 
and M) to the IXL/A card. The function code specifies the logical or 

·arithmetic operation to be performed by the ALU during the upcoming IXL 
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4.5.1.1 Continued 

c) continued 

d) 

cycle. Whenever tht! "M" lead is LOW, the operation is of an arithmetic 
nature, whereas when ''M" is HIGH the operation is of a logical type. 

Control ROM MLA16 and MLA17 (9-11) generate the IXL/A Register ·File Control 
field. The leads MP REG SEL0 through ~~ REG SEL4 select the specific 
register of the file to be accessed during the upcoming IXL cycle. The 
leads MP WUB and MP WLB specify that the upper or lower byte (or both), 
of the selected register are to be loaded on the upcoming cycle. These 
control leads are routed to the Register File addressing logic described 
in Section 4.5.2. 

e) The Control ROMs MLA17-(12) and MLA18 generate a 5 bit IXL/B input multi­
plexer control code MUX SEL0 through MUX SEL4. This code selects a 
specific operand or value to be selected for presentation to the IXL/A 
ALU A operand bus during the upcoming IXL cycle. The choices of operands 
include the TELEBUS input, the Accumulator, and the Status Register. 
Additional multiplexed operand sources are the constant values +1 and -2, 
sign extended operands and byte exchanged operands from the above sources. 

4.5.1.2 A detailed listing of the functions of the above control codes are 
to be found in the accompanying tRbles on 4401SD Sheet 8. An explanation of 
the functions ~ontrolling the IXL/A ca~d can be found in the 4400CD. 

4.5.2 Register File Addressing Logic - Register file addresses, sent to the 
IXL/A circuit card, originate from three sources in the IXL/B control logic. 

Whenever a double operand instruction is being executed, instruction 
register bits IR6, IR7 and IRS can specify the 1 of 8 general purpose registers 
to be used for the source operand or the source operand address. Whenever 
a douqle or single operand instruction or control 1nstruction is being 
executed, instruction register bits IR0, IRl and IR~ can specify 1 of 8 
general purpose registers to be used for the destination operand or destination 
operand address. 

During the course of execution of a microroutine, the microprogram, 
itself, may specify the implied use of any of the 8 g~neral purpose cegisters 
in a given instruction, such as the use of Register 0 for the block starting 
a~dress of a SEARCH or STORE instruction. Additionally, the microprogram 
may address any of the remaining 8 special purpose registers of the.IXL/A 
register file. These registers are used to handle various overhead functions 
as follows: 

a) PC (register 8) used as a ~acro-instructionprogram counter. 

b) SRC (register 9) used to temporarily store the SOURCE operand until 
execution of arithmetic or logical operation. 

c) TKMP (register 10) used as a temporary register for storage of one of the 
mask operands during the execution of the SEARCH and STORE instruction. 
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4.5.2 Continued 

d) 

e) 

f) 

X (register 11) used as a temporary register for storage of intermediate 
results during the execution of the SEARCH and STORE instructions. 

IV (register 14) is used to store the last interrupt vector generated 
by a device on the TELEBUS. This feature is a diagnostic aid. 

TRAP (register 15) is used to save 
when a TRAP condition is serviced. 
FROM TRAP instruction is executed. 

the value of the program counter 
The PC is restored when a RETURN 

The three-way register selection, described above, is done by the ~~Bl2 and 
MLB13 4 into 1 multiplexers. The MP REG SEL4 lead, from the microprogram 
control word, selects "instruction selected" registers when in a LO\·l state 
and implied microprogram registers when in a HIGH state. When "instruction 
selected" registers are addressed the MP REG SEL0 lead, from the control 
word, selects the SOURCE instruction register field when in a LOW state and 
the DESTINATION instruction register field when in a HIGH state. 

When implied microprogram registers are addressed, the leads MP REG SEL0 
through MP REG SEL3 contain the binary address of the registers to be accessed 
during the upcoming IXL cycle. The 4 MLB12 and MLB13 outputs R0-R3 are routed 
via the back-bus (connector B) to the IXL/A circuit card. 

4.6 FS-6 - Bus Control, Interrupt, Trap and Self Test Logic -(See 4401SD 
Sheet 9) 

4.6.1 Bus Control Logic - TELEEUS transceiver MLBS receives the 4 micro­
program TELEBUS control leads ~~c0-MPC2 and MP INTG, buffers these leads with 
"open collector" drivers and sends them out to the TELEBUS to control the 
BUS operations. Pins 7 and 9 are strapped to ground to permanently enable 
the BUS outputs. 

The MLC14 decoder monitors the TELEBUS data/address lines and serves 
to decode two gtvups of TELEBUS addresses. The first group is address range 
160000 to 1617~6 (octal) which defines the I/O device addresses falling into 
the "I/O A" selection group. The second range is 162000 to 163776 (octal) 
and defines the "I/O B" device se lee tion group. V.'henever an address falling 
into either of the two device ranges appears on the TELEBUS, the "I/O A" or 
"I/O B" leads are asserted LOW on MLC14-(9) and (7) respectively. These 
signals are inverted by the MLC15-(6) and (3) gates and converted to TELEBUS 
"open collector" signals by MLB4- (11) and Z.~CS- (15) respectively; from where 
they are routed a long the BUS to the various I/O devices. 

4.6.2 Interrupt and Trap Logic 

The interrupt request, INTR, is received from the TELEBUS via the 
MLCS (pin 6) bus transceiver. The received signal, R INTR, is transmitted 
to the MLB18 quad D flip-flop where it is synchronized with the positive edge 
of the ACC CLOCK signal from the timing logic. This is done to avoid 
critical races in the subsequent address encoding logic which has the 
synchro~ized INTR lead as an input to gate MLB16-(5). 
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The trap request, TRAP, is received from the TELEBUS via the MLC5 
(Pin 1) bus transceiver. The received signal, R TRAP, is sent through the 
MLC17 NOR gate to 3 of the inputs of the MLB17 dual 1-4 selector. The feed 
back select code (FB0-FB2), originating from the microprogram control word­
RON MLA14-(9-ll), enables passage of the trap condition through the multi­
plexer when the FBl and FB2 leads are not both HIGH. The output of the multi­
plexer is clocked into pin 12 of the MLB18 quad D flip-flop on the positive 
transition of the ACC CLOCK signal from the timing logic (FS-7). Once the D 
flip-flop is set from an external trap condition, the value of the flip-flop 
is maintained through subsequent cycles of the ACC CLOCK because the flip-
flop output PRE TRAP is looped back to provide the second input of the MLC17-(13) 
NOR gate. To terminate or reset such an external trap condition the micro­
program FB0, FBl and FB2 leads are all switched to a HIGH level, allowing a 
LOH Level to be clocked into the flip-flop on the subsequent ACC CLOCK cycle. 
This is done by the first micro-step in the trap microroutine, since execution 
of this micro-step indicates that the above trap condition has been recognized 
and is being serviced by the micro-program. 

The microprogram can also initiate a software trap, without an external 
trap condition. This is done by programming the FB~ and FBl leads HIGH, and 
the FB2 lead LOW, which allows a HIGH level to be clocked into the MLB18-(10) 
D flip- flop. The "RETURN FROM TRAP WITH TRAP11 (RTT or RTC) macro- ins true t ions 
makes use of this feature since, et the end of its execution, the trap condi­
tion is reinitiated. This microprogram initiated trap condition is delayed 
by one IXL clock cycle since the PRE TRAP lead from :t:-1LB18-(10) is again 
synchronized with the positive edge of the IG CLOCK in the MLC16-(14) D flip­
flop. This allows any software trap condition, generated at the end of RTT or 
RTC instructions to be delayed past the first step of the FETCH routine; 
allowing the next user instruction to be fully executed before the trap 
condition is again serviced. This mode of operation is used by the SODA 
debug system to emulate single instruction execution and the instruction 
trace ·techniques. The output of the }~Cl6-(14) f_~p-flop is called the TRAP 
lead and generates an input to the address encoding :ogic of FS-3, where it 
causes an entry into the TRAP sub-block of the FETCH routine at the end of 
the execution of the current instruction. 

4.6.3 Odd Address Logic 

Whenever the microprogram places byte operand addresses on the TELEBUS 
during the execution of a SOURCE or DESTINATION addressing mode, the low order 
bit (D/AO) of the address is tested for a "one"- (LOW on TELEBUS). If this 
condition occurs, the byte operand subsequently delivered by the memory or I/O 
device exists on the upper 8 bits of the TELEBUS. The microprogram must swap 
the byte operand onto the lower 8 bits of the IXL/A data path to properly 
perform the required arithmeti9 or logical function. The controls for these 
operations is generated in ODD BYTE sub-block of the SRC II and DST II micro­
routines. Entry into these sub-blocks is controlled by the ODD BYTE lead 
from the MLB18-(14) D flip-flop which conditions the next state address en­
coding logic to the proper address of the sub-blocks. 
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4.6.3 Continued 

The D/Af/J bus lead is gated into the flip-flop via the MLB17 multi­
plexer whenever the FB0 lead is LOW and FBl lead is HIGH. The odd byte 
condition is cleared from two places in the microprogram as follows: 

a) In the execution of the ODD BYTE sub-block of the SRC II routine. At 
this point the odd address condition generated during the accessing of 
the source operand has been recognized. 

b) In the execution of the instruction FETCH routine. At this point any odd 
address condition generated during the accessing of the destination 
operand has been satisfied. It should be noted that, for the destination 
operand address, the odd byte condition must be preserved until the DATO 
routine is executed. Since an odd destination address requires that the 
byte result must be re-swapped onto the upper 8 bits of the TELEBUS for 
depositing into the correct memory or I/O device location. T'1is is done 
by the controls generated during the execution of the ODD BYTE sub-block 
of the DATO microroutine. 

The clearing of the ODD BYTE condition in the MLB18-(14) flip-flop 
occurs when the FB0 lead is HIGH and FBl lead is LOW. The state of the 
ODD BYTE condition is preserved whenever the FB0 and FBl leads are both 
HIGH or both LOW. 

4.6.4 Self Test Logic 

An IXL self test is originated by depressing the switch SI-ll. The 
switch output level is synchronized with the positive going edge of the IG 
CLOCK lead to avoid races in the subsequent address encoding logic. The test 
flip-flop, MLC16-(2) delivers a LOW signal to the NLB16-(3) gate and a HIGH 
signal to the ~~Bl5-(l) gate in the address encoding logic. When the self 
test condition is active, the microprogram TEST sub-block is selected upon 
entry into the FETCH microroutine (at the end of the present instruction). 
The TEST sub-block control sequence sets up and tests various conditions in 
the IXL/A data p1ths. Each time a test condition is successfully met, one 
of the LEDs on the IXL/B card is activated via the microprogram. If every 
condition of the self-test is tnet, all 4 LEDs will appear to be active during 
the depression of SWl; since the microprogram executes the self test repeatedly. 

4.7 Micro-Program Symbolic Listing 

Table 2 contains the complete symbolic listing of the 256 word micro­
program. Each horizontal entry in the listing constitutes an entire micro­
program control >wrd. The first three columns contain the name of the micro­
routine, the names of the sub-blocks within the routine and the binary micro­
program address. The remaining columns each contain the mnemonic symbols 
representing a given control operation performed by the microprogram control 
field specified in the heading. Table 2A is a legend containing an index of 
the symbols and their corresponding control operations. 
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TABLE 2A 

LEGEND OF MICRO-PROGRAH LISTING MN1"'M01HCS 

ALU FUNCTION 

The expressions listed in the table are the arithmetic or logical values 
appearing on the ALU output bus. The expressions are written in te~s of the 
A and B operand busses of the ALU (see the table of ALU operations in the 
4400CD). 

"A" - HUX SELECT 

BUS 

BUS SX 

BSWBSX 

ACC 

ACC SX 

ACC SWB 

ACC SR 

. STATUS 

The contents of the TELEBUS are gated onto the A operand inputs 
of the ALU. 

- The sign extended conten~s of the TELEBUS are gated onto the A 
operand bus of the ALU. 

- The contents of the TELEBUS are byte - swapped and sign extended 
and gated onto the A operand bus of the ALU. 

The contents of the Accumulator are gated onto the A operand 
bus of the ALU. 

- ~e sign extended contents of the Accumulator are gated onto 
the A operand bus of the ALU. 

- The byte swapped contents of the Accumulator are gated onto 
the A operand bus of the ALU. 

- The contents of the Accumulator are shifted right and gated 
onto the A operand bus of the ALU. 

- The contents of the Status Register art. gated onto the A operand 
bus of the ALU. 

+1 - The constant 000001 (octal) is gated onto the A operand bus of 

-2 

REG. CONTROL 

the ALU. 

- The constant 177776 (octal) is gated onto the A operand bus of 
the ALU. 

"B" - REGISTER - The contents of the designated register is placed on the 
B operand bus of the ALU. 

WLB - A "1" symbol in the column indicates that the lower byte of the 
designated register is written into. 
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TABLE 2A 
(Continued) 

WHB - A 11111 symbol in this column indicates that the high byte of the 
--- designated register is written into. 

M!lli! 

£.m. 

sx 

"O" 
"1" 
ACC15 
c 

A7 

c 

- The carry input of the ALU is "0". 
- The carry input of the ALU is "1 11

• 

- The carry input of the ALU is Accumulator bit 15. 
- The carry input of the ALU is the Status Register "C" bit. 

- The value of the sign extension is derived from bit 7 of the 
multiplexer input bus. 

- The value of the sign extension is derived from the Status 
Register "C" bit. 

OUT EN 

BUS 

A "1" indicates that the contents of the "B" operand bus are gated out 
onto the TELEBUS. 

CONTROL 

LAR - Sends the "load-address-and-read" bus cormnand. 
LDA - Sends the "load-address" bus command. 
WWI - Sends the "write-word" bus command • 
WBI - Sends the ''write-byte" bus command. 
RDI - Sends the "read and increment" bus command. 
RDV - Sends the "read from device" bus command. 
RDW - Sends the "read word" bus command. 

G - A "1" indicates the "INTG" bus lead is active during this cycle. 

LED - A binary combination used to activate the 4 LED's on the IXL/B card. 

Bit 0 activates LED0 
Bit 1 activates LEDl 
Bit 2 activates LED2 
Bit 3 activates LED3 

;.J 
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TABLE 2A 
(Continued) 

STATUS CNTRL 

CLR T 
SET T 
XFR 

ADD 

- Clear the T bit of the Status Register. 
Set the T bit of the Status Register. 
Load the following bits of the Status Register: 

"C" bit loaded with "0" 
''N" bit loaded with ALU outp1Jt bit 15 
"Z" bit loaded if ALU output is 000000 (octal) 

Load the following bits of the Status Register: 

"C" bit loaded with ALU carry output 
''N" bit as in XFR 
"Z" bit as in XFR 

~ 

SUB - Load the following bits of the Status Register: 

"C" bit loaded with inverted ALU carry output 
"N" bit as in XFR 
112 11 bit as in XFR 

BUS - Load the entire status reg:ster from the output of the ALU. 

SEQ CNTRL 

BR - Branch to the next control word. The next control word is located at 
the address designated by the concatanation of the 4 "BRANCH ADDRESS" 
bits and the upper 4 bits of the existing microprogram address. 

BR z.=l - Branch to the next control word (as i~ BR) if the ALU output 
is 000000 (octal), otherwise index addre~s counter for next 
address. 

BR Z=O - Branch to the next control word (as in BR) if the ALU output 
is Hot 000000 (octal), otherwise index address counter for 
next address. 

DONE 

F.B. 

CT 
ST 
COB 
OBE 
LIR 

- Enter next major state microroutine address as defined by the 
address encoding logic. 

- Clear the trap condit~on 
Sets the trap condition (software trap) 

- Clear odd byte condition 
- Enables sampling of D/A0 lead to test for odd byte condition 

Loads the macro-instruction register 
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TELETYPE CORPORATION 
Circuit Description 
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MICRO-PROGRAM SYMBOLIC LIST_ING 

MICRO SUB 81NJ).RY ALU l't.'-MUX REG. CONTROL CN<fi.!...! O~TATU S BUS LED SEQ J~RANCHJF. B 
ROUTINE BLOCK ADDRESS FUNCTION!SELECT ':3'- REG. Y!LB WHB Cli~ j :s .?~_l_p! CNTRr::. Ci'JTRL G 'r· ~r.'·t: • • C NTRLJ:uDr . .:,_,f -- -·-- 6 "-eu s ~ e s ci- o p .. e ·1-c;·c, o , --~rft - - 0 A 7- "()TN~--p- N"'1P - 0 1 S¢uecE fEe. t>1e 00100000 oooo 

\No~<..'!) OQOO .. L A AC.C. SRC. I \ 0 A7 0 NQ.? N~? 0 0 ooo D (!l'.Je_ l \ I \ N¢P ···-s--- --e-u-s · -K s o o ----- ---- - ----- ------ ----::::-
RE6 t>tR. 00010 0 F\7 0 N¢P t'-l ~ p 0 0 ooO B£ 0 0 I I "ls;'>P 

~VTE 00_91 I A RC.C 5')( SRC I I 0 A7 0 t-~r!P 1\Jd.P 0 i() ooo [_)c\fJ[ I I I l N<'!>P 

~£6 A-DEC 00! 00 A+6 -2 RS I I ·o P..7 0 N4SP N 1/>'P 0 oooo BIC 10 I 0 I NtpP 

wo~D 00101 f3 a us RS 0 0 0 A7 

~ 
1-AR (''' oOC.C' DIP NE I I l I tJ¢ p 

-~ 
~----· -- ------r--- "-il?" IRE6 ~-DEC 001 I 0 A +B+I -2, R.S I ' ' A7 p N¢P 0 0 QCl (l Gf.~ 0 I I l 

BYTe 001 I I B BUS RS 0 0 0 A? I p I...P.R 0 ()(';00 p<f-N( 1 1 lll· _¢~ . ee -, o o 1 f\~SOL.. 01000 A +<2>+ I +I PC ' I ' f\1 I N¢1> LIH~ c oooc IJ (,[) p 

wllli!D ·o IOOJ A. SuS PC 0 0 0 A? C> Net.? L f"'i! c 0 ace D¢N€ I I I I NdP 
1=\SSoL.. 01010 A+l3-+l +I PC ' I I A1 ' N~P LAR 0 0 ooo Be. I 0 II tJ q, "f' 

BYTE 0101 I A BUS f>C 0 0 0 ...8:2 0 !,.I if p LAR 0 _900(' D~Ne: \ \ I \ OBE' 
\MMU> 01100 A+6+1 -+I PC \ I I A7 I tJt} p LA~ 0 ()000 D¢NE: I I I \ Nal? 

~ORb 01101 
-~----1----

_, __ , ___ 

IMM£D 011; 0 PI"\· "B"" I +I PC. I I I A7 I t.J~P LAR 0 (\000 DPNE I \ I I rN¢P 

eYT~ 0 I iII 
0¢M0 I I I liiJa"P t£'6 OEF' I 0000 ~ BUS RS 0 0 0 Ai I N()P I.AR 0 :)ooo 

I '<J 0 R.D 1_00() I ~ ACC. SR.C: ' I _Q_ A1 D ~$P ~ 0 0000 {?;~ 0011 IN<f'lP 
--~- ----:-·-- -- ·- "' 
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eeL 1000 .A+B+l +I PC. I I ' A7 I N~P 1-f:\~ 0 0000 ee ~o o 1 1N~P 

woR.t> 10.01 ~+13 evs PC 0 0 0 A7 0 N0P N¢P 0 oocc Be o_Q.J .. !J0"P H 
(/) 

REL. 10!0 ~+13 ... I +I PC. I I I 1-\7 I t..;(/.P kAR 0 ocoo 13'e. I o I l t.J¢> ~ 
(/) 

c:: 

~YT'£ I 01 I ?r+ f3 PC. _Q_ .A7 N~_p B~ 0 I 01 N~P 
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I woRD II 0 I -••.c!.~--e.f&L __ !I,L _g_Io o A7 0 N IZP N¢P 0 0000 ea 0001 tJ¢P 
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M!CRO-PROG_RAM SY\180LIC LISTING 

I MICRO i SUB BINARY -l ALU j'A'-MUX I REG. CONTROL 
l ROUTINE DL.OCK ADDR~-S~ FU_NCT!O~ 3~LECTI'~- Rt.G. t-'ILB_lWHB 

[i>.EsT;,V.,,~~EGDE>!oi(QQ(}~-0 r-B rB9 eD --+l 0 

It;;,:;~ r'"'" 1- g1g: ? -~a-t-~~~ Ji>lc_ + + 
!"""'' .... ''"" fEGADECI 0 01 00 ~ - 2 I l<t> I I 

(co~~.f,d} 00 I 0! B BuS I<D 0 0 

0 0 I I 0 A . 13 \.) 5 L s RC I I 
00! I I 

. ""l 0 I oOOr+ B+_t_l +' PC I I 
. 0 I 0 0 I A+ 6 13 \J S PC 0 0 
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0! Ol I 
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DE~f<.t> 0 II 0 I A+B J eu~ IGD 0 0 

0 IiI 0 A · AC.C SRC. I I 
0 l,.l I I 13 i B v<: SRC. 0 0 

+ 
A'BSOL I 0000 A+B+ I +l PC. I l 

I 0001 A (3US SRC. I I 
10010 A-B-C. 1 ~ AC.C. RS I I 
I 001 I A+ A -a R2 \ I 

A85ol I 0100 A+ Bt I I + \ I PC I I 
'Df..r-R t:> 10101 A {3v5 1 PC 0 0 

I 01 I 0 A+B I f\C.C. Rl I I 
I 011 I 0 

CARRY OUT !STATUS BUS 
CI!'J S X EN lcNTR~ CNTRL G LED 

o A 7 --=~=rt::i"il)P N q; p. 75 oo o o 
.9_ .A!_ f.-o _ ~e.__ H.¢.f __ g q_o o ~ 
0 A7 0 NQP NQ'P o'ocoo 

0 Al 0 N<t>P N¢P 0 oooo 
0 A1 I NdiP LAR !o oooo 
O A7 I 0 NdiP NWP 0 oooo 

0 A7 0 N0P N<iP 0 oooo 
I 1'1 I N41' P"' R 0 0000 

I A7 ' 1\J¢ p L~R 0 0000 

0 A7 0 N¢P N$? 0 oooo 
0 A7 0 Ncf!P N¢P 0 0 ooo 

0 A1 I NcbP U~R. 0 oooo _....,._ -
I Al I N~P L~R d oaoo 

0 Al 0 N.<t>P Nt/>P 0 lo ooo 
c A7 0 N¢P N¢f> 0 0 ,oo 
0 A7 0 P.uS N</JP 0 0100 

I A7 I N<I>P Lf\'2. 0 ooco 
0 A7 0 N ct>P LAR 0 pooo 
0 A7 0 t-.1 dJP Nt1P 0 0100 

A? 0 

SEQ .!BRANCH 
CNTRL:_,_cO.DDRESS F.~ 

13'< roo o I [""" 

~~~i ++H ,:$j 
BR 0101 N~PI 
BR 0 1 l 0 N<'JIP 

OtiN€ \ \ l I N41P 

8R \00 I NIE? 
6R. ooo\ N<£P 

BR \ I 0 l Nth? 

8~ I II 0 N~f> 
BR I I I t N<6P 

BR. Ol 10 Nf;P 

BR cool t-J¢P 

D¢t-..~E I I I I N¢P 
BR ~:.o 1 I I 0 N¢P 

Bg_ o \ lO N0P 
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rta 
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AuTo :rtJ I I 00 I 13 AC.C RS 0 0 0 A7 0 6R. 
Cll 

1'-J¢P N¢P 0 1000 \ 0 I 0 Nt/JP c 
('!) 
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I I 01 I A+•\ 1\ c. C 1 R 5 0 o o A 7 o N¢P NcPP 0 1000 e.R. I I 0 I NdJP 
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~;s0~B :Lli L~ G's :~ ~ 
N<iSP N¢P 0 I oOO ·eR. I I I I NrPP 

I I II 01 A tJ<PP N$P 0 oloO o¢~e: I I I I N~P 
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MICRO-PROGRAM SYMBOLIC LISTING 
al-l 
1-'• t-t:l 
1-j r-' I MlCRC sus BINARY J ALU 'A'-t.1UX I REG. CONTROL CARRY OUT STATUS sus SEQ jBRANCHI g ~ 

LROUTINE DLOCl< ADOFiESS FUNCTiON SELECTloO'- REG.!WLB_IWHB=l CIN S X EN CNTRL CNTRL G LED CNTFnJ:~OOi\E~.~r: B. ~· ~ 
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MICRO-PROGRAM SYMBOLIC LISTING 

MICRO sue BINARY ALU 'A'-MUX REG. CONTROL 
ROUTINE BLOCK ADDRESS FUNCTION SELECT '8'· REG. WLB WHB 

CONTM( LED 0 IO I 00000 A-1 ACC SRC 0 0 

( CI)IJ I tp/) () OO_Q_L - 8 Bus ?RC. 0 D 
Sf.ARC H 00010 A+B+I +I PC I I 

0001 I A BUS SR.C:. I ' SEAetH 00100 A+8-t-l +I ?C I I 
(cor..~T) 

00101 A eus TEtoi\P I I 
00110 AA8 +I RD I I 
001 I I A-tB ACC. RO I I 

SEf\~C H 01000 A sus s R.C. 0 .o 
( ~O'IT} 

01001 AAI3 Bus SRC 0 0 
01010 A~B ACC ''""P 0 0 
0101 I A+B -2 RD I ' 5Ef\'RCH 01100 A+6 ACC. RO I ' (c.o~o.rr) 
0 II 0 I A_:_B __ :-J. - _±.! ____ ____ RP_ _Q ____ _Q ------

LDieAP 0 Ill 0 B BuS RD 0 0 
0 Ill I A A C. C. TRAP I I 

l..ED i I 0000 A-1 P.CC SRC. 0 0 
10001 __ }L 

----~ 
__ 6~_5_- SR.C. () _ _ Q_ 

0010 
001 I 
0100 
0101 
0110 
011 I 
1000 
1001 
1010 
I 01 I 
II 00 
I I 0 I 

f II I 0 
II II I 

CARRY OUT STATUS BUS 
CIN sx EN CNTRL CNTRL 

0 A7 0 Nq>P Nd>P 

0 A7 _0 - N(/>P N¢t' 
I A7 I NciiP LAR 

.o A7 0 N~P NdJP 

- I A7 I Na'IP LAR 
0 A7 0 NcPP NtP 
0 A7 0 XFR NtP 
0 A7 I Nd>P LDA 
0 A7 0 N¢P RDI 

0 A7 0 NfiP N¢P 

0 A7 0 l\}0 p 1\l~P 

0 A7 0 X F~ RDI 
0 A7 0 N0P N¢P 

.. P. A?. SJ . . Nib"P l'l4l p 
rv~-P 0 A7 0 SETT 

0 A7 0 1\.l~P Nft.P 
0 A7 0 N¢P N¢P 

.o· A2 _0_ _N4SP N~ 

SEQ 
G 

LED 
CNTRL 

0 OODI B~~=-o 

_Q_ oool .1>0!:::\.~ ---
0 0000 ee 
0 oooo Be. 
0 oooo BR 
0 oooo e.R 
0 0 ooo 6~ "i=-1 

0 oooo BR 
0 oooo BR 
0 oooo eR 
0 oo oc BR~::o 
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4.7.1 Example of microprogram sequencing. 

All executi0ns of macro-instructions begin in the FETCH microroutine, 
or major state. Normal entry into FETCH is made at address 2 (octal) if no 
interrupts, traps or tests are pending. The following control sequence is 
generated. 

At Address 2 -Place the constant 000001 (octal) on the A operand bus, and 
register PC (program counter) on the B operand bus. Perforr:1. 
the ALU operation A+B+l, causing PC+2 to be generated at 
the output of the ALU. Place the contents of the E operand 
bus (PC) onto the TELEBUS and generate a "Load-Address-and­
read" command via the bus controls. Write the contents 
(PC+2) of the ALU output back into both bytes of the PC 
register. Clear any previous "odd byte" condition ar.d 
branch to microprogram address 3. 

At Address 3 - Sign extend bit A7 of the TELEBUS contents (result of 
previous LAR) and place it on the A operand bus. Perform 
the ALU operation A+A; this operation shifts the operand 
left (multiplies by 2). Write the contents of the ALU 
out.put into both bytes of the SRC register. Also load the 
contents of the TELEBUS into the macro-instruction re­
gister of IXL/B. The microroutine is DONE at this point, 
and an entry into the next state microroutine is executed. 
The address of the next microroutine is generated by the 
next state address encoding logic and depends on the type 
of instruction which has been clocked into the instruction 
register. The above IXL/A operations are done in case the 
ins~ruction clocked into the instruction register happens 
to be a BRANCH; in this case the correct branch offset 
has been placed in the SRC register, and is used later in 
the BRANCH microroutine. If the upcoming instruction is 
not a BRANCH, the contents of the SRC register are later 
ignored. For this example, we wi11 assume the instruction 
is an "ADD Rl, R2" (not a BRANCH). The decoding of this 
instruction by the IXL/B logic causes a next state address 
generation of 40 (octal), which is the address of the 
REG DIR sub-block of the SOURCE microroutine. 

At Address 40 - Place the contents of the Rg register (the register designated 
by IR6-IR8) on the B operand bus. Transfer the B operand 
through the ALU and into the accumulator (the output of the 
ALU is always clocked into the accumulator). Branch to 
microprogram address to address 41. 

/51 
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4.7.1 Continued 

At Address 41 

At Address 100 

At Address 347 

At Address 364 

- Place the contents of the accumulator onto the A operand 
bus, transfer through the ALU and write into both bytes of 
the SRC register (this register is used to hold the source 
operand until execution of the arithmetic operation). 
The microroutine is DONE at this point. The address en­
coding logic generates a next state address of 100· (octal); 
this corresponds to the REG DIR sub-block of the DESTINATION 
microroutine. 

- Place the contents of the RD register (the register 
designated by IR0-IR2) on the B operand bus. Transfer the 
B operand through the ALU and into the Accumulator. The 
DESTINATION microroutine is DONE at this point. The 
address encoding logic generates a next state address of 
347 (octal); this corresponds to the ADD sub-block of the 
EXECUTE microroutine·. 

- Place the contents of the accumulator on the A operand 
bus, and the contents of the SRC register on the B operand 
bus. Perform the operation A+B in the ALU and write the 
results back into both bytes of the SRC register. The 
EXECUTE microroutine is DONE at this point, and the next 
state address encodir~ logic generates an address of 364 
(octal). This corresponds to the DMD WD sub-block of the 
DATO microroutine. 

Place the contents of the accumulator on the A operand 
bus and transfer it through the ALU. Write the result 
back into both bytes of the RD register. The DATO micro­
routine is DONE at this point. A next state address of 
2, 4, 10 or 20 is generated to 4'initiate the FETCH routine 
in the normal, interrupt, trap or test modes respectively. 

Thus the "ADD Rl, R2" ins true tion requires 7 micro-steps or 7 X 1.12 or 
1 

7.84 microseconds. 

4.8 FS-7 Timing Logic and Restart Timer 

4.8.1 General 

4.8.1.1 The Timing Logic within the IXL/B card assembly generates seven wave­
forms to syn~hronize the operation of 40C400 Controller. Three of the wave­
.forms are Telebus signals, namely I/O Clock, Bus Enable, and Memory Clock. 
The four remaining waveforms are used by the IXL, namely Microprogram Clock 
(~~ CLK), Interrupt Grant Clock (IG CLK), Accumulator Clock (ACC CLK), and 
Write Pulse. 
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4.8.1.2 The Timing Logic normally operates with a period of 1.116 }ficro­
seconds for all waveforms. The Logic deviates from this period when the 
Telebus command is to read from a device and when the Controller is running 
under standby power. When reading from a device, the I/O Clock is maintained 
at a period of 1.117 uS. with the six other waveforms changed to 2.232 'ms. "" , 
for one period only. Under standby power, the Timing Logic generates only 
the I/O CLK waveforms at a period 17.856 uS. 

The Timing Logic automatically change modes when the read from 
device command (RDV) is instituted by the microprogram or when the power 
switches to standby operation. 

4.8.1.3 The timing waveforms are derived from the Crystal Oscillator (X~AL 
OSCILLATOR) oscillating at 14.336 MHz. with a period of 69.75 Nanoseconds. 

4.8.1.4 The waveforms have a period of 1.116 Microseconds phased in increments 
of 69.75 uS. To obtain the 1.116 uS. period, the XTAL OSCILLATOR drives two 
divide-by-16 counters, the XCLK Counter (XCLK CNTR) and the Timing Ring Counter 
(TR CNTR). The XCLK CNTR is a four stage binary counter; the fourth staee 
generates I/O CLK. The TR CNTR is an eight stage twisted ring counter and 
generates six of the seven waveforms. Synci1ronization of the two counters and 
suppression of unwanteq ring cpunter counting modes is the function of the TF 
Synchronizer gate. 

4.8.1.5 Ten two input NAND and NOR gates decode the outputs of the TR CNTR 
and produce the Bus Enable, Memory Clock, MP CLK, IG CLK, ACC CLK and the 
Write Pulse. 

4.8.1.6 To change the period of the six waveforms during a Read From Device 
(RDV) Telebus command, the RDV command is decoded from Telebus leads CO, Cl, 
C2. The RDV DECODE circuit decodes the command. A signal RDV EN is generated 
within the IXL/B whenever DEVICE A ENABLE or DEVICE B ENABLE is actuated and 
is used with the RDV DECODE to trigger the "pulse stretching" of all timing 
signals except for the I/O CLK. 

4.8.1.7 Provisions have been made to maintain +5V po~rer to the X~AL OSCILLATOR 
and those integraced circuit packages which generate the I/O CLK when a set 
is equipped witu a secondary power. source. When power fails, the +5V Standby 
is to continue operation from the secondary source. During power failure, 
the I/O counter (I/O CNTR). is enabled and divides the I/O CLK by sixteen. 
During standby operation, the I/O CLK is active low on the Telebus for 17.3 uS. 
and becomes high for .0.56 uS. When normal power is restored, the I/O CNTR 
becomes passive and the I/O CLK returns to a period of 1.116 uS. 

4.8.1.8 The Restart Timer is an analog timing circuit that actuates the 
INITIALIZE Telebus lead. The momentary closing of a remote Restart switch is 
differentiated by an R-C circuit to trigger the Restart Timer. In turn the 
Timer drives the INITIALIZE lead to a Low level for 50 milliseconds. 
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4.8.1.9 Refer to 4401SD-9 for the schematic of the Timing logic and 4401SD-10, 
-11 and -12 for the Timing Charts TCl, TC2, TC3 and TC4. 

4.8.2 Supporting Information 

4.8.2.1 Schematic 4401SD 

4.8.3 Crystal Oscillator and Multiplexer 

4.8.3.1 The Crystal Oscillator (XTAL OSCILLATOR) is contained in one hybrid 
circuit package, MLCl. The output drives a two input multiplexer (MLC2) 
normally selected to the XTAL OSCILLATOR. The multiplexer output (MLC2-(4) 
is XCLK, the basic clock signal for the timing generation. 

4.8.3.2 The multiplexer MLC2 is used to replace the XTAL OSCILLATOR signal 
with an external source during production card .testing or during use of a 
Test Panel. In normal operation, the signal leads OSC EN and MUX EN are held 
at a High voltage level by the resistors R4 and R6 connected to +5V Standby 
supply. To insert an external frequency source, the signal lead ~rux EN (B3) 
is driven to a low level by external circuitry. The external frequency 
source is then connected to the signal lead OSC EN (B2). The multiplexer 
MLC2 selects the external source to become the signal XCLK. 

4.8.3.3 The XTAL OSCILLATOR, package MLC2, and resistors R4 and R6 are 
powered from the +5V Standby supply. In standby operation, the signal XCLK 
is not interrupted. 

4.8.4 XCLK Counter 

4.8.4.1 The XCLK Counter, MLBl, is a four stage binary counter driven by the 
signal XCLK. The output of the last stage, MLBl-(11) is titled I/O CLK and 
is a square wave of frequency 896 kHz. Another xr.LK CNTR output MLBl-(15) 
is entitled XCLK CNTR CARRY. 

4.8.4.2 The time relationship of the XCLK Counter input and outputs are shown 
in TC-1 (4401SD-ll) and TC-2 (4401SD-12). The signal CLK I/O is shown to be 
a sub-multiple of the XCLK frequency. The signal XCLK CNTR CARRY becomes 
active HIGH for one XCLK period prior to the HIGH TO LOW transition of the·CLK 
I/O signal.' In turn XCLK CNTR CARRY acts as a clock for the RDV Se'-iuence 
Control. 

4.8.4.3 The XCLK CNTR is powered from the +5 Volt Standby supply. The unused 
control leads of the SCLK CNTR is held HIGH by the res is tor R2 and R3, 
~onnected also to +5 Volt Standby. 

4.8.5 Timing Riug Counter 

. 
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4.8.5.1 The Timing Ring Counter (TR CNTR) generates all timing waveforms 
except for I/O CLK. The division of timing sign."~.1 s is to allov1 standby or 
battery operation, and to allow a one cycle pause during Read from Device (RDV) 
Telebus operation. The I/O CLK signal is never interrupted ,.,hile the TR CNTR 
outputs may be interrupted. 

4.8.5.2 The Timing Ring Counter (TR CNTR) is an eight stage twisted ring 
counter composed of MLA2 and MLAl integrated circuit packages. A twisted 
ring counter consists of a shift register with the output of the last stage 
inverted and connected to the first stage input. The TR CNTR consists of 8 
D-Type flip-flops connected in series. The TF Synchronizer gate, ~LB3, 
inverts the last staee output, TF7, and drives the first stage input, MLA2-(4). 

4.8.5.3 The output signals of the TR CNTR are symmetrical pulses and are 
the 16th submultiple of CLK. The timing diagram TC-1 (4401SD-ll) shot-1s the 
TR CNTR outputs (TF0 through TF7); each output is displaced one XCLK period 
from the preceding output. Note that the TF Synchronizing gate synchronizes 
the TR CNTR with the I/O CLK signal, MLBl- (11), by gating or blocking the 
first stage input, MLB3-(4). In effect, the I/O CLK signal being in phase sl0117s 
the TF signal. 

4.8.6 Counter Decoders 

4.8.6.1 The outputs (TF0 through TF7) are decoded by two input NOR and l~\ND 
gates to generate the required timing signals. The signals are generated as 
follows: 

4.8.6.1.1 MEM CLK = TF3 A TF6 

4.8.6.1.2 IG CLK = TF0 

4.8.6.1.3 ACC CLK = TF0 A TF3 

4.8.6.1.4 BUS EN = TF2 

4.8.6.1.5 HP CIK = TF4 V TF3 

4.8.6.1.6 WRITE PULSE= TF4 V TF3 

4.8.6.2 The I/O CLK signal is derived through three stages of inversion, 
MLC3-(11), MLC3-(8) and HLC3-(6). A signal I/O CLK ENABLE is used to gate 
I/O CLK during standby operation. The integrated circuit package HLC3 is 
powered from +5 Volt Standby. 

4.8.7 RDV Decode and RDV Sequence Control 

4.8.7.1 The RDV Decode and RDV Sequence Control logic detects the RDV 
command coincident with either DEVA EN or DEVB EN Telebus signals and precedes 
to stop the TR CNTR for one bus cycle of 1.116 Hicrosecond. The pause is to 
allow response of alower I/O devices attached to the Telebus • 
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4.8. 7.2 The RDV Decode gate decodes the Telebus controls generated by the 
Microprogram Storage Arrays MPC0, MPCl, MPC2. The MLA4-(12) lead goes HIGH 
for RDV detected. The signal RDV EN is generated whenever either 'i'elebus 
DEV ENABLE signal is propagated. The coincidence of MLA4-(12) and RDV EN 
sets the FF0 flip-flop when the CLK CTR CARRY LOW to HIGH transition occurs. 
In turn the RDV FF0 goes LOW which clears MLA2 and stops the TR CNTR. At 
the same transition, RDV FFl is set to 1, NLA3-(15) =HIGH, blocking the 
RDV FF0 input. The next LOW to HIGH transition of XCLK CTR CARRY will clear 
RDV FF0 allowing TR CNTR to commence counting. 

4.8.7.3 The timing relationship of the RDV sequence is shown in TC-2 (4401SD-12). 
The XCLK CNTR CARRY is the synchronizing or clocking 3ignal that sequences 
the RDV pause. 

4.8.8 I/O Counter 

4.8.8.1 For operation under standby conditions, a clock is required operating 
at a lesser frequency than nonnal operation. The clock is to exercise the 
dynamic memories to retain the stored data. The IXL provides the I/O CLK 
during standby or battery operation operating at 56 KHz. The I/O Counter 

I/O CTR) provides the logic and counting to generate the sub-multiple 
IfO CLK. 

4.8.8.2 During normal operation, the I/O CTR (MLC4) is held at count 15. 
Since I/O CTR is a four stage counter, the carry output (I/O CLK ENABLE) is 
always HIGH, thereby enabling MLC3-(18) and allowing I/O CLK to propagate 
through MLC3-(6) to the Telebus. The I/O CTR is held at count 15 by loading 
each flip-flop with logic 1 at each X CLK CTR CARRY cycle. The load signal, 
MLC4-(9), is derived from a NAND gate MLB2-(8), with the inputs, MLBZ-(9,10) 
held HIGH by resistor Rl. When power fails the signal MLB2-(8) previously LOW 
becomes HIGH. When clocked through the flip-flop MLA3-(10) to synchronize the 
signal, the load command MLC4-(9) goes HIGH. The I/O CTR precedes to count 
and the I/O CLK ENABLE goes LOW blocking I/O CLK in a LOW state. Every 16 
counts the I/O CLK ENABLE goes HIGH for one XCLK CTR CARRY cycle. 

4.8.8.3 The timing diagram for standby power operation is shown in TC-3 
(4401SD-13). The XCLK CTR CARRY becomes the synchronizing or clocking signal 
by controlling ~he ENP, MLC4-(7) lead of the I/O CTR. Note that the I/O CLK 
signal is the only Telebus signal defined for standby operation. 

4.8.8.4 To remain in operation during standby conditions, the integrated 
circuit packages MLA3, MLBl, MLCl, MLC2, MLC3 and MLC4 are powered from the 
+5 Volt Standby supply. 

4.9 Restart Timer 

4.9.1 The Restart Timer is used to momentarily actuate the Telebus INITIALIZE 
to a low state for approximately 50 milliseconds. A HIGH to LOW transition at 
the input, RESTART (B55), is differentiated by the circuit of Rl6, Rl7 and C28 
to trigger the timer, MLC18, with a HIGH to LOW pulse. Once triggered the 
timer output, POR, is actuated HIGH for approximately 50 milliseconds. The 
POR signal is inverted and drives the INITIALIZE lead LOW by the bus trans­
ceiver MLC5. 
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SECTION I - USER INFORMATION 

1. General Description 
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1.01 The 410406 SSI (Standard Serial Interface) Input/Output Circuit.Card 
Assembly provides the 40C400 Controller with four (4) interfaces to Nadel 40 
line equipment requiring an SSI compatible interface. The four interface 
ports are partially comprised of Teletype MOS integ~ated circuits. 

1.02 To interface the 40C400 Controller to the device being serviced, the 
MOS circuitry converts data and control information from the line discipline 
of the Telebus to the SSI compatible interface. The exchange of information 
is accomplished by the operating program in the controller reading or writing 
data into registers located in the MOS circuitry. 

The parallel to serial conversion of the data to be transmitted is 
performed within the MOS circuitry by a Transmitting Concentrator. Four 
(4) eight (8) Bit registers are associated 1-1i.th the Transmitting Concentrator, 
two used to assemble the sixteen (16) Bit data word sent to the device and 
two used to assemble the thirteen (13) Bit control word sent to the device. 
One of the control registers contains three status bits of information to 
indicate the state of the data word register, the state of the control 
word register and an Enable Bit used to allow an interrupt request when 
the contents of the data word registers have been loaded into the Transmitting 
Concentrator. The operating program has a full word time (....., 320 u sec) to 
service the interrupt request and load the two data word registers with 
the next word to be sent should contiguous data word operation be desired. 
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The serial to parallel conversion of the incoming SSI word is 
performed within the MOS circuitry by a Receiving Distributor. Four (4) 
eight (8) Bit registers are associated with the Receiving Distributor, two 
used to store the sixteen (16) Bit data word received from the device 
and two used to store the ten (10) Bit status word received from the device. 
One of the status registers has six (6) local status and control bits which 
may under program control, (a) enable an interrupt request when a status 
word is received, (b) enable an interrupt request when a data word is 
received, (c) initiate a port test by causing the SSI send data to loop 
back to the SSI receive data, (d) indicate if an SSI Clock is present·on 
the receive data verifying the existence of the remove device, (e) reflect 
the state of the data word registe~s and (f) inform the operating program 
that a data word has been received without the previous word being read. 
The operating program has a full word time (~320 u sec) to service the 
data and status registers without allowing an overwrite condition to exist. 

2. Switch Options 

2.01 The SSI Input/Output Circuit Card Assembly uses the lesser significant 
eight (8) bits of the sixteen (16) bit Data/Address Bus of the Telebus. . 
Address bits A6 and A7 are switch programmable with Address bits A4 and AS 
being determined by position of the port on the circuit card assembly. 
The additional address information (A8-Al5) determined by Device A Enable 
(IOA) and Device B Enable (IOB) are switch programmable. The polarity of 
the most significant of the eight (8) bit interrupt vector and the magnetic 
tape options are also switch programmable. 

The switches are located in one switch pack (SPB13) in the lower 
right hand corner of the card assembly as viewed from the component side. 

SWITCH OPTIONS DEFINITIONS 

Switch 1 IOA/IOB/Vector Block - Selects one of two groups of device addresses 
(A8-Al5) and determines polarity of Interrupt Vector Block 
On = Closed = IOB • l for Bit 8 of Vect~ • 
Off = Open = lOA • 0 for Bit 8 of Vector 

Switch 2 Card Address A6 
On = 0 for A6 
Off = 1 for A6 

Switch 3 Card Address A7 
On = 0 for A7 
Off = 1 for A7 

Switch 4 Magnetic Tape Option Port A = The recording fo~at of the 
Model 40 Magnetic Tape Cassette requires the SSI word t!me·to 
be 22 SSI bits long (392,854 us). Thus a 4 bit stop must be 
added to the normal 18 bit frame. 
On = Option In ( 22 bit word) 
Off = Normal ( 18 bit word) 
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Switch 5 Magnetic Tape Option Port B - See above 

Switch 6 Magnetic Tape Option Port C - See above 

Switch 7 Magnetic Tape Option Port D - See above 

3. Supporting Information 

3.01 SSI Word Definition 
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The SSI Signalling Scheme utilizes a Di-Phase Clock for Data Inter­
change. At the transmission rate of 56 KBS, the base bit width is 17.857 
usee and the alternate bit width is 8.928 usee. A mark is defined as one 
base bit, 17.857 usee wide, and a space is defined as two contiguous and 
opposite polarity 8.928 usee wide bits. 

The data link is established when a Di-Phase "Mark" is present on 
both the transmitting leg lTD (to Device) and the receiving leg ITC (Device 
to Controller). Once the data link is established, information interchange 
may be initiated by either the 4CC400 Controller to the device (through the 
SSI port) or from the device to the 40C400 Controller (through the SSI port). 

The basic SSI word consists of four parts (1) Start (2) Steer, 
(3) Low Byte bo-b7, and (4) High Byte b8-b15. When sending to the device 
from the 40C400 Controller the start and steer bit is generated by the 
SSI port when the low byte (bQ-b7) of the word is received from the 40C400 
Controller. Thus if you want to update the data in the high byte only to 
the device, you must load the lower byte with the same byte information 
that was sent before. 

3.02 Interrupt Vectors 

Three interrupt vectors can be generated by each SSI port which 
are controlled by the 40C400 Controller via the correct enable bits. 

Interrupt Name 

A) Send Registe~s Empty 
B) Data Word P3ceived 
C) Status Word Received 

Vector Address 

AX7X6Xs:xt.01~ 
AX7x6x5x411~ 
AX7X6X5X4l~~ 

where A = lOA/lOB/Vector Block Switch Option 
X7X6X5X4 = Card Address and Port Pos~tion Options (A7A6AsA4) 

..... 

the enable bits for the interrupt vectors are: 

In te rrup t Name Register Address Bit Location 

A) Send Register Empty . AX7X6x5x4~~1~ 5 
B) Data Word Received AX7X6XsX4101~ 6 
C) Status Word Received AX7X6x5x41010 7 
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Each SSI port has eight (8) eight (8) bit registers, four (4) used 
to the device and four (4) used from the device. The register names and 
addresses are: 

Register Name Frorr./To Device Address 

1) Control Low Byte To AX.7X6X5X4~~~~ 
2) Control High Byte To AX7X6XSX40~1~ 
3) Data Low Byte To AX7X6XSX4~1~~ 
4) Data High Byte To AX.7X62(sX4~11~ 
5) Status Low Byte From AX7X6X5X4l~~~ 
6) Status High Byte From .AX7x6x5x4101~ 
7) Data Low Byte From AX7x6XsXt.11~~ 
8) Data High Byte From AX7X6X5X4lll~ 

3.04 Register Bit Definitions 

3.04.1 Control Register (Low Byte Controller to Device) - AX7X6X5X40~0~ 

BITS DESCRIPTION 

~ INIT - Reserved for all SSI ports as the initialize signal and 
defined as device reset to its initial condition. This bit is 
Read/Write· 

1 Send Status - is reserved for all devices as the command from the 
400400 Controller to send to the Controller the current contents 
of the device status register. This bit is Read/Write. 

2 Test - Reserved for all SSI ports as the test signal causing the 
device to initiate an internal test, and upon completion of this 
test notify the 40C400 Controller, via the Status Register, the 
state of the test. This bit is Read/Write. 

3-7 Unassigned - Device dependent. These bits are Read/Write. 

3.04.2 Control Register (High Byte Controller to.Device) - AX.]X6X5X4¢~1~ 

BITS DESCRIPTION 

0-4 Unassigned - Device dependent. These bits are Read/Write. 

5 Send Data Interrupt Enable - This bit being set to a 1 and a full 
empty transition of the data registers, (Data (Low Byte) and Data 
(High Byte) loaded into the transmitting concentrator initiates 
the Send Data Interrupt Request. This bit is Read/'\A!rite. 

6 Control Buffer Empty - This bit indicates the state of the Control 
Buffer. 1 = Empty, 0 = Full (waiting to be loaded into the 
Transmitting Concentrator). This bit is set to 1 when the data is 
loaded into the Transmitting Concentrator. This bit is Read Only. 
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7 Data Buffer Empty - This bit indicates the state of the Data 
Buffer 1 = Empty, 0 = Full (waiting to be loaded into the Transmitting 
Concentrator. This bit is set to 1 whP-n the data is loaded into the 
Transmitting Concentrator. This bit is Read Only. 

NOTE: Bits 5, 6 and 7 are used for information between the SSI port and the 
40C400 Controller only. A mark is always sent in these three bit 
positions to the device being serviced. 

3.04.3 Transmit Data Register (Low Byte Controller to Device) - "~7X6XsXt,0100 

~ DESCRIPTION 

0-7 

3.04.4 

BITS 

0-7 

3.04.5 

BITS 

0-7 

3.04.6 
Card) 

BITS 

0-1 

2 

3 

4 

~ These bits are Write Only. 

Transmit Data Register (High Byte Controller to Device) - AX7X6XsX40ll0 

DESCRIPTION 

Data These bits are Write Only. 

Status Register (Low Byte Device to Controller) - AX7X6X5X41000 

DESCRIPTION 

Unassigned (from Device) These bits are Read Only 

Status Register (High Byte Device to Controller and Local Status on 
ABX7X6X5X4l~l~ 

DESCRIPTION 

Unassigned (from device). These bits are Read Only. 

SSI Line Status - This bit reflects the SSI line condition as to 
the presence of the Di-Phase clock. (1 =Clock on, 0 =Clock off). 
A change of the state of the clock initiates a Status Received 
Interrupt Vector if the Status Interrupt Enable Bit is Set to 1. 
This bit is Read Only. 

Data Word Available - This bit being a 1 indicates that a data 
'vord has been received from the device and is available at 
AX1X2X3X411~~ and AX1X2X3X41110. The receiving of the data word 
from the device will cause a Data Received Interrupt Vector, if 
the Data Interrupt Enable bit is set to 1. This bit is Read Only. 

Overflow - This bit indicates the state of the input data buffer. 
(Device to Controller) Should a data word be received from the 
device without the prior one having been accessed this bit will 
set to a 1. This bit can be cleared to a zero only by the 40C400 
Controller. This bit is Read/Write ~. 
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BITS 

5 

DESCRIPTION 

Loopback - This bit initiates the loopback test mode, connecting 
the Transmitting Concentrator to the Receiving Distributor. The 
data to the device is held in the marking condition and all input 
data from the device is ignored. Loopback = 1, Normal = 0 
This bit is Read/Write. 

NOTE: Care must be taken whem switching in and out of loopback that a 
character is not being sent by the Transmitting Concentrator'(wai~ 

.!!!.!§. 

6 

7 

3.04.7 

BITS 

0-7 

3.04.8 

BITS 

0-.7 

a minimum of 321.6 us from last loading of Transmitting Concentrator). 

DESCRIPTION 

Status Interrupt Enable - This bit having been set to a one, and a 
status word is received from the device or the SSI Line Status 
changes will generate the Status Received Interrupt vector request. 
1 = Enable, 0 = Not Enabled. This bit is Read/Write. 

Data Interrupt Enable - This bit having been set to a one, and a 
Data Word is received from the device. The Data Received Interrupt 
Vector will be generated. 1 = Enable, 0 = Not Enabled. This bit 
is Read/Write. 

Input Data (Low Byte Device to Controller) - AX7X6X5X4ll~~ 

DESCRIPTION 

Data (from Device). These bits are Read Only.· 

Input Data (High Byte Device to Controller) - AX7X6X5X41110 

DESCRIPTION 

Data (from Device). These bits are~ 1d Only. 

3.05 Signal Designation 

Signal leads are labeled with a title descriptive of the function of 
the signal. A line may or may not be drawn over this title, indicating that 
the signal is in the low or high state respectively when the state {~scribed 
by the title of the signal is present. 

3.06 Voltage Requirements 

3.06.1 The voltages required by the 410406 Card Assembly have th~ 
following tolerances: 

Voltage 

+5V 
-12V 
+12V 

VQltage Range 

+4. 5V to +5.5V 
-10.8V to -13.2V 

·+10.8V to +13.2V 
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3.06.2 Other voltages referred to in the circuit description have the 
following tolerances: 

Vol taB!:, Voltage Range 

VL O.OV to +0.8V 
VH +2.4V to +5.5V 
VLM -l.OV to +0.8V 

VHM +9.5V to +13.2V 

SECTION II - CIRCUIT DESCRIPTION 

1. General Description - with Block Diagram 

The SSI Input/Output Block Diagram of Figure 1 shows the relationship 
between the various functional blocks (FS-1 to FS-7). 

Data/Address information from the Telebus and Data, status and interrupt 
vector information from the four (4) SSI ports to the Telebus pass through 
FS-2. Eight bit data/address from the Telebus passes into either the 
Transmit Data Interface (FS-4) or the Receive Data Interface (FS-5). 
Data and vector address information return from FS4 and FS-5 to FS-2. 
Control, timing and-interrupt control signals from the Telebus to the SSI 
ports pass through FS-3 to drive FS-4, FS-5, FS-6 and'FS-7. 

The Receive Distributor with associated registers, the Transmitting 
Concentrator with associated registers and all other pertinent circuitry 
are contained within the MOS circuitry and are depicted simply as functional 
elements. 

For more detailed information regarding the MOS circuitry refer to 
Specification 3449798 and 344981S. 

Power distribution·, decoupling and receiver enabling is performed 
in FS-1. 

2. Detailed Description 

2.01 FS-1 (lower Distribution and Shielding) 

2.01.1 General- Functional Block FS-1 provides the distribution of power, 
high frequency decoupling. of the regulated power signals, signal shielding 
at the Telebus connector and the Telebus receiver enabling. 

2.01.2 Capacitors Cl and C9-Cll provide high frequency decoupling of the 
+5V Power lead to ground. The decoupling is accomplished by presenting 
a relatively low impedance to high frequency signals on the decoupl~d lead. 
Capacitors Cl2 and Cl3 decouple -12V and +12v respectively to ground. 
Capacitors C2-C8 decouple +12V to -12V. 

14~ 



r· 

TELETYPE CORPORATION 
Circuit Description 

2.01.3 Telebus receivers MLDl, MLD2 and MLD3 are always enabled by 
connecting the respective disables OFF (VL)• 

2.01.4 The Telebus signal shields are connected to ground for the 
shielding function. 

2.02 FS-2 (Data/Address Splitting and Level Shifting). 
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2.02.1 General -Functional Block FS-2 performs the transceiver function 
for the eight (8) Data/Address Telebus signals. 

2.02.2 High impedance receivers (MLD2 and M~3) operate in conjunction 
with open-collector drivers (MLA2 and MLA3) to accomplish the transceiver 
operation. 

2.02.3 The level shifting of the TTL compatible Telebus to the MOS 
voltage levels are accomplished by high voltage open collector drivers 
(MLB2 and MLB3) with lK resistors providing the VHM levels. The level 
shifting of the MOS levels to the Telebus levels is accomplished by a 
voltage divider network (series resistors on FS-4 and FS-5) with resistors 
to -12V in such a ratio to guarantee VH into MLA2 and MLA3 with VHM into 
the divider, and VL when the MOS allows the divider input to float. The 

6.8Kresistors to -12V assure sufficient current sinking to guarantee 
VL into MLA2 and MLA3. The bi-directional Data/Address of the Telebus 
is thus split to MOS compatible voltage Data/Address to the SSI ports 
and Data from the SSI ports. MLA2 and MLA3 are disabled by INENBS 
(INENB) to force the proper release ti~ing for the Telebus data. 

2.03 FS-3 (Control and Interrupt Logic Level Shifting) 

2.03.1 General - Functional Block FS-3 performs the Telebus to MOS 
compatible level interface for the control leads and the interrupt signals. 
A divider network generates the clock signal to the transmit concentrator. 

2.03.2 High impedance receivers (MLDl and MLD2) r·ovide the direct inter­
face from the Telebus and operate in conjunction wit;, open collector high 
voltage drivers (~ITB2 and MLC2) to generate the MOS coillpatible levels, 
with lK resistor providing the VHM levels. 

2.03.3 Switch cption 1 in conjunction with ~lln4 exclusively select I/OA 
or I/OB and form the I/O SELECT signal which enables the four SSI ports. 
The VBOPT signal reflects the state of switch option 1. 

2.03.4 The 4-bit counter, MLCl, divides the I/O CLK (896KHz) to 112KHz 
to be used by the send portion of the SSI port. 
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2.03.5 The MOS compatible level INTR signal drives NLAl through a voltage 
divider whose ratio is chosen to guarantee VH into NI.Al with V&'1 into the 
divider, and VL when the MOS causes the divider input to float. The 12K 
resistor to -12V guarantees current sinking :: nto 1-IT.Al. Should the HOS 
INTR signal be OFF (VLM), IG IN from the Telebus will be shunted to IG 
OUT on the Telebus through MLBl. If the MOS U.lTR signal is ON (Vmt), 
the Telebus INTR will assert (VL) and IG IN from the Telebus will pass 
to the MOS IG IN to be chained to the SSI ports. Telebus IG OUT will 
be OFF (VH). 

2.03.6 The IN ENB signal (INENBS) is used to disable the open-collector 
drivers MLA2 and MLA3 such that the data is released as IN ENB turns OFF. 

2.04 FS-4 (Transmit Data Interface) 

2.04.1 General - Functional Block FS-4 depicts the Data/Address and 
control bus into the MOS send ports. The output SSI signal biasing 
provides the necessary input signal to the SSI signal transformers 
located off card. 

2.04.2 The 2.7K series resistors operate with the6.8Kresistors on FS-2 
to form the required voltage division for driving the Telebus. 

2.04.3 The three resistors for the SSI Out signaling form the line 
matching (100 ohm through a 5:1 signal transformer) with the 2.4K and 
a voltage divider with the 3.9K resistors to ground causing a SV p-p 
signal to the transformer when the MOS circuitry closes to VHM• 

2.05 FS-5 (Receive Data Interface) 

2.05.1 General -Functional Block FS-5 depicts the Data/Address and 
Control Bus into the MOS receive ports. The quad-comparator (MLD9) and 
CMOS counter (MLC13) in conjunction with the MOS circuitry provides the 
necessary input for the receive SSI signalling from the SSI signal trans­
formers located off card. 

2.05.2 The 2.7K series resistors operate with the6.8K resistors on FS-2 
to form the required voltage division for driving the Telebus. 

2.05.3 The receive SSI signal from the transformer differentially drives 
the quad-comparator (biased for hysterisis) w-hich presents a 12V signal to 
the CMOS counter which, in its parallel mode and clocked with the 896 
CLK, drives the HOS receiver with a synchronized HOS level signal. 

2.06 FS-6 (Clock Input and Option Logic) 

2.06.1 General - Functional Block FS-6 depicts the I/O Select, INENB 
and I1IT signalling into the MOS circuitry. The 896 CLK provides the 
high frequency (896KHz) clock necessary for the asynchronous SSI receiver, 
while the 112 GLK provides the clock (112KHz) to drive the diphase SSI 
transmitter. The Mag Tape options and chip select options are shown 
driving the ports. 
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2.06.2 The chip select options (CS3 and CS4) in conjunction with the 
hard wired CSl and CS2 provide the identity of the SSI port. 

Corresponding 
Port D/A 4 5 

A 0 0 
B 1 0 
c 0 1 
D 1 1 

2.07 FS-7 (Interrupt Logic Interface and Vector Option) 

2.07.1 General - Functional Block FS-7 shows the power connections to the 
MOS circuitry, the interrupt signal configuration and the loopback signal 
paths. 

2.07.2 Power (Vss and -v00) feed the MOS circuitry as shown. 

2.07.3 The VBOPT signal is converted to MOS compatible voltage by the two 
stage amplifier Ql-Q2 to feed the MOS circuitry thereby determining the 
sense of the most significant bit of the vector. The INTR signal is 
common to all ports. IG IN is daisy chained throughout the ports 
establishing the following priority: 

Priority 

High 

Low 

~ 

A Send 
B Send 
C Send 
D Send 
A Receive 
B Receive 
C Receive 
D Receive 

2.07.4 When conditioned by the control to operate loopbaek, pin 24 of 
the receive port asserts causing the serial data to appear on pin 24 
of the send port. The SSI Out is held mark (28 KHz square) and the SSI 
m is blinded. 
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CIRCUIT DESCRIPTION OF THE 410411 AND 410412 
CO}~ICATION INTERFACE UNIT CARD ASSEMBLIES 

(CIU/DIU/PIT/SID) 

SECTION I - USER INFORMATION 

1. PURPOSE OF THE CIRCUIT 
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1.1 The 410411 Card Assembly contains the electronics for a Communication 
Interface Unit (CIU), a Programmable Interval Timer (PIT) and a Station 
Identification Device (SID). These devices are' I/O devices for the 40C400 
Controller and therefore conform to the "Telebus" input and output signalling 
requirements. 

1.1.1 The CIU interfaces a 40C400 Controller to a data set operating in 
either a character and bit synchronous, character and bit asynchronous or 
character asynchronous, bit synchronous mode (isochronous). In synchronous 
and isochronous operation baud rates up to 9600 Baud are accommodated, while 
compatibility with a wide variety of speeds is provided in the asynchronous 
mode (Sec. 3.1.1). 

1.1.2 The PIT provides a means of generating two independent and program­
variable time delays when the device is used in a 400400 Controller. Time 
delays from 0.57 ms to 75 sec may be programmed. 

1.1.3 The SID provides 8 bytes of field-alterable, non-volatile read only 
data storage to be addressed by 40C400 operating programs. The data storage 
is provided by eight, eight position switches on the card assemblies. 

1.2 In addition to containing the same three I/O devices as the 410411 Card, 
the 410412 Card Assembly contains a Dialer Interface Unit (DIU). 

·~·-·---~-------~ .. 

1.2.1 The DIU provides the 400400 Controller with a~·omatic dialing capability 
in switched network operation. Compatibility with both the 801C Data 
Auxiliary Set and the 851Al Terminal Auxiliary Unit ("Int~grated" Auto-Dialer 
used with 251Al Terminal Data Unit) is provided. 

2. FUNCTIONAL DESCRIPTION 

2.1 Functional Des.-:ription of the CIU (Refer to Figur~ 1) 

To interface the 400400 controller to a data set, the CIU converts data 
and control information !rom the line discipline and TTL signal levels of the 
Telebus to an EIA-RS-232C compatible interface. The exchange of information 
is accomplished by the operating progr~m in the controller reading or writing 
data into registers located on the CIU card assembly. 

Teletype Corporation 
Circuit Description 

2.1 (Continued) 
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The parallel to serial conversion of the data to be transmitted is per­
formed by the Transmit Buffer. This register indicates it's empty/not empty 
state by a bit in the Status Register (see below) and is double-buffered to 
allow the operating program a .full character time for its servicing. An 
interrupt occurs when the Transmit Buffer is empty (if enabled by the 
corresponding interrupt enable bit in Control Register 3). 

The Receive Buffer similarly performs the serial to parallel conversion 
of incoming data characters. When a new character has been assembled, a bit 
is set in the Status Register and an interrupt is generated if the corres­
ponding interrupt enable bit in Control Register 1 has been set. Double 
buffering of the received data allows the operating program a full character 
time to service this interrupt. 

Send and receive baud rates are the same and are determined by a clock 
from the data set in synchronous and isochronous operation. In the asynchronous 
mode, a crystal oscillator and switches on the card assemblies select the two 
baud rates. The operating program can then switch between these two selected 
baud rates. 

The Status Register is interrogated by the operating program for all 
status information from the CIU. Included in this information is the parity 
of the assembled character and the state of various data set leads. Several 
internal states of the CIU are also reflected in the bits of this register. 

Writing into Control Register 1 allows the program to control several 
data set leads directly and set or clear certain internal control states of 
the CIU. Testing of the CIU or CIU/data set combination from the Telebus 
interface by an operating program is facilitated by providing two loopback 
modes initiated by bits in Control Register 1. 

Registers 2 and 3 provide the capability of program control for various 
CIU features. SyPchronous, asynchronous or isochronous operation, the 
character frame (5, 6, 7 or 8 bits per character) and additional test leads 
are controlled by Register 2. Control Register 3 provides the additional 
interrupt enable for Transmit Buffer empty and controls several other internal 
CIU states. 

2.2 Functional Description of the PIT (Refer to Figure 2) 

The variable time interval produced by each of the t>vo timers (A and B) 
is generated by two presettable modulo 256 counters. These counters are 
connected in the count-down mode and, ufter being preset with a value via 
program control, signify expiration of the time interval when they hit the 
"all zeros" state. Expiration of the time interval causes the device "DONE" 
flag to be set. This flag generates an interrupt if the corresponding "INTR 
ENABLE" flag for that timer has been set by the operating program. Both of 
these flags are component bits of a 4 bit status register for each timer. 
Each status register is addressable with the proper device address. Clock 

1SI 
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pulses for the two modulo 256 counters are derived by dividing the master 
system clock (896 KHz) with a frequency divider. This divider consists .of 
18 binary counting stages with output taps at stages 9, 14 and 18 generating 
clock signals with periods of .571 ms, 18.28 ms and 293 ms respectively• 
Three ranges of timing intervals are possible by providing for connection of 
the modulo 256 counters to one of the three prescale frequencies. Two 
"RANGE SELECT" bits in the status register of each timer allow selection of 
the prescale frequency under program control. 

2.3 Functional Description of the SID 

The 8 bytes of field programmable data storage are provided by 8 dual­
in-line 8 position switch packages. Each switch position programs one of the 
64 bits of storage. When a SID device address is properly decoded, the 
contents of 8 switch positions is selected and applied to the Telebus drivers 
to make up a byte of information. 

2.4 Functional Description of the DIU (Refer to Figure 3) 

To interface the 40C400 controller to an Automatic Calling Unit, the DIU 
converts data and control information fron the line discipline and TTL signal 
levels of the Telebus to EIA-RS-232C compatible levels. The exchange of 
information is accomplished by the operating program in the controller reading 
the Status Register or writing data into the Control Register •. The DIU is 
capable of generating one interrupt vector. When enabled, this interrupt 
is generated when the Present Next Digit lead from the ACU changes from OFF 
to ON. 

Seven of the Control Register bits drive the digit and call control 
leads to the ACU directly, while the eighth bit is an ... r:terrupt enable. 
Three of the bits in the Status Register reflect the stat~ of three call 
control leads from the ACU, while the remaining four bits control bits 3-6 
of. the generated interrupt vector and must be properly initialized by the 
program. Both the Control and Status Registers are READ/WRITE to facilitate 
testing. 
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3. FEATURES 

3.1 Summary of features provided by the CIU. 

FEATURE 

1. Interface to data set is 
EIA-RS-232C Compatible. 

2. Synchronous (ASCII or EBCDIC), 
asynchronous or isochronous operation. 

3. Compatibility with 251Al Terminal 
Data Unit (Integrated Modem) 

4. Synchronous/isochronous data rates 
up to 9600 baud. 

5. Asynchronous data rates up to 
3600 baud. 

6. Asynchronous/Isochronous character 
length of 5, 6, 7, 8 bits -
synchronous a-bit operation only. 

7. Half Duplex/Full Duplex Operation 

8. One or two STOP bits per 'character 
in asynchronous or isochronous 
operation. 

9. Program interrupt on receive character 
available, receive carrier change and 
on transmit buffer empty. 

10. Double buffered Receive and Transmit 
Buffer. 

11. Parity chock and overrun bits provided. 

12. "Sync stuffing" in transmitted data 
and "sync stripping" of received data. 

13. Various test modes to allow the operating 
program to determine if the CIU card, 
data set, channel or far-end data set 
is failing. 

14. Line break detection (16 bits of SPACE 
line) and line break generation. 

15. Strap Carrier Detect ON and Modem Check 
OFF for compatibility with data sets not 
provided with these leads. 

COMHENT 

Program Control 
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Refer to Sec. 3.1.1. 

Program Control 

Program Control 

Program Control 

Program Control of 
.w terrupt Enable 

Program Control of 
Enable or Disable: 

Program Control; 
Refer to Sec. 3.1.2. 

Program Control 

Switch Options. 
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3.1.1 Asynchronous Baud Rates - CIU 
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Two baud rates are selected on the CIU card assemblies by means of 
switches SPA21-SW2 to SW8. The actual operating baud rate is then selected 
under program control from these two frequencies by Bit 7, Control Register l. 

SPEED 1 BAUD RATE TABLE ~BIT 7 = q 

Baud Rate 
SPA2~ SPA21-SW7 SPA21-SW8 SPA21-SW5 ..2Eeed 1 

OFF OFF OFF X 50 
ON OFF OFF X 75 
OFF ON OFF X 100 
ON ON OFF X 110 
OFF OFF ON X 150 
ON OFF ON X 300 
OFF ON ON X 450 
ON ON ON X 600 

X= Don't Care. 
. 

SPEED 2 BAUD RATE TABLE (BIT 7 = 0) 

Baud Rate 
SPA21-SW4 SPA21-SW3 SPA21-SW2 SPA21-SW2_ Speed 2 

9FF OFF OFF OFF 300 
ON OFF OFF OFF 450 
OFF ON OFF OFF 600 
ON ON OFF OFF 900 
OFF OFF ON OFF 1200 
ON OFF ON OFF 1800 
OFF ON ON OFF 2400 
ON ON ON OFF 3600 
OFF OFF OFF ON 50 
ON OFF OFF ON 75 
OFF ON OFF ON 100 
ON ON OFF ON 110 
OFF OFF ON ON 150 
ON OFF ON ON 300 
OFF ON ON ON 450 
ON ON ON ON 600 
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3.1.2 Test Modes - CIU 
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Several test modes are provided on the CIU card assemblies to facilitate 
troubleshooting a communications system. 

3.1.2.1 Loopback Test (Refer to Figure 4) 

When the loopback bit in Control Register 1 is set by the program, 
serial data from the CIU Transmit Buffer is looped back to the serial input 
of the Receive Buffer. The CIU then isolates itself from the associated 
data set and can thus be tested by the operating program independently.of the 
data set or communications channel. 

In asynchronous operation the loopback baud rate is identical to 
the on-line operating baud rate. In the synchronous and isochronous modes, 
the loop back baud rate is determined by switches S.PA21-SW2 to SW5. 

Loopback 
SPA21-SW4 SPA21-SW 3 SPA21-SW2 SPA21-SW5 Baud Rate 

OFF OFF OFF OFF 4800 
ON ' OFF OFF OFF 7200 
OFF ON OFF OFF 9600 
ON ON OFF OFF 14400 
OFF OFF ON OFF 19200 
ON OFF ON OFF 28800 
OFF ON ON OFF .38400 
ON ON ON OFF 57600 
OFF OFF OFF ON 800 
ON OFF OFF ON 1200 
OFF ON OFF ON 1600 
ON ON OFF ON 1760 

. OFF· OFF ON CN 2400 
ON OFF ON 0~ 4800 
OFF ON ON ON 7200 
ON ON ON ON 9600 

3.1.2.2 Analog Tes~ (Refer to Figure 4) 

Setting the Analog Test bit in Control Register 1 activates the 
Analog Test lead to the associated data set. When equipped with this feature, 
the data set then loops the output of the modulator to the input of the 
demodulator and isolates itself from the communications channel. The CIU/Data 
Set pair can then be tested by the operating program independently of the 
communications channel. 

'-
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3.1.2.3 Digital Loop Test (4 wire private line test - Refer to Figure 5) 

When the Digital Loop bit in Control Register 2 is set, the Digital 
Loop lead to the associated modem is activated by the cru. ~~en equipped with 
this feature, the data set then acts as a regenerator to the communications 
channel while ignoring information on the Receive and Transmit data leads 
from the cru. The data set and channel can then be tested by a far end terminal 
in all 4 wire private line arrangements. 

3.1.2.4 Two Wire Private Line Test 

In 2 wire private line arrangements, the Digital Loop Test cannot 
be performed since a separate send and receive data path is not available on 
the communications channel. The following test is performed by data sets 
equipped with this feature using the CIU/MODEM interface leads. 

1. Self Test - This lead activates a test word generator 
in the data set. 

2. Receive Only - When the Receive Only lead is OFF and the Self 
Test lead.is ON, the output of the test word generator is sent 
by the data set to the communications channel. 

When the Receive Only and Self Test leads are both ON, the data 
set compares the incoming test word to its locally generated 
test word and gives a GOOD/NO GOOD indication on the Modem Check 
lead. 

3. Modem Check - This lead is turned ON by the data set when an 
error is detected in the Self Test Mode. The operating progrrun 
can monitor this lead and use the information to drive a light 
on a control panel. 

The near and far end data sets and the communications channel can 
then be checked independently of the terminal in a 2 wire private line 
arrangement. 
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The PIT provides two independent and program variable time delays from 
0.571 ms to 75 sec. Independent interrupts (with associated interrupt 
enables) occur when the timers have completed their counts. 

Timer Ranges and Accuracy 

Each of the timers of the PIT can be used in any one of three different 
timing ranges. Each range offers a specific timer accuracy as follows: 

Range No. 

1 
2 
3 

Timing Range (ms) 

.571 - 145.6 
18.28 - 4661 

293 - 74715 

. Accuracy (ms) 

+.571, -0 
+18.28' -0 
+293, -0 

Whenever the desired time interval can be generated with either of two 
available ranges, the lower range should be chosen to insure maximum accuracy. 

3.3 Summary of Features Provided by the DIU: 

FEATURE 

1. Interface to ACU is electrically compatible with the EIA-RS-232C 
standard. 

2. Compatible with 801C and 851Al Terminal Auxiliary Unit. 

3. Program interrupt (with associated interrupt enable) when the 
PND lead from the ACU changes from OFF to ON. 

4.. DIU Status and Control Registers are READ/WR~:~ to facilitate 
testing. 

4; PROGRAMMING INFORMATION 

4.1 Summary of CIU/DIU/PIT/SID Addressing ~nd Switch Programming 

Although the Telebus has a 16 bit data-address bus, only the lower byte 
of thf.s 16 bit word is used for addressing. The CIU and DIU share an 8-word 
address block with address bits A4-A7 programmed by switches on the card 
assembly. The PIT and SID share two adjacent address blocks and have address 
bits A5-A7 programmed by switches. Since separate switches are provided for 
the CIU/DIU and the PIT/SID pair, there need be no relationship between the 
address block assigned the CIU/DIU and the two blocks assigned the PIT/SID. 

To provide additional addressing capability, a DEVICE A ENABLE and DEVICE 
B ENABLE leads are supplied on the Telebus. Both the CIU/DIU and the PIT/SID 
are activated for address decoding by a DEVICE A ENABLE only. I 

I 
I 

I 

I 
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By conventior., bits 3 to 6 of all interrupt vectors are identical to 
bits 4 to 7 of the associated address block. These interrupt vector bits 
are thus determined by the device address. However, since the CIU and DIU 
require the operating program to initially write bits 3 to 6 of the interrupt 
vector into the proper bits of a control register, the programmer may choose 
not to follow this convention. 

This choice is not available with the PIT. Address bits A5-A7 uniquely 
define interrupt vector bits IV4 - IV6 • 

4.1.1 Summary of Addresses - CIU/DIU 

REGISTER 

Receive Buffer (CIU) 
Control Reg (DIU) 
Status Reg (CIU) 
Status Reg (DIU) 
Transmit Buffer (CIU) 
Control Reg 1 (CIU) 
Control Reg 2 (CIU) 
Control Reg 3 (CIU) 

ADDRESS 
D/A IN 0-7 

INTERRUPT 
VECTOR 

0IV6 IVsiV4 Iv3000 

f/JIV6 IV5 Iv4 IV3010 
f/JIV6IV5IV4IVJlOO 

4.1.2 CIU/DIU Switch Programming 

. Switch programming of operational and loopback test baud rates is 
described in Section 3.1. 

Switch positions are ordered from top to bottom of the switch package 
assembly with position 1 being at the top when the card is in the upright 
position. Closing of the switch results in an ON state whereas opening it 
is an OFF. 

SPB12 Swi tr ;1 

SWl 
SW2 
SW3 
SW4 

SW8 

SPA21 Switch 

SWl 

SW9 

Function 

Address Bit A7 } ON programs a 
Address Bit A6 logical 'O' and 
Address Bit A5 OFF programs a 
Address Bit A4 logical I 1' • 

Close at all times 
(Factory test switch isolates 

BAUD CLK from load when OPEN). 

CLOSE to force a continuous carrier Detect 
ON state (CLOSE when the data set does not 
have a Carrier Detect lead) 

OPEN when the data set does not have a 
Hodem Check lead. 
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4.1.3 Summary of Addresses - PIT/SID 

4.1.4 

SID 

PIT 

REGISTER 

CELL 1 
CELL 2 
CELL 3 
CELL 4 
CELL 5 
CELL 6 
CELL 7 
CELL 8 

TIMER A STATUS 
TIMER A DATA 

TIMER B STATUS 
TIMER B DATA 

PIT/SID Switch Programming 

ADDRESS 
D/A IN 0-7 

, 7 6A.s.OOOOO 
I 00010 

ADDRESS BITS 

00100 
00110 
01000 
01010 
01100 
01110 

10000 
10010 

10100 
10110 

SPB12 SWITCH PROGRAMMED 

sw .5" 

sw 6 
SW 7 

As 
A6 
A7 

INTERRUPT 
VECTOR 
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0IV6IVsiV41000 

f/JIV6 IVsiV4 1010 

INTERRUPT 
VECTOR BITS 
PROGRAMMED 

IV4 
rvs 
IV6 

Switch positions are ordered from top to bottom of the switch package 
with position 1 being at the top when the card is in the upright position. 
Closing the switch (ON) programs a logical 'O' while ~1ening it programs a 
logical '1'. 

4.2 Synchronous Communication Interface Unit 

The Synchronous Communication Interface Unit provides the interface 
between the 40C400 controller and a data set operating in a character ancl bit 
synchronous mode. i.n 8 bit character consisting of ei"ther seven ASCII o:t EBCDIC 
information bits and a parity bit is used. Character synchronization of 
received data and SYN character insertion (into transmitted data) or SYN 
character "stripping" (received data) is performed by the CIU under program 
control. Loss of character synchronism is detected by the operating program 
(.two contiguous DELETE characters for example) and is communicated to the CIU 
by means of the New Sync bit of Control Register 1. 

Odd Parity ASCII or EBCDIC"SYNC characters are detected and transmitted 
(when SYNC STUFFING) by the CIU. Even parity SYNC characters are considered 
data characters. 
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Two interrupt vectors ~vith corresponding interrupt enable flags are 
provided. One interrupt is generated when a character has been received or 
when the state of the Carrier Detect lead from the data set changes. A 
different interrupt vector is sent when the Transmit Buffer changes from 
FULL to EMPTY. 

To unburden the program, automatic control of the "Request to Send" 
lead (to the modem) by the CIU is provided. This lead is activated by the 
CIU for the duration of transmission of data or SYN characters. 

4.2.1 Status Register - (READ ONLY) 

ADDRESS A7A6A5A40100 

The bits of the Status Register are READ ONLY and are set and cleared 
by the CIU. Initialization will clear these bits. 

BIT DESCRIPTION 

0 Receive ChAracter Available - This bit is set by the CIU when the 
Receive Buffer contains an assembled character. An interrupt request 
is generated by the CIU at this time if the Receive Character Available 
bit had not previously been set and if the Interrupt Enable bit 

1 . 

2 

(bit 0, Control Register 1) is set. 

This bit is cleared by the CIU when the Receive Buffer is read: 

Character Parity - This bit reflects the parity of the assembled 
character contained in the Receive Buffer and is updated by the 
CIU whenever the Receive Character Available bit is set. A "one" 
indicates "even" character parity and a "zero" indicates "odd" 
character parity. 

This bit is cleared by the CIU when the Receive Buffer is read. 

Overr .... n/Modem Check - The meaning of this bit is determined by 
the state of bit 7, Control Register 2 (Modem Self Test). 

A) Overrun- (Bit 7, Control Register 2 Cleared) 
This bit is set by the CIU when two or more successive 
characters have been transferred into the Receive Buffer 
without an intervening sampling of the buffer. It indicates 
at least one character has been lost. 

This bit is cleared when the Receive Buffer is read. 

B) Modem Check- (Bit 7, Control Register 2 set) 
This bit is used in the modem SELF TEST mode. When the bit 
is set, an associated ''Modem Check" lamp (external to the 
40C400 controller) should be lit to give a visual indication 
of the progress of the modem SELF TEST. 

J5g 
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4.2.1 (Continued) 

BIT 

3 

4 

5 

DESCRIPTION 

In Sync - This bit is set by the CIU when two consecutive S~ 
characters have been detected. Synchronism is then established 
and the Receive Character Available bit is subsequently set for 
every assembled character. 

This bit is cleared by the CIU whert the New Sync bit in Control 
Register 1 is set by the program. 

Transmit Buffer Available - This bit is set by the CIU when the 
Data Set Ready lead from the modem is ON and the Transmit Buffer 
is empty. An interrupt request is generated at this time if the 
Interrupt Enable bit (bit 7~ Control Register 3) is set. Transmit 
Buffer Available is reset by the CIU when the Transmit Buffer 
is loaded with a character by the program. 

Carrier - This bit reflects the conditions of the Carrier Detect 
lead from the modem. A "one" indicates a Carrier ON state. 

When the state of this bit changes, the same interrupt request as 
for receive character svailable is generated if the Interrupt 
Enable bit (bit O, Control Register 1) is set. 

6 Ring- This bit reflects the condition of the Ring·lead from the 
modem. A "one" indicates a Ring ON state. 

7 Not used. 

4.2.2 Receive Buffer - (READ ONLY) 

ADDRESS A7A6A5A40000 

The bits of the Receive Buffer are READ ONLY and are updated by the CIU 
when a new character has been assembled. In 5, 6 and 7 level operation, the 
unused high order bits of the Receive Buffer are 'O' (SPACE) where read. 

Bll DESCRIPTION 

0-7 Receive Data Bits - Data Bits 1-8 
(MARK is a "1", SPACE is a "O") 

' 
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4.2.3 Transmit Buffer - (WRITE Ol';"'LY) 

ADDRESS A7A6A5A4lOOO 

The bits of the Transmit Buffer are HRITE ONI,Y c.nd 
by the program when a new character is to be transmitted. 
operation, the unused high order bits of the data written 
Buffer must be 'O' (SPACE). 

are set and cleared 
In 5, 6 and 7 level 

into the Transmit 

BIT DESCRIPTION 

0-7 Transmit Data Leads - Data Bits 1-8 
(MARK is a "1", SPACE is "0") 

4.2.4 Control Register 1 - (WRITE ONLY) 

ADDRESS A7A6AsA4lOlO 

The bits of Control Register 1 are WRITE ONLY and are set and cleared 
by the program. 

,'"" 
BIT 

0 

1 

2 

3 

Initialization will clear these bits. 

DESCRIPTION 

Interrupt Enable RCA - When set, this bit permits an interrupt by 
the CIU when the Receive Character Available bit is set or when 
the Carrier bit changes. 

Transmit Sync - When this bit is set, SYN characters (either 
ASCII or EBCDIC) are automatically generated by the CIU to prevent 
idle intervals between transmitted characters. 

At the beginning of a "Request to Send"/"Cl~ar to Send" handshaking 
sequence with the modem, setting this bit causes "Request to Send" 
(to tra modem) to be activated but does not inuncdiately result in 
the ·:ransmission of SYN characters. This "Sync Stuffing 11 does not 
begin until the first character has been loaded into the Transmit 
Buffer by the program. 

Data Terminal Ready - When set, this bit provides the Data Tenninnl 
Ready Signal to the modem. 

Loopback - vllien this bit is set, serial data from the transmitter 
output is sent to the receiver input of the CIU. The CIU is 
blinded to the Receive Data lead from the modem \vhile the Transmit 
Data and Request to Send leads to the modem are held at MARK and 
OFF respectively. 

!51 
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4.2.4 (Continued) 

lli 

4 

s 
6 

7 

DESCRIPTION 

Analog Test - When set, this bit activates the Analog Test lead to 
the modem. If provided with this feature, the modem will then 
perform an analog loopback of transmitted data to the receiv~r 
input. The modem must activate all the appropriate control leads 
(Clear to Send, Data Set Ready, Carrier Detect) for proper data 
transfer to occur. 

Program must clear this bit (not used in synchronous system). 

Program must clear this bit (not used in synchronous system). 

New Sync - This bit is set by the program to cause the CIU to 
drop character synchronization. The New Sync bit is reset by 
the CIU when this action has been performed. 

4.2.5 Control Register 2 - (WRITE ONLY) 

m 
0 

1 

2 

3 

4 

5 

6 

7 

ADDRESS A7A6A5A41100 

Initializationwill clear these bits. 

DESCRIPTION 

This bit must be set for synchronous operation. 

This bit is cleared for ASCII and set for EBCDIC operation. 

This bit must be cleared for synchronous operation (Programs 8 
bit characters). 

This bit must be cleared for synchronous operation (Programs 8 
bit characters). 

/ 

This b .. t must be cleared for synchronous operation (Programs no 
stop pulse). 

Digital Loop - When set, this bit activates the Digital Loop lead 
to the modem. 

Receive Only - When set, this bit activates the Receive Only. lead 
to the modem. 

Self Test - When set, this bit activates the Self Test lead to 
the modem. 
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4.2.6 Control Register 3 - (WRITE ONLY) 

BIT 

0 

1 

ADDRESS A~·A6A5A41110 

Initialization will clear these bits. 

DESCRIPTION 

Half Duplex - When set, this bit disables the receive logic when 
the CIU is transmitting characters. 

Request to Send - When set, this bit activates the Request to Send 
lead to the modem. Setting this bit is not required for data 
transmission. Loading a character into the Transmit Buffer will 
also initiate a Request to Send for the time interval required to 
transmit that character. 

2 Strip Sync - When this bit is set, the CIU will purge SYN characters 
(ASCII or EBCDIC) from received data. 

3-6 Interrupt Vector - The program must initially write bits 3 through 
6 of the interrupt vector that is to be generated by the CIU into 
these bit positions respectively. 

7 Interrupt Enable TBA - When set, this bit allows an interrupt by 
the CLU when the Transmit Buffer becomes available. 

4.3 Asynchronous/Isochronous Communication Interface Unit 

The Asynchronous Communication Interface Unit provides the interface 
between the 40C400 Controller and a modem operating in a character and bit 
asynchronous or a character asynchronous, bit synchronous mode (isochronous). 
Character lengths of 5, 6, 7 or 8 bits with one or two stop bits are accommodated. 
Operating baud rates up to 9600 baud are accepted in the isochronous mode 
while a selection of asynchronous baud rates is available (sec 3.1.1). 

TWo interrup- vectors with corresponding interrupt enable flags are 
provided. One ~nterrupt is generated when a character has been received or 
when the state of the Carrier Detect lead from the data set changes. A 
different interrupt vector is sent when the Transmit Buffer changes from FULL 
to EMPTY. 

To unburden the program, automatic control of the "Request to Send" lead 
(to the modem) by the CIU is provided. This lead is activated by the CIU 
for the duration of transmission of data characters. 

J!eJO 
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4.3.1 Status Register - (READ ONLY) 

ADDRESS A7A6AsA40lOO 

The bits of the Status Register arL READ ONLY and are set and cleared 
by the CIU. Initialization will clear these bits. 

BIT 

0 

1 

2 

3 

4 

DESCRIPTION 

Receive Character Available - This -bit is set by the CIU when the 
Receive Buffer contains an assembled character. An interrupt request 
is generated by the CIU at this tLme if the Receive Character Available 
bit had not previously been set and if the Interrupt Enable bit 
(bit O, Control Register 1) is set. 

This bit is cleared by the CIU when the Receive Buffer is read. 

Character Parity - This bit. reflects the parity of the assembled 
character contained in the Receive Buffer and is updated by the CIU 
whenever the Receive Character Available bit is set. A "one" 
indicates "even" character parity and a "zero" indicates "odd" 
parity. 

This bit is cleared by the CIU when the Receive Buffer is read. 

Overrun/Modem Check - The mea1..~.ng of this bit is determined by 
the staee of bit 7, Control Register 2 (Modem Self Test). 

A) Overrun- (Bit 7, Control Register 2 cleared) 
This bit is set by the CIU when two or more successive 
characters have been transferred into the Receive Buffer 
without an intervening sampling of the buffer. It is an 
indication that one or more characters have been lost. This 
bit is cleared when the Receive Buffe is read. 

B) Modem Check- (Bit 7, Control Register 2 set) 
This bit is used in the model SELF TEST mode. When the bit 
is set, an associated ''Modem Check" lamp (external to the 
40Ci.OO Controller) should be lit to give a visual indication 
of the progress of the modem SELF TEST~ 

Framing Error - This bit is set by the CIU when a receive character 
does not have a valid (i.e., MARKING) STOP bit. 

This bit is cleared when the Receive Buffer is read. 

Transnit Buffer Available - This bit is set by the CIU when the Data 
Set Ready lead from-the modem is ON and the Transmit Buffer is empty. 
An interrupt request i.s generated at this time if the Interrupt 
Enable bit (bit 7, Control Register 3) is set. Transmit Buffer 
Available is reset by the CIU when the Transmit Buffer is loaded 
with a character by the program. 

I 

i 
I 
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4.3.1 (Continued) 

BIT 

5 

6 

DESCRIPTION 

Carrier - This bit reflects the condition of the Carrier Detect 
lead from the modem. A "one" indicates a Carrier ON state. When 
the state of this bit changes, the same interrupt request as for 
receive character available is generated if the Interrupt Enable 
bit (bit 0, Control Register 1) is set. 

Ring/Receive Break - This bit is set when the Ring lead from the 
modem is ON or when 16 consecutive bits of SPACING receive line 
(line break) are detected. 

7 Supervisory Receive Data - This bit reflects the state of the 
Supervisory Receive Data lead from suitable modems. When this 
lead from the modem is ON, the bit is set to a "one". 

4.3.2 ReceiV;e Buffer - (READ ONLY) 

ADDRESS A7A6A5A40000 

The bits of the Receive Buffer are READ ONLY and are updated by the CIU 
when a new character has been assembled. In 5, 6 and 7 level operation, the 
unused high order bits of the Receive Buffer are 'O' (SPACE) when read. 

BIT DESCRIPTION 

0-7 Receive Data Bits - Data Bits 1-8 
(MARK is a_"l", SPACE is a "O") 

4.3.3 Transmit Buffer - (WRITE ONLY) 

ADDRESS A7A6A5A4lOOO 

The bits o: the Transmit Buffer are WRITE ONLY and are set and cleared 
by the program ':.nen a new character is to be transmitted. In 5, 6 and 7 level 
operation, the unused high order bits of the data written into the Transmit 
Buffer must be 'O' (SPACE). 

BIT DESCRIPTION 

0-7 Transmit Data Leads - Data Bits 1-8 
(MARK is a "1 ", SPACE is a "O") 

//,/ 
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4,3,4 Control Register 1 - (WRITE ONLY) 

ADDRESS A7A6A5A41010 

The bits of Control Register 1 are WRITE ONLY and are set and cleared 
by the program. Initialization will clear these bits, 

1ll! 
0 

1 

2 

3 

4 

5 

6 

7 

DESCRIPTION 

Interrupt Enable RCA - When set, this bit allows an interrqpt to 
he initiated by the CIU when the Receive Character Available bit 
is set or additionally, when the carrier bit changes, 

Request to Send - ¥fuen set, this bit activates the Request to Send 
lead to the modem, indicating that the program has data to transmit. 
Setting this bit is not required for data transmission. Loading a 
character into the Transmit Buffer will also initiate a Request to 
Send for the time interval required to transmit that character. 
This bit must be set when a SEND BREAK is generated, 

Data Terminal Ready - When set, this bit activates the Data 
Terminal Ready lead to the modem. 

Loopback - When this bit is 6:t, serial data from the transmitter 
output is sent to the receiver input of the CIU, The CIU is 
blinded to the Receive Data lead from the modem while the Transmit 
Data and Request to Send leads to the modem are held at MARK and 
OFF respectively, 

Analog Test - When set, this bit activates the Analog Test lead 
to the modem. If provided with this feature, the modem will then 
perform an analog loopback of transmitte•' data to the receiver 
input, The modem must activate all the app~opriate control leads 
(Clear to Send, Data Set Ready, Carrier Detect) for proper data 
transfer to occur, 

Send Bt~ak - Setting this bit forces the Transmit Data lead to 
the mod-!m to go SPACING. A Request to Send is not automati,..ally 
generated, 

Supervisory .Transmit Data- Provides signalling capability.on the 
reverse channel of suitable modems, When this bit is set, the 
Supervisory Transmit Data lead to the modem is activated (set to 
ON), 

Speed Select -

Isochronous Operation: A speed select choice is not available 
since the baud rate clock is supplied by the Data Set, This bit 
is set to "1", 

Asxnchronous Operation: This bit allows the program to choose one 
of two switch selectable baud rates, These baud rates are described 
in Sec, 3,1, 
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4,3,5 Control Register 2 - (WRITE ONLY) 

!!.! 
0 

1 

2-3 

4 

5 

6 

7 

4.3.6 

BIT -
0 

ADDRESS A7A6A5A4 1100 

Initialization will clear these bits. 

DESCRIPTION 

This bit must be cleared (programs asynchronous/isochronous 
operation), 

This bit must be set for isochronous and cleared for asynchronous 
operation. 

These bits program the character length as follows: 

DESCRIPTION 

DATA BITS BIT 2 BIT 3 -
5 bits 1 1 
6 bits 0 1 
7 bits 1 0 
8 bits 0 0 

Stop Code - When this bit is set, transmitted characters with two 
stop bits are generated while a cleared bit results in a single 
stop bit. 

When operating with 5 bit characters (5 data bits plus start and 
stop bits), 1-1/2 rather than 2 stop bits are generated when 
this bit is set, 

Digital Loop - When set, this bit activates the Digital Loop lead 
to the modem, 

Receive Only - When set, this bit activates the Receive Only lead 
to th.e modem, 

Self Test - When set, this bit activates the SELF TEST lead to 
the modem, 

Control Register 3 - (WRITE ONLY) 

ADDRESS A7A6A5A41110 

Initialization will clear these bits, 

DESCRIPTION 

Half Duplex - When set, this bit disables the receive logic when 
the CIU is transmitting characters, 

//,2--
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4.3.6 (Continued) 

BIT 

1 

2. 

3-6 

7 

DESCRIPTION 

Request to Send - When set, this bit activates the Request to 
Send lead to the modem. Setting this bit is not required for data 
transmission. Loading a character into the Transmit Buffer will 
also initiate a Request to Send for the time interval required to 
transmit that character. 

This bit must be cleared (not used in asynchronous/isochronous 
operation). 

Interrupt Vector - The program must initially write bits 3 through 
6 of the interrupt vector that is to be generated by the CIU into 
these bit positions respectively. 

Interrupt Enable TBA - When· set, this bit allows an interrupt by 
the CIU when the Transmit Buffer becomes available. 

4.4 Programmable Interval Timer (PIT) 

The program communicates with and controls the PIT by means of two 
registers in each of the timers. 

4.4.1 Status Register 

Each of the timers has a Status Register which is loaded from the 
program. Initialization clears these bits. 

BIT 

0 

1 

2,3 

DESCRIPTION 

DONE FLAG (Read Only) - Timing interval has expired. An 
interrupt with the proper vector is gener. ·ed if the INTR ENABLE 
flag has previously been set. This bit is a,•tomatically cleared 
whenever a new status or data word is written, or when the in­
terrupt it generates has been granted. 

INTR EN.".BLE (Read/Write) - Permits the DONE flag to generate an 
interru~t when set. This bit is automatically cleared upon 
initialization. 

TIMER RANGE SELECT bits (Read/Write) - Combination of these bits 
select the timer ranges as follows: 

Bit Combination Range Range 
Bit 3 Bit 2 No • J.Hilliseconds) 

. 
0 0 Timer in OFF State 
0 1 1 .571 - 145.6 
1 0 2 18.28 - 4661 
1 1 3 293 - 74715 

~~ 
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4.4.1 (Continued) 

BIT 

2,3 

4,5,6,7 

DESCRIPTION 

(Continued) 

The timer range select bits are automatically cleared when the 
programmed interval expires. This places the timer in the OFF 
state. The timing operation is started (the timer starts running) 
as soon as the range select bits are loaded with a non-zero value 
from the program. These bits are also cleared automatically upon 
initialization. Either timer may be stopped at any time by 
loading zeros into these two bits via program control. 

These bits of the Status Register are not used; they will be 
zeros when-read. 

4.4.2 Data Register 

Each of the two timers on the PIT also has an 8-bit Data Register which 
may be loaded from the user program. To specify a given timeout the register 
is loaded with an unsigned 8-bit number in the range of 1 to 377 (octal). 
The time interval that will be generated for any given value of the Data 
Register depends on the selection of the range (via the range control bits) 
and is calculated as follows: 

Range 

1 
2 
3 

Time Interval 
(Milliseconds) 

.571 x n +.571,-0 
18.28 x n +18.28,-0 

293 x n +293 ,-0 

In the above table n is the 8-bit value in the Data Register. The Data 
Register is write-only and will generate all zeros when read by the program. 

4.5 Station IdenLification Device (SID) 

The 8 bytes of SID information are progrannned by setting 64 switches. 
The switches are arranged as 8 dual-in-line switch packages each with 8 switch 
positions. The following table relates the switch positions and the 
switch package locations on the circuit board to the corresponding byte and 
bit numbers of the SID. 
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4.5 (Continued) 

0 1 
BIT NO . 

2 3 4 
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O SPBl SPB2 SPB3 SPB4 SPB5 SPB6 SPB7 · SPB8 
Position 1 Position 1 Position 1 Position 1 Position 1 Position 1 Position 1 Position 1 

l SPBl SPB2 SPB3 SPB4 SPB5 SPB6 SPB7 SPB8 
Position 2 Position 2 Position 2 Position 2 Position 2 Position 2 Position 2 Position 2 

2 SPB 1 SPB2 SPB3 SPB4 SPB5 SPB6 SPB7 SPB8 
Position 3 Position 3 Position 3 Position.3 Position 3 Position 3 Position 3 Position 3 

.1:. 

SPB4 SPB5 SPB7 SPB8 SPBl SPB2 SPB3 SPB6 
3 Position 4 Position 4 Position 4 Position 4 Position 4 Position 4 Position 4 Posi.tion 4 

SPBl SPB2 SPB3 SPB4 SPB5 SPB6 SPB7 SPB8 
4 Position 5 Position 5 Position 5 Position 5 Position 5 Position 5 Position 5 Position 5 

SPB4 SPB5 SPB6 SPB7 SPBl SPB2 SPB3 SPB8 
5 Position 6 Position 6 Position 6 Position 6 Position 6 Position 6 Position 6 Position 6 

SPBl SPB2 SPB3 SPB4 SPB5 SPB6 SPB7 SPB8 
6 Position 7 Position 7 Position 7 Position 7 Position 7 Position 7 Position 7 Position 7 

7 SPBl SPB2 . SPB3 SPB4 SPB5 SPB6 SPB7 SPB8 
Position S Position S Position 8 Position 8 Position 8 Position_ S Position 8 Position S 

-- --- --·----·· -·--- -- -- ------

Where the designation SPBl represents the switch package located at board 
co-ordinate Bl. A given switch is programmed for a logical 'O' by closing it 
(ON) and a logical '1' by opening it (OFF). 

4.6 Dialer Interface Unit (DIU) 

The program communicates with and controls the DIU by means of a Control 
and Status Register. 

4.6.1 Status Register - (Bits 0-2 READ ONLY; Bits 3-6 READ/WRITE) 

BIT 

0 

Bits 3-6 are clea~ed on initialization. 
Bits 0, 1 and 2 reflect the state of three ACU leads directly~ · -

DESCRIPTION 

Data Line Occupied.- This bit reflects the state of the Data Line 
Occupied lead from the associated Auto Calling Unit (ACU). A 
"one" results when the ACU lead is ON, thereby indicating to the 
operating program that the channel is in use for calling, data 
or voice communications or testing. A call request at this time 
is ignored by the ACU. 

--~ 
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4.6.1 (Continued) 

ill 

1 

2 

DESCRIPTION 

Present Next Digit - This bit reflects the state of the Present 
Next Digit lead from the ACU. A "one" results when the ACU's 
Present Next Digit lead is ON, thereby indicating to the program 
that the next digit of the called number may be presented to the 
ACU. When this bit is set to a "1", an interrupt is generated by 
the DIU if the interrupt enable bit (bit 7, Control Register) 
is set. When this bit is a "O" (Present Next Digit lead from 
ACU is OFF), bit 5 of the Control Register (Digit Present) is 
also held at a "O" by the DIU. 

Data Set Ready - This bit reflects the state of the Data Set 
Ready lead from the associated modem. A "one" indicates that 
the Data Set Ready lead is ON and the modem has power ON and is 
in the Data mode. The Data Set Ready lead is also ON in the 
Analog Test mode. 

3-6 Interrupt Vector - The program must initially write bits 3 through 
6 of the -interrupt vector that is to be generated by the DIU into 
these bit positions respectively. 

7 Not used - This bit is "O" when read. 

4.6.2 Control Register - (READ/WRITE) 

.!ill: 

0-3 

All bits are cleared on initialization. 

DESCRIPTION 

Digit Leads - Bits 0 to 3 drive digit leads NBl, NB2, NB4, NBS of 
the associated ACU respectively. A "one" activates the corresponding 
digit lead. (Other digit permutations may request "new dial tone" 
or be an "end of number" indication, depending on the particular 
Auto Calling Unit used.) 

Digit To 
Be Dialed NBS NB4 NB2 NBl 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8- 1 0 0 0 
9 1 0 0 1 
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4.6.2 (Continued) 

BIT 

4 

5 

6 

DESCRIPTION 

Call Request - When set, this bit activates the Call Request lead to tht: 
associated ACU. This bit must be set for the whole call originating period 
and ~ust be cleared when Data Set Ready turns ON (bit 2, Status Register 
set "1"). 

Digit Present - When set, this bit activates the Digit Present lead to the 
associated ACU. This is an indication to the ACU that the digit leads 
NBl, NB2, NB3 and NB4 contain valid.dat~. The digit leads must be 
valid as long as this bit is set. 

This bit is reset by the DIU when the Present Next Digit lead from the ACU 
turns OFF. The Digit Present bit can be set by the program only when the 
Present Next Digit bit (bit 1, Status Register) is set. 

Calling Unit Test - On ACU's equipped with ·this feature, setting this bit 
activates the Calling Unit Test lead to the ACU, thereby activating the 
2025 Hz. generator of the associated data set. 

7 Interrupt Enable - When set, this bit allows an interrupt to occur when the 
Present Next Digit lead from the ACU turns ON. 

4.7 CIU/Modem Interface Lead Description (Refer to Appendix A for a listing of 
all EIA-RS-232C leads and their equivalent designation on the 410411/410412 
Card Assemblies). 

Signal levels on the CIU/Modem interface are electrically compatible with the 
EIA-RS-232C standard. The complete list of interface leads accommodated by 
the CIU in synchronous, asynchronous or isochronous operation is listed below. 
A particular application will use only a sub-set of the leads as determined 
by the system and the hardware. 

4.7.1 .Transmitted Data 

Direction: From Communication Interface Un~t 

Serial data from the CIU is transferred to the modem on this lead. 
When operating in the synchronous or isochronous mode, data bit transitions 
will be presented in phase with the positive transitions of the timing signal 
(SCT) from the modem. The CIU will hold this lead in a MARK condition when no 
data is being transmitted. 

4.7.2 Received Data 

Direction: To Communication Interface Unit 

Serial data from the modem is transferred to the CIU on this lead. When 
operating with synchronous modems (synchronous or isochronous operation) data 
bit transitions must be presented in phase with the positive transitions of the 
timing signal (SCR) from the modem. The Receive Data is clamped to a MARK 
condition in the CIU when the Carrier Detect lead is in the OFF state. 
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4.7.3 Transmitter Signal Element Timing (SCT) (Synchronous or Isochronous 
Mode Only) 

Directicn: To Communication Interface Unit 

This interface lead provides the CIU with signal element timing 
information for the transmission of data from the cru. This timing information 
should be present whenever the modem is in a POWER ON condition. 

4.7.4 Receiver Signal Element Timing (SCR) (Synchronous or Isochronous Mode Only) 

Direction: To Communication Interface Unit 

This interface lead provides the CIU with signal element timing 
information for the sampling of the received data from the modem. 

4.7.5 Control to Modem 

Direction: From Communication Interface Unit 

4.7.5.1 Data Terminal Ready- The ON condition of this lead indicates that 
the CIU is ready to transmit or receive data. 

4.7.5.2 Request to Send - This lead is turned ON to condition the modem for 
data transmission. 

4.7.5.3 Analog Test- The ON condition of this lead causes the modem to dis­
connect the transmitter and receiver from the channel and loopback the 
transmitter output to the receiver input. The modem must activate all the 
appropriate control leads (Clear to Send, Data Set Ready, Carrier Detect) 
for proper data transfer to occur. 

4. 7. 5.4 Digital Loop - In modems equipped with this feature, the ON condition 
of the lead causes the modem to act as a regenerator to the channel while 
blinding itself to the Transmit Data lead (from the cruY and holding the 
Receive Data lead MARKING. All appropriate Control leads (Data Carrier 
Detect, Clear to Send, etc.) are held off. Incoming data from the channel 
is then regenerated by the modem and is re-transmitted to the communications 
channel. 

4.7.5.5 Self Test- In modems equipped with this feature, the ON condition of 
the lead causes the modem to enter the SELF TEST mode. The modem then executes 
TEST 2 in the 201C Technical Reference. (Used in 2 wire private line systems 
only.) 

4. 7 .5.6 Rec.eive Only - When in the SELF TEST mode, the ON condition c f this 
lead causes the modem to act as a receiver. (Used in 2 wire private line 
sys terns only.) . 

4.7.5.7 Supervisory Transmit Data- This lead is used to modulate the 
Supervisory Transmit Data Channel of suitable modems. 

I• ,,d. 
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4.7.6.1 Daca Set Ready -This lead reflects the status of the modem. When 
ON, this lead indicates that the modem is powered and not in talk, test, 
(except Analog Test), or dial mode. This lead must be ON in the Analog .Test 
mode. 

4.7.6.2 Clear to Send- This lead indicates to the CIU that the modem is 
ready to transmit data. When ON, this lead indicates to the CIU that signals 
presented on the TransmitLed Data lead will be sent to the ~ommunication channel. 
The OFF condition is an indication to the CIU that it should not transfer data 
across the Transmit Data lead. 

4.7.6.3 Carrier Detect- When ON, this lead indicates to the CIU the presence 
of line signals at the modem receiver. The OFF condition of this lead 
indicates that no signal is being received or that the received signal is 
unsuitable for demodulation. With this lead OFF, the CIU will blind the 
Received Data from the modem. 

4.7.6.4 Ring Indicator- When ON, this lead indicates that a ringing signal 
is being received by the modem. 

4. 7. 6. 5 Modem Cheek - This lead is used in the SELF TEST mode of the data 
set to give a visual indication of the progress of the test. The ON condition 
of this lead causes a ''Modem Check" lamp (external to the 40C400 Controller) 
to be lit at the terminal. (Used in 2 wire private line systems only.) 

4.7.6.6 Supervisory Receive Data- This lead reflects signal conditions on 
the Receive Supervisory Data Channel of suitable modems. 

4.8 DIU/ACU Interface Leads 

Signal levels on the DIU/ACU interface are electrically compatible with . 
the EIA-RS-232C Standard. 

4.8.1 Leads to the Auto-C'..alling-Unit (ACU) -
(Refer to a description of these leads in Secti·on 4.6.2) 

NBl 
NB2 
NB4 
NB8 
CRQ 
DPR 
CUT .:. 

Digit Lead 
Digit Lead 
Digit Lead 
Digit Lead 
Ca 11 Request 
Digit Present 
Calling Unit Test 

4.3.2 Leads from the Auto-Calling-Unit (ACU) -
(Refer to a description of these leads in Section 4.6.1) 

DLO - Data Line Occup1ed 
PND - Present Next Digit 
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1.1 The voltages required by the card assembly have the following tolerances: 

Voltage 

+12V 
+ 5V 
-12V 

Voltage Range 

+10.8V to +13.2V 
+ 4.5V to + 5.5V 
-10.8V to -13.2V 

Additionally, three identical voltages are generated on the card assembly as 
drain supply voltages for the three NOS packages. 

Voltage Voltage Range 

-6.2V -5.58V to -6.82V 

1.2 Since an integrated circuit package may have a multitude of logic circuits 
shown separately on the schematic and since they all have the same }~ 
designation, the following convention is used in the circuit description to 
give a unique designation to each circuit. 

MLA6-(8) 

NL - Refers to multilogic 
A6 - Refers to Circuit Package A6, a unique designation 

which describes the location of that package on the 
card assembly. 

(8) - Refers to the pin ntwber of the output of the circuit. 

Although they contain many complex functions, the MOS integrated circuit 
packages are shown in the schematic as single blocks. 

1.3 Logic Symbols - Positive logic symbols are used in the associated 
schematic (4411SD). 

1.4 Sj.gnal Designation - Signal leads are labeled vlith a title descriptive 
of the function of the signal. A line may or may not be dra'm over this 
title, indicating that the signal is in the LOW or HIGH state respectively 
when the state described by the title of the signal is present. 

2. BLOCK DIAGRl\M 

2.1 A general description with associated block diagram of the CIU, DIU, PIT 
and SID is contained in Section I, sub-section 2. 
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3.1 FS-1 Telebus Interface (Refer to TC-1, Telebus Signalling) 
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3.1.1 General - Functional block FS-1 interfaces the card to the Telebus, 
decodes the address of the CIU/DIU to provide a SELECT signal, and decodes 
the Telebus controls co, cl, c2 to supply READ~ LA (load address) and WR 
(write) commands to the MOS integrated circuit packages. 

3.1.2 Data/Address Lines and Bus Transceivers 

All data, control and address information into the card and data, status 
and interrupt vector information from the card appears on the eight wires, 
D/A0- D/A7. A HIGH on this bus is a logic 'O' or SPACE while a LOW is a 
logic '1' or MARK. The bus drivers of MLAlO and MLAll are open collector 
drivers with resistor pull-ups provided externally to the card. 

Bus transceivers MLAlO, MLAll normally function as receivers so that 
whatever data appears on the OUT0 - OUT7 leads at this time is not significant. 
Only when inputs 7 and 9 of MLAlO (and MLAll) are both LOW is this data gated 
out to the Telebus. This occurs when a READ command is decoded and either the 
CIU, DIU or PIT has its READ ENABLE output active (HIGH). 

3.1.3 Telebus Control Decode (Refer to TC-1, Telepus Signalling) 

The control leads from the Telebus are buffered and inverted by the 
bus receivers of MLD3 and MLDl. Control inputs Co,cl and C2 are multiplexed 
to provide the following functions: 

Cz Cl co MNEMONIC FUNCTION 

HIGH HIGH HIGH NOP No Operation 
HIGH HIGH LOW RDV Read 
HIGH LOW HIGH LAR Load Address 
HIGH LOW LOW LAD Load Address 
LOW HIGH HIGH ww Write 
LOW HIGH LOW WB Write 
LOW LOW HIGH NOP No Operation 
LOW LOW LOW NOP No Operation 

These control leads~ valid when BUS ENB is LOW (approximately 560 ns for LA, 
WR and 1680 ns for READ). 

After being gated with BUS ENB and decoded by MLD5, the READ, LA and 
WR signals are the real-time read, load address and write commands for the 
card •. 

j 
I 
I 
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The high order four bits of the CIU/DLU address block (A4, A5, A6, A7) 
are encoded by switches SPB12-SW4, 3, 2 and 1 respectively. A switch closure 
is a logic 'O' while an open switch is a logic 11'. 

These four switches are compared to inputs D/A4 - D/A 7 from the 
Telebus by address comparator MLA12. This comparator is enabled when both 
BUS ENB (D/A0- D/A7 valid) and DEV A ENB (device falls in 'A address' group) 
are LOW. Note however, that the LA (load address) signal is not gated in. 
The SELECT signal is therefore HIGH whenever bits 4-7 of the Telebus agree 
with the switch progra~ing. This active SELECT signal therefore only has 
significance when the LA signal is LOW simultaneously, thereby indicating 
that the CIU/DIU has been addressed. This SELECT signal is latched in the 
CIU/DIU (MLA16, MLA20 and MLA18) when the LA signal is LOW. 

3.1.5 The !NIT signal from the Telebus is an asynchronous power on reset of 
several milliseconds duration. 

3.1.6 A free running 896 KHz. clock is supplied to the card assembly on the 
I/O clock lead. It is used as a time base for the interval timers and 
generates timing pulses internal to the CIU-R (MLA16). 

~ 3.2 -FS-2 Clock Circuit 

3.2.1 The asynchronous baud rates available in the CIU (refer to Section I, 
sub-section 3.1.1) are generated by division of the BAUD CLK signal in the 
CIU-T (MLA20). The output of oscillator MLC14 is divided by either 11 or 12 
in MLC13 depending on the state of signal DIVIDE BY 11 (a HIGH indicates 
division by 11). This output from the CIU-T (MLA20) will indicate division 
by 11 at all times other than when 110 BAUD operation is selected. In the 
latter case, the LOW on DIVIDE BY 11 causes MLC13 to divide the output of 
MLC13 by 12. 

3.3 FS-3 Interrupt Arbitration 

3.3.1 Input MLD3-15 acts as a summing point for the interrupt requests of the 
CIU, DIU and PIT. Any one request causes this input to be HIGH and consequently 
the INTR interrupt request to the Telebus to be LOW. 

Active interrupt grant in signals (INTG IN LOW) are passed directly to 
the INTc-ouT line to the Telebus at all times other than when the card has an 
interrupt request pending. Input MLD4-2 is then LOW causing INTG OUT to be 
HIGH, thereby preventing the interrupt grant signal from propagating through 
the card. 

When a CIU/DIU interrupt is being serviced, the INTR REQ input to MLD3-15 
will typically be reset during the READ interval (i.e., when READ is LOW and the 
interrupt vector is being read). The DC latch formed by gates MLD4-(8) and 
MLD4-(ll) prevents the INTG OUT signal from becoming active while the CIU/DIU 
interrupt is being serviced. 

3.4 FS-4/FS-5 Communication Interface Unit Transmitter and Receiver 
(Refer to TC-2 and TC-3.) 
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The CIU-T (MLA20) in conjunction with the CIU-R G·ILA16) and peripheral 
components form a Communications Interface Unit JCIU) that interfaces a 
40C400 Controller to a data set. A funct~onal description, block dia~am, 
list of features, addresses of the registers and a detailed description of the 
bits of the registers is contained in Section I, sub-sections 2, 3 and 4. 
Described below are the details of the signal leads and the interaction of 
the CIU-T and CIU-R. 

3.4.2 MOS Packages MLA16, MLA20 

These devices are P-channel, enhancement mode MOS microelectronic 
assemblies that contain the receive (MLA16) and transmit (MLA20) logic of the 
CIU. Source and drain voltages of +5V and -6.2V and a gate voltage of -12V 
supply power to the packages. All output drivers conduct to +5V (when ON), 
with a low voltage supplied by an external pull down resistor when the driver 
is OFF. . 

3.4.3 Since the receive and transmit functions of the CIU are in 
packages, not all registers and bits are present in both devices. 
following summary therefore provides insight into which functions 
formed in which device. (An X indicates bit is used.) 

Status Register 

different 
The 

are per-

m 
0 
1 

DESCRIPTION Q!!l:! ·.9.!!!::! 

2 
3 
4 
5 
6 
7 

BIT 

0-7 

m 
0-7 

Receive Character Available 
Character Parity 
OVerrun/Modem Check 
In Synch/Framing Error 
Transmit Buffer Available 
Carrier 
Ring/Receive Break 
Supervisory Receive Data 

Receive Buffer 

DESCRIPTION 

Receive Data Bits 1-8 

Transmit Buffer 

DESCRIPTION 

Transmit Data Bits 1-8 

-

X 
X 
X 
X 
X 
X 
X 
X 

.£!!!:! 
X 

.9.!lt:! 

Q!!!.:! 

_C..!!!:! 

X 
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3.4.3 (Continued) 

BIT 

m 
0 
1 
2 
3 
4 
5 
6 
7 

BIT 1-BIT 0 

0 0 
0 1 
1 0 
1 1 

m.1 BIT 2 

0. 
1 
0 
1 

4 
5 
6 
7 

0 
0 
1 
1 

BIT 

0 
1 , .. 

3-6 
7 

Control Register 1 

DESCRIPTION 

Interrupt Enable-RCA 
Request to Send/Transmit Sync 
Data Terminal Ready 
Loopback 
Analog Test 
Send Break 
Supervisory Transmit Data 
New Sync/Speed Select 

DESCRIPTION 

Asynchronous 
Synchronous 
Isochronous 
Synchronous 

Control Register 2 

ASCII 

EBCDIC 

8 Bit Char Length 
7 Bit Char Length 
6 Bit Char Length 
5 Bit Char Length 

1 or 2 Stop Bits 
Digital Loop 
Receive Only 
Self Test 

Control Register 3 

DESCRIPTION 

Half Duplex 
Request to Send 
Strip Sync 
Interrupt Vector Bits 3-6 
Interrupt Enable - TBA 

CIU-R -
X 

X 
X 

X 

.£!!!.::! 
X 
X 
X 
X 

X 
X 
X 
X 

£!.!!::! 

X 

X 
X 
X 

CIU-T 

X 
X 
X 
X 
X 
X 
X 

£!.!!:.! 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

f!!!::.! 

X 
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As can be seen frc.n the above list, the Status Register, Receive 
Buffer and all bits associated with generation of interrupt vectors are 
contained only in the CIU-R. Therefore, although both devices are written 
into from the Telebus, only the CIU-R is read (data flow from CIU to Telebus). 

3.4.4 Load Address, Read and Write 

Address or data information from the Telebtis is written into MLA16 
and MLA20 on inputs D/A IN0-7 when LA or WR is LOW respectively. (A HIGH 
on the data lines will set a '1'.) The SELECT signal (indicating the CIU 
address has been decoded) and INl, 2 and 3 are latched in the CIU-R and CIU-T 
when LA is LOW, thereby selecting one of the 6 registers. Data may then 
subsequently be written into this register on these same D/A IN0-7 leads when 
WR is LOW. 

Drnnediately after the address of a CIU/DIU register has been latched 
in the CIU-R, it is assumed that this register is to be read (even if it is a 
WRITE ONLY register). The READ ENABLE CIU lead becomes active and the register 
data (if register is readable) is presented on the OUT0-7 leads. This data 
is not gated out to the Telebus by FS-1 until a READ is decoded. Note however, 
that the READ input to the CIU-R is not involved in reading of data from MLA16. 

3.4.5 Interrupt Vectors 

Interrupt requests are generated by the CIU-R (if enabled) when a 
data character is received, the state of the Carrier lead from the modem 
changes or the TBA lead (Transmit Buffer Available) changes to HIGH. The 
INTR REQ CIU lead is then set HIGH. 

The interrupt is granted by the Telebus when INTG IN changes to HIGH. 
At this time, READ ENB CIU becomes active and the interrupt vector is present 
on data leads OUT0-7, although it is not gated out to the Telebus by FS-1 
until READ is LOW. The READ input to the CIU-R resets the interrupt request 
after it has been granted. 

INTG OUT CIU reflects the state of INTG. IN at all times other than 
when an interrupt request is pending. In the latter case, INTG OUT CIU is 
held OFF so that devices (DIU, PIT) sampling this lead will not simultaneously 
generate an interrupt vector. 

3.4.6 Speed Selection 

Input BAUD CLK supplies the time base that allows the CIU-T to generate 
a large selection of asynchronous baud rates. Switch package SPA21 controls 
the baud clock divider chain in"MLA20 and selects two baud rates, one of which 
is then chosen as the operating baud rate by bit 7, Control Register 1. (Refer 
to Section I, sub-section 3.1.1 for a list of these speeds.) The loopback 
test baud rate is similarly selected (S~ction I, sub-section 3.1.2). 

I 
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The frequency of BAUD CLK is 921.6 KHz. for all baud rates other than 
110 Baud. In the latter case, DIVIDE BY 11 is LOW causing BAUD CLK to have 
a frequency of.844.8 KHz. 

The LOCAL CLOCK lead passes a frequency of 16 times the baud rate 
clock to the CIU-R in the asynchronous mode. 

In synchronous or isochronous operation clocks at the baud rate 
frequency are supplied on the SCT and SCR leads from the data set. Loopback 
testing however is performed at a baud rate determined by the CIU-T. (lX 
clock is then present on LOCAL CLOCK). 

3.4.7 Data Transmission and Reception 

A HIGH TAB (Transmit Buffer Available) signal indicates that the 
double buffered Transmit Buffer in MLA20 is empty and can be loaded with a 
data character from the Telebus~Serial data characters are then sent on the 
SD lead at the operating baud rate when CTS is ON. 

In the loopback mode, serial data is looped from the CIU-R to the 
CIU-T on the LOOP DATA lead while SD is held MARKING. 

Similarly, serial receive data from the data set is on the RD lead 
and is deserialized by the CIU-R. 

A visual ·indication of the state of the SD and RD leads is provided 
by light emitting diodes CR3, CR4 and CRl and CR2 respectively. 

3.4.8 Additional Drivers and Receivers to Data Set 

The following leads to the data set are directly con~rolled by bits 
in Control Registers of the CIU-T. 

RTS 
DTR 
STD 
AT 
RO 
DL 
ST 

Request to Send 
Data Terminal Ready 
Supervisory Transmit Data (Reverse Channel) 
Analog Test 
Receive Only 
Digital Loop 
Self Test 

Additionally, RTS is also ON whenever a data or SYN character is transmitted. 
The RTS signal is required by the CIU-R to allow blinding RD in half c'uplex 
operation when Request to Send is ON. 

The following inputs to the CIU-R from the data set control bits in the 
Status Register of MLA16. Additionally, a switch closure of A21-l overrides the 
CO input and provides a continuous carrier ON state. 

CO Carrier Detect 
SRD Supervisory Receive Data (Reverse Channel) 
RI Ring 
MC Modem Check i 

,,,~ 
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3.4.8 Test 1, Test 2, Outenable (Tl, T2, OUT ENB) 

These three inputs are provided to facilitate card testing. 
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When Tl is LOW and T2 is HIGH (as driven by a test set external. to 
the card assembly), a 16X baud rate clock (on lead BAUD CLK) can be used to 
clock the CIU directly, bypassing the clock divide chains in MLA20. 

When OUTENB is driven LOW by an external test set, all output drivers 
of the CIU-R are turned OFF. 

3.4.9 I/O CLOCK Input (Refer to Section II, sub-section 3.1.6.) 

3.5 FS-6 Dialer Interface Unit 

(NOTE: The DIU is available on the 410412 Card Assembly only.) 

3.5.1 General 

The DIU (MLA18) with external EIA amplifiers and receivers forms a 
Dialer Interface Unit that interfaces a 40C400 Controller to an Automatic 
Calling Unit (ACU). A functional description, block diagram, list of 
features, addresses of the registers and detailed description of the bits 
of the registers is cpntained in Section I, sub-sections 2, 3 and 4. 

3.5.2 MOS Package MLA18 

This device is a P-channel, enhancement mode MOS microelectronic 
assembly requiring source and drain power supplies of +5V and -6.2V respectively 
and a gate supply voltage of -12V. All output drivers conduct to +SV (when 
ON) with a LOW voltage supplied by an external pull down resistor when the 
dr~.ver is OFF. 

3.5.3 'Definition of Registers and Bit~ 

The DIU contains two registers that are used by the operating program 
to control the associated ACU. A detailed description 'of these registers 
is contained in Section I, sub-section 4.6. 

3.5.4 Load Address, Read and Write 

Loading of addresses, reading of, or writing data into the Control or 
Status Registers is identical to the operation of the CIU•R described in 
Section II, sub-section 3.4.4. The LA, WR, SELECT, READ ENB DIU, INe~7 ~nd 
OUTe-7 leads are used for this purpose. Operation differs only in that both 
the Control and Status Registers of the DIU are READ/WRITE. 

Teletype Corporation 
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3.5.5 Interrupt Vector 
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One interrupt vector is generated by the DIU (if enabled) when the 
Present Next Digit lead from the ACU turns ON. The INTR REQ DIU lead is then 
HIGH, indicating an interrupt is pending. 

Two 'interrupt grant in' signals are provided on MLA18. INTG INl is 
common to all the interrupting devices (CIU-R, DIU, PIT) and, when active, 
freezes the interrupt status of the device. The INTG IN2 is the daisy-chained 
'interrupt-grant-in' from the Telebus that passes through all interrupting 
devices and is intercepted by the first device on the chain that has an 
interrupt pending. 

Generation of the vector in response to INTG IN, activation of READ 
ENB DIU and resetting of the serviced interrupt vector by READ is identical 
to the CIU-R operation (Section II, sub-section 3.4.5). 

3.5.6 Operation of the DIU 

A call may be originated from the operating program when the Data Line 
Occupied lead from the ACU is OFF. The ON condition of this lead indicates 
that the communication channel is in use for calling, data communication, 
voice communication or testing of the Data Set or ACU. When the Call Request 
lead to the ACU is turned ON, the Auto Calling Unit will ask for the first 
digit of the number to be dialed by activating the Present Next Digit lead. 
This causes an interrupt by the DIU (if enabled) and should result in the 
operating program presenting the digit and turning ON the Digit Present lead 
by ~riting into the DIU Control Register. 

Successive digits are thus dialed at the rate of approximately 
50 ms per digit. · 

At the end of the dialing sequence, the Present Next Digit lead from the 
ACU remains ON while the operating program waits for the Data Set Ready lead 
to turn ON, indicating that the call has been established. 

3.5.7 Drivers and Receivers to Autocalling Unit (ACU) 

The following leads to the ACU are directly controlled by bits in 
the Control Register. 

NBl, NB2, NB4, NBS 
CRQ 
DPR 
CUT 

Digit Leads 
Call Request 
Digit Present 
Calling Unit Test 

The following leads from the ACU are directly reflected in bits of the Status 
Register. 

DLO 
PND 
DSR 

Data Line Occupied 
Present Next Digit 
Data Set Ready 

l 

I 
I 

I 
I 
·~ 
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3.5.8 Outenable (OUT ENB) 
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This input is provided to facilitate card testin~. When OUT ENB is 
driven LOW by an external test set, all output drivers of the DIU are OFF. 

3.6 FS-7 Programmable Interval Timer (PIT) 

3.6.1 General 

The PIT/SID ~rrA14) provides two independent and program variable 
time delays for 40C400 operating programs. A functional description, block 
diagram, list of features, addresses of the registers and a detailed description 
of the bits of the registers is contained in Section II, sub-sections 2, 3 
and 4. 

3.6.2 MOS Package MLA14 

Similarly to the CIU-R, CIU-T and DIU devices, the PIT/SID is a P­
channel enhancement mode MOS microelectronic assembly requiring +5V, -6.2V 
and -12V power supply voltages. All output drivers conduct to +5V (when ON) 
with a LOW voltage supplied by an external pull down resistor when the 
driver is OFF. 

3.6.3 Address Decode (PIT/SID) 

The high order three bits of the PIT/SID address block (As, A6, and A7) 
are encoded by switches SPB12-SW5, 6 and 7 respectively. A switch closure 
is a logic 'O' while an open switch is a logic '1'. These same switches 
drive inputs SW5, SW6 and SW7 of MLA14 and thus directly determine bits 4, 5 
and 6 respectively of the generated interrupt vector. 

Address comparator MLD12 compares these switches to INS, IN6 and IN7 
when enabled by BUS ENB (INS, IN6, IN7 valid) and by DEV A ENB (device falls 
in A address group). Note that the LA (load address) signal is not gated in. 
The SELECT signal is therefore HIGH whenever bits 5-7 of the Telebus agree 
with the switch pr~ramrning. This active SELECT signal, however, is only of 
significance when LA is LOW simultaneously, thereby indicating that the PIT 
or SID has been addressed. This SELECT signal_ is latched in MLA14 when LA 
is LOW. 

3.6.4 Load Address, Read and Write 

Loading of addresses, reading of or writing data into the registers 
is very- sL~ilar to the o~ration of the CIU-R described in Section II, sub­
s·ection 3.4.4. The LA, 1-ffi, SELECT, READ ENB PIT, IN0-7 and OUT0-7, leads 
are used for this purpose. Operation differs in the following areas: 

As in the CIU-R, INl, 2 and 3 are latched into MLA14 when LA is LOW. 
Additionally, inputs D/A IN3A and D/A IN4 are driven by IN3 and IN4 and stored 
by LA. When D/A IN3 and D/A IN3A are driven by the same signal (as in the case 
on the 410411 and 410412 Card Assemblies), the PIT uses the lower four addresses 
of its assigned address block (containing 8 addresses). 

Teletype Corporation 
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3.6.4 (Continued) 

Input IN4 determines if the SID or PIT ras been selected. 
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Operation differs from the CIU-R in that 3 of the Status Register 
bits are READ/WRITE, one is READ ONLY1and in that the Data Register is WRITE 
ONLY. The READ ENB PIT signal is HIGH when either the PIT or SID has been 
selected. 

3.6.5 Interrupt Vectors 

Each of the timers in MLA14 generates an interrupt vector (if enabled) 
when it has completed its time-out. The INTR REQ PIT lead is then HIGH, 
indicating an interrupt is pending. 

Two 'interrupt grant in' signals are provided on MLA14. INTG INl is 
common to all the interrupting devices (CIU•R, DIU, PIT) and freezes the 
interrupt status of the device when active. The INTG IN2 is the daisy-chained 
'interrupt grant in' from the Telebus that passes through all interrupting 
devices and is intercepted by the first device on the chain that has an 
interrupt pending. 

Generation of the vector in response to INTG IN, activation of the 
READ ENB PIT and resetting of the serviced interrupt vector by READ is 
identical to the CIU-R operation (Section II, sub-section 3.4.5). 

3.6.6 Outenable Input (OUT ENB) 

This input is provided to facilitate card testing. When OUT IDlB is 
driven LOW by an external test set, all output drivers of the PIT/SID (MLA14) 
are OFF. 

3.6.7 Outputs A, B, C, SEL SID 

These outputs are used to drive 74251 eight to one multiplexers (or 
equivalent) of the SID, thereby selecting one of the eight bytes of the 
Station Identification Device (SID) to be read by the operating program. 
(Refer to Section II, sub-section 3.7.) 

3.7 FS-8 - Station ID (SID) 

3.7.1 The 8 bytes of field programmable data storage are provided by 8 dual 
in-line 8 position switch packages (SPBl - SPB8). Each switch assembly is 
connected to the 8 data inputs of a multiplexer package. A switch assembly­
multiplier pair provides one bit of storage for all eight bytes of information. 

Since the multiplexers are 'wire anded' with the outputs of the CIU-R, 
DIU and PIT, their out£uts may be active only when the SID has been selected. 
This is achieved by a SEL SID signal activating the tri-state outputs of the 
8 to 1 multiplexers at the proper time (when a SID address has been decoded). 
An OUT ENE signal (FS-7 area E5) assures that no matter what address decoding 
errors occur, the TTL output drivers of the multiplexers are never ON 
simultaneously with the MOS drivers of the CIU-R, DIU or PIT. The relationship 
between the select leads (A,B,C), D/A INl, 2, 3, 4 and the particular SID byte 
selected is as follows: 

11/ 
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(EIA Connector­
External to Card 
Assemblies-) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

APPENDIX A 

EIA INTERFACE CONNECTOR PIN ASSIGNMENTS (Note 2) 

EIA RS-232C Nomenclature 

Protective Ground (AA) 
Transmitted Data (BA) 
Received Data (BB) 
Request to Send (CA) 
Clear to Send (CB) 
Data Set Ready (CC) 
Signal Ground (Common Return) (AB) 
Received Line Signal Detector (CF) 
(Reserved for Data Set Testing) 
(Reserved for Data Set Testing) 
Unassigned 
Sec. Rec'd Line Sig. Detector (SCF) 
Sec. Clear to Send (SCB) 
Secondary Transmitted Data (SBA) 

Lead Designation 
(410411/410412 Card Assemblies) 

Frame Ground (FG) 
Transmitted Data (SD) 
Received Data (RD) 
Request to Send (RTS) 
Clear to Send (CTS) 
Data Set Ready (DSR) 
Signal Ground (SG} 
Carrier Detect (CO) 
Not Used 
Not Used 
Supervisory Transmit Data (STD) 
Supervisory Receive Data (SRD) 
Not Used 
Not Used 

(")~ 
..... (!) 
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1-'• 0 
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rt Ill 
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0 1-'• 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Transmitter Signal Element Timing (DCE Source) (DB) 
Secondary Received Data (SBB) 
Receiver Signal Element Timing (DCE Source) (DD) 
Unassigned 

Transmitter Signal Element Timing (SCT) 
Not Used 

Note 1: 

Note 2: 

.............. 'f .... 

Secondary Request to Send (SCA) 
Data Terminal Ready (CD) 
Signal Quality Detector (CG) 
Ring Indicator (CE) 
Data Signal Rate Selector (DTE/DCE Source) (CH) 
Transmit Signal Element Timing (DTE'Source) (DA) 
Unassigned 
Non EIA (Note 1) 
Non EIA (Note 1) 
Non EIA (Note 1) 
Non EIA (Note 1) 
Non EIA (Note,l) 

Receiver Signal Element Timing (SCR) 
Not Used 
Not Used 
Data Terminal Ready (DTR) 
Not Used 
Ring Indicator(RI) 
Not Used 
Not Used 
Not Used 
Analog Test (AT) 
Digital Loop (DL) 
Receive Only (RO) 
Self Test (ST) 
Modem Check (MC) 

These leads may or may not be brought out to the EIA connector depending on the hardware in 
the 40C400 Controller and on the application. 
This is a typical assignment of the interface leads from the 410411/410412 card assemblies to pins 
on the EIA connector. Since this connection is made external to the card assembly, other lead 
assignments may be made to fit other applications. 
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DIO CIRCUIT CARD 
CC430-459 

~ECTION I - GENERAL TECHNICAL DATA 

1. General Description 
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1.01 The CC430-459 Card Assembly provides the interface between the C400 
Controller and the Display Monitor. It performs the function of taking 
selected areas of the C400 Memory and converting the contents of those 
areas to a form suitable for display on the 40MN101 or 102 monitor. 
Contained on the card are the 80 bit registers called the cache, font ROMs, 
attribute logic, timing,control, bus interface, and video circuitry. 

2. Supporting Information 

2.01 See 4430 SD and 410430-459 assembly drawing for supporting information. 

SECTION II - DETAILED DESCRIPTION 

1. Functional Block Diagram - Figure 1 

1.01 Referring to Figure 1, the timing block provides the proper signals 
to the horizontal and vertical sweep generators in the display monitor. It 
also directs the control logic to interrupt the C400 when the monitor needs 
new data to display. The control logic responds by interrupting the C400 
and through the use of the RBT instruction transfers eighty 16-Bit words 
into the cache. These 80 words are split into 160 eight bit ·words sufficient 
for two text lines of display on the monitor. 

1.02 Seven bits of each eight bit word are ASCII encoded and the eighth 
bit is used for attribute information. The seven bits are inputted to the 
font ROMs which convert ASCII code to dot information. The dot information 
is th.en serialized and presented to the monitor as video. Bit 8 can take 
on several meanings depending on the state of the attribute logic which 
is under program control. 

2. Display Timing - Pages 4 and 5 of 4430 SD 

2.01 All display timing starts with the 18.9 MHz crystal clock,. MLD21. 
This represents the dot frequency. It is applied to MLC19, the dot counter, 
arranged to divide by nine to count the number of dots per character. The 
TC output is used to load the video ~erializer and the ECL latches .once per 
character. Outputs Ql, Q2, and Q3 clock other parts of the DIO. 

2.02 The divide-by-100 character counter is clocked by the dot counter at 
the 2.1 MHz character rate. It consists of binary counters MLA3 and MLAS 
and ROM decoder MLA4 with the·counter outputs applied as addresses to the 
ROM. The ROM decodes four functions of the character counter: Character 99, 
character 96, character blank, and horizontal drive. Character 99 resets 
the counter to zero. Character 96 clocks the scan line counter. Character 
blank is used to inhibit cache clocking and to blank the screen during 
horizontal retrace, characters 80-99. Horizontal drive is used to drive 
the monitor, characters 76-26. The counter outputs are also used in the 
cursor compare logic MLB4 and MLB9. 
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2.03 The scan line counter is clocked by character 96 of the character 
counter and is arranged to divide by fourteen, the number of scan lines per 
text line. It consists of binary counter MLA15 and ROM decoder MLA14 with 
the counter outputs applied as addresses to the ROM. The fifth address 
is last text line, TL24. The ROM decodes four different permutations of 
the scan line counter, LSL, LSL, ULSL, and an enable signal. LSL and LSL 
are opposite polarity signals indicating the display is on the last scan 
line of a text line. ULSL indicates the scan line that the character 
underline is activated. Output 3 is an enable signal for the data multiplexers 
which is low only during the LSL of the last text line, TL24. Output 5 is 
not used at the present time but it is an enable signal for the Monolithic 
Memories lOK character generator. The counter's Q outputs are also sent to 
the font ROMs as scan line addresses. First scan line, FSL is derived from 
the TC output of the counter and is used as the text line clock. 

2.04 The text line counter consists of MLBlO, MLAlO, and MLAll and is 
arranged to divide by 25, the number of text lines per page. Text lines 
1-24 are displayed, TL25 is used for vertical retrace and TL24 is used in 
the control logic. Output QO of the counter is called odd text line, OTEL, 
and is combined with TL25 for use in the control logic. TL25 is also used 
for the generation of the 60 Hz vertical retrace signal to the monitor, for 
blanking of the display during that text line, and for loading the cursor 
registers MLBS and MLB7. The counter outputs are also used in the cursor 
compare logic MLB9. 

3. Font ROMs - Page 3 of 4430 SD 

3.01 The organization of the font ROMs provide some important features for 
the DIO. Each ROM operates independently of the others, each providing 32 
symbols contained in a 9xl4 dot matrix. By virtue of the wired - OR active­
low outputs, removal of any of the ROMs results only in the loss of the 
symbols in those ROMs (the screen will blank any accessed symbol that is 
not on the board). Therefore, although the DIO is capable of displaying 
128 symbols with four ROMs, significant cost reductions are possible if all 
symbols are not required for certain applications. Also, since all the scan 
lines of each text line are now programmable special graphic symbols can be 
generated which will allow continuous horizontal and vertical lines or bars 
as well as a new family of characters with descenders. 

3.02 ASCII bits 1 through 5 are applied as common addresses to MLA17, 
MLA18, MLA19 and MLA20. ASCII bits 6 and 7 and their complements are used 
as chip enables to select one of four ROMs. The four scan line counts from 
MLA15 are applied as common addresses to all the ROMs. Each ROM output is 
wired- OR'ED to the same output on the other.three ROMs and applied to the 
video shift register as dot information. 

3.03 In operation ASCII information is presented to the ROMs at the 2.1 MHz 
character rate for 80 characters. The ROMs convert the ASCII into dot 
information for each character of that scan line. The scan counter then 
increments one count and the same 80 characters are presented to the ROMs. 
This continues for each of the 14 scan lines which make up one text line 
of data at which time the text line counter increments and a fresh set of 
ASCII is presented for the next 14 scan lines. Figure 2 illustrates the 
make-up of two such characters. 
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3.04 Significant cost redu~tions. are possible if, i~ an application, lower 
case and control characters are not required. A strap option, STl, is 
available on the board that maps any incoming lower case or control characters 
to the upper case and numeric ROMs respectively. This allows removal of the 
lower case and control character ROMs and is released as the 410434 Card 
Assembly. If mapping is not required, the lower case and control ROMs ,can 
simply be removed. 

1 

4. Video Circuits - Page 4 of 4430 SD 

4.01 The video logic consists of the video shift register MLB18, ECL hex 
latch MLB20, ECL line driver MLC21, ECL EX-OR MLA21, and associated resistor 
packs RPB17, RPB19, and RPB21. The ECL logic operates with reduced signal 
swing, i.e., logic 0 = low= +3.4 volts, logic 1 =high= +4.3 volts. Resistor 
pack RPB17 converts the TTL logic levels to ECL logic levels. 

4.02 Dot information from the font ROMs is applied to the video shift 
register, MLB18, at the 2.1 MHz character rate. While the last dot of the 
previous character is being displayed the dot information for the next 
character is parallel loaded into th~ shift register. It is then clocked 
out at the 18.9 MHz dot rate and appears at MLC21-13 as video. Here it is 
gated with character blanking information from the attribute logic and 
wire - OR'ED with underline information also from the attribute logic. The 
ECL latch MLB20 is used to insure that the attribute information is displayed 
over the correct dots of each character. 

4.03 EX-OR gate MLA21 is used to invert all video coming from MLC21-14, if 
the cursor lead from MLB20-3 is high. This output is applied to the video 
line driver MLC21-9 where it is gated with retrace blanking and the 18.9 MHz 
clock from MLC20-10. This clock gating chops the video into 25NS pulses 
which are sent differentially over a balanced, impedance - matched trans­
mission line to the monitor. Intensify information from MLAl0-11 is applied 
to the junction of Rl7 and Rl8 through Rl3. When the intensify lead goes 
low sufficient current is drawn through Rl8 to force a logic low to MLC21-ll. 
This has the effect of removing the 18.9 MHz clock from the gate which allows 
the full 53NS video pulse. to be sent over the transmission line. This longer 
duration dot will appear brighter, though more distorted, than the surrounding 
characters on the monitor screen. 

4.04 Half-inte~sity information from the attribute logic is applied through 
ECL latch MLB20-4 to line driver MLC21-4 where it is gated with retrace 
blanking and sent over the transmission line to the monitor. 

5. Cursor Logic and Attribute Mode Register - Page 2 of 4430 SD 

5.01 The cursor logic consists of hex registers MLB5, MLB6, MLB7, MLB8 
and hex comparators MLB4 and MLB9. MLC15 is the attribute mode register. 

5.02 Once each refresh during the last text line, TL24, the control logic 
presents a sync program interrupt to the C400. The C400 responds by sending 
a single 16 bit word to the DIO which is stored in registers MLB6, MLB8, and 
MLC15. Bits 0 through 6 represent the character position the cursor is to 
appear. Bits 8 through 12 represent the text line the cursor is to appear, 

1 
and bits 13, 14, and 15 tell the DIO how to respond to attribute commands 

I during that refresh. The contents of the attribute mode register are used l . .,~,,a -as addresses for the attribute decoding ROM ~16. •••• • c ~---
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5.03 The contents of the cursor registers are transferred to MLBS and MLB7 
.during vertical retrace. During the scanning of the next refresh the 
comparators MLB4 and MLB9 compare the register contents to the character 
and text line counts and when they coincide ~ cursor is generated and sent 
to the video logic MLB20-12. 

6. Control Logic and Bus Interface - Page 5 of 4430 SD 

6.01 The control logic performs the hand-shaking routine with the C400 
for the transfer of data from memory to the DIO. Since the DIO requires 
new information from the C400 every two text lines, the timing logic informs 
the control logic when the data is required. The control logic responds by 
stepping through a sequence of events; presenting an interrupt vector, 
enabling the input caches to accept data, synchronizing the data with the 
display, and returning to an idle mode. This sequence is performed by the 
sequence counter MLB2, state decoder MLBl, selector MLCl, and control bus 
decoder MLC2. 

6.02 Figure 3 is a state diagram describing the sequence that the control 
logic steps through. The states are numbered and correspond to the count 
of the sequence counter, MLB2. Transitions between states occur when the 
condition indicated between states is satisfied, i.e., a transition from 
state 7 to state 0 will occur during FSL, first scan line. 

6.03 Assume that sequence counter is in state 0. The control logic will 
-remain here until the timing logic requests new data. This request comes 
in the form of OTEL+VBLK, Le., when the timing is not in an Odd TExt Line 
or is in the ~ertical ELan~ interval the sequence will be started:by 
stepping to state 1. State 1 waits for the lead INTG-IN, interrupt grant 
in, to go high indicating the bus is not servicing an interrupt at the 
present time and steps the control logic to state 2. During state 2 the 
control logic presents an interrupt to the C400 by taking the INTR lead low. 
The INTG-0UT lead is taken high to prevent other devices from interrupting, 
and the control logic waits for the C400 to assert the INTG-IN lead and to 
present the RDV code on the control leads CO, Cl, and C2. At this time the 
interrupt vector is sent out on the bus by MLCS as determined by vector 
switches 1, 2, and 3 and the control sequence steps to state 3. 

6.04 During state 3 the INTR is held low while the INTG-OUT is maintained 
at a 1. The presence of the first RDI on the control leads will step the 
sequence counter to state 4. The RDI instruction will last for 80 bus 
cycles and as long as RDI remains on the control leads the counter will 
remain in state 4 and the input caches will be loaded with the data on the 
data/address leads of the bus. When RDI goes low the se·quence counter goes 
to state 5, an inactive state, waiting for the timing logic to indicate that 
Data Blank is at a 0. At that time the sequence counter steps to state 6 and 
waits for Data Blank to return to a 1, at which time the counter increments 
to state 7. The control logic remains in state 7 until the timing logic 
asserts the first scan line (FSL) of the next text line, then the control 
logic returns to state 0. 

11S 
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6.05 The nucleus of the control logic is sequence counter ~~B2, state 
decoder MLBl and selector MLCl. Sequence counter MLB2 is a synchronous 
4-bit binary counter with synchronous parallel load and clear inputs. The 
sequence counter is clocked by Bus Enable, twice inverted from the Telebus, 
and the counter is clock e·1abled by the output of selector MLCl. The 
selector receives as address inputs the outputs of the sequence counter and 
uses the lew 3 bits, counts 0 thru 7, to select one of eight data inputs to 
supply at the output of the selector. The high order bit from the sequence 
counter is ignored allowing the state decoder to step from state 7 back to . 
state 0. 

6.06 The data inputs to selector MLCl are the signals which, when asserted, 
will enable the sequence counter to increment to the next state. These 
signals are those shown in Figure 3 as conditions for state to state trans­
itions. The data inputs to the selector are driven from two sources, the 
Telebus control leads and the display timing logic. The Telebus control 
leads are decoded by ROM MLC2 which drives some of the data inputs of 
selector MLCl. The remaining data inputs of the selector are driven by the 
command register, MLA2. The conwand register is used to synchronize the 
signals from the display timing logic with the sequence counter and is 
clocked at the Telebus frequency gated by the display clock. 

6.07 State decoder MLBl inputs the binary coded state signals from the 
sequence counter and outputs active low signals for counts 0 thru 7. The 
outputs of the state decoder are used by the various small scale gates which 
are involved with clock switching for the caches and negotiation with the 
interrupt leads. 

6.08 Interface with the Telebus is accomplished by receivers ·MLC3, MLC9, 
and MLC14 plus transceiver MLC5. The data/address leads are received by 
MLC5, MLC9 and MLC14 which invert and output these signals to input cache 
shift registers MLC6, MLC8, MLClO and MLC13, to cursor registers MLB6 and 
MLB8 and to attribute mode_Eegister MLC15. Receiver MLC3 inputs Telebus 
Control Leads c0, c1 , and c2 , Bus Enable, Initialize, and Interrupt Grant 
In. 

6.09 Since the DIO board generates interrupt vectors only in the range 0 
- 168 or 4008 - 4168 , the DIO needs to drive only four of the data address 
leads, D/A2, D/A3, D/A8, and D/Al. The first three of these are switch 
selectable by DIP switch SPC4, while D/Al is driven by TL24* from the 
command latch, MLA2, and used to differentiate between a data interrupt 
vector and the sync vector. An interrupt vector is allowed onto the Tela­
bus by the two active low enables on MLC5. Bus Enable drives one enable 
to coordinate the vector with the Telebus timing and the fifth output .of 
control bus decoder MLC2 uses the other enable to synchronize the vector 
with the other interrupt proceedings. Vector switch programming information 
is found on the 4430 SD sheet 1. 
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7.01 Following the exchange of interrupt grant and vector, the control 
logic is ready to load the data from the Telebus. Data is stored as eighty 
16 bit words in tP~ input cache shift registers MLC6, ~~8, MLClO, and 
MLC13. Each 16 bit word is comprised of two 8 bit characters for the dis­
plcy. If the displayed characters are counted from 0 thru 79, the even 
numbered characters are read from the Telebus as the low order byte of each 
word and are stored in caches MLC6 and MLClO. Odd numbered characters 
comprise the high byte of each word and are stored in caches MLC8 and MLC13. 
Since the data is available from the input caches two characters at a time, 
this data is multiplexed by MLC7 and MLC12 and presented to display caches 
MLB12 and MLB13. 

7.02 Clocking, loading and recirculation of the input and display caches 
is controlled through MLA7, MLA8 and portions of MLA6, MLA9 and MLA12. The 
display caches are clocked by the 2.1 MHZ character clock gated with Data 
Blank, this clock provided at MLA12-3. Loading of the display caches is 
accomplished during the last scan line (LSL) by removing the recirculate 
signal to the display caches and allowing the new line of data from the 
multiplexers to fill the display caches while the previous line is being 
used for display of that last scan line. The input caches are clocked at 
various times by three different clocks. When the input caches are being 
loaded from the Telebus, the control logic activates gates from MLA6, MLA7, 
and MLA8 to enable the input caches to be clocked by Bus Enable. After the 
new data has been loaded and before it is transferred to the display caches, 
the input caches are recirculated at the display character rate due to the 
dynamic nature of the caches. This is also under direction of the control 
logic along with gates from MLA6, MLA7 and MLA8. Finally, when a text line 
of data is being transferred from the input caches to the display caches, 
the two-to-one multiplexing from input to display necessitates that the 
input caches be clocked at one half of the display character rate. This is 
accomplished by applying one cycle of the display character clock to two of 
the input caches and then applying the next cycle to the other pair of input 
caches. Gates from MLA7 and MLA9 are used to perform this switching. 

7.03 Between the inputs caches and display caches the multiplexers serve to 
unpack the 16 bit words to two 8 bit characters. Selection of the correct 
multiplexer input is performed by a signal at one half the frequency of the 
display character clock plus a control signal decoded from the scan line 
counter. Enabling of the multiplexers is used to prevent the display caches 
from seeing unwanted data during the last scan line of text line 24. 

7.04 Data out of the display caches is strobed into latches MLB14 and one 
half of MLB15. This guarantees sufficient set up time for the addressing 
of the font ROMs. 
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8.01 Display attributes such as half-intensity, underline, intensify and 
blank are controlled by the attribute logic. The attribute logic in turn 
is controlled by the contents of the attribute mode re0ister MLC15 which 
is loaded once each refresh with D/A bits 13, 14, and 15. The attribute 
decoding ROM MLC16 decodes these three vits into 1 of 8 modes in which. the 
DIO is to operate for that refresh. ASCII bits 3, 4, and 8 are processed 
by 1/2 MLB16, MLC17, and MLC18 before being presented to the decoding ROM. 
Figure 4 describes how the DIO operates for each of the eight modes. 

8.02 During the LSL of every text line when data.is being transferred to 
the display caches, ASCII bits 3, 4, and 8 are loaded into attribute cache, 
MLC17, via latch MLB16. The attribute cache is clocked at the same time 
the display cache is clocked to keep the attribute bits in sync with the 
ASCII bits. Register MLC18 provides the same time delay to the attribute 
bits as register MLB14 provides for the ASCII bits. The attribute bits 
3, 4, and 8 are then applied to the decoding ROM MLC16 which outputs the 
appropriate attribute and sends it directly to the video logic. 
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DI/0·8 ATTRIBUTE OPERATION 

ATTRIBUTE CHARACTER 

Bit 8 
X 

0 

1 

0 

1 

0 

1 

0 
1 

1 

1 

1 

1 

0 

(DI/0-8 examines ASCII Bits 3, 
4 and 8 of each character) 

Bit 3 
0 

0 

1 

1 

X 

0 

0 

1 

Bit 4 
0 

1 

0 

1 

X 

0 

1 

0 

Bit 8 
1 

; 1 

1 

1 

0 

1 

1 

1 

(Possible Text Editing Configuration) 1 1 1 

X X 0 

X= Don't Care 

DESCRIPTION OF DISPLAY 
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DESCRIPTION OF DISPLAY 
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410464 AND 410465 8K/4K READ/WRITE HEHORY CIRCUIT CARD ASSEMBLY 

SECTION I - USER INFORMATION 

1. General 

1.1 The 410464 and 410465 RAM circuit cards are BK and 4K read/write (R/W) 
random access memory (RAM) assemblies respectively, which provide a means 
of storing information. The memory is .composed of semiconductor elements 
in which the information is internally stored on a capacitor. It is 
therefore volatile, losing its stored information whenever memory power 
is removed. 

1.2 The storage capability is either 8192 words (8K) or a depopulated 
4096 words (4K) of 16 bits in width. Data may be written in either a 
word mode or a byte (half-word) mode under control of the Instruction 
Execution Logic (IXL). All read operations are done on a word mode basis 
only. 

1.3 Since the RAM uses MOS, LSI memory elements of the dynamic type to 
store information, a periodic refresh cycle is required to maintain the 
integrity of the stored information. Memory refresh is automatically 
accomplished by circuitry on the circuit card during usual program execution. 
The refresh circuitry sequences through a cycle consisting of 64 refresh 
operations within a period not exceeding two milliseconds. 

1.4 The circuit card assemblies may be selectively located with the first 
address of the block on any 2K boundary. This is accomplished by setting 
t~e four address switches, A through D, contained in a switch pack on the 
card to the corresponding combination indicated in Figure 1. 

1.5 TI1e 4K card assembly is a depopulated version of the 8K assembly. 
.The operational difference is determined by a strap inserted at the time 
of manufacture. 

2. Supporting Information 

2.1 Schematic Diagram 4464SD. 

--~---·---------- ..... -------~-
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1.1 This circuit card requires the following power supply voltages: 

+5 +10% 
+SV +10% Standby 
+12V +10% Sta rrlby 
-12V ±tO% Standby 

A zener diode regulator circuit is used to derive -SV for use by the Memory 
Array. 

1.2 The following convention is used in the circuit description to give 
a unique designatio~ to each circuit in an integrated circuit package. 

MLB8-4 ML - Refers to Micro-Logic 
B8 - Refers to the package located at board location B8 
-4 - Refers to the circuit package pin number 

1.3 The terms "high" and "low" are used in this description to indicate 
logic voltage levels; "high" represents any voltage between 2.4V and 5.5V, 
and "low" represents any voltage between O.OV and 0.4v. 

1.4 Signal leads are labeled with a title description of its function. 
A signal superscribed with a bar indicates that the signal is in the low 
·state when the state described by the signal is present; otherwise it is 
in the high state. 

2. General Description 

2.1 The data is presented to the card via the bidirectional Telebus 
signals with data/address routing determined by the CO, Cl, C2 bus control 
signals and synchronized by the MEM CL.K, I/O CLK, and BUS ENABLE CLK. The 
decoded bus control signals produce the following functions on the memory 
assembly: read word, write word or byte, load address register, increment 
address register, and memory refresh. See Figure 2. Memory refresh may 
also be accomplished if the standby voltages are provided and the I/O 
clock is operational. Under this condition the Telebus Initialize signal 
is asserted to force the memory into a continuous refresh mode. 

2.2 An important part of this card's operation is its ability to be 
selectively located at any 2K boundary. This ability to 
decode its own unique address is provided by a lK word (256 x 4) ROM 
identified as the Card Select ROM. The four low order address signals 
to the Card Select ROM are presented directly from the hi8h order bits 
of the address register. The four high order address signals to the Card 
Select ROM are determined by the proper coding of four switches on the 
card. The proper coding is defined on the label applied to the card. 
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2.3 Provision has bsen made to ensure accurate data retention within memory 
when an optional Standby-Power (+5V, +12V, -12V) source is furnished. These 
voltages enable the oper3tion of the memory array and refresh circuits in 
the event there is a power failure if the set is equipped with a means of 
supplyin6 the standby power. 

3. Detailed Description 

3.1 Addressing Operation 

3.1.1 The address used during a read or write memory cycle is presented 
to the bidirectional transceivers MLC6, MLClO, MLC15, MLC20, on pins 4, 
1, 12 and 15 from the Telebus. The 16 address signals are inverted by the 
transceivers and presented to the Address Register packages, MLC7, MLCll, 
MLC16 and MLC19. A load address co~~and, LA,, obtained by decoding CO, 
Cl, C2 in package :t-ll.C3 and MLC4, moves the address to the Address Register 
packages. The Address Register output immediately switches state to 
coincide with the address input at the beginning of the load address command. 

3.1.2 The memory packages require twelve address bits to access any single 
location in the 4096 bits of memory. These address bits are divided into 
two groups of six bits each which form the row and column address for the 
64 x 64 memory chip matrix. The first six bits presented to the memory are 
row addresses while the six following address bits are column addresses. 

3.1.3 The six low order address bits Al through A6 emerging from the 
address register are routed to multiplexers MLC9, MLC12 and·MLC17 to form 
the row address for the memory chip. The multiplexer input designations 
are lA and lB. Similarly, the six higher order addresses A7 through Al2 
are routed to the multiplexers to form the column address for the me~ory 
chip. These multiplexer input designations are 2A and 2B. The other two 
inputs to the multiplexers provide the memory refresh address. Six row 
address bits are necessary to accomplish refresh. These multiplexer 
input designations are 3A, 3B, 4A and 4B. 

3.1.4 When Refresh Counter Enable is low, the refresh address input is 
applied to the multiplexer outputs. When Refresh Counter Enable is high, 
the Row Address and Column Address is applied to the output under command 
of the Mux Control signal. 

3.2 Read Operation (Data to Bus frc;>m Memory) 

3.2.1 A memory read cycle is performed when the decoded bus control 
signals command one of the three types of read operation, namely Load 
Address and Read (LAR), Read and Increment (RI), or Read (R). A number of 
conditions must be satisfied before the memory packages yield data from 
an addressed location. First, a row address clock and a column address 
clock is provided to each memory pack since the memory is dynamic. 
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Secondly, the memory chips must be supplied with a Chip Select signal in 
ord~r to provide output data. The Chip Select signal is provided by the 
Card Select ROM which determines when the data being addressed resides 
within its own address range as indicated by the setting of the card select 
switches. The ROM also determines which of the two 4K memory banks will 
be enabled on the 8K assembly.Strap STl is not present in the 4K assembly 
and the ROM therefore only acts to control 4K of memory. Thirdly, data 
is read from memory only when the Read/Write Low Byte and Read/Write High 
Byte signals are in the read sense or high. 

3.2.2 A memory cycle begins when the Row Address Strobe, RAS, switches 
to the low state at MLA4-3. During the initial portion of this strobe, 
the row addresses are read into memory. Next, the Column Address Strobe, 
CAS, switches to the low state at MLBl-9. During the initial portion of 
the strobe, the column addresses are read into memory. Approximately 
200 NS later data is available and latched at the memory chip data output 
pin. The latched data flows to the telebus transceivers MLC6, MLClO, MLC15, 
and MLC20 on pins S, 2, 11 and 14 for presentation to the bus, during 
the transceiver output enable time. 

3.2.3 Information to the bus is regulated by a low signal on Enable A, 
pin 9, of transceiver packs MLC6, MLClO, MLC15 and MLC20. The transceiver 
output is controlled such that the data addressed during one cycle is 
supplied on the bus during the entire Bus Enable clock time of the following 
cycle. The Read F/F, MLB2-8, and the Xcvr Control F/F, MLB2-5 control the 
transceivers to meet the above requirement with adequate leading and 
lagging margins. 

3.3 Write Operation (Data from Bus to Memory) 

3.3.1 A memory write cycle is performed when the decoded bus signals 
connnand one of two types of write operations, namely Hrite Word and Increment 
(\,1\H), or Write Byte and Increment (WBI). Two of the conditions necessary 
for writing are the same as those needed for a read operation; those being 
the presence of the memory clocks and chip select signals. The third 
condition necessary for writing is the presence of the write signal. 
This signal is divided into two parts, the Read/Write Lower Byte Signal 
and the Read/Write High Byte Signal. wben writing full words into memory, 
the Read/Write Low Byte and Read/Write High Byte signals are both in the 
write state or low. When writing in either the low or the high byte of 
memory, only the corresponding Read/Write signal is low. 

3.3.2 The least signi::icant address bit AO determines whether the lmv or 
high byte should be written. A low AO condition on the Telebus generates 
a Read/Write High Byte signal while a high AO condition on the bus 
generates a Read/Write Low Byte signal. 
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3.3.3 Information to be stored in memory is presented from the Telebus 
to the transceivers MLC6, MLC10, }1LC15, and MLC20, o~ pins 4, 1, 12 and lS. 
The output from the transceivers appears on pins 6, 3, 10 and 13. in 
inverted form for routing to the Data Input Latches, MLC8, MLC14, and MLB22. 
The information is latched with the Data Latch Clock from MLCl-8. The 
output from the Data Latches becomes the data input for the memory packages, 
MLA6 through MLA21 and MLB6 through MLB21 on pin 2. 

3.3.4 The write command, either WWI or WBI, i& decoded by MLC3 after 
receipt of the control signals through Bus Receiver MLC2. The write command 
is clocked into latch MLB22-12, enabling gates MLB4-3 and MLB4-6. 
The received CO control signal determines whether a write word or write 
byte operation is executed. Control CO is latched in MLB22-15 and enables 
gate MLB4-ll and MLB4-8 if a write byte operation is performed; similarly 
the gates remain disabled for a write word operation. The AO level is 
likewise latched in Address Register MLC19 and used to control the write 
byte operation. The latched AO directly controls an input to gate MLB4-ll 
and also controls an input to gate MLB4-8 after an inversion by MLCS-8. 
The output from MLB4-ll or MLB4-8 determines which byte will be written. 

3.4 Increment Operations 

3.4.1 One read function and both write functions (RI, WWI or. WBI) result 
in the advancement of the address register to ·the. next word location at 
the end of the specified read or write operation. This provision is 
incorporated to rapidly cycle through read/write type memory. The address 
counter MLC7 is advanced through the Register Increment Clock in the 
presence of an active Address Register Enable signal. 

3.4.2 The increment associated commands are decoded through MLC3 and gate 
MLC4-ll. The output from MLC4-11 presets the Register Enable F/F, MLB3-6, 
which in turn enables the low order 4 bit counter MLC7. The free running 
Register Increment Clock entering MLC7 advances the counter on its low to 
high transition during the Address Register Enable state. 

3.5 Refresh 

3.5.1 Since the memory chips used on this ·circuit card assembly are dynamic 
in nature, they must be refreshed. Reading information at an addressed 
location is non-destructive and refreshes one row of memory. Total refresh 
is accomplished by performing one internal read cycle on each of the 64 
low order addresses every two milliseconds. The memory is refreshed whether 
Chip Select, pin 5, is high or low. A dedicated refresh cycle is initiated 
whenever there is a NOP on the Telebus. A NOP is decoded by package MLC3, 
producing a 1J»1 output on pin 13. This signal presets thr:l Refresh 
F/F, MLB3-9, to a high state. 
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3.5.2 A high output from the Refresh F/F decontrols the Card Select ROM, 
MLA3 on pins 13 and 14, forcing MLA3-ll and ~LA3-10 high to disable the Chip 
Select signal to pin 13 of the RAM packs. Multiplexers MLC9, MLC12, and MLC17 
which control the RAM address ·is switched to yield the refresh counter 
address to the RAM packages. The Refresh FIF output, when inverted by 
MLCl-6, provides an enable signal to the Refresh Counters, MLC13 and MLC18, 
which allows the counters to advance to the next address location at the 
end of the refresh cycle through the action of the Register Increment clock. 
The refresh counters are thus positioned to the next refresh address when 
the current refresh cycle is completed. 

3.6 Standby Power 

3.6.1 Provisions have been made on the assembly to power the memory packs 
and some peripheral logic from a secondary power source, collectively known 

·as the Standby ·Voltages, in the event that this function is provided within 
the controller. Maintenance of the +5V Standby, +12V Standby, and -12V 
Standby voltages· in the event of a main power failure would insure accurate 
data retention in the memory array. 

3.6.2 Two other provisions are necessary to maintain memory. The Telebus 
I/O clock must continue to operate at the normal rate or at a rate which 
will assure 64 complete cycles within 2 milliseconds. Additionally the 

_Initialize Bus control must be placed into initialized state or in an off 
state. The Initialize signal is detected by a discrete amplifier which 
controls the clocked input of the Refresh F/F MLB3. When Initialize is 
asserted, the flip-flop is forced into a continuous refresh mode, thereby 
maintaining memory data as described in the Refresh section. 
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1.1 The 410506 through 410540 series Erasable Programmable ROM (EPROM) 
Circuit Cards function as read only memory in the 40C400 Controller. 
These cards come in a variety of memory configurations dependent upon 
application and program need. The ~~ximum card capability is lOK 
(10240) words of 16 bits. Application which requires less than the full 
lOK capability may build memory in lK or 2K word increments. It must 
be noted, however, that the circuit card addressing operates over full 
2K word blocks rather than lK word blocks so that a card would respond 
to addresses in the full 2K block even through lK words of program resided 
in a block. 

1.2 Two basic card assemblies are used to construct the above series. 
The 410504 Circuit Card Assembly is· a basic assembly which contains no 
memory. Hemory packs are added to sockets to fit the application. 
The 410504 Assembly contains Telebus pull-up resistors which are required 
to generate the bus "high" state. The companion 410505 Circuit card 
Assembly is identical to the 410504 Assembly with the exception that no 
bus pull-up resistors are provided. Each 40C403 must have only one 
circuit card with bus pull-up resistors. When memory requirements exceed 
one circuit card,.additional memory is constructed on cards without 
pull-up resistors •. 

1.3 The 410504 Card should also contain 2K words of EPROM .starting at octal 
address 170000 which is dedicated for system use. Therefore the maximum 
user application area on the 410504 base card is 8K words of memory. 

1.4 Applications with 8K or less of user memory will select the 410504 to 
construct either 0K, 2K, 4K, 6K or lOK of application program. The 
remaining 2K on the card should be dedicated to system operation. Where the 
memory need exceeds 8K of program, the lOK 410505 base card is selected 
to construct the application with the remaining program n~ed constJ;ucted 
from the 410504 Card above. In this manner two EPROM cards allow up to 
18K of application memory. 

1.5 The card address select switch allows the application program to 
be located on any 2K boundary in the 32K word memory map. The four 
miniature toggle switches within th.e switch assembly detennine 1 of 16 
2K starting address boundries. The addressing range to which the card 
responds is determined by a 256 X 4 ROM pack in the control logic of the. 
circuit c3rd. Figure 2 lists the appropriate part number for an addressing 
range of 2K, 4K, 6K, 8K or lOK of user application program. The 
system ared mer:1ory slot is also decoded by this part at octal address 
170000. Once the program length is determined, consult the table on 
figure 2 for the appropriate. part number. 

2. SUPPORTING INFORNATION 

2.1 Schematic Diagram 4500SD. 

...... -
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1.1 This circuit card requires the following power supply voltages: 

+SV + 10% 
+SV + 10% Standby 

+12V + 10% 
-12V + 10% 

1.2 The following convention is used in the circuit description to give a 
unique designation to each circuit in an integrated circuit package. 

MLAl-3 

ML - Denotes micrologic 
Al - Refers to the IC package located at 

board location Al 
-3 - Refers to the pin number of the 

IC circuit 

One entire IC gate may also be referred to by its position on the board and 
its output pin such as MLCS-6. 

1.3 The tenns ''high" and "low" are used in this description to indicate 
logic voltage levels. High represents any voltage level between 2.4V and 
5.5V, and low represents any voltage between O.OV and 0.4V. 

1.4 Signal leads are labeled with a title descriptive of its function. 
A signal superscribed with a bar indicates that the signal is in the low 
state when the state described by the signal is present; otherwise it is 
in the high state. 

2. GENERAL DESCRIPTION 

2.1 The Telebus signals which are required and to which this circuit card 
assembly responds are the following: 

FUNCTION SYMBOL 

16 Data/Address Bidirectional Signals D/A 
3 Control Signals CO, Cl, C2 
2 Clocks: 

Bus Enable Clock Bus En Clk 
Memory Clock Mem Clk 

~ 
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The system card contains bus pull up resistors on all of the above leads. 
Additionally this card assembly provides bus pull up resistors on the 
following Telebus leads: 

A. Interrupt (Intr) 
B. Device B Enable 
c. Device A Enable 
D. Initialize 
E. Trap 
F. I/O CLK 

2.2 A typical operational cycle proceeds in the following manner. The 
binary information residing on the bus Data/Address leads is received 
by the bus transceivers which in turn output the information as an address 
to the address latch. The low order address leads Al through AlO directly 
address the EPROM IC packs. AO is not used as an address since its function 
is to determine the byte address, whereas full words are addressed in ROM. 
Address levels All and the outputs from the card select ROM are used to 
generate a one of ten column selects for the EPROM array in conjunction 
with addresses Al2 through Al5 which determine whether a particular memory 
board has been selected. Output data from the EPROM is clocked into the 
output latches and then to the input of the bus ·transceivers for 
presentation on the bus during the next cycle. 

2.3 The address latch loads the address from the bus whenever a Load 
Address (LA) or Load Address and Read (LAR) control signal is decoded. 
Data obtained from the EPROM after the access time has elapsed is clocked 
into the output latches and presented to the bus on the Load Address and 
Read command only. This data exists on the bus during the bus enable 
portion of the cycle following the Load Address and Read command along 
with margin on either sid_e of the bus enable window. 

3. DETAILED DESCRIPTION 

3.1 Typical Read Qycle 

3.1.1 The 16 Data/Address signals on the Telebus are received by the bi­
directional, data inverting transceiver packages MLC3, MLc4, MLC5 and MLC6 
on input/output pins 4, 1, 12 and 15. The transceivers output the 
information as an address on pins 6, 3, 10 and 13 respectively, in inverted 
form. 

3.1.2 The low order address signals Al through All from the transceivers 
are presented to the Address Latches, packages MLB4 and MLB5, on pins 3, 4, 
6, 11,13 and 14. The high order address signals Al2 through Al5 are 
presented to package MLA2, pins 4, 6, 11 and 13. The address is clocked 
into the Address Latches on pin 9 with a low to high transition of the Load 
Address or Load Address and Read command signal. These two commands arc 
decoded by MLCl under control of the Bus Enable Clock signal on MLCl-2. 
The control signals CO, Cl and C2 are routed to MLCl through bus receiver 
MLC2. 
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3.1.3 The low order latched addresses Al throngh AlO originating from 
packages MLB4 and MLB5 on pins 2, 5, 7, 10, 12 and 15, are presented 
directly to the EPROMs as an address for 1024 bits. The high order 
latched addresses All through Al5 are handled in the following manner. 
The four highest order address signals Al2, Al3, Al4 and Al5, in 
combination with the user prescribe setting of the card select switch, 
determines the output from the Card Select ROM, MLA3-9. A low output 
from the Card Select ROM indicates that the card assembly has been 
selected and will output data if a LAR command has been decoded. OUtputs 
MLA3-12, 11 and 10 from the Card Select ROM are used as inputs to the 
column decoder MLA4. Address All acts as the low order input to the 
column decoder. 

3.1.4 The column decoder MLA4 selects the pair of EPROMs from which the 
data word is read. These decoder outputs drive the Chip Select leads of 
the EPROM. When selected, the EPROM in the upper row provides the low 
order data byte while the EPROM in the lower row provides the high order 
data byte. 

3.1.5 The Card Select ROM MLA3 determines the address range to which each 
card responds. A unique EPROM card assembly may be constructed for the 
system card only or the 2K, 4K, 6K and 8K User/System, or the lOK User 

, card. Figure 2 describes the card layout along with the appropriate MLA3 
ROM part number needed for the memory variations. MLA3-9 inverted by MLB2-3 
controls the operation of the Read F/F MLBl-9. A low output on MLA3-9 
allows the Read F/F to function during the LAR command from decoder MLCl-11. 
The MLBl-9 output controls the Xcvr Output F/F MLBl-5, which in turn 
regulates the output interval for transceiver packages MLC3, MLC4, MLC5 
and MLC6. 
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DESIG. NO. REO. TY. DESCRIPTION 

Cl I 485324 
. C2 I 319999 

C3 I 405324 

~::4 I 4~5~24 

C6 

C7 

C8 
C9 
ClO 
Cll 
Cl2 

C:l3 

Cl4 

C15 

Cl5 
Cl7 
C18 

Cl9 
cza 
C21 

C22 

Rl 
R2 

'" 
R4 

R5 
R6 

R7 

~ 
R9 

MLA2 

"'LA3 
~A4 

~~!...1\5 

.._~LA7 

>ILA3 

485324 
4')5324 

4·J5324 

405324 
4C5324 
405324 

4GS324 
31C931 
40:0324 

405324 

4~5324 

485324 

485324 

405324 

4J532~ 

405324 
405324 

405324 

330641 
315959 

328782 

328782 

321213 
321213 

321213 

300250 

321213 

404555 

339175 
339175 

339181 

339181 
339181 

MLAlO I 339181 

ML.All I 339175 

MLA12 I 339175 

.~LA13 I 339096 
'iL ·,14 I 339151 

I-LB1 I 339157 
~~82 339309 

MLB3 339309 

"c84 1 339151 

'1!..85 1339151 

'IL56 I 339151 

ML87 I 339151 

'-'LE8 1339151 
i-1..89 1339151 

"-810 1339151 
YLSll 1339151 
\~~812 1339309 
v .... el3 1339309 

~'-814 1339157 

'il.C2 1339309 

'll.C3 1339~38 

'.1~C4 1339=99 

~LS5 1339238 
Vl C( 1339:9) 

~~"C7 1339838 

''LC3 1339~99 

~~S9 1339838 

>I.ClO 1339599 

'ILCll 1339309 
'il.C12 1339174 
MLC13 1339389 

ML.C14 1339309 

Sl 336470 

S2 336470 

TC 637-0173 

CAPACITOR •. 1 MF.J 
CAPACITOfl, .01 MFD 
CAPAC ITO<, .1 MfC 

CA?ACITGi: .. 1 WFD 
CAPt.CIT017, .1 1.4FJ 
CAPACITGf;, .1 WoFJ 

CAPACITOR, .1 MF.J 

CAPACITOR, .1 !IFJ 
CAPACITCF., .1 "1F'C 
CAPACITCIC, .1 !IF:C 

CAPACIT22. .! ~0 
CAPACIT:JR, 47 ~8 
CAPACITCF., .1 t-'FD 

CAPACITIY, .1 MF!) 

CAPACITJR, .1 t-'FD 
CAPACIT::>R, .1 W!J 
Ct..?b.CITCP. I .1 t-FO 
CAPACIT:JR, .1 MPJ 

CAPACIT'JR, .1 MFD 
CAPA:ITJR, .1 MFD 
CAPACITffi, .1 WD 

CAPACITOR, .1 MFD 

RESISTOR, 1 "EG. l/4rl 
RESISTOR, 4700n, l/4Yi 

RESISTOR, 470, l/4f'l 

RESISTOR, 470, l/4f'l 

RESISTOR, 1K, l/4f'l 
RESISTOR, lK. l/4Yi 

RESISTOR, 1K, l/411' 
ReSISTOR, 750n, 1/4\'i 

RESISTOR, 1K, l/4f'l 

TIMER 
QUAD LATCH 
QUAD LATCH 
ARITHMETIC UNIT 
ARITHMETIC UNIT 
ARITHMETIC UNIT 

ARITHMETIC UNIT 

QUAD LATCH 
QUAD LATCH 
HEX BUFFER 

8-1 MUX 
QUAD 2·1 MUX 
DUAL 4-1 MUX 

IJJAL 4-1 MUX 

8-1 MUX 

8-1 MUX 

8-1 MUX 
8-1 MUX 

8-l MUX 
8-1 MUX 
8-1 MUX 

8-1 MUX 

IJJAL 4-1 MUX 
JUAL 4-1 MUX 

QUAD 2-1 MUX 

DUAL 4-1 MUX 

~UA'J BUS XCVR 
16 X 4 TRI-S PAM 
QUAD BUS XCVR 

16 X 4 PCI-S RA1-l 

)U~ BUS XCVR 

16 X 4 TRI-S F:AM 

~UAC BUS XCVR 

16 X 4 TRI-S RA.''. 

CUAL 4-1 MUX 
dEX LATCH 

WAL 4-1 MUX 

DUAL 4·1 loliX 

STRAP, WIRE 
STRAP; riiRE 

I 

2 I 3 .• I 
NOTE: MANUFACTURE PER MR2001 8 MR2028 (CLASS AAA/10/T/2) 

NOTE I. FOR CONVERSION FROM ISSUE 2A TO 3A AOO SfRAP Sl. 

1 410400 J 
405100 LABEL 
405014 EXTRACTCJl, CAR0 (2 REQ'D.) 

408618 RIVET(2 REQ'O.) 

4 I 5 I 6 

,.l 

R6 

~ 
.. 

u[J 
A""=-=- ~ oU i ~~ ill 6EJ~' 0 E]iEJ~EJ 

Cl4 

t 

EJ 
~·;=J 

~ ~ ~ C20ill "< -;J R -;J 
i i u i 

ORB 

fJC3fJ fJC6fJ C7r:l f:lcwfJ 

t:J o tj ·B ~ L!l a B B ~ B ~· 
cO i ~ 

D~Q Q~Q Q~Q 
~ ~- ~ ~ ~ ~ ~ ~ ~ 

52 51 
-e::J- -c:::J-

~ 

REF. I PART jOT 
DESIG. NO. REQ Y. DESCRIPTION REF. I PART j Q 

DESIG. NJ. REQ \ DESCRIPTION 

SV!l I 341709 SI'IITCH , PUSH BUTTON 

Ll 405029 LED, PCB ~OUI'H ABLE 

2 I 3 T 

R7 
-c::::J- 0 Cl5 

ij r:l Q Cl
7 r:1 r:l C19 JJ C21 w 

~ ~-~® t!J~ ®~B 

u ....t u u (..) L) ~ Cl6~ ~C~l8~ ~ 0C220 ~ "' 0 .... .... .... ~ .... 

i i 'i i i i 

~~ ~ l<2J 

-cl­
R9 

t@ 

409400 ~ 405012 COI'#£CTOR (2 REQ'D.) 
340158 RIVET ( 4 REQ' 0. ) 

ETCHED CIRCUIT BOARD 

4 I 5 I 6 I 

:z 

!5~ I ~!j~ •!i~ 
~;:~ ~ffi 
u~ > 

0 

7 
REVISIONS 

~... ,~ .. 
Se- '"iil oo <:::(/) 

~z &-

" 

"' 
~ .. 
"''" r;:<! 
§ 

~ 

~ 
:> 
< 

1 I A 1 I 1·23-75 I 236=6-R 

2 I A 2 I a ·18-75 I 14543 

3 A 3 2-17-76116055 

3 A 4 11991 
3 A 5 18595 

CIRCUIT CARD 
cc 400 

IXL II A II ASSEM3L y 

APPROVALS 

·~ r ,::._ .. ,_:..;: . COMPL. 
-""?J· "SUPv. I PROJ. o.ry_. I J.4FG. REL. 

-~ ./ ~-:-v..'\ 
ENGR. s . ..\. TosGNR. M.v .. rl 
ORA~ J . .I.J. ToATE 11-23-74 
E- NUJ.48ER 

SO- CO NO 4L;}J 

R 6 D FILE NO 6-167 .l72AA 

TELETYPE ..... 
' ...I.._roi"" 

"' 
410400 

A 

r-

8 

1-

c 

1-

0 

I--

E 

7 lfl7_ 



.. ---~ 
REF. PART Q 

NOTE: MANUFACTURE PER MR2001 AND MR 2028 (CLASS AAA /10/ T/2) T DESCRIPTION '. DES I G. NO. REO y 

::l::-:2i !.=.:..::r:rcq . .:t'! -..r.:-::---
"" 'IOTE i FOR CONVERSION FROM ISSUE lA TO 2A CUT LEAD FROM MLCIS-3 
C•. 4J5:.24 :._;::.'.::::T':::-, ,:'.,_ Vf'':, 

TO MLC5 -II AND ADO STRAP FROM GROUNO TO \/.LC5 -II -- ~05324 : .. =.:..::rc;-.: .. :. "-'?:: --=- "lOTE 2. AT CUSTOMER IDENTIFICATIO~ ISSUE 29, C26, C27, C28, Rl6, 
C·~ ~~5324 ~!.;..·.:. ::rc;; .. : -v:F::: Rl7, RIB, MLCIS AND CUT LEAD FROM NOTE I lS EliMINATED. 

·- 405324 :.:..;;.:.::rc;: .. : '-"f": 
cc 405324 st=!.:.:r~~. . ~ "-'~ _ NOTE 3. ISSUE 3A REQUIRES BRANCH ROM 405082 ISSUE 2. 

C7 405324 c!.=.!.::TC.-.. ! '-o:-:. NOTE 4. AT CUSTOMER IDENTIFICATION ISSUE 39, R16 WAS ADDED. 

cc 4C5324 :.::.:..~:..::rc= .. l 'f"':: NOTE 5. C2 THRU CS AND CIO THRU C25 CHANGED fROM DISC TO 

C9 ,, ... ,.'?, 
~ ...... ;;:!_ ... c.:.c:..::::rcr.. 47 W:J AXIAl LEA~ED FOR MANUFACTURING PURPOS£S. 

j410401 j ClO 405324 Ct..P!.:I TC~. .l ~D 
Cll 405324 Cl...?:..:ITCF.. .1 ~ 

Sl2 405324 CAFt.::ITCR. .1 l'FD 405101 LABEL 

~13 40532' :4~~:ITCR. .1 "FD 405014 COO EXTRo\CTCJI (2 REQ'D.) 

Cl4 405324 Ct..P!..CIT~, .1 ~'J 409618 RIVET (2 REQ'O.) . Cl5 405324 c~~·:rrc:F. .. 1 lo'Ft: 
Cl€ 405324 c~=•:nc:;. .1 YF:> 

Jr . ., .u~~~~ 0 0 Cl7 405324 c:..=:.:ITC.~. .1 ~0 
ClB 405324 c::.~ P:..: rr::·=-. .1 t-t=e 8 CIS 
Cl9 405324 CA?A:ITCF. .1 ~ 

0 ~~ ~ S2J 405324 CA.?:..:rr:n, .1 ~ 
S21 405324 C~Pt.:ITCR. .1 1"1'0 

A 0 0 ° 0~> 0 0 ~ "' ~ C22 405324 CAPACITCR, .1 l4':l ;A i C3 i i i C7 X 0 
C23 405324 CAP:..:ITC'R, .1 fi.FD 

CAF!CITOR, .1 IP.l ~ Rl 0 0 R12 C24 405324 
-c::>o C2:; 405324 C~P.>.:ITOR, .1 !'fU - 0 R5 

~ -c::Jo C8 Cl2 
Cll 

~1~ o@ 0" 0° 0 0~ 0 0 0 ~ 0 
:r:: 0 i r. :i o s. i ~ 

Rl 321213 RESISTOR. lK. 1/41'1 ~C2 . 

R2 321213 RESISTeR, 1K, 1/4W 
CJ) OR3 -c::::P 

R3 321213 Rr:SISTOR, 1K, l/411 
Rl6 

R4 328783 RESISTOR, 1801!. 1/41'1 ; :eo 0oo·~~Q0~ 0'00'0 R5 321213 RESISTOR, lK, 1/411 

0 0 0 ~ F.6 328783 RESISTCJl, 1800, l/4W Cl4 

R'/ 321213 RESISTOR, 1K, 1/41'1 0 
R8 315950 RESISTOR, 39Cr.. l/4W i 
R9 315950 RESISTOR, 3900. l/4fl 

RlO 321213 RESISTOR, 1K, 11'411 

flll 321213 RESISTOR, 1K. l/<111 

~ 
Cl5 

R12 321213 RESISTOR, lK, l/4W l@~~ 
Rl3 321213 RESISTOR, 1K. 1/411 

~ R14 321213 RESISTOR, 1K. l/4W 

R15 321213 RESISTOR, 1K, l/41'1 
\ ~/ Rl6 321213 RESISTOR, IK, 114W ; ~ 

REF. PART QT lfEF. PART Q\ DWlRIPTI~ DESIG. NO. REQ. y DESCRIPTION IESIG. NO. REQ r--
I-!LB15 3394C2 QUAD 2-IIII t.OR 

MLA1 339175 QUAD LATCH MLB16 333:l02 QUAD 2·IN NAND : 

MLA2 339175 QUAD LATCH lot..B17 339309 DUAL 4·1 11\UX • .! .. 
M..A3 339175 QUAD LATCH r.t..B18 339175 QUAil LATCH ' 
to'o..A4 339427 TRIPLE 3 IN tO! M..C1 405002 CRYSTAL OSCILLATOR 

MLA5 339158 OUAO 2-1 MUX M..C2 339157 QUAD 2·1 r.ux 

~LA6 339163 4 -BIT BINARY CTil M...C3 339438 QUAD ll•:·;J BUFF 

~:..~7 3391C3 4-BIT BINARY ~ffi M...C4 339161 4 -BIT BII'..ARY CTR 

K.A8 40508(; MICROPRG ROM 10 M...CS 339838 QUAO BUS XCYR 

M...A9 405079 ~ICROPRG ROM 9 M...C6 339151 8·1 MUX 

M...A10 4C5078 MI CRCPRG fiG". i1 ~LC7 339151 8·1 MUX 

ML.All 405077 I>'ICROPRG RCI" 7 lot..C8 339309 DUAL 4·1 MUX 

MLA12 405076 MICROPRG RC'M 6 MLC9 405082 BP.~I<CH P.CJ.I I SSvE 2 

Jol.Al3 405075 MICROPRG ROM 5 MLC10 405083 NEXT STATE RCfol 

Ml.Al4 405074 M!CRO?RG ROY. 4 ~LCU 339174 HEX LATCH 

YJ..A15 405073 MICROPRS RQ\1 3 Ml.C12 339174 HEX LATCH 

i-!LA16 405072 ~1ICRCPRG Fl().'. 2 t-"~Cl3 339175 QUAD LATCH 

~LAl7 405071 MICROPRG ReM l ~-LCl4 3!91~9 3·€ :iECCJER 
.~_AlB .d05Ci70 ~ICRCPRG Ret! 0 ~t .. :l~ 339GS'2 Q'JAD 2-IN tW.O 

M...91 3391El 4 -SIT BINARY CTR I-'.LC16 339175 QUAD LATCH 

Ml.B2 339437 QUAD NA. 'ID Bi.J'f t-'LC17 339402 QUAD 2-!N llOO . 
"1..33 3394C2 QUAD 2·IN ~ot 

MLB4 339438 ~UAD NA!'-0 8lFF 

MLB5 339838 QUAD BUS XCVR 

~86 339151 8-1 MUX Sf! 1 341709 SWITCH. PUSH BUTTON 

MLB7 339151 8-1 "'-!X 
~4..88 339151 8-1 MUX 

Ml99 339151 8·1 MUX u 4D~~9 L£0 , PCB ~lOU-iT ABLE 
,_LB10 339157 :;)UAD 2-1 MUX L2 405029 L£0, PCB I>'OOI<TABlE 

~Bll 405081 IR .'lECOOE: ROM L3 405029 L£0. P::3 I>'()Uh'TABLE 

>"-812 339309 DU4L 4-1 MUX L4 405029 LED, PC3 MCtr.<TABL£ 
MLB13 339309 DUAL 4·1 MUX 

I'LB14 339427 TRIPLE 3- IN IUl 

Tl'! 6:J7-0173 I I 2 l a I 4 
\1 --

I 

Cl9 C22 

~'i ~ ~ ~~ ~~ ~ 
C20 

~ ~ .. ~ w 0~ ~ 0 
"' i ... 

Rl3 

0 

~ ~ @ ~ ,.ru 
0 i 0 

STRAP 
SEE NOTE I 

405012 ClNIECTCR (2 REQ'O.) 

340158 RIVET ( 4 REQ '0. ) 

i 

" .~ ~r .t ( 
. .. 

~ I ) •. ~l ' . f. ,:i 
\ 

";;/ / () ••• '· 

• 
\ 

·' • 

' • . 
• 

• . -

I 5 I 

- I ' 
REVISIONS 

0 
w 

';'.., 
0 

w., ~~ z 

~~ u, ~~ ~ ,: :;:z ,_ 
"' c:-

" .. .. 
A - 2· 7-7; 23626-R 

2 A I ) 2-17- 76 16055 
2 B 2 3 11684 I 

3 A 3 4 I ''.:)49 
3 A 5 -- 11991 

3 9 4 6 7-15-77 18079 
3 c 5 ~ 13-76 

3 c - 8 18595 

-
17 C24 18 

~r--J 

~ ~@ 
' I 

C25 ~--

~ 0~ 
r·', 
-ol) 

~, 

--c:J- R14 

C23 
-c:J- Rl5 

~~ ~ 

/ 
t@ 

( 

""--- 4094Dl 

ETC!-£D CIRCUIT BOARD 

-

c 

CIRCUIT CARD 
CC401 

!XL "8' ASSEr.oBLY 

• ~ 

- APPROVALS 

!'_A~J. SIPV. r· PR9J-~ 
1 

lolfG. REL • • • , 7 ~- jt:_ ! ... ·'l-· ' i , COMPt... 

• . ....- :-~·J.. ~ -··e & - E~GR T. J. (OSGNR. GW _, .. ' 
DRAWN J A.J (DATE 11··15-74 

1 t . 
'"' . · ~ ·; ,.,,., E- NeMBER E - ~· '\..-/ so-co ;.m • 4401 

R 8 0 .llE NO 6 • '67 172AA 

·. TELETYPE -
F 

. 
'H' . 

n !j) 

J .~ . 41·0 .. 401 
"""':.~-.-·. . A ~ 

6 .v-..., ' 7 A /7 rJ ... 

1 

'1 

., 
,w; 



A 

8 

c 

) 

NOTE: MA"'l:.JFACTUR£ PER MR 200} ~ MR20L.U \~~ -.J'IVI .,, I 

-' ---~- ~~MF -~-- • 

! r--=====;::J._-- 4::J5123.LABEL 

41 o 406i 1 
NOTE: I. PRINTED CIRCUIT BOARD PATTERN MODIFIED 

TO INCLUDE PATH PROVIDED BY STRAPS IN 
NOTE I. SHEET 2. 

I ~~HEAT sml( -r-;~~1:\ . [;-o-:;:=.=--
.-1 I I 

375MAX. "'I ~~ 

THIS SHEET FOR CUSTOMER I. D. 
NOTE: 2. ON CUSTOMER I.D. ISSUE 68, THE VALUE OF RI-R8 

AND R96 IS 12K. 
1 \l r--! -!----,.£.-. -=-PA~Ck-~~L! INSLLATOfl 

~ ~--§? ·.~ ~ 
.... r-=r=J L\ ISSUE 68 AND ;HIGHER. 

. ~ ? . C. SCAR'.) : : : · \ 
..A -v 

I 

;---- 4C5014 EXTRA:::T81! (2 PLS. l 

/ r------------ 408618 RIVET (2 PLS.) 

NOTE: 3 ON CUSTOMER I. D. ISSUE 6C,THE VALUE OF RI-R8 
AND R961S !OK. 

NOTE: 4 196113 ROLL PIN CHANGED TO 408618 RIVET. 
r-- CClWRESS INSLLATOR ( 8 PLS. l S\!.'.H 

THAT HEAT SINK PROFILE IS NO 

H!GI£R THAN .375. 

ffi!ENT SIIITCH PACK \ 
WITH SWITCH 1 TO 1 [J' 

OF BOA.'l!l AS SIOIN. \ 

- ::::;;:;;:::::> --------------...,-------------------- \ 

q 
10 

2 

e·B 
3 

B 
a~· B B 
B~ ®B 
a~ 

D B B 
@ 

A~6~A~:61 6~~~-~~c.:8~~8~A~~:~.m~~6~.·~~.~~68,~~~~~.:~~~~~6~~6.~6~,~.:6~t~.~~~~®~~~~~.:6~~~~®~~.~®A·w8~~ .. ~.'.6~ ~~~ JC::!lO:j 0:; :0::, ylr yjla:: !a:;:, !...-4, .-I ..-1, ~~ 1
.-f i-·1?\ ,.-t ,rl l?' (',j, N. '~\'N' IC'VI JN iC'\1, !": ~~ jN '""i <"'1: ,..., ,,.-;: l,..,i ·M· M M· .,...,; 1""'1 1..,.; ..- ''Of' oc:r· ·~ ~ v '""' I~ ;"o::'. !"''1 ;.!') i.."l ,~,;, ~ d.D ,1(). 1 -l ~~~ •:.C:i 1-0/1.0 l.c 1;..:>, jiD' 1.D ~~; 11.0! ,;.c I.D 1,._, ~· r-y : , w · r t .11a:· 5 a::, 6 :a:. ,o:::1 a: :et:r ~ a:. ,o:. 1cr! ~ l!5 !Q:i ~.a::! E.J ·a::. 6 t::J .a:, :cc; ~.a:, ~a: e .a: .o::1 .a:: $ a:. o:, ~:'c:: 'ct: a::: ~ c:: .a:: :a: I 1a: a: flr a: .tr1 cJ !«i ~ E.J jc:; liE,~ i5 cr L~J F, ;a.:1 Jo.:.: io: 

~ u T~J~u~~ ~" ~~UJ~J~il~uu7~"~~u~~~.~~~~~~u~~T T~u~uv T~u y9~~~ 

~~~G18G1 
~~~~~~ 

'"'I' ~~~ 0), 1;1 a) 

5 Q 6 Cl 7 Q Q 0 0 0 12 

J, '" ,lLJ J, '" ,t ~ J, _ ,l t5 lJ tJ e -
8p ~ l I ~ 

~ ~6~~® ttttttti<r 

~ ~ ~ ~ b I ~ l p @ R@ 
TM..85 ~ TM..B6 ~ q TH..B

7 ~ TH..BS TH..B9 ~ Tl4.Bl0 D TH..Bll ~ Tl4.Bl2 ~ :I : : I 

®~A~® - ; " . - ! AA ~® I ' I I I ~~I 

@ B I i ~ B ··~ l. ~; 
~ ®®®®®®® __n_®® ®® ~ . a: @ ®~~~ ~JL~~~~JL~JLJLO ~ • .IL,..l",..",,..";.,.::..::.,_","'"'"'oo,._«> p,,..,., ,._"' ~ MLDII ~®$~~~~®~$ 8 ,..f N M ~ I~! '-D ,...._ a) 0'1 !S! ~ !~!I~' f31 ~ i~J l~j :§ l9:1 :~2 :-' :~~ ~~ !: ~ g; ~ !! ~ ~ ~- ~ ~ ~ ~ ~ ~ !:2 ~ ~ :! !: ~ ~ - !: 

~ S ~o S S· ~0·1 :s l'ffJS' 'S ~S· !.-.1' ~; ~ ~ l::::i !...;, 1...;1 1 ...;. : ,... ...; ;~ :-.< :~ ~ a: a: a: tr a: a: tr a: a: a: a: tr a: ....Jfii37'- tr tr a: a: a: a: a: a:: a: a: 
0:: Q: a: c:: c::: 0:: u:: 0.: 0:: i!j ~ 0:: c:: !O:::J t;? ~ ~ 0 L1S i..~ ~ .:;:_ ~~- ~ -

un lr .. u ... t.~~ou ..... 
j 

= - \ l 

:!:§ f 
t~.~,(!;~ 
?~~~i~ 

0 

8 
~w ,._ 
'-'o 
~z 
< 

H~ YIS:ONs 

.. J 
~i:?,l 

~"'' I 

~' 
?i 

~~ 
§ 

! 
I 

,. I 
"' 
~ 

I 61 B I I 171 12-8-75 j I~ 
6 c 2 18,3-1-7614992 

6ICI 3 '9/3-15-76!11671 A 

6 ! D ! 4 LIO! - I 11991 

~rl :I~ I J:~i 
7

-7-7? I~~::NJ 

~ 

B 

1-

c 

~ 

L__--.i ______________________ -r-7'----'----~--'----·-- ~ . 
----

405012 COIKCTffi, 71 PIN (2 PLS.) I 340158 RIVET ( 4 PLS. ) - 409401; BOARD. fTCf£0 ClRQJIT \____ 403446 HE,t,T SII'f< 11/INSu.ATffi {8 PLS.) 

REF. I PAHT QT 
CESIG NO. REQ. Y. CESCRIFTI:J•j 

loi..A.l 339416 1 HEX. ::JRIVER 

t-t..A2 325858 2 JUAO 8LFEP 

~A3 SA~ AS ~'t..\2 

ML9l 3398G2 2 :;JA) St~T: 
~52 1 339~17 3 It~ :JR! 11ER 

v,:_:-;3 I s.:..uE- .:.s ~82 
P.t....?5 
T~3'i 

.T"LS7 
T"'i...P3 

~ 
T~-L2lJ 

344931 ; 4 1 •ssEM'li.. r. r: 
I SAME AS Thtl35 

SA.."-1:. AS T~35 
SAl.£ AS T'-t..35 

344979 ASSt:" .. £ ...... Y , .i.. •. 

S.:.~.A:: AS T1·t.39 

:. . .:..•~ AS TJ..t...::.9 
s:..~-€ t..s rv_g9 

339161 j l 14 S~T C0'J:.:~r: 

T~t..5l.i 

TML3l2 
i~:i 
!---:-'-. -..__, I I I S4"0: AS "1...52 I ·~ ... q 4""4H' i ,,.,~~:" 4 ~~T ,...,..,, ,-~;:; '"I\_...,........ ,J ..... ;_ ..... v •, .. ,;) -.!.. _ ... ...., ... ~ 

·- ·-· 333337 ~ 3 . --- ---- ... 
St.4E t..S V'__:.: 
5A'l.=- AS ~._::;1 

S!'-£ AS H:..Sl 

1 ···~ .. 1 4:•239 11 lo·Jo..'J s::JM?tJ'ATP 
1 

PART I:::T 
r-:n. PEO. Y. 

P£F. 
CESCRIPTION · 

JE5::J 

C1-Cl3 I 319999 13 I CAPACITOR. . 01 u f 

SPSl o I 341587 j. ! SttiTCH, 7 POS. 

_l 
Ql 323930: / 1 ! TRANSISTOR, 2N?555 

02 324144 i 1 I T'lANc·lSTOR, 2N4l21 

I~~ -'i~ 130009219 I ~::s:sros. 6.8K -1 
"9-<;72131!5956 !81 i";:SISTDR, 2.7K l 
ii73-•ml32l2l3 l 19l=::srs•cq, 1K~ 

R79 1 313801 1 1 1 =-srsmR. 47K 
R8~ j_ S.!.~ A5 R73 

3:5S72 ! 2 iqtS!STCF, 22K ~ ~31 
320275 i I i RESISTOR. IOK I 0 62 

R33-R3Z' :i~'€ AS R73 
R39 SA'£ AS R81 

R90 31~9':9 1 I~ES!STDR, 4.7K 
IR9j, -P95 SA'£ AS Fi73 

R96 jSA'£ AS R1 
! ?S7 ;S.'..Yf AS 1:9 

I ' ·''-' I ......... _.' c:. I l I;::,:.S!STOR. 33i) 

REF., ?I>..R~ IQT 
OESIG. NO. REO. Y. CESCRIPTI:JN 

~£!9 SAJ.1E AS '173 
"l:·c 
~;.::.::2 323148 Jl5J P0:5:3T~R. 18K 
p;.::;:; 32Jc26 1 'l 1 PO:~: s-c=. 3. 9~ 
~lJ! 318303 I 4 I RO:s:s TCR. 2. 4K 

on;; SAME AS Rl03 
,PJ:J:-

PlJ8 SAt.£ AS RJ. JO 

RlJ9 SA!'-£ AS Fl03 

Pll:J SA'-'~ ~$ Pl04 
Rlll SM£ AS F\10? 

Pl12· 

Pll4 SAJ.£ AS 2100 

Rll5 SAN£ AS RlJ3 

Pll6 SA;£ 45 Pl84 

Pll7 SA'£ AS F.lJ3 

Rll5-
~i2J I I I$.\'£ AS Pl)') 
Rl2l I I I 54<£ AS "lJ3 

Al22 I I I s~•.£ /..S PlJ" I "123 ! 
~~24-~~t j - I 

REF. 
DESIG. 

PART 
N:J. R[Q. 

::;T 
Y. [£SCRIPTION 

~129 1328737 14 IR~SISTCR. 120K 
0 1?: i ISAMEASR9 

i P~:- i 315985 4 i RESISTOR, 5.1K 

R:..3:: I ! I SA."-£ t..S P:..02 
Fc3.: I 1 !SA>£ :..s Rl29 
::::.35· 
RJ.36 cA···o ~s R9 
P:.3s SAV.C.: AS Rl29 

:::.33 54'-':: A: R9 

I P:4J I i ISM-£ AS Rl02 
i=lJl. ! I J::-,,'1•.•:: -'-S Rf!2 

Pl-!2 'sA·.£ t..S Rl29 
?i.-13- i 
Rl4E: l315955 4 I RESISTOR, 2.2 K 
;. ~ .:!? - ! 

PI 54 StNE AS R9 

~137 SAI.'E AS Rl32 
Rl31 SA•I.E AS R 132 

i 

REF. J PART IQT 
CESIG >lJ. REQ. Y. CESCRIPTION 

I 

I i l -+-- --'-----i 

. I -~ r--~ 

Q 
REF. I PART 

CESIG ~- P£~. 
T 

y CESCRI?TION 

409406 I 1 I BOARD, ETCHED 

403445 I 8 I HEAT SI~'K 1'1/INS. 

7394 rP•~ I :o'f'li.NJ. THERMAL 

4J5Cll2 CJNNE:TQR. 71 PIN 
34J:58 RI'~'ET 

I I 4~5J14 I 2 I EXTRACTOR I 
408618 ~ 2 I RIVET 

405123 1 !LABEL 

L----L----~-L----------~ 

CiRCUIT CARD 
cc 406 

SSI INPUT I G'JTP\Jf 

CIRCUIT CARD ASSE~ Y 

PROJ ,Y'RV. I 
't'1, 

ENGR s . ..!. ~. 
~ ~(..'lf~t G.D 
E-NJMBER 

APPROVA~.S 

~ROJ C.R I 
(DSONR 

Jo~TE 

ss- cc- N'~ t..cr::. r . .. . " ; jz.:{;;" 

~::; PE• m--

0 

~ 

i 
~ 

E 

; 41040~:.~0F 3) ; 
.T~:~-~~~ ~+ ••··& ·~~·~- -~'w·eebe ~V'·dr·t '· !w-~m~~i~;tv~~~·wh·~~y~-.-~-.-.-.-.~-~-.-~-.~-~-.-.-.-~-.-~-~--=~-.-.--.-.-.---.-.-.-.--.~.rf-~-.-.-~-~~--~---~-~-.-.-~---.~!-,-.-.-*-~-.---.-.. ·.~-.--.-.-.. -_-.-.r.-.-.--~·-.-.-.-_---~~-~~ 
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T ""'"T'O' 'OT<' """"""" '" • "00' '" ""O" '"'~ .;:.""""' - - ~ I . REVISIONS 

,..u, "'"· ·r I II =~ <!:·::~~ ~~=~;~T~R, .l ~~ ~~w -~ 
,, """C"" """'~'Jl, .1~. oS!::>C:;;; l 
:-::: ~=::~?.1 :-:;.:::ot.::r~. l u;- ~~~~~~ 

... 
L a:>-
~<! 
~ 

s 
~:= 
<>o 
~z 

lfw 
~~ 
15!!2 

~ u 
<( :_-::.,;>A,:_;~i2.=: .. l ~r t.:::::?-1 

~ 4C513l LABEL 

j 141~411 ;::!.. 0!-::I~~·C'?, .l uf L·::::::2..:: 
1 I ;; J-2- 7~ :t..:-;A~:i:R .. 0::: ·..:!= E:7:J C:5 
I I 8 2 2 ::;.\PA::;I7JR .. 1 •.j>:c .:j5324 :r 

:3 t."YS:2t. :A.PASIT:;;, .1 uf I I 8 3 

g 
::i .... 
" <( 

2453lR 

16817 

11991 r----408618 RIVET(2 REQ'D.) 

I .....-- 405014 CA.RD EXTRA.CT<ll ( 2 REQ 0 D. ) I I 181 - ~~- 18017 I : 8 -~~~77 18325 
I 8 6 18595 

:t.Pt...:I77., .l r.;.-::: ::~ 4-:s:z 4 
::..~A:ITCR, .l uF t.::5?2~ 

:::;!.?~: IT:F. .l 1.F :u t.:J:::!24 

~ 3 .:@sm·-z "'~-~· ~~R4so7 :::1?. ~37335 8<-PASITCJl, 15£ 
,...,.., 

"!373~: Ct . .PASIT:F., 15 uF 

:i-1 31 'J93l CA?A::;IT~, 47 ur-

ClS ~:53'24 :!.?A2I7":F .. 1 u~ 

::16 t:5324 :t.~A..:r:·-.;'i .. 1 ur 
"::o24 C!..::::A:I~:;J •. 1 uF 

Cl3 t:532t. Ct.."'ACIT:~, .l uF 

CJ 9 4:=32t! CL.?t..::::~:R •. l uF 

C:2J ~:;53'-24 :t..=>~:.,..~·>=:, .l uF 

:z1 4:5324 C!...0 A:;IT::R, .l ~~ 

C22 4JS324 e,~::::AC!TJ=i, .1 u~ 

:23 4:5324 C4.':lt.C!r::~~, .1 wF 

:24 4c5324 CA.? AC I"r~R, .1 uF 

::::25 33:3:J3 CADACIT':P. I 220 pt" 

C:26 48o324 CA..OACIIC:•R •. 1 ~.--F 

:27 405?24 CAPA:ITJR, .1 uF 
C28 335SJ3 CAPA.CIT:ti, 220 pF 

C29 33 ::~J3 CA?ACITJR, 220 pF 

:::~ t.:s-:24 CAPACIT:fl, .1 uF 

C3l .;::::324 CA0A!:!T~ .. 1 tF 
C32 405324 SAPACITCJR, .1 <F 
C-:!3 405324 Ct..DACITCF,, .1 t.:F 
C34 4S5324 CAPACITCfl, .l uF 

C35 131700 C6.PACITOR, .001 uF 

C3t 1Bl700 C~PA:ITJl .. 001 uF 

C37 l8l70:J CAPACITOR, . 001 uF 
:38 181700 CA.PACITDR .. OCl uF 
C39 181700 CAPACITOR, .001 uF 

Rl 328793 ~ESISTCfl, 180, l/4W 

R2 328733 RoSISTOR, 180, l/4~ 

R3 328783 RESISTCfl, 188, 1/411 

R4 328783 RESIST0'1, 180, 1/41'1 

RS 320276 RESISTffi, 470, l/4W 

R6 320276 R!:SISTffi, 470, 1/4W 

ti7 321213 RESISTOR, 1~. l/4W 

RB 321213 RESISTOR, lK, l/411 

32J27E R!:SISTOR, 470, l/4~ 

RlJ 3z,J276 R:CSISTO.~. 470. l/411 

Rl1 320276 RESISTOR, 470, l/4J'f 

Rl2 315959 RESISTOR, 4. 7K, 1/~11 

Rl3 315959 RESISTD~. 4.7K, l/4n 

Rl4 315')59 RESISTOR. 4.7K, l/41." 

P15 311027 RESISTOR, 60, 511 

Plc 311";27 R~SISTOR, 60, 511 

Rl7 30~S2 RESISTOR, 6.8K, l/4il 

Rl3 320276 RESISTOR, 470, l/4JI 

Rl9 311027 PESISTC~, 50, 5I' 

R20 320276 RESISTOR, 470. 1/411 

R2l 315959 ,q;::siSTDR, 4.7K, 1/41'1 

R22 :.'·21213 PESisroq, 1'<. 1/4>'1 
R23 321213 RESISTOR, lK, l/41'1 

fl.A 7 1339404 H::X I~VERTER 

8 9 13 11 12 13 C22 
~ 15 
r----

16 
r----

17 ~ 
~ C3l 

C30 

~· oc ill @ ~~ f : 0 0 
J>.li'lllll[i] ~ c:::I::l c:::::t::J c:z::J c:::z:J c::r::l c::r:l c:::J::J c::c 
~ ~~~~~8~~~~~2:?~,...~~ 

c::z:::Ja... c::::z::::l O..:~a...c::l::l.::. c::I::];_ ~c...r:::x::::Jfi:t::::::t::~o.. 
D B c:::I::J ..,-/ c:::z::::::J 'J. c:::::::l ~"') r::::t:l ~'~ c:::::t::l :,;: ~ r..1 c::x::::J V) c::::t::l ;n 

~o ~ 

0" 0 ~ ffi ill ~o 
;; 
i 

(I) c::l:l~c:::%::1*c::l::l*c:::t:::3*c:::::t::::J~c:::I::J*r:::::I::J*~* 
(I) c::%::l- t:l::l c::t::::l t::X:l c::::c:::J t::E:::I c:l:l r:::::::3 

~00000000~ .. c~""'lN ""1Li"l"<t UiCO'D ,._~co 

~0 ~ 0 ~ ~ 0 ~ ~ 0 i i 0 ~ ~ 

~0·0~ 0000 0J 0:0 G"~ OB ~~ 0~~0~0~0~ $+ $~~ ..3-00 ,.,! -.1 "' ..J ..J - + C15 .b. ...,., .... ......._ ..e. <..> ,.r) 

... u ~ 

... <i~ ~ 

REF. I PART ,~ 
DESIG. ~'0. REQ, Y. DESCRIPTION 

REF. 1 PART jor 
DESIG. NO. REQ. Y DESCRIPTION 

t-t.C21 1335528 EIA LINE iJRIVER SPA.2l 341809 S~ITCH, 9 POSITION 

ML<ll 1339837 HEX RECEIVER SPBl 341809 S~ITCH. 8 POSITION 

ML~3 1339837 HEX RECEIVER SP82 341808 sr;ITCH, 8 POSITION 

~LQ4 1339433 ::<UA.O NAND BUFFER SPS3 341808 SVIITCH. 8 POSITICN 

M...05 1339138 1 OF 8 DECOOER SP84 341808 Sf< ITCH, 8 POSITION 

Mt.:J6 I 33 9:xJ2 QUAD 2 IN NA~ SP85 341803 SIIITCH 8 POSITION 

fl.Jl2 I 339347 6 BIT Co-.PARA.TOR SP86 3418J3 S ~ITCH , 8 POSITION 

MlJl6 1335529 ETA. LINE RECEIVER S?B7 341803 SliiTCH, 8 POSITION 

>!L:l7 1335529 EIA. LI'.£ PECEIVER SP38 341308 SIIITCH 8 POSITION 

"LJ20 1335529 EIA LINE RECEIVER SP812 341803 SiiiTCH, 8 POSITION 

MLD22 1335528 EIA LII'£ OR!VER 

CRl I 405029 I I LIGHT EMITTING DIOOE 

RPA.Z 1341733 RESISTCfl PKG., 6.8K CR2 I 405029 I I LIGHT EMITTING DIODE 

RPA3 1341733 PESISTCR PKG., 6.8K CR3 I 4J5029 I I LIGHT EMITTm:; DIODE 

80 ffi 01 ill ~ 
'0 ~o ~ w mo 

w 
L:l "' ~ a: "' 2 

TlT
5

0iro: 

~o 

~~340158 RIVET (4 REQ'O) 

L:~12 COIH:CT<ll (2 REQ'D) 

409411 ETCHED CIRCUIT BOARD 

t«JTES: 

1. F<ll CllNERSI~ FRG4 CUSTOJ.ER I. D. ISSLE 1A TO ISSLE 1B, 

BOARD ISSLE 2A. WITH RE ~ROUTED LAI'DS IS USED. 

2. "ORIENT SWITCH PACKS WITH SWITCH I TO TOP OF BOARD 

( 10-PLS.) AS SHOWN. ON SOME EARLY CARD ASSEMBLIES, THE 
ON POSITION OF THE SWITCH MAY THEN BE TOTt£ 
RIGHT INSTEAD OF THE LEFT. ALWAYS OBSERVE 

zo - I THE ON DIRECTION OF THE SWITCH WHEN FOLLOWING 
-CI:J PROGRAMMING INSTRUCTIONS. 

"'o:::::l 
"'CIJ 

~ 

~;::J 

~ 

CIRCUIT CARD 

cc 411 

A 

f-

B 

~ 

c 

1-

0 

MUJ.O 1339338 QU.\J TRA.NSCEIV~R RPA5 1341733 R~SISTffi PKG. , 6. 8K CR4 I 485029 I I LIGHT EMITTING DIOOE 

CIU /PIT /SID 
ASSEMBLY f.-

''~All I339S38 QUAJ TRt-'iSCO:!VO:P RPA6 1341733 2ESISTOR P'<G .• 6 .SK 

"'-.A12 1339347 6 BIT CO'f'AF:4 TCfl R? AS I 3~1733 RESISTOR PKG. , 6 . BK 

:"LAl4 1342292 PIT I SID RP.<13 1341527 RESISTeR PKG. , lK 

I·UlE 1342290 CIU·RECEIVEP. RPAl9 1341733 RESISTOR PKG .. 6 .SK 

~-420 1342291 CIU~TRA.~mTTEil RP2l3 1341733 R~SIS TOR PKG. . 6. 8K 

~'LSll 339404 I IH:CX INVERTER RP315 1341830 RCSIS TOR ?KG. , 4. ?K 

fl.Cl 339251 I 18 INTO 1 M\JX P.P917 1341830 8ESISTOR PKG. , 4. 7K 

~~S2 339251 I IS INTO 1 •1UX RP32l 1341830 PESISTOR PKG. , 4. 7K 

~LC3 339251 I 18 INTO 1 •ux RP:g 1341830 RESISTOR PKG., 4.7K 

t.~LC4 33S2ol I I 8 INTO 1 fUX RP:l6 1341827 "O:SISTCfl PKG. , 1K 

'H5 1333251 I 18 INTO 1 r-t.JX R?C20 1341827 RESISTOR PKG. , 1K 

CR5 I 405214 I I ZE~ER DIODE, 6.2V I CR6 14052141 I ZE '-R DIODE. 6. 2V 
CR7 485214 ZEI'£R DIOOE, 6 .2V 

JU1 336470 STRAP 

340156 RIVET, TU81L\R 
405~ll2 CONf\ECTCR 
409411 BDA.RD 
408618 RIVET 

405014 EXTRACTOR 

I ~-----~A"P~P~ROOVV.AULjs[:==~~~-
PROJ. SU'V. 

1 
PROJ. 

4
01R -r loiFG. REL. 

-(?C~·~ "-"'-c·, ·. . COMPL. 
~·/.:·'?c.- .~;,' !/ 

ENGR. J45 -[DSGNR. 

DRAWN (DATE 3~19~76 
I E -NUMBER I E 

SD-CD NO 4~11 

R S 0 FILE NO. 6 ·167 .l72AA 

TELETYPE 

• fU6 1339251 I 18 INTO 1 flUX 4')5131 LABEL I ,1LC7 133;251 I Is ·~·ro 1 •'IJX 1 1 r J[roi" 
fLC8 339251 8 INTO 1 '.'IJX . ® 

SIMILAR TO• L 410411 
~ 3 . 4 5 6 7 tzf.~ 

. I o:_ ., ' L , 4 - . 

···~ .. 

j 
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A T 0 REVISIONS D~;iG. ~~-~EO. Ty_ DESCRIPTION NOTE: MANUFACTURE PER MR2028 (CLASS AAA/10/T/2) "'~ :;} .., . 

Cl 310931 CAPA:!T::R, 4714'0., 20V ~5w,; !<1" ~w t, i 
o-:;, II.. vr- ~:> ......... 

C2 SA!o£ AS ::.1 ~[';!fl :> 1/l~ ~!fl ~CS ~ 
C3 405324 CAPA::!""::P. ,0.1 MFO, 50Y. u~ ~ i5 c 

C
4 

SA!o£ AS C3 ~ A 1 1 8 -1~-76 24576R C5 SAM: 4$ ::3 

C6 SAio£ AS C3 , 1 A 2 2 16659 

f 

C7 SA!o£ AS C3 I A - 3 - 11991 ' 

CS SA!o£ AS C3 1 B 3 4 7-13-77 18380 

C9 SA!o£ AS C3 2 A 4 5 1-2-78 18818-l 

ClO SA!o£ AS C3 2 B 5 6 2-15-78 18818 
Cll SA!o£ AS C3 405-422 2 8 7 20170RC 
C12 SA.'£ AS C3 _.,.....LABEL. lDENTlFICATia. . : 2 8 8 -- 18595 
C'3 34."£ AS C3 / • 
C~4 SA.'£ AS C3 I I 410437 rr /405014 C-'RO E..£CTCI! (2 PL •s.) 

• Cl5 SA.Io£ AS C3 ~ <108618 RIVET (2 f'L'S.) -

ClG SA!o£ AS C3 ~ 2 3 4 5 6 7 8 9 10 11 12 ~ 13 14 15 11 18 19 20 l 0 r---J 
Cl7 SA!o£ AS C3 ~ _

1 

~ '-.,.. 

~[ ~~" ~1t., .. ~ - ·. ~ 0o§ So~ 0 ~ ~ § ~·o~ ~ §O~ G B B f38 . 
R2 SA!o£ AS F.1 C 13-c:::::P CZO 

~ , .. ~ 8If'"~-~ ~·§,o0,o§ 0 ~ B 0 SoBo~ B B'0B B § B B § ~ §· 
RS SAME AS Rl _ 0 R1c::J. -c::JoSTl & <C:]:iCIB '-

~: a ~ :: ~ ' ·s~ §"; ...... §]"; ~=" §] ~~ B~ §"' ST2-c::l-B~ B~ B~2 §~3 §~ B~ §6 a 0~ Col6 B~ Gtol9 §21 ~c Rl3 328784 RESISTO'l, 2700,1/411, 5% :::~ t:! 
18 

R14 SAl£ AS R3 "= ST7 R13 R16 

Rl5 SAME AS R3 C23 SPC4 RIO <:::). dT& C15 -c::J- ::t==J:: 0 
R16 315952 RESISTO'l, 8200,1/411, 5% ~ -c::J-

5 
~ 6 ----, 8 9 10 11 12 13 14 15 Rl4 16 n..,......si4 ..,r--,.. -c::Jo :t::::l= Rl7 

Rl7 318802 RESISTO'l, 220fl,1/411, 5% RZ~ -z- 3 4 ""-rrrf -c::::p -oc::::Joo ~15 C17 CZI M.. C 

R18 333405 RESISTOR, 120fl,l/411, 5" ~ \ ~ -8D-~ ~ 021 

~ 

~-

H.A2 339174 IC, HEX LATCH -\_ zo- ORIENT SWITCH PACKS WITH \: 
MLA3 339163 IC, 4-SIT BINARY CTR TCD SWITCH I TO TOP OF BOARD 340158 RIVET (4 f'L'S.) 

H.AA 405060 IC. 256 X 4 BIT R()o1 "'CD AS SHOWN· 
405012 

C!l.f£CTO'l ( 
2 

PL, S. ) 
H.A5 SA!o£ AS M..A3 REF. PART terES· "'CD f.-
I'LA6 339437 IC. QUAD NA~ BLf'F OESIG M:l. OESCRIPTia. • ~ :;. 409430 ETCHEO CIRCUIT BOARO 

tot.A 7 SA!o£ AS 11..A6 11..C8 SA!o£ AS "-Bl2 1. A) • THIS CARD foi.JST BE ASSEMBlED USIN> 409430 BOARD. -. l ·• 
H.A8 339003 IC, TRI-3 IN NAND 14..C9 I SA!o£ AS M..C3 ISSUE 3A ()'!LATER. . 

tot.Ag 339404 IC. I-£X INVERTER MLC10 j SA.'iE AS M:.B12 J!li!"'s~R:if~lYtiJS'r":'"'i!f'JS~ftj 2iD11ll::OtJ>·, 
M.AlO 339476 IC, DUAL FLIP-FLOP "LC121 SAME AS "LC7 B). a. et:M'(}.ENT SIOE, CUT CON:lUCTO'lllETIIEENM..Al4 -lS ~ RESISTO'l Rf'Bl7·3 C<N£CTED TO PINS M..AZ-1, M..Al0-3,; 

"!...All SA.Io£ AS M..A8 M..C13 SAME AS M..Bl2 ANJ M..AIS·2 • M..Al0-7, M..B5-1, M..B6-1, M..B7-1, MLBS-1, M..A10-1, . 

H.A12 339408 IC, QUAD 2 IN~ M..C14 SA!o£ AS M..C3 C). a. CKT. SlOE, CUT C(N)l.CT!ll AT M..C20·8. 1 ~ M..el4-1, M..B15-l. M..C15-1, M..C18·1, A~ •5V CCHl- l 

H.Al3 339438 IC. QUAD t.:A~ BUFF "'.Cl5/ SAME AS "-A2 ECTED TO PHIS M..A3-9, M..AS-9, M..A15-1, PUT INTO ~ 
!ot.A14 405058 IC, 32 XS BIT R().l 14..C16140506 IC, 256 X4 BIT ROM D). a. COif'Ot£NT SlOE, A!Xl A STIW' FRGI M..A14 -15 TO PRINTED CIRCUIT 80o\RO Po\TTERN <BOARD ISSUE SA). : 0 

M..A15 SAio£ AS "'-A3 M..Cl7 SA!o£ AS toi...B12 M..Al
4

·B. f'l..l.L·lJ' RESISTO'l RPB17-7 Cet.'fof:CTEJ TO M..Cl3-14 , .~, ., 

K.A21 339707 IC, ECL TRI OR!Im M..C18 SA!oE AS "-B15 E). e»-1 CCM'OI£NT SlOE, A!Xl A STRAP .FRGI M..C15-14 TO BY .t. t'IIRE e»-1 THE CCJoF'OtoENT SIDE. M..A14-15 C<N£CTED f--.1-..L--;.;.;··•~·:,_L_...l..---..l...---1 
to1...31 339145 IC, 1 OF 10 DECOCER M..C19 339363. IC, 4-BIT BINARY CTR SIOE OF ST-3 THAT PREVIOUSLY liAS ca.NECTED TO TO GNJ, M..Al4-8, BY A lURE ACROSS <FEN l.AI() et; , CIRCUIT CARD 

lo'l82 SA!oE AS MLA3 M.C20 SAME AS MLA9 M..CZ0-8 L..._. CTAr:UIT~_. ............ ··· .,. '"' --·+tt ·· • 11'4 . CC 437 
"1..83 339432 IC, QUAD 2 IN OR MLC21 339705 IC, ECL TRI O'l/NOR 

!ot.B4 339347 IC. 6-BIT C<M'ARE M..021 405001 OSCILLATal 18.9 ~ (REF. C.0. 4 • 16509) ) DIO ASSEJoiBLY FO'l 

M..B5 SAME AS M..A2 2 • OELETE R12 FRG1 OIIG • A1oD PARTS LIST. 40C400 COffilO..LER 
,.,....B6 SAME AS M..A2 RPB17 341701 RESIST()'! PACKAGE CusT • ISSLE lA TO lB CIRCUIT I--
MLB7 SA~~ AS MLA2 RPB19 1405000 RESISTffi PACKAGE 3. FOR C0NV · FR()ol • 

SA!o£ AS MLA2 RPB21 SA!o£ AS RPB17 CHAN>ES FRCJ.tl MJTE 1 PUT INTO PRINTED CIRCUIT 
""--

38 
BOARD PAITERN (BOARD ISSUE 4A). t 

~9 SAME AS MLB4 f - -· - - . - - . - -...--,~.....,-~ _ APPROVALS 

M.s1o sAl£ As MLA3 1409430 BOARD. crRCuiT --~ • .FoR eet.'VERsroN FR()ol cusT. rsSL£ lA To2A AID. r ., 't.'ROJ. Si..f'V.I ;.".?,J . otR. I ""'~· 
ML812 339608 IC, QUAD SO BIT SR 1405012 CKT. CAr.D CDl'l'lECTO'l THE FOLLOWir-.G STRAPS: FR()ol M..Bl0-1 TO RP817-3, . : '-~::"<. : !;((_- ~"yn-
M...Bl3 SA."'E AS ~12 j4C5014 CARD EJECTOR ; FRGI M..Cl3-l4 TO RP817-7 FRO<! MLA3-9 TO +5V ENGR.\ J.M.G. foSGNR. 

"'LBl4 SAME AS MLA2 408618' RIVET '(MLA3-16J, FRO<! M..AS-9 TO +5V (M..AS-16), FR»> j ' DRAWN JDATE 

~15 ~39175 IC., QJAD LATCH 1340158 RIVET ~~-•-~~-~~._,S~::_~~).·~~,_ .. ,..;a¢no ie·hdi E-NtlMBER E 
~LBl€ 339475 IC, QUAD LATCH SPC4 ~41804 DUAL-IN-LINE SJ:ITCH so-co NO 

4430 
M.B18 ~39166 rc. B-BIT sR · t:R:-:-8-:0:"--:'-F1;,:LE--N0~,.;;2-_-17-6-.-1-7?-A-A-----I ~LB20 339776 IC, ECL f£X D LATQ-l STl-7 ~364701 STRAP • -

io'~C1 339151 IC, 8-1 MlJ)( ~054221 LABEL, IOENTIFICATia. TeL E Tv P E 

M.C2 405059 !C. 32 X 8 BIT R().l I I I.ntt' ' 
M.C3 339837 IC, H:X BUS RCVR M..A17 4049C7 IC, 512 X 8 BIT RGI '!l 

:-H5 339838 IC, QUAD SUS XCVR M..AIS 11049C1I IC, 512 X 8 SIT RCJ4 41 Q 4 3 7 
~<LC6 SAio£ AS M..B12 fot.A19 ~04902 IC, 512 X 8 BIT Rrto4 _, l-ot 
-~C7 339157 IC ::lUAO 2-1 iot.JX MLA20 40'~'1 --T~ ""' X " KTT ";" • I A I !'I I ... I I -, .., 

TC 637-0173 
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1
·~·-----,-;,(F- 1 f';;T;·;_~~-~~C-;:~;;~-~~ NOTE: MA~~~ PER MR20~028(CLASS A:A/10/T/2} 

~~ESIG I>,Q REO y 

I :·-~~ i ::;~~~ o~~J z ;·. ,,;~ 
f · c<T 

\' .:.,zl i <!':.~· ~·(, i I ~~. ~/X 

A 

-

B 

-

c 

-

D 

-

E 

·.-_cl I c•~.: '·' I I ~ cAc c ~ 

~' ·~J2 ~?_ II._--~ I ... 07 I ::=~~ I I ~~:~ ~ ~:<: ._ ......... 

I v "'1 I r··•c I I -- •• X . c·"" -··"" <..r-o'-'-~'-' ~- ... , 1-

·~=22 3.:~:.. 7~ ~X L~T·_ .... 

vr_:l I :3'3L':~ 
'-'L:-2 I ~~~~37 
l' -~ I ~3 :~?.:::l 

... ,_':J l ~:;:.::.:. 

''c:s 1 ::::?:·:-
v ...... :::5 j 33;.333 

~\_:7 I 33~.:.~:.. 

v:....:::3 
v_:9 1 339E·3 

~--.... ::::.. ~ 
'.1! :1.!. 
\.j_:.:2 
''

1-:.13 
~·~:14 

~" .... ':.l:) 

\~LC:l:J 

ML:l7 

'-'i_':la 

'< .... ':19 
/.I..C20 

;jl \ 321,656 

C'U I 321967 

Rl-4 I 315959 

R5 -10 I 321213 

Rll I 315959 

R12 I 3.03488 

Rl3 I 315972 

Rl4 I 143662 

fSl:2 
:::s-11 
Cl2 -17 

:19-36 
C37 

C33 -47 
Cl1S 

405324 

3lC93l 

4C3324 

3373:';4 

405324 

337334 

4CS324 
337334 

C49-SQ \ ~'":5324 

C51 I 33733' 
C5? 40S 3211 

C53 337334 

403464 

S1rl 341.304 

ST~ 33(;478 

4J5420 

C54- 57 1325034 

~=-x I\'~~:;.-=-:: 

~X 2J3 :;;~.:.::::::~Q 

:F 1::: :;::-·x::::C? 
:J!.'J 2 p •. ,:,.~.:. 

-:::rPL.:: 3 P .. -·~t.u....,J 

I:. :,J!J S_;S s=::.::.I~R 

:::",A;:: l' :::C{J"~T=:~ 

S!.~ !.S \.!~322 

:)-..J!.L v·;x 

S!.'-':: AS '-<:_::G 

s.:_•£ !.S •t.:7 

S!...'-'C::: t..S "-r .... :g 
S.:..·£ !.S ~t ... C7 

s ~· ·.::: ~s ~t.322 

st..· € ~s '~ .. :-:s 
SL'-£ ~S '-!LC:7 

st.o.z::: ~s ~t.::.9 

St~Y~ .\5 ~t....C? 

SA"-~ AS "'LC:7 

SA'£ AS ft.~li 

8AJ-:SISTCi1, 2%3569 

DIOJE, ZE~lER 5.l\f 

RESISTOR, 4. 7K 

RESISTOR, l. OK -

RESISTOR, 4 .11< 

RESISTOR, 15K 

RESISTOR. 22K 
RESISTOR, 39G 

CAPACITOR, 0.1 'lo1!-:J 

C4~ACITOR, 47 ~>'J='J 

C!..PJ.: :TOR, 0 .l l.1FJ 

CA?A:ITOO. 6.S ~J 

CA?!..CITOR, 0.1 J-.~ 

CAPA:cTOR, 6.S: Y.FD 

CAP-\CITOR. 0.1 ~1") 

CAPAC~TOR. 6.3 MFCJ 

Ct..P4CITOR. G.l ~.f'O 

CA~~ciTOR. MC.:S MFJ 

CAPt.CITOR, a_l.. MF';) 

CAPACITOR, 6-.li MFD 

BOARD, CKl' 

Sr'.ITCrl 
;)TRAP 

LA2~L, IOCNTITll;ATIO< 

C~FACITOR, 12'0!>1 

I I -

1 1,,.46~ 
405<!20 IJ!::NTIFICATIC!'l LABEL 

340158 RIVET 

tiOTE: I. ORI£NT SWITCH PACK SWI SO THAT SWITCH 
POSITION I IS AT TOP OF BOARD. 

NOTE: 2, CIRCUIT CARD ISSUE 2A DELETES CONNECTION MLA4-6 
TO MLA4-2 AND ADDS CONNECTION MLA4-2 TO MLA4-I. 

ADD CAPACITORS C54 THROUGH C57. 

SIMILAR TO• 

405012 CQI'-N:CTCil 

I I I I I I 

TC 637-0173 I I ~ 
. --- 3 I 

........... _ 
4 ----. 

0 

CIS 

409464 flOAR7 

6 

J 

~ 
.J 

"-
0 

I 

~~ 

6 

C20 

B 

c 

~ 
Cl7 

\05069 SWITCH CODE LABEL 

6 

I 

1 

""' <J;'.J.. '"I. 
~::2 

I l A 

I It. 

;':' 
l? 

7 
R(ViSIONS 

~J 
~ill !!:~ 

'" ';! 
~w eg 
§ 

10- 26·76 

.2,~, 2 ,3,11-~ 
!2 A- 4-

MC 464 
CIRCUIT CARD 

8K REAJ/WiiiTE 

fo£10tY 

~ 

~ 
24695 R 

11391 

20043 

18595 

A 

1-

B 

1-

c 

....... 

0 

~ 

I ~ ·--- APPROVALS 

p~~· • SL!'V. T 
',~·>'" 

ENG~~. , A . 3. 

DRlt-',' 

E- NU~CEP. 

PROJ, O<R,-1 
. - 'IJ/_ 
: ~-'i_ c 

losG.,R. 
"TeATE 

so-co NO 4464CD 

t.IFG. REL 
C~­
[{_\1.) 

A.J. 

R 8 0 FILE NO. f-167 .l72AA 

TELETYPE -r~®" 
410464 

E 

' - I , 
l!flf 7 • 

I 

~, 
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' 

.... 

-

-

-

REF. I PART 
OESIG. NO. REO. 

4l05C5 

4C7;;82 
MLA3 4C3404 

MLA8 ~5119C; 

.-~sa 451191 

MLA9 451188 
~-89 451189 

lo!L.A10 45:185 
MLB10 451187 
MLAll 451184 

MLBll 451185 
M..A12 4~1182 

ML812 451183 
MLA13 451180 

MLB13 451181 

MLAl4 451178 
ML814 451179 
MLAl5 451176 

ML8l5 451177 

MLA16 451174 

MLBl6 451175 
MLA17 451172 
MLB17 451173 

.TC 637-0173 

t 
Q 

Ty OESCRI PTtolll 

l Cl RC.JlT CARO A.>""SE:l>ft.. Y 

1 LA.0 0:. IOE~TIFJ:e:"ATICJ'; 

1 255 x 4 RC~ rss_ 1. 

1 1024 x 8 R::'' rss_ 2 

1 102" X 8 ~' ISS. 2 
1 1024 X 8 RS~ ISS. l 

1 1024 X 8 flC'I IS_ 1 

1 1024 X 8 RCl'! IS. 3_ 
1 1024 X 8 RCI-' ISS. 2 
1 1024 X 8 flC'I ISS. 2 

1 1024 X 8 RC.l" ISS. 2 
1 1024 X 8 ReM ISS. l 
1 1024 X 8 Rr..M ISS . .1 
l 1024 X 8 RC.l" I::.S. 2 

l 1024 x 8 R'"~ rss_ :z 
1024 x 8 RO.t rs,._ 1 

1 1024 X 8 RCM ISS. :l 
1 1024 X 8 RCM ISS. Z 

1 1024 X 8 RCM ISS. "1 
1 1024 X 8 RCM ISS_ 1 

l 1024 X 8 RCM ISS • .l 
l 1024 X 8 RCM. ISS .. .1 
1 1024 X 8 RCM ISS. 1 

I 

2 l 3 

NOTE: MANUFACTURE PER MR200J 

SCREEN PER MR2028 AAA/111 T /2 

r-- ' ~1~--=n 
L_------~======\\~~------UU£L, ~~I~T.roN 

407982 

I 4 

-c::J-
-c::J-
-c::J-

I !5 J-~~~~---- e 

CIRCUIT CARD ASSEMBLY 
410505 I 

-c::>- ~r---J -c::J-7~ 
iD0oDD 

o[J D0D00 D D 
0 GG0888800G 

SIMILAR TO• 

2 

-c::J-
-c::Joo 

D DoD D D D0D 
0~ 

I. FOR CONVERSION TO CUSTOMER 1.0. 2A, 
451180,451181 a 451184- 451187 EPROMS 

CHANGED FROM ISSUE I TO ISSUE 2. 

2. FOR CONVERSION TO CUSTOMER 1.0. 3A, 

451176, 451190,8451191 EPROMS CHANGED 

FROM ISSUE I TO ISSUE 2. 

3. FOR CONYERS ION TO CUSTOMER 1.0. 4A, 
451186 CHANGEDTO ISSUE !. 

4. FOR CUSTOMER ID ISSUE 5 A REF£R TO NOTE I 

ON 410505 CARD ASSEMBU'. 

I 3 I 

-c=J.. 
-c=::>=-

~r.l 
~LJ 0 0.... 0.... EJ.-. EJ~ EJ"' EJ~ ~ m m m ~ m m m 

~ ~ ~ ~ ~ ~ ~ 

0 0 D 
-t:::}o 

-c::Joo -c=:J- --c=r- -c=J-
-c=:J- -c=:J- -==e=r=-

~oCJ--c:¥ 

4 I 5 I 6 

I 

I 

7 . 
REVISIONS 

r-c--;:;-
~~ .. ~ ~ 

~~ ~ i ~~ ,.w 
!lJ~~ "o ~~ ~ gz ~~ "' § ::> .. <( 

I A I 3 21 78 2546;.R 

2 

3 

4 

~ 

I 

MC 

PP.OJ. 

f'IGR 

OR: A~ 

A I 2 5-19-78 2059! 

A 2 3 s -s -7s zos63 I A 
A 

A 

3 4 6 -28-78 
4 Sl:l-2-79 

I 

p 

Ct:'lCUIT CARO 

10K ROM 
ASSEM3LY 

APPPOVALS 

20740 

2233 0 

&PV.j~J., \0. iR. I t.IFG. REL. 

' u \ \ I ~O:J12 .. \ .. -"--- .l\7 
RvP !o;GNR. 

~CATE 

t-

8 

~ 

c 

t-

0 

I-

~- IE 
~'-'- ~.-0 NO 6500 

R a 0 FILE >Kl. G-65.172·\A 

TELETYPE 
r-¥·3 CD !Q 

410520 
7 

I; 

ITIJ 
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r-·' ·~ ·- - -:_ r - I " ( 7 
~;· I; \'H, r'T 1 ::::scqiPTION NOTE: MANUFACTURE PER MRZOOI I REV13>~S • 

. 2.~!~~~=:: I / C"·' -- ··=' ~o<~v= y SCREEN PER MRZ028 AAA/11/T/2.,§ ~ I 0 I I I 
.. 1_, __ .... ----- ~--- ..... .:;r_ . .,__ ~41&.1 -~ ~~ ~"'I L I i LA£:::.. =~~·.1lr:l':ATlC!~ ·~7~ '"'-'' -~~· 

'-'~.A3 <!'::4:3 1 

":...t.e 4:::l082 l 
~~J .... I. I ~~~~·-:~3~;;,:~~$_11 

~ .. _28 ~;:;:.~:;3 l lC24 3 P:::v ISS. 1 

"' .• A9 -15:5:1 1 1024 t 5 ~v ISS. I 

~'t.£:9 t.:-~5:,1 1 1024 : 6 ?:?-' ISS. I 

~ ... Al7 451192 l 1024 '· S ;:oo~ ISS. 2 
f'l817 451193 1 1024 >. 8 RG< ISS. 2 

l--·-1---+--+--------1 

r~·-----,-~1-;;-5~1-,-1 
\ LABEL, IIENTIFICATION 

407983 

Y-<= 
LiJD@oOD 
-c:::p 

00 0°0°0 0 0 
-c::J- -c:J-

<:::::1-
<::::1-
<:::::1-

0 

0 OcO 0 0 0°0 
0000000000000 0000 0000 00 00 00 
0§J 

troTE I. -SELF. TEST· R'OMS 4!11000-1 WERE 

"CHANGED. TO 451500-1 

2. FOR CONVERSION TO CUSTOMER 
I.D. ISSUE 3A, 451192 a 451193 
EPROMS CHANGED TO ISSUE 2. 

3. FOR CUSTOMER ID ISSUE 4 A REFER lO NOTE I 
ON 410504 CARD ASSEMBLY. 

r-CIRCUIT CARD ASSEMSLY 

/ 410504 

~~ -c:J- -c:::J-

0GJOOOOOOOD 
-c:J-

~ 0DDDDDDD~~ 
- - _9 ~ 0 0 

· .. 

0 u:::> o(/'1 -~ 
,_.:"""j~r..: go 
~;.;~ ~ "'z; 
v~ :l 

~~V: cr~ • 
ro~ ~a ~ § • 

l 25469R 
2 204i4-

~~ 
2 I A I I LLt I 2 1318-23-78,20639 I A 
4 o. 3 4 3-z- 79 22330 

..... 

8 

1-

c 

r 
p 

0 

CIRCUIT CARD 
liiC 

2K +lK RCM 
1'1/BUS R 

ASSEH3LY 

I 
PROJ. Sl.I'V. 

ENGR. RYP 
DRAWN 

E -NUMBER It:. 
so-co NO 4500 
R a o FILE NO. G-65.l7:iAA 

TELETYPI! 

'R' <!J 

I I I I I I 
'TC 637-0173 I I • I 3 I I I 410521 . 4 s I e I' ,'J. I 

• ··- •. -· . -
7 t w ' . --~ ' ''" 

SIMILAR TO• 

""" 
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?) 
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I 1 J I _I I I ~ J I. J I I T T T 

1 UNTOLERANCED DIMENSIONS PER MR2003 C A R 0 L 0 C/ S W S E T T I N G 408968 (I) 
~ D . I I~ I I 0 000 111111111 ~RIGINAL USE THIS MATERIAL IS TO BE 

'- 40C435AEE091 FINAL ~~~:~~~TIONAPsRo:~~:;::~ 

•, 

f 

- DIRECT INFORMATION AND IS NOT 

D II I 
TO BE DELIVERED TO ANY· 

~ I I 0 000 IIIII J ~~~P':,uRT!~~~~ T~~E~:=~ A 
" " " " " " " - • UNDER STRICTEST CONFI· 

- ... DENCE AND THEN ONLY 

D tJ' WITH A FORMAL. CONTRACT, 

~ I I 0000 . 111111111 ~ :~=~~s~s~o ~~~;:.· A~Y~ 
• • • • • • • • • • ONE OUTSIDE OF TELETYPE 

i-- .... 0 CORPORATION WHO ACCEPTS~ 

D 1. ..... THIS MATERIAL AGREES 

::: I I (; 000 111111111 ?n • ~~~\o TeH~sRE~;~~~~AE~ 11~ 
• • • • • • • • • v· ) 0 • ANY FORM WITHOUT THE 

~ ~ d m ~ < WRITTEN APPROVAL OF 

g I I 0000 D 111111111 .w ~ ~ ~ ~ ~~~~~}0~~~:::.~~~~ 
~ :: I ~ e:s z SIMILAR TO THIS MATERIAL 8 

D 
]: ct 0 ARE NOT TO BE MANUFAC· 

:I I 0000 111111111 ~ 18ll IJ-U~~WI ~ . ; ~ ~ ~~~:~~~~~~{~ 
\1) :a: w < :I 410521 I •••• E) lj.l·l.!llll ~ ~ PlldddddJJi D 111111111 ~ ~ ~ § i ~ ~ ~ : ' --

t- 1 41052° I oooe 9 1.1~.1.11111 ~ " fil 1•11-!-1-1-11-1 0 1111 II Ill w @@, ~ @ ~ ~ ~ i ~!: : ! ~ C) • ~ ~ W W 0 t- H H Cl W u ~~..,I ' 

~ §] = ~ D > 0:::: t- t- 0:::: 0:::: z 3: 3: w I w I i.r ' i 

~ I 410464 I •••o ~ 1.1·1·1.1 II II ~ o fil IJ~IJJ~I~I·I·I 111111111 ~ ~ ~ ~ ~ ~ ; ; ~ ~ ~ ~ ~:r , c 
. . . . . . . . . Q. 0 000 ft ~ 0 < < 0:::: W H 0 < W \ -.--:- - c 

~ - L_ ::EUUO...:::C::....J (l)llJ CO~ it-.;: 

U1 I 410411 I oeeo ~ [.l.I.I·I·I.I.IJ m v fi1 bi•I•I•I•I•I•IJ D 111111111 ~ lD lD lD U) N ~ t§ ~ ~ I ~gl_iNi~ ~ ~ 1. 0 0 00 ~ :.J 1'0 N N 00 00 0:::: Z (.!) 
1-- J-- (;0 0 N l.[) l.[) U) l.[) W 0 Z ~ ~ 1-

<t I 410406 I eo eo ~ 14J4.1.1"1i I ~ "' ~ !·W~I~·Iiid 0 111111111 6 2 ~ ~ ~ ~ ~ g; ~ j ~ ~ 
- IJ. 0000 0... w (.) 

;) j4l0437 I ••oo Gl l·lt!J !Ill ~ trw 14J~I~-~~~~ D 111111111 /j n ,_ ro 0 m "' ~ ~ § ~ I 4-5-78 25258R D - LJ -f'llf'4'1ll 3 r-eD Z. 0 000 g LJ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ISSUE DATE AUTH. NO. 

' rt r ~ D -o --, J --, --, --, --, <{ u H REVISIONs 

rJ 141040 ' 1 1. - : ~ ~ ~ @ I~>I~I>J~UOIJ 111111111 (/) ~ ~ ~ ~ APPROVALS 
0 ,. f.&. t_; -~ 0- ,_ · · · · · ·- 0 H 0 PROJ, [.,/.'l'PROJ. /iMFG. REL. 

~ -oeoo - (}) 1. J.r.. (t. 0 000 4 2 ~ I "<:t SUPv./ II ~r\ rrL. 
- ILl\ 0 4- 0 0 I ~ ~ ... 0 [J f- 0. ~ G3l I I I I I I I I lei D ~ 111111111 D g ~ § ~ ~ 'G:L" ~ JJ~\J eo) t) 

r cP g - -~ ~ J: :X 4. ~ r.1:::::1::::li::::JI;::ji::::JT:J::::J11 a ext: 1'0 ~ ~ "<:t ~ U) w . . ENGR RVP' I DSGNR 
~ -z ..) t- • 0 0000 (.) u -Nr<><t\llJr-<:O<r- -('lf'C'I-t..n...9r-~ d.cj) t- l""i N DRN I DATE 

"] (:t I ...... - f- U 0 
O O uJ • '!J ~ - ..J ; ~ Z 1-E_-_NU_M_B_ER _____ ---:---t 

J- 2. 1-: U. ~ \II "'uJ ~ PROD.NO. li08t>% (I Ui' 1~) 
I ii5 ~ 1. u. 0:. J .. RSD FILE C--6G. 1/ ~~~-
! 8. ~ 0.. ::0 ~0 :! ~ 0 000 -~ TELETYPE CORPORATION - COMPANY PRIVATE SCALE I TEL E Tv,. E E 

I ~ ~ ~ e 0 ~ z ~ FINisH HEAT TREAT MATERIAL sPECIFICATION f Jtroi ~ 
l<t ~ j 8oo•o .. o 0 

.J (J> t "' 408968 (I) 
, SIMILAR TO: -

. T c. ? s 7 - 117 E\ I 2 I 3 I 4 . - - • - -· . • - I 5 6 J 7 I *'f"l 

'-·· 

r 
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I 1 I I I I I I I I I I 

UNTOLERANCED DIMENSIONS PER MR2003 C A R 0 L 0 C/ S W S E T T I N G 408968 (2) 
- I L _I_ 

<t I I 0 °00 D 111111111 40C435AEE091 WITH ORIGINAL A~~~ ~~!;~~~:~=~::.~~!~::::; 
- DIRECT INFORMATION AND IS NOT 

D 111111111 
ADDITIONAL 410406 CARD TO BE DELIVERED TO ANY· 

rn r I 0000 - - - - - - - - - ONE OUTSIDE OF TELETYPE A 
- • • CORPORATION, EXCEPT 

• UNDER STRICTEST CONFI· 
- t: " OENCE AND THEN ONLY 

D 
.,. WITH A FORMAL CONTRACT, 

!:! ( I QQOO 111111111 ~ :~:~~s~5~0 ~~~;:· A~Y~ 
" " • • " " " • " • ONE OUTSIDE OF TELETYPE 

- ... 0 CORPORATION WHO.ACCEPTS-

D 
l • • THIS MATERIAL AGREES 

:: I J 0 000 111111111 ~ t-A • ~~~\o T:~sRE~:~~~~AE'i, 1
1! 

• • • • • • • • a.J )_ ~ en ANY FORM WITHOUT THE - D 111111111 (t 4. ~ a ~:~!~;~E ~~~~~~:;IO~r 
g I J 0000 ~ ~ ~ ~ ~D~~AA~~so~~~~~E:.~~~~ 
- ::: I ~ @:; SIMILAR TO THIS MATERIAL B 

:J: ct ARE NOT TO BE MANUFAC· 

D' 1 410521 
' ••• • 1 :;11 lj.li~ 1111 ~ 1 ~1 ooB-~rl ~ · ; ~ ~:~~~~!F:E~::~~ 

r--- U) ::i: w 

-
(() I 410

520 I oooe [3] I~J.I.IIIII ~ ::1
0
._ ~ IJJJJLbrl 0 111111111 ~ N ;; w ~ i ~ 

- I I I (J Q.. 3C 

'i ~ I 410464 I • • eo 9 IJ4i.lllll ~ ~ fil li•jj•jj 11·1 D 111111111 ~ s § § ~ ~ ~ : EJ (.) ~o - WW OWl- HH 
~ ~ ~ > ~1-1-~~1-Z 3C3C 
1 

s I 410411 I oeeo ~ IJJJti.IJ.I ~ ~ fil lllJJ~Iji D 111111111 ~ ~ ~ ~ ~ ~ ~ ; ; ~ c ~ ·-- ·--· ~ 000.0 do occ~W<H oc 
:---- - 4. ::i: u CJ a... :::.::: CJ _J (I) L&J 

tll I 410406 I ooeo ~ IJ•IJ.I•I•Iil m u ~ IJ11111tl D 111111111 u! ~ ~ ~Iii ~ ~a: ~ ~ 
- ~ 0 0 00 ~ 0 N LD LO L[) LO LO W 0 Z -

i<t I 410406 I eo eo [ID IJJJJJ1j I ~ "' t;l !•U%Q41tl 0 111111111 ~ 2 ~ ~ ~ ~ @ @ gJ g i ~~::::~~~~::::~ 
~ u. 0 000 ~ ~ ~"' "'":""' "'"' 
, ~ I 410437 I eeoo ~ 14iiJ II II ~ :z ~ IJ+IJ-bbU 0 111111111 0~ 8 to 8 ~ ~ ::1 8 ~ ~ I ~~~~K~~~ o 
- -C'IIft4'JI) 3 r-tD Z, 0 000 ~ -.tJ tot) t<> t-t> t-t> t-t> t-t> t-t> z i= ISSUE 1'\. ~~"'~~~~ 

rx t" ~ D -o -, -, -,-, -,-,-, <e REVISioNs 

N 14\040\ I -J • : e! ~ ~ @ III~Ixlmkkbl 111111111 ({) ~ ~ . APPROVALS 
0 ... 1,.&. t; -~ 0. --- - - ---· 0 PROJ. ~:E'RO.,I. MFG. REL. - oeoo - l}l z "" ~ o ooo 4. z :::.::: ~UP\(·/ ~ ·· coM~ 

~ ~ l!) o o CL. o.. o ~ Dt I o ~ g :f~·r~ '.Al~ tJe~ 
- j4 \O 

400 I tP g ~ ~~ ::~ ~ :l 3 @ l.bbl~l~bkld~ i I - 1111111 ~ E .., " ,. ,. ._ "' "' W '": _. ENGR RVP I "os..., 
- z 1 r- • • 1.:2 0000 ~ .-.(\11()4\I)Jr-«Jq- -Nr'\~\1)..9r-CO 0(/) b r-t DRN I DATE 

"2 (k! 1/) hi .J - 0 Z E-NUMBER 2 ~ ~ :: t. ~ (/) :: uJ ~ 0. 1-PR-00-. -NO-.-'f-05-9-6 8-.,...( 2--,-0 F::---11-,~\ -1 

1./) ~ t ll- 0: 'j 0 000 P RSD FILE G-65.172AA 

o ~ o. .. o t.o ':! ~ .. «X TELETYPE CORPORATION - coMPANY PRMTE scALE 1 T E L E T v p ., E 

~ ~ ,... • 0 U ~ ~ FINISH HEAT TREAT MATERIAL SPECIFICATION f ltrol ' 
0:! ._ I t 0 t- __;...._® 
<! (.!) $ (;· 0000 0 
.2. J IJ> t ~ 408968 (2) 

SIMILAR TO: - ~ 
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TC 255 (3-69} 

I 2 I 3 

NOTES: 

1}. DEFINiTION OF OPTIONS 

A. ECHO COPY· BY PRINTER 

~10~11 - Bl-1 

PRINTER TO COPY DATA AS IT IS SENT FROM THE TERMINAL -ON 

PRINTER TO COPY DATA ECHOED rACK ON THE RECEIVE LINE - OFF 

B. SEND ETX ON PREMATURE END OF MESSAGE 

81-5 

ETX SENT - 011 

NO ETX SENT - OFF 

C. COLON IS LOWER CASE ON THE KEYBOARD AND SEMI-COLON UPPER CASE 

81-6 

ENABLE - 011 

REVERSED - OFF 

D. KEYBOARD ON LINE TRANSMITS BLIND · 

B1-7 

KEYBOARD TRANSMITS BLIND - ON 

DISPLAY COPIES KEYBOARD DATA - OFF 

E. DISPLAY RECEIVED ESCAPE SEQUENCES 

81-8 

ESCAPE SEQUENCES DISPLAYED - ON 

ESCAPE SEQUENCES PERFORMED - OFF 

F. PRINTER REQUIRED TO TRANSMIT ON-LINE 

82-1 

PRINTER REQUIRED - ON 

PRINTER NOT REQUIRED - OFF 

G. SEND ON-LINE EXTENDED KEYBOARD CHARACTERS (KBD ON-LINE MODE) 

B2-2 

SEND EXTENDED CHARACTERS AS ESCAPE SEQUENCES - ON 

IGNORE EXTENDED KEYBOARD CHARACTERS - OFF 

H. MONITOR TAPE REQUIRED TO TRANSMIT ON-LINE 

B2-3 

MONITOR TAPE REQUIRED - ON 

MONITOR TAPE NOT REQUIRED - OFF 

I. AUTOMATIC PAGING ON PRINTER (sq LINES - PAGE) 

B2-5 
PAGING "FF"•S SENT TO PRINTER - ON 
NO PAGING - OFF 

T 2 T 3 

I 

I 

4 I ~ f 

J. PRINTER OPTIONED FOR DOUBLE LINE FEED (USED WITH OPTION 1) 

~~ 

PRINTER OPTIONED FOR DOUBLE LINE FEED - ON 

PRINTER OPTIONED FOR SINGLE LINE FEED --OFF 

6 

K. KEEP RECEIVED LETTERS {SHIFT - IN) AND FIGURES (SHIFT- OUT) CHARACTERS 
(5 LEVEL OPERATION ONLY) 

82-8 

DO NOT DISCARD s0, s1 CHARACTERS - 011 

DISCARD s0 SI CHARACTERS - OFF 

L. PRINTER SELECT ALSO SELECTS RECEIVE TAPE 

83-2 

RECEIVE TAPE SELECTED WITH PRINTER - 011 

PRINTER ONLY SELECTED - OFF 

M. TERMINAL PARITY 
83-3 

83-~ ON 

ON ODD PARITY 

OFF ODD PARITY 

OFF 

EVEN PARITY 

NO PARITY 

N. DISPLAY STAYS IN RECEIVE AT END OF MESSAGE, 

~~ 

DISPLAY STAYS IN RECEIVE - OFF 

DISPLAY GOES TO LOCAL -ON 

P. SEND TAPE LOCATION 

85-1 

85-2 

ON 

OFF 

ON 

J311 

J307 

Q. RECEIVE TAPE LOCATION 

85-3 

85-~ I ON 

ON rJ3i1 
OFF J307 

R. MONITOR TAPE LOCATION 

B5-5 

85-6 
ON 

ON 

J311 

OFF 

J308 

NO SEND TAPE 

OFF 

J308 

NO REC. TAPE 

OFF 

J308 

OFF J307 NO MON. TAPE 

4 T ~ I 6 
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NOTES (CONTINUED} 

1 } . DEFINITION OF OPTIO.NS 

S & T STATION IDENTIFY (POLL-SELECT) 

MARKING BIT - SWITCH ON 

SPACING BIT - SWITCH OFF 

BIT 1 2 3 IJ 5 

1st CHARACTER B7-1 B7-2 87-3 87-!J B7-5 

2nd CHARACTER B8-1 B8-2 88-3 B8-!J BB-5 

NOTE: BOTH SWITCHES B7-8 AND 88-8 MUST BE OFF 

u. DISPLAY GOES RECEIVE ON-LINE AFTER SEND ON-LINE 

n-s 
ON-RECEIVE ON SEND 

OFF-DISPLAY GOES OFF AFTER SEND 
i 

l 

I. 

v. ISOCHRONOUS OPERATION 

Bl-2 
., 
J TERMINAL O¥ERATES ISOCHRONOUSLY ON LINE -ON 
lj-

TERMINAL OPERATES ASYNCHRONOUSLY ON-LINE - OFF 

w. DATA TERMINAL READY CONTROL 

Bl-3 

DTR OFF WHEN RECEIVE BUFFER CONTAINS 20~J 

CHARS. AND BACK ON WHEN THE BUFFER 
CONTAINS ONLY 25 CHARS. - ON 

DTR NOT CONTROLLED BY REC. BUFFER - OFF 

X. LINE WRAP 

81-!J 

DISPLAY WRAPS WHEN CURSOR REACHES 
END OF LINE - ON 

DISPLAY DOES NOT WRAP - OFF 

., 

. 

• 

-

6 7 

B7-6 B7-7 

B8-6 B8-7 

f 

. 

-

I 
1 

{; 

l 

T 

I 

Y. 

z. 

AA. 

zz. 

" - I -

REVISIONS 

ISSUE 1"-.o~~ ~U<t:_H~~ 
I 

l"' ""' ""' "'"'"'"' REJECT NULLS ~"-.""-.""-
['_ "' ""-"' 

1""-. """ "' "'""'"' 
·~ 

B2-!J 

~""'"' ""- "'"' TERMINAL REJECTS INCOMING NULLS - ON 

""" """ "' "'"' ""-TERMINAL DOES NOT REJECT NULLS - OFF 

HOME ON SEND 
"' 

B2-7 

CURSOR GOES HOME BEFORE SENDING FROM THE DISPLAY - ON 
DISPLAY SENDS FROM CURSOR - OFF 

STOP BITS IN 5-LEVEL OPERATION 

B!J-1 
TERMINAL SENDS/RECEIVES 1.5 STOP BITS ON 
TERMINAL SENDS/RECEIVES I ·STOP BIT OFF 

TRANSMISSION/RECEPTION SPEEDS 
') 

5-LEVEL OPERAT10N 
1-

A21-6 A21-7 A21-8 BAUD RATE 

OFF OFF OFF 50 
ON OFF OFF 75 
OFF ON OFF 100 
ON ON OFF 110 

OFF OFF ON 150 
') 

ON OFF ON 300 
OFF ON ON !JSO 
ON ON ON 600 - "1 

8-LEVEL OPERATION 

A21-2 A21-3 A21-!J A21-5 BAUD RATE. 
OFF OFF OFF ON 50 
OFF OFF ON ON 75 ')' 

c<'" 

OFF ON OFF ON 100 
OFF ON ON ON 100 
ON OFF OFF ON 150 
ON OFF ON ON 300 
ON ON OFF ON ll50 APPROVALS 

ON ON ON ON 600 PROJ. 

~~ 
MFG. REL. 

OFF ON ON OFF 900 su\v;..-
~\ cltj~ ~ 

ON OFF OFF OFF 1200 .,_ ·''· 
ON OFF ON OFF 1800 ENGR. DSGNR. 

ON ON OFF OFF 21100 DRN . DATE 

R 8 D Fl LE G-65. 172AA .-
S-NUMBER !J08968 ' IJ OF 1J 

T.L.TV ... 

,~-~ ) 
. 

.. 

408968 (40F4) 

I - I L> I .. 6'\l 0. 


