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w w w %]
1
]
- { o e owow XFR
| U e oW sua
. | VOOVe o VL MOP (RECIRCULATE)
R3 | VL Yy VWV ACD
J\/v\r RUN (OUT)  \{ &8 Lot
7 V. VM Vi W4 SHR
8 e a ' Ve VU Ve VR BUS
]
i R2 47 VioVH VL VL CLEAR T
: 70 'R (DY)
h Ve VW VL V4 SET T
) 4700
/7 PN
u SCHEMATIC DIAGRAM TELETYFPE
FOR
- INSTRUCTION EXE)TION ®
LOGIC /A CIRCUIT CARD
4400SD-7
7¢ 6400360 i r 2 i | 3 4 r ] -] ] 7




I } 2 i 3 1 4 [ ] i 6 | 7

ISSUE
FS-6 POWER AND FILTER CIRCUITS ‘ )
A
wpn
CONN. B
i
68 ,
: vsv
1
i
:
Y ¢ 9 -9 * ' * *——@ * ® ® a ® rs ¢ ® 3 * * ® < =
1
|
i
|
|
: v 1+ 4 L 4L+ 44 414 4+ L 1L 4L 4+ L 1 L
| 0l oD 2 03 o G4 ommi €5 o €6 o C7T o= C8 oy €9 o= Cl0 o~ Cll #= C12 #T~ Cl3~T~ Cl4 ~T~ C15 “T~ cl6~T~ CLl7-T~ Ci8~-T~ Cio~T~ C20-T~ C21-T~ c22 ~T~ ¢
| 1 0.01 1 1 1 1 1 1 1 1 1 47 1 1 1 1 1 1 1 1 1 1
|
[
|
|
70 o 6 b ———— 66— —¢—— ¢ ¢ ¢ ¢ n
|
1
|
: \Y%
7
D
E
SCHEMATIC DIAGEAM ML RS
FOR
INSTRUCTION EXECUTION ®
LO3IC /4 CIRCUIT CARD
4400SD-8

TC £40.0368 | l 2 I 3 l 4 l 5 l 6 ‘ 7 ‘ !




1 | 2 l 3 4 { 5 1 5 | 7
iSSUE
TC-1 '
TIME IN NANOSECONDS 697.5 837.0 976.5 ] 139.5 279.0 4188 §58.0 6975 837.0 976.5 1116.0 i255.5 1395.0 i534.5 167;1,0 i8i13.5 19530 20925 (o] 139.5 272.0 418.5 558.0 697.5

MICROPROGRAM CiLOCK
(REFER TO 440iCD)

BUS ENABLE
{REFER TO 4401CD}

WICROPROGRAM STEP
{REFER TO 440ICD)

A MULTIPLEXER CNTLS
MUX 0, MUX | ,MUX 2
87i 869 BE€7

SGNX MULTIPLEXER CNTLS
CYCTRLO , CYCTALI
837 B36

REGISTER SELECT CNTLS
RO, R!, R2,R3
B4,BS, 86,87

ARITHMETIC AND LOGIC CNTLS
M,S9,8!,82,83
MLAS,MLA7, MLAS,MLAIO

CARRY N MULTIPLEXER CNTLS
CYCTRLO® , CYCTRLI
B37 836

L
{
STATUS MULTIPLEXER CNTLS -
STAT CTRL @, STAT CTRL 1,STATCTRL 2,

STAT CTRL 3, SEQ CTRL 0, BYTE
MLAI4, MLC LI, MLCI3, MLCI4

WRITE UPPER BYTE, LOWER BYTE
wUuB B22, wLB 823

L

L
—

DESTINATION — REGISTER AUTO -INC

DESTINATION I -WOQORD

g

+1

igZm

BUS

1/

A7

1L

A7

Y1

Ro

VL

TEMP

17

A+8 +1

L/

v/ /L

Y/

1/

iz

SCHEMATIC DIAGRAM Pt
FOR
INSTRUCTION EXECUTION

YPE

LOGIC/A
CIRCUIT CARD

SD-9

TC 840-0369

4400
| 7

50

iglh



TIME IN NANOSECONDS

MICROPROGRAM CLOCK
(REFER TO 4401CD)

8uUS ENABLE

(REFER TO 4401C0)

MICROPROGRAM STEP
(REFER TO 4401CD)

ACCUMULATOR CLOCK
ACC CilK 838

BUS OUT ENABLE CNTL
OUT ENABLE 811

BUS CNTLS
C@, C1, CZ (REFER TO 4401CU)

TELEBUS DAYA / ADDRESS
O/ < 15:0 >
MLC3, C5, MC7, M9

A MALTIPLEXER OUTPUT
M.B11,M.B10,M.B9, MBS M B4 MBS,
MLB6 ,MLE7 ,MLB13,MLB12 ,M.B2 M.B3

REGISTER FILE OUTPUT
M.C8,MLC6,M.C10,MC4

ARITHMETIC AND LOGIC UNIT OQUTPU
MLA8, MLAT, MLA1O, MUAS

ACCUMULATOR QUTPUT
MLAI2, MLA4, MLALL, MLA3

STATUS REGISTER OQUTPUT
M.C12

697.5 837.0 926.5 o} 139.5 279.0 418.5

§58.0

697.5

837.0

1116.0 1255.8 13950 15345 1674.C 1813.5 19563.0

20925

139.5

2730 418.5 558.0

ISSUE

€375

L

—

LI

l DESTINATION - REGISTER AUTC-INC

CESTINATION II - RORD

1l

I/

LOAD ADDRESS AND READ (LARD

17

/]

READ DEVICE (RDV)

ADDRESS.

__

1 (177776g)

_¥A

l ADDRESS OF CEVICE

VS ]

=V

VoSS S S S S ] 5

CONTENTS OF TEMP. RGR.

ATCRESS +2.

1

VoS

DATA FROM FREVITUS MICRO-STEP

1

AQDRESS +2

1

DATA

STATUS FROM PREVIOUS INSTRUCTION

1

STATUS FRCM PREVIOUS INSTRUCTION

I

SCHEMATIC DIAGRAM
FOR
INSTRUCTION EXE{TION
LOGIC /A CIRCUIT CARD

44008SD-10

TG 6400368

’ S/




| 2 ] 1 4 | 5 | 1 7
T C - 3 iSSUE
]
—e—————
A A
€97.5 37 76. o . 279. 418, . €97.8 837.0 976.5 . 279, . . 2
FME 1N NANOSECONDS ' 8 l [} 9 Is s l lsi L 9|o is s:ia o I l I ol lssl s io 4|s| s 55|s o 69|7 s
MICROPROGRAM CLOCK l l l l !
(REFER TO 440ICD)
- -
‘BUS ENABLE [
(REFER T0 440iCD) I
3 B
MICROPROGRAM STEP l INCREMENT I DATO / WORD ]
{ REFER TO 440I1CD)
A MULTIPLEXER CNTLS
_ j////{ ACCUMULATOR ]////{ BuS -
MUX @, MUX |, MUX 2
871  B69 867
SGNX MULTIPLEXER CNTLS j////[ A7 I////{ ar
CYCTRL®, CYCTRLI
B37 B36
o4 [+
REGISTER SELECT CNTLS ///L SOURCE RGR W SRC RGR
RO,RI,R2,R3
B4, 85 B6, B7
ARITHMETIC AND LOGIC CNTLS ///l Aot I////I 8
™, $0,S1,52,53
MLAS, ML A7 MLAS , MLAIO
CARRY IN MULTIPLEXER CNTLS // o l////i ¢
CYCTRL®, CYCTRLI
3 837 83§ D
STATUS MULTIPLEXER CNTLS ::l///A XFR !////{ NOP
STAT CTRL @, STAT CTRLI,
STAT CTRL 2, STAT CTRL 3,
SEQ CTRL @, BYTE, MLAI4
MLCH ,MLCI3, MLCI4
- -
WRITE UPPER BYTE ,LOWER BYTE l l
WUB B22, WLB B23
s E
h TELETYPE
SCHEMATIC DIAGRAM R p
FOR
INSTRUCTION EXECUTION a— °
LOGIC /A
CIRCUIT CARD 44OOSD-1 1
TC 840.0360 2 | 4 i 5 | I 7

2




{SSUE

TC-4 -

————————

TIME IN NANOSECC“JS 697.5 837.0 $76.5 0 139.5 279.0 418.5 558.0 697.5 837.0 976.5 0 139.8 279.0 418.5 558.0 697.5 : . A

MICROPROGRAM CLOCK i I I I |
(REFER TO 440iCD) |

e | 1 — —

(REFER TO 440ICD)

MICROPROGRAM STEP INCREMENT DATO / WORD a
(REFER TQ 4401C0D)

—— ] l L N

ACC CLK 838

o T o 1/ | Y/

e (]
e I/// [ NP l// / l WRITE
€@, ¢!, C2 (REFER TO 4401CD) /7 ’

s s LIS SIS IS SIS SIS SIS S SIS e

iS5
e MLC3,MLCS,MLC7,MLCO

4 4 i ———
A MULTIPLEXER OUTPUT ::l // / DATA // /// // [ DATA +1
MLBII, MLBIO,MLB9, MLBB, MLB4,MLBS

MBS MLB7, MLBI3, MLB2,MLB3

1

REGISTER FILE OUTPUT // / CONTENTS OF SOURCE RGR DATA +1

MLC8, MLC6, MLCIO ,MLC4 —_—

. — 1 = Vs o i

MLAS, MLA7, MLAIO,MLAS ——

ACCUMULATIR OUTPUT DATA / DATA +1 /

MLAI2, MLA4 MLAII,MLAZ

TELETVYPE

STATUS REGISTER QUTPUT STATUS 'FROM PREVIOUS INSTRUCTION l/r NEW STATUS CALCUATED N, 2, C = @ '/L SCHEMATIC DIAGRAM
MLCI2 FOR
INSTRUCTION EXEL JTION

! LOGIC /A CIRCULT CARD 4408611 2
sy ) | 2 I 3 1 4 i 5 I 6 | 7 53




! ] 2 1 3 ] 4 ] 5 l 6 { 7

RLViSITNS
SHEET ‘NDEX SUPPORTING INFORMATION USE QF SHEET INDEX ISSUE]  CATE AUTH. NO.
SHEET ISSUE NO. SHEET et e e - " {3-13-75 | 23862R
CONTENTS NO. T T2z 3 1a]5] 617 819w ]uizli3[i1a]15] 16 17118 181202122 23]24]25]| HO. CATEGORY NO. :L:: e wazE In > 136096 176055 77
JSMEET INDEX, SUPPORTING INFORMATION 1 B EEEEERE 1 CIRCUIT DESCOLPTION 440000 ‘ 3 |4-2-76 | 1684
- SCHEMATIC DIAGRAMS 440550 . 4 _112-20-76 | 18006
BLOCK DIAGRAM , 2 NS I T TR AT AT A 2 CIRCUIT DESCRIPTION 40100 5 | 2-9-77 (18078
A FS-1 WMACRG INSTRUCTION REGISTER. " l N 6 |5-2:-77 18583
FS-2 INSTR. DECODE & MAJOR STATE CONTROL LOGIC by ! 3 FA
FS-3 NEXT STATE ADDRESS ENCODING LOGIC 4 I T D A T A 4
MAJOR STATE AND ADDRESS ENCODING TABLES 5 vl i te2 sy 5
bs.4 MICRO-PROGRAM ADDRESSING LOGIC AND o A N T I .
"% MICRO-PROGRAM STORAGE ARRAY NO. 1 !
Fs.g MICRO-PROGRAM STORAGE ARPAY NO. 2 AND . C 1 | 7
- REGISTER FILE ADDRESSING LOGIC Pt
MICRO-PROGRAM CONTROL FIELD CODING 8 T N A A 8
FS-6 BUS CONTROL, INTERRUPT, AND SELF TEST LOGIC 9 N T BTN B B A 9
FS-7 TIMING LOGIC 10 12 3|3]a s 10
TC-1 NOMINAL TIMING DIAGRAM 1 I O O A A A i
8 TC-2 ROV TIMING DIAGRAM 12 T TN R AT N 12 8
TC-3 TIMING OIAGRAM FOR STANDBY POWER OPERATION 13 U A IR I A A 13
TC-4 MICRO-PROGRAM TIMING DIAGRAM 14 N I I T O A 14 &
1C-5 MICRO-PROGRAM, INTERRUPT TIMING DIAGRAM 15 I T T T IR 15
FS-8 POWER AND FILTER CIRCUITS 16 ] [ B A A 16
am— o
NOTES:
1. THE VOLTAGE, +5V, IS APPLIED TO PIN 8 OF THE 8 PIN PACKAGE, PIN 14 OF 14 PIN 7. CONNECTOR PIN ASSIGNMENT
PACKAGES, PIN 16 OF 16 PIN PACKAGES, ANO PIN 24 OF 24 PIN PACKAGES. GROUND
IS APPLIED 7O PIN 4 OF THE 8 PIN PACKAGE, PIN 7 OF 14 PIN PACKAGES, PIN 8 COMNECTOR | PIN DESCRIPTION SHEET LOCATION CONNECTOR | PIN DESCRIPTION SHEET LOCATION
OF 16 PIN PACKAGES, PIN 1. 4 PIN PACKAGES. , ‘
AND PIN 12 OF 2 CRAGE A 8 INTG (OUT) 902 8 31 STAT CTAL 3 6E5 »
A 10 | INR 903 B 32 STAT CTRL 2 6E5
- 8 33 STAT CTRL 1 6E5
] A 11 | DEV A ENABLE
¢ 2. LOGIC NOTATION . 904 8 34 STAT CTRL @ 6ES ¢
. 12 | DEV B ENABLE 903 8 35 CNTEN P
INDICATES PACKAGE A 15 INITIALIZE 903 B 36 CY CTRL 1 6E6
LOGIC FUNCTION A 7| e - 003 B 37 cY CTRL @ 6E6
2[, PR% &5 A 19 co o2 B 38 ACC CLK 1087
— B 39 SEQ CTRL @ 6E7
A 20 c1 902
3] me g A 21 c2 902 B 43 M 7c3
B— cp%tﬁ Q A 1 1/0 CiK 1007 8 47 z 306
- A 3 BUS EN 1087 8 48 P 4El e
?1 A 5 MEM CLK 1087 8 49 ¢ 306
fgc"ﬁ?o'ﬁsoﬁ‘?ﬁ?s ’ NUMBERS REFER TO PACKAGE PIN B 52 T 4€1
CIRCULT CARD : COMNECTOR | PIN DESCRIPTION SHEET LOCATION 8 54 INTR 906
s | 1] we : 8 || st 1061
3 8 2 0SC EN 1001
8 58 ws @ 7C4
. 8 3 MUX EN 1001
. 8 N r2 764 8 59 ws 1 7C8
0- a 5 i 764 B ) WS 2 7Ca o
8 61 WS 3 7C8
8 6 Rl (3
3. SHEET LOCATION CODE 8 7 2 765 8 63 MUX SEL 4 c6
2 A 8 8 /A (B) 36 8 65 M SEL 3 77 ‘
'E 8 s BYTE €2 8 67 MUX SEL 2 7c1
INDICATES X-Y COORDINATE ON SHEET 5 © o (1) e SCHEMATIC DIAGRAM
FoR
INDICATES SHEET NUMBER 8 u OUT ENABLE 6E4 8 &9 MX SEL 1 e INSTRUCTION
8 70 RUN (IN) ~GES
8 12 D74 (2 345 8 1 MIX SEL g 7cT EXECUTION
- 4. COMNECTOR CODE g 13 g:: :i; 346 . LOGIC/B e
Aeo wan 4 346 . . CARD ASSEMBLY
, INDICATES CONNECTOR . 1s o/ (5) pid
M 13 INDICATES MALE PIN 8 16 D/A (6) 3m 8. ALL RESISTANCE VALUES IN OHMS UNLESS OTHERNISE SPECIFIED.
A B8 17 D/A (1) 3a APPROVALS
INDICATES PIN NUMBER 8 20 D/A (8) 3a4 9. VOLTAGE LEVELS: PRos | FROu. mES. REL.
B 2 ws 766 L = OV TO +0.4V L :
8 ms - pﬁjX’ w1
5. +5 VOLT STANDBY CODE z TES H = +2.4V 10 +5.5Y A
8 2 D/A (9) 3a4 ENGR. §.A. |DSGNR.
£] B 25 D/A (18) 3a4 10. LOGIC SYMBOLS DRN. M.1i H|DATE £
8 26 D/A (11) k7Y vV = LOGIC OR RBD FILE 6-167.172AA
MBS *a INDICATES PACKAGE [} 27 D/A (12) 343 A = LOGIC AND S-NUMBER 4401
PONERED FROM 8 28 D/A (13) 342 ¥ = LOGIC EXCLUSIVE OR TELETYPE
+5V STANDBY SUPPLY 8 29 D/A (14) 3a2 11. TIMING CHARTS
6. ALL CAPACITANCE VALUES ARE IN MICROFARADS UNLESS DTHERWISE SPECIFIED. 8 %0 D7A (15 342 7777/ = INDETERMINATE ®
NOT LOGIC 1 OR LOGIC O. 4401SD 1

~N4
——
o]

TC 654 (8-/1) i 1 | .‘ 4 | 5 | 6 I v 7 5%‘




l P 2 | 3 i 4 i . 5 l 6 | 7

BLOCK DIAGRAM ISSUE
v ]
) £<X2:G >, INTG (00T), DEV A EN, TEV B N,
175 K, BUS ©ABLE INTT, TRAP, TRTR
YT TR :
A llgn A
—_—— - m - = == CONNECTOR
1
1
INTR, RUN (IN) |
: >
Csa € 18:2 > ]
]
- -
!
FS-1 |
MACRO INSTRUCTION ;
—~e REGISTER
—P |
|
FS7 WP INIT [ = : »
| TIMING AND RESTART !
B I B8
LOGIC
w —P I
: Fs-2 !
ACC CLK, IG CLK
M CLX, WRITE PULSE INSTRUCTION DECODE N, Z.C 1 I
' & MAJOR STATE LOGIC i
P FS-6 i
| BUS CONTROL, INTERRUPT NS < 3:¢ >, DBL OF, JMP, ROR, l
- p| “O SELFITEST LOGIC BYTE, M3, BYTE * (VOVE ~ VD) | .
. | LA
_ INTR TEST, j oo
RDV EN TRAP £5-3 |
NEXT STATE ACDRESS g TP <«
ENCODING LOGIC |
' |
I .
( ¢ NS ADDRS < 7:0 > | ¢
|
‘ |
PRR_RESET Fs-a 1
MICRO - PROGRAM ¢- CNT EN 1y
ADDRESSING LOGIC r
[
-] ! o
|
| - -
FS-5 FS-4 |
p|  MICRO - PROGRAM MICRO - PROGRAM |
p) . . STORAGE ARRAY 2 STORAGE ARRAY 1 i o
) |
SEQ CTRL < 1:@ > I
NEXT ADDRS <3:2 > CONTROL LEADS | >
. |
PS < 2:0 > :
- o W C < 2:3 >, W INTG : L
FB < 2:8 >, LO :
ACK CLK !
—>
0SC EN, MUX EN, RESTART |
“—
£ E
TELETYYPE
SCHEMATIC DIAGRAM = 4
FOR
INSTRUCTION EXECUTION
LOGIC/ B CARD ASSEMBLY
4401SD~2

Tc 400360 { l 2 l 3 l 4 l 5 l [ l 7 55
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! 2 H 3 | 4 5 | 6 } 7
' ISSUE
)
NEXT MAJOR STATE TRANSITION TABLE 2
3
MICRO - PROGRAM ADDRESS PRESENT - STATE INSTRUCTION TYPE NEXT STATE NOTES :
FIELDS (OCTAL) NAME PS2, PS1, PS@ NAME 1R7, IR8, DBL OP, POR, BREN NAVE NS3, NS2, NS1, NS@ 1. SOURCE A FIELD DEFINES MOCE @
0-37 FETCH L L L BRANCH (NOT ENABLED) X H L X L FETCH L OH L L SOURCE 8 FIELD DEFINES MODES 1 THRU 7
BRANGH (ENABLED) X H L X N BRANCH K H DESTINATION A FIELD DEFINES MOOE @ BYTE
con 6 Lo N X x - DESTINATION B FIELD DEFINES MODES 1 THRU 7 AND MOOE @ WORD
. 20 < x " . x CONTROL bbbt DESTINATION C FIELD DEFINES THE JUMP MOCES
OPE SOURCE LoHoLH EXECUTE A FIELD DEFINES THE INSTRUCTIONS BIT, CMP, TST, M AND JSR
SINGLE OPERAND GROUP H L L X X DESTINATION H H H L
40-43 SOURCE A {SEE NOTE 1) L H L DESTINATION H H " H L EXECUTE B FIELD DEFINES ALL OTHER SINGLE 0P DR DOUBLE OP INSTRUCTION
NOT IN EXECUTE A.
34-77 SOURCE B (SEE NOTE 1) L H SOURCE 11 H L H H
02-1 DESTINATION A LU NOT ROR X LoX
e (SEE NOTE 1) ROR X X X :E;Es:l;:nm I : N : : 2. 'H' DENOTES A HIGH LOGIC LEVEL
- ‘L' DENOTES A LOW LOGIC LEVEL.
100-101, 104-137 DESTINATION B8 (NOTE 1) L H H DESTINATION II H L H H ‘X" DENOTES DON'T CARE
140-141, 144-177 DESTINATION 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 o H FETCH L H L L
342, 343,354,361, 365,367, 376,377.
200-307, 320-327 CONTROL H H H FETCH L H L L
310-317 SOURCE II L H oL —— DESTINATION H H H L
320-337 DESTINATION I H L H ——e— EXECUTE H L L H
(NOTE 3) EXECUTE B (NOTE 1) H H L _—_ DATO H L H L
(NOTE 4) EXECUTE A (NOTE 1) H H H ——— FETCH L H L L
360-367 - DATO H H H —_——— FETCH L H L L
NEXT STATE ADDRESS ENCODING TABLE
NEXT STATE _ NEXT MICRO-ROUTINE ACDRESS - NOTES:
NAME NS3, NS2, NS1, NS A7 A5 A5 a4 A3 a2 AL A2 1. A= INTRATAPATESTATRAP
= B = (INTR v T v P) A TEST A TRAP
FETCH L H L L L L L TEST TRAP A TEST A (SEE NOTE B (SEE NOTE 1) L Pt
¢ 1 ¢ C = DBL OP A IR14 A SUB v DBLOP A IR10
SOURCE Lt H L H L L H IR1L 1R10 IR9 BYTE L D = DBL OP A IR13 A SUB v DBLOP A IR9
SOURCE II H L H H H H L L H L 8YTE 000 BYTE E = DBL OP A IRI2 A SUB v DBLOP A IR6
DESTINATION H H H L L H JP IRS R4 IR3 BYTE L
DESTINATION II H L H H H H L H H ROR BYTE 00D BYTE 2. 'H' DENOTES A HIGH LOGIC LEVEL
——— ‘L' DENOTES A LOW LOGIC LEVEL
EXECUTE H L L H H H H O8L 0P A IR11 DEL 0P C (SEE NOTE 1) D (SEE NOTE 1) E (SEE NOTE 1)
CONTROL L L L L H IR11 IR10 IR R6 RS R4 L
BRANCH H H H H L H H L L H L
DATO H t H L H H H H L oMz BYTE A (MOV + DV@) 00D 8YTE
TELETYPE
SCHEMATIC DIAGRAM FOR
INSTRUCTION EXECUTION .
LOGIC/B CARD ASSEMBLY
: 4401SD-5
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CIRCUIT DESCRIPTION OF THE 410400

INSTRUCTION EXECUTIVE LOGIC/A CARD ASSEMBLY

Section I - User Information

1. General Descrgbtion

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 '"B" Connector. The IXL/A Card is connected
to the Telebus via the "A" Connector.

1.3 1In 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 Carxd.
(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 varies 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 selected.

-

2. Features

2.1 The operational features of the IXL/A Card are &escribed by the instruction
set of 40C400 Controller (refer to 4401 CD). .

2.2 BRun Light

.2.2.1 One feature unique to the IXL/A Card is the Run Light. This is a

Light Emitting Diode (LED) on the left side of the card which is normally
positioned to the front of the module. ' Each execution of the DLA instruction
actuates a timer circuit which in turn energizes the Run Light for approxi-
mately 100 milliseconds. By executing 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.

Teletype Corporation 4, 4400 CD
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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 comnected 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 S, 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 "0" condition and the Restart Switch option
is bypassed. Upon termination of the Initialize signal, the IXL will auto-
matically sequence through the vector address at location 177776.

2.3.3.2 Whenever strap S, is inserted and S, 1is deleted, bit 5 of the Status
Register is wired to a permanent "0" 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 S, is deleted and S1 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 i

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 IXL/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

S

3.1 Schematic 4400SD.
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Section II - Circuit Description
1. General

1.1 The 410400 Card Assembly requires 45 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 oOther voltages referred to in the circuit description have the
following tolerances:

Voltage ' Voltage Range
VL 0.0 V. to +0.4 V.
Vg +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 indicares the signal to be in a low (V) 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 (Vy) state when 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 V; state is the active state. The Telebus logic 1 is a
Vi voltage level with the logic 0 a Vz voltage level,

1.7 The IXL/A card has an "A" and a "B" Connectcr. Power and Telebus
signal leads utilize the "A" Connector. All leads to and from the IXL/B
card 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 Dizgram

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
ata fess Telebus signal and to drive the Data Address (D/A 15 ~ D/A@)

Telebus signal leads under control of the microprogram. Within the IXL/A

i e £ S ——,
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2.3 (Continued)
Card, the signal leads D/A 15 - D/AP 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(15)

- D/A(P) signal leads and presents the data to the A input of the ARITHMETIC
AND LOGIC UNIT. An integral part of the selection is the Sign Extend
Multiplexer (SGNX MULTIPLEXER) 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 Vj to
Vg transition 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 fegister. 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 Vi to Vg 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 REGICLER 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 bites 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 Vi, 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

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 DUT EMABIE lead driven by the
IXL/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 sp-9, -10, -11
and -12 for timing charts,

3.2 Telebus BUS INTERFACE

3.2.1 The bus transceivers MLC7, MLC5, MLCY9, 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 the Telebus, the transceiver drivers are
disabled by a Vy state on the OUT ENABLE lead. The high impedance
receivers within the transceivers amplify, invert the Telebus D/A
signals, and drive the D/A@ 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 Vp state on
the OUT ENABLE lead. Data from the REGISTER FILE (RB@ through RB 15) is
inverted by the bus transceivers and drives tte Telebus D/A@ through D/A 15
signal leads. Since the receivers within the ous transceivers are always
active, the Telebus signals are returned to the 1IL/A card. The state of
RBY through RB 15 signal leads is reflected by the Telebus bus transceivers
onto the IXL D/A@ through D/A 15 signal leads. N

3.2.4 The timing cycle for the IXL/A card begins with the Vy, to Vy transition
of the micrcprogram clock and extends until the next Vi, to Vy transition. If
data is to be transferred from the IXL/A card to the Telebus, the GUT ENABLE
signal is actuated shortly after the MICROPROGRAM CLOCK positive transition.
The OUT ENABLE is activated (VL) sufficiently in advance of BUS FNABIY to
conform with the Telebus timing discipline that D/A signal leads be stable

70 nanoseconds prior to the Vy to Vi BUS ENABLE transition. Since OUT

ENABLE remains activated until the next MICROPROGRAM CLOCK transition,

D/A generated by the IXL/A card does remain stable for at least 70 nang-

seconds beyond the V; to Vy BUS ENABIE transition. (Refer to TC-1,-2,-3,and -4.)

Teletype Corporation 8+
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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 MLC10) to form a 16 word by
16 bit storage file. The 16 registers are:

Mnemonic . Name
RO,R1,R2 General Purpose Registers
R3,R4,R5,R6
R7 (SP) General Purpose Register can
act as a Staczk Pointer
PC Program Counter

SRC Source Register

TEMP Temporary Register

X _ Register used for Store Imstruction
Y,2 Spare Register

v Interrupt Register
TRAP Trap Register

3.3.2 The address of the REGISTER FILE is selected by the signal leads
RP, 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 Vy for a logic one and a Vy for a logic zero. The 16
output signal leads (RBPY-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 Telebus D/A
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 (WLB) can be asserted. When asserted, data from the ACCUMULATOR

is written iato the REGISTER FILE. The WUB and WLB signals are timed

to be imaccive 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 - Low Byte selects data from the ACCUMULATOR,
STATUS REGISTER or the D/A(15) - 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@, MUX1l, and MUX2) from the IXL/B card control
the selection.

4400 CD
Issue 2
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4.1.2 Refer to 4400 SD-4 for the FS-2 schematic and 4400 $D-9,-10,-11 and
~-12 for timing charts.

4.2 “A" MULTIPLEXER - Low Byte

4.2.1 The circuit packages MLB4, MLB5, MLB6, MLB7, MLB8, MLBY9, MLB1O, and
MLB1l make up the "A'" MULTIPLEXER - Low Byte. Each package provides one signal
lead of the output leads A7 - A@. 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 (MUX®, MUX1, 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/A¢ through D/A7) is
transferred to AP through A7.

4,2,2.2 BUS SWAB SGNX - Data from the high byte‘og_phe bus input signal
(D/A8 through D/A15) is transferred to AP through A7.

4,2,2.3 +1 - The value +1 is transferred to the Ka.through A7 leads (@61).

4.2,2,4 -2 - The value -2 expressed in twos complement (177776g) is
transferred to the output leads. For the low byte, 376g is transferred
to AP through A7.

4.2.2.5 ACC - Data from the ACCUMULATOR (ACC@ through ACC7), expressed in
positive logic (Vy, = logic O and Vy = logic 1), is transferred to the output
signal leads AQ through A7.

4.2,2,6 ACC SWAB - Data from the ACCUMULATOR high byte (ACC8 through ACCL5),
expressed in positive logic (Vg = logic 0 and vy = logic 1), is transferred
to the output leads AP through A7.

4,2,2.7 AGCC - SR - Data from the ACCUMULATOR ACCl through ACC8, expressed
in a positive logic, is transferred to output leads AJ through A7. The
ACCUMUIATOR signals are shifted right one bit pOSltlon, that is ACCL
becomes A@ and ACC8 becomes A7.

4,2.2.8 STATUS - Data from the STATUS REGISTER, the Continue Switch,
RESTART SWITCH, and the INTR signal lead is transferred to the A@ through
57'signal leads. Status bits C, Z, N, P, are transferred to leads

AP through A3, INIR is traanerred to lead A4, the state of the RESTART
Switch is transferred to_ lead A5, and the state of the Continue Sw1tch

is transferred to lead A6.

bt st B
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4.2,3 The "A" ARITHMETIC AND LOGIC UNIT input requires active low logic
levels, that is Vi equals a logic 1 and Vg equals a logic 0. The "A"
MULTIPLEXER utilizes logic packages capable of providing the inverse of
the output. The output pins of MLB4, MLB5, MLB6, MLB7, MLB8, MLB9,
MLB10O and MLBL1l provide the selected signal in active low logic levels,
suitable for the "A" input of the ALU. The output A7 is provided in
both normal and inverted logic form.

4.2,4 The Vg input signals to the "A" MULTIPLEXER are derived from the
resistor R7 conmnected to the +5 Volt Supply. The Vy input signals are
derived by connecting the inputs to GROUND.

4.2.5 The states of the control leads are changed at the Vi to Vy

transition of the MICROPROGRAM CLOCK and are stable approximately 200
nanoseconds after the transition.

5. Description of FS-3 "A" Multiplexer - High Byte and SGNX Multiplexer

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 "AY
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 level of selection
is provided to obtain the logic literals D8 through D15. 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 rrovides the bit (SGNX) to be replicated. The SGNX signal
lead is cor.ected to the "A'" MULTIPLEXER Bit 8 through 15 inputs. The
state of the leads CYCTRL® 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 MA"™ MULTIPLEXER - High Byte

5.2.1 The circuit packages MLB2, MLB3, MLB12 and MLB13 make up the
"A" MULTIPLEXER - High Byte. The outputs selected are the low byte
output of the ACCUMULATOR, the output of the SGNX MULTIPLEXER, and the
D8 through D15 output leads from MLB1l and MILB14,

4400 CD

1

13




-
B

sy
.

|

Teletype Corporation . 11, 4400 CD
Circuit Description Issue 1

5.2.2 The integrated circuit packages MLB1l and MLBl4 provide an additional
level of selection. The outputs D8 through D15 are selected from D/AS8
through D/A15 signal leads and the output of the ACCUMULATOR ACC8 through
ACCl5. Signal MUX2, a signal from the IXL/B card, contfols the selection
of the MLB1l and MLB14 multiplexer.

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/A8 - D/A15)
is selected as D8 through D13 and is again selected and transferred through

. VA" MULTIPLEXER - High Byte to the A8 through AL5 signal leads.

5.2.3.2 BUS SEX - The output of the SGNX MULTIPLEXER, SGNX, is transferred
to the "A'" MULTIPLEXER output A§ through Al5. The total effect of the

VA" MULTIPLEXER is to transfer the low byte of Telebus input data D/A@
through D/A7 and convert the byte to a word by extending D/A7 into D/A8

" through D/AlS.

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 ACCUM'LATOR, expressed in positive logic, is
selected by MLBl and MLBl4 multiplexers and by the "A" MULTIPLEXER - High
Byte and transferred to the output signal leads X8 through AIS5.

5.2.3.5 ACC SEX - Data fronghe SGN MULTIPLEXER, SGNX, is transferred to
the "A" MULTIPLEXER outputs A8 through AlS.

5.2,3.6 ACC SWAB - Data from the ACCUMULATOR, ACC§ through ACC8, is
transferred to the "A'" MULTIPLEXER -~ High Byts. A8 - AlS5.

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 MLBl4 and transferred
to the "A' MULTIPLEXER - High Byte via the data leads D9 through D15.
When shifted and transferred through the "A" MULTIPLEXER -~ High Byte

A8 equals ACC9, A9 equals ACClO, up to AIZ equals ACCl5. The output

of the STATUS REGISTER,C, is transferred through the MLB3 to become
output XI5,

5.2.3.8 STATUS - The output of the "A" MULTIPLEXER - High Byte is set to

a positive logic 0 (Vy). The "A" MULTIPLEXER - Low Byte isset to transfer
the STATUS to A@ through A6 and a logic O (Vy) 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 A8

through XI5,

Teletype Corporation 12. 4400 CD
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5.2,3.9 +1 - The output of the "A' MULTIPLEXER is selected to present +l.
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" MULTIPTEXER output A8 through AIS.

5.2.3.10 -2 - The output of the "A" MULTIPLEXER is selected to present -2,
in two's complement, to its output (Al5 - A0 = 177776g). The high byte
AI5 - A8 is formed by replicating Bit A7 in Bits A8 through AlLs.

5.2,4 The YA" input to the ARITHMETIC AND LOGIC UNIT requires data in an
active low logic form, that is Vp = logic 1 and Vg = logic 0. The circuit
packages comprising the "A" MULTIPLEXER - High Byte, MLB2, MLB3, MLBll and
i MLB12 provide the output in true and inverted form. The A8 through Al5
: signals are derived from the inverted output to drive input "A" with active
i 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 Vp to Vy
transition of the MICROPROGRAM CLOCK, the state of the controls is changed
and becomes stable 200 nanoseconds later.

i 5.3 SGNX MULTIPLEXER

5.3.1 One of the four input multiplexers of circuit package MLCZ2 serves
as the SGNX MULTIPLEXER. The inputs are A7 and Bit C of the Status.
-Signals CYCTRL@ and CYCTRL1, 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 TFe signal SGNX is of active high logic polarity, that is vy =
logic 1 and Vi, = logic O.

5.3.4 The SGNX MULTIPLEXER control leads change state with each Vi, to
Vy 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

2
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6.1.1 Punctional 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 operaticns 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 Vi, to Vy 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 timing charts.
6.2 ARITHMETIC AND LOGIC UNIT

6.2.1 The ARITHMETIC AND LOGIC UNIT (ALU) consists of the MLA5, MIA7,
MILA8, and MLIA1O integrated circuit packages. The ALU operates on two

16 bit word inputs, A and B. Input A is expressed in active low form
(Vg = logic 1 and Vg = logic 0) while input B is expressed as active
high logic levels (Vg = logic 1 and Vi = logic 0). The output, F, is

a 16 bit word in active lew logic levels (Vy, = logic 1 and Vg = 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 Vy = logic 1 and
= logic O,

6.2.3 1In addition to the output F, the ALU al.o provides the CALU and A
= B signals. The CALU signal is the resulting carry out of an arithmetic
operation with Vg = logic 1 and Vi, = 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 = 0, each F signal is Vy, and
the A = B ALU signal is Vyg. .

6.2.5 Five signal leads, generated on the IXL/B card and connected via
the "B" connector, control the ALU. The signals (S0, S1, S2, S3, and M)
voltage levels and 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.

Teletype Corporation 14, 4400 CD
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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 Vi,
voltage state, the corresponding F bit is in the Vy state where Vi, =
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
Vg=0 Vv =0 VH =0
Vg =0 vg =1 Vg =0
vp =1 Vv =0 v =1
v, =«1 Vvg=1 Vg =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 Vy voltage level.

+6.2.6.6 A + A + CIN - The ALU output is the value of A summed to itself

and the value CIN.

2.6. A - B - CIN - The output F equals the value of A minus B minus
( he inverse of CIN).

Glo

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 X - 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 Vi, to Vg
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
VI, to VH transition of ACCUMULATOR CLOCK.

6.3.2 The ACCUMULATOR provides the literal in true or complement. AGCH
through ACTIS signals are Vi for a logic 1 and Vy for a logic 0. The
outputs ACCP through ACCl5 signals are Vy for a logic 1 and Vq, for a
logic 0.

6.3.3 The integrated circuit packages MLA3, MLA4, MLAll, and MLA1l2
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 (Vy to V) transition of the ACCHMULATOR
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). 1If one of the Telebus signal leads DEVICE A ENABLE or
DEVICE B ENABIE 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 inmput
multiplexers of MLC2. Signal leads CYCTRL® and CYCTRLl, derived

from the IXL/B card through pins B37 and B38 control the selection of
Fhe 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 Vi = logic O,

et i ot i e L
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6.4.2.2 1 - The output of the CIN MULTIPLEXER is set to Vy = logic 1.

6.4.2,3 C STAT - The output of the CIN MULTIPIEXER is equal to bit C
of the STATUS REGISTER.

6.4.2.4 ACCl5 - 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 the N, 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 V; to Vy transition of the ACCUMULATOR CLOCK. .

7.1.3 The STATUS MULTIPLEXER selects the values for the STATUS under
control of the STAT CTRL @, STAT CTRL1l, STAT CTRL2, STAT CTRL3, SEQ GTRL,
and the BYTE signals derived from the IXL/B card. All STATUS bits
including the INTR, 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 sp-9, -10,
-11, and -12 for the timing charts.

7.2 STATUS REGISTER

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 MULTIPLEXER,
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 Vi, to Vg
transition of ACCUMULATOR CLOCK.

e
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7.3 STATUS MULTIPLEXER

7.3.1 Integrated circuit packages MLAl4, MLC1ll, MLC13 and MLCl4 comprise
the STATUS MULTIPLEXER. The STATUS MULTIPLEXER selects values for the C,

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 the N bit involves another multiplexer
within the MLCl4 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 F7 or FI5 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 F15, 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 Vy, to Vy tramsition will restore the Status bits into the STATUS
REGISTER. ’ -

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 ¥7 or FI5, dependent on word or byte instruction. Stdtus
bit Z is set to value of the A= B output of the ALU. Status bit C is set
to value 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 F/ or FI5 dependent on word or byte instruction. Status bit Z is
set to the value of the A = B output of the AIU. Status bit C is set to
the output of the ACCUMULATOR, ACC@#. Status bits P and T are maintained
by recirculation of the P and T bits of the STATUS REGISTER.

Teletype Corporation 18. 4400 CD
Circuit Description Issue 1

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. 1In turn, the new data is
clocked into the REGISTER. ALU outputs FP, FI, T and F3 are selected by
the STATUS MULTIPLEXER 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 CTRL$ signal in the STATUS
MULTTPLEXER.

7.3.4 The control leads STAT CTRL@, STAT CTRL1, STAT CTRL2, STAT CTRL3,
SEQ CTRL@,and Byte are changed once per MICROPROGRAM CLOCK cycle. The
control signals begin to change value or state at the V; to V. transition
of the MP CLK and become stable within 200 nanoseconds. The STATUS
XULTIPLEXER outputs become stable prior to each Vi, to Vy transition of

CC 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 RUN (IN) signal;
the output is the RUN (OUT) signal and the RUN LED.

7.4.2 A pulse of three microseconds or longer of Vi level applied to
the RUN (IN) lead will trigger the timing circuit. The timer output,
MLA2(3) rises to Vg for approximately 100 milliseconds, actuating the
RUN LED and driving RUN (OUT) to Vy.

17
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SECTION I ~ USER INFORMATION

1. General Description

1.1 The Instruction Execution Logic (IXL) requires two card assemblies =

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 Instructioms -~ 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, require only Destination Addressing.

1.2.,3 Branch Instructions - Figure 3 lists the Branch Instructions.

1.2.4 Jump and Return Instructions - Figure 4 lists both Jump and Return
Instructions.

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
are 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 alsc contains logic to coumand Telebus operations and logic to
generate timing pulses to synchronize the operation of the Controller.,

TELETYPE CORPORATION 4401CD
Circuit Description Sheet 6
' Issue 1

2. Features

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. Named 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 al

1

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 (SkKH)

3. Supporting Information

v

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.

|20
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TABLE 1

LEGEND FOR INSTRUCTION SET DESCRIPTION

FOR SYMBOLS USED

oo

Wwwn

onounon

0 for word/l for Byte
Source Field (6 bits) .
Destination Field (6 bits)

Jump Address Field (6 bits)

General Register 0 to 7 (3 bits) ~
Offset, +127 to\-128 (8 bits)

Parameter or selected status bits (4 bits)
Index Word

Valid Address

Program Variable

Contents of Source

Contents of Destination

Contents of Program Counter

Contents of Status Register

Contents of Trap Register

Contents of Interrupt Register

Jump Address

Number of words in the Jdata block operation

CONDITION CODE SYMBOLS USED

*

0
1

non

Conditionally Set/Cleared
Unaffected

Cleared

Set

" EXECUTION TIMES

All times are in usec.

operand addressing when accessing an I/0 Device.

4401CD
Sheet 7
Issue 1

Add 1.12 usec to source or destination
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SS

OP CODE

12 11

15

EXECUTION TIME

N2 C

INSTRUCTION OPERATION

OCTAL CODE

MNEMONIC

7.84

*

d <5

MOVE

B 1SSDD

MOV (B)

6.72

*

B2SSDD

CMP (B)

~ COMPARE

6.72

*

d A

BIT TEST (AND)

#3SSDD

BIT(B)

BIT CLEAR

7.84

* k

d < dA(7E)

B4SSDD

BIC(B)

7.84

*

d<¢-d V s

BIT SET

E5SSDD

BIS(B)

7.84

*

d«—d ¥ s

®O6SSDD EXCLUSIVE OR

XOR(B)

7.84

d4=—d.+ s

ADD

075SDD

ADD

SUBTRACT

7.84

*

dé-d - s

178SDD

SUB

4401CD
Sheet 8
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DOUBLE OPERAND INSTRUCTIONS

FIGURE 1

J2!




| _OP CODE DD
| IS ] [T N 3 | I
L3 6 5 0
MNEMONIC OCTAL CODE INSTRUCTION OPERATION N3 C EXECUTION TIME
CLR(B) ® 002DD CLEAR d<4—o 010 5.60
COM(B) ¥ 003DD ONE'S COMPLEMENT d< d * % 0 5.60 .
1i- INC(B) g 012DD INCREMENT d<—d + 1 * % Q0 5.60
| DEC(B) ' ¥ 013DD DECREMENT ded -1 * % O 5.60
TST(B) ®022DD TEST d * % 0 4,48
ASL(B) #023DD ARITHMETIC SHIFT LEFT d<«2d * kK 5.60
ASR(B) ®032DD ARITHMETIC SHIFT RIGHT d <—d/2 EE 5.60
ROL(B) $033DD ROTATE LEFT d =24 + ¢ * %k 5.60
; ROR(B) M042DD * ROTATE RIGHT * %k 5.60
! EXB 0043DD EXCHANGE BYTES * % 0 5,60
TSR 0052DD TRANSFER STATUS REGISTER d <SR - - - 5.60
TTR 0053DD TRANSFER TRAP REGISTEk d «-TR - - - 6.72
) SINGLE OPERAND INSTRUCTIONS
FIGURE 2
Y
OP COPE' XXX
| D S W N W T | 'R N N T R N
15 ) 8 7 0
MNEMONIC QCTAL CODL INSTRUCTION CONDITION
NopP 000400+4XXX No Operation .
BR 001400+XX Branch Unconditionally Always
BNE 002400+XXX BR If Not Equal #0 2 =20
BEQ 003400+XXX BR If Equal =0 a2 =1
BGE 0044 00+XXX BR If Greater Than or Equal 20 N=20
BLT 005400+XXX BR If Less Than <0 N=1
BGT 006400+XXX BR If Greater Than >0 NvZ = 0
BLE 007400+XXX BR If Less Than or Equal <0 NvZ = i
BPL 100400HXX BR If Plus + N=20
BMI 101400+%XX BR If Minus - N=1
BHI 102400+%XXX BR If Higher > Cvad = 0
BLS 103400+XXX BR If Lower Than or Same < Cvz =1
UNUSED 104400+¥XX - .
UNUSED 1054004+XXX -
BCC(BHS) 106400+XXX BR If Carry Clear 2 cC=20
BCS(BLO) 1074004XXX BR If Carry Set < cC=1

If the branch condition is not satisfied, execution time is 2.24 usec,

If the branch condition is satisfied, branch to location. Execution time
is 3.36 usec. PC <—Address of branch instruction +2 + (2-0ffset).
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OP CODE . JJ

L1 [ - ) | 1 N i
> : 6 O 0

MNEMONIC ' OCTAL CODE INSTRUCTION ' OPERATION EXECUTION TIME

IMP 007233 JUMP ' PC <~ . 5.60

JSR 007337 ‘ JUMP TO SUBROUTINE SP+=Sp - 2 10,08
(SP)+—PC
PC «—j

MNEMONIC OCTAL CODE : INSTRUCTION . OPERATION . EXECUTION TIME

RTS 007267 RETURN FROM SUBROUTINE PC <= (SP) 5,60
. SP4-SP+2
RTI 001140 RETURN FROM INTERRUPT SR +—(SP) 6.72
SP “~SP + 2
“ PC - (SP)
: _ SP¥=SP + 2

RFT 000120 RETURN FROM TRAP PC <-TR 4,48

JUMP AND RETURN INSTRUCTIONS
FIGURE &4

OP CODE R
| N S T I A T TN I | '

1lst OPERAND
b oo by by by e b
2nd OPERAND

TR T U T D R Y
> 32 0

MNEMONIC OCTAL CODE INSTRUCTION OPERATION EXECUTION TIME

RBT 001000 RAPID BLOCK TRANSFER Moves a block of data from RAM 17.92 + 1,12*n
to the Telebus, The first Operand
defines block length., The second
/Operand defines the block address.,

SRH 00202R SEARCH Search a block of data, 11,20 + 3,36n
R@ contains block addrs.
Rn defines block length,
First Operand defines bits tested.
Second Operand defines bit sense

STR 00402R STORE Modifies a block of data. 8,96 + 5,60n
R$ contains block addrs,
Rn defines block length.
First Operand defines bits cleared.
Second Operand defines bit set.

DATA BLOCK INSTRUCTIONS
FIGURE 3
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- OP CODE R
PR DTV N R WO S N L
LD 3 2
OP CODE YY
} R T N TR U MU A | .
] 15 4 3 0
i MNEMONIC OCTAL CODE INSTRUCTION
. SWT 000000+YY Software Trap
RTT 000060 Return from Trap and Trap

RTC 000160 Return from Trap, Trap and Clear T

LDT 00216R Load Trap Register

RIV 00502R Move Interrupt Vector Register to a General Register

- 00504R Pause (Contents of R decremented until zero each 1.12 usec)
: (If contents of R is zero, 2 x 1016 cycles required)
- 005060 Issue Grant and Load IR with the Interrupt Vector
DLA 002000+YY LED ¢ '
DLB 003000+YY LED 1 ) \
(Led on for period of cycles necessary to
DLC 004000+YY LED 2 decrement 2YY to zero, If YY is zero,
, 2 x 1016 cycles required) o
DLD 005000+YY LED 3
DIAGNOSTIC INSTRUCTIONS
FIGURE 6
’ OP CODE N|lz|c|Pp
! ‘ ! L i Il l 1 } l i
; 15 4 3 2 1 0
|
|
; MNEMONIC OCTAL CODE INSTRUCTION EXECUTION TIME
ZER N, 23, C, P 000100+22 Clear the Selected Status 4,48

; Register Bits
‘ SET N, 3, C, P 000140+22 Set the Selected Status 4.48

Al

Register Bits

STATUS REGISTER INSTRUCTIONS
FIGURE 7
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MODE R
- i i1
11 9 8 6
MODE NAME SYMBOLIC DESCRIPTION EXECUTION TIME
‘ .
0 REGISTER R The Operand is contained in 0.00
General Register R
1 REGISTER AUTO-DECREMENT -(R) Decrement R, The Address of the 1.12
Operand is contained in R,
2 ; ABSOLUTE A The Address of the Operand is 1.12
° contained in the second word
of the Instruction
3 IMMEDTATE #N The Operand is contained in 0.00
the second word of the
Instruction
4 REGISTER DEFERRED (R) The Address of the Operand is 0,00
contained in General Register R,
5 REGISTER AUTO-INCREMENT (R)+ The Address of the Operand is in 0.00
R. After the Operand 1is accessed,
' R is incremented
6 RELATIVE $A The Address of the Operand is the 3.36
. sum of the second word of the
Instruction and PC
7 : INDEXED +I(R) The Address of the Operand is 3,36
. the sum of the second word of
Instruction and R,
R -
SOURCE OPERAND ADDRESSING e
FIGURE 8 &
et
MODE R
1 i L 1
5 ‘32
MODE NAME SYMBOLIC DESCRIPTION EXEC, TIME
0 REGISTER R The Operand is contained in R, 0.00
1 4 REGISTER AUTO-DLCREMENT -(R) Decrement R, The Address of the 224
Operand is in R,
2 ABSOLUTE A The Address of the Operand is 2,24
contained in the last word of
the Instruction
3 \ ABSOLUTE DEFERRED @A The Address of the Address of the 3.36
Operand is contained in the last
word of the Instruction
4 REGISTER DEFERRED (R) The Address of the Operand 1,12
is in R,
3 REGISTER AUTO-INCREMENT (R)+ The Address of the Operand is 1.12
in R, After the Operand is accessed,
increment R,
6 RELATIVE SA The Address of the Operand is 4,48
the sum of the last word of
the Instruction and the PC
7 INDEXED +I(R) The Address of the Operand is 4,48
the sum of the second word
of the Instruction and R
DESTINATION OPERAND ADDRESSING -
4]
n
. FIGURE 9 &
'—-l
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R

MODE

32

DESCRIPTION EXEC, TIME

SYMBOLIC

NAME

MODE

N

0.00

The Jump Address is contained
in R.

(R)

REGISTER DEFERRED

1,12

The contents of R are decremented.
The Address of the location which

@-(R)

REGISTER AUTO-DECREMENT

DEFERRED

contains the Jump Address is in R.

The Jump Address is the sum of

SA

RELATIVE

the second word of the instruction

and the PC,

3.36

The sum of the second word of the
instrument and R is the address
of the location containing the

jump address.

@+I(R)

INDEXED DEFERRED

.00

The Jump Address is the second
word of the instruction,

ABSOLUTE

12

1,

The second word of the instruction
is the address of the location

containing the Jump Address.

@a

ABSOLUTE DEFERRED

0.00

The contents or R is the address
of the location containing the

Junp Address,

@(R)+

REGISTER AUTO~INCREMENT

DEFERRED

The register is

post incremented.

4401CD
Sheet 17

Issue 1

JUMP ADDRESSING

TEST

FIGURE 10
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SECTION II - DETAILED DESCRIPTION

1. General Introduction

1.1 Purpose of Circuit

1.1.1 The CC&4401 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 e
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'l 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 requiréd to
execute the Control Type instructions such as RBT, SRCH and STORE.

1.4.8 The BRANCH 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. When thé 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 word ROM micro-
program, a starting 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 cne of
the 8 possible addressing modes. Thus, in addition to selecting the correct
microroutine, the starting address generated upon major state transition must
select the proper segment within the r:utine.

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

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 + 107 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 BS

(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 ldgic
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 described 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 each functional block will be described in this vection. The block diagram
(4401SD Sheet 2) shows the logical relationship of the functional blocks to
each other,

4. Circuit Card Operation

4.1 FS-1 - INSTRUCTION REGISTER (Refer to 4401SD Sheet 3). All macro~
instructions which are executed by the IXL are first brought into and stored
in a 16 bit register called the Instruction Register (MLC1l, 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 gate MLB14~(12)., Strobing of the instruction occurs when the

FBlL 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).

e sk e e
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4.2.1 The instruction decode ROM (MLB1ll) and outputs 2 and 3 of the branch
ROM (MLCY9) are used to decode certain attributes of the instruction currently
being executed. These attributes are required by the address encceding 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 (MOVBADMO) - 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 address 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
¥S2. The detailed relationship between the above attributes and the micro-

. routine starting addresses is described in the explanmation 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-IR11l 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 (MLC10) and
affects a stato 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 (PSP, PS1 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 MLAIl (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 imstruction
currently being executed. The Next State ROM combines this information and
generates a coded output on MLC10O (9-12) which signifies the next microroutine
to be executed. This next state code (NS@-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

particular microroutine. 4401SD Sheet 5, Table 1, shows a detailed major stat'e
transition table, which describes, in symbolic and binary form, the coding of
the MLC10 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 (PS@-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 code (NS@-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 PS@-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 wversion of the transition diagram

of Figure 12,

4.2.4 The gate MLBl4-(6) decodes the DBLOP 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 Address Encoding Logic (Refer to 4401SD
Sheet 4)

4.3.1 The next state code (NS@-NS3) generated by the MLC10 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 state code, a8 set of 8 inputs is
chosen to be gated through to the next state microp:rogram address bus (NS
ADDRS@-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 MLBY9 and MLC6-C7 to the ''NS ADDRS"
bus. A number of attributes modify the SOURCE routine starting address as
follows:

a) BYTE.on address bit 1 (NS ADDRS1)

‘b) IR9 on address bit 2 (NS ADDRS2)

c) 1IR10 on address bit 3 (NS ADDRS3)

d) 1IRll on address bit 4 (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, controls 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 fo.m a single input into the 1 of 8
address selector multiplexers. The starting addresses for these two micro-
routines differ only in bit position 4 (SRC II bit address bit 4 is LOW, and
DST II address bit 4 is HIGH). Since the Present State code lead PS1 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 bits 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 IR9-11, MLBIO selects
between the two sets. The resulting outputs are called EXEC# through EXEC3 and
are gated to the microprogram address bits @, 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 MLBl6 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 & 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 cof all exterpal 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 cause
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 "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.

-‘ 130

et e g o 0 By




TELETYPE CORPORATION 4401CD
Circuit Description . Sheet 27
Issue 1

4.4 FS-4 Micro-Program Addressing Logic and Micro-Storage Array No. 1
4.4,1 Microprogram Addressing Logie

4.46.1.1 Two 4 bit presettable counters, MLA6 and MLA7, make up an 8 bit
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 ADDRS® through NS ADDRS3, and the other source comes from the
ROM microprogram control word and is labeled MPBR ADDRS® 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 miecroroutine 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 next state starting address is required. This activity is controlled by
the leads labeled SEQ® and SEQl, which are also part of the microprogram ROM
outputs. Thus when SEQ@ and 1 are both HIGH, a load of 8 bits from the NS ADDRS
leads occurs because MLC17~(l) and MLC17-(4) are both LOW, and when SEQY is LOW
and SEQl is HIGH a load of the lower 4 bits from the MPBR ADDRS ROM outputs
occurs because MLCl7-(1l) is LOW and MLCl7-(4) is HIGH.

4.4.1.3 Conditional loading - Whenever lead 'SEQl is LOW the MILA6 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 SEQ@ 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.

When the particular test fails, the IXL/A sends a L{7 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 freqiently employed within the microroutines for the SEARCH, STORE
and other instructions in the CONTROL group. The address 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 veset 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 MLA9 thru MLA13 generate the following control fields:

/
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4.4.2,1 Continued)

a)

b)

c)

d)

e)

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.

Control ROM MLA10 generates a 4 bit BUS CONTROL field. The leads MPC@-
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.

Control ROM MLAl# =-(10-12) generate the 3 bit present state code (PS@-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 MLA1@~-(9) generates a single "OUT ENABLE" which
controls the IXL/A TELEBUS output gating.

Control ROM MLA12 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.

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 MILA13-(11,12)
generates the two sequence control leads (SEQ® 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 TFS-5 Micro-Program Storage Array No. 2 and General Purpose Register
Addressing Logic. g

4.5.1 M,P, Stora~e Array No. 2

4.5.1.1 This part of the microprogram storage consists of MLA3 and MLAl4
through MLA1l8 and generates the following control fields:

a)

b)

Control ROM MLA8 generates the 4 LED control leads LED$ 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.

Control ROM MIA1l4-(9-11) generates a 3 bit code (FB@-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.

Control ROM MLA14(12) and MLALS provide the ALU function code (MPS®-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
¢) continued

cycle. Whenever the "M" lead is LOW, the operation is of an arithmetic
nature, whereas when "M" is HIGH the operation is of a logical type.

d) Control ROM MLA16 and MLAl7 (9-11) generate the IXL/A Rggister-File Control
field, The leads MP REG SEL§ through MP 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 SEL$ 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 tables on 4401SD Sheet 8. An explanation of
the functions controlling the IXL/A ca.d can be found in the 4400CD.

4.5,2 Register File Addressing Logilec - 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 IR8 can specify the 1 of 8 general purpose registers
to be used for the source operand or the source operand address. Whenever
a double or single operand instruction or control ‘nstruction is being
executed, instruction register bits IR@, IRl and IRZ 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 general purpose regis?ers
in a given instruction, such as the use of Register O for the block starting
address 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 macro-~instruction program counter.
b) SRC (register 9) used to temporarily store the SOURCE operand until
execution of arithmetic or logical operation,

c) TEMP (register 10) used as a temporary register for storage of one ?f the
mask operands during the execution of the SEARCH and STORE instruction,
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4,5,2 Continued

d) X (register 11) used as a temporary register for storage of intermediate
results during the execution of the SEARCH and STORE instructiomns.

e) IV (register 14) is used to store the last interrupt vector generated
by a device on the TELEBUS. This feature is a diagnostic aid.

f) TRAP (register 15) is used to save the wvalue of the program counter
when a TRAP condition is serviced. The PC is restored when a RETURN
FROM TRAP instruction is executed.

The three-way register selection, described above, is done by the MLB12 and
MLB13 4 into 1 multiplexers. The MP REG SEL4 lead, from the microprogram
control word, selects "instruction selected" registers when in a LOW state
and implied microprogram registers when in a HIGH state. When "instruction
selected" registers are addressed the MP REG SEL{ 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 SELJ
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 RO=-R3 are routed
via the back-bus (connector B) to the IXL/A c¢ircuit card.

4.6 FS=-6 -~ Bus Control, Interrupt, Trap and Self Test Logic ~(See 4401SD

Sheet 9)

4.6.1 Bus Control Logic - TELEBUS transceiver MLB5 receives the 4 micro-
program TELEBUS control leads MPC@-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 MLCl4 decoder monitors the TELEBUS data/address lines and serves
to decode two groups of TELEBUS addresses. The first group is address range
160000 to 1617.6 (octal) which defines the I/0 device addresses falling into

the "I/0 A" selection group. The second range is 162000 to 163776 (octal)

and defines the '"I/O B" device selection group. Whenever an address falling
into either of the two device ranges appears on the TELEBUS, the "I/O A" or
"I/0 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 MLC5-(15) respectively; from where
they are routed along the BUS to the various I/0 devices.

4.6.2 Interrupt and Trap Logic

The interrupt request, INTR, is received from the TELEBUS via the
MLC5 (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
synchronized INTR lead as an input to gate MLB16=-(5).
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4.6.2 Continued

The trap request, TRAP, is received from the TELEBUS via the MLCS
{(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 (FBP-FB2), originating from the microprogram control word -
ROM MLA14-(9-11), 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 MLBI8 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 FBf, FBL and FB2 leads are all switched to a HIGH level, allowing a
LOW 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 TRAP'" (RTT or RTC) macro-instructions
makes use of this feature since, at 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 MLB18~(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 RTIT 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 executfon and the instruction
trace techniques. The output of the MLC16-(14) ft_.p-flop is called the TRAP
lead and generates an input to the address encoding logic 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 instructien. -

4,6.3 0dd 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 ocecurs, the byte operand subsequently delivered by the memory or 1/0
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 arithmetic 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~(l4) 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 bus lead is gated into the flip-flop via the MLB!17 multi-
plexer whenever the FBY 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) 1In the execution of the instruction FETCH routine. At this point anv 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/0 device location. This is done
by the controls generated during the execution of the ODD BYTE sub-black
of the DATO microroutine.

The clearing of the ODD BYTE condition in the MLB18~(14) flip=-Fflop
occurs when the FBP lead is HIGH and FBl lead is LOW. The state of the
ODD BYTE condition is preserved whenever the FBf 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 SWl. The
switch output level is synchronized with the positive going edge of the IG
CLOCK lead to avoid races in the subsequent address encoding leogic. The test
flip-flop, MLC16~(2) delivers a LOW signal to the MLB16-(3) gate and a HIGH
signal to the MLBL15-(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 piths. 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 sclf-test is met, 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 word. 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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LEGEND OF MICRO-PROGRAM LISTING MNEMONICS

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 terms of the
A and B operand busses of the ALU (see the table of ALU operations in the
4400CD) .

"A" - MUX SELECT

BUS - The contents of the TELEBUS are gated onto the A operand inputs
of the ALU. | .

BUS SX - The sign extended contents of the TELEBUS are gated onto the A
operand bus of the ALU.

BSWBSX - The contents of the TELEBUS are byte - swapped and sign extended
and gated onto the A operand bus of the ALU.

ACC - The contents of the Accumulator are gated onto the A operand
bus of the ALU.

ACC sX - The sign extended contents of the Accumulator are gated onto
the A operand bus of the ALU.

ACC SWB =~ The byte swapped contents of the Accumulator are gated onto
the A operand bus of the ALU.

ACC SR ~ The contents of the Accumulator are shifted right and gated
onto the A operand bus of the ALU.

' STATUS - The contents of the Status Register arec gated onto the A operand -
bus of the ALU.
+1 - The constant 000001 (octal) is gated onto the A operand bus of
the ALUu
-2 ~ The constant 177776 (octal) is gated onto the A operand bus of
the ALU.

REG, CONTROL

"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.

TELETYPE CORPORATION 4401CD
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(Continued)

WHB = A "1" symbol in this column indicates that the high byte of the
designated register is written into.

CARRY
CIN
o ~ The carry input of the ALU is "'0".
mn - The carry input of the ALU is '1",
ACCl5 =~ The carry input of the ALU is Accumulator bit 15.
c - The carry input of the ALU is the Status Register 'C'" bit.
sX
A7 - The value of the sign extension is derived from bit 7 of the
multiplexer input bus. '
C - The value of the sign extension is derived from the Status
Register "C" bit.
OUT EN

A "1" indicates that the contents of the "B" operand bus are gated out
onto the TELEBUS,

BUS
CONTROL

LAR - Sends the '"'load-address-and-read" bus command.
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 tED's on the IXL/B card.

Bit @ activates LED@
Bit 1 activates LED1
Bit 2 activates LED2
Bit 3 activates LED3
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w T o ! i 2 o222 =2 g 2“ N
(Continved S6lil- i~ 4—o-zlmo0-o90c0-do-00l~0c - - P
) 5?’30"5-0::00"0"—~—oo—o—‘0- e o O ~
STATUS CNTRL g8l09l 45 % ~loocojo - ~400~0|- - ~ ¢l e - -
—_— @ =19 4000~ - — |0~ ~d000Q0 0O - -
CILR T - Clear the T bit of the Status Regi o g o m S |
. egister, . : o e oY Zlew W oo Al no# - N : w
SET T - Set the T bit of the Status Register. : G Zlomio Slo@a 9o o AR PP R R TR woa ol
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oding logic. : ot D + Y < < LY Tig < fa2 90 >
S i < X Dy QE < T T I < <
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< OHO O — -~ ——iC B —O = O =T - O O = Oy
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MICRO-PROGRAM SYMBOLIC LISTING
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MICRO susB SINARY ALU  ['&2-MUXi REG. CONTROL | CARRY [OUT |3TATUS, BUS LED SEQ [BRANCH|_ gg
ROUTINE |BLOCK ADCRESS | FUNGTICN|SELECT {3'- REG|WLB|WHB| Gl § S X | EM [CNTRI|CNTRL|G CNTRLIAGDRESS| " " | o rd
S@URCE [Bea DIRJ1OOI 00000 B BLS RS O lo o a7 O [NGgP [ NgP [Olooo0 f?.ft;" 000 | »ﬁ? 58
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woRD 00101} B Bus | RS 1o | o} o a7}t [ NP [LAR |oloocciodmE 11T LT |NGP |
REG A-DEC 00110 ]Aa+B+) -2 RS 1 i t (a7l 0 | NP | vodP |Olopoco] BR Jo i NE®
BYTE Qo111 B Bus | RS jolololarl i ! ngejLaR lolncco|pgmEl) LiligeE
i ABSOL 01000 jp+@+1] +I PC | i A7) | ] N¢P | LAR [Cloooc| BRE fi ool P
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BYTE Q1011 A BUS £Cc Ol 0lo lag] O] 1y¢p | LAR JOolooocelpdne 1y t LV IdeE
\MMED 01100 |A+B+1 | +1 PC VU] T A7) 1| nep [ LAR |Oloo 0o DENE Hi 11 TINGP IS
WORD 01101 S
IMMED O11:0lmnseat | +1 PC {1t Lt a7l 1 ] ver |LAR |Ojococ |ppne |1V ELINGPHE
syre olill . - o
REG DEF 10000 ) BuS | RS o] o] o A7 |1 [NéP JLAR |OpoociDénE fi 1V Elver
WORD 16001 &) Aacc [sRC IV 1t 1o la7l ol veP |ngpr [Oloooco] BR JoOII IngRP
REG DEF 10010 B . Bus RS &) O1lo la7l 1 N3P | LAR lojoocoo|DgnE N T 1 LlpeE
_ByTE 1001 | B pus !sRc o 1010 fa7] 1 | nop [ 1LnR |0jocoolpaye (1t 11 wep
REG ATY 10100 |A+B+1 | | Rs |1 GV FATE ] | N@gP | LAR [OJO Ooo|DENE |t | 11 ngP
WORSD 10101 A ACC jsec |t ! o |AT] O |nePr Inde lolocec) BR o l_;__lmw
REGAI 10110} A+8 +1 RS L1y o [A7] 1 | NgP | LAR |olcooe|veneE j1t 11 |6BE
BYTE 1G11 8 Bus tspe | O 1ol o lAa7] | |NgP |LaR 0lcooccibenE 11\ Hines
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T
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MICRQ | _SuB BINARY _ALU  {'A-mux|_REG. CONTROL | CARRY |OUT STATUS| BUS Lep | SEQ [BRANCH}. é
ROUTINE {BLOCK ADDRESS | FUNCTIONISELEST B - REG)WLB{WHB] CIN | S X | EN {CNTHLICNTRLIG CNTRLIADDRESS] " «
Estaatior REGDEFL O 1 | 00CD0 B Bus | D 10 |0 | O [A7]O INGP |[NGP |O]0C06]| BE [0OGT|NgP| §
lcoxtrel) 1 0000l A acc i src i | v lo lar]lo INgp [ NGP |Ojoc0olDgNE]L 11 1 iNgP o
BRANCH ‘BRANCH 00010] A+B .| ACC | PC I I o [AT] O [ NGP | N@gP [OjoCOoO|paNEll 11 HINGP &
00011 . ‘ P
DESTInAT?OMPER ADEC 00100 A+B -2 RD | ] O |AT] 0 |NOP [NGP IO]ooo0O] BR [O101 [NGP 3
(conteo) ' 00101 B Bus | RD |olo |o [A1] 1 |NGP |LAR [O]o00O] BR (51 10|NP
cCl 10 A Vs | sRC \ i o |A71 0 |NGPNGBP Oloooolodne [y vy 1] NeP
00!l
’ REL 01000 A+B+I | +1 PC | I I [ATT 1T [NGP |LeR |Oloooco] BR jlool [NeP
‘010011 ave |aus | Pc o]0 |0 |A7T| O |NBP [NvdP [O|ooo0| BR |ooO! NEE
Ccl1010
Q1o
INDEX 01100 A+B+T] + 1| FPC b I TA7] 1T NP [LAR [Ojoccoo| BR fttol [NéP),
DEFRD 01101} A+B (Bus | RD [0 |o o [ar]o [neP [npe |Olooocol BR |1110 |NeP|lE
o1i1o] A lace lsre |t |1 |6 a7l o |ner|ngP joloooo] BR i1t |ngr|fa:
ot B Bue |sRC 1010 1o la1l ) InerliaR |oloooo] BR lotvio|népln.
ABSoOL 10000 |Rn+B+1 | +I PC I ! VI AT] 1 [ nge [LaR {Cloocool BR |ooot NP
1 000! A__|Bus fsec |1 |1 O |AT| O |nop | NOP O OOOIDENE LT [NgP
GOl OIA-B-Cin| ACC | RS | 11 C |AT] O | uge [NEGP JOlo100BR201 V 1 O INgP
. 1COI 1] A+A | -2 Rz 111t o |a71]lo Rus INOP |0]0100] BR OV IO [NEP
ABSoOL LO1OGIA+B+1 ] 1\ PC | t ]V ATV Nogr [LAR O loooo| BR [{OVOI |NeP
DEFRD 10101 A BUS | PC {O]0 | O [AT]| O |NGP |LAR [0 00O} BR |oool INOP
10110] A+B ACC | RE J 1 |y | O AT O [NnGP INgP [OO100] BR Jort | |NdP
{0l peB ACC | RD 1ol O lo lA71 0 NP | NP [Ol010018R2=] |t OC] |NdP
REG F1CO0 [+ B34t | 4 gD | | b AT NgPR | LAr |Oloooo] BR |oool|Nerln 2
AUTO IN 11001 B ACC RS 10 |0 | O 1A710 |ndrP | NgP [Ohoco| . BR [1o10ngP % gf
111 olpa+nr 1 tacCC RS |0 ot |A7]0 [xFr NP |ofioco]| BR jtott |NgPL.,
1O} s+ ACC RS (0O lolo (A7l 0 [nvePp | nde |Oljocol BR (1101 [NaP @
TEST {1100¢ = ACC SR R2 | ] O |R7] O |sHR [ NOP [Oj0to0] BR {0CtOoNSP
RN A ACCSY | RS O {© JAeisiC O | NGP |NGP [Oftoo0o] BR (11T |NGP
L1ito] A ACCl s o |olo |[A7]|0O [ NeP [NGP [o|otoo|DENE Jt 111 |néP
Pitil A\ pcswe] RS o 1o 1o lpa7lo |nePingplolhooOipgnE jit i) ingP
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MICRO sus BINARY ALU  |'A-mux | REG. CONTROL | CARRY |OUT [STATUS| 5US SEQ {BRANCH 5
ROUTINE [BLGCK ADDRESS | FUNCTIONISELECT 'B'- REGIWLEB|WHB] CINT1SX | EN ICNTRLICNTRLIG LED CNTF?LADORE%‘F'B' o
| CTeu [fwe 16000000 B |BUS [PC |0 | O[O [A7 |0 [sef T|NGE [0[0000[ BE 600! nev| o
' 0CQGI A ACC ;TRAP} I { o0 #7100 ek | nogP |ojoool] BR Jooi0juee| 2
00010} A+A -2 Jerclololo|a1]|o |nde|nde|ojocool BR Joottngel n
CCOI 11 A-B imce | SRC | | | i 1AT 1 O NP | naP |OI0OCO] BR (O 100INARL T
SPrFQT:{JpR 0o0icpl AT 2 o Rre 11 i O la7 ] 0 Indrlner [0j0cC00O] BR o101t NPl B
(LowT) 00101 B _1BuS [ SRC| OO 1O AT} I |NOPILRR |0/0000] BR ot 1iinge
| RIR oolttel © Bus ITrap [0 | O | 0 |AT] 0 [ nePr |NOP [O00Ca BR[| | | 1{ueP
’ T—F;?aé eoi 11 A BUS | PC i l 1O AT ] 0 | NOPINGP [OloOOCIDANE |} | 1| INdP
' QCerPL 01000 A IAL-SRIGRC | 1 O [A7T]l 0 | NEFR|NOP |[Oloooo] BE || OO jNgP
i L Gi0o0I{ AAB 5TaTUE SRC | O ol O InT]o RS | NOPIOloooojbene {1 1 U nar
i 5?;"?\:“?&4 0DI0ID 8 Bus {TRAF T O | O | 0 tAT] O [CLRT ] NEP jOjo000y BR |j o L1 |Ng®
| Q101 | A ACC PL | i Lo 1Aa7 o | noee I N |oloco 2fDéne ) L1 L [nsr
; CCpP S 011D Ay ACL-5R] SRC [ i o a7l o NGP D noP [oloooo] BR O L 1o Ner E;
| L j.o 0110t Ave jumarveldre ol ol o lar]o | rosi NpPlojooooDéNE I L LT INeF[lE
| g otilC B Bus ITReP [0 | 0 | O |A7| 0 |QLRT| Nor jofoacc] BRI INGF
; TEAP (1R T) oitiil A Lt | re I ! S TATL O | NOP ] NEP jojcocolDINE T LT fovpas
RBT 10000 A+ B+ | 41 pe I b 11 |[A71 1 [ NP lLAR |OJ0000] BR [000 I [NGF]
N 1 8001 A BUS jSRCG L1 O |A7T] O | NEP{NSP JoloOOOl BR 0O 10 N3P
R‘?’Tﬁ) [COIOjAtB+L | +1 Pe {1 el {Aar )y [uer ek jolooool BR oot jngE
(can? KGR A BUES ITEMR | O Q10 1A o I ndk AR [Qlgooct BR (0100 INngp
RET_, 10100 A Bus jT1em® | i ! O [R7 | O {wd® [ NgP lolcooo] BR |olo ! {NeP
(conT) 1Giot ta+m+) 41! Temp g { I A7)0 NOP I NOP [Gloood] BR |oi 10 NP
1C110] A+ -2 jremp] | o A7 NEP hwwI (T B8R In i} fuss
RARE B Bus ITeri®]| 01 01O (a7l 1 NEP I AR [Plcocal BR pooolner
RET 11000 A BUuS [TeMP IO 1 O | 0O A7) 0 (Nne lLba (Ojoccwl BR hhool ivpe
(con) i 1001 jArRYE | =2 {5R | i A7 10 [wedl RDI |olocoCr2y Lot wpgg"
101 0ja+r L L -2 arc b 5 VA7 0 [ NP {RDL (O ooO|RR2=0 10 1O b %:"%
11011 A puc lape Totdlo fario lnroinge inlooa! pROIL1O0 itk
RTT PO A + i - P | : i 1A7 i NOP TLAA lo1000] BR Jitofinéel ©
y 1110 i ;'\ BUS o o) o o A7 o BuS I\Jf‘b!” o lvmon Bg P EE O o
m Pt O%F\"""éﬁ-l -+ | 58 { f 1 a7 I TSI EUF SR P B IR
~ R - pus L@ (13 10 in7i0 Twes dxdr fo dpdne ot i

NOIIVIO4d¥0D dJALATI

GQoTOYY

NOILVY0dE0D HJAIATAL

asiowvy




5255000

MICRO-PROGRAM SYMBOLIC LISTING &:E
O
MICRO sSuB BINARY ALY ‘A'-MUX | REG. CONTROL CARRY |OUT [STATUS] BUS SEQ |BRANCH E%
ROUTINE |BLOCK ADDRESS | FUNGTION|SELECT [B~ REGIWLB|WHB| GiN 15 x | EN |cnTRL[GNTRLTG | “E° |onTrL)anoress| B o
cowree! |V\ED @ |10 ) 00000 | A-I | ACC [SRC [O |O | O [p7 ]| O [N®P [NBP [O[o0OT [BRZ=0[0000 |NGP| §§
Ceontol) 00001} __8 Bus |srce 1o lo 1o la7l o InodP | Ne® lolooo! lpone U1 1 Ingel B8
SEARCH 00010 |A+B+I | +i e |1 ] I |A7] ) | N6P |LAR [o]ocooo]| BR oot [ngP E’E
- 000! | A Bus |ore |t ]y JolA7]l 0 | NOP | NeP |O]oc0o] BR |o100 [NgP| S X
SEARCH 00100 |A+B+1 | +1 PC |1 1.1 a7l | | NGP | LRR [O|oocof BR foiol |neprp =
(cowm) 00101 A |euos|reme|t |t |0 |a7] 0 [noP |t [oloooo| BR o110 |ngP
001I0|AAND +1 RD | t 10 [Aa7| 0 IXER | NeéP [Oloocco|BR2=i|| 100 |NeP
QOoIti]Aa+3 |ncc | RO |} l o 1na2l ) NP | LDA |Olocoool BR |locoo luaw
swecT)u 01000 A BusS |SRC |O | OO |A7]0 |[N@P | RDI |[O0]loooo] BR [Icoi|NgP
(con 01001] AnB |BUS [srRec |O |0 |0 [A7] 0O |NGP | NEP [Dfoc00] BR |1p10 [NOP
01010l AxB acc ITemplo | o | o |A7]| 6 |[NGP | NEP |OloocolgRzo |11 01 [Ne?P B
oiollla+B -2 RD_J It |V ]Oo |A71 0 |XFR |RDI [Olsoeoiprapolioco I[NpP[E-
SEARCH 0ol1100]| A+B ACC RO ] 1 ] O |A7] O [NOP | NEP |O]J0OOCG|DONE ]} || | |NGR]|™ -
(cowv 01101 la-B=1 | +4 | Ro |0 f o]0 |a7|0 [neP [ npfolocoo| BR [1100 [npr/le.
LDTRAP 01110} B Bus | RD JOo | o | o|a7] 06 jse7T | Nndrjojocoal Be || 111 g
oliti A ACC |TRAp 1 | | )} | O A7)0 | NgP | ngP [0]0000 IponE |1 |1 | {NgP
LeD 4 10000 A-I ACC |[SRC 1O | O | O [A7| 0O | nNgP | NéP [Olooto Iprz:0 o000 [NgP
10001 | B  |Bus | SRC [0 |0 |.O |A7|0O | NgP | nee |Oojootolbone f1 111 |NgP
10010 : -
1001 |
10100
10101
10110
1O1 1
I 1000 o
11001 w5
11010 § 58
11011 o
11100
11101
11110
FHin
MICRO-PROGRAM SYMBOLIC LISTING el
[a N =
MICRO | sus BINARY ALU |'A-mMux | REG. CONTROL | CARRY |ouT|sTatus| BuS SEQ |BRANCH EE
ROUTINE [BLOCK ADDRESS | FUNCTION|SELECT|'8'- REG|WLB]JWHB] CIN]Sx | EN |CNTRLICNTRL]|G LE[_’L CNTRLJADDRESS F'B;_ ; o
CovTEoL|LED2 111000000 | A-l ACC [Src [G6 [O [ © [A7 [ O [NdP [N@P |Oforico [BRz=Ojoo0O [NEF|{3 g
Eonte)) 00001 B Bus |sre |0 o | o |a7]0 [neP [Nor loloroo jopne |11t [nde|f B
STORE 00010 |p+B+1 | +1 | PC U] I [a7] 1 [néP [LAR |O|ooo0o| BR footifnerie ®
00011 A Bus Joke |V 11 1O 1A7] O [ NGP INGP [0]000O] pp (0100 NEN BT
STORE 00100 [p+B+i | +1 | PC b [ [ 1 a7 ] 1 [ nee [LAR [Ofoooo| ge [oiol [Rer|® 2
(conm) 00101 A Bus |TEMP | 1 | 1 |0 |A7T | O | NoeP |NgP [0]000C0| BR o110 fueP
00110 B pus | RO o|O0ol0O a7 || NoP [LaR [ojcooOo] BR || {0l [P
001 11 A pee X i | 10 a7l 0 | nép | ngp |Ojoococo] BrR_J1ool {nge
SRC IT {worD 01000 A Bus [SRC | I o {A7] O | NoP | RDV [O]|0OCO|DPNE || |1 | [Nae
01001 B Bus | X 0l olo |p7l 1 | nNePlwwT [Dloocog BR |00 {Hds
BYTE 01010 A Bussx| SRC | 1 o |A1|0 | nar | Rov [Ofooooogne J1 it [NEP]
0D Byt 01011 A powesxy|SRe | I | I 1o |Aa7| 0 | neP | Rov |Oloooopene Li1 )1 bag I%f
OI100| A+B [ -2 [RD || | 1 |O |A7| O [ NGP |RpwW [DJo000[BR=:T [0o0T [iatls
01101 | ArB |BUS [sre [O ] O | o |[A7| 0 | NnoP | NeP [Ojocoo| BRIt LD INaPHE
o110 A pecox|Temp | O | O Jnccis] ¢ | O | moP|mer [OloocojpenE 11 EE NP
Qlltll Ave pCC ITEMP I O O lo |R7] O | noP [ nge [GloeO] BR 1ol [nge
ConTRoL {LED 2 10000} A-l ACC | SRC | O 1O Jo |A7] O |NgP [ ge [C100OO0 [BR2-GICODO [NEF
1 000 | B  |Bus jsre |0 lo o [p7| 0 [ NP | NaP 01000 [DENE J1 VAL {NOP
@W*"// Mov 3V 10010 B pus | zv olo o [r7] O [NEP |ede |CloccO| BR oot |NdP
REC 1001 | A Aace RD | I 1o a1l o [ ner | nge [0l0000 DémE 1 1 ) L [ner
WATT 10100 |p+0B+] -2 RD ] | U AT ] O | nde | RDW |00 000 |RREZO|OIO O (TP
10101 A BUS RD O |O0Olo |A7 ]| O | NeP | NgP [O]0OOO|DOME 1 L L L 2P
READ IV 10110] A+A [mreesXf xv | O | O |0 |A7| O | NéP | NoP [/|oooo|BRZ=0|O | 1O |NEP
OVt A Bus | TV O |G 10O (a7} 0 | Nngp | ndp 710008 BR |1 001 INGD
DsT I |woRrd 11000 A BYS |TemP |O | O | O [A7] O | NoR | RDV {plooco|DéNE jy L L St T
11001 A Bus | Iv | 1O A7 10 | NoP | ROV |/ lhooolDgNE T v L L HRE '8
BYTE 11010 A Bussx|[TEMP 1O | 0 |0 |A7 | 0 | nvar | Rov |okooo|pdnE L LilNgrR 25
opoeyrel ~ 1 1OL | A BSwBSX|TEMP 1 O |0 | O |A7] O | nep | Rov [0]000CIDONE [V 1 Vi NoP &
ROR AWD 11100 A Rug [TEMP (o] ] O 1A71 0 NEP Rov lolboooalndns (1 L HEueP
RoRA BY 11101
PR PEH1o) A BussxiTeme | o | 0 A ¢ | 0 | neof | rov [gloocolDene [t T T
w RoRAOB Fritd A swasY]Tem® | O | o lacasi ¢ | O | nep | eov {olooooipgrnE Vi jrdn
oQ




-t ey 1o

TELETYPE CORPORATION | 4401¢h
Circuit Description SRR Sheet 43
TABLE 271 Issue 1

=y TELETYPE CORPORATION 4401CD
Circuit Description Sheet 44

Issue 1

F, B.
NOP
NP
NoF
4
¢
!’xf {‘t |8
Mg

1L NGP
NGP

F{NOP
{1y NP
JiNaP

{

P NS

N¢P [O]oo0OipanE] ) T | I[MNGP
PP

1M

bt NG

1
|
!

]
|
|
t

Py iNgR
P 1 i|NeP

bt

4.7.1 Example of microprogram sequencing.
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All executions 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.

&

NP JwwI |Oloeco| DONE
BR lpoloine?

BR [01o)|NeV

SEQ |BRANCH
NOP |wer lolocooDene L ) Vi iNeP

CNTRLIADDRESS

JUB |[N@P |O|0000|DPNE
B8R

DGy

2

LED
C 1A7]1 © |ADD [ NoP {0]o of

At Address 2 - Place the constant 000001 (octal) on the A operand bus, and
register PC (program counter) on the B operand bus. Perform
the ALU operation A+B+l, causing PC+2 to be generated at
the output of the ALU. Place the contents of the B operand
bus (PC) onto the TELEBUS and generate a "oad-Address-and-
read" command via the bus controls. Write the contents
(PC42) of the ALU output back into both bytes of the P
register. Clear any previous '"odd byte' condition and
branch to microprogram address 3.
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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
output 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
instruction 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

i ignored. For this example, we will assume the instruction
i 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.
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REG. CONTROL
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At Address 40 - Place the contents of the Rg register (the register designated

O-wO -0~ —-0—~0— ; by IR6-IR8) on the B operand bus. Transfer the B operand

00 = —-00 — —-|00 — — through the ALU and into the accumulator (the output of the

oo OO " : ALU is always clocked into the accumulator). Branch to
S N microprogram address to address 41. -
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4.7.1 Continued

At Address 41 - 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,

At Address 100 - Place the contents of the Ry register (the register
designated by IR@-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.

At Address 347 -~ 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 encodirg logic generates an address of 364
(octal). This corresponds to the DMO WD sub~block of the
DATO microroutine,

At Address 364 - 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 Rp register. The DATO micro-
routine is DONE at this point. A next state address of

2, 4, 10 or 20 is generated to iv-initiate the FETCH routine
in the normal, interrupt, trap or iest modes respectively.

Thus the "ADD R1l, R2" instruction requires 7 micro-steps or 7 X 1.12 or |
7.84 microseconds.

4.8 FS-7 Timing Logic and Restart Timer

4.8.1 General

4.8.1.1 The Timing lLogic within the IXL/B card assembly generates seven wave-
forms to synchronize the operation of 40C400 Controller. Three of the wave-
forms are Telebus signals, namely I/0 Clock, Bus Enable, and Memory Clock.

The four remaining waveforms are used by the IXL, namely Microprogram Clock
(MP CLK), Interrupt Grant Clock (IG CLK), Accumulator Clock (ACC CIK), and

Write Pulse.
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4.8.1.2 The Timing Logic normally operates with a period of 1.116 Micro=-
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/0 Clock is maintained
at a period of 1.117 uS. with the six other waveforms changed to 2.232 msS. -
for one period only. Under standby power, the Timing Logic generates only

the I/0 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 (XTAL
OSCILLATOR) oscillating at 14.336 MHz. with a period of 69.75 Nanocseconds.

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 stage
generates I/0 CLK. The TR CNTR is an eight stage twisted ring counter and
generates six of the seven waveforms. Syncironization of the two counters and
suppression of unwanted ring counter 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/0 CLK.

4.8.1.7 Provisions have been made to maintain +5V power to the XTAL OSCILLATOR
and those integraced circuit packages which generate the I/0 CLK when a set

is equipped witn a secondary power.source. When power fails, the +5V Standby
is to continue operation from the secondary source. During power failure,

the I/0 counter (I/0 CNTR) is enabled and divides the I/0 CLK by sixteen.
During standby operation, the I/0 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/0 CNTR
becomes passive and the I/0 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 Mﬁltipleﬁer

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 MLCZ is used to replace the XTAL OSCILIATOR signal
with an external source during production card testing or during use of a
Test Panel. In normal operation, the signal leads 0SC 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 MUX EN (B3)
is driven to a low level by external circuitry. The external frequency
source is then connected to the signal lead 0SC EN (B2). The multiplexer
MLC2 selects the external source to become the signal XCLK.

4.8.3.3 The XTAL OSCILLATOR, package MLCZ2, 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/0 CLK and
is a square wave of frequency 896 kHz. Another XOLK 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 (44018SD-11) and TC-2 (4401SD-12). The signal CLK I/0 is shown to be

a sub-multiple of the XCLK frequency. The signal XCLK CNTR CARRY becomes
active HICGH for one XCLK period pricr to the HIGH TO LOW tramsition of the CLK
1/0 signal. 1In turn XCLK CNTR CARRY acts as a clock for the RDV Sequence
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 resistor R2 and R3,
connected 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/0 CLK. The division of timing signnis is to allow standby or
battery operation, and to allow a one cycle pause during Read from Device {RDV)
Telebus operation. The I/0 CLK signal is never interrupted while 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, MLB3,

inverts the last stage 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 (44018D-11) shows the

TR CNTR outputs (TF@ 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/0 CLK signal, MLB1-(1l1l), by gating or blocking the

first stage input, MLB3-(4). 1In effect, the I/0 CLK signal being in phase slows
the TF signal.

4.8.6 Counter Decoders
4.8.6.1 The outputs (TF@ through TF7) are decoded by two input NOR and NAND

gates to generate the required timing signals, The signals are generated as
follows:

4.8.6.1.1 MEM CLK = TF3 ATF6
4.8.6.1.2 1C CIK = TFP
4.8.6.1.3 ACC CLK = TF@ATF3
4.8.6.1.4 BUS EN = TF2
4.8.6.1.5 MP CIK = TF4 V TF3

4.8.6.1.6 WRITE PULSE = TF4 V TF3

4.8.6.2 The I/0 CLK signal is derived through three stages of inversion,
MLC3-(11), MLC3~-(8) and MLC3~(6). A signal I/0 CLK ENABLE is used tc gate
I1/0 CLK during standby operation. The integrated circuit package MLC3 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 Telebua signals and procedes

to stop the TR CNTR for one bus cycle of 1.116 Microsecond. The pause is tec
allow response of alower I/0 devices attached to the Telebus.
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i 4.8.7.2 The RDV Decode gate decodes the Telebus controls generated by the
Microprogram Storage Arrays MPC@, MPCl, MPC2. The MLA4-(12) lead goes HIGH
for RDV detected. The signal RDV EN is generated whenever either Telebus
DEV ENABLE signal is propagated. The coincidence of MLA4-(12) and RDV LN
sets the FF@_flip-flop when the CLK CTR CARRY LOW to HIGH tramsition occurs.
In turn the RDV FF@ goes LOW which clears MLA2 and stops the TR CNTR. At
the same transition, RDV FFl is set to 1, MIA3-(15) = HIGH, blocking the

! RDV FF@ input. The next LOW to HIGH transition of XCLK CTR CARRY will clear
i RDV FFQ 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 signal that sequences
the RDV pause.

4.8.8 1I/0 Counter

4.8.8.1 For operation under standby conditions, a clock is required operating
at a lesser frequency than normal operation. The clock is to exercise the

! dynamic memories to retain the stored data. The IXL provides the 1/0 CLK
during standby or battery operation operating at 56 KHz. The I/0 Counter

; (I/0 CIR) provides the logic and counting to generate the sub~multiple

I/0 CLK. )

4.8.8.2 During normal operation, the I/0 CTR (MLC4) is held at count 15.
. Since I/0 CTR is a four stage counter, the carry output (I/0 CLK ENABLE) is
: > always HIGH, thereby enabling MLC3-(18) and allowing I/0 CLK to propagate
: { through MLC3-(6) to the Telebus. The I/0 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, MLB2-(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
signgl, the load command MLC4-(9) goes HIGH. The I/0O CTR procedes to count
. ‘ : and the I/O CLK ENABLE goes LOW blocking I/0 CLK in a LOW state. Every 16
‘ ! counts the I/O CLK ENABLE goes HIGH for one XCLK CTR CARRY cycle.

Yooy

i 4.8.8.3 The timing diagram for standby power operation is shown in TC-3

i : ! (44018D-13). Thc XCLK CTIR CARRY becomes the synchronizing or clocking signal
by controlling che ENP, MLC4=~(7) lead of the I/0 CTR. Note that the I/0 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
i to a low state for approximately 50 milliseconds. A HIGH to LOW transition at
L the input, RESTART (B55), is differentiated by the circuit of R16, R17 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 MLCS.

b e
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SECTION I - USER INFORMATION

1. General Description

1.01 The 410406 SSI (Standard Serial Interface) Input/Output Circuit Card
Assembly provides the 40C400 Controller with four (4) interfaces to Model 40
line equipment requiring an SSI compatible interface. The four interface
ports are partially comprised of Teletype MOS integrated circuits,

1.02 To interface the 40C400 Controller to the device being serviced, the
MOS circuitrv 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 with 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 registers 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 A5
being determined by position of the port on the circuit card assembly,

The additional address information (A8-A15) determined by Device A Enable
(I0A) 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 switech 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-A15) and determines polarity of Interrupt Vector Block
On = Closed = I0B = 1 for Bit 8 of Vecto:-
Off = Open = IOA = 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 format of the
Model 40 Magnetic Tape Cassette requires the SSI word time 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

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 17.357
usec and the alternate bit width is 8.928 usec. A mark is defined as one
base bit, 17.857 usec wide, and a space is defined as two contiguous and
opposite polarity 8,928 usec wide bits.

The data link is established when a Di-Phase 'Mark' is present on
both the transmitting leg ITD (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 bp-b7, and (4) High Byte bg-bl5. When sending to the device
from the 40C400 Controller the start and steer bit is generated by the
SSI port when the low byte (bp-by) 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 Vector Address

A) Send Registers Empty AX7XeX5X, 810
B) Data Word Pzceived AX7XgXsX, 110
C) Status Word Received AX7X5X5X41¢¢

where A = IOA/IOB/Vector Block Switch Option
X7XpX5Xy = Card Address and Port Position Options (A7A6A5A4)

the enable bits for the interrupt vectors are:

Interrupt Name Register Address Bit Location
A) Send Register Empty . AX7X6X5X4¢¢1¢ 5
B) Data Word Received AX7X6X5X,1010 6
C) Status Word Received AX7XgX5X,1010 7
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3,03 Register Address Information
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:

S Register Name From/To Device Address - . . E)
1) Control Low Byte To AX7X6X5X,P000
2) Control High Byte ‘ To AX7X6X5X4,001¢
3) Data Low Byte To AX7XeX5%X,010¢
" 4) Data High Byte To - AX7XX5X, 0110
5) Status Low Byte From AX7 XX 5%, 1000
= 6) Status High Byte From AX7XeXsX, 1010
; 7) Data Low Byte From AX7XgX5X, 1100 [:)
R 8) Data High Byte From AX7XgX5X41118

3.04 Register Bit Definitions

3.04.1 Control Register (Low Byte Controller to Devide) - AX7X¢X5X,0000

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) - AX7XeX5X,001¢

! g-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
o _ the Send Data Interrupt Request. This bit is Read/Write. [:}

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 Tramsmitting Concentrator. This bit is Read Only.
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NOTE:

3.04.3

BITS

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 when the data is loaded into the
Transmitting Concentrator. This bit i{s Read Only.

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.

Transmit Data Register (Low Byte Controller to Device) - AX;XgXsX,6196

DESCRIPTION

. BITS  DESCRIPTION ' - ‘ [:)'

0-7
3.04.4

BITS

Data These bits are Write Only.

Transmit Data Register (High Byte Controller to Device) - AX7XpX5X4@11¢

DESCRIPTION

0-7

3.04.5

BITS

Data These bits are Write Only.

Status Register (Low Byte Device to Controller) - AX7XgXs5X,10¢¢

DESCRIPTION

3.04.6
Card) -

BITS

Unassigned (from Device) These bits are Read Only

Status Register (High Byte Device to Controller and Local Status on
ABX7X6X5%X4,101¢ .

DESCRIPTION

0-1

Unassigned (from device). These bits are Read Only.

SST 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
word has been received from the device and is available at
AX1X2X3X4110¢ and AX1XpX3X,1118. 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.

Qverflow - This bit indicates the state of the input data buffer.
(Device to Controllier) 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 DESCRIPTION
5 Loopback - This bit initiates the loopback test mode, comnecting

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 (wait
a minimum of 321.6 us from last loading of Transmitting Concentrator).

BITS DESCRIPTION
6 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, O = Not Enabled. This bit is Read/Write.

7 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.

3.04.7 1Input Data (Low Byte Device to Controller) - AX7XeX5X411¢¢

BITS DESCRIPTION
0-7 Data (from Device)., These bits are Read Only.-

3.04,8 1Input Data (High Byte Device to Controller) - AX;XgXs5X,111¢

BITS DESCRIPTION
Q-7 Data (from Device). These bits are k 3d 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 ¢ 2scribed
by the title of the signal is present.

3.06 Voltage Requirements

3.06,1 The voltages required by the 410406 Card Assembly have the
following tolerances:

Voltagé Voltage Range
+5V +4.5V to +5.5V
-12v -10.8V to -13.2V
+12v "+10,8V to +13.2V

D
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3.06.,2 Other voltages referred to in the circuit description have the
following tolerances:

Voltage Voltage Range
VL 0.0V to +0.8V
Vy +2,4V to +5,5V
vm "1.0V to ‘*'0.8V

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 regardlng the MOS circuitry refer to
Specification 3449795 and 344981S,

Power distribution, decoupling and receiver enabling is performed
in FS-1.

2. Detailed Description

2,01 FS-1 (tower 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
45V Power lead to ground. The decoupling is accomplished by presenting

a relatively low impedance to high frequency signals on the decoupled lead.
Capacitors C12 and C13 decouple -12V and +12V respectively to ground.
Capacitors C2-C8 decouple +12V to -12V,
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2.01.3 Telebus receivers MLD1l, MLD2 and MLD3 are always enabled by
connecting the respective disables OFF (Vy,).

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).

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 MLD3) 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 1K resistors providing the Vyy 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 V{ into MLA2 and MLA3 with Vygy into
the divider, and Vy when the MOS allows the divider input to float. The
6.8K resistors to -12V assure sufficient current sinking to guarantee

Vi, 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 timing for the Telebus data,

2,03 FS-3 (Control and Interrupt Logic Level Shifting)

2,03.1 General - Functional Block FS8-3 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)} p-ovide the direct inter-
face from the Telebus and operate in conjunction witir open collector high
voltage drivers (MLB2 and MLC2) to generate the MOS compatible levels,
with 1K resistor providing the VygM levels.

2,03.3 Switch cption 1 in conjunction with MLD4 exclusively select I/0A
or 1/0B and form the I/0 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, MLC1l, divides the I/0 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 MLAl through a voltage
divider whose ratio is chosen to guarantee Vy into MLAIL with Vyy into the
divider, and Vj when the MOS causes the divider input to float. The 12K
resistor to -~12V guarantees current sinking intoe MLAL. Should the MOS
INTR signal be OFF (ViM), IG IN from the Telebus will be shunted to IG
OUT on the Telebus through MLBl. If the MOS INTR sigral is ON (Vi),

the Telebus INTIR will assert (Vi) 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 the6.8K resistors 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 5V p-p
signal to the transformer when the MOS circuitry closes to VM.

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 the 6.8K 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) which presents a 12V signal to
the CMOS counter which, in its parallel mode and clocked with the 896

CILK, drives the MOS receiver with a synchronized MOS level signal.

2,06 FS-6 (Clock Input and Option Logic)

2.06.1 General - Functional Block FS-6 depicts the I/0 Select, INENB

and INLIT signalling into the MOS circuitry. The 836 CLK provides the
high frequency (896KHz) clock necessary for the asynchronous SSI receiver,
while the 112 CLK 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 CS1 and CS2 provide the identity of the SSI port.

- ' Corresponding _
= Port D/A_ & 5 &
] LY < . o — — om— — - e e —— —— — —— — —— — o — o —— —— —
.. -
A B ' gz /NN [ TT
B 1 ¢ £
C ] 1 =
D 11 NN YIY
,‘3 2.07 FS-7 (Interrupt Logic Interface and Vector Option) g{ VAl
R 2,07.1 General - Functional Block FS-7 shows the power connections to the w
MOS circuitry, the interrupt signal configuration and the loopback signal 2 W g W
paths. % < 9 a A
S = S b
2.07.2 Power (Vgg and -Vpp) feed the MOS circuitry as shown. z = 8 ==
. T g = © = ~ S
. 0 o ;
2,07.3 The VBOPT signal is converted to MOS compatible voltage by the two g"_ E & h g’._ © o :-';’m
stage amplifier Q1-Q2 to feed the MOS circuitry thereby determining the : w g L] 3,‘2
sense of the most significant bit of the vector. The INIR signal is = - 5 8
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A Receive
. ; B Receive
C Receive T -
Low D Receive Py i
. 2,07.4 When conditioned by the control to operaée loopback, pin 24 of
; the receive port asserts causing the serial data to appear on pin 24
i of the send port. The SSI Out is held mark (28 KHz square) and the SSI
IN is blinded. : \/ - =
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CIRCUIT DESCRIPTION OF THE 410411 AND 410412
COMMUNICATION INTERFACE UNIT CARD ASSEMBLIES
(CIU/DIU/PIT/SID)

SECTION I ~ USER INFORMATION

1., PURPOSE OF THE CIRCUIT

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/0 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 40C400 Controller., Time
delays from 0,57 ms to 75 sec may be programmed,

1.1,3 The SID providés 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/0 devices as the 410411 Card,
the 410412 Card Assembly contains a Dialer Interface Unit (DIU).

1.2,1 The DIU provides the 40C400 Controller with av:omatic dialing capability
in switched network operation., Compatibility with both the 801C Data

Auxiliary Set and the 851A1 Terminal Auxiliary Unit ("Integrated' Auto-Dialer
used with 251A1 Terminal Data Unit) is provided.

2. FUNCTIONAL DESCRIPTION

2,1 Functional Des-ription of the CIU (Refer to Figure 1)

To interface the 40C400 contreller to a data set, the CIU converts data
and control information from 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 program in the controller reading or writing
data into registers located on the CIU card assembly.

Teletype Corporation 4411CD
Circuit Description Issue 1
Sheet 6

2,1 (Continued)

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. Syrchronous, 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 intermal
CIU states,

2,2 Functional Description of the PIT (Refer to Figure 2)

The variable time interval produced by each of the two timers (A and B)
is generated by two presettable modulo 256 counters, These counters are
connected in the count-~down mode and, after being preset with a value via
program control, signify expiration of the time interval when they hit the
a1l 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

151




Teletype Corporation 4411¢CD
Circuit Description ) Issue 1
Sheet 7

2,2 (Continued)

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 from the line discipline and TTL signal
levels of the Telebus to EIA-RS-232C compatible levels., The exchange of
information 1is 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 .rterrupt 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.

FIGURE !

CIU BLOCK DTAGRAM
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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 251A1 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 8-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 check and overrun bits provided,

12, "Synec 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 generationm,

15, Strap Carrier Detect ON and Modem Check
OFF for compatibility with data sets not
provided with these leads,

4411CD

Issue 1

Sheet 11
COMMENT .

Program Control

Refer to Sec, 3.1.1,
Program Control

Program Control

Program Control

Program Control of
wterrupt 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
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 1,

SPEED 1 BAUD RATE TABLE (BIT 7 = 1)

Baud Rate
SPA21-SW6 SPA21-SW7 SPA21-SW8 SPA21-8W5 Speed 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-SW5 Speed 2
OFF 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

"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 imput
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 loopback baud rate is determined by switches SPA21-SW2 to SW5,

Loopback

SPA21-SW4 SPA21-SW 3 SPA21-SW2 SPA21-8Ws Baud Rate
OFF OFF OFF OFF 4800
ON ~ OFF OFF OFF 7200
OFF ON OFF OFF 9600
CN ON OFF OFF 14400
OFF OFF ON OFF 19200
ON OFF ON OFF 28800
OFF ON ON OFF o 38400
ON ON ON ’ OFF 57600
OFF OFF OFF ON 800
ON OFF OFF ON 1200
OFF ON OFF ON 1600
OoN ON OFF ON 1760
. OFF - OFF ON CN 2400
ON OFF ON ON 4800
OFF ON ON ON 7200

" ON ON ON . ON 9600

3.1.2.2 Analog Test (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 thé
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,

L
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3.1,2.3 pigital 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 CIU., When 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 CIU., 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 Privété ﬂiﬁe Tést

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 program
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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3,2 Summary of Features Provided by the PIT

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, FEach range offers a specific timer accuracy as follows:

Range No, Timing Range (ms) ~Accuracy (ms)
1 571 - 145,6 +,571, =0
2 18.28 - 4661 +18,28, =0
3 293 - 74715 _ +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, TInterface to ACU is electrically compatible with the EIA-RS-232C
" standard. :

2, Compatible with 801C and 851A1 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 and Switch Programming

Although the Telebus has a 16 bit data-address bus, only the lower byte
of this 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.

Teletype Corporation 4411CD
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4,1 (Continued)

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 AS5-A7 uniquely
define interrupt vector bits v, - Ivg.

4.,1.1 Summary of Addresses - CIU/DIU

ADDRESS INTERRUPT

REGISTER D/A IN @-7 VECTOR

Receive Buffer (CIU) A9AcAcA;, 0000

Control Reg (DIU) “z'§‘§‘50010 ¢IV6IVSIYAIV3000
Status Reg (CIU) - 0100 -

Status Reg (DIU) 0110 @1V IV5IV,IV4010
Transmit Buffer (CIU) , 1000 PIVeIV5IV4IV3100
Control Reg 1 (CIU) 1010 -
Control Reg 2 (CIU) 1100 -
Control Reg 3 (CIU) v 1110 -

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 tob 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 Switra Function
Swi Address Bit A7 ON programs a
sSw2 Address Bit A6 logical 'G' and
sw3 - : Address Bit A5 OFF programs a
SWh Address Bit A4 - logieal '1',
Sw8 Close at all times

(Factory test switch isolates
BAUD CLK from load when OPEN).

SPA21 Switch

SW1 CLOSE to force a continuous Carrier Detect
ON state (CLOSE when the data set does not
have a Carrier Detect lead)

SW9 OPEN when the data set does not have a
Modem Check lead,
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4.1,3 Summary of Addresses -~ PIT/SID

ADDRESS INTERRUPT
REGISTER D/A_IN #-7 VECTOR
SID CELL 1 A5A£Ac00000
CELL 2 00010
CELL 3 00100
CELL 4 00110
CELL 5 01000
CELL 6 01010
CELL 7 01100
CELL 8 01110
PIT TIMER A STATUS 10000 @1V IV51IV,1000
TIMER A DATA . 10010
TIMER B STATUS 10100 @1VeIV5IV,41010
TIMER B DATA 10110
4.,1.4 PIT/SID Switch Programming INTERRUPT
ADDRESS BITS VECTOR BITS
SPB12 SWITCH PROGRAMMED PROGRAMMED
SW S As V4
SW 6 Ag IVs
Sw 7 Aq Ivg

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 '0' while -sening 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 and bit
synchronous mode, in 8 bit character consisting of either seven ASCII o: FBCDIC
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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4,2 (Continued)

Two interrupt vectors with 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. 1Initialization 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

(bit 0, Control Register 1) is set,

This bit is cleared by the CIU when the Receive Buffer is read.

1. 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,

2 Ooverr.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,
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4,2,1 (Continued)

BIT DESCRIPTION
3 In Sync - This bit is set by the CIU when two consecutive SYN

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 when the New Sync bit in Control
Register 1 is set by the program,

4 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 Tramsmit Buffer
is loaded with a character by the program.

5 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 available is generated if the Interrupt
Enable bit (bit 0, 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 A7AgA5A,0000
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 '0' (SPACE) where read.

BIT DESCRIPTION
8=-7 Receive Data Bits -~ Data Bits 1-8

(MARK is-a "1"', SPACE is a "0")
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4,2,3 Transmit Buffer - (WRITE ONLY)
ADDRESS A7A6A5A41000

The bits of the Transmit Buffer are WRITE ONLY &nd are set and cleared
by the program when 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 '0' (SPACE).

BIT DESCRIPTION
-7 Transmit Data Leads - Data Bits 1-8

(MARK is a "1'', SPACE is ''0")
4,2,4 Control Register 1 - (WRITE ONLY)
ADDRESS  A7AgAsA41010

The bits of Control Register 1 are WRITE ONLY and are set and cleared
by the program,

Initialization will clear these bits,.

BIT DESCRIPTION
0 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,

1 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'/"Clear to Send" handshaking
sequence with the modem, setting this bit causes '"Request to Send"
(to th2 modem) to be activated but does not immediately result in
the “ransmission of SYN characters, This "Sync Stuffing' does not
begin uniil the first character has been loaded into the Transmit
Buffer by the program,

2 Data Terminal Ready - When set, this bit provides the Data Terminal
Ready Signal to the modem.

3 Loopback - When this bit is set, serial data from the tramsmitter
output is sent to the receiver input of the CIU, The CIU is
blinded to the Receive Data lead from the modem while the Yransmit
Data and Request to Send leads to the modem are held at MARK and
OFF respectively.
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4,2,4 (Continued)
BIT DESCRIPTION
4 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 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, -

Program must clear this bit (not used in synchronmous 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)

ADDRESS  A7AgAs5A,1100
Initialization will 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 syndhronous operation (Programs 8
bit characters),

s
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)
ADDRESS ~ A7AgAsA,1110

Iﬁitialization will clear these bits,

BIT DESCRIPTION
0 Half Duplex ~ When set, this bit disables the receive logic when

the CIU is transmitting characters,

1 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
elso 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 CIU 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.,1l.1).

Two interrup. vectors with corresponding interrupt enable flags are
provided. Omne .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,
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4.,3.1 Status Register --(READ ONLY)

ADDRESS ~ A7AgA5A40100

The bits of the Status Register are READ ONLY and are set and cleared

by the CIU, Initialization will clear these bits,

BIT

0

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 time if the Receive Character Available
bit had not previously been set and if the Interrupt Enable bit

(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"

parity,
This bit is cleared by the CIU when the Receive Buffer is read,

Overrun/Modem Check - The meai’ng 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 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
40C¢.00 Controller) shguld 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 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.
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4,3.1 (Continued)

BIT DESCRIPTION
5 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,

6 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 Receive Buffer - (READ ONLY)
ADDRESS  A7AgAs5A;,0000
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 '0' (SPACE) when read,

- BIT DESCRIPTION
@-7 Receive Data Bits = Data Bits 1=8

(MARK is a '"1", SPACE is a '"0")
4,3,3 Transmit Buffer - (WRITE ONLY)
ADDRESS  A7AgA5A,1000
The bits ol the Transmit Buffer are WRITE ONLY and are set and cleared
by the program taen 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 '0' (SPACE),

BIT _ DESCRIPTION
@7 Transmit Data lLeads - Data Bits 1-8

(MARK is a "1", SPACE is a '"0")
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4,3,4 Control Register 1 - (WRITE ONLY)

ADDRESS  A7AgAsA,1010

The bits of Control Register 1 are WRITE ONLY and are set and cleared

by the program, Initialization will clear these bits,

BIT

- 2

DESCRIPTION

Interrupt Enable RCA - When set, this bit allows an interrupt to
be initiated by the CIU when the Receive Character Available bit
is set or additionally, when the carrier bit changes.

Request to Send ~ When 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 s.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 Break = Setting this bit forces the Transmit Data lead to
the mod»m to go SPACING. A Request to Send is not automatir~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'", :

Asynchronous Operation: This bit allows the program to choose one
of two switch selectable baud rates, These baud rates are described
in Sec. 301. :
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4,3.5 Control Register 2 - (WRITE ONLY)
ADDRESS  A7AgA5A41100

Initialization will clear these bits,

BIT DESCRIPTION
0 This bit must be cleared (programs asynchronous/isochronous

operation),

1 This bit must be set for isochronous and cleared for asynchronous
operation,
2-3 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
4 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,

5 Digital Loop = When set, this bit activates the Digital Loop lead
to the modem,

6 Receive Only - When set, this bit activates the Receive Only lead
to the modem,

7 Self Test - When set, this bit activates the SELF TEST lead to
the modem.

4.,3.6 Control Register 3 - (WRITE ONLY)

Initialization will clear these bits,

BIT DESCRIPTION
0 Half Duplex - When set, this bit disables the receive logic when

the CIU is tramnsmitting characters,
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4,3,6 (Continued)

BIT DESCRIPTION
1 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. This bit must be cleared (not used in asynchronous/isochronous
operation),
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 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 DESCRIPTION

0] 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 atomatically cleared
whenever a new status or data word is written, or when the in-
terrupt it generates has been granted.

1 INTR EN..BLE (Read/Write) - Permits the DONE flag to generate an
interrup t when set. This bit is automatically cleared upon
initialization,

2,3 TIMER RANGE SELECT bits (Read/Write) - Comblnatlon of these bits
select the timer ranges as follows:

Bit Combination ﬁange Range
Bit 3 Bit 2 No, (Milliseconds)

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)
B1T DESCRIPTION
2,3 (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.

4,5,6,7 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:

Time Interval

Range (Milliseconds)
1 571 x n +.571,-0
2 18.28 x n +18,28,~0
3 293 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 Ideniification Device (SID)

The 8 bytes of SID information are programmed 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) 4,6,1 (Continued)
. BIT NO. )
0 1 2 3 4 5 6 7 BIT DESCRIPTION
SPB1 SPBR2 SPB3 SPB4 SPB5 SPB6 SPR7 - SPR8 1 Present Next Digit - This bit reflects the state of the Present
Ol position 1|Position 1|Position 1|Position 1|Position 1|Position 1|Position 1|Position 1 Next Digit lead from the ACU. A 'one" results when the ACU's
: Present Next Digit lead is ON, thereby indicating to the program
SPB1 SPB2 SPB3 SPB4 SPB5 SPB6 SPR7 SPBS that the next digit of the called number may be presented to the
1 Position 2|Position 2 |Position 2 |Position 2|Position 2 |Position 2}Position 2|Position 2 ACU, When this bit is set to a '"l", an interrupt is generated by
: g the DIU if the interrupt enable bit (bit 7, Control Register)
SPB 1 SPR2 SPB3 SPR4L SPB5 SPB6 SPR7 SPBS : is set, When this bit is a "0" (Present Next Digit lead from
2| position 3|Position 3 |Position 3 |Position 3|Position 3 |Position 3 |Position 3|Position 3 f ACU 1is OFF), bit 5 of the Control Register (Digit Presenmt) is
i also held at a "0" by the DIU,
SPB1 {spB2 SPB3 SPB4 SPBS SPB6 SPB7 SPB8 i . .
D 31position 4|Position 4 |Position 4 |Position 4|Position 4 |Position 4 |Position 4|Position & 2 Data Set Ready - This bit reflects the state 3f‘the bata Set
ST 1 Ready lead from the associated modem, A ''one' indicates that
BYTE SPB1 SPB2 SPB3 SPB4 SPB5 SPB6 SPB7 SPB8 } . the Data Set Ready lead is ON and the modem has power ON and is
NO. & Position 5)Position 5jPosition 5 Position 5}|Position 5]|Position 5}Position 5)|Position 5 : in the Data mode. The Data Set Ready lead is also ON in the
: Analog Test mode,
SPBl SPB2 SPB3 SPB4 SPBS SPB6 SPB7 SPB8 :
Jiposition 6|Position 6 |Position 6 |Position 6 |Position 6 |Position 6 |Position 6|Position 6 ; 3-6 Interrupt Vector - The program must initially write bits 3 through
i 6 of the interrupt vector that is to be generated by the DIU into
SPB1 SPB2 SPB3 SPB4 SPB5 SPB6 SPB7 SPB8 | ‘ these bit positions respectively.
6 Position 7{Position 7 {Position 7 f{Position 7 {Position 7 [Position 7 [Position 7|Position 7
. 7 Not used -~ This bit is "0" when read,
7 SPB1 SPB2 SPB3 SPB&4 SPB5 SPB6 SPB7 SPB8
Position 8|Position 8 |Position 8 |Position 8 |Position 8 {Position 8 |Position 8 |Position 8 4,6,2 Control Register - (READ/WRITE)
: All bits are cleared on initialization,
Where the désignation SPBl1 represents the switch package located at board ' BIT DESCRIPTION
co-ordinate Bl, A given switch is programmed for a logical '0' by closing it -_ ————
(oN) and a logical 'l' by opening it (OFF). g-3 Digit Leads - Bits 0 to 3 drive digit leads NBl, NB2, NB4, NB8 of
- ‘ ) . the associated ACU respectively, A 'one' activates the corresponding
4,6 Dialer Interface Unit (DIU) ’ digit lead, (Other digit permutations may request 'mew dial tone"
or be an "end of number" indication, depending on the particular
The program communicates with and controls the DIU by means of a Control Auto Calling Unit used,)
and Status Register,
. . Digit To
4.6.1 Status Register - (Blts ¢"2 READ ONLY; Bits 3"'6 READ/WRITE) . Be Dialed NB8 NBZI- I_\I_Eg_ NB]-
Bits 3-6 are cleared on initialization, ) 0 0 0 0 0
Bits 0, 1 and 2 reflect the state of three ACU leads directly, ' 1 0 0 0 1
. 2 0 0 1 0
BIT DESCRIPTION ' 3 0 0 1 1
C . 4 0 1 0 0
0 Data Line Occupied - This bit reflects the state of the Data Line 5 0 1 0 1
Occupied lead from the associated Auto Calling Unit (ACU), A 6 0 1 1 0
Yone" results when the ACU lead is ON, thereby indicating to the 7 0 1 1 1
operating program that the channel is in use for calling, data 8. 1 0 0 0
or voice communications or testing., A call request at this time 9 1 0 0 1
is ignored by the ACU.
[
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4.6.,2 (Continued)

BIT DESCRIPTION

4 Call Request - When set, this bit activates the Call Request lead to the
associated ACU. This bit must be set for the whole call originating period
and aust be cleared when Data Set Ready turns ON (bit 2, Status Register
set "1").

5 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, NBZ, NB3 and NB4 contain valid.data, 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,

6 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 Unit

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. v

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)

Direction: To Communication Interface Unit

This interface lead provides the CIU with signal element timing )
information for the transmission of data from the CIU. 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 chamnel 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 CIU) 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 Receive Only -~ When in the SELF TEST mode, the ON condition ¢f this
lead causes the modem to act as a receiver, (Used in 2 wire private line
systems only.) .

4,7.5,7 Supervisory Transmit Data -~ This lead is used to modulate the
Supervisory Transmit Data Channel of suitable modems.
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4,7,6 Control from Modem
Direction: To Communication Interface Unit

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 Transmitied Data lead will be sent to the communication channel,
The QOFTF 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-Calling-Unit (ACU) =
(Refer to a description of these leads in Section 4 6.2)

NBl - Digit Lead

NB2 - Digit Lead

NB4 - Digit Lead

NB8 - Digit Lead

CRQ =~ Call Request

DPR ~ Digit Present

CUT <~ 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 Occupied
PND -~ Present Next Digit
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SECTION II - DETAILED DESCRTPTICN

1., GENERAL

1.1 The voltages required by the card assembly have the following tolerances:

Voltage Voltage Range
+12V +10,8V to +13.2V
+ 5V + 4,5V to + 5,5V
~12V -10.8V to -13,2V

Additionally, three identical voltages are generated on the card assembly as
drain supply voltages for the three MOS 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 ML
designation, the following convention is used in the circuit description to
give a unique designation to each circuit.

MLAG6=-(8)

ML - 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 number of the output of the circuit,

Although they ccntain 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 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 described by the title of the signal is present.

2, BLOCK DIAGRAM

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. DETAILED DESCRIPTION

3.1 FS-1 Telebus Interface (Refer to TC-1, Telebus Signalling)

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 Cg, Cj, Cp 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/AP - D/A7. A HIGH on this bus is a logic '0' or SPACE while a LOW is a
logie 'l' or MARK. The bus drivers of MLA10 and MLA1l are open collector
drivers with resistor pull-ups provided externally to the card,

Bus transceivers MLA10, MLAll normally function as receivers so that
whatever data appears on the QUT@ - OUT7 leads at this time is not significant.
Only when inputs 7 and 9 of MLA10 (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, Telebus Signalling)

The control leads from the Telebus are buffered and inverted by the
bus receivers of MLD3 and MLDl. Control inputs Cp,C; and C2 are multiplexed
to provide the following functions:

Cy Cy 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 are 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, TA and
WR signals are the real-time read, load address and write commands for the
card,
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3.1.4 Address Decode (CIU/DIU)

i

The high order four bits of the CIU/DiU address block (A4, A5, A6, A7)
are encoded by switches SPBl2-SW4, 3, 2 and 1 respectively, A switch closure
is a logic 'O' while an open switch is a logic '1'.

- These four switches are compared to inputs D/A4 - D/A 7 from the
Telebus by address comparator MLAL2, This comparator is enabled when both
BUS ENB (D/A@ - 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 programming, 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 INIT 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/0 clock lead. It is used as a time base for the interval timers and
generates timing pulses internmal to the CIU-R (MLA1G),

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 MLCl4 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. 1In the
latter case, the LOW on DIVIDE BY 1l causes MLC13 to divide the output of
MLCL3 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 INTG 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
HgGH, thereby preventing the interrupt grant signal from propogating 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-(11) 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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3.4,1 General

The CIU-T (MLA20) in conjunction with the CIU-R (:{LA16) and peripheral
components form a Communications Interface Unit [CIU) that interfaces a
40C400 Controller to a data set, 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 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 MLAl6, 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 different
packages, not all registers and bits are present in both devices, The
following summary therefore provides insight into which functions are per=-
formed in which device, (An X indicates bit is used.)

Status Register

ROV SN

BIT DESCRIPTION CIU=R -CIU~T ;
0 Receive Character Available X ;
1 Character Parity X
2 Overrun/Modem Check X
3 In Synch/Framing Error X
4 Transmit Buffer Available X
5 Carrier . X
6 Ring/Receive Break X
7 Supervisory Receilve Data X

Receive Buffer -

BIT DESCRIPTION . CIU-R CIU-T

0-7 Receive Data Bits 1-8 X
Transmit Buffer

BIT DESCRIPTION ' CIU-R CIU-T

0-7 Transmit Data Bits 1-8 SR : X

Teletype Corporation
Circuit Description

3.4,3 (Continued)

Control Registar 1

BIT DESCRIPTION
0 Interrupt Enable~RCA
1 Request to Send/Transmit Sync
2 Data Terminal Ready
3 Loopback
4 Analog Test
5 Send Break
6 Supervisory Transmit Data
7 New Sync/Speed Select

Control Register 2

4411CD
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BIT
BIT1 BITO DESCRIPTION
0 o Asynchronous
0 1 Synchronous - ASCII
1 0 Isochronous
1 1 Synchronous « EBCDIC
BIT 3 BIT 2 .
0. 0 8 Bit Char Length
1 0 7 Bit Char Length
-0 1 6 Bit Char Length
1 1 5 Bit Char Length
4 1 or 2 Stop Bits
5 Digital Loop
6 Receive Only
7 Self Test
Control Register 3
BIT DESCRIPTION
0 Half Duplex
1 Request to Send
< Strip Sync
3-6 Interrupt Vector Bits 3-6
7 Interrupt Enable - TBA

CIU-R CIU-T
X
X
X
X X
X X
X
X
X X
CIU-R CIU=-T
X X
X X
X X
X X
X X
X X
X X
X X
X
X
X
X
CIlU=-R CIU-T
X
X
X
X
X
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3.4.3 (Continued)

As can be seen frca 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 Telebus is written into MLA16
and MLA20 on inputs D/A IN@-7 when LA or WR is LOW respectively, (A HIGH
on the data lines will set a 'l'.) 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 1is LOW, thereby selecting one of the 6 registers. Data may then

subsequently be written into this register on these same D/A INO-7 leads when
WR is LOW.

Immediately 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 QUT@-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 MLA1G.

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 QUT@-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 (Section I, sub-section 3.1.2).
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3.4.6 (Continued)

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 isochromous 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, (1X
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 11ght emitting diodes CR3, CR4 and CR1 and CR2 respectively,

3.4.8 Additional Drivers and Receivers to Data Set

The following leads to the data set are directly controlled by bits
in Control Registers of the CIU=-T.

RTS Request to Send

DTR Data Terminal Ready

STD Supervisory Transmit Data (Reverse Channel)
AT Analog Test

RO Receive Only

DL Digital Loop

ST 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 Juplex
operation when Request to Send is ON,

The foliowing inputs to the CIU-R from the data set control bits in the
Status Register of MLAl6, Additionally, a switch closure of A21-1 overrides the
CO input and provides a continuous carrier ON state,

CcO Carrier Detect

SRD Supervisory Receive Data (Reverse Channel)
RI Ring

MC Modem Check
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3.4.8 Test 1, Test 2, Qutenable (Tl, T2, OUT ENB)
These three inputs are provided to facilitate card testing,

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/0 CLOCK Input (Refer to Section II, sub-section 3,1.6.)
3.5 FS$S=-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 contained 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 +5V (when
ON) with a LOW voltage supplied by an external pull down resistor when the
driver is OFF,

3.5.3 'Definition of Registers and Bits

) 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 IT, sub-section 3.,4.4., The LA, WR, SELECT, READ ENB DIU, IN@-7 and
OUT@P=7 leads are used for this purpose. Operatlon differs only in that both
the Control and Status Registers of the DIU are READ/WRITE,
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3.5.5 1Interrupt Vector

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 writing 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,

NB1, NB2, NB4, NBS Digit Leads

CRQ Call Request
DPR Digit Present
CuT Calling Unit Test

The following leads from the ACU are directly reflected in bits of the Status
Register,

DLO Data Line Occupied
PND Present Next Digilt
DSR Data Set Ready
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3.5.8 OQutenable (OUT ENE)

This input is provided to facilitate card testipyz., 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 (MLAl4) 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 MLAl4

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 (A5, Ag, and Ay)
are encoded by switches SPB12-SW5, 6 and 7 respectively, A switch closure
is a logic '0' while an open switch is a logic 'l', These same switches
drive inputs SW5, SW6 and SW7 of MLAl4 and thus directly determine bits 4, 5
and 6 respectively of the generated interrupt vector,

Address comparator MLD12 compares these switches to IN5, IN6 and IN7
when enabled by BUS ENB (IN5, 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 programming. 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 MLAl4 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 similar to the operation of the CIU-R described in Section II, sub-
section 3,4,4, The LA, WR, SELECT, READ ENB PIT, IN$~7 and OUT@-7, leads
are used for this purpose. Operation differs in the following areas:

As in the CIU-R, IN1, 2 and 3 are latched into MLAL4 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),
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3.6,4 (Continued)

Input IN4 determines if the SID or PIT has been selected,

Operation differs from the CIU-R in that 3 of the Status Register
bits are READ/WRITE, one is READ ONLY, and 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 MLAl4 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 MLAl4, INTG IN1 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 OQutenable Input (OUT ENB)

This input is provided to facilitate card testing, When OUT ENB is
drlven LOW by an external test set, all output drivers of the PIT/SID (MLAL4)
are OFF, )

3.6.7 Outputs X, E, 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 - Statiom ID (SID)
3.7.1 The 8 bytes of field programmable data storage are provided by 8 dual

in-line 8 position switch packages (SPBl1 - 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 outputs_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 ENB 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:

171




axaypm

'p 3O 834£q oyl

288370A MOT = 0
98e370A HOIH = T

[n3
j=n
0]
[}
o
b
o
o
c
o
£
=2
(]
=]
o
E
N o
[
Q
=
»
o
2]
=4
[
Pt
-
o
o
2]
0
o
o
=]
e
.

03 Ino pa3ed s¥ sandur ) pue g ‘y £q pe3oalss uv9q sey 3Byl B3

Pin Number

(EIA Connector-
External to Card
Assemblies)

O WS WN

APPENDIX A

g 9149
L 93149

=]
M-S0 ‘E

-

w
*
~
L d
e
HHEHFRR,OOOO O n —~
= Q
Pl o]
O = =
a0 rt
HEHEOO-~,O0O |w v ] ;
55 &
=8 a
~ A
HOHOFROMO > w

Twwow 2}
MY de < =1
D = O B s 3 - Nl
o000 00 5%
U1 W N Ms

=~

MO'T = V1 NafR
S1ndNT v/a

HMOMHOMNENOMD l?‘

Ly 3e9ys

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)

Transmitter Signal Element Timing (DCE Source) (DB)
Secondary Received Data (SBB)

Receiver Signal Element Timing (DCE Source) (DD)
Unassigned

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 . 1)

to fit other applications.

=

A

i
7!

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

Transmitter Signal Element Timing (SCT)

Not Used

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
on the EIA connector. Since this connection is made external to the card assembly, other lead
assignments may be made

the 410411/410412 card assemblies to pias
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DIO CIRCUIT CARD
CC430-459

SECTION I ~ GENERAL TECHNICAL DATA

1. General Description

1.01 The CC430-459 Card Assembly provides the interface between the G400
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 40MN10l 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 informationm.

SECTION II1 - DETAILED DESCRIPTION

1. Fﬁnctional 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 then 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 frequemcy. 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 serializer 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 MLB9Y.
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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 four:een, the number of scan lines per
text line. It consists of binary counter MLAL5 and ROM decoder MLAl4 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 T.3%
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 10K 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 MLB10, MLA1O, 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 Q0 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 MLB5 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 9x14 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, MLA}9 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
MLA1l5 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 1In operation ASCIT 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 reduetions are possible if, in an application, lower
case and control characters are not required. A strap option, ST1, 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.

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 MLA?I, 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 voltsﬂ- 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 the 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, 1if
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 MH=z
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 MLA10-11 is applied
to the junction of R17 and R18 through R13. When the intensify lead goes

low sufficient current is drawn through R18 to force a logic low to MLC21~11.
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-inteﬁsity 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 MLBS, MLB6, MLB7, ﬁLBS
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 O through 6 represent the character position the cursor is to
appear. Bits 8 through 12 represent the text line the cursor is to appear,
and bits 13, 14, and 15 tell the DIO how to respond to attribute commands
during that refresh. The contents of the attribute mode register are used
as addresses for the attribute decoding ROM MLC16.

e B
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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 ML.B4 and MLB9 compare the register contents to the character

and text line counts and when they coincide A 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 MIC2.

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+VBLX, i.e., when the timing is not in an 044 TExt E}ne -
or is in the Vertical BLanK 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-OUT 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 MLC5 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 contrcl 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 sequence 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 O.

)75 ""
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6.05 The nucleus of the control logic is sequence counter MLB2, 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 eaabled by the output of selector MLCl. The
selector receives as address inputs the outputs of the sequence counter and
uses the lcw 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 O.

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 command 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 MLCl4 plus transceiver MLC5. The data/address leads are received by
MLC5, MIC9 and MLCl4 which invert and output these signals to input cache
shift registers MLC6, MLC8, MIC1l0 and MLC1l3, to cursor registers MLB6 and
MLB8 and to attribute mode register MLCl5. Receiver MLC3 inputs Telebus

Contrel Leads CO’ Cl' and Cz, Bus Enable, Initialize, and Interxrupt Grant
In.

6.09 Since the DIO board generates interrupt vectors only in the range 0
- 1l6g or 400g - 416g, the DIOC 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 Tele-
bus by the two active low enables on ML.C5. 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 infermation
is found on the 4430 SD sheet 1.
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7. Cache and Cache Control - Page 2 and 5 of 4430 SD

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 tb= input cache shift registers MLC6, MILC8, MLCl0, and
MLC13. Each 16 bit word is comprised of two 8 bit characters for the dis-
pley. 1If the displayed characters are counted from O 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 MLC10. 0dd numbered characters
comprise the high byte of each word and are stored in caches MLC8 and MLCL3.
Since the data is available from the input caches two characters at a time,
this data is multiplexed by MLC7 and MLCl2 and presented to display caches
MIB12 and MLB13.

7.02 Clocking, loading and recirculation of the input and display caches
is controlled through MLA7, MLA8 and portions of MLA6, MLA2 and MLAl2. The
display caches are clocked by the 2.1 MHz character clock gated with Data
Blank, this clock provided at MLAl12-3. 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 MLAG6, 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. Ehabling 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 MLBl4 and one
half of MLB15. This guarantees sufficient set up time for the addressing
of the font ROMs,

176;_;5
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8. Attribute Logic ~ Page 3 of 4430 SD

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 recister MLCLl5 which
is loaded once each refresh with D/A bits 13, 14, and 15. The attribute
decoding ROM MLCl6 decodes these three bits 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 MLBl4 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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CHARACTER GENERATION
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DI/0-8 ATTRIBUTE OPERATION ’ N

MODE . ATTRIBUTE CHARACTER DESCRIPTION OF DISPLAY ¢
D/A Bits 13, 14, & 15 of - (DI/0-8 examines ASCII Bits 3,
Cursor word loaded into : 4 and 8 of each character) S 3
parameter register once a5
each refresh £ d
5 t g
D/AI3  D/Al4 DJAIS Bit 3 Bit 4 Bit 8 %o
#1 o - 0 0 X X X All characters displayed at nor- 5 %
mal intensity, O
TE
45
#2 0 0 1 . X X . 0 - . Character displayed at normal in- S §
" tensity.
X X 1 This character underlined.
#3 0 L1 0 X . X 0 Character displayed at normal in-
: C tensity.
X X 1 This character displayed at half' )
" intensity,
#4 0 1 1 X X 0  Character displayed at normal in-
v ' tensity.
X X 1 This character blanked.
ad
#5 1 0o 0 X , X . 0 Char. displayed at normal intensity
. X X 1 This character intensified.
#6 , 0 0 1 Sets up a normal field This char,
' - : blanked.
0 . 1 1 Sets up an intensxfied field, This
. . character blanked.
1 0 1 1 0 _ 1 © Sets up a normal field, This char.
(IBM 3270 Equiv,) : S blanked.
: . 1 1 1 Sets up a blank field This char.
. blanked. o
X X ‘ 0 Displays the field that was set up.g ' 5
e =
ot O
O
FIGURE 4
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o O
D/A13" D/Al4 D/AL5 Bit 3 Bit 4 Bit 8 - . it E
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This character blanked. =
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' blanked.
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0 R S 1 Sets up a half intensity fileld.
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, This character blanked.
(Possible Text Editing Configuration) 1 1 1 Sets up an intensified field.
This character blanked.
X X 0 Displays the field that was set up.
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Note: Modes 2,3, 4 and 5 are character attribute modes in that only ASCII Bit 8 is

examined. These are similar to the Model 40 DL291 as opposed to the IBM 3270 . e
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CIRCUIT DESCRIPTION FOR THE
410464 AND 410465 8K/4K READ/WRITF MEMORY CIRCUIT CARD ASSEMBLY

SECTION I - USER INFORMATION

1. Genmeral

1.1 The 410464 and 410465 RAM circuit cards are 8K 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
the four address switches, A through D, contained in a switch pack on the
card to the corresponding combination indicated in Figure 1,

1.5 The 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 &44648D,
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SECTION II - CIRCUIT DESCRIPTION

1. General
1.1 This circuit card requires the following power supply voltages:

+5  +10%

+5V  +10% Standby
+12V +10% Standby
-12v +10% Standby

A zener diode regulator circuit is used to derive -5V for use by the Memory
Array.

1.2 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 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 0.0V 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 CIK, I/0 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/0
clock is operational, Under this condition the Telebus Initialize signal
is asserted to force the memory into a continuocus 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 1K 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 high 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, 412V, -12V) source is furnished. These
voltages enable the operation of the memory array and refresh circuits in
the event there is a power failure if the set is equipped with a means of
supplying 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, MLCl0, 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 command, LA,, obtained by decoding CO,

Cl, €2 in package MILC3 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 MLC1l7 to form
the row address for the memory chip. The multiplexer input designations
are 1A and 1B, Similarly, the six higher order addresses A7 through Al2
are routed to the multiplexers to form the column address for the memory i
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 from 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.

Teletype Corporation 4L464CD
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3.2,1 (Continued)

Secondly, the memory chips must be supplied with a Chip Select signal in
order 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 MLB1-9. 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, MLC10, MLC15,
and MLC20 on pins 5, 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, MLC10, MLCl5 and MLC20, The transceiver
output is controlled such that the data addressed during omne 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 Xevr 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
command one of two types of write operations, namely Write Word and Increment
(WWI), or Write Byte and Increment (WBI)s, 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, When 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 significant address bit AQ determines whether the low or
high byte should be written, A low AO condition on the Telebus generates
a Read/Write High Byte signal while a high A0 condition on the bus
generates a Read/Write Low Byte signal,
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3.3.3 1Information to be stored in memory is presented from the Telebus

to the transceivers MLC6, MLC10, MLC15, and MLC20, oz pins 4, 1, 12 and 15.
The output from the transceivers appears on pins 6, 3, 10 and 13, in
inverted form for routing to the Data Input Latches, MLC8, MLCl4, and MLB22.
The information is latched with the Data Latch Clock from MLC1-8. 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, is 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 MLB4~11 and MLB4-8 if a write byte operation is performed; similarly
the gates remain disabled for a write word operation. The A0 level is
likewise latched in Address Register MLC19 and used to control the write
byte operation., The latched AOQ directly controls an input to gate MLB4-11
and also controls an input to gate MLB4-8 after an inversion by MLC5-8.
The output from MLB4-11 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
MLC4-11. 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 low output on pin 13. This signal presets the Refresh

F/F, MLB3-9, to a high state.

Teletype Corporation 4464.CD
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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 MLA3-11 and MLA3-10 high to disable the Chip
Select signal to pin 13 of the RAM packs. Multiplexers MLCY, MLC12, and MLC17
which control the RAM address ‘is switched to yield the refresh counter

address to the RAM packages. The Refresh F/F output, when inverted by

MLC1-6, provides an enable signal to the Refresh Counters, MLCL3 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 Provi§ions 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/0 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.

/355
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MEMORY
CONTROLS AND FUNCTIONS
DECODER
INPUT DECODED
CONTROLS FUNCTION READ/WRITE MEMORY OPERATION
c2 Cl co
0 0 0 NOP REFRESH RAM, THEN INCREMENT REFRESH COUNTER,
0o o0 1 ROV cmeee;ccasecccalieccae-
0 1 0 LAR LOAD ADDRESS REGISTER, READ THE DATA, OUTPUT DATA DURING NEXT CYCLE,
0 1 1 1A LOAD ADDRESS REGISTER.
1 0 0 WWI WRITE WORD CONTAINED IN DATA INPUT LATCH AT ADDRESSED LOCATION,
THEN INCREMENT ADDRESS,
1 0 1 WBI WRITE BYTE CONTAINED IN DATA INPUT LATCH AT ADDRESSED LOCATION,
THEN INCREMENT ADDRESS.
1 1 0 ‘RI READ DATA AT ADDRESSED LOCATION, INCREMENT ADDRESS, OUTPUT DATA
DURING NEXT CYCLE.
1 1 1 R READ DATA AT ADDRESSED LOCATION AND OUTPUT DURING NEXT CYCLE.
FIGURE 2
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SECTION I - USER INFORMATION

1.0 GENERAL

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 maximum card capability is 10K

(10240) words of 16 bits. Application which requires less than the full
10K capability may build memory in 1K or 2K word increments. It must

be noted, however, that the circuit card addressing operates over full
2K word blocks rather than 1K word blocks so that a card would respond

to addresses in the full 2K block even through 1K 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. Memory 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 40C400 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 @K, 2K, 4K, 6K or 10K of application program. The
remaining 2K on the card should be dedicated to system operation. Where the
memory need exceeds 8K of program, the 10K 410505 base card is selected

to construct the application with the remaining program need constructed
from the 410504 Card above. 1In this manner two EPROM cards allow up to

18X 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 the switch assembly determine 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 card. Figure 2 lists the appropriate part number for an addressing
range of 2K, 4K, OK, 8K or 10K of user application program. The

system ares memory 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 INFORMATION

2,1 Schematic Diagram 4500SD,

Teletype Corporaticn 4500CD
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SECTION II =~ CIRCUIT DESCRIPTION

1. GENERAL

1,1 This circuit card requires the following power supply voltages:

+5V + 10%

+5V + 10% Standby
+12V + 107%

-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 MLC5-6.

1.3 The terms '"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 0,0V 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, GENFERAL 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 co0, c1, c2
2 Clocks:
Bus Enable Clock Bus En Clk
Memory Clock Mem Clk
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2,1 (Continued)

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/0 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 Al0 directly
address the EPROM IC packs, A0 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 Al12 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 side of the bus enable window,

3. DETAILED DESCRIPTION

3.1 Typical Read Cycle

3.1.1 The 16 Data/Address signals on the Telebus are received by the bi-
directional, data inverting transceiver packages MLC3, ML.C4, 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 1nverted
form.

3.1.2 The low order address signals AT 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 A1Z through AIS 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 are
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.

Teletype Corporation 4500CD
Circuit Description Issue 1
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" 3.1.3 The low order latched addresses Al through Al0 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, Al13, 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 10K 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 MLB1-9, A low output on MLA3=9
allows the Read F/F to function during the LAR command from decoder MLCl~11,
The MLB1-9 output controls the Xevr Output F/F MLBl-5, which in turn
regulates the output interval for transceiver packages MLC3, MLC4 MLCS

and MLC6,

197
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MLAL3 | 339096 HEX BUFFER REF. | PART REF. | PaRT
~ . 114 | 339151 -1 MUX DESIG. | NO. REQ QTY. DESCRIPTION DESIG. | NO. REQ QT! DESCRIPTION B
MB1 |339157 QUAD 2-1 MUX swl | 341709 SWITCH, PUSH BUTTON
v.B2 | 325209 DUAL 4-1 MIX
M.a3 [ 339309 DUAL 4-1 MUX
VB4 |339151 8-1 MUX L1 405029 LED. PCB MOUNTABLE
M_B5 339151 8-1 MUX
M.36 | 339151 8-1 MUX
MET  [339151 8-1 MUX
b} vies |339151 8-1 MUX o
M9 339151 5-1 MUX i
M.B1D [339151 -1 MUX .
V511 [339151 8-1 MUX
Lo12 339209 DUAL 4-1 MU, CIRCUIT  CARD
MLB13 1339209 SUAL 4-1 MUX oC 400
M.B14 |339157 QUAD 2-1 MUX .
M.C2 [339309 DUAL 4-1 MUX - IXL "A" ASSEMBLY
. M3 |339338 ZUAD BUS XCVR L )
wCa |229539 16 X 4 TRI-S PAM =
MC5 325278 QUAD BUS XCVR
vce [339599 16 % 4 TRI-S RAM
w1 330838 UAD BUS XCVR ‘ e ts:zrjovg;s e
V03 |339599 16 X 4 TRI-S FAM ST I 2 ] Meowe
MLCY 1338838 JUAD BUS XCVR ) LS i
M C10 1339538 16 X 4 TRI-S RAM ENGR.  S.A. [DSGNR_ M. A
MLC1l [339309 DUAL 4-1 MUX DREWN_ J AL J, fostE 1i-23-74
E M C12 339174 HEX LATCH £ “NUMBER E
MLC13 339309 DUALL 4-1 MOX j - SD-CD N0 4400
. M C14 339309 DAL 4-1 MIX RB O FILE NO. 6-167. 1723A
TELETYPE
si_ 1336470 STRAP, WIRE v .
s2 336470 STRAP, WIRE ®
410400 )
i | 2 1 - | 4 | 5 | 6 1 7 / T?

TC 637-0173
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DESCRIPTION NOTE: MANUFACTURE PER MR200! AND MR 2028 {CLASS AAA /10/T1/2) .- REVISIONS
&T wWED QS . o g o
: - NOTE i FOR CONVERSION FROM ISSUE 1A TO 2A CUT LEAD FROM MLCIE-3 =0 - I =N T B+ £
L fa99:29 2 D TO MLC5 - 11 AND ADD STRAP FROM GROUND TO LGS -1} Soaigel o5 2l 2% <
- 2 Toars k] @
= f‘”“24 - {',: NOTE 2. AT CUSTOMER IDENTIFICATION ISSUE 28, €26, €27, C28, RIS, jéjs ¥ 8 Z § 5
o] 405224 B RI7, Ri8 , MLCI8 AND CUT LEAD FROM NOTE 1 1S ELIMINATED, - ~
o os R ae) . P
o 25512:» o NOTE 3. ISSUE 3A REQUIRES BRANCH ROM 40SCE2 I1SSUE 2. : : ‘ ’ 2'2';?775 "53;26.“
A o7 %05334 oL B NOTE 4. AT CUSTOMER IDENTIFICATION ISSUE 38, RIE WAS ADDED. zZ (8 2 3 ussf A
s 405324 CABAZITCE, 1 e NOTE 5. C2 THRU C8 AND CIO THRU C25 CHANGED FROM DISC TO 3 1a 3 4 17549
e 710521 CAPLLITCR . 47 M0 AXJAL LEASED FOR MANUFACTURING PURPOSES. T {4 —_— 5 — ER
12 405324 CAPACITCE, I MFD - -
Cll | 405324 CaPAsITOR. .1 %D ] 410401 3 ? '; I 595
iz | 405324 CAFAZITOR, .1 MFD 405101 LasEL sTel —= T —— 8595
o3 405324 CAPACITCR, 1 WD 405014 CARD EXTRACTOR (2 REQ'D.)
Ci4 1405324 ca L WD 408618 RIVET (2 REQ'D.)
— C1Z 1405324 ca 1 wT -
C1E 405324 ca ) =
c17_ 405324 C ) ﬁ @ (fj ﬁ o W/[Q
CiE | 405324 C 1 MT
cls | 405324 Ca 1 VG L L2 L3 e cnls e cﬂzz 7 ca4 '8
023 1405324 CAPLIITCR, .1 MFG ° 7T - 0
t21 | 405324 CAPLCITCR, L1 WD S {3 9 3 o 3 3 ] Z 0 5 Z z 2 ] 2
c22 | 408324 CAPACITOR, .1 MO e, i U P g ¢ g Y P g
B czz | 405324 CAPZZITCR, .1 MFD
€24 | 405324 CaAPACITOR, .1 MD U Ri2 8
c2c | 408324 CAPACITOR, .1 MO
ci2 c20 ‘ces % -
0 U (e r— CI3 r—~ar—y Sl sy (o]} (v-w U 0 n Fxd
wdab? dal fob? {el {af 0 s st iz fgb 0=t i3 i i = s =
IR E E ¥ s | s ] s E | 2 £ ¥ E | N
RL 321213 RESISTCR. 1K, 1/4W || L] L] - L L
— RZ__ | 321213 RESISTOR, 1K, 1/4W R13 ra =
R3 321213 RESISTOR, 1K. L/4nm [:] -E:)-D /s
R4 328783 RESISTOR, 1807, 1/4W - c9 C10 oy c23
RS 321213 RESISTCR, 1K, 1/4W ‘:] . 0[:] Sl T - U
R6 328783 RESISTOR, 1800, 1/4W - ~ " ) © ~
R7__ | 321213 RESISTOR. 1K, 1/ *3 g’ ﬁ 5 3 3 3 1 By ‘3 5 S
RE | 315950 RESISTOR, 3907, 1/4K R10 ¥ b ¥ ¢ U
R9 315950 RESISTOR, 3901, 1/4¥ - L. L L /
c RO | 321213 RESISTOR, 1K, 174N ¢
R1l__ | 321213 RESISTOR, 1K, 1/4N
R12__ | 321213 RESISTOR, 1K, 1/4W @
713 | 321213 RESISTCR, 1K, 1/4W
Rl4__ | 321213 RESISTOR, 1K, 1/4W :
R1S | 321213 RESISTOR, 1K, l/4# ’ R STRAP ] \_ .
RIS | 321213 RESISTOR, IX, I/4W 4 SEE NOTE 1 409401
B 405012 CONNECTOR (2 REQ'D.) ETCHED CIRCUIT BOARD
; 40158 R 4 REQ'D.
- otstc. o nea| o oesomrerion | S0 Lormen| Y oeséererion Holes RIVET (4 Feony -
T MLBL5 | 333402 QUAD 2-IN HOR - ‘
MLAL | 339175 QUAD LATCH MLB16 | 333002 QUAD 2-IN NAND - . ; -
MLA2 | 339175 QUAD _LATCH M_B17 | 339309 CUAL 4-1 WUX e £ LS ‘
M_A3 | 339175 QUAD LATCH M.B18 | 333175 QUAD LATCH K
M_A4_ | 330427 TRIPLE 3 _IN NOR MLCI_| 405002 CRYSTAL OSCILLATOR -
MLAS | 339158 QUAD 2-1 MUX M.C2 | 339157 QUAD 2-1 MUX .
MLAG | 335163 4-BIT BINARY CIR MC3 | 339438 QUAD RALD BUFF }
D wA7_ |3391c3 4-BIT BINARY LTR MLC4_| 339161 4-8IT BINARY CIR 0
M_AS_ | 40508C MICROPRG ROM 10 M.C5_ | 339338 QUAC BUS XCVR
M9 | 4c5079 MICROPRG RCM & Mcs | 339151 8-1 MX L
M.ALQ |4c5078 MICRGPRG M 8 MC7 | 3291% 8.1 MUY, ’ ‘ PP ———
M_ALL | 405077 MICROPRG RQM 7 M.CB | 339309 DUAL 4-1 MUX o s ccaol
M_ALZ | 405075 MICROPRG ROM & MLCS | 405082 BRANCH FOM , ISSUE 2 -
MLAL3 | 405075 MICROPRG ROM 5 M.C10 | 405083 NEXT STATE ROM B
MLAL4 1405074 MICROPRG FO¥ 4 MLCIL | 333174 YEX_LATCH IXL "B" ASSEMBLY -
MLALS |405073 MICROPRS ROM 3 M.C12 | 333174 HEX_LATCH
- MLALE 1405072 MICROPRG ROM 2 MLCI3 | 339175 QUAD LATCH P~
MLALT |405071 MICROPRG ROM 1 MLC14 | 329178 3-8 CECLOER
M_A18 | 405570 MICRCPRG RO O M.S15 | 339002 QUAD 2-IN NAD TS
M8l (339161 4-3IT BINARY CTR ¥.C16 | 339175 QUAD LATCH ETRCTTR B P R
mg2 339437 QUAD NAND BUFF M.C17_| 339402 QUAG 2-IN NOR . SRE il . COMPL.
M 33 1335402 GUAD 2-IN NCR - = ]
MLB4_ 1339438 QUAD NAND BUFF ENGR. 7.0, Tosenr. 6 W
MBS [339838 QUAD BUS XCWR ] ORAWN  J.A.J {oate 11-15-74
E MLB6 1339151 8-1 MOX SW 1 341709 SWITCH, PUSH BUTTON € — NOMBER E
MLBT 1339151 8-1 M SD-CD M) & 440!
M.88  [339151 8-1 MUX R&D FILE NO 6-:67 IT2AA
W29 [339151 3-1 WX (1 Jeo=2s LED, PCB MOUNTABLE TELETYRE ~
MB10 |339157 QUAD 2-1 MUX L2 |405029 LED, PCB MOUNTABLE PO "
MLB11 405081 IR JECOCE ROM (3 |405029 LED, Poo MCUNTABLE ’ J,ru }
mel2 |223309 DUAL 4-1 MUX L4 405029 LED, PC3 MCUNTABLE Bl .
MLB13 |239309 DUAL 4-1 MUX e 410401 . 1 -
M Bla |339427 TRIPLE 3-IN HOR : l - I j}-t:ﬁ;" € . #0*
TG §37-0173 { H 2 l 3 l | , 4 1 . : ’ s Y a9 P J - i‘
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NCTE! MANUFACTURE PER MR 200) AND MR2028 (CLASS AAA/IO/T/2) REvIeTS g
{ [ 405123 LABEL i — {
! e NOTE: 1. PRINTED CIRCUIT BOARD PATTERN MODIFIED 2 . g -
! (4104061 | TO INCLUDE PATH PROVIDED BY STRAPS IN VI £ EN z
: T ! NOTE L SHEET 2. 3% 23 &z =
@ fT 3 =
NOTE. 2. ON CUSTOMER 1.D. ISSUE 68, THE VALUE OF RI-R8 INSULATOR S < = 2
THIS  SHEET FOR CUSTOMER L.D. AND R9S 15 12K, < , T B P
. N ‘ ~8-75 4776
A ‘ NOTE. 3 ON CUSTOMER 1. D. ISSUE 6C,THE VALUE OF RI-R8 2 P.C. BOARD et 3 ORIENT SKITCH PAGK T 3 s e ases
/ 405014 EXTRACTOR (2 PLS.) AND RSE IS 10K. COMPRESS INSULATOR (8 PLS.) SUCH WITH SWITCH 1 To 1op s 1t 3 ST 76 Trigs A
/ 408618 RIVET (2 PLS.) NOTE. 4 196113 ROLL PIN CHANGED TO 408618 RIVET. THAT HEAT SINK PROFILE 1S NO OF BOARD AS SHOAN 6 lp 4 10
y HIGHER THAN .375. . N Shed 11991
$/ — e N 2 6 D -— 11 7777 | 13555
31 e ip}] — 2] —— {18595
2 : | e
n i 7 . n :
- "E"Nﬁ&a}lw‘gh‘&&%mxm&vq%&ﬁ"%&%& m%r&‘ i A!&r&%%&%’r&" m&v%:&‘t-\ mlmrﬂwaﬂwlmrﬂj ; {ﬂ-""'
R g R R T R R P P T e B PR E I R T N N VT BT eI e el T T ainls A i SR R R A S i R Do BT L
i ; i e i il e e o | iR L;_}:K, @) e € e e L E S S & laiie) x| & ERRE kR e R e RglE
d P S e e e [ IR R
sl ‘uj‘r‘zrtni PP PSS IERS e EAERE TETTTr T %’vffuf% et af —
s 3 9 10 ’ 11, 12 13
L_r:;] @ L ] 5 l E { ! a [ ] o | ﬁ! R73
! i
i 1 T 1y p o = e s e Rel
] 2 izl et el I g b g b { 5 : : ] ! 62
5 I;_‘ E = (& & g " g : g b g q )] b =L Reo = '
i 1 q b g b ¢ i) q { ] 5 b :
: h 4 ! d R q 1 b @ B .
g D g p ! i g 1 b h 5
ruj ﬁ ’_x]] f q B g 4] E ] q g h b 4 ] i
ol 1<l ho! Tol |~ Ta q ™85 § d t™BE P ™sa? P g ) i g ] :
ERERERER g h q b d b 4 THES g ™MB 4 ™Bl0 j ™BI1l § ™MBL2 vl
Tj LUJ 1 g ' : b 1 i q g 1] g B d B ¢ J
4~ h q h g b g g n d i 5 N 'J
f h q h q 1 q g b g 0 ! o] o
; g, 0 p E i g I ; 1 g ol oo
v c g B B g g g i} i d ~ T -
g [;] - [gq i H‘J " q 1 g - g b q LA & g : S b
melh [© M2 22288 g ; ; d b 2 § oS ER g i ; SPB13 T
Lu-‘ ~ s LUJ q b g ) I b q E| & &zl g 3 ! ;
= 1 g b q 1} q i g d h b )
) q b f h s b q g h b
4 @ q 3 ¢ p q i q g B y
1 1 — 1 A S
‘ f ] L ] L | ]
¢ hoo ) BN
#
@ g i SN c
] mo4l |3 . - 1 1
g Lropaas L L L]
T = oy b et o) o] it el [of 1) |3 1] i st o] jef iy et o
ol 1o o] ot ielio]ohie] Q! i gt it |y el v et im0
el e B e T < IR P R b R I R U~ s e B o e B et b B el Bl B e il
0:{%:_};: zzrzmtnz‘ln:L%:_Imbn_{ '=§‘]c__|c:~55_,ﬁ§“$_, C T U 0T T 0 00 01
T TTT -
' i
v o) :
i /k@ l ;,
405012 COMMECTOR, 71 PIN (2 PLS.) _// \ \
/? 340158 RIVET (4 PLS.) ———— 409406 BOARD, ETCHED CIRCUIT 403446 HEAT SINK W/INSULATOR (8 PLS.) g
> REF. | ParT |Sy per. | PART |3 ParT 1% REF . parT 147 REF. | PART [Q REF papT |¢ i
< b T . f c T, . T
pestc |no. pea.| Y| DESCRIPTIN srsrsden peg | v]  OESCRIPTIN Ino. megt yj  DESCRIPTION DESIS. | M. Reg| Y| DESCRIPTION oesisro. Reg| v|  DESCRIPTION pes1e.) no, peq | v]  DESCRIPTION o}
M_a1 | 339416 | 1 | HEX. ORIVER C1-C13| 319999 | 13| CAPACITOR, .CI uf SAME AS RT3 F129 | 328737 |4 |RESISTOR, 120K _ 409406 | 1 | BOARD, ETCHED :
M A2 | 326858 | 2 | JUAD BUFFER R |__|SAME ASTRS :
M_AZ SAME 45 MLAZ 323148 |15 RESISTOR, 18K ©17° (316985 . 4 | RESISTOR,5.1K CRCGIT ARG i
ML | 339002 | 2 | SUAD 5ATE SPB13 | 341807 | i | SWITCH, 7 POS. 320025 | 8 30K SavE £S Rig 403445 | 8 [HEAT SINK W/INS. CC 406 3
M 32 | 339417 | 3 318303 14 TSTCR, 2.4K SAME 45 R129 73547704 SOARD . THERMAL :
e SAME AS RIO3 s =
— SSI INPUT .
TMI5 | 344581 | 4 Q1 | 322932 | 1 | TRANSISTOR, 2N7555 Saet o5 RO 1T / GUTPUT ;
- T4 35 G2 | 374144 | 1 | TRANGISTOR, 2N4121 SAME AS R100 SAvC 45 R129 405512 | 2 |CONNECTCR, 71 PIN CIRCUIT CARD ASSEME Y
™ 5T SAME AS £103 Save A3 R9 342158 | 4 |River T
TMLES SaME AS P104 #1420 SAME AS R132 495314 | 2 |EXTRACTOR .
™MEs 324675 14 SAE AS ALOY e A% LS RIB2 408618 | : |RIVET PREOVAT 3
Tes1a F142 SKE LS RI29 405123 | 1 fLABEL PR@JOW;;'S — %
THBLL SAVE AS R100 5143 R M o H
™17 SAME AS R1DZ ®i4c |315955 |4 |RESISTOR, 2.2K ,g:l 7S
Mol | 339161 § 3 SAME AS P104 wia7- Tosomm
: ) . SAME AS 103 Fisa SENE AS RO 1
- C13] 434161 | 3 | {RESISTOR, 10K 837 SENE AS RI32 gl
Ml | 333237 | 3 SEE AS RT3 SAME AS £1D) E SAME AS RI32 =
M2 & SAVE AS REL SAE AS F103 e
M2 SAMT AS v 71 R30 21E8ES 1~4 ZESISTOR, 4.7K SAME AS P104 _LaialnA s
o4 SIME AS MLEL Rl -Fas SEME AS RT3 SAVE 43 R1D3 TELETvyme i1
MO | 404223 | 1 1QUAD COMPARATOR R26 SAME AS A1 . ] ey
2457 SNE AS 19 SAME AS R9 e,
Fu8  [32878% 11 [etsrsTom, 130 I [Gecriaim | :
~ : - 410406 (3 OF 3) |
TC 66i-1174 ol | 3 5 } s i— -
& ik £ it o sanSiioniic B s 2a: I N e S o o < _armindle s w"
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DZE‘F-G' NP;T{EQ QTY DESCRIPTION NOTE: MANUFACTURE PER MR200i AND MR2028 (CLASS AAA/IO/T/2) REVISIONS
1 CAPACITOR, L1 uF o2 2 B ¢ g
pos = $<u1,.8 Buw 2w 3
= i sezlesl 35 3 2H :
o coaiFE g% o od £
T A N & 2
/405131 LABEL 8 S
11z 1 1} 9-2.7¢ {24e51R
. . ' |8 2 2l —  [iear7 A
. 408618 RIVET(2 REQ'D.) ; : — 2 — :;%?‘7
/ /_405014 CARD EXTRACTOR (2 REQ'D.) e — s |3-21-77 | 18325
CEPALITR. B i 3B —— 16 18595
CEPACITOR, 15 uF J 7 8 S 18 11 12 13 ge2 — )
ci2 CAPACITOR, 15 oF SO L 15 16 17 o o 28 21\ °
ti4 CAPACITOR, 47 &F = 31 EE} D;
—t S CAEPACITOR, L1 uF . ) IR
cis CEPACTTIR, Ao A 5 @ SG 5 = -
17 CAPALITIR, 1F o £ & g:c] ™) - =1,
ciz £2PATT 1P = 2 = [j ~ " : ] b3 =%
19 CLPRT LoF 2 =| (== =] (=] (=] [= 3 z < g . o b & g =7
g2o CAPALITTE, L1 uF il == == ===l =1 = = < < 2 ==}
21 CRACITH, 1 NCESIEES: === 4= ES § — = 2 ¢ Y
) CLPACITOR. 1 uF v == ==k 2= S (o 2 5 = U;
cz3 CRZAlITIR, L oF » jomi == = el |58 (= 2 3 =l in & p 15 = gpye
24 CAPACITOR, 1uF T c ) . = 2 =/ {g ! 3 = B
25 CAPACITR, 220 & » ) i - ==
cae | 4cesaa CRRCITOR, 1 ~ 15848 Sp e 818 SRR 2 oth & 1S2 o . oo
c27 | 405724 CAPAZITOR, .1 uF U)G - - = = & & @ o © | & g8
28 | 325533 CAPACITOR, 220 F L & g8 - s D 3 g[:] 8 -
c22 | 373303 CAPACITIR, 220 oF « ~ - o cie @ 3 9 - & UU = g 8
czo [acs724 CAPACITOR, .1 uf £ NEey g o 2z e 1 | = - o g - © =
c 02324 CASACITOR, .1uF Bl [j L'] 3 UO[:]N,W L e 8
~ Fat o~
— :Z 4;3324 EAPACETOP‘, 1 wF o = U[:]E]E] - s U - ez 1 = g E o N ! ‘ » e
cz 405324 CAPACITOR, .1uf X 5 E =] 8 FqMS e o] @ g ® | 2 i A — isir o
034 {408%24 CAPACITOR, .1uF EN = = = oflm C15 e |« [ o ) 2 = 2] ; P &
C35_ [151700 CAPACITOR, 0O of or _J ol - 3[:] ‘ ‘ ) Y
c36 | 181700 CAPACITIR, .00L uf o
c37 | 181700 CAPACITOR, .0OL uF _@ ® | | @ o
c38 181700 CAPACITOR, .0CL UF . EE] QGUS
C39 181700 CAPACITOR, .00L uF
R1 328783 RESISTOR, 180, 1/4W ' L c
R2 328783 RESISTOR, 180, X/74M 340158 RIVET (4 REQ'D)
=1 323783 RESISTOR, 183, 1/4H .
R4 | 328783 RESISTOR, 180, 1/4W 405012 CONNECTOR (2 REQ'D)
a5 320276 RESISTOR, 470, 1/4W 409411 ETCHED CIRCUIT BOARD
R5 320276 RESISTOR, 470, 1/4W : : |
R7 321213 RESISTOR, 1K, 1/4W .
3 321213 RESISTOR, 1K, L/4H NOTES:
= - 55 32027€ RZSISTOR, 470, 1/44 REF. PARY QT REF. PART QT e
Ris 23927€ RZSISTOR. 470, 1/4N DESIG. | no.RrEQ) Y DESCRIPTION DESIG. IND. REQ. Y] DESCRIPTION 1. FOR CONVERSION FROM CUSTOMER I.D. ISSLE 1A TO ISSUE 18,
7l 320276 RESTISTOR. 470, 1/4# MLC21 |335528 EIA LIME DRIVER . SPA21 | 341302 SWITCH, 9 POSITION BOARD ISSUE 24 WITH RE-ROUTED LANDS IS USED.
R12  }315959 RESISTOR, 4.7K, 1/4A MLD1 | 239337 HEX RECEIVER SPBL | 341808 SNITCH, 8 POSITION 2. = ORIENT SWITCH PACKS WITH SWITCH | TO TOP OF BOARD
R13 | 315959 RESISTOR, 4.7K, 1/4W M33 | 339837 HEX RECEIVER SP82 | 341808 SKITCH, 8 POSITION (10-PLS.) AS SHOWN. ON SOME EARLY CARD ASSEMBLIES, THE
R14 315959 RESTSTOR. 4.7K, 1/4% MLD4 | 339433 QUAD NAND BUFFER SP23 | 341808 SWITCH. 8 PCSITION ON POSITION OF THE SWITCH MAY THEN BE TOTHE
P15 | 211027 RESISTOR, 60, 5M MD5 | 339138 1 OF 8 DECODER SPB4__ | 341508 SHITCH, 8 POSITION 5= ?:;:EAN;;%Ac?ngZBLETL:EF;W ?’lr"c”:?n%zsgggfom NG
Rlg 1311727 RESISTOR, 60, SA M6 |339002 QUAD 2 IN NAND SPES | 341803 SWITCH. 8 POSITION “[T | PROGRAMMING INSTRUCTIONS.
RLT 300052 RESISTOR. 6.8K. 1/4# MLD12 | 339347 6 BIT COMPARATOR SP3s | 341803 SWITCH, 8 POSITION ST o
R13  ]320276 RESISTOR, 470, 1/4W MLO16 | 335525 TIA LINE RECEIVER SPBY | 341803 SWITCH, 8 POSITION
R13 (211027 FESISTCR, 60, S# M_C17 1335529 EIA LINE FECEIVER sP33 | 341308 SWITCH_ 8 POSITION «[177]
R20 | 320276 RESISTOR, 270, 1744 M25 1338529 £IA LINE RECEIVER SPE12 | 341803 SWITCH, 8 POSITION s I3
%21 |315959 RESISTCR, 4.7K, 1/4W MLD22 335528 EIA LINE DRIVER CIRCUIT  CARD
p22 {21213 FESISTOR, 1K, 1/4W CC 411
Re3  |321213 RESISTOR, 1K, 1/4M CR1 | 405029 LIGHT EMITTING DIODE -
RPAZ 341733 RESISTOR PKG., 6.8K cR2 | 405029 LIGHT EMITTING DIODE
MLAT  |235404 HEX INVERTER RPA3 341733 PESISTOR PKG., 6.8K CR3 | 475029 LIGHT EMITTING DIODE CIV /PIT /SID
MLALD 1333838 QUAD TRANSCETVER RPAS 1341733 RZSISTOR PKG., 6.8K CR4 | 405029 LIGHT EMITTING DIODE : ASSEMBLY -
M_ATL 1339538 QUAD TRANSCZIVEP RPEG 341732 RESISTOR PXG.. 6.8K crs | 405214 ZSHER DIODE, 6.2V
v Al2 1339347 6 BIT COMPARATOR RPAS 1341732 RESISTOR PKG., 6.8K CR6 | 405214 7€ =R DIOOE, 6.2V
WUAL4 |342292 PIT /SID RP:13 341827 RESISTOR PKG., 1K CRT | 405214 ZENER DIODE, 6.2V e ‘;:Z?OV;LRS L
MLALE 342290 CIU-RECEIVER . [APALS 341733 RESISTOR PKG.. 6.8K - %SQ i s 4 comeL.
M_A20 [242291 CIU-TRANSMITTER RFE13 1341733 | RESISTOR PKG.. 6.8K - . (AT e
V311 339404 HEX INVERTER RP215 {341830 RESISTOR PKG., 4.7 Jul | 336470 STRAP EnoR.  DAE Tosonm.
M1 |2%9261 8 INTO 1 MUX RPE17 1341330 RESTISTOR PKG., 4.7K 340158 RIVET, TUBULAR DRAWN Toare 31578
M2 |339251 8 INTO 1 MUX RP321 |341830 PESISTOR PKG., 4.7K 405012 CONNECTOR E — NUVBER E
M C3 |330251 8 INTO 1 MUX - . | rrce 341830 RESISTOR PKG., 4.7K 403411 BOARD . S5-C0 Mo 2211
M_C4  |335251 8 INTO 1 MUK RPC16 |341827 S=SISTOR PKG., 1K 408618 RIVET Re o Fie o 6157 17omn
MC5  |339251 8 INTO 1 MUX RPC20 1341827 RESISTOR PKG,, 1K 405014 EXTRACTOR ) P ——
MLC6  |339251 8 INTO 1 MUX 475131 LABEL . .
MC7 335251 8 "NTO 1 MuX H
ML 229251 8 INTO 1 MUX _ . » —
MiC13 [339161 4 8IT COUNTER SIMILAR TOs ) ) 4| 0 4' I
M 14 |405005 CRYSTAL OSCIULATOR . 3 .
TG 637-0173 I i 2 1 3 ] , 4 , | . 5 . J . € | 7 ’?2
N . i . —_— i . 4 i . . N A oy . .

§-




TC 6370173

s

i

) | v2 ] 3 | 4 | S i 6 1 7 _
REF | ART A DESCRIPTION . REVISIONS
oestG. [no. rea] Ty NOTE: MANUFACTURE PER MR2028 (CLASS AAA/I0/T/2)
Cl  ]310931 CAPACITIR, 478°0., 20V . 5% = g . g g
& o 25 ScElcel cE B3 B | .
C3 1405324 CAPACITIR,0.1 WD, S5O0V ggz’g a= Ea g3 [
c4 SAME AS {3 . & < § E
€s SavE AS C3 114 1]8-18-76 | 24578R
c6 SAME as C3 s T T > 55
c7 SAME AS C3 , P P B . N A
8 SAME AS €3 A : A 11991
cs SAME AS C3 -13-77 ] 18300 |
10 SAME AS C3 2 {A 4 5(1-2-781 18818-1
€11 SAME AS C3 405422 2 i8 5 612-15-78 | igg18
C12 SAME AS C3 LABEL, IDENTIFICATION o 2 18] — {71 == Tlsomome
c13 SAME AS C3 rd ‘3 2 18t — 18| — |ia59%
c1a SAVE AS C3 405014 CARD EJECTOR (2 PL'S.) i
cis SO AS 3 =1 aossis river (2 PL'S.)
ci6 SAME AS C3 T — .
17 SAME_AS C3 7 8 9 n 12 &8 17 18 19 20 o
18 SAME AS C3
€19 . SAME_AS C3 ) s a b 9 g E 9 P a
€20 SAME AS €3 M M.fca dm M M. M- oIm M ML ST5 ML = B d 9 b o 3 ‘
ce1 SAME_AS €3 a2 A3 A4 As [j A8 A7 A8 A9 AlLs g podw dw. B d(n B
€22 SAME AS €3 q Al7)p o Alg)p g A19)fE o A20)p . :
€23 SAME AS C3 : I o E o B 2
RL_ | 320276 RESISTOR, 4700.1/4M, 5% _&,_ L clz & x 3 g o 3 B
R2 SAME AS F1 ci3 —
R3 _ |315957 RESISTOR. 3.3K,1/4%, 5% . - c20
R4 SAME AS Rl > ‘ et IR Bl . e oy i ' .
RS SAME AS F3 o0 M. ML My M M M M. P L M ML D M ML ML RP M RP ML RP
R6 SAME AS R3 RN P AR P R B B4 85 86 87 88 B9 B10 12 13 B14 B15 516 7 518 B19 20l k21f B
RY L. [SAM AS R3 E4 [:] ' C] D
R8 ’ SAME AS Rl - R4 ] L | - | ]
R9 SAME_AS R3 . O gy - = L - ST2e o o WSTL c14 [ m— Y
RIO SAME_AS RL b RS B c8 £ —
— — —— e
R11 SAME AS Rl ] 1 ]
- ¢ i M " M M " M mp M M M M " w M M Mice ) ¢
RL3 |328784 RESISTOR, 2700,1/4W, 5% c1p c2 c3 S= cs cs cs €9 c10 C12 C13 14 1 16 c17 c1ap C16 {c19 c20 D c21
R14 SAME AS R3 = l}m
R1S SAME AS R3 , o2 ::: = m; b 5T6 — ' ' ' K13 Rl6
Rl6 |315952 | |RESISTOR, 820M,1/4M. 5% RZé = N % 6 8 s 1 n 2 13 14 15 pig 16 v@s . =, g“"

R17 |318802 | | RESISTOR, 2201.1/4M, 5% B R e | 1
R18 | 333405 RESISTOR, 1200,1/4M, 5% : c
B) L) o BT [ o |m=

a2 ot n. TEX_LATOH =] ORIENT SWITCH PACKS WITH
= -
i:: i?):fl):; ig ;5_:21; féiﬂuim S igl‘;%g \:a ;o TOP OF BOARD 340158 RIVET (4 PL'S.)
MLAS SAME_AS MLA3 REF.| PART o : 405012 COMNECTOR (2 PL'S.)
MLAG | 339437 IC, QUAC NAND BUFF DESIG| NO. DESCRIPTION NOTES: et -
MAT SAME A5 MAS s SAE A5 MBLZ 1. A). THIS CARD MUST BE ASSEMBLED USING 409430 BOARD, - L 409430 ETCHED CIRGULT BoARD -
e EEE7 B O T R T St e e ISSLE 34 OF LATER. ) '
MAY 13394 . ; ! - 5
MLALD |339476 IC, DUAL FLIP-FLOP M1z SAME AS MLCT B). ON COMPORENT SIDE, CUT CONDUCTOR BETWEEN MLAL4-15 Fois o ngm?:mmém
MALL SAME_AS MLAS MLCL3 SAME AS MLB1Z AND MLAL5-2.
1. MLB7-1, MLBS-1, M.AL0-1,
e e L e e —Jaa | s o 3. OV O STE, 01 COURLTIN AT HEZ0. 3 14 L s 1. TS . WG, 40 con | |
MAl4 1405056 | |IC, 32 X@ BIT RO MLC16 405061 | IC. 256 X4 BIT ROM D). ON COMPONENT SIDE, ADD A STRAP FROM MLAL4-15 TO ECTED 7O PINS MLA3-9. MLAS-9, MALS-1, PUT INTO %
MLALS SAME AS MLA3 M.C17 SAME AS M.BL2 MAL4-8. PRINTED CIRCUIT BOARD PATTERN (BOARD ISSUE 54). o
PULL -UP RESISTOR RPBL7-7 CONNECTED TO M.C13-14 e
o Soret fg iCcL)FT?; e coor u_gls 335363 SIACFE 4Asa ':'leimv TR E). ON COWONENT SI0E, ADD A STRAP FROM M.CLS-14 TO BY & WIRE ON THE COWPONENT SIDE. MLAL4-15 CONECTED ‘
:’82 SOE S Msosooc:n :_'C;S - S A5 I,Mz :&'50‘_’: ST-3 THAT FREVIOUSLY WAS CONNECTED TO TO GID. MLAL4-8, BY A NIRE ACROSS OPEN LD ON CIRCUIT  CARD
MLB3 | 339432 IC, QUAD 2 IN R M.C21 [339705) iC, ECL TRI OR/NOR CIRAAL.SI0E - . .CC a3y
M B4 | 339347 IC. 6-BIT COMPARE M_D21 |405001 OSCILLATOR 18.9 Miz (REF. C.0.A. 16509) / DIO ASSEMBL
M_BS SAME AS MLA? ¢ Y FOR
V.56 SAVE AS MLAZ RPB17 (341701] | RESISTOR PACKAGE 2. DELETE R12 FROM DNG. AND PARTS LIST. . 40C400 CONTROLLER
ML37 SAME AS MLA2 RPB19 405000 RESISTOR PACKAGE 3.  FOR CONV. FROM CUST. ISSUE 1A TO 1B CIRCUIT . .
M_B8 SAME AS MLA? APBZ1 SAME AS RPB17 CHANGES FROM NOTE 1 PUT INTO PRINTED CIRCUIT
BOARD PATTERN (BUARD ISSUE 4A
»Lis SAME_AS MLB4 { ( ah 3.-@;’»«”»--—»-! ‘ T
M.810 SAME_AS MLA3 409430] | BOARD, CIRCUIT _FOR CONVERSION FROM CUST. ISSUE 1A TO2A ADD. §. PROS. SUV. | PROJ. DIR. | o, FEL
wB12 | 339608 |  |IC, QUAD 80 BIT SR 405012] | CKT. CARD COHNECTOR L THE FOLLOWING STRAPS. FROM MLB10-1 TO RPB17.3. = ! 4 \< L T RS
w313 SAME AS MLBL2 lacs014] | CARD EJECTOR { FROM M_C13-14 TO RPB17-7 FROM MLA3-O TO +5v . e ‘ 79 Rwvn
MB14 SAME AS MLAZ 40808 | RIVET | (MLA3-16), FROM MLA5.9 TO +5V (MLA5-16), FROM , ENGR\ J M G. Josenr.
MB15 | 730175 | |IC, QUAD LATCH 540158 |RIVET k"‘us 1,70 +5V (MAI5-16). T " ~ Py Toare
MLELE | 339475 IC, GQUAD LATCH SPC4 1341804 DUAL -IN-LINE SKITCH - £ — NUMBER E
M.818_| 339166 IC, 8-8IT SR SD_CO_ W0 4430
820 | 339776 IC, ECL HEX O LATCH STL-7 (336470] | STRAP . . R8 D FILE NO 2-176 17248
wCl | 339151 IC, 8-1 MUX #05422] | LABEL, IDENTIFICATION ——
M.C2 | 405058 1c, 32 Xg BIT ROM
M.C3_ | 339837 IC, WX BUS RCWR M_AL7 404907’ _ |IC, 512 X 8 BIT ROM . .
MC5 |329838 IC, QUAD BUS XCWR MLA18 404901]  |IC, 512 X § SIT ROM )
MLCE SAME_AS M.BI2 MLALY B04902 IC, 512 X 8 BIT ROM 410437
vic7 | 339157 IC, QUAD 2.} MIX MUAZ0 1404003 {JC, €12 X 8 BIT ROM .,
! 2 3 | 4 1 5 | 3 I 7 7 5;;




e e L - 1 " S s B 7
iife ‘ASLAF;TEQ DESCRI=TION NOTE: MANUFACTURE PER MR2001 AND MR2028 (CLASS AAA/G/T/2) REVISIONS
0ESIG. [ro RED <3 2 g ;
. EEN (,%. Sw 2w Lo 2
a4 CERie e o6 23 = .
Bezizdl 82 25 &% P
271 5 2 &= S 5
3z @ 2
d < S 3
o i
1A ; I }i0-26-76 | 24695R
A 1A - 2 — 11991
z A 2 e 7720043 | A
2 jAL — 4 — 18595
. 41084¢64
. \ 405014 EXTRACTOR
4065420 IDENTIFICATION LABEL
—— [ 408618 RIVET -
SEE NOTE | /
A
ML 25 M0
[N A5 Ml
M 12 85 vl
B MLCLY 45 MLCT 8
[ A5 M 522
M15 L5 M
MC1S 25 M7 -
MLC1T A5 M2 7 N
= A 7 %)
M 18 55 ML m
%019 AS MLT =
. M CZ0 AS M CG& >
—
— @ b
w
N
ol 324656 TRANSISTOR, 2005569
CRL 321967 DIODE, ZEMNER S.1¥ B
B
R1-4 | 315959 RESISTOR, 4.7R <
c RS-10 | 221213 RESISTOR, 1.0K - W
RLL 315359 RESISTOR, 4.7K 1 5 [
R12 333408 RESISTOR, 15K e
R13 315972 RESISTOR, 22K oI
R14 143652 RESISTOR, 35C cle cis
\«340153 RIVET Z405012 CONNECTOR _/ \
409464 BOARD 405069 SWITCH CODE LABEL
- c1-7 405324 CAPACITOR, 0.1 ™MD -
Cg-11 | 310931 CAPACITOR, 47 *F3 (
C12-17 1403324 CAPAZITOR, 0.1 MFD NOTE: {. ORIENT SWITCH PACK SWI SO THAT SWITCH i
e 337324 CRPACITOR. 6.8 D PCSITION t IS AT TOP OF BOARD. !
Ti5.78 | 405324 CAPLCITOR, 0.1 M0 NOTE: 2, CIRCUIT CARD ISSUE 2A DELEETESOflo::iiT|ZONT:;ﬁ:}S-I
1 3 337354 CLPLCTIOR, 6.5 MD TO MLA4-2 AND ADDS CONN CT::S_’ .
£39-47 | 405524 CAPACITOR. 0.1 WD ADD CAPACITORS C54 THROUGH .
U438 1337334 CAPASITOR. 6.8 MO
0 040.50 | 25324 CAPACITOR, 0.1 MFD o
c51 337334 CAPACITOR, &.8 MO
£52 405724 CAPACTITOR, G.1 MFD .,
€53  {337334 CAPACITOR, 6.3 MFD CRCUT CARD
MC 4
409464 BOARD , CXT 64
Sil 341804 SELITCH 8K READ/WRITE
STi 336470 STRAP VMDY
- 405012 mnd
SUE014
408618 .
76:3]5“ CTve APFROVALS
7471 FIVET i . PROJ. SUPY. PROJ, . -DIR MFG, REL.
SHITCH CODE LrZEL N Ty e coMPL.
VAN oo R
ENGH. L A.3. Josovm. AL,
473420 LADEL, IDENTIFICATION DREEN - {oate
[ E — NUMSER E
C54-57 |325034 CLFACITOR , 120t SD-CD NO. 4464CD
R&D FILE NO. £-167.17244
TELETYPE
B . A
SIMILAR TOt 410 464 ,
- ¢
r 5 6 o 4
T¢ 637~0173 i 1 2 . |2 3 4 ‘ ) i ‘ 7 I »
B U i —_ - — —— o — — —_— — _ - l -




: i 2 1 3 I 4 i 5 1 s ! 7

O}ZglﬁG NPOA‘;EQ e DESCRIFTHOM NOTE: MANUFACTURE PER MR200! REVISIONS

—

=<

W
310505] 1 | CIRCUAT CAPS ESSEMBLY SCREEN PER MR2028 AAA/II/T/2 §§ z E, E g
ny
407982] 2 | LAST . IDENTIFCATION ceaiel 85 3al  E% :
MLA3 | 403404] 1 | 255 X 4 ROM 1SS 1 geofy 2% g ga E
W_AS | 451150 1 | 1024 X 8 RC' IS5. 2 8 < g =
VB3 | 45.151] 1 | 1024 X 8 ROV IS5, 2 S T 13-21-78] 254698
. MAS | 451188 1 | 1024 X 8 RM IS5 1 2 {a ) 2 |5-19-78 2059
W.ES | 451189 1 | 1024 X 8 RO™ ISS_ 1 s 1z 5 1o s Ta looees 1 A
MALC | 4511851 1 | 1024 X 8 RCM ISS_ 3 20
MLB1O | 451187] 1 | 1074 X 8 PO™ I35. 2 4 jA 3 416 -28-78 | 20740
MLALL | 451184] 1 | 1024 X 8 RO IS5, 2 Siap 4 5y3-2-79f22330
MLELL | 451185] 1 | 1024 X 8 RO™ ISS. 2
MLAL2 | 451182 1 | 1024 X 8 RoM Iss. 1 N LABEL, IDENTIFICATION CIRCUIT CARD ASSEMBLY
W81z | 451183] 1 | 1024 X 8 RoM 158, 1 407982 . 410505
M_ALZ | 451180] 1 | 1024 X 8 RO™ ISS. 2
o WM 13 | 451181] 1 | 1024 X 8 POM 135, 2
MAL4 | 451178) | 1024 X 8 ROM ISS. 1 — — oo
M Bl4 | 451179] 1 | 1024 X 8 RoM ISS. 3 \oj""—' W
MALS | 451176] 1 { 1024 X 8 ROM 1S5. 2 - o J= - =
M.B15 | 451177| 1 | 1024 X 8 ROM ISS. 1 - [ - [ - [ — [ [ - o I e
MLALG | 451174] 1 | 1024 X 8 RoM IS5, 1 —~y el Rl 3 ' I} .
M816 | 451175] 1 | 1024 X g RoM ISS. 1 g - § « 1
MAL7 | 451172) 1| 1024 X 8 ROM.ISS. 3 2 © @ 2 j=} S 3 = 3 9 s
MLB17 | 451173] 1 | 1024 X 8 ROM ISS. 1 = - 3 ] b 3 3 M 3 3 ! < <
3 = L = b3 o < ¢ b « < 8
(== L e
L= U
.
; — — — —
¢ -y - = - }=
:(_:_*“ H
: n
L] ] L | L ‘
— o (o] — o~ ” < '] 73 ~
— g 2 g 8 = g & 5 g g B
U ° ' I
4 i
. 3
4
i R B v s S i =
; g B ¢
(e ©| ] -

et |. FOR CONVERSION TO CUSTOMER 1.D. 2A,
451180, 451181 & 451184 - 451187 EPROMS
CHANGED FROM ISSUE | TO ISSUE 2.

i 2. FOR CONVERSION TO CUSTOMER 1.D. 3A,
451176, 451190, 845191 EPROMS CHMANGED

FROM ISSUE | TO ISSUE 2. P

) 3.FOR CONVERSION TO CUSTOMER LD. 44, _ - D

481186 CHANGED TC ISSUE 3, - ’

4, FOR CUSTOMER ID ISSUE SA REFER TO NOTE |
ON 410505 CARD ASSEMBLY.

CIRCUIT CARD

MC
1CK ROM
ASSEMBLY
g . ’ ——
APPROVALS
PROJ. SUPV. | _PROJ. \DIR. MFG. REL,
; 5 ]
G| AT
ENGR.  RVP DSGNR,
DRAWN CATE
i E ~ NUMBER €

SO-C0 WO 6530
R&D FILE NO. G-65.1724A

TELETYPE

SIMILAR TO! - ) 41 05 20

fa®
~ T¢ §37-0173 - i 2 ! 3 J 4 ’ ! ° ! ¢ ! 7 /% |




x = x = x S X bt I d { 7
| o NOTE: MANUFACTURE PER MR2001 REVISIONS
: Y.
| SCREEN PER MR2028 AAA/11/T/2 3 o B .
| 1 = W z g
1 $w 5 Huw 3\.. .
: . 52210 ¢ oF ES] ZM
: AT - -1 I Y z
S s SE27el 2% jEd & E
—~ - P = . o5 < 5 S
o Py ce+ S ™I <] o
el 1 024 3 RIM ISS. ’ i A I | 3-21-78 25469 R
wAc 453579 1 1 [ 1028 v & POw IS, 2 |a \ 216-15-78 {20474
ey 453551 ] 1] 1024 = 8 POMISS. I 3 la 2 3 {8-23-78 |20839 | A
M£17 1ss1192 1 3 ] 1024 v 5 AOM 1SS, 2 4 1A 3 4l3-2-73 | 22330
me17 lasiie3 | 1| 1024 2 8 oM 1SS 2
CIRCUIT CARD ASSEMBLY
410504
1 -
L
\Q,[Q :
o =
- o S [ o o L= o - [
- | i ! v It
s | }
M } 14 ~
3 ) 2 j { : 4
4 L
1 1 : 8
: o
¢ S 1 | ]
- =
- I~
M
L d ~
8 a = e
— — — — U g ; g
|
i
[;. ] b il i i
-
- Y - =+ -4 D
115 el —F
- -
-y P
NOTE - [.-SELF TEST - ROMS 451000-1 WERE
“CHANGED ' TO 431500-}
2. FOR CONVERSION TO CUSTOMER &
1.D. ISSUE 3A, 45iI92 8 451193 g
EPROMS CHANGED TO ISSUE 2. P i
3. FOR CUSTOMER D ISSUE 4 A REFER TO NOTEI
ON 410504 CARD ASSEMBLY. o
CIRCUIT  CARD
. 5 B MC
B 2K +1K ROM
. '* W/BUS R
’ ASSEMBLY
- ’ p—
APPROVALS
PROJV. SUPV, L OFR. MFG. REL.
OV | A8
LW | A
ENGR.  RWP DSGNR,
DRAWN DATE
E — NUMBER t
SD~CO NO. 4500
R& D FILE NO. G-65.172AA
TELETYPE
@
Al
SIMILAR TO» ) 4q | O 52 |

: cd
oo 1 I 2 LE 3 | | 4 . 1 s - ], s L . 7 [‘?L :

’b
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' | 2 : | 1 s I : ] "
[ T T T T T LI T T T 1 T T T T T T T
' UNTOLERANCED DIMENSIONS PER MR2003 CARD LOC/SHW SETTING 408968 (I)
L 1 ) i [ 1 1 L 1 ] i i L ] L 1 1 1
d OOOO ORIGINAL USE THIS MATERIAL IS TO BE
= TREATED AS TELETYPE
40C435AEEQ9! FINAL |cORPORATION PROPRIETARY
DIRECT |INFORMATION AND IS NOT
TO BE DELIVERED TO ANY-
" ONE OUTSIDE OF TELETYPE
- OOOO CORPORATION, EXCEPT
UNDER STRICTEST CONFI-
__ r DENCE AND THEN ONLY
Y WITH A FORMAL CONTRACT,
o OOOO g PURCHASE ORDER, OR
- REQUEST TO QUOTE. ANY.
. ONE OUTSIDE OF TELETYPE
%’ D CORPORATION WHO ACCEPTS
. g THIS MATERIAL AGREES
- ~ THAT: THIS MATERIAL IS
- OOOO 3 . NOT TO BE REPRODUCED IN
w J 8 a ANY FORM WITHOUT THE
o 4 hZz < WRITTEN APPROVAL OF
o 7 xS TELETYPE CORPORATION,
AND PARTS AND/OR APPARA-
- OOOO ol < L?J ‘Q__ © TUS IN ACCORDANCEWITH OR
:1 % xS = SIMILAR TO THIS MATERIAL
' O ARE NOT TO BE MANUFAC-
U w w o H TURED FOR OTHERS EXCEPT
o OOOO = gg ® o m E : ON THE WRITTEN APPROVAL OF
2 L O O O PO - N THE TELETYPE CORPORATION.
. < — O
v T w <
- ~ w =
Ol 410521 | OOO® |<| ’’f; y = 1P L{e ¢ 4 5
vRen| ey AV A ~ ~ O w
Z S —| oy L I I g =
e - —1 ] & oL = I o @
*~ 410520 OOO. e 'z— < w o000 0j0(0]|0 8 8 ﬁ xx I : o™ E w'\ ! ;
] <{ Slele|0 8 m 8 ~A &:J .(__)- E = E-J g aw 1
) = ul Clawl . |
& o > |x == Pai= g2 g 2
(] [Tele z ? oo W9 Eln|E R = 2l e
3 || 410464 0080 E o T Te g g 8| FeelREE o H ool ziolw wx <z al &
O'OOOO O] |||l o< w —l=—i=]-
- ‘ Zjololo x4 »ww o W
W w 9) = Hwo
> Wal—imle
wi[4w04a1 ] 0OGOO |Z % ¢ S| et &8 1 % 221
olelo| | |ojojo] ! 1 = W wlwlwv]vjn =6 -
— £ 0000 45 1BISI8I8%80E | 22 wg
o) d OREECEL! 22 |815|5/5/5|2 HY g
M ® M ]
< |i 410406 C 10] ]®) E olslalele] | | % ToR Bl o] FEERRIE U TS| | T Q o§: o é:(:
— L O0OO0O0 T o
' «| [elele ' o - Z 0 - -
n|[410437 ] @ @O0 |I T Tl ol 7 |@ =R o lalsl gl olals g W % § 1_|4-5-78 25258 R
— Cdmdniro é 0000 g =g g) g _% % 8) 5 ZF 3¢ ISSUE| DATE | AUTH. NO.
- REVISIONS
‘ w =1 24 ©
~{[a1040) 7 . e 0 o8] e ®» LS g o APPROVALS
0 H g 4 o (&) = g PROJ, PRW. MFG. gEL.
ceoo ¢ ¢z &k Zloooo £ ; . 2 o5 FS | TRTER |
- ‘04— U z' ~ - I 4 (qV] P ] N R z d’ .. . . - <4
v o r 5 u L= s 0 2 F o]<] <] <] <o TR . ENGR__RvP | DSGNR
Z & J ER B %loooo ¢ TN -ee 0 9T 50 5~ o oaTE
5 o w . 2] W A z g Z E-NUMBER
= 2 o CUERT v B “w O PROD.NO. _L0ES56 (1 Lr &)
= 12 o 3 e
5 fa) 210 0o 210000 - RBODFILE (65, 1754%
8 o 01" o 1 = o TELETYPE CORPORATION - COMPANY PRIVATE SCALE / X
e 6 ; ® O E CZ) .:E FINISH HEAT TREAT MATERIAL SPECIFICATION ®
< O 2 c|OO®0 0
Q - . .
J v
| SIMILAR TO: e 408968 (1) ?
TG 2571176 I 2 3 I e 5 6 | 7 797




: | 2 l s l 4 . l ' S ;
1 1 T 1 L 1 1 1 I I I 1 [ 1 H
UNTOLERANGED DIMENSIONS PER MR2003 CARD LO C{ S W SLE Tl T‘I r‘\x G 408968 (2)
I 1 L i 1 <L 1 ’H ] L 1 N
¢ 0000 ORGINAL USE |Tris MaTemiaL '= 7o o
— 40C435AEEQO9! WITH Dgéét CORPORATION PROPRIETARY
ADDITIONAL 410406 CARD e ot BELVERED TO ANY.
e 0000 DR OUTSIDE OF TELETYPE
CORPORATION, EXCEPTYT
— UNDER STRICTEST CONF1-
r -
v WITH A FORMAL CONTRACT,
o O000 2 REQUEST TO QUOTE. ANY.
- . ONE OUTSIDE OF TELETYPE
‘i' o CORPORATION WHO ACCEPTS .
P GRE
= O000 5 H THAT: TR MATERIAL 18
L) ’ NOT TO BE REPRODUCED IN
p— w J a 17 ANY FORM WITHOUT THE
o 4 e & YELETYPE CORPORATION,
o OOOO ) z |-I>J ﬁ AND PARTS AND/OR APPARA.
- ] TUS IN ACCORDANCEWITHOR
— "I 2 ol % SIMILAR TO THIS MATERIAL
= o U 14 W o ARE NOT TO BE MANUFAC-
olL40521 | O00® |<| T E b W @ Z H THE WRITTEM APPROVAL OF
;r__ z P z[- E THE TELETYPE CORPORATION,
! m z .
] l 1] r~ le w
— Z < —| oy Mg < I
i ) prm—— - o ] ' 1 O a =
| oo | Y =m 8|8 gl
~{[a062] 0000 || ETTHE 8 B T w | [SS| [SE] BB
— £ g S leyuleloleE| 2B
N oo z 0 CC) O = il 123 ] v N
9]l 410411 o] I lo @ ol B - O |Hlalolzlalo|w wx
CEC 0008 | 3 L] ZIalola>|0lZ = O
— ® 0000 ¢ S Z3lg|elglF| 33
! m .
w|[4oa06] 0000 || KL @ v [3] e w z
- o |ofe Il o JHEREED o ol vl vlv Nl © _
= ? 0000 ~
| M oo : o] [oed 47 |o|lg|glajglal> E X ARNNARNRN
d 410406 | @OOC || GBI ¥ ol |8 =SENNNS AN A NN AN 3 3 SN
N milicer $ 0000 > % ANNTNNN
3 <t l U ] Z O
| 310457 0000 © | lof 0w 2 |&@ i O el Og aisislel al=lg g w ! NN\ NN\
— -eeqnsre 210000 ¢ 25 1BI3RR BRel 2¢& isSUE [N, e \[NabRE
| g o “0 127211 < x REVISIONS
ojaloaon Z . E E 21 §|@| EEE=EEE @ b O APPROVALS
_— ° P dl & o PROJ. | _PROJ. | MFG. REL.
CO00 ¢ v% § &|0000 &, . Z w S ST °°§‘é
- |ozes ¢ 90 f 5 3 s ¥ vE [T A
» g Z° £ 1| < |&| EERREREH] z F |olololel<lolol @ 7 ENGR Ryp | DSORR
— pA J g B H 9 OOOO vl v NI - O a0 90 ‘({;'; = DRN DATE
2 ('Y ! - 3 E Oy o
0 o wi . g 3)1 - 2 Y z E-NUMBER
e 2 r 5 'lli. « 'n:;,l ) PROD.NO. 408368 (2 OF &) |
0 A e RADFILE 6-65.172A4
[s) H
c o 610 0 1 ‘_-z: 0000 5 TELETYPE CORPORATION - COMPANY PRIATE SCALE / TIVITEY
I 6 E ® O ,\,) g E FINISH HEAT TREAT MATERIAL SPECIFICATION Y| & ®
S o 2 c|oo00 o
TSIMILAR  TO: - ® i 408968 (2)
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e

' 1 2 1 3 4 1 5 | | 6 7
REVISIONS
NOTES: 0
ISSUE \Q)\KE\‘\D\H\QB\.
1). DEFINITION OF OPTIONS J. PRINTER OPTIONED FOR DOUBLE LINE FEED (USED WITH OPTION 1) | NONN NN
T
A. ECHO COPY- BY PRINTER A
PRINTER OPTIONED FOR DOUBLE LINE FEED - ON \\\\\\
410411 - Bl-1 _ N
‘ PRINTER OPTIONED FOR SINGLE LINE FEED -.OFF AN AN
PRINTER TO COPY DATA AS IT IS SENT FROM THE TERMINAL - ON
PRINTER TO COPY DATA ECHOED PACK ON THE RECEIVE LINE  OFF K. KEEP RECEIVED LETTERS (SHIFT - IN) AND FIGURES (SHIFT - OUT) CHARACTERS
(5 LEVEL OPERATION ONLY)
B. SEND ETX ON PREMATURE END OF MESSAGE 82-8 -
Bl-5 DO NOT DISCARD Sy, Sy CHARACTERS - ON .
ETX SENT - ON
TX SENT _ DISCARD S, S CHARACTERS - OFF
NO ETX SENT - OFF
. R P
C. COLON 1S LOWER CASE ON THE KEYBOARD AND SEMI-COLON UPPER CASE L. PRINTER SELECT ALSO SELECTS RECEIVE TAPE 8
B1-6 B3-2 |
ENABLE - ON RECEIVE TAPE SELECTED WITH PRINTER - ON
P .
REVERSED - OFF RINTER ONLY SELECTED - OFF
D. KEYBOARD ON LINE TRANSMITS BLIND - K. TER“‘"‘;S":R”Y -
B1-7
as-u\ ON OFF
KEYBOARD TRANSMITS BLIND - ON A
DISPLAY COPIES KEYBOARD DATA - OFF oK 00D PARITY EVEN PARITY
E. DISPLAY RECEIVED ESCAPE SEQUENCES OFF 0DD PARITY NO PARITY ¢
B1-8 N. DISPLAY STAYS IN RECEIVE AT END OF MESSAGE,
ESCAPE SEQUENCES DISPLAYED - ON ) B3-8
ESCAPE SEQUENCES PERFORMED - OFF - DISPLAY STAYS IN RECEIVE - OFF
F. PRINTER REQUIRED TO TRANSMIT ON-LINE | DISPLAY GOES TO LOCAL - ON -
B2-1 - P. SEND TAPE LOCATION
PRINTER REQUIRED - ON \3s-1
PRINTER NOT REQUIRED - OFF B5-2 ON OFF
0
G. SEND ON-LINE EXTENDED KEYBOARD CHARACTERS (KBD ON-LINE MODE) O J31 J308
OFF 4307 NO SEND TAPE
B2-2
SEND EXTENDED CHARACTERS AS ESCAPE SEQUENCES - ON Q. RECEIVE TAPE LOCATION APPROVALS -
- - ‘ PROJ. ROJ. IMFG. REL.
IGNORE EXTENDED KEYBOARD CHARACTERS - OFF \Bs 3 SORV LR [Meoupr:
B5-4 ON OFF SO -
H. MONITOR TAPE REQUIRED TO TRANSMIT ON-LINE S A
s ON J3i1 J308 ENGR.  |DSGNR,
MONITOR TAPE REQUIRED - ON OFF J307 NO REC. TAPE DRN. DATE
R 8D FILE G-65,172AA
MONITOR TAPE NOT REQUIRED - OFF R. MONITOR TAPE LOCATION S-NUMBER 408965 (3 OF 1) .
I. AUTOMATIC PAGING ON PRINTER (5¢ LINES - PAGE) B5-5 TELETVYPE
B2-5 B5-6 ON OFF o
PAGING "FF"'S SENT TO PRINTER - ON ON 43t 4308
NO PAGING - OFF OFF J307 NO MON. TAPE 408968 (3 OF 4)
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REVISIONS
1SSUE [N\DATEN, N OTHNY
NOTES (CONTINUED J
{ ‘ ) | \\\\\\\\\\\\f\\
1). DEFINITION OF OPTIONS REJECT NULLS <\\\\\\
: - SOCRNN
S & T STATION IDENTIFY (POLL-SELECT) NN NN
MARKING BIT - SWITCH ON TERMINAL REJECTS INCOMING NULLS - ON NN N\
SPACING BIT - SHITCH OFF TERMINAL DOES NOT REJECT NULLS - OFF
HOME ON SEND
BIT 1 2 3| 5
B2-7
HARA - - - - -
Tst CHARACTER B7-187-2 | B7-3 1 B7-4 | B7-8 CURSOR GOES HOME BEFORE SENDING FROM THE DISPLAY - ON
2nd CHARACTER B8-1 | B8-2 | B8-3 | B8-4 | B8-5 DISPLAY SENDS FROM CURSOR - OFF
NOTE: BOTH SWITCHES B7-8 AND BB-8 MUST BE OFF STOP BITS IN 5-LEVEL OPERATION
‘ . BY-1
U. DISPLAY GOES RECEIVE ON-LINE AFTER SEND ON-LINE TERMINAL SENDS/RECEIVES 1.5 STOP BITS oN
Bu-8 ' TERMINAL SENDS/RECEIVES 1 -STOP BIT OFF
ON-RECEIVE ON SEND TRANSMISS1ON/RECEPTION SPEEDS
OFF-DISPLAY GOES OFF AFTER SEND §-LEVEL OPERATION
. A21-6 | A21-7 | A21-8 BAUD RATE
V.  1SOCHRONOUS OPERATION
_ OFF OFF OFF 50
B1-2 oN OFF OFF 75
TERMINAL OPERATES ISOCHRONOUSLY ON LINE - ON OFF ON OFF 100
oM ON OFF 110
TERMINAL OPERATES ASYNCHRONOUSLY ON-LINE - OFF OFF OFF oN 150
ON OFF oN 300
W.  DATA TERMINAL READY CONTROL OFF oN oN 450
B1-3 ON oN oN 600
DTR OFF WHEN RECEIVE BUFFER CONTAINS 204 8-LEVEL OPERATION
CHARS. AND BACK ON WHEN THE BUFFER A21-2 | A21-3 | A21-4 | A21-8 BAUD RATE .
CONTAINS ONLY 25 CHARS, - ON OFF OFF OFF ON 50
DTR NOT CONTROLLED BY REC. BUFFER - OFF OFF OFF ON ON 75
\ OFF ON OFF N 100
X.  LINE WRAP OFF ON ON ON 100
ON OFF OFF oN 150
B1-4 oN OFF ON oN 300
DISPLAY WRAPS WHEN CURSOR REACHES ON ON OFF ON 450 APPROVALS
END OF LINE - ON oN ON ON ON 600 PROJ. | PROY. |MFG.REL.
DISPLAY DOES NOT WRAP - OFF OFF oN ON OFF 900 stuev/ \R. COMPY..
oN OFF OFF OFF 1200 BRI
oN OFF oN OFF 1800 ENGR.  |DSGNR,
oN ON OFF OFF 2400 DRN. DATE
R8D FILE G-65.172A4
S-NUMBER 408968 {4 OFQq
rELETYTY PR
®
408968 (4 OF 4)
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