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SUPPLEMENT TO MODEL 80 MAINTENANCE MANUAL

Publication Number 29-280R01

Publication Number 29-280R03 consists of a 29-280R01 Manual and this Supplement.

In General Description 29-280A12, Appendix 1, add:

NOTE

This is a comprehensive list of parts used in INTERDATA equipment. All parts are not used in every
system. These parts may or may not be in your particular Processor.

In 01-053R01A21, Sheet 34, Change ““AS011"” to ““AS001"’.
- On Sheet 35, fourth line from top should read:

“IF (AWRTO AZRO1 RZRO01) B00:15—=0, A00:15—0

In 02-247A21, Sheet 22, Change:

>
oy

s 7/

DCUE1 ‘ : ‘/\
' : UNTIL DMA GAINS ACCESS TO MEMORY AGAIN —

CWRTO




'In 02-247A21, Sheet 39, Paragraph 17.1:

Voltage Adjustments should be:

P15

1 15.3*
2 15.5*
3 154
4. 154
b. 154
6 15.4
7 15.4
8. 154
Normal 15.4

P22

21.0
21.0
19.5*
22.5*
21.0
21.0
21.0
21.0
21.0

5.10
5.10
5.10
5.10
4.85*
5.35*
5.10
5.10
5.10

P5S

5.10
5.10
5.10
5.10
5.10
5.10
4.85*
5.35*

5.10

In 35-403R10D08, Sheet 1, Area FG1, Change Mnemonics TREPO to TWDTHO and TWDTHO to TREPO.

Sheet 3, Area M2 on 14K: Add Pin 6 designation:

14K 06

In 35-404R06D08, Sheet 7, Area L4 and 5, Change Mnemonics TREPO to TWDTHO and TWDTHO to TREPO.

Add ACU Component Locator, Sheets 10 and 11 of 35-404D08 and CPU Component Locator, Sheets 11 and 12

of 35-403D08 to manual.

In 02-247A21, Sheet 34, Figure 19: Delete numbers on the four lines between (A)(B) Chip
Select Drivers and (A)(B) Half MOS Chip Array.

‘In 02-247A21, Sheet 39, Paragraph 19.1, in the first and third lines and in Figure 23 title,

change 11-127 to 28-015.

Replace Functional Schematic 02-247R09D08 by 02-247R10D08.

In Functional Schematic 34-014R03D08, Sheet 1, change R135 from 7.5K to 12.7K.



AReplace Functional Schematic 35-407R07D08 hy 35-407R12D08

On Functional Schematic 09-05TR07D08: Sheet 1, Area Ch: Change SWITCH SW21 PIN DESIGNATIONS as follows:

SW21-03 to SW21-1W

07 05w
1 oow
00 01
02 03
SW21-04 to SW21-05
05 06
06 07
08 09
09 10
10 11

Show unused terminals, 04, 08, 12
On Functionai Schematic 09-051R07D08, Sheet 1, Area BC8, remove two gates iabeled “NOT USED”

On Functional Schematic 02-247R09D08 change the “M01’’ notation to read “MO1 and M02" in the following eight
places: -

Sheet 1 Area H9, Area Ab, Area C5
Sheet 3 Area L5, Area M7

Sheet 4 Area A1

Sheet 5 Area A1

Sheet 7 Area 9F

On Functional Schematic 35-403R12D08 Sheet 3 Area JK1, replace 07J part number with:

NOTE 1
M80 CPU - 07J is 19-047F70 :
M60 CPU - 07J is 19-084F66

On Functional Schematic 35-404D08 Sheet 0, Area J8, in P. C. Board latest revision box add the notation:

35-404M01

On Functional Schematic 35-404D08, Sheet 9, remove ‘‘F"’ vari numbers from gll units on this sheet.
Add ‘see table’ note above IC 18D and table below:

Add Installation Specification 02-261A20 to manual.

Add Kit Information 39-021C12 to manual.



VARIATION OF

19-084 USED
POS MOD80  MOD 60
18A FO1 F34
17A F02 F35
16A FO3 F36
15A F0O4 F37
14A F05 F38
21A FO6 F39
20A FO7 F40
19A F0O8 F41
18B F09 F42
178 F10 F43
16B - N F44
15B F12 Fa5
14B F13 F46
218 F14 Fa7
20B F15 F48
198 F16 F49
18C F17 - F50
17C F18 F51
16C F19 F52
15C F20 F53
14C F21 F54
21C F22 F55
20C F23 F56
19C F24 F57
18D F25 F58
17D F26 F59
16D F27 F60
15D F28 F61
14D F29 F62
21D F30 F63
20D F31 F64
19D F32 F65

On Functional Schematic 35-405D08,Sheet 6, Area M8, add ‘see Note 2’ above 00E. Add Note 2

Connect 00E - 13 to ‘B151" - Model 80
Connect O0E - 11 to X5 (108-3) Model 60

NOTE

DO NOT USE 1/0 DEVICE NUMBER X‘05’ IN YOUR SYSTEM

FOR ANYTHING OTHER THAN A LOADER STORAGE UNIT
CONTROLLER. DEVICE NUMBER X‘05' IS RESERVED FOR

THE LSU CONTROLLER, A DEVICE WHICH IS TREATED
SPECIALLY BY THE HARDWARE ON POWER-UP OR INITIAL-
IZE SEQUENCES, WHICH AUTOMATICALLY LOADS A NEW

PSW AND UP TO 2048 BYTES OF MAIN MEMORY. THE HARD-
WARE ASSUMES IF DEVICE NUMBER X’05° EXISTS IN A SYSTEM
THAT IT IS AN LSU AND THE AUTOMATIC PSW AND MEMORY
LOAD SEQUENCE OCCUR ON POWER UP. ACCORDINGLY, EX-
TRAORDINARY RESULTS CAN OCCUR IF DEVICE NUMBER ‘05’
IS ASSIGNED TO ANY OTHER DEVICE CONTROLLER.

4
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MODEL 80
GENERAL DESCRIPTION

The Model 80 combines advanced circuitry and packaging designs to give the user a price/performance optimized ma-
chine. The Model 80 is completely upward compatible with INTERDATA Model 3, 4, 5 and 70 Processor user instruc-
tions, interrupt handling, input/output formats and control sequencing. Because of this compatability, the Model 80 can
use the wide range of existing software and peripheral devices.

The Model 80 offers a comprehensive set of 113 instructions making the system both easy to program and efficient to op-
erate. Through multi-function instructions and direct addressing, coding and debugging time is reduced to a minimum.

Memory is addressable to the eight-bit byte level. Memory is expandabie from the basic 16, 584 bytes to 65,536 bytes.
All memory is directly addressable with the primary instructions, no paging or indirect addressing is required. Of the
16 (16-bit) General Registers used as Accumulators, 15 can also be used as Index Registers. Register-to-Register in-
structions permit operations between any of the 16 General Registers, eliminating redundant loads and stores.

The Protect Mode of the Model 80 enables Memory Protect and detection of Privileged instructions, and can be ac-
tivated under program control, This mode is invaluable in process control, data communication, and time-sharing
operations to guarantee that a running program cannot interfere with the integrity of the system.

The Model 80 also provides a flexible Input/Output system in addition to conventional means of programmed I/0. In
the Automatic 1/0 Service Mode, the Processor acknowledges all I/O interrupts and automatically performs much of
the overhead prior to activating the Interrupt Service Routine. In conjunction with the Automatic I/O Service, an I/O
Channel can perform data transfers and signal counting without interrupting the running program until the specified
sequence is completed,

Up to four Direct Memory Access Channels (DMAC) can be added to a Model 80 Memory System. These channels op-
erate over a private Memory Bus through a Direct Memory Access Port which is built into the Memory Controller.
Two types of Direct Memory Access Channels can be used with the Model 80 System: The Selector Channel, which per-
mits direct data transfer between any standard oriented INTERDATA device controller and memory; and the Direct
Memory Access Channel custom designed by the user for special applications.

2, SCOPE

This specification is intended to enable the digital technician to understand the INTERDATA documentation system,
Number Notation, the Part Numbering System, and the Drawing System are described, Illustrations are provided

to help understand these systems, Other publications which may be of interest to Mode!l 80 users are shown in Table 1.

A cross reference between INTERDATA part numbers and standard industry part numbers for the ICs and transistors is
found in Appendix 1.

TABLE 1, RELATED PUBLICATIONS

Title Publication Number
Universal Clock Instruction Manual 29-265
Users Handbook 29-261
Model 80 Maintenance Manual 29-280*
Multiplexor Bus Buffer Instruction Manual 29-267
8 Line Interrupt Module Instruction Manual 29-268

*This General Description is a part of 29-280.



3. BLOCK DIAGRAM

A Model 80 simplified block diagram is shown in Figure 1.

on 5 PC boards:

The basic Model 80 is a 16-bit digital computer contained

DISPLAY

\

TELETYPE

{0

LINE

Card File

Part No. Description Position

35-406 Memory Storage Unit 3

35-407 Memory Bank Controller 4

35~405 I0U Board 5

35-404 ALU Board 6

35-403 CPU Board 7
MSUO ;

S BUS
MSUI
(OPT)
MEMORY
BANK CPU ALU IouU
CONTROLLER
Msu2 y x x
(0PT) [aBus | ]
B BUS
CONTROL BUS
MSU3
(OPT)
Figure 1. Model 80 Simplified Block Diagram

4, DOCUMENTATION

This section describes the style and conventions used with INTERDATA documentation.

4,1 Number Notation

PRINTER

N .

(4

h,

The most common form of number notation used in INTERDATA documentation is hexadecimal notation.
groups of four binary digits are represented by a single hexadecimal digit.

CARD

m

1\ 7aPe 5

In this system,
Table 2 lists the hexadecimal characters

employed.
TABLE 2, HEXADECIMAL NOTATION DATA

Binary | Decimal | Hexadecimal | Binary { Decimal | Hexadecimal | Binary | Decimal | Hexadecimal
0000 0 0 0110 6 6 1100 12 C

0001 1 1 0111 7 7 1101 13 D

0010 2 2 1000 8 8 1110 14 E

0011 3 3 1001 9 9 1111 15 ¥

0100 4 4 1010 10 A

0101 5 5 1011 11 B

To differentiate between decimal and hexadecimal numbers, hexadecimal numbers are preceded by the letter "X", and

the number is enclosed in single quotation marks,
X'EEFA', and X'10B9',

Examples of hexadecimal numbers are: X'1234', X'2EC6', X'A340,



4,2 Part Numbering System

INTERDATA parts, drawings, and publications employ a common numbering system. The part number and drawing
numbers for drawings which describe the part are related. The publication number is also often related to the part
number of the device or program described. Figure 2 shows the format used for INTERDATA part numbers, Tte
fields are described in the following paragraphs,

A
B
c
D
XX YYy MNN FNN RNN E NN
\ v _— \ v J Rr_l Lw_J ——
CATEGORY SEQUENCE MANUFACTURING FUNCTIONAL REVISION =~ SIZE TYPE
Y Y
VARIATION DRAWING

Figure 2. Part Number Format

4,2.1 Category Field, The two-digit Category number indicates the broad class or category to which a part
belongs., Typical examples of category number assignments are:

01 - Basic Hardware Systems 13 - Panels

02 - Basic Hardware Expansions 17 - Wire and Cables

03 - Basic Software Systems 19 - Integrated Circuits

04 - Basic Software Packages 20 - Transistors

05 - Micro-Programs 27 - Peripheral Equipment

06 - Test Programs 29 - Manuals

07 - Subroutines of General Utility 34 - Power Supplies

10 - Spare Parts Packages 35 - Assembled Printed Circuit Boards
12 - Card File Assemblies 36 - Electro-Mechanical Devices

4.2.2 Sequence Field. The Sequence number identifies a particular item within the category. Sequence num-
bers are assigned serially, and have no other significance.

NOTE

The Sequence Field, like all other
part number fields, may be length-
ened as required. The field lengths
shown on Figure 2 are minimum
lengths (insignificant zeros must be
added to maintain these minimums).

NOTE

A part number must contain a
Category number and a Sequence
number, All other fields are
optional.

The M Field is used to distinguish between parts which are electrically and mechanically equivalent (interchangeable),
but which vary in method of manufacture. For example, if leads are welded instead of soldered on an assembly, the
M Field changes.



An important exception to the meaning of the M Field exists for categories related to software, Here the M Field num-
ber, when used, indicates the form in which a particular program is presented. For example, define a program as a
set of machine instructions. These same identical instructions may be presented on punched cards, paper tape, or
magnetic tape; and for any of these they could be in symbolic form. Thus, there are many ways to represent the same
identical program, These ways are identified by the M Field numbers as follows:

MO01 - Symbolic Punched Cards

MO02 - Relative Binary Punched Cards

MO03 - Absolute Binary Punched Cards

MO04 - Symbolic Magnetic Tape

MO5 - Relative Binary Magnetic Tape

MO06 - Absolute Binary Magnetic Tape

MO07 - Symbolic Punched Paper Tape

MO8 - Relative Binary Punched Paper Tape

MO09 - Absolute Binary Punched Paper Tape

M10 - Bootstrap Binary Object Punched Paper Tape

M11 - Read-Only-Memory (ROM) Absolute Binary Object Punched Paper Tape
M12 - ROM Wiring and Test Set (ROMWATS) Wiring Punched Paper Tape
M13 - ROMWATS Check Punched Paper Tape

M14 - Light-Bit Paper Tape

M15 - DROM Absolute Binary Object Punched Paper Tape

M16 - Relocatable Non-Zoned Loader Format Paper Tape

M17 - Absolute Non-Zoned Loader Format Paper Tape

M18 - Non-Zoned Established Task Object Tape

4,2,4 Functional Variation Field, The optional Functional Variation Field consists of the letter "F' followed
by two digits. The F Field is used to distinguish between parts which are not necessarily electrically or mechanically
equivalent, but which are described by the same set of drawings. For example, a power supply may be strapped inter-
nally to operate on either 110 VAC or 220 VAC. Except for this strap, all power supplies of this type are identical.

qtn Finx At S Po aoadles cerilhad e o mnda ~m dha 1. A tont o €3 +ian dravrine
Thercfcre, otlappuxs option- is cab.ll_y described b_y a note on the assembly and test specification drawings.

4,2.5 Revision Field. The optional Revision Field consists of the letter "R" followed by two digits. The R
Field is used to indicate minor electrical or mechanical changes to a part which do not change the part's original char-
acter. R Field changes often reflect improvements, A part with a revision level HIGHER than the one specified will
work, A part with a revision level LOWER than specified should not be used.

4,2.6 Drawing Field, The optional Drawing Field consists of a letter from "A'" to "E" followed by two digits.
The letter indicates the size of the original drawing. The sizes for each letter are:

A-83"X11"
B-11"X17"
C-17"X 22"
D - 22" X 34"
E - 34" X 44"
The two digits indicate the drawing type as follows:
01 - Parts List 13 - Program Listing
02 - Machine Details 14 - Abstracts
03 - Assembly Details 15 - Program Description
05 - Art Details 16 - Operating Instructions
06 - Wire Run List 17 - Program Design Specification
08 - Schematic 18 - Flow Charts
09 - Test Specification 19 - Product Specification
10 - Purchase Specification 20 - Installation Specification
11 - Bill of Material 21 - Maintenance Specification
12 - Information 22 - Programming Specification



4,2,7 Examples. The following list provides some examples of the part numbering system. The numbers
were arbitrarily selected, and in most cases are fictitious.

35-060 The 60th printed-circuit board assigned a part number under this system.

35-060M01 A printed circuit board electrically and mechanically interchangeable with the 35-060, but differing in
method of manufacture.

35-060F01 A printed-circuit board not electrically and mechanically interchangeable with the 35-060, but described
by the same set of drawings.

35-060R01 A revised 35-060 printed-circuit board. Probably supercedes the 35-060,

35-060A01 The 83 by 11 inch parts list for a 35-060.

35-060B08 The 11 by 17 inch schematic for a 35-060,

06-072 The 72nd utility program assigned a part number,

06-072A13 An 83 by 11 inch listing of the 06-072 program.

06-072M03 An absolute binary deck of punched cards for the 06-072 program.

06-072A12 An 83 by 11 inch information drawing on the 06-072 program. Probably a part of the program,

29-060 The 60th manual assigned a number under this system. Note that this number is not referenced in any
way to the part number of equipment described in the manual.

4.3 Drawing System

This section describes the drawings provided with INTERDATA equipment, Note that drawings provided with peripheral
devices and other purchased items may vary from the system described in this section.

A digital system may be divided into a collection of functionally independent circuits such as memory, Processor, and
1/0 device controllers. These circuits may or may not be saleable units in their own right, but in the elec.rical sense
they are essentially self contained and capable of performing their function with minimum dependence on other functional
circuits in the system., Hence a functional circuit is treated as a building block. Each functional circuit is described
electrically by a detailed functional schematic. Each schematic contains a variety of information including type and lo-
cation of discrete integrated circuits (IC's), pin connections, all interconnections within the schematic comector pin
numbers and connections to other schematics. Further, the schematics are drawn to reflect, in an orderly fashion,

all logical operations performed by the circuits. Generally, symbols used on schematics conform to MIL-STD-806B.

Registers are named according to the following rules:

1. The register mnemonic name has a maximum of three letters.

2. Each bit in the register is numbered, usually starting at 00 on the left, or most significant position, and
continuing to N-1 on the right, where N is the number of bits in the register.

3. The 00 bit is the Most Significant Bit and the N-1 is the Least Significant Bit,
The IC's, mounted directly on the logic board, are represented on the schematic drawings by logic symbols, Each

symbol contains the reference designation, device part number (category and sequence), and symbol mnemonic de-
signation. Refer to Figure 3.



SAME SHEET DESIGNATION

ANOTHER SHEET DESIGNATION
Ll ENBLI ol \

218-9 > 2ﬁ§§f’ gi 19061 Jp28_ NAMEO oAz
N7 =0 > sB 18K4
RDO6I 05

114 -0 >
Figure 3. Example of a Schottky Buffer

The designations, numbers, and references shown in Figure 3 are:

11S - This indicates the component location on the logic board. Figure 4 illustrates the method generally used
to determine component location on a logic board., With the logic board oriented so that the header con-
nectors (Connector 0 and Connector 1) are on the right, the components are lettered from left to right
starting in the upper left corner. That is, the first IC in the upper left corner is A0l and the first capac-
itor is C1. Test points are lettered bottom to top from A-Y (omitting I, O, L, E).

19-061 - The number 19 is the category number of ICs, and the 061 is the sequence number of the component.

SB - Indicates this component is a Schottky Buffer. Some common designations used are:

SA - Schottky AND Gate

SB - Schottky Buffer

SG - Schottky Gate

SGO - Schottky Gate, Open Collector

HG - High Speed Gate

HPO - High Speed Power Gate, Open Collector

L1 - This input lead is from area L1 on the same schematic sheet.
10M1, 12A1, and 18K4 - Indicate outputs to another logic schematic sheet.
218-0, 117-0, and 114-0 - Indicate inputs from Connector 0.

Note that the pin numbers (01, 02, 04, 05, and 06) correspond directly to the actual IC pin numbers.

Figure 4 also shows the locations of the header connectors (Connector 0 and Connector 1) and the cable connectors (Con-
nector 2 and Connector 3). All logic boards always contain Header Connectors 0 and 1, however, any combination (ei-
ther, both, or none) of cable connectors (Connector 2 and Connector 3) may be provided.

[ o[ DA B8 ¢ D M s T[Des X
410 -]
00 [c0#] (008 [oo¢] |
| | |
o1 l }
I

| CONNECTOR | ||
1 | ryze 03 [
: CONNECTOR 3 [
1 Pl
T ole—2

ws [T ]

2, [uws JLur]

I 24 s[5
| ' |

|
: CONNECTOR 2 .
I P
| L__loo | |
| CONNECTORO || |
| | |
| (-
I [
2l |
ocjo o
T 2

\.

Figure 4, Example of a Logic Board Layout



Figure 5 provides the pin numbering scheme for the header and cable connectors. Header connectors always have
2 rows of pins and 42 positions. Cable connectors always have 2 rows of pins but may vary in the number of positions.

24i-1

5088 i N E
3

22| 0 _ O€e— 122-3 8 8 ;:
— 222-3 o o |37

G

N O CONNECTOR 3 CONNECTOR | Q

7'\ N 2l N

203 -1 —

—— 202-3 103—1 —f»0*0 |03
02| 0“0e«t+— 102-3 O O |Jo2
oi| 0 O 0 0 |o1
00| O O G C (oo

2 1 1 2
2! 241-0 ——
2l o9 141—0 —»?8 4l
23 o]
22| O _Oet— 122-2 G O |39
— 222-2 O O |38
\L € J £
W “ CONNECTOR 2 CONNECTOR O ~ -
203~-0 —

— 202-2 103—0 —d=0% oz
02| 0“Oe— 102-2 O O }jo2
ol [e I o] [o TN o] o1
0o [elNe] [o I o] 00

1 2

Figure 5. Connector Pin Numbering

A net is defined as an electrical connection between two or more points in a circuit, Ordinarily, a net has an origin-
ating end (usually a collector where the signal is generated) and one or more terminating ends. Often it is convenient
to assign descriptive mnemonic names to nets as a way of identifying them on schematics, Whether a net is named or
not is sometimes arbitrary., However, a net is always assigned a name if:

1.
2.
3.
4,

The net is contained on one drawing sheet but is not shown as a complete solid line on that sheet,
Part of the net appears on more than one sheet.
Part of the net connects with a different schematic.

Part of the net leaves a logic board.

If a nef is named, the following rules are observed.

1
2

3
4.

(343
.

All mnemonic names are a maximum of six characters.
All decimal digits and upper case letters except the letters 'T, O, Q, and Z" are permitted.

No other characters permitted,

Where possible, mnemonics are descriptive. However, it should be recognized that descriptive names are
not always possible and a danger of misinterpreting a mnemonic exists.

Mnemonic names are not repeated within a schematic.

Every mnemonic is suffixed by a state indicator. This indicator consists of the digit '"1" for the logically
true state, or the digit "0" for the logically false state. For example, the set side of a flip-flop would
have the 1" state indicator, while the reset side would have the "0" state indicator.  The state indicator
for a function changes each time that function is inverted. Thus, the state indicator permits assigning the
same mnemonic to functions that are identical except for an inversion.

When a logical function is inverted, an inversion indicator is added after the state indicator. This allows for
functionally equivalent, but electrically different nets to have the same mnemonic name. For example,
assume a signal NAME1, NAME1 may be inverted to produce NAMEO, I NAMEO is then inverted, NAME1A
is produced. NAME1 and NAME1A are functionally equivalent, but physically different nets.



Sometimes a net fans-out to many sheets in a schematic., It is also possible for a net to fan-out to sheets in different
schematics, In these situations, the net is assigned a mnemonic name. The net is also '"zoned" from sheet to sheet

to allow for properly identifying the originating and terminating ends of the net. The originating end of a net is defined

as the collector at which a signal is generated. All other points to which the net connects are called terminating ends.
When a lead leaves a sheet at the originating end, it is zoned to each and every sheet on which the net reappears, by
indicating first the page number, followed by the schematic number that contains the page. For example, assume that
the gate shown on Figure 3 is on a schematic, Sheet 20. The output, NAMEO, appears on Sheets 10, 12 and 18 of the
schematic, Note that the schematic number is implied. When a net enters a sheet from another sheet, it is labeled
with the same mnemonic name, and is zoned back to the originating end of the net only. Thus, on Figure 3, ENBL1 may,
however, have many other terminations in addition to the one shown. Generally then, when a net leaves the sheet where
it originates, it is zoned to every other sheet where the net terminates, while the terminating end is zoned only to the
originating sheet. Note that in the Model 80 schematics, signals are co-ordinated between sheets only when the sheets
are related to the same board. When a signal leaves a board, the back panel map must be used.

When a lead leaves a logic board, it usually does so through a logic board back panel connector pin.. These connector
pins must be shown on the schematic even if the complete net is shown on one drawing sheet. Only the connector pin
number need be indicated under the pin symbol, since the connector number itself is implied by the logic board loca-
tion number in the logic symbol or in the footnote, Thus, on Figure 3, RD061 enters the logic board on Pin 114 of
Header Connector 0.

Figures 6 and 7 are typical schematic sheets with call-outs illustrating many of the conventions described in this section.

The schematic drawings for the basic digital system and some of the more common expansions are commonly included
in the rear of the appropriate digital system maintenance manual. Schematic drawings for other expansions are in-
cluded with the expansion or with the publications that describe the expansion.
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INTERDATA Part Number

19-001

19-002

19-003

19-004

19-005

19-006

19-007

19-008

19-009

19-010

19-012

19-013

19-014

19-015

19-016

19-017

19-018

19-019

19-020

19-021

19-022

19-023

19-024

19-025

19-026

APPENDIX 1

PART NUMBER CROSS REFERENCE TABLE

Type
Dual 4 Input Nand DTL
Triple 3 Input Nand DTL
Quad 2 Input Nand DTL
Hex 1 Input Nand DTL
Dual Power Gate DOC
Dual Buffer DTL
Flip-Flop DTL
Gate Expander Dual 4 Input DTL
8 Bit Stack DTL
Differential Compartor LIN
Dual 4 Input Buffer TTL
Quad 2 Input Nand DTL
Dual J-K Flip-Flop DTL
Hex Inverter 1 Input
Quad 2 Input TTL
Triple 3 Input TTL
Dual 4 Input TTL
Single 8 Input TTL
Operational Amplifier LIN
Quad 2 Input Power DOC
Dual J-K Flip-Flop TTL

Selected Dual Buffer 19-006 with
20-30 nsec. delay DTL

Triple 3 Input AND TTL
Dual 4 Input AND TTL

2-2-2-3 Input AND-OR TTL

JEDIC Number
15861

15863

15849N

15837TN

8633N

1582N

15848N

15833N

903059 (Fairchild)
72710L

T4H40H

15846

158097N

74H04H

T4HOON

T4H10N

7T4H20N

MC3015 (Motorola)
MC1709C (Motorola)
15858N

MC3061P (Motorola)

15832N

T4H11IN
T4H21N

T475N

Al-1



INTERDATA Part Number

19-027
19-028
19-029
19-030
19-031

19-032

19-033
19-034
19-035
19-036
19-037
19-038
19-039
19-040
19-041
19-042
19-043
19-044
19-045
19-046
19-047
19-048
19-050
19-051
19-055
19-056
19-057
19-058
19-059

19-060

Al-2

Type

4 Bit Latch TTL

4 Bit Adder TTL

Quad Exclusive - OR TTL
4 Bit shift Register TTL
One Shot TTL

1 out of 10 Decoder TOC

Sense Amplifier LIN
Retriggerable One Shot TTL
4 Bit Counter TTL

Quad 2 Input Open Collector TTL

High Performance Operational Amp

Dual 4 line to 1 line Mux TTL

4 Bit ALU TTL

Look Ahead Carry TTL

4 X 4 Register Stack TTL

Dual Retriggerable One Shot TTL
Quad 2 Input Open Collector TTL
Hex Inverter Open Collector TTL
Dual J-K Flip-Flop TTL

Quad RS-232C Line Driver

Quad RS-232C Line Receiver

8 Bit Shifter

8 Input Nand TTL

1024 Bit PROM TTL

Quad 2 Input Nand STTL

Quad 2 Input Nand Open Collector STTL

Hex 1 Input Inverter STTL
Triple 3 Input Nand STTL
Triple 3 Input AND STTL

Dual 4 Input Nand STTL

JEDIC Number

T475N

T483N

7486N

T495N

T412N

74145N

5445

7445

7524N

T4122N

74193N

7438N

7748393 (Fairchild)
74153

74181

74182

74170

74123N

74HO1N

7T4HO5N

74H106
MC1488L (Motorola)
MC1489AL (Motorola)
74198N

74H30

74187 (Fairchild)
74500

74803

74504

74810

74511

74820



INTERDATA Part Number

19-061

19-062

19-063

19-064

19-065

19-066

19-067

19-068

19-069

19-070

19-071

19-072

19-073

19-074

19-075

19-076

19-077

19-078

19-080

19-081

19-082

19-083

19-085

19-086

19-087

19-088

19-089

19-090

19-091

_Type

Dual 4 Input Buffer STTL

2-2-3-4 Input AND-OR Inverter STTL
Dual D Edge Triggered Flip-Flop STTL
Dual J-K Flip-Flop STTL

Quad 2:1 Max Non-inverting STTL
Quad 2:1 Mux Inverting STTL

4 Bit ALUSTTL

Carry Look Ahead STTL

8 line to 1 line Mux STTL

4 Bit Syncronous Counter TTL

Quad D Edge Triggered Flip-Flop

4 Bit Left/Right Shift Register TTL
Dual 4:1 Mux Tri-State TTL

8 Bit Priority Encoder TTL

16 x 4 Register Stack TTL

1024 Bit Memory MOS

256 Bit Memory TTL

Dual 4 Input Nand-OC

High-Speed PROM

Univ. Asynchronous Receiver/Transmit-

ters

2-2-3-4 Input AND-OR Invert Open
Collector STTL

9 Bit Parity Generator/Checker STTL

Monolithic Timing Circuit

741 C DIP Operational Amplifier
747 DIP Operational Amplifier

737 C DIP Operational Amplifier
Dual D Edge Triggered Flip-Flop

High Speed (710) Differential Compara-
tor DIP

Retriggerable Single One Shot

JEDIC Number

74540

74564

74874

745112

748157

745158

745181

748182

74151

74161

74175

74194

8214 (National)
9318 (Fairchild)
3101A (Intel)

TM54062

6531 (Monolithic Memories)

74822

82529 (Signetics)

TR1042A (Western Digital)

74565

82562 (Signetics)

MC1555 (Motorola)
NE555V (Signetics)

U6AT741393 (Fairchild)
UTAT774 (Fairchild)
U6AT73393 (Fairchild)
T4HT4

U6ATT1093 (Fiarchild)

9600 (Fairchild)

Al-3



INTERDATA Part Number

19-092
19-093

19-094

19-095

19-096

19-097
19-098
19-099
19-100
19-101
19-102
19-103
19-104
20-001
20-002
20-003
20-004

20-006

20-007
20-008

20-009

20-010
20-011
20-012
20-013
20-014
20-015
20-016

20-017

Al-4

Type

Negative Voltages Regulator
Positive Voltages Regulator

Voltage Regulator

Linear Positive Voltage Regulator

First In-First Out Serial Memory
64 Word 4 Bit

Amplifier

Quad 2:1 Multiplexor Non-Inverting
Dual Sense Amplifier

Driver

4-2 Input Buffer

6-1 Input Buffer OC

1 out of 10 Decoder

Current Switch

Transistor NPN High Speed Switch
Transistor PNP 500 MA
Transistor

Transistor NPN

Transistor NPN 15 Amps 100W T03
case

Transistor NPN 3 Amps
Transistor PNP 3 Amps

Transistor Triac 2 Amps 100V

Transistor NPN 500 MA Code Driver
Transistor Photo

Transistor PNP High Current Switch
Transistor NPN

Transistor NPN

Transistor PNP

Transistor PNP

Transistor NPN

JEDIC Number

MC1463R (Motorola)
MC1469R (Motorola)

U6A7723393 (Fairchild)
MC1723CL (Motorola)

U9H7805393 (Fairchild)

3341 (Fairchild)

LH0002H (National)
74157

75234N

75452N

743TN

7407N

7442N

75325N

2N3646

MPS6534 (Motorola)
2N3902

2N5189

2N3055 (RCA)

TIP31A

TIP32A

A03001 (Electronic Control

Corp).
2N5845
2N5777
2N2907
2N3303
2N4238

2N4235

2N3740

2N3766



INTERDATA Part Number

20-018

20-019

20-020

20-021

20-022

20-023

20-024

21-025F01

21-025F 02

21-025F 03

23-001

23-002

23-003

23-004

23-007

23-008

23-009

23-010

23-011

23-012

23-013

23-014

23-015

23-016

23-017

23-018

23-019

23-020

23-021

23-022

23-023

_Type

Transistor, Power Silicon NPN
Transistor NPN Fast PWR Switch
Transistor Switching 1 Amp T05 can
Transistor NPN Silicon
Transistor NPN

Transistor PNP

Transistor Switch

1K ohm-15 to Common DIP

470 ohm-15 to Common DIP
330 ohm-15 to Common DIP
Diode High Speed-High Current
Diode 5.1 V Zener

Diode 10V Zener

Diode 6.2 V Zener

Diode Mot Bridge

Diode Int. Rectifier

Diode

Diode Int. Rectifier

Diode Rectifier

Diode Thermister

Diode 9.4V

Diode

Diode

Diode Bridge Recitifer

Diode

Diode 18 V Zener

Diode

Diode 8.2V Zener

Diode 9.1 V Zener

Diode 3.3V Zener

Diode Bridge Rectifier

JEDIC Number

2N3054

2N6308 (Motorola)
2N3725

MPS3646 (Motorola)
1N1711

2N2905A

2N3776

898-1-1K ohm (Beckman)
898-1-470 ohm (Beckman)
898-1-330 ohm (Beckman)
IN914

1MS5, 1ZS5 (Motorola)
1M10ZS5 (Motorola)
1M6. 2ZS5 (Motorola)
MDA962-2 (Motorola)
40HF-5R

1N4735

S1Y1P

2N681

KA31J1 (Fenwall)

IN2163

1N3880

1N3889

V5448 (Varo)

1N2070

IN4746A

1IN3615

INT756A

IN757A

INT46A

KBH2506 (General Instrument)

Al-5



INTERDATA Part Number

23-024

23-025

23-026

23-027

23-028

23-029

23-030

23-031

23-032

23-033

30-018

30-019

Al-6

Type

Diode, Power Fast Rec. 30 Amps.

Diode, Power Fast Rec. 3 Amps.

Triac 600V 30 Amps
Diac 32V

Power SCR Thyristor
Diode

Diode

Diode 6.6 V Zener
Diode 8.8 V Zener

16 Diode Array

100 nsec, Delay Line 10 taps

50 nsec. Delay Line 10 taps

JEDIC Number

1N3909

A115A (General Electric)
2N6162

IN5761

2N4441

1N4607

1N4156

1N4736

1N4739

45190 (Litton)

30-018 (Princeton Advanced
Eng.)

30-018 (Princeton Advanced
Eng.)



PROCESSOR




01-053A20
March 1973

M30-000 AND M80-001

MODEL 380
INSTALLATION SPECIFICATION

1. INTRODUCTION
This specification provides installation information for INTERDATA Model 80 Digital Systems.

The INTERDATA Model 80 Digital System features a highly modular structure which permits configuration to suit the
user's exact needs. It provides the means for convenient expansion as the user's requirements grow. This document
describes the Processor and expansion chassis, power supply mounting, filler and display panel mounting, and the in-
terconnecting cables. Integrated circuit boards are discussed with respect to cabling and location only. Circuit de-
scriptions of these boards are provided in the appropriate maintenance or instruction manuals. Note that the following
discussion assumes that the equipment is mounted in standard INTERDATA cabinets.

2. UNPACKING
To avoid damage to the Model 80 or its peripherals, read the following procedures before starting an installation.

1. Carefully remove each component from its carton or crate, observing any special unpacking instructions in-
cluded with the component.

2. Inspect all components for physical damage.

3. If the system is shipped from INTERDATA already rack mounted, simply check to insure that all terminals
and connectors are secured properly.

4. The Model 80 should be located with sufficient free space (sides and back) to insure unobstructed air flow. A
minimum clearance of two inches on each side and six inches at the back is required.

3. MECHANICAL CONFIGURATION

Figures 1 through 4 are intended to familiarize the reader with the mechanical components of a typical INTERDATA Digital
System. Dimensions and mounting information are provided for the Basic Cabinet, Chassis Support Rails, Display

Panels, and Filler Panels. Note in Figure 4 that while the 5 % inch, 7 inch, and 10 3 inch Filler Panels and the Display
Panel Mount the same way (via retaining brackets), the smaller 1 3/4 inch Filler Panel mounts with spring clips.

4, POWER SUPPLY INSTALLATION

This section describes the installation of the Model 80 Power Supplies. Mounting information and cabling instructions
are provided for both the 34-015 Logic Power Supply and the 34-014 Memory Power Supply.

4.1 Mounting

The Power Supplies mount directly behind the Processor and Expansion Chassis. (See Figure 5.) They are attached to
the right mounting upright (looking from the rear) via two mounting blocks and two nylon spacers. (See Figure 6.)

WARNING

Before hinging out the power supplies, the rack levelling feet
should be lowered. Up to three power supplies can be hinged
out at one time after the levellers are in contact with the
floor surface.

The Power Supplies may be swung in or out on their mounting pivots for easy access to the back plane. When they are
in the operating position, they are secured by two 10-32 screws which attach to the left mounting upright (viewed from
the rear). :
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Figure 3. Chassis Support Rail
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4.2 Power Supply/Chassis Cabling

A typical Model 80 Power Supply/Chassis configuration is shown in Figure 7. (The power supplies may be reversed if
required.) A cable from each power supply terminates at the Processor and Expansion Chassis back panel as indicated.
Refer to the Model 80 Power System Description, 02-261A12, which is contained in the Model 80 Maintenance Manual,
Publication Number 29-280 for details. The installation sequence for the Power System is:

1. Mount the power supply chassis. Refer to Figures 5 and 6.
2. Connect the cables to the Processor and Expansion Chassis as shown in Figure 7. Fan power must be

connected as shown before system is powered. If no first Expansion Chassis, secure unused connectors
to prevent shorting.

5. PROCESSOR AND EXPANSION CHASSIS MOUNTING

Two Expansion Chassis (10 inch and 15 inch) are available for expanding the INTERDATA Digital System. The 15 inch
Expansion Chassis has the same overall dimensions as the Processor Chassis. See Sections 3 and 8 on Configuration.
The Expansion or Processor Chassis slides into the rack on the two Chassis Support Rails (see Figures 2 and 3) on
the front of the rack.
CAUTION

No chassis should be mounted in cantilever

fashion. Chassis support rails MUST be

used. If a rack cabinet other than an INTER-

DATA cabinet is used, consult the rack manu-

facturer for proper support rails.

The chassis support rails are fastened to the mounting uprights of the front and rear of the rack. Slots are provided
in the rails to allow vertical adjustment. The Expansion or Processor Chassis are screwed in place at the mounting
uprights in front of the rack. All Expansion Chassis mount below the Processor Chassis. Expansion Chassis cabling
is discussed later in this document. Figure 8 shows Expansion Chassis location with respect to the filler panel and
power supply.

~.

¥

CONNECT AS MARKED
{Tye.)
/

R
550
oCE
pR

CONNECT FOR CARD FILE
FAN POWER

Figure 7. Power System Cabling
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5.1 Processor Installation

The basic Model 80 with 16KB of memory (see Figure 9) is comprised of:

1. CPU 35-403 slot #7
2. ALU 35-404 slot #6
3. IOU 35-405 slot #5
4. MBC 35-407 slot #4
5. MSU 35-406 slot #3

The remaining three slots are used to expand memory to the maximum of three additional MSUs or 64 KB of memory.
The remaining slots in the basic chassis, after the memory has been expanded, may be used to expand the I/O. Full
or halfboard I/O may be plugged into these slots. If a Selector Channel or Multiplexor Bus Buffer (MBFR) is plugged
into the basic chassis, all I/0 slots on Connector 1 are dedicated to the private Selector Channel or Buffered Bus.
Only one of these two devices may be contained in the basic chassis as the private 1/0O Bus in Connector 1 connects
Slots 0, 1, and 2 together.

Figure 9 is a configuration of the Processor Chassis. It is viewed from the Display Panel side, and correlates appli-
cable cables to the associated Processor connectors. ‘

5.2 15 Inch Expansion Chassis

The 15 inch Expansion Chassis contains eight universal expansion slots which can accept combinations of single board
peripheral controllers, system modules, selector channels, or user designed interfaces. Included with this chassis
are the cooling fans and interconnecting cables. The chassis may be ordered with or without a power supply.

5.2.1 7 and 10 Inch Boards in a 15 Inch Chassis. A 10 inch I/O Controller (provided it does not use Con-
nector 1) may be inserted into a 15 inch chassis via the 02-234 I/0O Adapter Kit. (See Figure 10.) One or two 7 inch
boards (halfboards) may be inserted into a 15 inch chassis via the 16-398 Half Board Adapter Kit (see Figure 11.) The
Half Board Adapter Kit may hold two active 7 inch boards or one active and one blank 7 inch board, depending on re-
quirements. No wiring takes place between the boards and the adapters, The adapters are designed such that the
connectors on the boards plug directly into the Expansion Chassis.

5.3 10 Inch Expansion Chassis

Tha 1(\ inoh Tvnanaian f"l-\oc-c1u ocontaing S as) m i
The 10 inch Expansion Chassis contains six 10 inch I1/0 expansion slots which can aceept any combination of up to six

10 inch wire-wrap or copper peripheral controllers, systems, modules, or user designed interfaces. Included with
the chassis are the cooling fans and system interconnecting cables. The Power Supply is separate.

6. DISPLAY PANEL INSTALLATION

The Model 80 Display Panel is electrically tied to the Processor via a connector and Faston lugs. The connector is in-
stalled on Connector 3 of the IOU board (35-405) and the terminal lugs mate into a terminal strip on the left side of the
Processor Chassis. The terminal lugs are identified at the Faston connector and are mated to their corresponding ter-
minal pin (C1, C2, etc.) on the chassis. See Figure 9. The Display Console is physically mounted to the brackets pro-
vided on the Processor Chassis. The 1 3 i inch Filler Panel is mounted directly below the Display Console on the
same chassis. Refer to Figure 8.
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Figure 11. 16-398 Half Board Adapter

7. MEMORY INSTALLATION AND EXPANSION

The Memory Bus Controller (MBC) must be installed in Slot 4 of the Processor card file. All Memory Storage Units
See Figure 9. Processor Card File Slots 0, 1, and 2 may also

(MSUs) are installed in adjacent slots in this chassis.
Note, however, that using these slots reduces the maxi-

be used for 1/0 controllers, an MBFR, or a Selector Channel.
mum permitted memory size.



8. CONFIGURATION

8.1 System Expansion Chassis

When configuring a multi-chassis system, there are four rules that must be followed:

W
“ e e

The System Expansion Chassis must be mounted below the basic Processor chassis.

All chassis must be contiguous.

All 15 inch System Expansion Chassis must be mounted above any 10 inch System Expansion Chassis.
Multiboard peripheral device controllers (on 10 inch circuit boards) can only be used in the 10 inch
system expansion chassis.

8.2 Circuit Board Distribution

Model 80 Digital Systems may be configured in a variety of ways. However, the following factors must be considered
when determining circuit board distribution within the basic Processor and the System Expansion Chassis. See

Figure 12.

10

1.

The Selector Channel can be placed in Slot 0, 1, or 2 of the Processor Chassis, or Slots 6, 4, 2, or 0
of the System Expansion Chassis. Only one Selector Channel may be contained in the basic Processor.

In the System Expansion Chassis, all contiguous slots on Connector 1 below the position where the

SELCH is inserted become SELCH Bus slots. ( This only applies within the chassis containing the SELCH.)
The SELCH Bus extends down the left side connectors (front view). Note that all device controllers on 10
inch adapter boards connect to the Multiplexor Bus from the right side connectors (front view). There-
fore, these device controllers may be inserted in vacant SELCH Bus slots, but will not be on the SELCH
bus. This also applies to all 7 inch boards on adapters, installed on the right side. In the Processor
Chassis, Connector 1 of Slots 0, 1, and 2 becomes the SELCH Bus when the SELCH is in any of the 3
slots.

The SELCH Bus can be extended by cable to any even num

chassis containing the SELCH controller.,

All device addresses are hard-wired on the device controller cards, (device addresses may be changed
at option) so that the distribution of I/C device controllers in the chassis normally need only be consid-
ered as a matter of priority in the RACKO/TACKO "daisy-chain" and convenience.

The 15 inch System Expansion Chassis, and the basic Processor chassis may only be used for single
board 1/0 device controllers unless the interconnection between boards takes place via cables installed
on the outer edge of the board. No back panel stitch pattern is provided. For multi-board 10 inch
device controllers, the 10 inch System Expansion Chassis must be used.

Priority is established by the physical placement within a chassis. Priority for interrupt driven devices
should normally be established in order of descending speed, i.e., drum higher than magnetic tape, and
card reader higher than a paper tape reader, etc.

The Multiplexor Bus Buffer (MBFR) may be installed in the Processor Chassis or Systems Expansion
Chassis in any slot that can be used by the SELCH. This creates a Buffered Bus on Connector 1 where
the SELCH created a SELCH Bus. (See items 1, 2, and 3 above.) Only one MBFR may be contained

in the Processor Chassis. When an MBFR is housed in the Processor Chassis, the Processor SCLRO
line must be removed from Connector 1 as this signal is regenerated on the MBFR card. In the System
Expansion Chassis, the bus on Connector 1 may be cut into up to five separate sections to accommodate
several SELCH and/or MBFR combinations. Each section can be cabled to another chassis and the 2 slot
sections can also handle a SELCH or Buffered MUX controller.

NOTE

Connector 1 on Slots 0, 1, and 2 of the Processor Chassis
is a common copper bus that cannot be cut. Only a single
SELCH or MBFR can be installed in the Processor Chassis.
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Figure 12. System Chassis Configuration and I/0 Priority
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8.3 Back Panel Wiring

The Acknowledge Control Line from the Processor carries the Interrupt acknowledge (ACK) signal. This line breaks
up into a series of short lines to form the "daisy-chain" priority system. The ACK signal must pass through every
controller that is equipped with Interrupt Control circuits. Refer to Figure 12 to determine order of priority. Back
Panel wiring for interrupt control at a given position is: The Received ACK (RACKO) at Pin 122-1 and the Trans-
mitted ACK (TACKO) at Pin 222-1. The daisy-chain bus is formed by a series of isolated lines which connect Terminal
222-1 of a given 1/0 position to Terminal 122-1 of the next position (lower priority). On unequipped positions, a jumper
shorts 122-1 and 222-1 of the same connector to complete the bus. Back Panels are wired with jumpers from 122-1
and 222-1must be removed from the Back Panel at that position.

On the IOU board location in the Processor Chassis, the daisy-chain starts at Terminal 220-0 (Slot 5) and normally
goes to the Console TTY RACKO, Terminal 238-1 of the same slot. The TTY TACKO (239-1) is wired to Pin 122-1 at
Slot 2 and continues through the I/O slots as described previously.

For controllers that occupy several positions, the jumper is removed only at the position where the controller board
has ATN/ACK circuits. For details on the various devices, see the appropriate installation specification.

The Multiplexor Channel (I/O Bus), generated by the IOU Board, appears on Connector 0 of the Processor Chassis.

It is connected to the copper wiring pattern on Connector 1 by the 17-183 cable. This cable is omitted when the SELCH
or MBFR is installed in the Processor Chassis; Connector 1 then has the SELCH or Buffered Bus as the case may be.
Connector 1 in Slots 00, 01, and 02 also has unidirectional DMA data busses which are wire wrapped together to form
the bi-directional MSD Bus for the memory DMA port. See Figure 13.

CONNECTOR ©O CONNECTOR |
SLOT
7 |
6 I
. l
4 ] MODEL 80
3 17-183 CABLE CHi';lSjl s
2 C 17-183 1-—l R]
|
0 [__TERMINATOR ] ! [__TERWMINATOR __] @3[{]

Figure 13. Multiplexor/SELCH Bus Cabling

8.4 System Configuration

System configuration data is provided in the User's Manual, Publication Number 29-261. Typical Configurations are
shown in Figure 9.

8.5 Terminators

The termination end of both legs, Connector 0 and 1, of the Multiplexor Bus must have a standard INTERDATA termin-
ation card (35-433) installed. These cards are installed on the back panel at the lowest numbered slot ot both con-
nectors of the Multiplexor Bus that exists. For example, if a Selector Channel or Bus Buffer is installed in Slot 4

on the first expansion chassis and only the Processor Chassis and one expansion chassis is used in the system, the
Multiplexor Bus must be terminated at Slot 0, Connector 0; and Slot 5, Connector 1 of the expansion chassis. In addi-
tion, the Buffered Bus or the SELCH Bus should be terminated at Slot 0 and Connector 1 of this chassis.

Depending upon system configuration, any SELCH Bus or Buffered Bus may be terminated by a 15 inch Terminator
(35-433) or a 10 inch Terminator (35-434). The choice of terminators depends on the type of chassis in which the last
slot of the Bus is present.

8.6 Power Supply Configuration
The 34-015 logic power supply is capable of supplying 50 A of +5 VDC and can be used to drive the Processor and up to

two Expansion Chassis at 115 VAC or the basic Processor Chassis and one Expansion Chassis at 230 VAC. The 34-

015 and 34-012 supplies may be mixed as described for I/O expansion to reach an optimum power match to any configura-
ation.

12



9. CABLES

9.1 Power Cable

The standard INTERDATA Cabinet is wired for 20 Amp service. On the main power cable (part of the AC Distribution
Panel), the 20 Amp UL plug has one blade perpendicular to the other. A three wire, grounding, 20 Amp, 125 VAC re-

ceptable (Hubbel #5362 or equivalent) is required to accept this plug.

9.2 System Expansion Cable

A number of standard cables are available for configuring systems made up of the INTERDATA expansion chassis dis-
cussed in Section 4. The choice of cables is dependent upon system configuration. The following cables are available:

1. 17-162 and 17-163: I’/O and Memory Expansion Cable
This cable is used to connect the "0" connector field (17-162) and the "1" connector field (17-163) from the Processor
to the corresponding connector in the first 15 inch expansion file. The expansion file must be mounted immediately
below the basic Processor as these cables contain the DMA bus which is restricted to the first 15 inch expansion.
These cables are always used in pairs.

2. 17-193: I/O Expansion Cable, Connector "0"
This cable is used to connect the 0" connector fieid between two adjacent 15 inch card files.

3. 17-194: 1/0O Expansion Cable
This cable is used to commect the 1" connector 1/0 fields between two adjacent 15 inch card files.

4, 17-216: I/O Expansion Cable, 36 inch Long
This is a 36 inch long cable. It can be used to connect two 15 inch files that are not adjacent.

It must not be used to extend the basic Processor Mux Bus.

It can be used to extend a buffered bus or a SELCH Bus. It plugs into a "1" side connector. The "receiving! end
can plug into the 0" or "1" side of the expansion file.

5. 17-214: 15 Inch to 10 Inch Expansion Cable

This eable is used to commect the 0" connector field of a 15 inch card file to a lower adjacent 10 inch card file. It
provides an 8 bit I/0 bus to the 10 inch card file.

6. 17-166: 15 Inch to 10 Inch I/O Expansion Cable, 36 Inch Long

This cable is used to connect the '"1" side of a 15 inch expansion file to a 10 inch expansion file. It provides an 8 bit
1/0 bus to a 10 inch card file.

It must not be connected to the basic CPU Multiplexor Bus.
It may be driven either by a Selector Channel or a Bus Buifer.
Tt can be used on the older 10 inch card file, 13 I/0 Slots with cards mounted vertically.

7. 17-183: "0" to "1" Connector

This cable can be used to interconnect the "'0" field and the "1'" field within a 15 inch card file.

Tt can also be used to conneect a 0" side (slot ""0") of a file, to the "1" side (slot 7) of the next adjacent file, or vice
versa.

8. 17-215: 10 Inch to 10 Inch I/O Expansion Cable

This cable is used to connect 2 adjacent 10 inch card files.

13



9.3 Typical Configurations

Information Drawing 01-051R03C12 depicts cabling for typical configurations.

10. TESTING
10.1 Standard Test Software

The following software is supplied with the basic Processor to insure that the System is operational:

1. Processor Test Program 06-106

2. Memory Test Program 06-003
3. Floating Point Test 06-108
4. TTY Test Program 06-004
5. Memory Hold Test 06-143

10.2 Additional Software

In addition to the test software mentioned above, appropriate test software is supplied with each peripheral. When the
system is equipped with the memory parity option, software package 06-144 is provided. The purpose of this routine
is to initialize the memory to correct parity when power is initially applied or interrupted to the volatile semi-con-

ductor Memory.

NOTE

Failure to initialize the complete memory to correct parity
may result in erroneous parity errors even where correct
parity is contained in the memory locations being referenced
because of the "look-ahead" nature of the Model 80 Memory.
Use MOS Parity Initialize Program 06-144.
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MODEL 80
MAINTENANCE SPECIFICATION

1. INTRODUCTION

The INTERDATA Model 80 Digital System is a low cost, general purpose system, versatile enough to perform a wide
range of industrial control, data processing, and scientific computation. The Model 80 is well suited to the real-time
scanning of hundreds of instrument readings, process alarms, and pulse trains. It is particularly useful where larger
amounts of main processor time are needed for computation.

1.1 Packaging

The Model 80 Processor is contained in a 19 x 7-1/2 inch RETMA card file allowing eight card positions. The basic

Processor with 16KB of semiconductor memory uses five card positions and allows three positions for 1/0 expansion.
One additional card position is used for each 16KB of memory added to the basic configuration, so that the basic Pro-
cessor with 64KB of memory uses the entire chassis.

1.2 Processor

The Processor is available in two basic configurations, that is, Model 80 with 16, 384 byte MOS memory (8,192 x 16 bit
words) (Product Number M80-000) and Model 80 with 16, 384 byte MOS memory and parity (8,192 x 17 bit words) (Prod-
uct Number M80-001).

The Processor consists of a double card assembly CPU/ALU (Central Processing Unit/Arithmetic Logic Unit) and an
1/0 card which generates the 1/O Bus and contains the Display Panel controller and Teletype controller.

The Model 80 uses a technique commonly referred to as "emulation' to implement the standard INTERDATA user rep-
ertoire. This technique requires a micro-processor, or sub-processor, not apparent to the user, employing one or
more of its micro-instructions in sequence to implement one user level instruction.

The Model 80 employs a 32-bit micro-instruction word and 16-bit internal bussing. The basic instruction time of the
micro-processor is 200 nanoseconds/instruction. User level instruction execution times are typically 530 nanoseconds
for Register to Register (RR) and Register to Storage (RS) type instructions and 1010 nanoseconds for Register to Indexed
Memory (RX) type. The basic micro-program is contained in 1, 024 words of Read-Only-Memory (ROM).

1.3 Main Memory

The main memory uses MOS/LSI devices for storage. It has an effective access time of approximately 280 nanoseconds.
Memory banks can be accessed via the Processor or through an external Direct Memory Access Port (DMA). The ex-
ternal port has a throughput of approximately 5.4 megabytes/second or it may be used as a multiplexed port by up to four
devices at a maximum throughput of 4. 25 megabytes/second. The packaging consists of a single 15 inch memory control-
ler and one to four storage modules of 16K bytes each, cabled directly to the controller. The DMA connection is via the
back panel. The DMA port accommodates the Selector Channel in the multiplexed configuration.

1.4 Control Store

The basic Model 80 uses 1, 024 words of ROM control store which is mounted on the ALU board. The control store may
be expanded by another 3, 072 words of either the Dynamic Control Store (DCS) or ROM by adding additional circuit boards.

Thw, pay m
Three new user instructions are added for manipulating the DCS.

1.5 Power Supply

The volatile semiconductor main memory of the Model 80 is powered by a separate supply that includes built-in battery
backup for short term power interrupts and a low power standby mode when the system is shut down. The internal bat-
tery is capable of holding the memory's contents, in the low power non-operating mode, for several minutes. For long
term memory protection, an external battery or customer supplied 115/230 VAC (+20% at 47-63Hz) can be used.

The memory goes into the low power stand-by mode whenever the Processor is shut down. It does not use the battery
or the reliable AC source, however, except on a Primary Power Failure (PPF). The memory power is not controlled
by the front panel power switch.

The Model 80 Processor and I/O employ a power supply separate from that of the semiconductor memory.



1.6 Peripherals

The Model 80 interfaces to, and is compatible with, all standard INTERDATA peripheral controllers and controllers de-
signed to the standard INTERDATA Multiplexor Bus. Any number of devices up to 255 can be accommodated, but a max-
imum of 9 can be interfaced directly to the Multiplexor Bus or to the Selector Channel Bus.

2. INTERNAL ARCHITECTURE

The architecture of the Model 80 encompasses a principle of modules communicating over a common bussing system,
directed by instructions from a control memory which specify the module to which an instruction is directed and the
function to be performed. In theory, the function of any module is arbitrary and the significance of various instructions
take meaning only when applied to a specific module. Thus, a computer achieves a capability and personality deter-
mined by what functions can be performed by its complement of modules.

2.1 Modules

The Model 80 accommodates eight modules which communicate over four Processor busses. The basic Processor is
comprised of three modules.

1. Central Processing Unit (CPU). The CPU contains the Processor registers. This module controls the user
memory, control memory, register gating, and sequencing of instructions.

2. Arithmetic Logic Unit (ALU). The ALU provides the basic arithmetic/logical capability of the Processor.
It is capable of 24 instructions including multiply/divide and multiple precision shifting.

3. Input/Output Unit (IOU)., The IOU provides the I/O capability of the Processor by generating the standard
INTERDATA Multiplexor (I/0) Bus for peripheral communications. In addition, it is capable of various
byte manipulations of data presented on the busses.

The architecture accommodates five additional arbitrary modules such as floating point, boolean manipulators, or special
nature designs.

2.2 Micro-Instructions

The micro-instruction word is 32-bits long. In addition to the branch and write instructions, there are three types of
instructions to the modules. These minimally encoded instructions provide 112 combinations of module/function com-
mands. The micro-instruction can simultaneously direct two operands and a result independently on three of the com-
puter's busses; generate 12-bit immediate field operands; select the address of the next micro-instruction; perform non-
encoded micro control of the computer's functions such as reading/writing main memory; incrementing user location and
memory address registers; controlling the user status register; and decoding the next user instruction.

2.3 Interrupts

The Model 80 has eight hardware priority interrupts, most of which can be masked by various bits of the Program Sta-
tus Word (PSW). The oecurrence of a recognized interrupt causes the micro-program to trap one of eight specific con-
trol store locations associated with the interrupts.

2.4 Registers

The Model 80 has 16 general registers, 15 of which may be used as index registers. In addition, there are eight addi-
tional general purpose registers, plus five registers associated with the user level machine control that are available
to the micro-programmer.

2.5 Processor Timing

Communications between modules is request/response. Timing is completely asynchronous (rather than quantized) to
achieve maximum speeds. In addition, interlocks are provided between the control memories and the CPU to facilitate
programming the micro machine. The control module operates on a 10MHz clock, allowing a minimum instruction exe-
cution in 200 nanoseconds. Internal timing within the other modules can be selected to best suit the needs of the module.



3. FUNCTIONAL DESCRIPTION OF THE BASIC PROCESSOR
" 8.1 Processor Busses

The functional characteristics of the Processor can best be described in terms of its registers, busses and related gat-
ing. There are four busses which are the key to the modular design philosophy of the Model 80 architecture. Refer to
Figure 1. An understanding of the bus structure is necessary to determine how each module of the Processor interre-
lates, and how the registers and gating of each module contributes to the function of the module it is designed to serve.
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ALU ARBITRARY Tou
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MODULE MODULE MODULE BUS
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Figure 1. Model 80 Module Concept

3.1.1 Control Bus. The Control Bus of the computer is commanded by the control module and is, in essence,
a reflection of that segment of the micro-instruction selecting the function and module to be addressed, plus timing fo
effect data transfers. Also included is a means for a module to transfer data to the Condition Code of the PSW. The
Control Bus signals are described in the following paragraphs:

Module Select Lines (MDSELO0:2). These three lines contain the address of a module for which the current micro-
instruction is intended. One of the eight arbitrary modules can be selected by the instruction to perform some
function. These three lines reflect Bits 0:2 of the micro-instruction.

Function Select Lines (FSEL0:3). These four lines reflect Bits 16:19 of the micro-instruction and normally
select 1 of 16 arbitrary functions to be performed by the selected module.

Start (STRT). STRT signals the modules that data on the busses is valid. It is, in effect, a request from the
control module for a response to a micro-instruction. Data is held static on the A and B Busses while STRT is
active. The control module holds STRT active until it recognizes a response from the module (MFIN) and has
stored the results presented on the S Bus.

Module Finished (MFIN). MFIN is a response to the control module from a selected module indicating that it
has recognized STRT and completed the selected function. The selected module gates data and other responses
onto the S Bus prior to returning MFIN. The data and responses must be held on the busses until the control
removes STRT. This time is indefinite and depends on events within the control module.

Module Signal (MSIG). This is a control signal manipulated by the selected module to indicate some arbitrary
condition to the control module. It may be tested by the control module during a normal micro-instruction to the
selected device, to control a conditional branch in the micro-program.

Condition Code Bus (SCC, VCC, CCC, GCC, and LCC). SCC signals the control module that the selected mod-
ule wishes to mainpulate the Condition Code of the Program Status Word. If the micro-programmer has enabled
this manipulation, the Condition Code is forced to a status specified by the selected module. The status is un- .
conditionally forced into the CPU flags. This is done concurrent with a normal instruction to the selected mod-
ule. VCC, CCC, GCC, and LCC specify the status forced into CPU flags and the Condition Code of the Program
Status Word and represent overflow, carry, greater than, and less than respectively.




3.1.2 A, B, and S Busses. The A, B, and S Busses are the primary data links between the control and the
selected module. Gating of data to/from each of these busses is controlled by the micro-instruction. Most of the reg-
isters of the control module can be gated to/from these busses.

Data is selected by the micro-instruction from two independent sources and transmitted to a selected module over the A
and B Busses. The module is thus presented simultaneously with two operands. The resulting data is returned to the
control module via the S Bus. The destination of the S Bus is selected by the micro-instruction.

3.1.3 Typical Bus Exchange. The use of the A, B, and S Busses can be summarized by the following example.

1. The micro-instruction selects a module (MDSEL0:2), and directs it to perform some function (FSELO0:3).
2. The operands are selected from somewhere in the control module and gated onto the A and B Busses.

3. The control module informs the selected module that all data on the busses is valid and that it may begin
(STRT).

4. The selected module performs the function (S) = (A) F (B) and gates the results to the S Bus.
5. The selected module may manipulate the Condition Code via SCC, VCC, GCC, LCC, and CCC,

6. The selected module may signal, for example, that the result of the operation was zero by activating
MSIG.

7. The selected module activates MFIN to signal the CPU module that the operation is complete and the
results are presented on the S Bus.

8. The control module recognizes MFIN, gates the S Bus to the destination specified by the micro-in-
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struction, and then removes STRT.

9. The selected module deactivates itself when STRT is removed.

3.2 Registers
The following registers are part of the control module although some may reside physically within the ALU.

3.2.1 A Stack/B Stack. The A stack and B stack are a redundant set of register banks containing the 24 gen-
eral purpose registers of the CPU, The registers are duplicated to allow simultaneous gating of any register in the stack
onto either the A Bus or the B Bus. Of these 24 registers, 16 are the user general registers, while the remaining 8 are
available to the micro-programmer as desired. These registers are gated onto the A and B Busses and are loaded from
the S Bus under control of the micro-instruction.

3.2.2 Memory Data Register (MDR). This register provides the data buffer between the CPU and the user level
memory. The MDR can be gated onto the A and B Busses and loaded from the S Bus under control of the micro-instruc-
tion. It is, of course, also loaded under control of the memory when a memory read cycle is requested. Hardware in-
terlocks are employed to synchronize the memory to the CPU,

3.2.3 Memory Location Register (MLC). The MLC is a general purpose register which can be gated to either
the A or B Bus and loaded from the S Bus, but possesses additional characteristics intended to facilitate the emulation of
the user level repertoire. This register can, under micro-control, be incremented by two, incremented by four, and
jammed into the Memory Address Register (MAR). This register keeps track of the current instruction location of the
emulated machine.

3.2.4 Memory Address Register (MAR). This register contains the address of the user memory that the micro-
programmer is reading or writing, The MAR can be loaded from the S Bus under control of the micro-instruction, loaded
from the MLC, or incremented by two or four under micro-control. The least significant bit of the MAR is used to con-
trol byte steering for the byte-oriented instructions of the user repertoire (refer to Section 4.6). As in the MDR, timing
conflicts are resolved by hardware interlocks.




3.2.5 Program Status Word (PSW). The Program Status Word is a 16-bit register ‘which may be gated onto
either the A or B Bus and loaded from the S Bus under control of the micro-instruction. Various bits of the PSW are
used to enable associated hardware interrupts. PSW Bits 12:15 contain the Condition Code of the user level computer.
These bits may be compared and tested against corresponding bits of the user instruction under Module 0 micro-instruc-
tions to emulate user branch instructions. In addition, they can be manipulated by any module designed to do so, if they
are enabled by the micro-programmer,

3.2.6 User Destination Register, User Source Register (UDR, USR). These two control registers store Bits
9:11 and 12:15 respectively, of the current user level instruction being emulated, and allow the micro-programmer to
indirectly reference the general registers selected by the user instruction. The UDR is compared to the PSW Condition
Code on certain micro-instructions to emulate user level branches. These registers can be examined by gating them
onto the A and B Busses under micro-instruction control. The UDR can also be loaded from the S Bus.

3.2.7 User Instruction Register (UIR), Memory User Destination Register (MUDR), and Memory User Source
Register (MUSR). These three registers are loaded with Bits 0:7, 8:11, and 12:15 respectively, of the next user level
instruction to be emulated. The eight bit op-code stored in the UIR is used to vector to the emulation sequence for the
next user instruction. It is also used to interrogate a ROM which has been configured to decode privileged and illegal
user level instructions. The contents of the MUDR and MUSR are transferred to the UDR and USR at the beginning of the
next emulation.

3.2.8 ROM Location Register (RLR). This register stores the current address of the control store instruction.
1t is loaded from the ROM Address Gates (RAG) at the beginning of every instruction except interrupt trap instructions
and execute type instructions (explained in the section on micro-programming). The RLR is a 12-bit register allowing
direct addressing of the control store up to 4K instructions.

3.2.9 ROM Instruction Register (RIR). This 32-bit register stores the current micro-instruction. The RIR is
the focus of control of the CPU.

3.2.10 A Latch/B Latch. The A latch and B latch registers latch the data presented by the control module onto
the A and B Busses. They are the data sources for these busses.

3.3 Interrupts

The hardware of the computer provides eight priority interrupts. Each interrupt has a unique trap location associated
with it.. Recognition of an interrupt causes the instruction stored at its respective trap location to be performed. The
RLR contents are preserved to allow the address of the interrupted sequence to be saved, if desired, so that control can
be returned at the completion of the interrupt routine. Certain interrupts are enabled/disabled by bits of the PSW,

3.4 Control Store Memory

The Model 80 can accommodate a maximum of 4K x 32 bits of control store memory. The computer allows data as well
as instructions to be retrieved from its control memory. This capability expands its versatility by allowing data such
as sine tables, translation tables, and matrices to be stored and operated upon efficiently by the micro-programmer.

On models so equipped, the Processor can alter its control store (write into its memory). This capability to store and
retrieve data provides the power of a hardware computer at micro-instruction speeds.

3.5 Microprogramming

The control store of the Model 80 is a 32-bit word memory which may be read indirectly by an instruction to retrieve
data, and may be written into by an instruction if it is a writable memory. The basic Model 80 contains a 1, 024 x 32
ROM array containing the user repertoire and suppori programs.

The basic instruction format provides the computer with a three address capability, but various options of the repertoire
can modify this to range from two to four. Figure 2 displays the different types of instructions and their modifiers.

The format of the micro-instruction specifies which module is to be addressed, allowing only one module of the computer
to be addressed at any one time. All other modules must ignore the communications in process. Bits 0:2 of the instruc-
tion selects the module to which the instruction is addressed.

3.5.1 Module 0. Module 0 addresses the control module. As shown in Figure 2, instructions are interpreted
differently for Module 0 than the others. In the normal sequence of instructions (e.g., no branches), the hardware of the
control module controls the reading of its memories, and gates the registers specified by the instruction. When it is
addressed by an instruction, it is for the purpose of a conditional transfer. Module 0 does not manipulate the condition
code or Processor flag register.
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Figure 2. Control and Module Instructions

Branch/Execute Instructions. There are two types of transfers recognized by Module 0. The most common is
the branch. The Branch (BR) instruction conditionally transfers control of the CPU to a specified address of
control memory and proceeds sequentially from there. The second type of transfer, commonly called an exe-
cute, transfers control to a single instruction at a specified address of control memory, then normally returns
to the original sequence. Any type of instruction may be executed including additional execute instructions to
any depth. However, an execute which results in a branch does not return to the continuing sequence. Bit 04
of the instruction determines whether the instruction is a branch or execute type.

Address Link/Register Link., There are two type of Module 0 instructions; address link and register link. They
are selected by the state of Bit 03 of the instruction.

The linked transfer is similar in function to the user level Branch and Link (BAL) instruction, and can be used
to transfer to subroutines when they may be entered from more than one location. The location of the next se-
quential instruction, following the transfer, is deposited in the register specified by the Link field of the instruc-
tion (Bits 11:15), and a transfer is conditionally executed to the effective address.

When the address link is selected, the transfer address is specified by Bits 20:30, and Bit 31 of the instruction.
Bit 30 is the Least Significant Bit (ILSB) and Bit 20 is the Most Significant Bit (MSB)-1. Bit 31 of Module 0 in-
structions is used as the MSB of the address and is implemented in this manner solely because of hardware
dictation and should be of no practical concern to the micro-programmer working at the micro-assembler level.

The register link is used when the transfer address is contained in a register. In this instruction, a branch is
taken to the location contained in the register specified by the B(3:14). Bits 25:30 of the instruction can be used
to mask out these bits of the address contained in the B register. (i.e., If instruction Bits 25:30 are ONES,
the B address is unaffected. If they are ZERO, the corresponding bits of the address, contained in the register
specified by the B field, are forced to ZERO.)



Conditional Branches. All transfers are conditional upon a state selected by the F field of the instruction. By
selective coding of the F field, either the Condition Code of the user level machine or the status of the CPU can
be tested. The F field codes are:

F FIELD ‘MNEMONIC OPERATION
0000 BALZ Branch on CPU zero
0100 BALNZ Branch on CPU not zero
0001 BALL Branch on CPU less
0101 BALNL Branch on CPU not less
0010 BALG Branch on CPU greater
0110 BALNG Branch on CPU not greater
0011 BALF Branch if the logical product of user M1 field and PSW (12:15) is zero
0111 BALNF Branch if the logical product of user M1 field and PSW (12:15) not zero
1000 BALC Branch on CPU carry
1100 BALNC Branch on CPU no carry
1001 BALV Branch on CPU overflow
1101 BALNV Branch on CPU no overflow
1010 BAL Branch unconditional
1011 BALA Arm interrupts and Branch
1110 BDC Branch and mask console interrupt (no real branch is performed)
1111 BAILD Disarm interrupts and Branch

The control field of Module 0 instructions is discussed in Section 3.5.3.

3.5.2 Non-CPU Instructions. As stated previously, when the module number is not zero, the CPU does not
operate on the instruction, and the fields are interpreted differently. The module field (Bits 0:2) and the F field (Bits
16:19) are interrogated individually by the other modules. There are four types of non-CPU instructions selected by Bits
3 and 4 of the instruction.

1. RRX. The RRX is a register-to-register and transfer instruction. It is effectively a four-address
instruction in that it gives the register address of the two operands, the register address of the re-
sults, and the location for the next sequential instruction.

The two operands are addressed by the A field (Bits 11:15) and the B field (Bits 20:24). The contents
of these two registers are gated respectively to the A Bus and B Bus of the computer.

The S field (Bits 6:10) selects the destination register to which the results are gated from the S Bus.

The page address field (Bits 25:30) selects the low order address of the next instruction. The high
order bits are taken from the current location address. The C field (Bit 31) being true makes the
transfer conditional upon a signal returned by the addressed module at the completion of the instruc-
tion. (The ALU, for example, returns the Carry flag as its signal.) If the module signal, which is
designated MSIG, is true, and Bit 31 of the micro-instruction is true, the branch does not occur, and
the next sequential instruction is executed. Any other condition causes the transfer to be effected.

2. RRC. The RRC is a register-to-register control type instruction. The interpretation of the instruc-
tion fields is identical to that of the RRX, with the exception of Bits 25:31 which contained the page
address within a RRX instruction. Bits 25:31 of the RRC instruction provide the micro-control of
the CPU and are described in Section 3. 5. 3.



3. RIM. The RIM instruction provides an immediate field for ease of generating constants and bit masks.
Immediate, is the term generally used to infer that the immediate contents is the actual operand rather
than the address where the operand will be found. This 12-bit immediate field (RIR 20:31) is converted
to a 16-bit operand by extending the sign bit (RIR 20) when gating onto the B Bus. The S field and A
field of the instruction are interpreted identical to that of the RRX and RRC instructions.

4. RWT. The RWT is the store or write instruction of the repertoire if the CPU is equipped with a writ-
able control store. There are several notable differences pertaining to this instruction.

— Although the module number cannot be zero, it may be any other configuration, as the CPU never
communicates with the other modules.

— The S field is not interpreted and should be null selected.

— The F field is not interpreted.

— The B field addresses the register containing the address to be written into.
— The A field addresses the register containing the data to be stored in memory.

— The LSB of the control store address steers the data to the least/most significant half of memory
(see Section 5. 4).

Bits 25:31 of the RWT instruction are interpreted as a control field, as in a RRC instruction.
3.5.3 Micro-Control (MC). To facilitate the emulation task of the CPU, certain instructions allow an order of

micro-control within the CPU. The instructions possessing this capability are the Module 0, the RRC, and RWT instruc-
tions.

MC Field. The MC field is the user memory micro-control which allows various controls over the user mem-
ory instruction Location Counter (MLC), the user Memory Address Register (MAR), and the reading and writing
of the user memory. The significance of the bits of the MC field are:

MC FIELD CONTROL
00XX No memory action
01XX Instruction read
10XX Data read
11XX Data write
XX00 No register action
XX01 Increment MAR by two*
XX10 Increment MLC and MAR by four
XX11 Jam MLC to MAR

There are certain hardware connotations to the MC operations which are not made apparent by the above table.

1. MC 0IXX informs the hardware that an instruction read will take place and cause the CPU to read the instruc-
tion location plus the next location in anticipation of a full word user instruction. This results in the second
half of the user instruction becoming available in the user's Memory Data Register (MDR), and the first half
being stored in the CPU hardware for the instruction emulation.

2, The instruction fetch is conditional when used within Module 0 instructions. The read memory is only effected

if the operation does not result in a transfer. (This conditioning is used to expedite the emulation of the user
branch instruction. )

*If this combination is done in conjunction with an instruction read, (MC-0101), the MLC is also incremented by two.



3. All of the micro-control is effected before the STRT occurs with the exception of data read and data write.
This control is effected after completion of the instruction, which allows the micro-programmer to use the
MAR or MDR as a destination and begin a read/write data immediately. It also allows the execution of the
increment and jam control and the addressing of the MAR as the destination register simultaneously, which

has functional utility.

D Field (Decode Instruction). The D field bit informs the CPU to halt the sequential flow of micro-instructions and
begin to emulate the next user instruction. The op-code field of the new user instruction is in the UIR and pro-
vides a vector to a control store address where the emulation sequence begins, This implies that the micro-
programmer must have done an instruction read in the current or a prior instruction using one of the proper

MC field designations. The execution of a decode is conditional when used within Module 0 instructions, and,

like the instruction fetch, is only performed if the operation does not result in a transfer.

E. Field. This field is used to Enable (E) or disable changing of the Condition Code of the PSW. When changing
is enabled, the Condition Code is changed under control of the module addressed until again disabled by this field.
(The ALU, for example, jams its C, V, Gand L flags into the Condition Code upon completion of its function. )
The meaning of the Condition Code is a function of the module addressed. Flags are disabled at the beginning of
an emulation sequence.

K Field. The K field of the micro-instruction is an extension of the F field of the instruction. It is available only
on the RRC and RWT instructions and constitutes the control signal (KSIG) to the modules. Its meaning, just as

the F field, is defined by the module addressed by the current RRC instruction. The ALU, for example, reinter-
prets shifts to be double precision when KSIG is active. It is also used to extend the functions of the I/O module.

3.5.4 Control Store Data Storage. Data may be retrieved from the ROM or the Dynamic Control Store (DCS) dur-
ing execution of RRC, RRX or RIM instructions when the I field bit (instruction Bit 5) is true. When the I field bit is set,
the data addressed onto the B Bus is used as the store address of the ROM or DCS, and causes the CPU to replace this
data with the addressed data before signaling the addressed module to begin its task. The least significant bit of the B
Bus selects either the right or left half of the data for replacement on the bus. This facilitates address calculations and

packing of the DCS, The second LSB of the B Bus, therefore, addresses the LSB of the control store.

3.5.5 Interrupts. The hardware of the computer provides eight priority interrupts. Each interrupt has a unique
trap location associated with it. Recognition of an interrupt causes the instruction stored at its respective trap location
to be performed. The RLR contents are preserved to allow the address of the interrupted sequence to be saved, if de-
sired, so that control can be returned at the completion of the interrupt routine. Certain interrupts can be disabled by
bits of the PSW as designated in Table 1. In addition, all interrupts can be enabled/disabled as a group by a micro-in-
struction. All interrupts not masked by PSW bits are interrogated when a new user level instruction is decoded, regard-
less of the status of the group enable. The group enable is automatically disabled at the beginning of a user emulation,
and must be enabled by instruction if the programmer wishes to recognize interrupts. The following table lists by pri-
ority the pertinent information for each interrupt. The external interrupts, 0, 1 and 2 cause an External Interrupt PSW
swap.

TABLE 1. INTERRUPT PRIORITY

|__INTERRUPT » TRAP MASK ==,]

Primary Power Fail 10116 NONE
Machine Malfunction* 10216 PSW 02
Display | 1031 6 NONE
External Interrupt 3 (Data Channei) 10416 PSW 01
External Interrupt 2 10516 PSW 10
External Interrupt 1 10616 PSW 09
External Interrupt 0 (ATNO) 107, PSW 01
Illegal Instruction 1001 6 NONE
Privileged Instruction 1001 6 PSW 07

*This interrupt can have several causes and is discussed further in the I/O section.




3.5.6 Registers. The basic CPU has a register stack containing 16 user registers and 8 general purpose reg-
isters for use by the micro-programmer. In addition, the bulk of the remaining CPU registers are also available to the
micro-programmer.

A register is available to the micro-programmer if he can address it to one or more of the internal busses. The follow-

ing Table tabulates the addressable registers and their respective address on the designated bus. Also listed-are re-
gister mnemonics and descriptions, and the register peculiarities.

TABLE 2. REGISTER ADDRESSING

BUS ADDRESS (HEX) S BUS B BUS A BUS
00:0F (16 General Registers) UGR UGR UGR
10:17* RGR RGR RGR
18 PSwW PSw PSW
19 MDR MDR MDR
1A MLC MLC MLC
1B MAR YDP1 YDI
1C YS NULL NULL
1D YDD YSI NULL
1E YD YS YD
1F YDP1 YX YDP1

*RGRO7 (bus address '17") is designated null register for the S Bus by convention of the micro-assembler.

Register Mnemonics and Desgcriptions.

MNEMONIC REGISTER COMMENT

UGR User general registers 16 registers manipulated by emulated
language

RGR Micro-level general registers 8 additional GP registers available to
the micro-program

PSW Program Status Word 16 bit register containing interrupt
enables and flags

MDR Memory Data Register

MLC Memory Location Counter Location Counter of emulated program

MAR Memory Address Register

NULL No register selected Gates 0 to A and B Busses

YS User source register Register selected by Bits 12:15 of
emulated instruction (contents of USR)

YSI User source register immediate Bits 12:15 of the emulated instruction
(USR) gated onto B Bus

X User index register Same as YS except NULL gated to A Bus

if field is 0 (contents of USR=0)

10



MNEMONIC REGISTER COMMENT

YD User destination register Register selected by Bits 8:11 of
emulated instruction (contents of UDR)

YDI User destination register immediate Bits 8:11 of the emulated instruction
(UDR) gated onto the A Bus

YDP1 User destination register plus 1 Register selected by Bit 8:11 of
emulated instruction +1 (must be odd)

YDD User destination register direct S Bus 12:15 replaces UDR contents

Register Peculiarities. The last four bits of the PSW contain the Condition Code of the emulated computer. In
general, these bits can be manipulated by any addressed module unless the PSW is the S Bus destination or their
change has been inhibited by the micro-instruction. The individual bits of the PSW which have hardware impli-
cations are:

PSW 01 ATN (0) and ATN (3) enable

PSW 02 Machine Malfunction enable

PSW 07 Privilege instruction/Memory Protect enable
PSW 09:10 ATN (1 and 2) interrupt enables

DPSW 12 C flag of Condition Code

PSW 13 V flag of Condition Code

PSW 14 G flag of Condition Code

PSW 15 L flag of Condition Code

PSW Bits 3 through 6, and Bit 8, may have significance tb the micro-program.
The following additional registers have the indicated capabilities and connotations.
1, The MDR receives data asynchronously from memory.

2. The MDR and MAR being addressed cause the Processor to interlock with memory when they are the
source or destinations of the current instruction and the Processor is requesting memory service.

3. The MAR and MLC can be incremented by two or four from the ROM micro-control.

4. The contents of the MLC can be jammed into the MAR by ROM micro-control.

3.5.7 CPU Flags. The CPU contains a flag register which is independent of the PSW flags and is manipulated
by any module which attempts to affect the PSW Condition Code by activating the SCC control line of the CPU Control
Bus. When the SCC control line is active, the state of the VCC, CCC, GCC and LCC are unconditionally jammed into
the CPU flag register and conditionally into the PSW Condition Code. The changing of the PSW is controlled by the micro-
programmer by the E field of the micro-instruction. The state of the CPU flags can be individually tested by the Module

dm 2
LrucCLions,.

§ ins
3.5.8 Arithmetic Module (ALU) Programming. The Arithmetic Logic Unit (ALU) is a standard module in the
Model 80 hardware. It is addressed as Module 1 in the module field of the instruction and is capable of 20 functions.
Communications with the ALU is asynchronous. By design, the ALU is never busy and for the majority of ALU functions,
response is within 100 nanoseconds. (This allows an ALU referenced instruction to be completed in 200 nanoseconds. )

For functions which require more than one ALU cycle (i.e., shifts, rotates, and multiply/divide), the ALU does not re-
spond with a finish signal until the completed results are on the S Bus.

Multiply/divide and extended shift operations can be performed only on the 24 general registers and must address the
same register pair on both the A and S Busses. The same restrictions that apply to these operations at the user level
must be adhered to at the micro level,

11



A user emulated multiply/divide instruction is micro-coded by selecting the ALU (Module 1); addressing the UDR on the
S Bus, the UDRP1 onto the A Bus, the USR onto the B Bus, and the required function code for the operation. When the
ALU signals its completion, the results have already been deposited in the UDR.

To implement a shift or rotate instruction, the register to be manipulated is addressed onto the A Bus, the shift count
is put onto the B Bus, and the S Bus is addressed to the destination register. For extended shifts, the same register
pair must be addressed on both the A and S Busses, the even register being addressed to the S Bus, and the odd register
to the A Bus.

The ALU generates valid CPU flags for all instructions. The C flag is gated as MSIG.

F FIELD OPERATION
0000 Subtract
0001 Add
0010 *Subtract with carry (employs CPU flags)
0011 *Add with carry (employs CPU flags)
0100 Not used
0101 Logical AND
0110 Logical Exclusive OR
0111 Logical OR
1000 *Logical shift right
1001 *Logical shift left
1010 *Rotate right
1001 *Rotate left
1100 *Arithmetic shift right
1101 *Arithmetic shift left
1110 *Signed multiply
1111 Signed divide

*When used in conjunction with the K bit of the RRC instruction, shifts are double precision, multiply is unsigned,
and the C, G and L of the PSW are used for add and subtract with carry.

3.5.9 I/0 Module Programming. The I/0O module performs a multiplicity of functions. In general, it is ad-
dressed to communicate with the multiplexor channel. It has the additional capability of performing byte manipulations
for the CPU both in conjunction with an I/0 exchange and without one. Furthermore, the I/0 module contains the Ma-
chine Control Register (MCR) which stores machine trouble conditions and interrupts the CPU, The contents of the MCR
can be sensed, tested and cleared. Module Number 2 has been assigned to the I/O module.

Multiplexor Channel. The Multiplexor Channel, generated on the 1/0 module, is operationally identical to the
standard INTERDATA Multiplexor Bus in all respects. The Multiplexor Bus is a byte or halfword-oriented 1/0
system which communicates with up to 255 peripheral devices.

A single instruction from the CPU contains the device address, the encoded function, and up to 16 bits of output
data when needed. The Multiplexor Bus generator provides single or multi-cycle operation to address the de-
vice, transmit the decoded function, send or receive over 16 bi-directional data lines, and synchronize the ex-
change.

The normal byte or halfword operation consists of an address cycle and a data cycle. However, during a Read/

Write block sequence, the address cycle is not used. For halfword functions (RDH/WDH) with a byte oriented
device controller, two data cycles are used to transfer the halfword.

12



Byte Manipulation. The I/O module has the capability of performing byte manipulation both in conjunction with
an I/O operation and without one. The byte steering is under control of the least significant memory address bit
in the MAR and also the KSIG line. For halfword operations, this manipulation is inoperative but the double data
cycle with packing/unpacking results when the Halfword (HW) test line is inactive.

1/0 Module Function Codes. The encoded I/0 module functions and the byte manipulations are described in
Section 3.7. 3.

Machine Control Register (MCR). An interrupt on Machine Malfunction (MMF) is generated when Bit 12, 13, 14,
‘or 15 in the Machine Control Register (MCR) is set. The sense MCR (SMCR) function gates MCR (04:05) to
$(04:05), MCR(08:15) to S(08:15), and MCR(12:15) to CC(C,V,G, and L). The CMCR function clears MCR(11:15),
where there are ONEs in B(11:15). The system initialize SCLRO clears 2ll the MCR except the strap bits.

The MCR bits are assigned as follows:

BIT MNEMONIC MEANING

MCR15 (L) EPF Early PPF

MCR14 (G) IPF Instruction parity fail (memory)

MCR13 (V) DPF Data parity fail (memory)

MCR12 (C) IA/STF Strap selection; either or both [IA=Illega1 Address (memory)]
MCR11 STF STRT time out fail

MCR10 CATN Console attention (display controller)

MCRO09 ARST Atto restart (strap)

MCRO8 Spare (strap)

MCRO5 BNKB Bank B (testable strap for DCS)

MCRO04 BNKA Bank A (testable strap for DCS)

Start Timer (STRT). The STRT timer (35 microseconds) is activated whenever the CPU sends out the STRT
signal to the various system modules (ALU, IOU, etc.) and is cleared by the MFIN signal from the module.
Should the time out occur before MFIN arrives, on non D Bus operations, Bit 11 of the MCR is set and a pseudo
MFIN signal restarts the CPU clock. If STF is strapped into MCR12, the MMF interrupt is also generated.

In the case of a STRT time out during a D Bus operation, the MCR is not changed. However, the False Sync
code (0100/CVGL) is placed on the Condition Code Bus and a pseudo MFIN restarts the CPU clock.

3.6 Processor Block Diagram Analysis

3.6.1 CPU (Figure 3). The architecture of the Processor is structured about four busses which provide inter-
communication between the CPU and the remaining modules.

The CPU selects the module via the Control Bus (C Bus), specifies the function, and signals that data is available on the
A and B Busses. The addressed module signals when it has completed its function and transmits flag type data back over

this bus.

The A Bus and B Bus contain the two operands offered simultaneously to the addressed module to be manipulated. These
busses reflect the data captured by the A latch and B latch registers. Most of the CPU registers can be gated onto the A
and B Busses.

Data from an addressed module (exclusive of the ALU) is returned to the Processor via the S Bus. This bus is piped onto

the ST Bus along with the ALU results to form the true result bus of the CPU, The ST Bus is gated to most of the CPU
registers as a source input.

13
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“The ROM Instruction Register (RIR) is a 32-bit register that latches the current instruction read from the control store
memory to provide the control gating for each instruction. Data can also be gated from the control memory onto the B
Bus for indirect data fetches. One of the many functions performed by the encoded instruction is register gating. This
is performed by the select logic to encode the A, B, and S SEL lines, these lines determine which registers are gated
onto the A and B Busses, and which register is the S Bus destination,

The ROM Address Gates (RAG) select the address of the control store to be interrogated next. Inputs to the RAG may
be the ROM Location Counter (R1.C) to select the next instruction, certain bits of the RIR for branching, the B Bus for
indirect addressing or branches, the translated vector for the next user instruction to be emulated (XLTR), or interrupt
trap address from the interrupt logic.

The ROM Location Register (RLR) preserves the address of the current instruction. It is loaded with the address of the
current instruction every time the RIR is loaded, except when the instruction is an interrupt or execute type which do
not alter the ROM Location Register. The RLR is gated to the RLC to perform RLR+1 for the next sequential instruction.

The 16 general user registers and the 8 general micro-registers are contained in the A stack and B stack. This is a re-
dundant pair of registers, implemented as such to allow gating of any two registers of the machine simultaneously onto
both the A Bus and B Bus. Gating of these stacks is controlled by the A, B, and S SEL lines, just as the other A, B,
and S source and destination registers.

The Program Status Word register (PSW) is an architectural feature of the user level machine. Certain bits of the PSW
are used to mask interrupts, control the privileged mode of the Processor, and to contain the Condition Code of the user
level program. This register can be gated to/from the A, B, and S Busses. The Condition Code portion can also be
loaded independently of the register addressing.

The Memory Location Counter (MLC) aids the emulation capability of the Processor. It is used to contain the memory
location of the current user level instruction. In addition to being capable of being gated to/from the A, B, and S Busses,
this register may be incremented by two, incremented by four, or jammed into the Memory Address Register (MAR)
under micro-control of the programmer.

The Memory Address Register (MAR) must contain the address to be used by the main memory for a read/write opera-
tion. This register can be loaded from the S Bus or the MLC, and may also be incremented by micro-control of the
programmer. The manipulation of this register is interlocked with the memory operation by hardware to remove timing
restraints from the micro-programmer.

The Memory Data Register (MDR) is loaded from the S Bus with data to be written into the main memory, or it is loaded
from the Memory Data Bus with the contents of the addressed memory on a memory read operation. This register may
be gated onto the A or B Bus of the Processor, and, like the MAR, hardware interlocks remove the timing considerations
of the memory system from the micro-programmer when this register is referenced.

The User Instruction Register (UIR) stores the eight bit op-code of the next user instruction to be emulated. It is loaded
from memory when a read operation is designated as an instruction fetch by the micro-code. The eight bit op-code is
translated by the XLTR hardware to a 1/128 vector which designates the beginning address of the emulation sequence for
a particular instruction. The eight bit op-code is also gated to a Privileged/Illegal ROM which is coded to detect these
types of instructions and cause an interrupt to the Processor.

The Memory User Destination Register (MUDR) and Memory User Source Register (MUSR) store the destination and
source fields of the next instruction to be emulated when it is read from memory. This data is transferred to the User
Destination Register (UDR) and User Source Register (USR) at the beginning of a new emulation sequence to provide
residual control for the instruction.

Memory Control is effected by the micro-control field of the micro-instruction. The ability is provided to cause data
read, data write, and instruction read. When an instruction read is designated, the main memory passes to the Proces~
sor the data specified by the MAR plus the data at MAR+2. The Processor stores the first 16-bits in UIR, MUDR, and
MUSR and the second 16-bits in the MDR in anticipation of a 32-bit instruction. If the instruction is found to be a 16-bit
instruction, the contents of the MDR is ignored.

3.6.2 ALU (Figure 3). The ALU is a standard module of the Model 80 and provides the basic arithmetic/logic
capability, It communicates with the CPU over the A, B, S, and C Busses in a manner identical to other modules. In
reality, the A, B, and ST Busses and the A and B stacks are generated on the ALU board, although conceptually, they
belong to the CPU architecture. The ALU takes advantage of its proximity to these resources by manipulating them
when implementing shift and multiply/divide type instructions.
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The ALU becomes active when it recognizes its address on the Control Bus (Module Number 1), and the CPU signals
start (STRT). The function to be implemented is determined from the Control Bus.

ALU functions may be of two types. The simple functions (add/subtract and logical) cause the ALU to immediately re-
turn a module finished signal (MFIN). For these type of instructions, the A and B Busses are gated through the ALU,
and the required function is performed by sequential gating onto the ST Bus.

For the complex type functions (multiply/divide and shift) the ALU clock is enabled and a hardware sequence is entered
to perform the required operation, For these operations, the Multiplier /Quotient Shift Register (MQ) and the A latch
registers are used as a 32-bit shift register. The shift gates are used to shift the A Bus or the Sum Bus right or left
back into the A latch and onto the A Bus again as determined by the ALU algorithms. In the case of multiply/divide and
extended shift type instructions, the ALU stores the most significant half of the completed results before signaling the
CPU withMFIN, The least significant half is dumped onto the A Bus from the MQ register and gated through the ALU
onto the ST Bus when MFIN is activated.

3.6.3 IOU Board (Figure 3). The IOU board contains the I/O Control, the Display controller, the TTY control-
ler, the Machine Control Register (MCR), the Power Monitor and the Start Timer.

The Display and TTY controllers have access to the CPU via the Multiplexor Channel D Bus and the I/O Control in the
same manner as other peripheral device controllers. The Display controller provides a visual display of the contents
of all system registers and any main memory location, together with the capability of manually entering data and pro-
grams. It shares D Bus drivers/receivers with the TTY controller and signals the CPU directly with the Display
(DSPLY) interrupt. The Console Attention (CATN) signal appears as Bit 10 of the MCR.

The TTY controller, which supports the Model 33/35 Teletype, provides serial/parallel conversion and all standard
TTY control features. It contains a full character buffer in the receive mode to permit a program service interval of
one character time (100 milliseconds). The detailed descriptions of the Display and TTY controllers are covered in
Sections 4 and 5.

1/0 Control. The I/O Control performs a multiplicity of functions. The main function is to generate Multi-
plexor Channel D Bus from the CPU busses whenever it is addressed by Module Number 2 and the proper func-
tion selections are made. The control also performs byte manipulation for the CPU both ih conjunction with an
1/0 operation and without. Common function decoders also generate signals to sense/clear the MCR (which
stores machine malfunction conditions), to set the system Stop flip-flop with a Power Down/Initialize function
(FPOW), and to gate four bits of the B Bus (12:15) to the front terminal strip of the chassis for external signal-
ing purposes; e. g., muliti-CPU operations.

Four function select lines together with the KSIG line pick 1 of 32 possible functions as shown on Table 3.

TABLE 3. I/O CONTROL FUNCTIONS

FSELOX FUNCTION
M
0123 KSIG=0 KSIG=1
010 0 00 RD RDR
1jo 001 WD WDR
210 010 Ss SSR
3j0 011 oc’ OCR
410100 RDH *STBR
50101 WDH *LBR
6lo110 ACK ~ *LDWAIT
7lo111 *SMCR *CMCR
sf1 000 RDA RDRA
9ft 001 WDA WDRA
Alto1o0 SSA SSRA
Bl1o11 OCA OCRA
citi100 RDHA *STB
D[11o01 WDHA *1B
Eft110 DACK *EXB
Fl1 111 *POW *POUT

*Functions that do not require operation of the Multiplexor Channel D Bus.
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The D Bus functions may be performed with or without an address cycle depending upon the state of FSEL0O.
KSIG is used to specify register type operations or to distinguish between the halfword functions (RDH/WDH)
and some non-D Bus operations (STB/LB).

The function mnemonics are listed below.

MNEMONIC FUNCTION COMMENT
———— m
RD/RDA Read Data byte/indexed
WD/WDA Write Data byte/indexed
OC/OCA Output Command byte/indexed
SS/SSA Sense Status byte/indexed
RDR/RDRA Read Data byte/register
WDR/WDRA Write Data byte/register
OCR/OCRA Output Command byte/register
SSR/SSRA Sense Status byte/register
ACK Acknowledge Interrupt byte/register
RDH Read Data Halfword two data cycles for byte controllers
WDH Write Data Halfword two data cycles for byte controllers
DACK Data Channel Acknowledge includes an automatic RDH
STB Store Byte halfword/indexed
LB Load Byte byte/indexed
STBR Store Byte halfword/register
LBR Load Byte byte/register
SMCR Sense Machine Control Register
CMCR Clear Machine Control Register
EXB Exchange B-Bytes
LDWAIT Load Wait Flip-Flop B (00) to FWAIT
POW Release Initialize Relay
POUT Gate Output Pulses

1/0 Control/Operation. When the I/0 Control is addressed and given a D Bus function code, it creates a one,
two or three cycle Multiplexor Channel operation. The device address on A Bus (08:15) is gated to D Bus (08:15)
together with the ADRS control line whenever address type functions are specified. The returned SYN signal
terminates the address cycle and initiates the next control function (DA, DR, CMD or SR). Delay timing within
each cycle insures that the relationship of the control line and D Bus signals meet the Multiplexor Channel Tim-
ing requirements.

The halfword functions (RDH/WDH) have a single data cycle when the Halfword (HW) test line is active and two
data cycles when a byte oriented controller is addressed.

Output data is gated from the B Bus to the D Bus. The input data is gated from the D Bus to the input Data
Register and then through the S Multiplexor (MUX) to the S Bus. In the case of a sense status operation, Data
Register Bits 12:15 are also gated to the Condition Code (CC) Bus via the CC MUX. On all other D Bus opera-
tions, four zeros are placed on the CC Bus together with the CC strobe (SCC0), These zeros clear the CPU
flag register but do not enter the PSW unless the CPU Enable bit is set.

At the end of the operation, the I/O Control returns a MFIN signal to restart the CPU clock.

The ACK function generates a single cycle on the D Bus while the Data Channel Acknowledge (DACK) function
results in simultaneous ADRS and DACK signals followed by an automatic RDH cycle. The active state on the
DCR line from the Data Channel selected indicates a request for a memory read, at the address specified by
the RDH. The memory read-out data is sent to the Data Channel on a subsequent WDH operation. Should DCR
not be active, the CPU sends an RDH function after the termination of the DACK operation. The DCR signal,
when present, is gated to the CPU on the MSIG line.
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The non-D Bus byte-manipulation functions set up combinational logic in the S MUX. When the decoded STRT
signal is received, selected bytes from the A and/or B Bus are gated to the S Bus and the MFIN signal is re-
turned to the CPU. This operation normally removes the CPU clock inhibit before the next clock pulse occurs
so no clocks are skipped. Should a malfunction result in a delayed or missing MFIN signal, the clock inhibit
is already in effect and the next clock pulse does not occur until MFIN is received at the CPU. The case of the
missing MFIN is covered in the section of the Start Timer.

Start Timer. A 35 microsecond timer is started by the STRT signal and cleared by the MFIN signal from any

selected module. Should the timer run out before the MFIN signal arrives, a malfunction exits; i.e., non-

existant module, circuit trouble, or no SYN return from the Multiplexor Channel. If a D Bus function was called
for, the False Sync code (0100/CVGL) is placed on the CC Bus and a pseudo MFIN signal is sent to restart the
CPU clock. For a non-D Bus operation, the Start Time Fail (STF) bit is set in the Machine Control Register
(MCR 11), and a pseudo MFIN signal is sent to restart the CPU clock. If STF is strapped into MCR 12, the MMF
interrupt is also generated.

The timer is inhibited during the Early Primary Power Fail (EPF)/Primary Power Fail (PPF) operation since
the initialize relay operate/release times are longer than the timer period. A manual inhibit may also be used
when the Model 80 Test Set is in use.

Machine Control Register. The Machine Control Register (MCR) consists of five flip-flops, four straps, and
the Console Attention (CATN) lead from the Display controller. MCR bit assignments are:

BIT MNEMONIC MEANING

15 EPF Early Primary Power Fail
14 IPF Instruction Parity Fail

13 DPF Data Parity Fail

12 IA/STF Ilegal Address and/or Start Timer Fail
11 STF Start Timer Fail

10 CATN Console Attention

09 ARST Auto Restart (strap)

08 spare spare (strap)

05 BNKB Bank B (strap)

04 BNKA Bank A (strap)

The IPF, DPF and IA flip-flops store signals received from the Memory Bank Controller (MBC). Signals to
set the EPF and STF bits are generated on the IOU board by the Power Monitor and Start Timer circuits. The
composite bit, MCR12, can be strapped to represent IA, STF, or both. MCR11 is always set by STF. The
testable straps are wired for logical 1 or 0 as required. A Machine Malfunction (MMF) interrupt is generated
when any of the Bits 12, 13, 14 or 15 are true. The SMCR function gates MCR(12:15) to the CC Bus, MCR
(08:15) to S(08:15), and MCR(04:05) to S(04:05). The CMCR operation clears MCR(11:15) where there are ONES
in B(11:15). This permits selective clearing of some bits while the rest of the MCR continues to monitor other
machine functions without loss of data.

Power Monitor. The Power Monitor contains the primary power fail detect circuits, the system initialize relay
and the associated delay circuits used to control the relay amplifier. This logic provides an orderly system
shutdown whenever the system is initialized or when power is turned off or lost.

The 12VAC input from the CPU logic supply, through an interlock on the memory supply, is monitored for low
liné voltage. When trouble is detected, the EPF bit is set in the MCR to create an MMF interrupt. After ap-
proximately 1 millisecond, the PPF interrupt is generated and the relay release operation is begun. The POW
function also initiates the release operation.

For multi-CPU systems, the various Power Monitors may be interconnected for proper sequencing of the sub-
systems.



3.7 Functional Diagram Analysis

This section describes the major functional areas of the Processor. The descriptions refer to Functional Schematics
35-403D08 (CPU), 35-404D08 (ALU), and 35-405D08 (IOU); and to the charts and figures provided in this section. Unless
otherwise specified, references are to the schematic for the module under discussion. Reference is by schematic sheet
number and coordinate in parenthesis. For example; STRBO (1K2), in Section 3.7.1, refers to the CPU clock signal-
found on Sheet 1 at coordinate K2 of CPU Functional Schematic 35-403D08. A list of mnemonic description is tabulated
for each set of schematics, These descriptions do not attempt to define each mnemonic explicitly.

Note that in INTERDATA functional schematics, the last character in the mnemonic symbol designates the logic level

when the signal is active. For example; TACKO is Transmit Acknowledge and the last character (0) indicates that when
TACKO is active the line is at a logical ZERO level.

3.7.1 CPU (refer to Functional Schematic 35-403D08).

ROM State Control. The CPU control logic is governed basically by pairs of flip-flops which determine the cur-
rent state of the Processor. The CPU can be in one of four states determined by the configuration of two ele-
ments RSA (1H5) and RSB (1H8).* These two elements are encoded to form ROM States RS00 thru RS03.

The four states of the Processor are represented in Figure 4.

\NTERRUPT

Figure 4, CPU State Diagram

The basic functions of the CPU can best be described by correlating the significant logical events of the Proces-
sor to this diagram.

RS00 — An instruction sequence begins in RS00. The ROM Instruction Register (RIR) is always loaded with a
new instruction from the control store on the transition to RS00. This state constitutes instruction decoding
time. Module number and function selects are gated to the Control Bus, the registers to be gated onto the A
and B Busses are decoded and gated onto the A latch and B latch Busses. Logical decisions are made as to the
next state transition, micro~-control of memory and interrupt recognition, All micro-control of main memory
with the exception of data read and data write is accomplished on the transition from RS00. It is also at this
time that data is transferred to the A and B Busses. The CPU may enter any state when exiting RS00.

1. RS00 to RS00, When an interrupt is recognized, the current instruction is abandoned and the instrue-
tion at the interrupt vector is gated to the RIR., It is important to note that the contents of the RLR
is preserved on an interrupt, and the effect is an execute of the interrupt vector instruction.

2. RS00 to RS02. The CPU always makes this transition when the current instruction calls for a read
or write to control store memory (see Sections 3.5.2 and 3.5.4).

3. RS00 to RS03. This transition is made when the module to be referenced is not the CPU itself and
one of the operands does not have to be retrieved from control store.

4. RS00 to RS01. When the CPU itself is referenced (branch instructions), the transition is always from
RS00 to RSO1.

*To provide fan out for these signals, several versions such as RSAW, RSAX, RSAY, RSBX, and RSBY are
found in the logic. Reference is only made to RSA and RSB.
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RS03 — ROM State 03 is in effect Start (STRT) to the Control Bus. This state is only entered to communicate
with another module. During this state, the CPU is inactive and waits for the addressed module to signal com-
pletion of its function (MFIN) (1D2). It is also during this time that the next instruction is read from the control
store in anticipation of the transition to RS00. When the addressed module returns MFIN, and all events indicate
that the next instruction is available to the RIR (see Clock Timing), the transition from RS03 occurs.

1. RS03 to RS01. This transition only occurs when the instruction type is a conditional transfer (RRX)
and prevailing conditions indicate that the transfer will not occur (see Section 3.5.2). In this event,
the transition is to RS01 to allow decoding of the next sequential instruction.

2. RS03 to RS00. This is the normal transition from RS03, it is the only possibility other than RS03 to
RS01.

RS02 — ROM State 02 is only entered for the purpose of reading from or writing into control store memory.
When it is entered for reading, the intent is to replace the data on the B Bus with the data stored at that address
before signaling a module to Start (STRT). This is accomplished on the transition from RS02 to RS03. When
this state is entered for writing, there is to be no further module communications, and the transition is to RS01
to gate the next sequential instruction from control store.

RS01 — This state may be entered from any state other than RS01. It is entered from RS00 for Module 0 (MODO)
instructions. It is éntered from RS02 for Control Store Write instructions (CS WRT). It is entered from RS03
when the instruction decoded during that state is to be ignored (RRX-XFR). This state is entered solely for gat-
ing the next instruction to the RIR, The only transition from RS01 is to RS00.

ROM State Logic. The ROM State Register is initialized to RS01 by SRSCO (1G8) on System Clear or whenever
a starting address is jammed into the RLR by the test set. This register uses D type logic optimized to imple-
ment the state diagram of Figure 4. This logic implementation (Sheet 1 of 35-403D08) is tabulated in Figure 5.

TRANSITION | RSA ACTIVE D LOGIC RSB ACTIVE D LOGIC NOTE

RS00 to RS00 | NONE NONE Interrupt (INTO0) keeps potential logic
inactive.
RS00 to RS02 | NONE INTO- RSBX0- RSAWO0-
MODO000

RS00 to RS01 | INTO0- MODO001- RSBXO0- NONE Transition can only be to RS01 on MOD00
RSAWO instructions.

RS00 to RS03 | MODO000- RIR030- INTO* INTO- RSBX0* RSAWO- Transition can be from RS000 to RS02 or
RSBX0-RSAW0 MDO000 RS00 to RS03 dependent upon RIR030

(control store reference).

RS02 to RS03 | RSAW0-RSBX1 RSAWO0- RSBX1: RMWRTO
Any transition from RS02 sets RSA.
RS02 to RS01 | RSAWO0.RSBX1 NONE
RS03 to RS01 | RSAW1-RSBX1- MDSIG1- NONE Conditional RRX instruction (see Section
RRX1-RIR311 3.5.2).
RS03 to RS00 | NONE NONE
RS01 to RS00 | NONE NONE
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CPU Clock. The clock control for the CPU is a gated oscillator (1J2) which uses a delay line to establish the
basic frequency. The basic CPU Clock (STRBO) (1K2) is adjusted for frequency and duty cycle by selectively
wiring TREPO and TWDTHO (1F1) respectively to the delay line taps. The factory adjustment selects a 10MHz
frequency with a 40% duty cycle. TWDTHAO controls the width of the RIR strobe and is adjusted for 20 nano-
seconds. This allows maximum time for the return of MSIG to the CPU on RRX type instructions (2C86). The
CPU employs asynchronous communications external to itself, and as such, certain conditions inhibit the clock
from free running. To inhibit the clock, KL1 (1H3) must appear active before the generation of the next active
STRBO. In addition to providing for an inhibit input from the test set (INHCLBO) (1G3) and the expansion control
store (INHCLAO) (1G3), KL1 may be activated by SRSC0 (1G8) on System Clear or a composite signal KLCLKO
(1F8), the memory timing and addressed module interlock. The KLCKLO signal provides the asynchronous
capability to the CPU and in effect inhibits the clock under the following conditions.

1. STRT active and the addressed module has not responded with finish (RS031- MDFINDO).

2. The Processor is waiting to begin another emulation but the control store vector is not yet available
from main memory (RSAW1.D1.IWAIT1).

3. The MAR or MDR is a source or destination register and the memory is still busy (CREQ1- PK1- RS001).

4. The micro-control is attempting to manipulate memory or its registers and the memory is still busy
[crEQ1-RS001 (MCO001+MC011+MC021+MC031) ].

Main Memory Control. Main memory, in keeping with the philosophy of asynchronous external communications,
is designed to be request/response. Memory control is not implicit but rather must be explicitly designated by
the micro-programmer via the MC field of the micro-instruction (see Section 3.5.3). The following constitute
the memory interface.

1. CREQO (1R6) Control Request to Memory. Main memory recognizes a request from the CPU when
CREQO is active. CREQO is made active at the transition from RS00 when the request is for a new
instruction to emulate (CFTCH) or at the transition from RS0l or RS03 when the request is for data
read/write. When the request is for an instruction, the memory transmits two successive words
of data back to the Processor: the contents of the address specified by the MAR, plus the contents
of the next sequential location. CREQO is held active until all the data requested is returned from
memory. CREQO is made conditional to aid the emulation task by inhibiting the request for an in-
struction fetch when the request is issued by a branch micro-instruction unless the branch fails to
pass (PASS0).

2. CFTCHO (1R4) Control Fetch to Memory. CFTCH active in conjunction with CREQ informs the mem-
ory that this request is for a 32-bit instruction rather than 16-bits of data.

3. CWRTO (1R8) Control Write to Memory. This line is active on a 16-bit data write to memory to dis-
tinguish from a read request.

4. CRDY (1K3) Control Ready from Memory. CRDY informs the Processor that data is valid on the
Memory Bus during a read cycle or that the memory has completed the cycle during a write.

5. MCLR1. An internal control flip-flop used to achieve asynchronous timing.

The Memory Address Register (MARO00:15) (Sheet 9) can be loaded from the S Bus when it is designated as the
destination register by an instruction or it can be jammed from the MLC by micro-control. This is achieved by
multiplexing this data to the set inputs (Sheet 9) and encoding the desired clocking signals; MARCKA (3E6),
MARCKB (9D7), and MARCKC (9D7j. The MLC is jammed to the MAR at the transition from RS00. The S Bus
is loaded at the transition from RSA. This counter is implemented in MSI logic with the exception of the least
significant two digits. This configuration allows the capability of incrementing the register by either two or four
by the micro-control. Incrementing the MAR is always effected when exiting RS00.

The Memory Data Register (MDR00:15) (Sheet 8) can be loaded from the S Bus at RSA when it is addressed as the
destination register or it cah be loaded from the Memory Bus by the logic CRDY1- MWRTO. It is bi-directionally
gated onto the Memory Bus by the logic CREQ1- MWRT1.
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Control Store Addressing and Latching. The control store is addressed from the ROM Address Gates (RAG04:15)
(Sheet 4) which gate the proper addressing field for the data to be read. Table 4 lists the various address fields
and the conditions which cause them to be gated. Note that the logic tabulated is the effective logic and may have

been derived from higher encoded gating.

TABLE 4. ROM ADDRESS GATE CONDITIONING

CONDITION RAG04- 09 LOGIC RAG10- 15 LOGIC

ADDRESS LINK RSA1- PASS1:RGLNKO RSA1. PASS1

: (RIR31, 20:24) (RIR25:30)

REGISTER LINK RSA1+PASS1- RIR030 RSA1- PASS1.RIR030 (B09:14)

(B03:08) RSA1.PASS1 (RIR 25:30)

READ/WRITE RSA0-RSB1 (B03:08) RSA-RSB1 (B09:14)

NEXT SEQUENTIAL INSTRUCTION | RSA1- PASS0. D0 (RLC04:09) DO- PASS0-RSA1 (RSB1+RRX0)
(RLC10:15)

RRX TRANSFER RSA1. PASS. D0 (RLC04:09) RSA1-RSB1-RRX1 (RIR25:30)

INTERRUPT VECTOR RSAO0- RSB0. INTR1 RSA0- RSBO-INTR1 (TRAP13:15)

EUMULATION VECTOR RSA1-D1- PASS0 (UIR00:07) RSA1-D1- PASS0 (UIR00:07)

The following peculiarities should be noted in reference to Table 4.

1. When gating the RIR (20:31) for Address Link, RIR31 is the MSB of the address, while the LSB to the
second MSB are derived from RIR20:30 respectively.

2. When gating B03:14 for a Register Link, Bits 25:30 of the RIR are NORed into the least significant
address portion to provide logical arithmetic possibilities.

3. When the emulation vector is gated to the RAG, a logical translation is performed upon the UIR in the
standard option to compress the number of potential vectors from 256 to 128, while the non-standard
(see simplified logic, Figure 6) provides 256 vectors (even address from '000' to '1FE' non-translated).
The translated vectors can be derived from Table 5.

TABLE 5. OP-CODE TRANSLATION VECTORS

OPCODE (HEX) CONTROL STORE VECTOR (HEX)
3 ===
On 00+2n
2n 20+2n
4n ' 40+2n
6n 60+2n
9n 00+2n+1
Cn 80+2n
Dn C0+2n
En Ab+2n
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The ROM Location Register (RLR) (Sheet 4) preserves the continuity of the control store program by storing the
address of every instruction gated onto the RD Bus when the RIR is loaded. There are two notable exceptions to
this:

1. Execute. When the instruction being performed is an execute link type instruction, the address of
the instruction to be executed is inhibited from loading into the RLR. This causes the instruction
following the execute link to be performed sequentially after the executed instruction (if the executed
instruction is not another execute or branch type instruction).

2. Interrupts. When an interrupt is recognized, the instruction at the trap address is loaded into the
RIR, but the address is not loaded into the RLR. This effectively causes the instruction at the trap
address to be executed while preserving the address of the interrupted sequence if desired.

The RLR may also be jammed through the Set/Reset inputs from the test set. The ROM Location
Counter (RL.C04:15) (Sheet 4) is an MSI counter gated to add one to the RLR to provide an increment
to the next sequential instruction. Note that the carry into the counter (08F-07) (4B7) provides a

test point which may be temporarily grounded to inhibit the counter from counting. This is provided
to allow the CPU to be cycled under test on a single instruction, Note also that the RLC is gated onto
the S Bus (Sheet 4) when the CPU is addressed during RSA to provide the Link address to be saved in
a register. The register write gating function (REGWT1) (1F5) is active at this time to enable the
writing of the selected register. )

The ROM Instruction Register (RIR) is a 32-bit register which latches the current instruction to be
executed. It is loaded on every transition into RS00 with the data presented on the RD Bus by the
control store.

Interrupts. The Model 80 employes a priority interrupt scheme which can acknowledge eight interrupts.

The externally generated interrupts (all except PRIV/ILEG) are latched in two registers (15T and 16T) (3G3) for
the period of time they are interrogated and are input to a priority encoder (3K4), after masking with the appro-
priate PSW bits, to generate an address for the highest priority interrupt pending. These interrupts are enabled
as a group by ENBINTO (3N2) whenever a new instruction is to be decoded (D1- PASS0- RSAOQ) so that any interrupts
pending are fielded before the next instruction is recognized. They are disabled when any interrupt is recognized
(INTA1+INTB1) or at the beginning of a new emulation sequence (D1-RSA1). These interrupts may also be enabled/
disabled by Module 0 instructions (KEB1-RIR170- RIR191, or KEB1-RIR170-RIR191) (3H1) under control of the
micro-program.

The group interrupt enable (INTEBLO) (3R3) allows the Processor to recognize one of these interrupts by enabling
the priority encoder (19-074) (3K3) to gate GINT1. INTEBLO must be held active after the interrupt is recognized
and ENBINTO is removed so that the interrupt vector trap (13:15) remains present until the interrupt instruction
is loaded in the RIR. This is accomplished by the logic INTEBLO=ENBINTO0+INTAO,

The PRIV/ILEG interrupt is the lowest priority interrupt and can be recognized only when an instruction is decoded,
A PRIV/ILEG instruction is recognized when the op-code of the instruction (UIR00:07) is applied to the PRIV/ILEG
ROM (3J1) and reads out a word coded as either Privileged or Illegal. A Privileged instruction can only be detected
when PSW 071 is active. When either of the two conditions is detected, INTBO is set to activate the interrupt mech-
anism.

The presence of an interrupt pending is detected by INTR1=INTA1+INTB1 which causes the ROM state to remain
in RS001 for an additional cycle and the trap (13:15) to be gated to the control store to fetch the interrupt instruc-
tion.

ASEL and BSEL (Sheet 5), and SSEL (Sheet 10). These control lines provide the steering for all the registers of
the CPU. They control which registers are gated onto the A Bus (ASEL00:04) and B Bus (BSEL00:04) and which

register receives the results from the ST Bus (SSEL00:04). It should be noted that ASEL and BSEL are only ac-
tive during RSA0, and SSEL is only active during RSALl.




The conditions necessary to cause the various selections on each of these busses are tabulated in Table 6.

TABLE 6. REGISTER SELECTION

BSEL GATING

BSEL EQUIVALENT

CONDITIONS NECESSARY

RIR(20:24)

Not immediate instruction and B field of instruction does not specify YX, YX, or YDPL.

USR(12:15)

Not immediate instruction and B field specifies YS or B field specifies YX and USR
(12:15) does not contain all zeros.

UDR(08:10), 1

Not immediate instruction and B field specifies YDP1.

K=1B1g Immediate type instruction.
K=1F1g Not immediate instruction and B field specifies YX and USR(12:15) contains all zeros.
K=0 RSA1

ASEL GATING

ASEL EQUIVALENT

CONDITIONS NECESSARY

—_— —— |
RIR(11:15) A field of instruction does not specify YD or YDP1,
UDR(08:11) A field of instruction specifies YD,

UDR(08:10), 1

A field of instruction specifies YDP1.

K=0

RSA1L

SSEL GATING

SSEL EQUIVALENT

RIR(06:10)

Not module zero instruction and S field does not specify YS, YD, or YDPL.

CONDITIONS NECESSARY

——————==

RTR/{11.158)
Bt Syt P RN

USR(12:15)

Not module zero instruction and S field specifies YS,

UDR(08:11)

Not module zero instruction and S field specifies YD,

UDR(08:10), 1

Not module zero instruction and S field specifies YDP1.

K=0

RSAO
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ALCH Bus/BLCH Bus (Sheet 6). Data is gated onto the A Bus and B Bus from the ALCH and BLCH registers
respectively. These registers latch the data presented on the ALCH (00:15) and BLCH (00:15) Busses. These
busses can have a number of sources. Data is loaded onto these busses in the CPU when the source comes from
the PSW, MDR, MAR, MLC, UDR, or the USR. The CPU uses the encoded ASEL and BSEL lines to determine
which registers are to be gated, and uses tri-state MSI devices to multiplex this data during RS001 (Sheet 6).

Data may also be gated onto these busses from the users general registers or the micro-registers (ASTK and
BSTK) which resides on the ALU board during RS001 if the stacks are so addressed via ASEL and BSEL.

Data may be gated onto the B Bus at RS021 (within the ALU) when data is fetched from control store.
The ALU also manipulates these busses from its shift gates for multiply/divide and shift type instructions.

Processor Registers. The Memory Data Register (MDR) and Memory Address Register (MAR) have been de-
scribed in this section under Main Memory Control,

The Memory Location Counter (MLC) (Sheet 9) by convention is used to preserve the memory location of the
current user level instruction being emulated. This register may be loaded onto both the A and B Busses and
loaded from the S Bus by micro-instruction. This register can also be jammed into the MAR or incremented by
micro-control during RS001. The register may be incremented by two along with the MAR if the micro-control
also requests an instruction read. (Refer to Section 3.5.3.) It may also be incremented by four under micro-
control, The two LSBs of the MLC are implemented using individual flip-flops while the most significant portion
uses MSI counters. This is necessary to allow the MLC to increment by two or four. When the MLC is to be in-
cremented by four, the signal P40 (9D6) enables the CEP input, and a clock to the MSI counters (MLCCKAO) (9E1)
is generated to increment the counter. When the counter is to be incremented by two, the clock for the second
LSB (MLCCKBO) (9D3) is generated along with MLCCKAO, which toggles MLC14 and causes the remaining MLC
bits to increment if MLC14 (9E4) is true. The counter is loaded from the ST Bus by activating LDMLCO (9D2)
and MLCCKAO to load the MSI counters. MLC14 is loaded via the preset/clear inputs, while MLC15 is set via
the D input by the clocked logic MLCCKCO (9D3).

The Memory User Destination Register (MUUDR) and Memory User Source Register (MUSR) {(Sheet 8) are the
primary user destination and source registers. (Refer to Figure 3.) These two registers and the User Instruc-
tion Register (UIR)(Sheet 8) are loaded from the Memory Data Bus when an instruction fetch is made from main
memory. The logic IWAIT1-MRDY1 is used to strobe the data from the bus. The UIR, as was previously noted,
is used to generate the vector to the starting address of the emulation sequence for that particular instruction
and is in effect the op-code of the user instruction (Bits 00:07). The MUDR and MUSR store the remaining eight

bits of the instruction until the beginning of the next emulation sequence.

The User Destination Register (UDR) and User Source Register (USR) (Sheet 7) are residual control registers
which contain the R1 and R2 fields of the instruction being emulated. Data is strobed into these registers from
the MUSR and MUDR at the beginning of an emulation sequence by the logic STRB1: REGWT1-D1. The UDR has
the additional capability of being loaded from the ST Bus by the logic SSEL001+ SSEL011- SSEL021: SSEL030-
SSEL041- REGWT1.STROBI1. This capability is necessitated by the Load/Store multiple and BXLE type instruc-
tions of the emulated language. These registers are used to select the general registers for the emulated se-
quence and can be gated onto the A and B Busses for arithmetic manipulation.

The Program Status Word (PSW) register (Sheet 7) contains the user Condition Code (C, V, G and L=PSW12:15)
plus the interrupt masks for the user level machine (see Section 3.5.3). This register may be loaded onto the

A and B Busses and loaded from the ST Bus under control of the micro-program. A peculiarity of the register
exists in that the Condition Code bits may be loaded under control of the addressed module by the activation of
the signal SCCO of the Processor Control Bus when the register is not addressed as an S Bus destination and the
manipulation has been enabled by the micro-control. This is accomplished by multiplexing ST 12:15 or the re-
spective Condition Code Control Bus bits into the register via a quad 2 to 1 multiplexor (7B8) which is steered by
the PSW S Bus gating signal SPSW1 (7D1).

The logic PSWCKB0=SCC1- ENFLG1-REGWRT1. STRB1+SPSW1. REGWRT1.STRBI1 (7H6) controls the clocking for
PSW 12:15. Control line ENFLG1 is activated when the current or a previous micro-instruction specifies the
enabling of the bits via the E field of the micro-control (see Section 3.5.3). Once set, ENFLG1 remains active
until it is disabled via the E field of the micro-control, or until the beginning of another emulation cycle (RSA*D1).
SCC1 is activated by the addressed module when conditions determined by the design of the module require it to
change the Processor flags. SPSW1 is the encoded PSW address of the S Bus destination SSEL.00:04,



3.7.2 ALU (refer to Functional Schematic 35-404D08). The ALU is a standard module of the Model 80 archi-
tecture and, in fact, is one half of a sandwich board configuration linked to the other half, the CPU, by a number of
inter-board connectors. Advantage of this configuration is taken by placing the A and B register stacks, the A Bus and
B Bus latches, and the Processor flags of the CPU on this board and allowing the ALU to manipulate them in the imple-
mentation of its algorithms. The ALU responds to Module Number 1 when addressed over the Control Bus of the Pro-
cessor. It is capable of 24 operations specified by the function select lines and KSIG of the Control Bus. These opera-
tions are listed in Table 7.

TABLE 7. ALU FUNCTION CODES

FSEL (HEX) OPERATION

N
A
Q

subtract

add

subtract with carry (Processor flags)
subtract with carry (PSW flags)
add with carry (Processor flags)
add with carry (PSW flags)
unused

logical AND

Exclusive OR

logical OR

shift right

shift right extended

shift left

shift left extended

rotate right

rotate right extended

rotate left

rotate left extended

arithmetic shift right
arithmetic shift right extended
arithmetic shift left

arithmetic shift left extended
signed multiply

unsigned multiply

signed divide
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Arithmetic State Register (ASR) (Sheet 6). The ALU can be in one of four states, as designated by the conditions
of the state registers ASA and ASB. These are further encoded as AS001=ASA0- ASB0O, AS011=ASA1- ASB0O, AS021=
ASA0- ASB1, and AS031=ASA1-ADB1.

When the ALU is not selected, and when it is addressed to do a simple function (FSEL000), the ALU remains in
AS001. It is only when the ALU is commanded to do a complex function such as shifts, multiply or divide, (des-
ignated by FSEL001), that the ALU clock is enabled, and the arithmetic state is allowed to change from AS001.
The various transitions that the counter is allowed to make are specified by the ALU algorithms in this section
under ALU algorithms.

The Arithmetic State Register (ASR) is implemented in JK type logic. Obviously, the active logic must be temp~
ered with a clock, which is only activated when the module is addressed and the function selects FSELO001 is active.
It is initialized to AS001 when the ALU is not selected. The transition diagram for the ALU is shown in Figure 7
and the active logic for each transition is listed in Table 8.

PRECISION

Figure 7. ALU Transition Diagram
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TABLE 8. ARITHMETIC STATE REGISTER LOGIC

TRANSITION ASA LOGIC ASB LOGIC COMMENT
— — m————— — e e e — —
AS001 to AS021 J=AS001 Uncondition transition when clock enables.
J=VFLG1* AS021 K=VFLG1- AS021 Divide overflow, abort operation.
AS021 to ASO11
J=ESHFT1 =ESHFT1-KS1GO0- | Single precision shift and end shift count.
MDO
J=ESHFT1 Extended shift, K (ASB) inhibited by KS1G0.
AS021 to AS031
J=ACRY1 Carry from ACNT indicates end of multiply/divide
cycle.
AS031 to AS011 K=AWRT1 Most significant half of result written into
destination register.
AS011 to AS001 Reset=STRT1 Reset=STRT1 Reset to AS001 when CPU removes STRT1.
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ALU Clock (7K5). The ALU clock is a gated oscillator whose basic frequency and duty cycle is determined by a
tapped delay line. The factory adjustment sets this at a 10MHz clock frequency with a 40% duty cyecle. The clock
is enabled for all of the complex operations. It may be inhibited from the test set to allow the frequency to be
varied. The enable logic at Gate 19S-08 (7L2) is true when the conditions ALSTRT1- FSEL001:- AS010. INHACKO
are met and the result is a clock (ACLK1) (7M9) output. If the test set inhibit (INHACKO) is low before the end

of the clock, the generation of the next-clock is suppressed. It can be seen from this logic that the clock is also

inhibited at AS011 which causes the ALU to become static in that state until the CPU removes STRT.

Arithmetic Counter (ACNT00:03, EACNT) (Sheet 8). The sequential shifting of the ALU is controlled by a mod-
ule 32 counter that is enabled during AS021, It is during AS021 that the iterative operations of shift and multiply/
divide are accomplished, and this counter is used to determine when the transition from this arithmetic state
should occur. The counter is used in two different manners, determined by shift or multiply/divide type opera-
tions.

1. Multiply/Divide. For these two operations, the counter is initialized to a count of zero. The counter
is enabled to count during AS021, and the 16th clock in AS021, as determined by ACRY1, is used to
cause the transition to AS031.

2. Shift Type. For these operations, the counter is forced to the 1's complement of the count taken from
the B Bus at the transition from AS001 to AS021. The most significant bit (EACNT) is only allowed to
load on extended shift operations. The transition from AS021 is thus enabled when the counter reaches
the count of 307(, as determined by the logic of ESHFT1=EACNT1- ACNT001- ACNT011- ACNT021-
AS021- MD0. From this description, it can be seen that a count of 311( can only be allowed in AS021
when a shift of zero is to be implemented. In this instance, ACRY1 is used to inhibit shifting in AS021.

A, B, and ST Busses; A and B Stacks; and A and B Latches (Sheets 1:5). The Processor busses are generated
on the ALU board. The A and B Busses are generated from the ALCH(00:15) and BLCH(00:15) Busses which
originate in the CPU. The CPU gates data from selected registers onto these busses during RS001 and RS021.
Data may also be gated onto these busses from A and B stacks on the ALU at these times if they are selected
by ASEL00:04 or BSEL00:04. (ASTKL/BSTKL contain the user general registers, ASTKH/BSTKH contain the
eiglit micro-registers of the CPU.) In addition, data is also multiplexed onto the ALCH Bus during AS021 to
provide shifting of the operand to satisfy the ALU algorithm. The clock for the ALCH/BLCH registers is gen-
erated on the ALU (8N9) and integrates the CPU clock (STRB) and arithmetic clock (ACLK) to load the registers
at the required times. The ALU also direct clears the BLCH and direct set/clears the ALCH from the MQ reg-
ister to gate the MQ register onto the ST Bus during AS011. Data may be gated onto these busses except when
inhibited by the following logic.




ALCLK INHIBIT LOGIC
LOGIC COMMENT
RS000° ALSTRTO CPU can only load A Bus during RS001.
INHSO Inhibit shift for zero count in ASQ21.
AS031 (DIVO+WRTO0+AZR00- AZR00) ALCH cleared for divide correction cycle in AS031.
AS001- ALSTRT1- MDO- KSIGO Inhibit changing single precision shift operand.

BLCLK INHIBIT LOGIC

LOGIC COMMENT
RSA1-ALSTRTO BLCH can only be ITaded by the CPU during RS001+RS021.
AS030- ALSTRT1 BLCH can only be manipulated by the ALU at RS031.
AS081 (DIVO+AWRT1I+RZR00- AZRGO) BLCH cleared for multiply or shift divide correction
(SHFTAO0+AWRT1) (MULD+AWRT1) cycle in RS031.

The ST Bus (Sheet 5) is generated on the ALU. The ST Bus is the integration of the S Bus and the ALU result
Bus R00:15, and is the data source for all micro-programmed S Bus destinations. When the ALU is not selected,
R00:15 is made inactive by the proper gating of the arithmetic devices employed by the ALU (INTERDATA Part
Number 19-067).

Processor Flags (Sheet 6). The Processor flags CFLG, VFLG, GFLG and LFLG are registered in the ALU.

These flags are strobed into the appropriate registers by the CPU clock STRB1 when an addressed module acti-
vates the Control Bus line SCCO. They reflect the data presented by the addressed module on CCC1, VCC1,
GCC1 and LCC1 respectively. The ALU represents these flags in the following manner.

1.

VCC1 (Arithmetic Overflow). This flag can only be active on an add/subtract or divide type operation
and is set when the correct results cannot be contained within 15 bits plus sign. This is determined
by direct setting VFLG1 in the divide algorithm (6J6), when either of the first two iterations of the
divide cycle would cause the absolute value of the quotient bit to contain one as determined by SHFTAO,
with the exception that it may be subsequently corrected by the logic ACNT031- AZR01-SUM0. VFLG1
may also be set at the end of the divide algorithm if the calculated sign of the quotient is incorrect.
(AS011- DSIGN1 + R000.) The flag is set for add/subtract type instructions by activating VCC1 when
an overflow is determined by the logic R000- A001 (B001 & SUMO) + ST001- A000 (B001 & SUM1).

CCC1l. CCC1 is activated by the ALU for add/subtract or shift type instructions. On shift type instruc-
tions, the last bit shifted out is reflected onto CCC1. This bit is captured by the flip-flop at location
(6E6) whose input is the correct bit selected by the encoded logic for a particular type shift. For add/
subtract, the logic is effectively COUT1-SUM1 and COUTO0- SUMO respectively. The logic for subtract

4 i+tatad he tha nh jati i 3 3 m 3
is necessitated by the characteristics of the arithmetic devices used to form the results in that a sub-

tract is accomplished by a 1's complement add plus carry.
The module signal (MSIGO) from the ALU is effectively the SCC1.

LCC1 (6Al), The LCCL1 flag represents the sign of any arithmetic operation. This flag is generated
by the signal GENL1 (6D8). To accomplish this feature, the sign, plus the occurence of zero in the
half of the result stored during AS031 is captured in a quad latch (6C7) when this portion is written into
the stack by AWRTL. The sign of this stored half is then used to represent the LFLG for extended
shifts and multiply type operations. RO0O01 is used to represent the sign of simple type operations,
single precision shifts and divide.
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4. GCC1 (6B1). This flag logically represents the occurrence of LCCO and the results not equal to zero.
This is implemented by GCC1=ALSTRT1 (GENLO0* ZSET0). GENLO specifies that LCCO occurs. ZSET1
(6E9) specifies that the results cannot be zero. This is determined for multiply/divide or extended
shifts by examining AZRO01 captured for the first halfword during AS031 plus AZRO1 for the current half
of the word being stored. For add/subtract with carry, the flags (either the PSW or the Processor, as
determined by KSIG) are propagated so that ZSET1 cannot be active if the previous result was not zero.

For all single precision operations, AZR01 is examined to determine if the current result is zero.

SUM, LMOD00:03, AMOD and Arithmetic Elements. The heart of the ALU is built from the four bit arithmetic/

logical elements (INTERDATA Part Number 19-067) (Sheet 5) and associated control logic. The arithmetic ele-
ments are used in conjunction with a one-level carry look ahead logic (INTERDATA Part Number 19-068) (5D3).
When the ALU is selected, the A and B Busses are gated through these devices onto the ST Bus. When the ALU
is not selected, these devices become inactive to allow the "ORing" of the R Bus and S Bus into the ST Bus. The
function that these chips perform is determined by the current operation and is selected by LMOD00:03 and AMOD
as per the Table 8, During non-logical operations, LMODO00:03 are controlled by the SUM latch. As shown in

Table 9, SUM1 and SUMO are allowed to be true simultaneously for logical operations.

SUM is always forced true

during AS011 to allow gating the A Bus onto the ST Bus. Figure 8 depicts the simplified SUM logic.
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Figure 8, SUM Latch Logic Simplified



TABLE 9. AMOD, LMOD, SUM CONFIGURATIONS

ALU OPERATION AMODE1 LMODO001 | LMODO11 LMODO021 LMODO031 SUM1 | SUMO
NOT SELECTED - 1 0 ] 0 1 1 1 1
AND 1 0 1 1 1 1 1
OR 1 1 1 0 1 1 1
EXCLUSIVE OR 1 1 0 0 1 1 1
ADD TYPE 0 z SUM1 = SUMO = SUMO = SUM1 1 0
SUB TYPE 0 = SUM1 = SUMO = SUMO = SUM1 0 1
SHIFT TYPE 0 = SUM1 = SUMO = SUMO = SUM1 * SUM1
MULTIPLY 0 = SUM1 = SUMO = SUMO = SUM1 * suM1
DIVIDE 0 = SUM1 = SUMO = SUMO = SUM1 * suM1

*As per algorithm during AS010, =1 during ASO11.

MQ Register (Sheet 7). The Multiplier Quotient Shift Register (MQ) is used for all shift and multiply/divide op-
erations. It is comprised of four MSI shift registers. The MQ register is loaded from the A Bus during AS001
by allowing both shift enable left (SEL1) and shift enable right (SER1) (7E6) to be high simultaneously. The ap-
propriate shift enable (SEL1 or SER1) is gated high during AS021 to allow a 16-bit shift in the desired direction.
Data is shifted in the register from SRO (7C9) when the register is shifted right, and from SLO (7H5) when the
register is shifted left.

The MQ register is transferred onto the ST Bus during AS011 by unconditionally clearing the A latches, and con-
ditionally presetting them to reflect the MQ states.

ALU Algorithms

Add, Subtract, AND, OR, and Exclusive OR. These arithmetic operations do not require the ALU clock to be
generated and employ combinational logic to perform the required function. When one of these functions is to be
performed (determined by FSEL000), STRT1 is used to gate MFINO back to the CPU, relying upon the basic CPU
clock frequency to allow the operation to be performed by the arithmetic/logical elements and the results to ap-
pear upon the ST Bus before the data is strobed into the destination register. The proper mode is selected by
the cacoding of AMOD, LMODO00:03, and the SUM latch. When the operation to be performed is an add/subtract
type, the carry state into the arithmetic element must be generated (5B9). Because the 19-067 device employs
internal 1's complement add to perform subtraction, a carry in is generated for subtract. For this reason also,
a carry in is generated for add with carry when the appropriate carry flag is true and suppressed for subtract
with carry for the same condition,

Shift Type Operations. The ALU can perform both single and double precision shift type operations. When a

shift is to be performed, the shift count is taken from the B Bus. At AS001, the A Bus is transferred to the MQ
register, and if the operation is to be a double precision shift, the most significant half is loaded onto the A Bus.

The A latch and the MQ are then shifted as a 32-bit register the required number of times. If the operation is a
double precision shift, the most significant half from the A Bus is stored during AS031 and the sign and zero con-
ditions are saved. During AS011, the MQ register is jammed into the A latches and transferred to the ST Bus and
the flags are generated onto the Condition Code Bus. ASO01l1 returns MFIN to the CPU. The shift algorithms are:

AS001 A00:15 — MQ00:15
B12:15 — ACNT00:03
If (KSIG1) B11 —= EACNT, ALCHv00:15 — A00:15
AS001 — AS021

IZR0 ~——1,ILFLG —*1
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AS021 If (EACNT, ACNT > 29 and KSIG1) AS021 —=AS031
If (EACNT,ACNT > 29 and KSIG0) AS021 —=AS011

If (EACNT, ACNT = 31) INHSO — 0, CSAVE —= 0
ACNT — ACNT+1

(A00:14—>A01:15, MQ00:14—>MQO1:15
If (KSIG1 or ROTATE) A15—=MQ00

If (FSEL030)
If (KSIGO and ARITH) A00—=MQ00
 MQ15->CSAVE

(A02:15—=A01:14, MQO1:15—~=MQ00:14
If (ROTATE) A00—MQ15

If (FSELO031)
If (ARITH) A00—>A00, A01—=CSAVE

LIf (ARITH) A01—+>A00, A00—> CSAVE

AS031 AWRT—>1, B00:15—=0
= A-B—=* R00:15, R00:15—=ST00:15
AZRO—=IZR0, ROO—ILFLG

If (AWRT1) AS031—=AS011

AS011 MQO00:15—=A00:15
B00:15 —=0, SUM —1
= A*B—R00:15, R00:15—=ST00:15
CSAVE1l——=CCC1
If (KSIG1) ILFLG1—>LCC1, SSEL+1—=SSEL
If (KSIG0) R001 ——1CC1
If (LCCO and IZR0O0+AZR00) GCC —»1

CCC1—>MSIG1, MFIN—»1

Multiply. The ALU has the capability to perform both signed and unsigned multiplication on two 16-bit operands.
The multiplier is transferred from the A Bus to the MQ register at AS001. The multiplicand is left remaining on
the B Bus.

If the multiplier is positive, a product is formed by adding the multiplicand to the shifted partial product condi-
tional upon this operand. If the multiplier is negative, the product is formed by subtracting the multiplicand
from the partial product conditional upon the 2's complement of the multiplier. The COMP flip-flop (7C4) is
used to complement the multiplier.



Multiplication is accomplished by examining each successive bit of the multiplier as it is shifted out of the MQ
register. A 32-bit product is formed by shifting either the A Bus or the sum of A-B back onto the ALCH and into
the MQ conditional upon the current multiplier bit. When the operation is completed, the most significant portion
is stored during AS031 and the least significant portion is transferred from the MQ register to the ALCH at ASO1.
The ALU algorithms for multiply are:
AS001 A00:15 — MQO00:15

AME, BME —1

ACNT——>0

If (A000 or KSIG1l) COMP —=0, SUM—>1

M=MQ150- SUM0- COMP0+MQ151 (SUM1+COMP1)

AS001—>AS021

AS021 ACNT+1 —— ACNT
= A*B——=R00:15
If (ACNT=15) AS021 —=AS031
If (M1) R00:14—>A01:15, R15 —MQO0
If (MO) A00:14 —=A01:15, A15—eMQ00
If (KSIG1- M1) COUT1—>A00
If (KSIG1+MO0) 0 — A00
If (KSIGO- M1- AZR00) SUM & B00 —=A00
If (KKIGO- M0) A00—+ A00

If (MQ151) COMP —=0

AS031 If (WRTO0) B00:15—0
= A*B-—+R00:15, R00:15 —=ST00:15
AWRT—=1
R00—*ILFLG, RZR00—>IZR0

If (AWRT1) AS031—=AS011

AS011 MQ00:15—>A00:15 =A-B  R00:15—>ST00:15
B00:15 —0
SSEL+1 —SSEL, SUM —»1
ILFLG ——LCC1
If (ILFLGO- IZRO0+AZR00) GCC—1

MFIN ~——s1
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Divide. The divide algorithm is implemented by subtracting the divisor from the shifted dividend to determine

if it 1s greater or not. When the dividend is determined smaller than the divisor, the quotient digit for that test
is made zero and the dividend is shifted left again to repeat the process. If the dividend is determined to be
larger, the quotient digit is made 1 and the left shifted difference is saved as the new dividend. In the implemen-
tation of signed divide, if the two operands are of unlike signs, the subtraction is performed by addition of the un-
like operands and the 1's complement of the quotient is accumulated. When the complemented quotient is formed,
it must be corrected to the 2's complement before it is stored in the Processor.

An obstacle in performing signed division using complementary arithmetic arises when the intermediate dividend
is a negative number and both the intermediate quantities (the absolute value of the dividend - divisor) and the re-
mainder equal zero because the logic does not detect the quotient digit of 1. When this case arises, the computed
result = frue quotient-1, with the remainder equal to the divisor. To detect this, a flip-flop (RZR0) (6K7) mon-
itors this condition and is used to cause a correction cycle after AS031,

Because of the difference in scaling of the divisor (231) and the dividend (215) and the fact that the quotient and re-
mainder must both be scaled (215), an extra division cycle is performed in AS031 to compute Q15. To properly
scale the remainder, the last summation is inhibited from shifting, and in fact, if the absolute value of the Q15
digit is 1, the correct remainder is on the ST Bus the first clock of AS031. If the absolute value of the Q15 digit
is 0, the correct remainder is on the ALCH, and the BLCH is cleared to allow the contents of ALCH to gate to
the ST Bus. It is at this time also that the ALCH may be cleared to cause a correction for the RZR0 error de-
scribed previously. The algorithms for divide are:

AS011 A00:15—=MQO00:15, AL.CH00:15—A00:15
ACNT—— 0, RZR0—>0
If (ALCHO00 @ B00) SUM ——1

AS011 —+AS021

AS021 If (ACNT < 2 and [Q] =1)VFLG—e1
If (ACNT=15) AS021—»AS031
If (VFLG1) AS021—=AS011
If (ASIGN1- AZRO1-MQ000) RZR01 —=1
If (MQO01) RZRO ——0
= A:B—>R00:15
If (COUTO0 & A001) A01:15~——A00:14
If (COUT1 & A001) R01:15 ——A00:14
MQO0—=A15
MQO1:15 ——=MQ00:14
If (COUT1 @ B001) MQ15 —=1

ACNT+1 —=ACNT



AS031 =A.B —=R00:15, R00:15 —ST00:15
If (AWRTO0) MQ01:15 — MQ00:15
If (AWRTO and COUT1 @ B001) MQ15 —1
If (AWRT0- AZRO1- RZRO1) B00:15 — 0, A00:15 —.
If (AWRTO and COUTO0 @ A001) B00:15 —=0
AWRT —1
If (AWRT1) AS031— AS011

R00 —>ILFLG, AZR0 —=1ZR0

AS011 B00:15—=0, = A*B—R00:15, R00:15—>ST00:15
SSEL+1—SSEL, SUM—>1
If (VFLG1) AME —1, BME —1
If (MQ000:RZR01) CIN —=1
If (DSIGN1- RZR00) CIN——=1
If (DSIGN1@® R000) VCCl—1
ILFLGl——LCC1
If ILFLGO-IZR00+AZR00) GCC —=1
MFIN——=1

3.7.3 IOU (refer to Functional Schematic 35-405D08). This section covers all circuits on the IOU board except

for the Display and TTY controllers which are covered in Sections 4 and 5. The description references the simplified
drawings provided in this section and 10U Functional Schematic 35-405D08.

Multiplexor Bus. The Multiplexor Channel is a byte or halfword oriented 1/0 system which communicates with
up to 255 peripheral devices. The Multiplexor Bus consists of 30 lines; 16 bi-directional Data Lines, 8 Control
Lines, 5 Test Lines, and an Initialize Line.

The following general definitions apply to the lines in the Multiplexor Bus:

Data Lines D00:15

The data lines are used to transfer one 8-bit byte or one 16-bit halfword of data between the Processor and the

device. One byte of address or command is transferred from the Processor to the device over Data Lines 8:15
(D08:15) when accompanied by either an Address (ADRS) or a Command (CMD) control line. One byte of data or
one halfword of data is transferred from the Processor to the device when accompanied by the Data Available
(DA) control line. The device, in response to an Acknowledge (ACK) control line or a Sense Status (SR) control
line, sends one byte of address or status information to the Processor over D08:15. In response to a Data Re-
quest (DR) control line, the device sends either an 8-bit byte or a 16-bit halfword of data to the Processor, The
device always sends a Synchronize (SYN) signal to the Processor to indicate that it has either received the data
from the Processor or that it has sent the data to the Processor. The SYN signal is removed immediately after
the Processor removes the control line.
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Control Lines

SR

DR

ACK

DA

CMD

ADRS

DACK

CLO070

Status Request. The device controller must present device status to Data Lines D08:15, followed
by a SYN.

Data Request. The device controller presents data to Data Lines 8:15 or 0:15 (D08:15 or D00:15),
followed by a SYN. If a Halfword (HW) of data is presented, the HW test line is also active.

Acknowledge. The interrupting device controller presents its address on D08:15, followed by a
SYN.

Data Available. The Processor presents data on D00:15 for transfer to the device. The device
controller accepts the low byte or the entire halfword and responds with a SYN.

Command. The Processor presents a Command Byte on D08:15. The device controller accepts
the Command Byte and responds with a SYN.

Address. The Processor presents an Address Byte on D08:15. The device controller accepts
the Address Byte and responds with a SYN.

Data Channel Acknowledge. The Processor presents an address of zero on D08:15. The ADRS
control line and the DACK control line are simultaneously active. The interrupting Data Channel
device controller becomes selected and responds with a SYN. As a result of addressing device
zero (a null address), only the selected data channel device controller remains addressed.

This control line is activated by the Processor when a Power Fail condition is detected by the
Processor if the Power Fail option is equipped. It is also activated whenever the PPF interrupt
occurs.

Test Lines

ATN

HW

DC

DCR

SYN

Attention. Any device desiring to interrupt the Processor will activate the ATN line and hold
this line until an ACK is received from the Processor.

Halfword. The HW line is activated by a halfword oriented device controller whenever it is com-
municating normally with the Processor. The HW line is not activated when a device controller
is operating in the Interleaved Data Channel mode.

Data Channel Request. Any Data Channel device desiring to interrupt the Processor will acti-
vate the DC line and hold this line until a DACK is received from the Processor.

Data Channel Read. The selected Data Channel device controls the state of the DCR line. It
will be low active for a Memory Read/Device Write operation.

Synchronize. This signal is generated by the device to inform the Processor that is has properly
responded to a control line.

Initialize Line

SCLR

System Clear. This is a metallic contact to ground that occurs during Power Fail, Power Up or
Initialize. The current carrying capability of the contact is limited. External circuits should not
be connected directly to it. Refer to the bus buffer or buffered 1/O channel for these applications.

NOTE

All control lines, except ACK and DACK, are con-
nected in parallel to all devices. These lines are
activated by the Processor in response to an exter-
nal interrupt. The ACK line is connected in series
with all devices. 1If no interrupt is pending in the
first controller when the ACK or DACK signal ar-
rives, the signal is passed on daisy chain fashion
to the next controller, and so on until it is captured
by the interrupting controller. See definition of
ACK and DACK.




All busses are false type, i.e., low level is active, high level is inactive.

In a typical case, a device controller will receive an 8-bit Address Byte, an 8-bit Command Byte, and
either an 8-bit data byte or a 16-bit data halfword from the Processor over the 16 bi-directional Data
Lines (D00:15), Likewise, a device controller will send an 8-bit Address Byte, an 8-bit Status Byte,
and either an 8-bit data byte or a 16-bit data halfword to the Processor over the 16 bi-directional Data
Lines (D00:15). When only a byte of data is transferred, that byte is passed over the lower eight Data
Lines (D08:15). The load resistors for ail lines in the Multipiexor Bus are located in the Processor.

Each device controller is permitted one TTL load on any of the 16 bi-directional Data Lines, the 8 Con-
trol Lines, or the single Initialize Line. Each device controller is permitted one high power open col-
lector TTL OR tie onto each of the 16 bi-directional Data Lines and each of the 5 Test Lines. This gives
the Processor a basic Multiplexor Bus drive capability of 9 device controllers. A Multiplexor Bus Buf-
fer is available for extending the drive capability of the Multiplexor Bus incrementally by 9.

Multiplexor Channel Timing. Both the Input and Output operations on the Multiplexor Channel make use of re-
quest/response signaling. This allows the system to run at its maximum speed whenever possible, but permits
a graceful slowdown if the characteristics of a particular device controller requires signals of longer duration.
Device controller designs should keep Multiplexor Channel usage as fast as possible, consistent with practical
circuit margins. Doing this assures the fastest computer input/output operation when a system is configured
with a number of peripheral devices.

Timing for typical Input/Output operations are shown on Figure 9. On the Output operation, the Processor
places a signal on the data lines followed by an appropriate control line signal. This stagger (T1) will vary,
but it is guaranteed to be at least 100 nanoseconds. When the device controller has received the Output Byte,
the SYN signal is returned to the Processor, which terminates the control line signal. Realizing that T5 is 100
nanoseconds minimum, the SYN delay T2 should be only long enough to guarantee proper reception of the Output
Byte. The control line/data line removal time (T3) is important where singal-rail to double-rail operation is
used. A minimum of 100 nanoseconds is guaranteed for T3. For SYN generation the control line signal is DC
coupled through the gates to form the SYN signal. The SYN removal time (T4) should be minimized. This de-
lay should not be unnecessarily extended since the Processor will not begin another Input/Output operation until
SYN is removed.

It should be emphasized that the times shown on Figure 9 are defined for signals on the Multiplexor Channel.
Within a given coniroller, one signal may flow through more gates than another signal and these delays must
be considered.

DO8:15 PROCESSOR—=DEVICE
T6
ADRS,DA OR CMD CONTROL LINES
T T
SYNC DEVICE —»PROCESSOR . 1T I1_
Tl Ti T3
13 b 100 ns MINIMUM
5 T2 T4
T2
12} see TExT
T6 350 MINIMUM FOR ADDRESS.ALL OTHERS HAVE NO MINIMUM,
BUT DROP AFTER SYNC IS RETURNED.
(a.) OUTPUT
DR,SR OR ACK CONTROL LINES
DO8:I5 DEVICE = PROCESSOR C
SYNC DEVICE —=PROCESSOR —
n T {72 3
TZ} SEE TEXT PR SN iy
3 !
T4 100 ns MINIMUM
(b) INPUT

Figure 9. Multiplexor Channel Timing
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For the Input operation, the Processor places a signal on a control line. The currently addressed device con-
troller should gate signals to the data lines as soon as possible to keep T1 at a minimum, The SYN delay (T2)
must guarantee that the Input Byte is on the data lines considering the slowest data gates and the fastest SYN
gates. The Processor will remove the control line signal when SYN is received with a minimum delay (T4) of
100 nanoseconds. With SYN and the byte gate DC coupled to the control line, the removal delay (T3) is the
sum of the corresponding gate delays. The Processor considers the operation complete when SYN falls.

When the control signal is ACK, the delay T1 will include the cumulative contention circuit delays for all the
controllers between the responding controller and the Processor. This is less than the Processor time-out
even with the maximum limit of 255 controllers.

NOTE

With a SYN delay of 50ns, device controllers must be designed to accept a2 minimum width of 170ns on all
control line pulses except ADRS and DACK which are guaranteed to be 350ns minimum. The SYN delay

in the device controller may be increased to effectively lengthen the control line pulses if it is absolutely
necessary. It is essential to realize that after the Processor initiates a control line signal, the Processor
does nothing until the SYN signal is returned by the device controller and the data transfer rates are de-
creased proportionally. While this may not affect a particular controller, the over-all system perform-
ance is degraded. Furthermore, if a device controller fails to respond with a SYN in the time-out period
of about 15-35 microseconds, the Processor aborts the instruction.

1/0 Control. Functions and S MUX. The I/O control responds to module address 2 on the MDSL000:020 lines,
gating the Start (STRTO) (1R1) signal from the CPU to generate the GSTRT1 (1N4) signal, This is the master
timing pulse for all operations. It initiates all Multiplexor Channel sequencing and gates data to the S Bus and
CC Bus for non-D Bus functions.

Five function lines (FSL000:030 and KSIG0) are received, buffered and partially decoded as shown on Sheet 1.
The final decoding for the S MUX, D MUX and CC MUX is described in the corresponding section. The function
gating on Figure 10 shows the complete bit pattern for all 32 functions with the resulting byte manipulations and

gating.
HEX. EQUIV. ® MAIS=0 MAIS =1
FSEL{S | ©| = OR OR
OF FSEL AEE HW =0 HW:= | OTHER
FUNCTIONJO]1 1213 DESTINATION (H) | DESTINATION (L) I DESTINATION (H} | DESTINATION (L)
RD _lolojojo] 0 1o/l X | D(L) — S(H) | B{L) — S(L) | B(H) — S(H) | D({L) — S (L)
O —ror Jolololo] 1 ] X [ X | ZER0 —— 5(W) | D(L) —= S(L) N NA ZERO > CC
wD _Jojojo[I| o |o/I| X | ZERO —= D(H) | B(H} — D(L) | B(H) — D(H) | B(L) —= D (L)
'[wor_[olojo[1[ 1 [ X [ X | B(H] ——= Db(H) [ B(L) ——= (L) NA NA  ZER0 — CC
oL_SS_ [ojo1|ojo [0/if X | D(L) —= S(H) | B{L) —= S(i) | B(H) ——= S(H) [ D(L) —= S(L) | D(12:15)—=CC
ssR__|olojijo] T | x| x| ZERO — S{H) | D(L) — S(L) NA NA D{12:15)——= CC
3_oc JojojififojoAX | ZERO—= D(H) [ B(H) —= D(L) | B(H) — D(H) [ B(L) — D(L) }zeao - cC
OcR_JolojijI] 1 [x[x ] B{H) —= D(H) | B(L) ——= D{(L) NA NA
4% ROH _Jolijolof o [ x [o/1] p(L)I— s(H) | D(L)2—— S(L) | D(H) — S(H) | D{L) — S(L) | ZERO —= CC
| sTBR Joj1jo[o] T [X [ X | B(H) —= S(H) | A(L) — S(L) NA NA
spe WoH _Jol1jo]if o |X [0/If B(H) — D(L)I| B(L) — D(L)2] B(H) — D(H) [ B(L) —= D(L) [ ZERO—=>CC
LBR_Jojt{oli]o [ X | X | ZERO—= S(H) | B(L) —» S(L) NA NA
el—AcK _lo[i/1ioJo [x [x | ZERO—— S(H) | D(L) —= S(L) NA NA ZERO —— CC
LOWAIT Jo[i[1fol T [x [x NA NA NA N B(00) ——— FWAIT]
7| SMCR_Jo[i[i[1] 0 [X [X | MCRH—— S(H) | MCRIL—> S(L) NA NA MCR(12:15)— CC
cMCR ol i] 1 [x [x NA NA NA NA B(I1:15) CLEARS MCR(IEI5
RDA__|1]|0[oJo] 0 |0/1 X 3
{8 Rora TiTololol T Tx x| [ SAME AS RD AND RDR BUT PRECEDED BY ADDRESS CYCLE [A(L)—— D(L)]
wDA _ [1]o[o]if o Jo/i[ X
9 wora TiToloTT+ Tx x| [ SAME AS WD AND WDR BUT WITH ADDRESS CYCLE
ssA__[ijol1]o] o Jo/i X
Al—ssra ool T Tx x| [ SAME AS SS AND SSR BUT WITH ADDRESS CYCLE
oca [ito[111] o Jo/] x
(B ocrRa ot T Tx T [ SAME AS OC AND OCR BUT WITH ADDRESS CYCLE
cperoHA ififojo] o x Jo/i SAME AS RDH BUT WITH ADDRESS CYCLE
stB__Jififojo] 1 Jo/il X | A(L) — S(H) [ B(L) — S(L) [ B(H) — S(H) JA(L) — S(L)
opewoHA TiTifofifo [x Jo/i SAME AS WDH BUT WITH ADDRESS CYCLE
LB ilijojif 1 lo/it X | ZERO — S(H} | A{H) —* S{L) | ZERO —— S(H) | B{L) —= 5(L)
leboack lilifilofo [ x |x | ADDRESS AND DACK;ZERO—+D(H)/D(L) D(H) —— S{H) [ D(L) —— S({L) | AUTOMATIC RDH
ExB  [1i[ifo] T Ix x| B(L) —= S{H) | B{(H) —— S(L) NA NA
el _Pow Dilifififox]x NA NA NA NA RELEASE SCLR RELAY
POUT T[T (X [X NA NA NA NA B {12:15) ——=CABLE

% = FOR RDH,WDH,RDHA AND WDHA; TWO DATA CYCLES WILL BE GENERATED FOR BYTE CONTROLLERS (IE*HW:=0).
Figure 10. 1/0 Module Function Gating
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Partial decoding of RDWDH1, MACKO and MACK1 (1L9) is performed since several circuits use these signals in
common. The RDWDH1 line is active for any halfword operation, with or without an address cycle. The MACK

lines are active for both the ACK and DACK functions.

Examination of Figures 3 and 10 with respect to S Bus gating shows that ten function codes define all the byte
gating combinations. These are derived and listed on Figure 11. The six-to-one S MUX's are implemented
with four-to-one tri-state MUX's (19-073) and open collector gates (19-056) tied together at the S Bus as shown
in the simplified drawing.

D(H)

Eml 19-056
MCR(H) , .
2 -
oMl 19-056
D(L) 4 o
A(L) |
Ve
B (L) » o—s(H)
B (H) 3 $(00:07)
S-MUX CONTROL i9-073
|
FUNCTION|DESTINATION
CODE S(H)/S{L) INPUT FUNCTIONS Al BjSIis2
FCI ] D(LI/BIL) | (CAI50) [RDI+SSI] SHAI
Fcz || B(H)/D(L) | (cais)) [RDI +851] SHBI
STHO
FC3 Z/DIL) [RDRI + SSRI+ ACKI] AGH) ,
FC4 | D(H)/D(L) | [ROHI + DACKI] gCBI
FC5 B(H)/ATL) :5TBRI+ (STBI)(CAISI)]
FCe z/8W) |[LBRI+(LBI(CAISI] MCRILY
FC7 A(L)/B(L) || (STBI){CAI50) | 0 oM |
;I
FC8 Z/AlH) | (LBI) (CAI50) ) $sL)
FC9 B(L)/B(H) | EXBI 3 $(08:15)
GM M(H)/M(L) || SMCRI 19-073
AlB|sl|s2
S-MUX S-MUX
Al B HIGH Low SLA |
SLB
* X X ]
DL o || o cl C2+ C3+ C4 STLO
AL i I c7 5
B 2 | o | 1 co *cl+ce+c7
X FC20
B(H) 3 | | C2+C5 c9 Fos0 3&05} SHAI= [C2+C5+C7J
NOTE: FUNCTION CODES DESIGNATED WITH % ARE FC70 —/
GATED[BY STROBE LINES STLC/STHO]
WITH THE D-BUS SIGNAL TERMI. FC20
ALL OTHERS ARE GATED WITH THE DECODED FC50 ‘a ' SHBI= [C2 + €5 +C9]
START PULSE, GSTRT! 15-058)
’ . FC90 o
FC50 sLAl= [c5+ c9]
FC90 19-055
FCIO
Feoo SLBI=[CI+C6 + C7 +C9]
FC70 19-060 -
FC90

Figure 11, Module 80 IOU S MUX Logic
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A note of explanation is in order concerning the byte designations used. Byte B(H) refers to Bits 00:07 from the
corresponding B Bus receivers and A(L) refers to Bits 08:15 from the A Bus receivers. In the case of data from
the D Bus, D(H) refers to Bits 00:07 in the data register and normally comes from the D Bus Bits 00:07. How-
ever, on an RDH operation with a byte oriented device, only D Bus lines 08:15 are used., The first byte is stored
in Data Register 00:07 and the second byte in Data Register 08:15.

The A and B select signals for the four-to-one MUX's are generated by OR gates from the function codes (bot-

tom of Figure 11). Any low active input on a gate drives the output high. While the S(H) and S(L) MUX's have

the same data inputs, the MUX select codes are different. Input Code 0 requires no action at the OR gates since
their outputs are normally low. The strobe generators for STHO (1A9) and STLO (1D9) must be active for all

four select codes, but not when the open collector gates are used. MUX timing is provided by the GSTRT1 (1A1)
signal for non D Bus operations and by the termination signal (TERM1) (1A1) when the Multiplexor Channel is used.

The receivers for the A Bus and B Bus as well as the full S MUX are shown on Sheet 3. The S MUX control is
on Sheet 1.

Several partial decoders are used. The RDSS1 (1G5) line is active for indexed RD or SS functions. The STBLB1
(1F6) signal is active for STB or LB functions, both indexed and register type. Logic for FC5 and FC6 share the
RM151 (1E86) signal which is true for [FSLOOO+(CA151) (FSLOOl)]. A composite function, FC123X1 (1D5) is true
for FC1 or FC2 or FC3. The function code logic and MUX select gates SLA1 and SLB1 (1E9); SHA1 and SHB1
(1F9) are connected as described on Figure 11.

The timing pulses GSTRT1 (1N5) and TERM1 (1A1l) are used on the four-to-one MUX strobes; STLO (1D9) and
STHO (1A9). The function(s) decoded by each portion of the 19-062 AOI (AND, OR and Invert) circuit is written
inside the gate symbol.

Function code FC41 (1B5) gates D(L) to S(L) with STLO in addition to gating D(H) to S(H) with GC41 and the 19-056
open-collector gates.

In the case of FC8, the GC81 (1E9) signal gates A(H) to S(L) using open-collector gates; none of the four-to-one

MUX's are used i

Multiplexor Channel. The circuits which generate the D Bus and the companion control/test lines are described
in this section. As seen on Figure 12 there are five general circuit groups.

1. Input circuits

2. Cycle counter

3. Control line logic and bus drivers

4. Data line logic, bus drivers and data registers

5. Timing and control logic

The D Bus Enable line (DBEN1-1L9) is active for either MACKO (1J9) (i.e., ACK or DACK) or RDWDHO (1L6),
or FSLO11 (1L6) in the low active state (see Figure 10). All D Bus operations begin when DBEN1 is gated by the
GSTRT1 signal (2A5) to produce the DSTRTO and DSTRT1 signals (2A5). These signals in turn are used by the
STRT Timer (6E8), the cycle counter and the timing control circuit.

The SYNO test line is the main source of timing in the request/response signalling system used on the Multiplexor
Channel. It must be carefully terminated and deglitched before being presented to the cycle counter and timing
control. The leading edge of the test line is gated by KD1 (2A7) to direct set the SYN flip-flop (2D7). When the
control line signal to the bus is terminated, the KD flip-flop is cleared and the test line is now connected to the
clock input of the D type, edge triggered, SYN flip-flop where the trailing edge clears the flip-flop. - Once the SYN
flip-flop has been set or cleared, ringing or noise near the edges of the SYNO signal is ignored. The trailing edge
of XSYN1 (2C7) is extended on output operations by the low KSYNO signal (2A7). This is described in detail later.

The Halfword test line (HWO0) (2H2) produces the signals HW1 and HWO0A which control data gating on the D Bus
and indicate to the Multiplexor Channel circuits whether a byte oriented or halfword controller is in use. An ex-
ception is the halfword Data Channel type controller which does not activate the HWO test line. A pseudo signal
KHWO (generated by the cycle counter) is ORed into the test line receiver to properly condition the data gating
circuits.
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Figure 12, Multiplexor Channel Logic
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Two edge triggered D type flip-flops KA and KB (2K5), connected as a Johnson Counter, together with the KT
(2M4) and KHW flip-flops (2N4) make up the cycle counter circuit. The sequence starts with DFSTO setting the
KA flip-flop (2J4). When there is no address cycle, DFST1 and FSLOO0OA (2H3) also set the KB flip-flop (214).
The counter advances on the trailing edge of the composite SYN1/SYNOA signals which are stretched (if necessary)
on the ADRS, CMD and DA cycles. This insures that any byte gated to the D Bus remains for at least 100 nano-
seconds after the associated control line signal is removed. The sequence stops when the Terminate flip-flop
(KT) (2M4) is set and the MFIN line to the CPU is activated (1H1 and 1G9). Operation of the KSYN flip-flop (2G7),
which provides the SYN stretch, will be described later.

A timing chart for the cycle counter is shown on Figure 13. From the idle time period TO, the counter is preset
into period T1 or T2 depending upon the presence or absence of an address cycle. The sequence normally term-
inates at the end of T2 unless a halfword operation with a byte oriented device requires a second data cycle, T3
(ENT30) (2L2). The KHW flip-flop (2N5) is set after a DACK operation. It provides the pseudo HW1 signal (2H2)
required by the next Data Channel operation (RDH or WDH) after which it is cleared.

CYCLE COUNTER

DFSTI
~—
SYNI |/
ca — / /
ﬁf— -—— N
KBl .
P —
KTI _ )

4

ALY

TO « TI P T2 T3 TO
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Figure 13. D Multiplexor Logic and Cycle Counter



Eight bus drivers (5M7 and 6M3) are the source of the Multiplexor Channel control lines. With the exception of
CLO070 (6M3), the two inputs are cycle gating and function decoder signals. The lines T11 and GKB1 (5L8) are
active during the address and data cycles respectively. Function decoder gates are configured as per Figure 10
and contain the intra-cycle timing signals KC1 (2G4) and KD1 {2G8). When data is placed on the D Bus for ADRS/
DACK, CMD, or DA operations, the KC1 pulse provides the control line timing, delayed 100 nanoseconds from the
beginning of the cycle. For ACK, SR, or DR operations, the non-delayed KD1 pulse gates the control lines. Both
KC1 and KD1 are removed 100 nanoseconds after SYNO is received, in accordance with Multiplexor Channel timing
requirements. The signal CL070 (6N3) goes low active when primary power failure is detected, PPF1 (or INIT or
POFF) high.

The D Bus consists of 16 bidirectional data lines terminated on the IOU board. The 19-036 drivers on Figure 12

are operated in two groups. Gating from B(00:07) to D(00:07) uses the high byte group. The low byte group gates
the output of a three-to-one MUX onto D(08:15). Unlike the static selection of the S MUX, the D MUX selections
change on every cycle of the sequence. The data registers are the D Bus receivers.

Gating to the D Bus is defined by four, time-dependent, function codes as shown on Figure 13. The periods T1,

T2 and T3 are combined with the function codes FCA, FCB, FCC and FCD to generate MUX select and driver
gating signals. The bus drivers, D MUX, and control circuits are located across the top of Sheet 4 with the data
registers and receive MUX on the bottom. The 19-038 multiplexors are always enabled; i.e., strobes at ground.
Bus gating GDL1 (4L3) and GDH1 (4G3) are controlled by FSL031 (5A7) which is only active on data output functions.
When time period T1 exists for an address cycle, it generates GDLO (5F6) for all functions except ACK and DACK
(MACKO) (5A6). The GDH1 is formed as shown on Figure 13 and at location 5G8. The select codes (DLA1 and
DLBI) and circuits are designed to produce low level zero states when input conditions are satisfied.

The 19-071 edge triggered D latches, used for data registers, load on the low-to-high transition of the clock
leads DCKL1 and DCKH1 (4G6). The high byte register normally receives data from D(00:07) during period T2
(KA1 and KB1) gated through the two-to-one MUX by ENT30 (4H6) in the high state. For the double data cycle,
ENT30 is low active so the first byte on D(08:15) enters both DR(00:07) and DR(08:15) during T2. The second
byte on D(08:15), during T3, is registered in DR(08:15) only to overwrite the first byte. Clock logic for DCKL1
and DCKH1 (5M9) uses the common term KB1: SYN1- FSLO30A which is active for all input functions, including
ACK and DACK, during periods T2 and T3. Final gating with KDO loads the registers at the moment the selected
control line signal is removed; i.e., about 100 nanoseconds after the beginning of the SYN signal when the data
lines have settled. The Data Register outputs feed the S MUX's and the CC MUX as shown on Figure 3.

The timing and control circuits provide the intra-cycle timing and SYN stretching features mentioned in earlier
sections, These circuits consist of six edge triggered J/K flip-flops, a two stage counter, an R/S flip-flop, a
100 nanosecond tapped delay line, and the interconnecting logic. Three of the flip-flops, DFST (2D4), LESYN
(2G2), and TESYN (2D6) detect the negative transitions of the DSTRT0, SYNOA and SYN1 signals respectively,
and feed the delay line R/S flip-flop combination.

The TB flip-flop (2C3) is set by a low signal on Terminal 10, 12 or 13. A low signal on Terminal 01, 02 or 04
clears the flip-flop. When a momentary set pulse is applied, the high-to-low transition at TBO travels down the
delay line emerging after X nanoseconds as TCO (2D2) to clear the flip-flop. This produces pulses TCO and TC1
which are X nanoseconds wide and start X nanoseconds after the set TB pulse (where X is the tap delay plus the
flip-flop transition times). Using the 50 nanosecond tap (Terminal 13 of the line), X is approximately 50 nano-
seconds and the trailing edge of TC1 occurs 100 nanoseconds after the set pulse. When the set pulse is long
enough to still be present after the end of TC0, TBO again goes low to generate another pulse; i.e. the circuit
acts like a gated oscillator. As seen on the timing charts which follow, both the single and multi-pulse modes
are used.

The timing chart on Figure 14 shows a data output operation {CMD or DA) with an address cycle. The sequence
starts with period T1 when the KA flip-flop is set. At the end of the first SYN pulse, the KB flip-flop is set and
period T2 starts. The end of the second SYN pulse clears the KA flip-flop and sets the KT flip-flop. With KT0
low, gating to the D Bus/control lines is suppressed (5A7) and the pulse generator is killed (2B3).

On both address and data cycles, the data byte(s) must be on the D Bus at least 100 nanoseconds before the control
line signal starts and must remain active for 100 nanoseconds after the control line signal is removed. Further-
more, the control line must remain active for 100 nanoseconds after SYN arrives. The width of the ADRSO con-
trol line pulse must be at least 350 nanoseconds. This insures that the address flip-flop on a controller, sepa-
rated from the CPU by one or more bus buffers, can be reliably cleared even with a fast SYN response from a
local controller.
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The DFST1 lead sets the delay line flip-flop (TB) (2B3) if it is either an output data cycle (FSLO030A low) (2A3) or

an address cycle (FSLO00A low) (2A3). The KD flip-flop (2G6) is always set by DFST. Flip-flop KC (2G4) toggles
set at the end of TC1 since its J input (SYNOA) and direct clear (KD1) are both high. KC1 sets the KSYN flip-flop
{(2G8) and gates the control lines as described earlier. The LESYN flip-flop (2G2) sets on the leading edge of SYN
and sets the TB flip-flop again. The KD {lip-flop toggles clear on the first TC1 pulse after its K input goes high
and in turn direct clears the KC flip-flop. For non-address cycles, the K input to the KD flip-flop (KDK1) goes high
as soon as SYN is received, the next TC1 pulse clears the KD flip-flop after 100 nanoseconds. On the address
cycle (period T1 with the KB flip-flop cleared), the TC1 pulses are fed to a two stage Johnson Counter, flip-flops
KX and KY (2N7). The KDK1 input to the KD flip-flop is held low until after three TC1 pulses have been registered
on the KX and KY flip-flops. The next TC1 pulse clears the KD flip-flop. In this manner the minimum width of KC1
and the ADRSO signal are equal to 300 nanoseconds plus the SYN return delay (KDK1=SYN1¢KX0).

The KSYN flip-flop is cleared 100 nanoseconds after the KD flip-flop is cleared since its K input (KD0) is high
when the next TC1 pulse arrives. KSYNO (2A7) forces XSYN1 and SYN1 high as long as the KSYN flip-flop is
set. This insures that SYN1 and SYNOA will remain active for at least 100 nanoseconds after KC1 and the con-
trol line signals, gated by KC1, are ended. A fast SYN response from a device controller will not be able to
terminate the cycle prematurely and violate the timing rules for the D Bus.

Note that the LESYN flip~flop remains set until the first TC1 pulse after the KC flip-flop is cleared. This pro-
duces the multi-pulse mode of the delay line; i.e., a group of TC1 pulses at 100 nanosecond intervals., Also
note that while the KD flip-flop is not used directly for control line timing, it is part of the logic for the KC and
KSYN flip~flops.

The TESYN flip-flop (2D6) sets on the trailing edge of the composite SYN1 signal and sets the TB flip-flop again
if an output data cycle is required (FSLO031A) (2A4), The KD flip-flop is direct set by TESYN. Timing for the
output data cycle is similar to the ADRS cycle with two exceptions. TFirst, the KX and KY flip-flops are not used
to stretch the control line signal and second, a double data cycle may be generated for the WDH operation to a
byte oriented device. During the T2 SYN pulse, the logic that sets the KT flip-flop (2M4) also produces a low
level on SKTO (2R2). This causes the TESYN flip-flop to ignore the end of SYN1 (since both the J and K inputs
are low) and the TB flip~-flop is not set. When a double data cycle is needed, the set KT logic does not become
active until period T3. The TESYN flip-flop sets on the end of the T2 SYN signal and thus pulses the TB/delay
line circuit for timing control during period T38. It also applies to the ADRS/DACK and DR operations.

Figure 15 shows timing for a data input operation (SR or DR) with an address cycle. The TB flip-flop is set with
DFST since KC1 is needed for control line gating during the address cycle. It also applies to the ADRS/DACK and
DR operations, The KX and KY counter insure the minimum width of the ADRSO signal. TESYN sets the KD flip-
flop at the end of period T1 but does not set the TB flip-flop. KD1 gates the control lines for the input byte(s).
The KC and KSYN flip-flops are not used on the data cycle(s). A double data cycle is produced for the RDH opera-
tion to a byte oriented device.

For non-address functions, the sequences start with period T2 since the KA and KB flip-flops are both set with
DFST. The data cycles on Figures 14 and 15 are essentially the same.

Timing for the ACK function is shown on Figure 16. It consists of a single data cycle (T2). The KC and KSYN
flip-flops are not required. The TB flip-flop and the delay are pulsed only by LESYN to time the removal of the
control line signals.

On all timing charts, the KT flip-flop generates S Bus and CC Bus gating and eventually the MFINO signal. This
restarts the CPU clock causing the removal of the STRT0, GSTRT1 and DSTRTO0/1 signals.

A group of clear signals insures proper circuit states for initialize and other operations. CLRAO (2L6) is low
for SCLROA low or any non-D Bus operation (DSTRT1 low). It clears the cycle counter and kills the pulse gener-
ator. The KHW flip-flop (2N4), which must remain set from the end of a DACK operation until the end of the next
D Bus operation, is direct cleared only by SCLROA. However, it is clock cleared at the end of every non-DACK
operation. CLRBO (2D8), used by DFST and TESYN, cannot use DSTRTL1 for clearing due to a possible race
condition when the DFST flip-flop toggles set. It combines SCLROA, TC1/KD1 (as per timing charts), and

. MFINOA; a copy of the MFINO generated by the IOU board. CLRCO (2E9) is essentially a copy of CLRAO used to
reduce the load on CLRAO, CLRDO (2G3) uses CLRCO or TC1/KCO0 (as per timing charts) to clear the LESYN
flip-flop.
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Figure 15. Multiplexor Channel Timing, ADRS/DACK and SR/DR

Machine Control Register and CC MUX. The description and general operation of the Machine Control Register
(MCR) is covered in Section 3.6.3. The five monitor flip-flops (5E1-5E5) are all connected to toggle set for a
high-to-low transition on the signal lead being monitored. Separate clear leads are used. The IPF0, DPF0 and
IA0 leads from the back panel are terminated as shown. A composite bit MX121 (5G4) may be strapped to M120
(TA) or M110 (STF) or to both. The five signals (M111, MX121, M131, M141, and M151) together with CATN1
(2J6) and the test straps, are gated to the S Bus by the GMI gate pulse (1N9). The MX12, M13, M14 and M15
signals are ORed to generate the MMFO0 (5H3) interrupt to the CPU.
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Figure 16. Multiplexor Channel Timing, ACK

The MCR clear circuit (5A3 and 5A5) provides a low active signal to any or all of the five clear leads (CM110,
CM120, CM130, CM140 and CM150). When the CMCR function is decoded, both the CMO and CMCRO leads (5A5
and 5A3) go low to gate the high active pattern on B(11:15) to the clear lines and produce selective clearing of
the monitor flip-flops. During system initialization, only CMCRO is low (due to SCLROA) and all five clear line
go low,

The Condition Code Bus (CC Bus) is composed of five lines. When the strobe line SCC0 (5N1) is low active, the
other lines (CCC1, VCC1, GCC1 and LCC1) contain a four bit Condition Code (high active)., A 19-066 quad two-
to-one Multiplexor (5K2) connects either DR(12:15) or MX121 with M(13:15) to a set of four bus drivers, When
an S8 (Status Request) function is received, the FSRO lead (584) goes low to connect DR(12:15) to CX0, VX0, GXO0
and LX0. At the end of the D Bus sequence, KT1 and FSR1 generate the STCC1 signal (5I5) to gate the CC MUX
to the CC Bus. STCC1 also gates the bus strobe (SCC0) and the MFIN circuit (via STCCO0) (5N5).

At the same time that GM1 gétes the MCR to the S Bus, GMO (5H5) generates STCCL1 to gate the CC MUX to the
CC Bus. However, with FSRO now high, the CC MUX has selected the four MCR bits. The MUX outputs are
ORed (19-060) (5L1) and then strobed by STCC1 to produce SIGBO (5N1) which is returned to the CPU as MSIGO
(1H9).

On all D Bus operations except SS, FSR0 and KT1 generate a pair of signals (STA1 and STB1) (51L4) which place

low levels on all five CC lines; i.e., all zero Condition Code with strobe. The false sync signal (FLSYNO) (5N5)
forces only STB1 active. This produces the same result except line VCC1 is high active.
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When the false sync condition occurs on input functions (RD, S8, ACK and DACK), the KT flip-flop has not been
set but the S Bus gating must be completed. In the case of the status request, the false sync status byte X'04'
must also be gated to S(H) or S(L) as shown on Figure 10. The auxiliary termination flip-flop (KTA) (2M1) sets
on the leading edge of FLSYNO for all input functions (FSLO30A high). The S Bus gating signal (TERM1) (1A1
and 2R1) is active when either the KT or KTA flip-flop is set.

The status byte X'04' is generated by first loading the Data Register with all zeros from the idle data bus at the
beginning of the operation (CLDRO) (2K4 and 5M9) and then forcing GDR130 (3L4) low to put the status byte into
the S MUX. For functions other than SS, the zeroed Data Register is gated to the S Bus as per Figure 10,

Power Monitor and Initialization. The general operation of the Power Monitor circuit was described in Section
3.6.3. The following actions take place on initialization.

CPU
1. Stops clock.
2. Presets ROM State Counter to RS1.
3. Presets RIR for control module 7 and RR transfer.
4, Presets RLR so RLC is all zeros.
5, Clears Memory Control flip-flops.
6. Clears INTA, INTB, EBLINT, PWRFLD and ENFLG flip-flops.

7. Sets PVMDEN flip-flop.

1. Stops clock.

2. Clears A Counter.

3. Clears ASIGN flip-flop.

4, Sets EACNT and COMP f{lip-flops.
10U

1. Kills I/O Control Delay Generator.

2. Clears the FWAIT flip-flop.

3. Clears I/O Control flip-flops.

4, Provides reset signal (SCLR0) to Multiplexor Channel Bus.

The system is initialized as a result of one of the following conditions.
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1. AC input falls below minimum operating level or Memcry Power Interlock opens.
2. Initialize switch on Conirol Console operated.
3. Key operated power switch on Console turned OFF,

4, Auxillary input EXAO or EXBO (6N1) goes low.

All circuits for the Power Monitor are on Sheet 6. The master reset signal SCLRO (6A9) is active when the

Initialize Relay K1 (6A5) is de-energized. During normal operating conditions, all voltages are present and the
POWDNO line (6J4) is high. This allows the delay transistor (06AQ1) (6C4) and the Darlington circuit (06AQ2/Q3)
(6B4) to conduct. As long as these transistors conduct, the Initialize Relay K1 remains energized and the SCLRO
line is held high to +5 volts by a resistor (6A9).



If any of the four items listed previously occur, the STPF1 line (614) goes high and starts the one millisecond
EPF timer (6D6). The leading edge of EPFO0 (6A7) sets Bit 15 in the MCR (5D1), generating a Machine Malfunc-
tion (MMF) interrupt. In response to MMF, the user has an opportunity to do any necessary system resetting
and data storage.

At the end of the one millisecond EPF delay, the trailing edge of EPF1 (6E6) toggle sets the Primary Power Fail
flip-flop (PPF) (6F6) causing the PPF interrupt (6N5) to be sent fo the CPU and a low active signal on CL070 (6M3).
PPF1 also starts another one millisecond timer XPF (6H6). When the PPF interrupt is detected, the micro-pro-
gram stores the PSW and register stack in the main memory and sends the POW function to the IOU. The Stop flip-
flop (STP) (6J6) is either toggled set by the trailing edge of XPF1 or direct set by FPOWO0 (6M6), whichever occurs
first. When STP1 goes high, POWDNO goes low to turn off Transistors 06AQ1, Q2 and Q3, and de-energize the Ini-
tialize Relay K1. The GSTP1 lead (6M6) is normally high. It is unused except in some multi-CPU systems.

Loss of AC or DC power also de-energizes the relay. POWDNO goes low when the -15 volt input (N15) (6A3) to

the 19-004 inverter is lost. The Darlington circuit cannot operate the relay if either the +5 volt collector supply
(P5) {6B4) or the +15 volt base supply (P15) (6A3) is missing. Should the AC input (AC1 and AC3) (6A1 and 6A2)
be too low or missing, the Power Fail Detector circuit operation permits Transistor 01AQ2 to conduct and remove
the base drive to the Darlington circuit.

The AC input is sampled from the secondary of a 12VAC transformer and rectified with the diode bridge 02AD1,
D2, D3 and D4 (6C2). The pulsating DC voltage is applied to Potentiometer 00AR1 (6E1l). The potential selected
by the arm of the potentiometer is applied to the Power Fail Detector via the strap A/B as shown. Strap B/C is
part of the multi-CPU option to be covered later.

Transistors 01AQ3 and Q4 are connected as a differential amplifier with a +6. 2 volt reference on the base of Q4
and the potentiometer signal applied to the base of Q3. The Transistors 01AQ1 and Q2 form part of their collector
loads. Initially, Transistors Ql, Q2 and Q3 are off and Q4 is on. The potential at the emitters of Q3 and Q4 is
approximately +7 volts (Vz + Vbe of Q4). Transistor Q2 is off with approximately +6. 8 volts at the base and +6.5
volts at the emitter.

If the AC input is lost (or fluctuates enough) the potential at the base of Q3 becomes more negative, Q3 conducts
and supplies base drive to Q1. The 4, 7K resistor (01AR2) provides positive feedback from Q1 to Q3 causing these
transistors to snap on. The emitter voltage of Q3 drops, Q4 turns off, Q2 turns on and commences to discharge
the delay Capacitors 05AC1 and 06AC2 (6D4). With Q1 conducting, its collector voltage approaches ground and
generates the low active signal PFDTO (6J3). As described earlier, this forces PFDT1 high fo start the sequence
which puts a low level on POWDNO and completes the capacitor discharge. The Darlington circuit has no base
drive so the relay is de-energized.

The Initialize Relay K1 is a dry reed unit with Single Pole Double Throw contacts. The normally closed contact
of the de-energized relay provides a metallic ground on the system Initialize Line SCLRO (6A9).

Another delay capacitor (06BC1) (6D5) starts charging toward the high logic level when the inverter which drives
it is turned off by the low SCLRO line. The Schmidt Trigger circuit, composed of a pair of inverters and two re-
sistors (6E5), produces the delayed SCLRO signal, DSCLRO (6G7), when the capacitor voltage exceeds the trigger
threshold. The low level on DSCLRO direct clears the PPF and STP flip-flops.

For a sequence due to INIT0, EXA0 or EXBO low (6N1), clearing STP allows the POWDNO lead to go high and the
delay capacitor(s) (6D4) to charge slowly through the base registor(s) of Transistor 06AQ1. When the threshold
of the Darlington circuit is reached, the circuit conducts and the Initialize Relay K1 is energized thereby remov-
ing the ground from the SCLRO line,

In the case where Initialize is caused by a failure to P5, N15, P15 or the AC supply, the Initialize Relay K1 de-
energizes and remains in that state until the fault is corrected.

Start Timer. The Start Timer circuit is shown on Sheet 6, lower left quadrant. Section 3.6.3 covers the general
operation of the circuit, With the timer-kill lead (KSTM1) (6D8) in its normally low state, the ungated STRTO sig-
nal (6A8) enables the 35 microsecond timer STMA (6D8). When the selected module generates a MFINO (6A9) sig-
nal, the MFINOB line (6C9) goes low to clear the timer and disable the timer flip-flop (STMB) (6F8).
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If the MFIN signal does not occur within 35 microseconds, STMAL goes low to toggle set the STMB flip-flop. Out-
put STMB1 (6G8) is gated by DSTRT1, which is active on D Bus operations, to generate the FLSYNO signal (6MT).
For all other operations, DSTRTO is high and STMB1 produces a low level on STF0 (6M7) which toggle sets Bit 11
of the MCR (5E5). Both FLSYNO and STFO are gated to the MFINO line (1G1 and 1G9) to restart the CPU clock.
When the STRTO signal is removed, STRT1 (6C8) goes low, CSTM1 (6D9) goes high and CSTMO (6E9) direct clears
the STMB flip-flop. SCLRO (649) also clears the STMB flip-flop.

During initialize timing periods, the KSTM1 line (6D8) is forced high by STPF0 or PPF0A or both. When the POW
function is executed, no MFIN signal is returned. The CPU waits for the initialization sequence. When the STP
flip-flop is set, STPO0 blocks generation of STPO which could return an erroneous MFINO signal.

When the test set is in use in the single step mode, some ALU sequences require more than 35 microseconds be-
tween STRT and MFIN, The Start Timer is inhibited by a ground connected to Test Point (TP) KTM (6A8).

Miscellaneous Circuits. The Wait flip-flop (FWAIT) (1K8) controls the WAIT lamp on the Control Console. When
the function LDWAIT (1K7) is decoded, the state of Bit 0 of the B Bus is loaded into FWAIT.

The MSIGO line to the CPU (1H9) is low active whenever the I/0 Control gates at least one true bit to the CC Bus;
either from the CC MUX (SIGBO) (1H1) or due to the False Sync code (FLSYNO) (1G1). During a Data Channel op-
eration, the KT1 signal gates the DCRO line (1H1) from the Multiplexor Channel to the MSIGO line to request a
memory Read operation (see Section 3.6.3). Note the inversion between DCR0 and MSIGO.

On every 1/0 Control function, except FPOWO0, the MFINO line (1G9) goes low active to restart the CPU clock.
“The FLSYNO and STFO0 signals also return a pseudo MFIN as described earlier. A cascaded set of OR gates
(Sheet 1) is used to combine the following signals:

1. DSENDO (1G4) - All output functions on the D Bus.
2. GC80 (1GT7) - Gate pulse for FC8 (Figure 11).

3. CMO (1HT7) - Clear MCR function,

4, LDWTO (1K7) - Load Wait function.

5. STF0 (1F1) - Start Timer Fail (non-D Bus).

6. GPX0 (1F1) - Pulse Out function.

7. FLSYNO (1Gl) - False Sync.

8. STCCO (1G1) -~ CC MUX strobe.

9. STLO (1Gl) - S MUX low strobe.

Some of these signals encounter more stages of logic delay than others. This is to insure that companion signals
have been gated to the busses before the MFINO line becomes active.

The POUT function gates Bits B12:15 to a set of board stakes (PA0O, PB0, PCO and PD0) (6N8) to be used for ex-
ternal signalling purposes. The pulse width is set by a timer GP (6H8) and control flip-flop (GPX) (6J8) which
delay the MFINO signal. The width of the pulse gate POUT1 (1N9) is equal to the width of the STRTO signal.

The strap field (6N1-6N9) provides access for 10 circuits on the IOU board to 6 terminals on the chassis front
terminal strip for multi-CPU systems. The configurations of straps varies from system to system and from
board to board in a given system. These inter-processor connections are not covered in this specification.

The four output pulses have been described previously. Stakes for Power Fail Master (PFM) and Power Fail
Slave (PFS) are connected to the Power Fail Detect circuit (6M3). The PFM line goes low when the PFDTO sig-
nal goes low. A decoupling diode and pullup resistor are provided. An IOU board used in the slave mode is
equipped with a B/C strap (6H2) - the A/B strap is removed. This disconnects the analog supply (6C2) and pro-
vides an off bias potential for Transistor 01AQ3 by means of Resistor 00CR5 to P15 and Diodes 00AD1 and D2 to
the reference Zener diode 02AD5. When the PFS line (connected to the PFM on another board or its equivalent)
goes low, the slave circuit Transistors Q1 and Q3 snap on as described in Section 3.7.3. The transistors are
off for the high or open condition on the PFS line.



Auxiliary initialize inputs EXA0 and EXBO (6M2) start the initialize sequence when either input is low. The diodes
in the base circuit of Transistor 00EQ1 provide a threshold such that the low PFM line from another IOU board is
recognized. A low signal from a logic gate or switch contact to ground may also be used. The RC noise filter
{6C1) for the POFFO and INITO lines is also active for the auxiliary inputs. Note that the decoupling diode on the
PFM line permits several such lines to be connected to the same auxiliary input in an OR configuration.

The gated stop input (GSTP1) (6N6) on the memory controlling (or master) CPU may be controlled by the OR tie of
the STP1A (6N6) signals from all other CPU's. This delays the low active signal on the POWDNO line of the mas-
ter CPU until the rest of the system has finished its initialize/storage micro sequences.

Power sequencing may be varied by changing either the delay capacitor(s) (6E4) or resistor(s) (6D4) on various
sub-system IOU boards.

4, DISPLAY SYSTEM

The Display System provides a means for reading the contents of all the system registers and any main memory location,
together with the capability of manually entering data and programs. Figure 17 shows the Control Console layout. Two
register displays are available. There are 16 switches which provide a means for entering memory data and addresses
into the machine. The momentary EXEcute control switch requests that any operation, selected by the 12 position rotary
Function switch and the SGL and RUN function switches, be executed. The Initialize (INT) control switch resets the sys-
tem and peripherals. The LOCK-ON-OFF key operated security lock switch, controls power fo the system and permits
locking the controls. The Control Console is an input/output device interfaced with the Multiplexor Bus. The Display
System is supported by a special micro-program sequence in the Read-Only-Memory. The Control Console operating
procedures may be found in the Model 70 User's Manual, Publication Number 29-261.
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Figure 17. Control Console

4.1 Block Diagram Analysis

Refer to the block diagram on Figure 18. The Processor Multiplexor Bus with drivers and receivers is shown on the
left, the Display System device controller is shown in the center, and the Control Console is shown on the right side.

The address logic is shown in the upper left area of the block diagram. On receiving a request for service via the EXE-
cute switch and the CATN signal, the Processor outputs the eight bit display address (X'01') on Data Lines D08:15.

This is followed by the ADRS control line which causes the decoded address to be strobed into the Address Storage flip-
fiop. The one output from this flip-flop enables all other I/O commands into the display controller logic.

Data to the Control Console is transmitted one byte at a time. The first byte is output on Data Lines D08:15, and the

Data Available (DA) control line is activated. This command causes the first byte of data to be strobed into Bits 8 through
15 of Display Register Two. The DA line is then terminated, and the two-stage byte counter is incremented. The second
byte of data is then placed on Data Lines D08:15, and the DA activated again. This process is repeated four times. Each
time the display is addressed, the byte counter is automatically reset to zero for the first byte of data.

Data from the Input Register data switches is read into the system one byte at a time via Data Lines D08:15. On activat-
ing the Data Request (DR) control line, Bits 8 through 15 of the data switches are read into the system. The DR command
is then terminated and the one-stage byte counter is toggled, enabling the second byte of data, The DR control line is
again activated and Bits 0 through 7 of the data switches are read. The one-stage byte counter is automatically reset
when the display is addressed.
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The status of the control and register switches is read into the system as a single byte of encoded data by activating the
Status Request (SR) control line. The twelve positions of the register display rotary Function switch are encoded into
Bits 4:7 of the status byte and the control switches are encoded into Bits 0:7. The status byte is read into the system
on Data Lines D08:15. The 32 register display lamps and the 16 data switches may be I/O programmed by the user.

An Output Command (OC) instruction causes the CMD control line to set a flip-flop that disables the byte counters from
being reset when the device is addressed.

The control logic is shown on the bottom of the block diagram. Depressing the EXEcute switch sets the CATN flip-flop
in the console attention control logic. This generates a DSPLY1 interrupt to the Processor and appears as Bit 10 of the
Machine Control Register (CATN). When the Processor addresses the display, the CATN flip-flop is cleared.

The Single switch (SGL) controls another flip-flop (SNGL) which is loaded when the EXEcute switch is depressed. This
also generates a DSPLY1 interrupt which remains active after the CATN flip-flop is cleared. A user instruction is exe-
cuted each time the EXEcute switch is depressed.

The Initialize (INT) switch starts the initialize sequence to reset the Processor, the Display Controller and all I/0 de-
vices. The WAIT indicator is under direct conirol of the FWAIT flip-flop in the 1/O Control circuit.

The following schematic references pertain to the combined TTY/Display controller shown on Sheets 7, 8 and 9 of IOU
Functional Schematie 35-405D08, and to the Control Console/Display Panel Functional Schematic 09-051D08,

4.2 Addressing Logic

The Control Console device address is wired as (X'01'). D Bus lines D08:15 are buffered and inverted by the common
receiver circuits (TA1-7A5) to create the double rail data lines (DL 00:07). The decoded Display address gives active
levels on BO and B1 (7J7). The Display address flip-flop (ADB) (7K7) toggle sets on the trailing edge of the ADRS1 (7HS8)
signal. The ASYNBO line (7K8) goes low to generate the return SYNO signal (7K9). It also clears the CATN flip-flop
(8D3).

If the INCR flip-flop (8B2) is reset, the function ADRS1-B1-INCRO forces RSTO (8F2) low to reset the two-stage byte
counter (8C8) and the one-stage byte counter (8C6).

4,3 Data Output

The byte of data transferred between the Display controller and the Control Console makes use of eight bi-directional
shared lines (SD 00:07) as shown on the block diagram Figure 18 and at locations 7TH1-7H5. Data is placed on this SD
Bus when the DAGB1B line (7F8) goes high and is gated to one of the four display registers in the Control Console by
one of the four load signals; LAO, LB0O, LCO or LDO (8E8).

The load signals are selected by decoding the four states of the two-stage counter, XA and XB (8C8), and strobing with
the LX1 signal (8D9). To provide proper loading of the display registers with gated data, the common strobe (LX1) is
started by DAGB1A (8C9) but terminated after approximately 200 nanoseconds by the delay circuit; inverters 04E and
Capacitors 04EC5 and C6 (8B9). The return SYN is generated by DAGBO (7B7). The trailing edge of DAGB1A incre-
ments the counter.

The counter is reset by the RSTO line as described earlier on addressing. The RSTO line also goes low for either
SCLROB (8A2) or on the Output Command (OC) which sets the INCR flip-flop (7B1) (see 09-051D08, Sheet 1).

4.4 Data Input

The one-stage byte counter XC (8C8) is cleared by the RSTO signal in the same manner as XA and XB. When the Data
Request control line (DRGB1) is active, the least significant Byte Enable (SL00) (8E6) is active and Bits 00:15 of the
Console data switches are gated to the SD Bus. The XC flip-flop toggles set on the trailing edge of DRGB1. The next
time DRGB1 goes high, Bits 00:07 of the data switches are gated to the SD Bus by SH10 (8E6) in the active state. DRGBO
(8A6) generatcs MSTO which gates the SD Bus through the 19-038 four-to-one Multiplexors onto Bits 08:15 of the D Bus
(7K1-7K5). The D MUX select lines (DMA1 and DMB1) (7H5) are both low when the Display controller is in use. The
return SYN is generated by a delayed DRGB0 (DSPSYNO) (7G8) to allow for MUX and Console gating delays.
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4.5 Status Input

The status byte encoding is shown on Sheet 2 of 09-051D08. The register display rotary Function switch is encoded into
the least significant four bits of the status byte. The control switches, SGL and RUN, in conjunction with the first two
positions of the rotary Function switch, OFF/MWR and ADR/MRD, from the most significant four bits of the status byte.
The status byte is gated onto SD Bus by the SRGO lead (7D6). SRGBO (7D7) generates MSTO to gate SD 00:07 through the
MUX's to the D Bus. The return SYN is generated by a delayed SRGB0 (DPSPYNO) (7G8) to allow for MUX and console
gating delays.

The table below lists the status codes for the rotary Function switch positions.

TABLE 10. DISPLAY STATUS BYTE ENCODING

¥ CONSOLE INTERRUPT MODE SWITCH DISPLAY STATUS
LEGEND: SGL RUN 01 2 3 4 5 6 7
D SWITCH RELEASED 111r{olololo]lolo
Eswurcu.ospnsssso e IjojojojojojoO|O|x
° o|lo|o|i1|ofjo|o]o
]Z] DON'T CARE STATE
X oloji|r]o]lojo}o
h ° oloji]o|o]o 0
1li1fofo
° 1joflo
. ofi1jofo X
INS | X|{x|x|Xx o|ifo
PSW |x|x|x}x 1100
RO-I |x|[x|x|x|1]|o]o]|o
R2-3|x(x|x|[xi1|o]o]1
Ra-5 | x[x|x[x|t|o]1]o
3 Re-7|x|{x|x|x|1]o]1 ]
R8-9 X |x|x[x]t]1]o]oO
Ra-B [ x|x|x{x|t |1 ]|o]1
Re-D|x|x|x|[x[1 |1 |[1]o
RE-F [ x|x|x[x|v|r ][]

.

ROTARY FUNCTION SWITCH

STATUS FORCED BY CONSOLE Lock [ 1 [o]o|o]o[oo]o]

4.6 Control Logic

Outputs of the EXEcute switch (ESN0O and ESNCO) are fed to a deglitching circuit (8B4) composed of an RS flip-flop. A

positive pulse (PEX1) (8C4) is generated when the EXEcute switch is depressed and released. The CATN flip-flop (8D3)
toggles set on the trailing edge of PEX1. This flip-flop is reset either by ASYNBO, when the Processor addresses the

Display controller, or by the initialize signal SCLROB (8A2). The diode (5AD3) protects against a sneak path in the Con-
sole circuit during the Power-Lock mode.

When the rotary Function switch is in a position other than OFF/MWR or ADR/MRD, the SSGL1 lead represents the state
of the SGL Control switch. On the trailing edge of the EX1 pulse, the logic state of the SSGL1 lead (8A5) is gated into the
SNGL flip-flop (8C5). This flip-flop is direct cleared by the SCLROB signal.

The Display controller interrupt (DSPLY1) (8E5) is active when either the CATN or the SNGL flip-flop is set. The CATN1
level (8E3) is gated to Bit 10 of the S Bus on the sense MCR function code of the I/0 Control circuit.
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5. TELETYPE CONTROLLER

The built-in Teletype (TTY) device controller interfaces an ASR/KSR 33 or 35 TTY to the Processor. It provides the
serial/parallel conversion required for data transfer between the parallel D Bus and the serial, eight level, start/stop
ASCII code signal used by the TTY (see Figure 19).

1 2 3 7

. 3 a4 5 8
L | 1 L] L | ISTOPBITSI_
start air— l.____. DATA BITS __.I \_g;:;Tc%gACTER
l.—_ 1 BITS
100 MS/CHARACTER——.l

Figure 19. Serial ASCII Code U (Even Parity)

The TTY controller is shown on Sheets 7, 8 and 9 of IOU Functional Schematic 35-405D08.

5.1 Block Diagram Analysis

Figure 20 is a block diagram of the TTY controller. The data line receivers, control line receivers and data send mul-
tiplexors are shared with the Display controller. The control circuits consist of the Command flip-tlops (read or write,
ete. ) which direct the flow of information, circuits to control ATN/ACK functions, and logic to generate the status bits
and control the timer.

The serial information received from the TTY is sampled by the timer and strobed into the Shift Register. When all the
data has been shifted in, the data in the Shift Register is transferred to the Buffer Register. It is then gated through the
four-to-one MUX onto the D Bus, D(08:15), by the Data Request signal (DRG). A bit~by-bit copy of the received data may
also be sent to the TTY printer/tape punch when the Block flip-flop (BLK) (7N8) is cleared. In the Write or (Send) mode,
the data byte is placed directly (parallel) into the Shift Register and then shifted out (serially) to the TTY.

5.2 Bus Communications and Address Circuits

Communications between the Processor and the TTY controller is via the control lines, test lines, and the low order
eight bits of the D Bus. The bus receivers (Sheet 7), bus drivers (TM2-7M5) and send MUX (732-1J5) are shared with
the Display controller. The Data Lines D08:15 are buffered to form the DL(00:07) lines. When the wired address X'02’
is detected, Lines A0 and Al are active and the TTY address flip-flop (ADA) (7K7) is toggled set on the trailing edge of
the ADRS1 signal (7K9)* This enables the other control lines for the TTY controller. While the ADRS1 signal is active,
the ASYNAO line goes low and generates the return SYNO signal (7K9). '

The send MUX consists of four 19-038 circuits (dual four-to-one multiplexors) which have the Display lines SD(00:07),
the TTY status, TTY data, and TTY ACK address connected to corresponding sets of inputs. The select lines DMA1 and
DMBL1 (7H5) are generated as follows:

DMA DMB
e
Co 0 0 Display Data Request or Status Request
C1 1 0 TTY Status Request
C2 0 1 TTY Data Request
C3 1 1 TTY Interrupt Acknowledge

Multiplexor inputs C3 are wired to high or low levels to create the TTY address X'02'* Unused status bits are wired
low. The multiplexor strobe (MSTO0) (7H6) is low active when any of the five input signals are low; i.e., SRGB0, DRGBO,
SRGAO, DRGAO, or ATSYNO, The first two are combined and delayed for DSDSYNO while the other three form TSYNO.

*NOTE: For systems where X'02! has been assigned to another device, the TTY Controller may be strapped for X'82'.
(See Sheet 7 of Schematics. )
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Figure 20. Teletype Controller Block Diagram




5.3 Status and Commands

The bit assignments for TTY status and command bytes is shown in the following table.

TABLE 11. TELETYPE STATUS AND COMMAND BYTE
BIT 0 1 2 3 4 5 6 7
NUMBER
STATUS
BYTE ERR % BRK % BSY EX % DU
COMMAND
BYTE DISABLE | ENABLE |UNBLOCK | BLOCK WRITE READ

*Unassigned status (will return zero).

STATUS BYTE

ERR

BRK

BSY

EX

DU

The Error bit is set when a character is not taken from the controller buffer before another character is
assembled.

The Break bit is set at the end of one character time when the line is held in the space condition for a period
greater than a character period.

Read Mode. The Busy bit is normally set and is reset when data is available for transfer to the Processor.
Write Mode. The Busy bit is normally reset and is set when data is being transferred to the terminal.

The Examine bit is set when BRK or ERR is set.

The Device Unavailable bit is set when the terminal is powered down or in Local Mode.

COMMAND BYTE

DISABLE

ENABLE

UNBLOCK

BLOCK:

WRITE

READ

Disables device interrupts; allows queuing of interrupts.

Enables device interrupts.
Note that a command byte with both Bits 0 and 1 set Disarms the interface, no interrupt queuing.

Allows the Printer to print data entered via the keyboard or tape reader.
Disables the Unblock feature.
The interface is placed in the Write Mode.

The interface is placed in the Read Mode.

The command flip-flops EBL, ARM, BLK and WT (7N6-7N9) are loaded with the trailing edge of the CMGA1 signal (7L9)

if the J or K input is high, The contents of the flip-flops remain unchanged if both the J and K inputs are low.

The Write

Storage flip-flop (WT) (7N9) unconditionally accepts the Read/Write signal from the Processor, however, the Write Exe-
cution flip-flop (WRT) (8J6) can only be updated when the timer has stopped; i.e., when TMGO (8G5) is high.

The EBL and ARM flip~-flops (7TR6) are loaded from DL00 and DLO01 as described in Table 10. They control the action of
the interrupt flip-flop (ATN) (8N8) and the interrupt line ATN000O (8N7).

The Block flip-flop (BLK) (7N8) controls the serial feedback of data from the TTY receiver to the TTY driver. When
reading a non-ASCII tape, it is inconvenient and undesirable to permit the received data to reach the printer/stunt box

and operate the bell, line feed, form feed, etc., functions.

This feedback is broken when the BLK flip-flop is set.

Sending data to the TTY from the Shift Register is not affected by the BLK flip-flop.

The Busy (BSY) status bit is controlled by the Write Execution flip-flop not the WT flip-flop. The Break bit remains set
as long as the Break key is depressed at the TTY, The Error bit (overflow) is cleared by either a Data Request, any com-
mand, or the system initialize signal SCLRO.
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5.4 Timer Circuits

The timer consists of the control flip-flop (TMG) (8J3), a 440 HZ multivibrator MTA (8L3) and MTB (8N2), a two-stage
clock counter MTC (8L3) and MTD (8L3), and a character counter (TA, TB, TC and TD) (8L5). In the idle or reset
state with the TMG flip-flop cleared, TMG1 (8J6) is low to disable MTA and MTB, to clear MTC and MTD and to preset
the character counter to the count of five.

When the TMG flip-flop is toggled set at the end of DAGAO (8G2) in the write mode; TMG1, TMGIA and DTMGI all go
high to enable the timer. The 440Hz pulse train (MTB1) (8M3) drives the two-stage counter (MTC and MTD) and a de-
coder gate to generate the 110Hz train of clock pulses (CLKO and CLK1) (8M4) and the shift pulses (SHFT1) (8R4). After
the end of the ninth clock pulse, TB1, TC1 and TD1 are all high, thus forcing FSTPO (8N5) low to terminate the train of
shift pulses. During the eleventh clock pulse, EOCO (8M4) goes low, TTMG1 (8H3) goes high and the TMG flip-flop is
toggled clear on its trailing edge. This produces a train of eleven clock pulses and nine shift pulses having a period of
9. 09 milliseconds (110Hz) with the trailing edge of the first pulse occuring 9. 09 milliseconds (one bit period) after TMG
is set. The pulse width is about 1.15 milliseconds (one-eighth of a bit period).

The idle timer is also started (by the direct set pulse STO (8J2)) when the received Start bit arrives from the keyboard
or tape reader or due to depression of the Break key. This is not dependent on the read/write mode since the BRK con-
dition must be detected in both modes. The width of the STO pulse is determined by delay Capacitor 02HC1 (8G1) which
generates the delayed TMGO signal DTMGO (8H2). Since the MTD flip-flop is direct set by STO0, the first CLK1/SHFT1
pulse occurs 4.545 milliseconds (half of a bit period) after the TMG flip-flop is set; the period of the pulses is still 9. 09
milliseconds. Received data is sampled/shifted at the center of each bit. The TMG flip-flop is toggled clear at the end
of the EOC and TTMG pulses as before.

5.5 Data Output

The TTY controller is in the write mode when both the WT and WRT flip-flops are set. To send data to the TTY, the
DAGAD line (9B1) goes low to load DL(00:07) into the Shift Register, clears the Start bit flip-flop (DRN) (9G5) and toggles
set the Timing Gate flip-flop (TMG) (8J3). Note that if the timer was already running when the Data Available control
signal is received, the DAGAO signal (7D9) would be blocked by TMGO (7C9) low, no return SYN would be generated, and

o £ol ih : : ; ;
the false sync condition would be detected after 35 microseconds, For this reason the WDH instruction must not be used

with the TTY controller.

When the timer starts, shift/clock pulses are generated as described earlier and shown on Figure 21. The bit stored in
the DRN flip-flop is connected to the transmit line (TNSB1) (9K6) by the high states on the device transmitting (DT0) and
the TMG1 lines. Since the DRN flip-flop is initially cleared by DAGAO, TNSB1 goes low, and the gate driving TNSO turns
off to send the open-loop Start bit condition. At the end of each shift pulse, as the eight data bits are sequentially trans-
ferred into the DRN flip-flop, a high state at the serial input of the Shift Register (DX1) (9C2) gradually loads the register
with all ones (including the DRN flip-flop). During the last two clock periods, after shifting has stopped, the one stored
in the DRN flip-flop is sent out as the closed-loop Stop bit condition. The EOC pulse clears the TMG flip-flop to gener-
ate the closed-loop Idle condition.

With the WRT flip-flop set, the status bit BSY1 (8J7) is active when TMGL is active. Should a command which clears the
WT flip-flop (read mode) be received while the timer is running, the WRT flip-flop (and the definition of BSY status) does
not change until: the TMG flip-flop is cleared and TMGO (8F8) gates WT1 into the WRT flip-flop.

5.6 Data Input

The timer circuit can be started from the TTY receive loop in either the read or write mode as described in Section 5. 4.
This insures that the Break condition will always be detected. However, serial data cannot enter the Shift Register (DX1)
(9C2) unless the TTY controller is in the read mode; i.e., the WRT flip-flop cleared and WRTO high. The Load Buffer
Register pulses (LDBR1) (9D5) aré generated only in the read mode.

The Device Data line (DD1) (9R5) is high active when there is current flowing in the receive loop. This represents the
logic ONE level and also the idle loop condition. The signal from the receive loop is filtered by an RC network (180 ohms/
2. 2mfd) (9J9) and then reshaped by the Schmidt Trigger circuit (composed of a pair of inverters and two resistors) (9G9-
9K9) to generate the DDO and DD1 signals.

When DDO and DD1 first become active, the timer is started by the STO pulse (as described in Section 5. 4) and the Device
Transmitting flip-flop (DT) (9F7) is set. This flip-flop forces the TNSB1 line high and partially selects the TNSAL gate,
subject to a high level on the BLKO and DDO lines; i.e., the serial feedback circuit to the TTY Printer/Punch. The DT
flip-flop also arms the Line Check flip-flop (XLC) (9G7) by placing a high level on the J input.
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Figure 21. Write Mode (Output) Timing, Teletype

As seen on Figure 22, the XLC flip-flop is toggled set at the end of the first SHFT pulse. During the first SHFT pulse,
the receive loop is checked to insure that the loop is still open; i.e., a legitimate Start bit has started the timer. If the
loop is closed, DD1 is high and the Start Glitch pulse (GLTCHO) (8H3) is generated to clear the TMG flip-flop at the end
of the SHFT pulse. The timer is reset, there are no EOC or LDBR pulses, the Buffer Active flip-flop (BA) (9C7) and
the BSY status are unchanged.

The serial data at the Shift Register input (DX1) (9C2) is active when the DD1 line is active. The nine SHFT1 pulses move
the received data into and along the Shift Register until the Start bit and the eight data bits occupy DRN and SR(00:07).
Shifting occurs at the end of each SHFT1 pulse; i.e., the center of each bit.
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Figure 22, Read Mode (Input) Timing, Teletype
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The TMG flip-flop toggles clear at the end of the EOC pulse and clears the DT flip-flop. The XLC flip-flop is cleared
by EOC if the loop is closed due to a Stop bit, DD1 high (9G8). In the case of a missing Stop bit (or Break condition),
the XLC flip-flop remains set after the EOC pulse has cleared the TMG flip-flop. The function TMGO0-XLC1 causes
BRKO (8H8) to go low. Lines BRK1, EX1 and EX0 will then become active. The timer cannot restart on the open loop

condition since ST0=DTMGO0-DD0-XLCO.

The BRK condition continues until the receive loop is closed. The DD1. TMGO function then clears the XLC flip-flop.

In the read mode, BSY1 (8J7) is low whenever the Buffer Active flip-flop (BA) (9C7) is set. The EOCI pulse generates
the LDBRI1 pulse to load the Buffer Register and toggle set the BA flip-flop. The DRGAO signal (9B5) clears the BA flip-
flop when the buffer is gated to the D Bus. An overflow or error state exists if the LDBR1 pulse finds the BA flip-flop
still set, the Overflow flip-flop (OV) (9D5) is then set. The OV and BA flip-flops are cleared by the DRG pulse, any CMG
pulse, or the initialize signal SCLROB.

5.7 Interrupt Circuit

The TTY controller generates an interrupt for a negative transition on BSY1l. This transition toggle sets the ATNA (8J8)
flip-flop which in turn direct sets the ATN flip-flop (8N8) via the SATNO lead. This forces GATN1 high and ATN000 (8N7)

low.

The Processor responds by executing an Acknowledge Interrupt (AI). When the TTY controller has first priority, the
RACKO lead (8K6) goes low forcing RACK1 and DRACK1 high. With GATN1 high, the TACKO gate is blocked and the
ATSYNO line goes low. This gates the controller address X'02' to the D Bus, generates the return SYNO, direct clears
the ATNA flip-flop, and toggle clears the ATN flip-flop at the end of ATSYNO. :

When the system uses the Memory Protect and/or the Real Time Clock controllers, the RACK0/TACKO daisy chain is
wired to the higher priority controller(s) before it reaches the TTY over the back panel.

As noted in Section 5.3, the Disable command clears the EBL flip-flop forcing the EBL1 (8K8) and GATNL1 lines low.

Interrupts may be queued by setting the ATN flip-flop. The Disarm command forces the ARM1 lead (889) low to clear
the ATN flip-flops and hold them clear; interrupts are not queued.

NOTE
The ATNB flip-flop has been disabled to make the
Model 80 compatible with other INTERDATA systems.

5.8 Initialization

The system initialize signal SCLROB (7L8) conditions the TTY controller by setting the BLK flip-flop and clearing all
other control flip-flops. This presets the controller in the read mode with interrupts disarmed.

6. MAINTENANCE
6.1 CPU Clock Timing (Functional Schematic 35-403D08)

The basic clock of the CPU is generated via an oscillator whose frequency is determined by a tapped delay line. This is
factory adjusted for a nominal 10 MHz frequency with a 40% duty cycle and normally needs no adjustment.

The basic repetition rate is determined by 2 (5ns+5ns/TAP) where the signal TREPO (1F1) is connected to the delay line
tap required to produce the desired delay. The normal setting is therefore Tap 9 (Pin 21A-11 to produce 2 (5ns+45ns)=
100ns basic repetition rate.

The clock width is determined by the setting of TWDTHO (1N2) on the delay line and is directly related to the delay pro-
duced by the delay line tap. Thus, a nominal 40 nanosecond clock width is produced by connecting TWDTHO to Tap 8
(Pin 21A-06). No connection to this input results in a 50% duty cycle. :

The RIR clock (RIRSTB1) (1N1) is adjusted to a nominal 20 nanosecond strobe by the positioning of TWDTHAO on the de-
lay line. This is normally connected to Pin 21A-14.
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6.2 ALU Clock Timing (Functional Schematic 35-404D08)

The ALU clock is similar in concept to that of the CPU and is factory adjusted for a 100 nanosecond repetition rate and
a 30 nanosecond pulse. AREPO is normally connected to Pin 20K-11 (7M4). AWDTHO is connected to Pin 20K-14,

6.3 Primary Power Fail Check (Functional Schematic 35-405D08)
The Primary Power Fail Detector is located on the IOU board. The circuit is checked and adjusted as follows:

1. Connect the Primary Power Cord of the CPU power supply into a variable voltage source (Variac or equiva-
lent).

2. With the line voltage set at the nominal value (115.0 VAC), turn the Power on.

3. Adjust Potentiometer 00ARS5 (the second pot from the left side of the IOU board) to generate the Power Fail
condition on CL070 (back panel Terminal 121-0) when the AC line voltage is set for 103.5 V (i.e., 10% low).
System Initialize line (SCLR0) Terminal 126-0 should become low active approximately 3 to 4 milliseconds
after CL070 is active.

4, With nominal line voltage, load the Model 80 Test Program and depress the EXEcute switch. While the pro-
gram is running, remove the AC line cord from the primary power source.

NOTE

The TTY will run-open if connected into a
different power source.

5. Connect the AC line cord back into the power source. The TTY should stop cycling. Depress the EXEcute
switch and the test program should continue to run.

6. Repeat Step 4, but turn the Console Power switch off instead of removing the AC line cord.

6.4 TTY Timer Adjustment

The only adjustment on the TTY controller controls the frequency of the 440Hz timing multivibrator. The adjustment is
made in the following manner:

1. Initialize the system.

2. Connect an oscilloscope to TP-TMG1A (located on the far left side of the IOU board).
Vertical scale: 2 volts/centimeter
Horizontal scale: 1 milliseconds/centimeter
Syne: Internal, negative

3. Generate a continuous stream of data from the TTY by reading a tape or by the Repeat function of the key-
board.

4, Adjust Potentiometer 00AR6 (located on the far left side of the board-next to the test point) for the wave-
form shown below.

L——.l—— 4.5 = 0.2 milliseconds
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7. MNEMONICS

The following sections provide a brief description of each mnemonic found in the Model 80 Processor. The source of
each signal on Schematic Drawings 35-403D08 (CPU), 35-404D08 (ALU), and 35-405D08 (IOU), is also provided.

7.1 CPU Mnemonics (35-403D08)

MNEMONIC MEANING LOCATION
A(00:15) A Bus Sheet 5
ALCH(00:15) A Bus Latch Register Input Sheet 6
ASEL(00:04) A Bus Source Select : Sheet 5
AST ALCH Multiplexor Strobe : 6R3
ATN(00:03) Interrupt Attention Lines 3F3

B B Bus Sheet 4
BINHO Branch and Inhibit Display Interrupt 3F7
BLCH(00:15) B Bus Latch Register Input Sheet 6
BSEL(00:04) B Bus Source Select Sheet &
BST BLCH Multiplexor Strobe 6N3
CA(00:15) Control Address to Memory Sheet 9
CCC Condition Code C Flag from Modules 7D1
CD(MO00:15) Control Data Bus to Memory Sheet 8
CFLG Processor C Flag 3A9
CFTCH Control Instruction Fetch to Memory 1R4
CMAR140 Clear MAR14 9C7
CMLC140 Clear MLC14 9A2
CRDY Control Ready from Memory 1K4
CREQ Control Request to Memory 1R7
CRLR(04:15) Clear ROM Location Register Inputs from Test Set Sheet 4
CWRT Control Write to Memory 1R8

D D Field of Micro Instruction 10L9
DISPLY1 Display Interrupt 3E4
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7.1 CPU (continued)

MNEMONIC

E
ENFLG

EXEC

FTCH

FSEL(00:03)

GA

GS
GUD
GUDR
GUS
GUSR
GUIR
GUTR

GXFR

ILEG
IHHCLA
INHCLB
INTA
INTB

INTEBLO

MEANING

E Field of Micro Instruction
Enable PSW Manipulation from Condition Code

Execute Instruction

Instruction Fetch Decoded

Function Select Field or RIR

Gate A Field to SSEL
Gate Branch to RAG
Condition Code G Flag from Modules
Processor G Flag

Gate Interrupt

Gate MDR to Memory Bus
Gate Low RLC to RAG
Gate High RLC to RAG
Gated RSB to RAG

Gate S Field to SSEL
Gate UDR to SSEL

Gate UDR to BSEL

Gate USR to SSEL

Gate USR to BLCH(12:15)
Gate UIR to RAG

Gate UIR or TRAP to RAG

Gate B Bus to RAG

Illegal Interrupt

Inhibit Clock from Control Store
Inhibit Clock from Test Set

Any Interrupt Bus Illegal Service
Illegal Interrupt Service

Interrupt Group Enable

LOCATION

10L7

10LS

2B4

114

Sheet 10

10G3

3D4

7B1

3AT7

3K4

8B8

3D4

3D5

3D3

10C4

10A4

5M5

10F4

6R3

3D3

3D1

3D2

1G3

1G3

3N4

3N3

3L6
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7.1 CPU (continued)

MNEMONIC
INTR

IWAIT1

JAM

KEB1
KLCLK

KSIG

LCC1
LDMARO
LDMLCO
LDRLRO
LFLG1

LNKADO

MARCK
MARD(00:15)
MARP21
MC(00:03)
MCENBLO
MCSELO
MDR(00:15)
MDRCK
MDSIG1
MLC(00:15)
MLCCK
MLCP21
MMF0
MODO00
MUDR(08:11)

MUSR(12:15)
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MEANING

Any Interrupt Service

Flip-Flop Set when Waiting for Instruction from Memory

Jam MLC to MAR

Encode F field for Module 0

Kill Clock

Extension of F Field from Micro Control Field

Condition Code L Flag from Modules
Load MAR

Load MLC

Load RLR

Processor L Flag

Gating Function for RLC to S Bus

Composite MAR Clock

Multiplexed MAR Input Data

Increment MAR Plus Two

Memory Control Field of Micro Instruction
Activate MC(00:03)

Select Proper MC Field from Instruction
Memory Data Register

MDR Clock

Module Signal to CPU

Memory Location Counter

MLC Clock

Increment MLC Plus Two

Machine Malfunction Interrupt

Module Zero Decoded

Memory User Destination Register

Memory User Source Register

LOCATION

3J2

1N4

9B5

3D6
1G3

10M9

TA1
7B7
9D2
2B5

3A7

Sheet 9
Sheet 9
9C7
Sheet 10
10J3
10K3
Sheet 8
8B4
2A6
Sheet 9
Sheet 9
9B3
3F4
1D1
Sheet 8

Sheet 8



7.1 CPU (continued)

MNEMONIC MEANING
PASS Branch Test Passed

PK Memory Reference Kill Clock

PPFO0 Primary Power Fail Interrupt
PSW(00:15) Program Status Register

PSWCK PSW Clock

PVMDO Privilege Mode to Memory Controller
RAG ROM Address Gates

RD(00:31) ROM Data Bus

REGWT Enable Register Write

RGHO Gate RD(00:15) to BLCH(00:15)

RGLO Gate RD(16:31) to BLCH(00:15)
RIR(00:31) ROM Instruction Register

RIRCK RIR Clock

RLC ROM Location Counter

RLR ROM Location Register

RLRCK RLR Clock

RMWP Control Store Write Pulse

RMWRT Decoded Control Store Write Instruction
RRX0 Decoded RRX Instruction

RS(00:03) Decoded ROM States

RSA ROM State Register (LSB)

RSB ROM State Register (MSB)

S(00:15) Module S Bus

SCCo Set Condition Code Control Line
SCLR System Clear

SMAR S Bus to MAR

SMAR14 Set MAR14

SMDR S Bus to MDR

SMLC S Bus to MLC

3M5

Sheet 7

7C7

3M1

Sheet 4

Sheet 2

4M1

Sheet 2

Sheet 2

Sheet 4

Sheet 4

2D4

1F8

1E8

2B3

1H5

1H8

Sheet 4

7F6

10B9

10B8

10D9

10C9

LOCATION
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7.1 CPU (continued)

MNEMONIC

SMLC14
SPSW-
SRLR
SSEL
ST(00:15)
STRB

STRT

TRAP(13:15)
TREPO

TWDTHO

UDR(08:11)
UIR(00:07)

USR(12:15)

VCC1

VFLG1

ZFLG
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MEANING

Set MLC14

S Bus to PSW

Set RLR(00:15)

S Bus Destination Select

Composite S Bus and ALU Result Bus
CPU Clock

Start to Modules (RS031)

Encode Interrupt Vector
Clock Repetition Rate Adjustment

Clock Width Adjustment

Residual User Destination Control Register

User Instruction Register

Residual User Source Control Register

Condition Code V Flag from Modules

Processor V Flag

Processor Zero Flag

LOCATION

756

10D9

2D5

Sheet 10

Sheet 9

1K2

10H9

3L3

1F1

1F1

TF4

Sheet 8

TM4

7C1

3A9

3A6



7.2 ALU Mnemonics (35-404D08)

MNEMONIC
A(00:15)
ACLK
ACNT(00:03)
ACRY
ALCH(00:15)
ALCLK
ALMOD
ALSEL
ALSTRT
AMEH
AMEL
AMODE1
ARSH

ASA

ASB
ASEL(00:04)
ASIGN
ASTK(01:03)
AWE

AWRT

AZRO

B(00:15)

BLCH(00:15)

BSEL(00:04)
BSTK(01:03)

BWE

MEANING
A Bus
Basic ALU Clock
Least Significant 4 Bits of Iteration Counter
Carry from Iteration Counter (EACNT, ACNT=31)
A Bus Latch Register
ALCH(00:15) Clock
Logical Mode
ALU Module Selected
A1U Selected and STRT
A Stack High (Micro-Registers) Memory Enable
A Stack Low (General Registers) Memory Enable
ALU Mode
Arithmetic Shift
Arithmetic State Register (LSB)
Arithmetic State Register (MSB)
A Bus Source Select
A Bus Sign
A Stack Register Select
A Stack Write Enabel
ALU Write, Enables ALU Write to Register Stacks

R(00:15) Zero

B Bus

B Bus Latch Register
B Stack High (Micro-Registers) Memory Enable
B Stack Low (General Registers) Memory Enable
B Bus Source Select

B Stack Register Select

B Stack Write Enable

LOCATION
Sheets 1 and 2
7L9

8D4

8G5

Sheets 1 and 2
8N9

4G4

N1

7R6

8C9

8B9

4H4

7C6

Sheet 6
Sheet 6
Sheet 8
TF3

Sheet 8
8H9

6L3

5D9

Sheets 3 and 4
Sheets 3 and 4
8M9

8F9

8F9

Sheet 8

Sheet 8

8H9
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7.2 ALU (continued)

MNEMONIC

CFLG
CIN
CcouT

CSET

DIV

DSIGN

ESHFT

EACNT

FCLKO

GENL

(@)
&
juy
o]

INHACKO
INHSO
IZRO

ILFLG

LFLG

LMOD(00:03)

M
MD
MDSEL(00:02)
MFIN
MQ(00:15)
MSIG

MUL
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MEANING

Processor C Flag
Arithmetic Carry In
Arithmetic Carry Out

Composite ALU C Flag Logic

Divide Instruction

Divide Sign

Extended Shift Instruction

Extended Iteration Count (MSB)

Processor Flags Clock

ALU Enable GCC

Processor G Flag

Test Set ALU Clock Inhibit
Inhibit MQ Shift
Intermediate Zero (Most Significant Halfword)

Intermediate LFLG (Most Significant Halfword)

Processor L Flag

Arithmetic Devices Mode Select

Composite Multiply Logic
Multiply or Divide Instruction
Module Select

Module Finish

Multiplier /Quotient Shift Register
Module Signa! (ALU=CFLAG)

Multiply Signa!

LOCATION

6B9

5B9

5C9

6C6

7J1

7F5

6N3

8G1
6C6

6D9

6B9

7L1

7F1

6B9
4F8
7C9

™2

N9
Sheet 7
7R9

7B1



7.2 ALU (continued)

MNEMONIC MEANING LOCATION
R(00:15) ALU Result Bus Sheet 5
RAG(04:15) ROM Address Gates Sheet 9
RD(00:31) ROM Data Bus Sheets 3 and 4
RGH Gate RD(00:15) to BLCH(00:15) Sheets 3 and 4
RGL Gate RD(16:31) to BLCH(00:15) Sheets 3 and 4
ROT Rotate Instruction TA2

RZRO R(00:15) Zero 6K9

S5(00:15) S Bus Sheet 5

SEL Shift Enable Left TE6

SER Shift Enable Right TE6

SHFTA Shift A Bus 1A9

SLO Serial Left Data to MQ Register THS

SRO Serial Right Data to MQ Register 7B8

SSEL S Bus Register Designation Sheet 8
ST(00:15) Composite ALU Result Bus or S Bus Sheet 5

STRB CPU Strobe 8R1

STRT CPU Start Signal to Modules 6D1

SUM ALU Sum Flip-Flop Sheet 5

VFLG Processor Overflow Flag 6H9

ZFLG Processor Zero Flag 6A9

ZSET Composite ALU Z Flag Logic 6E9
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7.3 IOU Mnemonics (35-405D08)

MNEMONIC

A0/A1
A(000:070)
- A(080:150)
AC1

AC3
ACKO
ADA
ADB
ADRS0
ARM
ARST
ASYNAO
ASYNBO
ATN
ATN000
ATNA
ATNB

ATSYNO

B0/B1
B(000:070)
B(080:150)
BA

BLK
BNKA
BNKB
BR(00:07)
BRK0/1

BSY0/1

70

MEANING

Output of Address Decoder for TTY

A Bus, High Byte

A Bus, Low Byte

12VAC Input to Primary Power Fail Detector
12VAC Input to Primary Power Fail Detector
Acknowledge Interrupt MPX Channel
Address Flip-Flop for TTY Controller
Address Flip-Flop for Display Controller
Address Control Line MPX Channel
Interrupt Arm Flip-Flop for TTY

Auto Restart, MCR Strap

Address Sync for TTY Controller

Address Sync for Display Controller
Interrupt Attention Flip-Flop

Normal MPX Channel Interrupt to CPU

Interrupt differentiator Flip-Flop for BSY1

Interrupt differentiator Flip-Flop for EX0 (not used)

Attention Sync Pulse for ACK Address

Output of Address Decoder for Display
B Bus, High Byte

B Bus, Low Byte

Buffer Active Flip-Flop (sets when buffer is loaded, cleared when buffer is unloaded)

Serial feedback Block Flip-Flop for TTY
Bank A, MCR Strap (Bit 05)

Bank B, MCR Strap (Bit 04)

Buffer Register - Eight Stages, active only in Read Mode

Break Detect Signal - (Status Bit 2)

Busy Signal (Status Bit 4)

LOCATION

THT
Sheet 3
Sheet 3
6A2
6A2
5R7
TK7
TK9
4389
TR7
2C7
7K8
TL8
8N8
8NT
8M8
8M8

8J9

7J7
Sheet 3
Sheet 3
9A6
TR8
3GT
3F7
Sheet 7
8HS8

8H7



7.3 IOU (continued)

MNEMONIC
CA150
CATN
ccel
CLO70
CLK0/1
CLRAO
CLRBO
CLRCO
CLRDO
CMO
CM(110:150)
CMDO

CMCRO

D(000:007)
D(080:150)
DAO
DACKO
DBEN1
DCKH1
DCKL1
DD0/DD1
DFST
DL(00:07)

DLA1

LA
DLB1
DMAL1
DMB1
DPF0

DRO

MEANING
CPU - Memory Address Line (Least Significant Bif)
Console Attention Flip-Flop
Condition Code Bus - C Bit
Primary Power Failure Control Line
Timer Clock Pulses (Eleven Per Character)
Clear Line for Cycle Counter
Clear Line for DFST and TESYN Flip-Flops
Clear Line for KD and KSYN Flip-Flops
Clear Line for LESYN Flip-Flops
Clear MCR (CMCR Function)
Clear MCR Flip-Flops M11:15
Command Control Line MPX Channel

Clear MCR (CMO or SCLROA)

D Bus, High Byte

D Bus, Low Byte

Data Available Control Line MPX Channel

Data Channel Acknowledge MPX Channel

D Bus Enable

Clock for Data Register High

Clock for Data Register Low

Device Data Signals From Schmidt Trigger Receiving Circuit
Timing Control Flip-Flop, Detects DSTRT

Buffered Copy of D(08:15) for TTY/Display Controllers (Double Rail)

D MUX Select B

Data MUX Select Line A (TTY/Display)
Data MUX Select Line B (TTY/Display)
Data Parity Fail Line From MBC

Data Request Control Line MPX Channel

LOCATION

1E1

8D4

5N4

4N9

8N4

216

2D8

2E9

2G2

1H9

Sheet 5

5N8

1J9

Sheet 4

Sheet 4

5N8

5N6

1L9

4M6

4H6

9G8

2D4

Sheet 7

TH5

TH6

5D3

459

71



7.3 10U (continued)

MNEMONIC

DR(00:07)
DR(08:15)
DRN
DSCLRO
DSPLY1
DSPSYNO
DSTRTO/1
DT
DTMGO

DU1

DX1

EBL
ENT30
EOC0/1
EPF
ESNCO
ESNOO
EX0/1
EX1
EXA0

EXBO

FLSYNO

FPOWO

FS1.00/01/02/03

FSTPO

FWAIT

72

MEANING

Data Register - High Byte

Data Register - Low Byte

Start Bit Stage of Shift Register (controls transmit line in Write Mode)
Delayed SCLRO Signal

Display Controller Interrupt Line to CPU

Composite SYN for Display Controller

Start Pulse for D Bus Operations

Device Transmitting Flip-Flop (set when RCV loof) starts the timer)
Delayed TMGO Signal

Output of Device Unavailable Detector - Active for TTY in OFF/LOCAL Modes
(Status Bit 7)

Serial Data Input to Shift Register (Line Data in Read Mode/all ONE's in Write Mode)

Interrupt Enable Flip-Flop for TTY .

Enter Time Period T3

End of Character (Output of Character Counter)
Early PPF Timer (1 millisecond)

Normally Closed Line from EXEcute Switch
Normally Open Line from EXEcute Switch
Examine Signal - (Status Bit 5)

Examine bit of TTY Status

Auxillary Initialize Input A

Auxillary Initialize Input B

False Sync Signal (D Bus Operation)

Power Down/Initialize Function

Function Code Lines from CPU

Stop Function Gate - Terminates SHFT Pulses

Flip-Flop for WAIT Indicator

LOCATION

Sheet 4
Sheet >4
9G5
6GT7

8ES

7G8

2C5

9G6

8J1

9J7
9C2

TR7
2L2
8L4

6E6

8A4
8H9
8H9
6N1

6N2

6MT
1M9
Sheet 1
8M5

1L8



7.3 IOU (continued)

MNEMONIC

GCC1
GDH1

GDL1

GKB1
GLTCHO
GMO0/1
GP1
GPX
GSTP1

GSTRT1

HWO

1A0
INCR

INITO

IPFO

Ki

KB

KC

KD
KHW
KSIGO
KSTM1
KSYN
KT
KTA

KTM

MEANING

CC Bus - G Bit
Gate D - Bus High

Gate D Bus Low

Control Line Enable for Periods T2 and T3
Start Glitch Signal - Clears TMG1

Gate MCR (SMCR function)

Timer for POUT Function

Flip-Flop for POUT Function

External Gate for STP Flip-Flop

Gated Start (STRT signal gated by module decoding)

Halfword Test Line - MPX Channel

Illegal Address Line From MBC
Increment/Normal Flip-Flop

Initialize Line from Console Switch

Instruction Parity Fail Line from MBC

System Initialize Relay (Dry Reed)

Cycle Counter - First Stage

Cycle Counter - Second Stage

Timing Control Flip-Flop, Control Line Timing
Timing Control Flip-Flop, Control Line Timing
Halfword Flip-Flop, DACK Operation

Function Code Line from CPU

Kill Start Timer Lead

Timing Control Flip-Flop, SYN Stretch

Cycle Counter - Terminate Flip-Flop

False Sync - Terminate Flip-Flop

Test Point - Ground to Kill Start Timer

LOCATION

5N3

5H8

5H6

5L9

8H3

1IN9

6J8

6J8

6M6

1R5

2H2

5D4

8C2

6A1

5D2

6A5

2K5

2L5

2G4

2G5

2R5

1J1

6D8

2H8

2N5

2M1

6C7

73



7.3 IOU (continued)

MNEMONIC
LAO
LBO
LCO
LDo

‘Lect
LDBR1

LESYN

M1l
M12

M13

Mi14

M15

Mo041
MO051
MO081
M091
M101
MACKO0/1
MDSL(00:02)
MFINO
MMFO
MSIGO
MSTO
MTA/MTB
MTC/MTD

MX121

ov

74

MEANING
Gate Lines for Display Registers
Gate Lines for Display Registers
Gate Lines for Display Registers
Gate Lines for Display Registers
CC Bus - L Bit
Load Buffer Register Pulse (active in Read Mode only)
Timing Control Flip-Flop, Detect SYN Start

Master Gate Pulse for LA0/LB0/LC0/LD0

MCR Flip-Flop Bit 11 (STF)
MCR Flip-Flop Bit 12 (IA)

MCR Flip-Flop Bit 13 (DPF)

MCR Flip-Flop Bit 14 (IPF)

MCR Flip-Flop Bit 15 (EPF)

Bank B, MCR Strap

Bank A, MCR Strap

Spare MCR Strap

Auto Restart, MCR Strap

Console Attention, MCR Bit

Master ACK Function (ACK or DACK)

Module Select Lines From CPU

Module Finish Line to CPU

Machine Malfunction Interrupt Line to CPU

Module Finish Line to CPU (Program Branch)

Master Data Strobe for Both TTY and Display

Master TTY Timer (440Hz Output)

Timer Clock Counter (110Hz Output)

Composite MCR Bit to CC Bus and S Bus (strapped for IA and/or STF)

Overflow (Error) Flip-Flop
(sets when buffer is loaded twice without being unloaded)

LOCATION

8E8

8ES8

8E8

8E8

5N2

9C7

2G2

8D9

5E4

5E3

5E3

5E2

5E2

3K7

3L7

3A7

3B7

3E7

IN1

1G9

5H3

1H9

TH6

8L3

8L3

5H2

9D5



7.3 IOU (continued)

MNEMONIC

PEX1
PFDTO/1
PFM
PFS
POFFO
POUT1
POWDNO
PPF

PPFO

RACKO
RN
RP

RSTO

$(000:150)
SATNO
SCCO
SCLRO
SCLRO
SCLROA
SCLROB
SD(00:07)
SH10
S1.00
SHA1
SHB1
SHFT1
SLA1

SLB1

MEANING
Pulse Execute from EX switch
Power Fail Detector Output
PPF Detector Interlock ~ Master Unit
PPF Detector Interlock - Slave Unit
Power Off Line from Console Switch
Pulse Output Function
Power Down Line
Primary Power Fail Flip-Flop

Primary Power Fail Interrupt Line

Receive Acknowledge Interrupt Signal

Negative Side of Receive Loop (TTY)
Positive Side of Receive Loop (TTY)

Reset Line for XA, XB, and XC Counter

S Bus, High Byte

Set ATN Flip-Flop Signal
CC Bus Strobe Line
System Initialize Line

System Initialize Line - MPX Channel

System Initialize Line for IOU Board (except for TTY/Display controllers)

System Initialize Line for TTY/Display Controllers

Bidirectional Byte Bus to Display Panel
Gate Lines for Display Switches

Gate Lines for Display Switches

S MUX High - A Select

S MUX High - B Select

Shift Register Pulses (nine per character)
S MUX Low - A Select

S MUX Low - B Select

" LOCATION

8C4

BK3

6M3

6M3

6A1

6K9

6J4

6F6

6M5

8KT7

9M8

IM8

8F2

Sheet 3

8N8

5N1

6A9

6A9

2R6

TM8

Sheet 7

8E6

8E6

1F9

1F9

8N4

1F9

1E9
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7.3 10U (continued)

MNEMONIC

SNGL
SR(00:07)
SRO
SSGL1
STA1
STB1
STCC1
STFO
STHO
STLO

STMA

STRTO

SYNO

Ti1

TA/TB/TC/TD

TACKO
TATNO/1
TB
TCO/1

TDU

76

MEANING

Single Mode Flip-Flop

Shift Register - Eight Data Stages

Status Request Control Line - MPX Channel
Single Mode Line from Display Panel
Strobe for CC - Code Gates

Strobe for CC - Code Gates

Strobe for CC - MUX Gates

Start Timer Fail Signal (non D Bus operation)
S MUX Strobe - High Byte

S MUX Strobe - Low Byte

Start Timer (35us)

Start Timer Flip-Flop

System Stop Flip-Flop

Buffered Outpu

from STP Flip-Flo
Start Power Fail Timer
Module Start Line From CPU

Sync Test Line - MPX Channel

Control Line Enable for Period T1

Four Stage Character Counter

Transmit Acknowledge Interrupt Signal

Clear Line for ATN/ATNA and ATNB Flip-Flops
Delay Line Control Flip-Flop

Timing Control Delay Pulses

Device Unavailable Line From TTY

Gating signal for S MUX

Timing Control Flip-Flop, detect SYN end
Timing Gate Control Flip-Flop

Negative Side of Send Loop (TTY)

LOCATION

8C5

Sheet 9

5N7

8A5

5L4

514

5N5

6M7

1A9

1D9

6E8

6F8

6J6

6M6

614

1R1

2AT

5L8

8L5

8R6

8J9

2D4

2F2

oM7

2R1

2D6

8J3

9M6



7.3 IOU (continued)

MNEMONIC

TNSO
TNSA1l
TNSB1
TP
TSYNO

TMGIA

VCC1

VK1

WAIT1
WRT

WT

X1, --X6
XA

XB

XC

XLC
XPF
XRPA
XRPB

XRPC

MEANING

Transmit (Send) Line to TTY

Transmit Signal From SR (Write Mode)

Transmit Signal From RCV-Loop (Read Mode)
Positive Side of Send Loop (TTY)

Composite SYN and Data Strobe for TTY Controller

Timing Gate Test Point

Condition Code Bus - V Bit

Operate Voltage for Relay K1

WAIT Lamp Control Line to Display Panel
Write Mode Execute Flip-Flop for TTY

Write Mode Storage Flip-Flop for TTY

Six Leads to Front Terminal Strip of Chassis
First Stage of Display Register Counter
Second Stage Display Register Counter

Switch Gate Counter for Display Panel

Line Check Flip-Flop (checks for START Glitches and Break conditions)

Power Fail Stop Timer (1 millisecond)

Pull Up Resistor Networks for Unused Logic Inputs on IC's (1K to P5)
Pull Up Resistor Networks for Unused Logic Inputs on IC's (1K to P5)

Pull Up Resistor Networks for Unused Logic Inputs on IC's (1K to P5)

LOCATION

9K6
9J6
9J6
9M5
7M6

8M1

5N3

6A5

8E6
8J5

N9

Sheet 6
8C7
8C8
8C6
9H6
6H6
5B1
8H4

8A1
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MODEL 80 MAIN MEMORY SYSTEM
MAINTENANCE SPECIFICATION

1. INTRODUCTION

This specification applies to the INTERDATA Model 80 Main Memory System components listed in Table 1.

TABLE 1. MODEL 80 MAIN MEMORY COMPONENTS

PART PRODUCT BOARD PART MNEMONIC FUNCTION
NUMBER NUMBER NUMBER
. 35-407 MBC Memory Bank Controller
f
Part of Basic M80 System (controls one to four MSUs)
02-247 M80-301 35-406 MSU Memory Storage Unit
8K X 17 bits (Parity)
02-247F01 M80-300 35-406F01 MSU Memory Storage Unit
8K X 16 bits (No Parity)
02-248 M80-101 35-408 MPC Memory Protect Controller

01-xxx and 02-xxx part numbers cover hardware, software, and documentation. 35-xxx part numbers refers to
plug-in circuit cards.

2. SCOPE

This specification describes the overall operation of the Model 80 Main Memory System, consisting of one MBC and up
to four MSUs; and the memory system external connections to the Central Processing Unit (CPU) memory bus, the
Direct Memory Access (DMA) port, and the Memory Protect Controller (MPC). The Memory Storage Unit and the
Memory Bank Controller are described in separate sections of this specification. This specification also provides
block diagram analysis, timing information, troubleshooting and maintenance, and a mnemonic list for the MBC and
MSU.

3. SYSTEM BLOCK DIAGRAM

The main memory system and its relationship to the rest of the Model 80 System is shown in Figure 1. The MSUs con-
tain the memory storage elements and the MBC contains most of the control circuits and all registers. Up to four,
16,384 byte, MSUs can be driven by one Memory Bank Controller (MBC) for a maximum storage capacity of 65,532
eight-bit bytes. The memory system provides two independent ports (CPU and DMA). The CPU port to memory is for
the exclusive use of the Model 80 Processor. The DMA port provides access to the main memory system over a multi-
plexed Direct Memory Access Channel (DMAC). The DMAC Bus is compatible with the Model 70 system and accepts a
New Series (NS) Selector Channel. Refer to the NS Selector Channel Installation Specification, 02-232M01A20, for de-
tailed information. The Memory Protect Controller also interfaces to the Model 80 Main Memory System. It provides
memory write protect for 64 blocks (1K bytes/block) on CPU memory operations.

The MBC controls access to the MSUs from the two asynchronous independent busses (CPU and DMA), and the MBC
internal memory refresh generator. The MBC provides memory service according to a priorty scheme hardwired

into the MBC Interlock circuit. Address, data, and control information from the DMA or CPU to the main memory sys-
tem is processed by the MBC and directed to the designated MSU for Write or Read operation.



In addition to providing memory service to the DMA and CPU ports, the MBC must generate its own memory requests

and direct the MSUs to perform refresh cycles. A refresh cycle is the same as a read cycle and must be performed at
a rate of 32 cycles every 2 milliseconds (32 different addresses must be refreshed-each of the 32 addresses must be
refreshed once every two milliseconds). Refresh cycles are necessary to prevent the memory cells from losing their

stored information.

The MSU accepts address, data, and control information from the MBC and performs memory Read or Write cycles.

r T T T T MAIN MEMORY SYSTEM - —.—1]
|
|
{ 15,(,?& oY IE 16,384 16,384 16,384 |
STORAGE BYTE BYTE BYTE |
| MSU MSU MSU
] UNIT (MSU) l
I |
| [
| |
| |
| MEMORY BANK |
| CONTROLLER |
l (MBC) |
CPU BUS 8 9 DMA BUS Q
A
CUSTOM
:lIREMORY MODEL 8¢ CUSTOM DMA SELECTOR
OTECT PROCESSOR DEVICE CONTROLLER CHANNEL
A
6 MULTIPLEXOR BUS 9
DEVICE .. DEVICE BUS 6 SELECTOR CHANNEL BUS 7;
o 9 BUFFER [
DE1VICE . e DEVICE
§ MULTIPLEXOR BUS qQ 9
5
DEVICE DEVICE
2 &
10 18

Figure 1. Model 80 System




4, MBC/MSU PHYSICAL DESCRIPTION AND INTERCONNECTION

The assembly of one MBC and one MSU constitutes one memory bank of 16K bytes plus halfword parity. Expansion of
the memory hank from 16K bytes (MBC and one MSU) to 64K bytes is accomplished by plugging three additional 16K byte
MSU boards into the main frame chassis. The MSU boards are referenced to the MBC. That is, the MSU in the first
slot adjacent to the MBC is designated MSUO, the next MSU is designated MSU1, etc. Refer to Figure 2.

7 CPU
6 ALU
CONNECTOR 3 CONNECTOR 2

5 ioy N NOTE 7

CONNECTOR 4 \
4 MBC

| MBC-R

3 MSU-0 s LTGRO
2 MSU-1

50 CONDUCTOR '

RIBBON CABLES
NOTE: MBC CONNECTOR 2 IS FOR MEMORY PROTECT CONTROLLER WHEN EQUIPPED.

Figure 2. Standard MBC/MSU Interconnection

One to four MSU boards are connected to the MBC through two 50 conductor ribbon cables at the front of the chassis.
The two cables are identified as MBC-L (MBC-Left) and MBC-R (MBC-Right) and are plugged in accordingly. All
signals between the MSUs and the MBC are bussed over these cables. Refer to the Installation Specification, 01-053A20,

Fanr naleTa comenlmdd e
1UL Cablc variallVns,
NOTE

When configured as a full system, the four Memory Storage
Unit boards must be in adjacent card file slots.

4.1 Memory Bank Controller

The Memory Bank Controller (MBC) consists of one INTERDATA standard size mother board. The MBC occupies

card file Slot 4. A back panel map is shown in Functional Schematic 35-407D08, Sheet 1. The MBC plugs into back
panel Connectors 0 and 1 for power, ground, and CPU and DMA interface. Connector 2 provides the interface between
the Memory Protect Controller and the MBC. Connectors 3 and 4 are connected to MSU Connectors 2 and 3 respectively.



4.2 Memory Storage Unit

A Memory Storage Unit consists of one INTERDATA standard size mother board. Up to four MSUs can be installed
in card file Slots 0:3. The first MSU must be in Slot 3. Model 80 MSU component locator, part of 35-406D08, shows
the physical location on the mother board of the major circuit blocks comprising the Memory Storage Unit. The MSU
plugs into back panel Connectors 0 and 1 for power and ground. A back panel map is shown in Functional Schematic
02-247D08, Sheet 1.

5. MEMORY TECHNOLOGY

The Model 80 Main Memory uses Metal Oxide Semiconductor (MOS) memory technology. The actual memory storage
device is a 1 X 1024 Random Access Memory (RAM). This device allows fast access read and write functions. How-
ever, it requires periodic refreshing of its stored information. The refresh function is very similar to a read function,
that is, a memory cycle (Refresh cycle) timed exactly as a read cycle performs the refresh function. Therefore, the
memory requires power at all times to preserve its stored information.

6. MODES

The Model 80 Memory System operates in two modes, Standby and Normal. When the Model 80 System is powered down,
a partially powered mode, referred to as the Standby Mode, allows all but the main system to power down thereby pre-
venting loss of stored information. The Standby Mode is entered any time System Clear (SCLRO0) goes low, the system
remains in this mode for two to four milliseconds after SCLRO goes high. The Standby Mode is active whenever Console
Initialize is depressed or the Console Power switch is placed in the OFF position.

It is important to recognize that when the Console Power switch is placed in the OFF position, the memory remains in
a powered state. To remove all power from the memory, the toggle switch mounted on the front panel of the 35-014
Memory Power Supply must be turned to the OF¥ position. This switch must be OFF whenever memory boards are
inserted or removed from the card files. See Model 80 Power System Maintenance Specification, 02-261A21, for more
details.

CAUTION

Never remove or insert any memory boards or cables unless
the Power switch on the 34-014 Memory Power Supply is in
the OFF position.

The Standby Mode requires only the P22 and P5S voltages from the Power System, in addition to P8 from the MBC., The
P22 voltage remains at its nominal voltage during the Standby Mode and keeps the memory cells "alive". However, in
addition to maintenance power to the memory cells, memory Refresh cycles must continue, which is the reason why
P5S must also be present. P5S powers the logic and timing required to do Refresh cycles. In the Standby Mode, P5S

is turned on every two milliseconds, by the 34-014 Memory Power Supply, to do a "Burst Refresh" (32 refresh cycles).
After the Burst Refresh is performed, the P5S is switched off for another two milliseconds. When the system is re-
turned to the Normal Mode, P5S remains at a constant 5.1 volt level.

In the Burst Refresh, the required 32 cycles/2 milliseconds refresh cycle rate is performed by doing 32 cycles at max-
imum repetition rate followed by an inactive 2 millisecond interval followed by another 32 cycles at maximum rate, etc.
The 32 cycle burst is completed in 15 microseconds.

When the system enters the Normal Mode, Burst Refresh ceases and Single Refresh cycle continues the refresh func-
tion. In Single Refresh cycle, the refresh rate is a simple one cycle per 50 microseconds.



7. CPU/MBC INTERFACE

The CPU/MBC interface consists of 39 lines; 15 Address Lines, 16 bi-directional Data Lines, 4 Control Lines, 3 Status
Lines, and an Initialize Line. Refer to Figure 3.

The lines in the CPU/MBC interface are:

Address Lines CA00:14 CPU~—=MBC 15 Lines
Data Lines CD00:15 P 16 Lines
CWRTO D — 1 Line
CFTCHO —_— 1 Line
Control Lines <
CREQO —_— 1 Line
PVMDO —_— 1 Line
S
CRDYO -— 1 Line
Status Lines < IPFO -— 1 Line
DPFO -— 1 Line
Initialize Line SCLRO —_— 1 Line

Address Lines CA00:14

The CPU address lines transfers 15 address bits from the CPU to the MBC during CPU Read and Write operations.

Data Lines CD00:15

The bi-directional data lines are used to transfer 16 bits of data during Read or Write operations, or 32 bits of data
during an Instruction Fetch operation.

Control Lines
CREQO The CPU request signal is low-active when the CPU desires memory access.

CFTCHO The CPU fetch signal is low-active during an Instruction Fetch operation (double read). When
initialized, it accompanies CREQO.

CWRTO The CPU write signal is low-active during a Memory Write operation. When initialized, it ac-
companies CREQO,

PVMDO CPU privileged write signal low-active prevents writing into a protected 1K block of memory.

Status Lines

CRDY( CPU data ready from memory. Low-active when data is valid during Read cycle, or when Write
cycle no longer requires valid data and address from the CPU.

IPFO Instruction Fetch operation (32 bits) parity fail.

DPF0 Data Read operation (16 bits) parity fail.

Initialize Line

SCLRO The system clear signal goes low-active during Console Initialize, or Power Down. SCLRO low

produces Standby Mode operation.
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Figure 3. Memory Bank Controller, Block Diagram

7.1 Types of Memory Operations

The CPU can be serviced with three different types of memory operations. They are Data Read, Write, and Instruc-
tion Fetch. A Data Read or Write operation does a simple 16 bit Read or Write operation on the address sent by the CPU,

Instruction Fetch
When the CPU lowers the CFTCHO line along with CREQO and a valid address, the MBC responds with two sequential
16 bit readouts spaced by 150 nanoseconds. The first 16 bit readout is from the address sent by the CPU. The second

16 bit readout comes from the next sequential memory address (address sent by CPU plus two). Two consecutive
CRDYO signals are generated by the MBC along with the readout on the CD00:15 lines. The Processor lifts the CFTCHO

signal after receiving the first CRDYO.



7.2 CRDYO0 Timing

The time between a CREQO and a CRDYO0 can vary considerably since the memory may be queued for a DMA cycle, a
Refresh cycle, both, or neither. This time delay ranges between 60 nanoseconds and 1150 nanoseconds. The width
of CRDYO0 is always 30 nanoseconds.

8. DMA/MBC INTERFACE

Up to four Selector Channels (SELCHs) may interface to the DMA Channel on a party line basis. Customer designed
interfaces may be substituted for SELCHs on a one for one basis.

A daisy chain priority system exists, on the DMA port, which decides which one of the up to four SELCHs captures the
DMA Bus when simultaneous service is desired. It should be recognized that after a SEL.CH competes for and captures
the DMA Bus, the DMA Bus then competes for memory service with the CPU port and the memory's internal refresh
requirements.

The DMA Channel permits 16 bit Memory Write or Memory Read operations but is not capable of Instruction Fetch
operations.

The DMA/MBC interface consists of 35 lines; 15 Address Lines, 16 bi-directional Data Lines, 2 Control Lines, and 2
Status Lines. Refer to Figure 3. The lines in the DMA/MBC interface are:

Address Lines MA000:140 DMA——>MBC 15 Lines
Data Lines MSD000:15 i— 16 Lines
REQO —_— 1 Line
Control Lines
WRTO e 1 Line
ENO - 1 Line
Status Lines
INHO - 1 Line

Address Lines MA000:140

The DMA address lines transfer 15 address bits to the MBC during DMA Memory Read and Memory Write operations.
These lines cannot be activated by the SELCH register until the DMA priority scheme allows it.

Data Lines MSD000:150

The data lines are used to transfer 16 bits of data on Memory Write or Memory Read operations. These lines cannot
be activated by the requester until the DMA priority scheme allows it.

Control Lines

REQO Up to four Selector Channels (SELCH) are OR-tied into the DMA request line (REQ0). Any SELCH
may activate REQO any time memory service is desired.

WRTO This line is pulled low by the requester if the type of memory service desired is a Write operation,
however, the line cannot be activated until the DMA priority scheme allows it.

Status Lines

ENO The MBC responds to a REQO by activating ENO. ENO remains active for 100 nanoseconds during
which time the requesting SELCH of the highest priority captures the DMA Bus. The rising edge
of ENO signals the capturing SELCH to alter the DMA Address Lines (MA000:140), the data to DMA
Data Lines (MSD000:150) and DMA Write signal (WRTO0), as required, within the next 100 nano-
seconds.

INHO The MBC generates INHO for a Read cycle when data is valid on the Data Bus MSD000:150 or for a
Write cycle when the memory no longer requires valid address or data on the DMA Bus. INHO is
active for 50 nanoseconds. The requesting DMAC disconnects itself from the DMA Bus within the
next 100 nanoseconds. ‘



8.1 DMA Priority

Since up to four SELCHs may be requesting memory service simultaneously, a priority system determines which one

will use the DMA port. The system works in the following manner; when the system is originally configured, the SELCHs
are assigned their respective priority by the card file position assigned. When a SELCH desires memory service, it
pulses the Request signal (REQO) low. The MBC responds to a REQO by activating the Enable signal (ENO) to the DMA
Bus. ENO remains active for 100 nanoseconds, during which time the requesting SELCH of the highest priority captures
the ENO signal and therefore the DMA Bus. The ENO signal from the MBC is wired serially through all SEL.CHs with the
order of connection determining the priority (first wired = highest priority). The highest priority SELCH that requests
service captures the ENO signal. A SELCH that does not request memory service relays the ENO signal to the next SELCH
of lower priority. The rising edge of ENO signals the capturing SELCH to gate address and data and the DMA Write
signal (WRT0) onto the DMA Bus within the next 100 nanoseconds. The trailing edge of ENO also raises the REQO signal
unless the DMA Bus has additional requests on the REQO line. One hundred nanoseconds after the rising edge of ENO,

an internal MBC signal, DCUE1, is set to compete for memory service.

9. MEMORY STORAGE UNIT ORGANIZATION

The Model 80 Main Memory System uses 1, 024 bit dynamic MOS memory devices (chips) as storage elements. Each
MSU board contains 128 MOS chips (8 chips/bit) with their drivers and sense-digit circuits to provide 8, 192 words by

16 bits (with optional Parity the chip count is 136). The 128 memory storage devices on an MSU board are divided into
two separately addressed memory sections, each 4,096 words of 16 bits (4 chips/bit). These memory sections are
designated A and B, (Address Busses A and B), with the A half of memory having the even address (i.e., Al14 = 0), and B
half of memory having the odd address (i.e., Al4 = 1). The two memory sections (A and B) share the common 16 sense-
digit and write-digit circuits on the same MSU board. Refer to Figure 4 for a simplified block diagram and reasonablly
accurate physical layout of the actual MSU board. All signals to and from the MSU boards are sent to or from the MBC
via Connectors 2 and 3. Back panel Connectors 0 and 1 are used for power and ground only. To initiate a memory cycle,
the MSU receives a Start signal (A or B), Address, Data, and a Read/Write signal, as required. The MSU responds

by returning an end of cycle pulse to the MBC along with data if a read has been performed. Other signals relating to
Fetch and Refresh operations are discussed in their respective sections.
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I A PR O S O OO A
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DATA ] 15 ]
| i
® 14 -
o«
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3 12 8 e
2| < 2
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POWER S| & 1 MEMORY MEMORY 8
—_— le—- ©
10 A B
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SENSE CA14
DIGIT 8 MA14=0 MA14=1
CIRCUITS | 7
[ ] {1/0) ]
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Figure 4. Memory Storage Unit (MSU)



9.1 Address Bit Significance - MBC/MSU (Bits 00:14)

All address information is received by the MSU over the 50 conductor cable MBC-R at MSU Connector 2. The address
bit significance is:

Bit 14 Address Bit 14 selects the A or B half of an MSU. Bit 14 is not received as such by the MSU but
causes the generation of A or B START signals at the MBC. If address Bit 14 =0, an A START
is generated. If Bit 14 = 1, a B START is generated. See Table 2.

Bits 00 and 01 Address Bits 00 and 01 select one of four possible MSU boards (a 64 KB system would have four
MSUs - 16 KB/MSU). These two bits are not received as such by the MSU but are decoded into
one of four possible A STARTS or one of four possible B STARTS depending on the state of Bit 14,
Decoding is done at the MBC. See Table 2. Each of the eight START signals is assigned a separate
line in the ribbon cable (MBC-R). Every MSU is capable of receiving every START signal, how-
ever, the cable connects only the appropriate START signals (one A and one B) to each MSU.

Bits 02 and 03 These two address bits are received by both the A half and the B half of the MSUs as four separate
signals (AA02 and AA03 to A half, and AB02 and ABO03 to B half). These bits select either one of
four A chip columns or one of four B chip columns for the 16 data bits. These address bits are

decoded with timing to generate '"Chip Select' signals.

Bits 04:13 These ten address bits are received by both the A half and the B half of the MSUs as twenty sep-
arate signals (AA04:AA13 to the A half and AB04:AB13 to the B half). Address Bits 04:13 are gated
directly to the MOS chips through level shifters to perform a 1 of 1,024 select for all 16 data bits
in the selected chip column. Decoding of these address bits is internal to the MOS chips.

Table 2. MSU/Memory (A or B) Select

START
ADDRESS BITS JMnglNJ AL MBC/MSU INTERFACE wsu | memory
00 01 14 TO MSU‘S MBC MSU *

o o o | STRAQD 2143 214-2 o A
1 | sTRBOO 2163 2162 B
0 STRA10 1143 1142 A
0 1 1 STRB10 116-3 116-2 ! B
0 STRA20 2173 2132 A
1 0 1 STRB20 2133 2172 2 B
1 1 0 STRA30 1133 1132 R A
1 STRB30 117-3 1172 B

* THE MSU BOARDS ARE REFERENCED TO THE MBC.

9.2 MSU/MBC Data Path

The memory handles 16 bits of data (17 with parity) each memory operation. All data to or from the MSUs communicates
over the 16 Data Lines (DL00:DL15). These lines exist as part of the 50 conductor cable MBC-1..

The MBC/MSU Interface consists of 56 signal lines; 24 Address Lines, 17 Bi-directional Data Lines, 12 Control Lines,
2 Status Lines, and 1 Initialize Line. Other MBC/MSU interface lines carry voltages which are discussed in other
sections of this specification. Refer to Figure 5.

The signal lines in the MBC/MSU interface are:

AA02:13 MBC——MSU 12 Lines
Address Lines

AB02:13 —_— 12 Lines
Data Lines DL00:16 I 17 Lines



Control Lines

Status Lines

Initialize Line
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4 Lines
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1 Line

16 K BYTE MEMORY STORAGE UNIT PLUS PARITY OPTION
(MSU)
_____________________ -
r MEMORY A '] r MEMORY B l
i
I 4K X 16 ARRAY | | 4K X 16 ARRAY |
I (17 WITH PARITY) I i (17 WITH PARITY) |
| EVEN — | oDD |
| ADDRESSES | 17y | ADDRESS |
| | |
i } | i
Lo e e — il DIGIT SENSE R B 1
AND
2 DIGIT WRITE 2V
/] CIRCUITS /1
MEMORY MEMORY
A B
DRIVER CIRCUITS DRIVER CIRCUITS
17
TIMING
AND
CONTROL
CIRCUITS
12/ 3 2 12
/1 ¢ A Y
® < s @ 5
b = - = -
S & 8 % S
=4
< 5 3 5 2
EVEN START GR FECLK | DATA START oDD
ADDRESS EVEN FAD ENDCYL BUS oDD ADDRESS
BUS | COMMAND MWRT COMMAND BUS
A

Address Lines AA02:

MEMORY BANK CONTROLLER (MBC)

Figure 5. Memory Storage Unit, Block Diagram

13 and AB02:13

:As soon as the MBC honors a request from the DMA or CPU Port, the 15 bit address at the port being honored is loaded
into the two 14 Bit Address Registers A and B (Address Bit 14 is treated differently). Twelve outputs from the A Address

Register (AA02:13) and twelve outputs from the B Address Register (AB02:13) are output directly to the MSUs.
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Data Lines DL00:16

Data Lines DL00:16 are actually lines which connect the "0" outputs from the MBC Data Register to the MSUs. On

a Read cycle, the readout data is pulsed over these lines from the selected MSU to the MBC Data Register. The Data
Register had been reset earlier in the Read cycle. On a Write cycle, the data to be written is transmitted over Data
Lines D1.00:16 from the MBC Data Register to the selected MSU Write Data circuits.

STRAO0:3 and STRB0:3

As soon as the MBC honors a request from the CPU or DMA Port, it sets the address from the honored port into both
MBC Address Registers (A and B). One of eight possible start signals is then generated and sent to the MSU that is to
be selected. The start signal generated is decoded from Address Bits 00, 01 and 14 according to Table 2. The start

signal is received by the MSU and triggers the MSU timing sequence which performs the desired memory cycle.

MWRTO0A

When the MBC initiates 2 memory cycle, it sets into a flip-flop the condition on the honored ports Read/Write Line
(CWRTO for the CPU or WRTOA for the DMA port). The MWRTOA signal is derived from the flip-flop and sent to the
MSU where it directs the initiated cycle to be a Read or a Write.

SROB

Select Refresh (SROB) is generated by the MBC only during Refresh cycles and sent to all MSUs where it enables all
chip select signals. This allows all MOS memory chips to undergo a Refresh cycle simultaneously.

FADO

Fetch Address (FADO) is generated by the MBC on Instruction Fetch operations only. FADO directs the selected MSU
to gate the second Read cycle address and Reset turn off to the MOS memory chips.

GR1

Gate Reset (GR1) is inactive only during intervals between Refresh cycles in the Standby Mode. GR1 is a constant high
during the Normal Mode.

ENDCYLO

End Cycle (ENDCYLO) is generated by the MSU at the end of its timing sequence for all memory operations; Read,
Write, and Refresh cycles. The ENDCYLO signal is approximately coincident with the readout on the Data Lines
(DL00:15) if the memory operation is a Read. An Instruction Fetch operation produces two ENDCYLO signals spaced
by 150 nanoseconds.

FECLKO

Fetch Clock (FECLKO) is generated by the selected MSU. Although this signal is generated by all types of memory
cycles, it is only required by Instruction Fetch operations, FECLKO tells the MBC when it may send the second START
in a Fetch operation. The leading edge typically follows the leading edge of the Start signal (STRA00:30 or STRB00:30)
by 130 nanoseconds.

MRSTOA

Memory Reset (MRSTO0A) is generated by the MBC and sent to the MSU. MRSTOA is a low signal whenever P5S is less
than 4 volts and a high signal whenever P5S is greater than 5 volts. Its function is to guarantee that the drivers of the
MSU MOS memory chips do not turn on inadvertantly during the time P5S is switching on or off in the Standby Mode.

11. MEMORY BANK CONTROLLER (MBC) BLOCK DIAGRAM ANALYSIS

The MBC controls access to the Memory Storage Units (MSUs) from the two independent busses (CPU and DMA) and

the internal MBC refresh generator. When the MBC recognizes a CPU or DMA memory request, it relays data and/or
address and control information from the requesting bus to the selected MSU in the main memory system. When the
internal Refresh request is recognized, the MBC causes all MSU boards to perform a Refresh cycle simultaneously.

The MBC also contains Memory Protect circuits, which are controlled by a Memory Protect Controller (MPC) (optional-
separate board), the Parity Bit Generation/Check circuit, an eight volt regulator (P8), and a 24 volt regulator (P24).
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11.1 MBC Block Diagram

The Model 80 Memory System (MBC and MSU) can be considered idle (performing no functions) until one of three Re-
quest signals is generated; CPU Request (CREQO), DMA Request (REQO), or the MBC internally generated Refresh
Request (RREQ1). .

The memory system responds to these three requests by performing a memory cycle, The memory system, in pro-
cessing any of the three types of requests, must do the following key control functions (Refer to Figure 6).

1. Accept three asynchronous request signals and assign memory service according to a priority
scheme wired into the MBC logic. This function is performed by the MBC Interlock circuit.

2. Load Data and/or Address and Control information into the MBC Registers from the selected
port.

3. The MBC then generates and sends the appropriate Start signals (STRA00:30-STRB00:30) to the
MSUs.

4., The MBC then waits for the MSU to perform the cycle and respond with an End of Cycle pulse
(ENDCYLO). Data is returned to the MBC simultaneously with the ENDCYLO pulse when the
cycle is a Read.

5. The MBC, as a result of receiving the ENDCYLO pulse, generates the ENDO signals (ENDO,
ENDOA, ENDOB, ENDOC, etc.) which it uses to clear itself before initiating the next cycle.

6. If the signal ENDCYLO is caused by a Read cycle, it-also causes the MBC to output data on the
appropriate bus.

7. If the cycle performed is for CPU or DMA, the MBC must generate and return the CRDY0 signal
to the CPU or the INHO signal to the DMA Channel to signify the completion of a Write or that the
requested data is ready on the appropriate bus.

The following paragraphs describe each functional block of Figure 6. Each block includes the sheet number of the sche-
matic sheet pertaining to the function. )

11.2 Bank Select (Figure 6)

Bank Select circuit description is beyond the scope of this manual. The circuit description in this manual always assumes
that the Bank Select circuits are enabled. Therefore, consider the Bank Select function merely as an Inverter for the Re-
quest signal (CREQ0). The DMA Bank Select function can be ignored completely.

11.8 Acknowledge Request

When the Acknowledge Request functional block receives a DMA Request, (REQO), it returns an Enable signal, (ENO),
to the party line DMA Bus. The rising edge of the ENO signal signifies when the requesting party on the DMA Bus is to
send Data and/or Address and Read/Write information. The DQUEL signal is generated about 100 nanoseconds after
£NO rises and is input to the Interlock circuit.

11.4 Refresh Generator

Refresh cycles must be performed at 32 different address combinations; that is, all combinations of Address Bits
AA09:13 and AB09:13. The condition of Address Bits AA00:08, AB00:08, AA14, and AB14 have no bearing on the Re-
fresh function.

In the Normal Mode, Refresh cycles are dispersed evenly in time producing a refresh cycle at a given address combin-
ation every 2 milliseconds or less.

In the Normal Mode, the refresh generator presents a Refresh Request (RREQ1) to the Interlock circuit approximately
every 50 microseconds (32 x 50 microseconds < 2 milliseconds). The refresh generator includes a five bit address
counter which is loaded into the MBC A and B Address Registers (AA09:13 and AB09:13). The loading does not take
place until the Interlock circuit has responded to the Refresh Request by initiating a Refresh cycle. After the address
is loaded, the refresh generator's five bit counter is incremented for the next cycle.
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Figure 6. Memory Bank Controller Functional Block Diagram
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11.5 Interlock Circuit

The Interlock circuit receives the three Request signals (REQ1, DCUE1, and CCUE1) and assigns memory cycles to
the requesting port according to a priority scheme wired into the Interlock logic. Assuming no contention, the Inter-
lock circuit responds to request signals as follows:

1. If a CPU Request (CCUE1) is input to the Interlock circuit, the Interlock outputs DLTRG1, SCSTR1,
and SCA1l. Delay Line Trigger (DLTRG1) causes Delay Line "C'" to output timing used to generate con-
trol signals required early in the memory cycle. The Select CPU signal (SCSTR1) is active for the
entire CPU cycle and is used to generate other signals associated with the CPU cycles. The Select
CPU Address signal (SCA1) loads the CPU Address Bus (CA00:15), FETCHO and MWRTO, into the
appropriate MBC Register.

2. If a DMA request (DQUEL) is input to the Interlock circuit, the Interlock outputs (DLTRG1, SDSTR1,
and SDA1). Delay Line Trigger (DLTRG1) causes Delay Line "C" to output timing used to generate
control signals required early in the initiated memory cycle. The Select DMA signal (SDSTR1) is
active for the entire DMA cycle and is used to generate other signals associated with the DMA cycle.
The Select DMA Address signal (SDA1) loads the DMA Address Bus (MSD00: 15), and the Read/Write
signal (WRTOA) into the appropriate MBC registers.

3. If a Refresh Request (RREQ1) is input to the Interlock circuit, the Interlock outputs DLTRG1 and SROB.
Delay Line Trigger (DLTRG1) causes Delay Line "C" to output timing used to generate control signals
required early in the initiated Refresh cycle. The Select Refresh signal SROB is active for the entire
Refresh cycle and is used to enable other signals associated with Refresh cycles.

11.6 A/B START

The A/B Start circuit is merely two flip-flops (A Start and B Start) with associated set and reset logic. This circuit
determines if an A Start signal (STRA00:30) or a B Start signal (STRB00:30) is to be sent to the selected MSU. Early
in the DMA or CPU Read or Write cycle, the condition of the requesting bus's Address Bit 14 and timing from the DLC
Delay Line sets one of the Start flip-flops. Resetting is done by ENDO at the end of the cycle.

On a Fetch cycle, both A and B Start flip-flops are set, however, the setting is staggered by 150 nanoseconds. The
flip-flop set first (may be either A or B) is set as in a CPU Read or Write cycle. When the first End of Cycle signal
(ENDCYL0O) is returned to the MBC by the selected MSU, it is inverted and ANDed with the CA14 register to reset the
Start flip-flop set first. However, before the first ENDCYLO, a timing signal (FECLKO) is returned by the MSU which
is used to set the second Start flip-flop. When the second ENDCYLO is returned by the selected MSU, the ENDO signals
are generated and cause the resetting of the second Start flip-flop.

On a Refresh cycle, both Start flip-flops are set and reset simultaneously. A timing signal from the DLC Delay Line and
SROB inverted are ANDed to generate the set pulse (applied to both A and B flip-flops). The resetting is performed by
ENDO which is generated from the Refresh cycles ENDCYLO signal.

11.7 A/B Start Gates

Eight three-input gates decode the address and A/B Start flip-flops to generate a Start signal (STRA00:30 or STRB00:30).
When a Read or Write cycle is initiated one of these eight signals select an MSU and start the requested memory cycle.
When a Refresh cycle is initiated, all eight start signals go active simultaneously.

11.8 Address MUX

The address MUX circuits set the Address Bus of both MBC Address Registers (A and B) from the requesting port. The
LRA1, SCA1, and SDA1 pulses set the address for the Refresh, CPU, or DMA cycles respectively.

11.9 A/B Address Registers

The requesting port Address Bus is registered by the A and B Address Registers. The A Address Registers also func-
tions as a counter in Fetch cycles if the first start is a B Start. The ADDO signal causes the A Address Register to

increment. ADDO is generated early in the Fetch cycle by timing from the DLC delay line if the Address of the Fetch
operation had CA14 set.
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11.10 Time-Out Circuit

If a request is made for a memory cycle to an address for which no MSU is equipped, the MBC sends out the appro-
priate Start signal but no ENDCYLO is returned. This condition would lock up memory indefinitely were it not for the
Time-Out circuit. The Time-Out circuit generates an ENDCYLO0 if the width of DLTRG1 exceeds approximately 800
nanoseconds which is longer than any normal cycle. The locally generated ENDCYLO allows the MBC to abort the

cycle by returning CRDYO0 or INHO. No flag signal is generated to signify to the requesting port that the cycle is aborted,
However, if the aborted cycle is a Read, all zeros data are returned.

11,11 ENDO Circuits

This circuit receives End of Cycle pulses (ENDCYLO) from the accessed MSU and generates the ENDO signals which
are used to terminate all memory cycles at the MBC. It is important to observe that the first ENDCYLO of a Fetch
operation does not generate the ENDO signals. The ENDO signals include END(O, END1, ENDOA, END0OB, ENDOC,
ENDOD, ENDOE, ENDOF, ENDOG, ENDOH, ENDOJ, and ARST1.

On a Refresh cycle, ARST1 and SROB are active at the A and B Address Registers for the entire Refresh cycle forcing
Address signals AA000, AA001, AB000, and AB0O1 all high which enables all Start signals (STRA00:30 and STRB00:30).

11.12 Memory Write Flip-Flop

TLo

The Memory Write flip-flop registers WRTO0A or CWRTO from the serviced port. Its ouiputs are used to enable or
inhibit signals associated with Read or Write operations. '

11.13 Protect Circuit (Optional Feature)

The Protect Circuit, when enabled, converts protected address locations from being written into. It does this by check-
ing the contents of a 4 x 16 bit register. Every memory address has assigned to it a bit in the 4 x 16 bit register. On
Memory Write cycles, the bit assigned to the location being accessed is examined and, if set, cause the Memory Write
flip-flop to be reset, converting the intended Write to a Read operation.

11.14 Initializing Circuit
The Initializing circuit generates the Initializing signals MRST0, MRST1, MRDY1, and MRR1. Generally, MRSTO and
MRST1 initialize circuits associated with the refresh operation as P58 cycles on and off in the Standby Mode. Memory
Ready signals, MRDY1 and MRR1, inhibit circuits associated with normal operation during Standby Mode.

'11.15 Delay Line C

Every time a memory cycle is initiated, Delay Line C is activated by Delay Line Trigger (DLTRG1). Delay Line C
produces timing signals required at the beginning of memory cycles.

11.16 Delay Line A
Every time data is returned to the MBC from the selected MSU on a Read cycle, End of Cycle (ENDCYL0) causes Delay
Line A to activate. Delay Line A produces the timing required to send the data to the requesting port. On a CPU Read
or Fetch operation, it times the generation of CRDY0, CD00:15, Parity check (PSTBA1), and Memory Data Register

Reset (MDRSTO0). A Memory Data Register Reset (MDRSTO0) is required following the first readout of a Fetch operation
to clear the register for the second readout which follows.

11.17 Incoming Data Select

On a Write operation, Delay Line C causes generation of Select DMA Write (SDW1A/B) or Select CPU Write (SCW1A/B).
These pulses load the appropriate data bus, (MSD00:15 or CD00:15) into the MBC Data Register.

11.18 Data Register

On CPU or DMA Write cycles, the MBC Data Register is first reset by MDRSTO, then set by the Select CPU Write
(SCW1A/B) or Select DMA Write (SDW1A/B) signals. The Data Register outputs to the MSUs.

On CPU or DMA Reads, the MBC Data Register is first reset by timing from Delay Line C, then set by pulses from the
selected MSU readout circuits via the Data Lines (DL000:150).
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11.19 Outgoing Data Bus Drivers

On DMA or CPU Read operations, data is sent out over the requesting port's data bus. Timing from Delay Line A
produces the enabling signals SDR1A/B (DMA) or SCSTR1A/B (CPU).

11.20 Parity (Optional Feature)

On DMA or CPU Write operations, the Parity Bit is computed and sent to the selected MSU via DL160. On DMA or
CPU Read operations, the Parity Bit is read and checked and, if a failure is detected, Data Parity Fail (DPF0) goes
active for approximately 40 nanoseconds. Detected Parity Failures on either the first or second half of a CPU Fetch
operation causes the Instruction Parity Fail signal (IPF0) to go active for 40 nanoseconds.

12, VOLTAGE REGULATORS

Three voltages are generated on the MBC for use by the MSU - P3, P8, and P24. In the Standby Mode, P8 and P24
maintain their regulated outputs but the P3 generator rises to approximately 8 volts.

12.1 P24 Regulator

The P24 regulator is generated by a multivibrator switching one side of a capacitor between ground and P21. The other
side of the capacitor is rectified and shunt regulated to a nominal 23. 8 volts. The current capability of the P24 Regulator
is limited to approximately 4 milliamperes. This regulator must function in both Standby Mode and Normal Mode.

12.2 P8 Regulator

The P8 regulator is a current sinking regulator and is nominally adjusted to 7.85 volts. This regulator must function
in both Standby Mode and Normal Mode.

12.3 P3 Regulator

The P3 Regulator is a string of voltage dropping diodes to ground which are disconnected from ground in the Standby Mode.
P3 measures approximately 2.7 volts in the Normal Mode and between 7 volts and 8 volts in the Standby Mode.

13. MBC DETAILED FUNCTIONAL AND TIMING DESCRIPTIONS

This section describes, in detail, all times of memory operations referencing Functional Schematics (35-407D08) and timing
diagrams. It is recommended that the more general sections (1 through 11) be read first. In the following descriptions,
assume only one request at a time.

138.1 CPU Memory Write (Figure 7)

At the beginning of a CPU Memory Write operation, the CPU Request signal (CREQO) (3A3) is inverted and output as

CCUEL1 (3E2). CCUE1 (2E9), input to the interlock circuit (Sheet 2), toggles set the CPU Request flip-flop (2H6). The
flip-flop output lead, Select CPU Address Request signal (SCAR1) (2J5), pulses the select CPU Address signal (SCA1)

high. SCA1 gates the CPU address on CPU Address Lines CA000:130 (Sheets 7, 8, and 9) into the A and B Address Re-
gisters. The End Address signal (ENDSTO) (3H4) goes low-active approximately 30 nanoseconds after SCA1 is pulsed

high, terminating the SCA1 signal. SCAR1 (2J5) and the Memory Ready signal (MRDY1-normally high) (2L6) enable the
Select CPU Start signal (SCSTRO) (2L.6) which activates Delay Line C Trigger (DLTRG1) (2N3) and SCSTR1A/B (2N6).
DLTRG1 starts the 100 nanoseconds delay line (4B2) and the time-out circuit (3G2) which generates an End of Cycle signal
if none is received from an MSU. With DLC001 and SCA1A high, the state of CPU Address Bit 14 (CA 140) (3A6) determines
if Start A flip-flop (STRA1) (3E5) or Start B flip-flop (STRB1) (3E6) is enabled. The Address Bits 0 and 1 (AA00:01 or
ABO00:01) (Sheet 7) are ANDed with STRA1 or STRB1 to select one of four MSU boards and the half of memory to be ac-
cessed by generating one of the eight starts, STRA00:30/STRB00:30. The remaining address bits (AA020:130 or AB020:130)
are output to the selected MSU. DLCO001 (4F2) and DI1.C060 (high) pulses Data Reset (DRSTO0) low, which in turn pulses
Memory Data Reset (MDRSTO0) low, resetting the 16 data line registers (Sheets 5 and 6) and the Parity Bit latch (9K5).

In a Memory Write operation, the CPU Write (CWRTO0) (8F8) is active the same time as CREQO (3A3). CWRTO and
SCA1B (8HS8) sets the memory write latch (8L8). An active output from the memory write latch enables the Memory

Write signal (MWRTOA) to the MSU and the MBC Parity circuit (Sheet 9). SCSTR1A (4H3), MWRT1 (4E3), and DLC001
(4A4) enable the Select CPU Write signals (SCW1A/B) (4H3). SCWI1A/B loads the 16 data bits from the CPU Data Lines
CD000:151 onto the MBC Data Register. The data register outputs are also input to the Parity Generation circuit (Sheet 9).
SCW1B and DLC091 pulses CRDY0 (3M4) low. The CPU raises CWRTO and CREQO, terminating the cycle for the CPU.
When the MSU has timed through the Write cycle it returns an End of Cycle signal (ENDCYL0) (2A2) to the MBC. ENDCYLo0
causes the generation of the ENDO signals by toggling 07H-01 (2F1). ENDO resets the selected Start flip-flop (3E4).

ENDO B, C, D, E, F and H are also generated but do not become active until the Selected Start flip-flop is reset (3G6).
The ENDO signals clear the MBC (SCSTR1, AA or AB 000:130, DLTRG1, MWRTO, and STRA or STRB), for the follow-
ing memory cycle. ENDOH fed back to 07H-15 (2F1) terminates the ENDO signals.
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13.2 CPU Memory Read (Figure 8)

In a CPU Memory Read operation, SCSTR1, SCA1, DLTRG1, MDRSTO and a start signal are generated as in a CPU
Memory Write, the CPU Write signal (CWRTO0) (8H8) is held high. The absence of a write signal to the MSU causes the
MSU Strobe read signal (STRB1) to go high. STRB1A strobes the 16 sense digit circuits, enabling the 16 data bits to be
read from the memory cells in the addressed chips. The MSUs strobe pulse gates the readout onto the corresponding
Data Lines (DL00:15). The pulsed data lines set the readout into the MBC's Data Register. The MSU returns End of
Cycle (ENDCYLO) (2A2) to the MBC. This indicates that the MSU has sent the requested data to the MBC. SCSTR1 and
MWRTO (high) are gated to provide a high to the input of the Read flip-flop (3K3). ENDCYLO toggles the flip-flop set.
The flip-flop's output, X163 low, is inverted to provide Select CPU Read signals (SCR1A/B) (3N9). These signals load
the data on the 16-bi-directional data lines (DL000:150) (Sheets 5 and 6) onto the CPU Data Lines (CD000:151). The 16
data bits on DL000:150 are also sent to the parity circuit for even parity check. X163 low also starts Delay Line A
DLAO000 (50 nanoseconds) (4K2). DLAO001 and DLA350 (high) pulses the CPU Ready signal (CRDY0) (3N4) low. The
CPU raises the request signal. When DLA 501 goes high with DLA 201, it direct clears the Read flip-flop (3K4) rais-
ing the X163 signal, and hence terminates the gating of data to the CPU. X163 and DLA 201 (4N3) pulse X160 low, enabl-
ing the second Memory Data Reset signal (MDRST0). ENDCYLO also enables ENDO, ENDOA, B, C, D, E, F, and H
(3J7) which terminate the internal MBC control signals, SCSTR1, AA or AB 000:130, DLTRG1, and STRB1 or STRA1
as in a Write cycle.

13.3 CPU Instruction Fetch (Figure 9)

Depending on the state of CA14 either an A Start (STRA00:30) or a B Start (STRB00:30) is generated by the MBC as in

a normal Read cycle. This first start selects an MSU which initiates the Read cycle. However, a second start must be
generated approximately 150 nanoseconds after the first. The second start must read a memory address two greater
than the address read by the first start. The address of the second Read cycle is computed by the MBC. When the first
read of the Instruction Fetch is from an even address (A) (Al4 = 0). The MBC merely generates the second start by
setting the B Start flip-flop at the appropriate time. This produces a Read cycle at the proper address. However, if
the first Read cycle is an odd address (B) (A14 = 1) the second start - an A Start - cannot be generated unless two is

added to the MBC A Address Register. This addition when required is performed by ADDO (3D8).

During an Instruction Fetch cycle, a fetch address is generated by the MBC and sent to the MSU. Its function is to
gate the second read address to its corresponding half of memory. If the second read address gating were as in a
normal read, timing of the switching addresses would cause noise in the first readout. FADO Gates the second read
address earlier to reduce the noise during the first readout. A complete Instruction Fetch cycle is described as
follows: Assume the address is odd (CAl14 = 1).

A CPU Instruction Fetch activates the CPU Request signal (CREQO) (3A3) and the CPU Fetch signal (CFTCHO) (2A2).
The CREQO signal is inverted and output as CCUE1 (3F2). CCUEL (2D9), input to the Interlock circuit (Sheet 2), toggles
set the CPU request flip-flop (2F6). The flip-flop output generates the SCA1A/B signals which sets the CPU Address
Lines (CA 000:130) (Sheets 7, 8 and 9) into the A and B Address Registers. SCA1 is also ANDed with CFTCH1 (2C2) to
set FETCH1 (2E3).

The End Address signal (ENDSTO) (3H4) goes low-active approximately 30 nanoseconds after SCAO is pulsed low, ter-
minating the SCAO signal. SCAR1 (2J5) and the normally high Memory Ready signal (MRDY1) (21.6) enable the select
CPU Start signal (SCSTRO) (2L6) which activates the Delay Line C Trigger (DL'T'RG1) (2N3), SCSTR1A/B (2N6), and the
one shot timer (3G2) which generates an ENDCYLO signal if one is not received from the MSU. When DLC001 goes high
it sets the B latch by setting X264 low (3D6). The B Address Register Bits 0 and 1 are ANDed with STRB1 to generate
a B Start signal (STRB00:30) (7G2) which selects one of the four MSU boards. The address bits (AB02:13) are output to
the selected MSU.

DLC001 (4F¥2) and DLCO006 (high) pulse Data Reset low (DRSTO), which in turn pulses Memory Data Reset (MDRSTO)
(4N4) low, resetting the data registers (Sheets 5 and 6) and the Parity Bit latch (9K5).

DLC051, FETCH1 and Al41 generate ADDO which increments the A Address Register. At the same time FADO
goes low due to the toggling of 07F-01 (3HS).
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The previous sequence of signals has started the first Read cycle. When Fetch Clock (FECLKO) goes low from the MSU,
FETCHL1 (2D3) and FECLKO enable the Start Second cycle signal (SSTRO) (3J9). SSTRO sets the A latch (3E4) enabling STRA1
and terminating FADO (3J8). STRA1 and the states of A Address Bits 0 and 1 generate the second start (A this time) which
is sent to the selected MSU. Note that ADDO has incremented the A Address Register and may change the states of the A
Address Bits 0 and 1. Following the second start, ENDCYL0 (2A2) and the first 16 bits of data are received from the MSU.
The B Latch is reset by a low X235 (FETCH1« ENDCYLO*A141). STRB1 goes low. SCSTR1A and MWRTO (high) provide a
high level to the Jinput of the CPU Read flip-flop (3K3). ENDCYLO toggles the flip-flop set providing a low onX163(3K3)
wheih starts Delay Line A (DLA) (4B2),a 50 nanosecond delay line. X163 low pulses Select CPU Read (SCR1A/B) (3N8) high
to enable the MBC's Data Register onto CPU Data Lines CD001:151. DLA001 pulses the CPU Ready signal (CRDYO0) (3N4)
1ow. The first ENDCYLO terminates the FETCHO (2F 1) signal which prevented generation of the ENDO signals by the first
ENDCYLO. The DLA501 signal (X128) (4N1) and DLA201 direct clear the CPU Read flip-flop,X163 high (3K4), and DLA201
enables the Memory Data Reset (MDRSTO) which resets the 16 data line registers.This completes the first read of an In-
struction Fetch. The second ENDCYLO follows the first by 150 nanoseconds. The signal sequencing which handles the data
is identical to that generated by the first ENDCYLO. However, since the FETCHO signalis high (2E1), ENDOA, B,C,D, E, F,
H,and J signals are generated terminating SCSTR1, AA000:130and AB000:130, DLTRG1, and STRA1which terminates
STRA00:30. After the seeond CRDY0 signzl is generated the CPU terminates the CREQO signal. The CPU terminates
FETCHO after the first CREQO. If the Instruction Fetch is Start A (CA140=Low)no ADDO signal is generated and the ad-
dress registers are not incremented.

13.4 DMA Memory Write (Figure 10)

On a DMA Memory Write cycle, the DMA Request signal (REQO) (2A5) is input to the MBC. REQO is inverted to REQland
ANDed with ENTO (high) (2C8) to activate Enable (EN0) (2A5), REQ1drives REQlow starting the 100 nanosecond one shot
(2C8). When the 100 nanosecond one shot times-out, 03K01 goes low, toggling set the JK flip-flop ENT0 low. ENTO ter-
minates the ENO gignal which reset the REQOif thig is a single DMA request. ENT1 triggers the second one shot timer.
When the 100 nanosecond one shot times-out, its output, MXREQ1, sets DCUE1high. DCUE1 (2F4) input to the Interlock
circuit (Sheet 2), toggles set the DMA Queue flip-flop (2H4). The flip-flop output lead, select DMA Address signal (SDA) high.
SDA1 gates the DMA address or DMA Address Lines MA000:130 (Sheets 7, 8 and 9) into the A andB Address Registers; SDA0
also terminates DCUE1. The ENO Address signal (ENDSTO) (3H4) goes low-active approximately 30 nanoseconds after SDA1

is pulsed high, terminating the SDA0O signal. SDAR1 (2J4) also generates SDSTRO (2M4) which activates Delay Line Trigger
(DLTRG1) (2N3) and SDSTR1 (2N5). DLTRG1 starts the 100 nanosecond delay line (4B3) and the time-out circuit (3G2).
With DLC001 and SDA1B high, the state of DMA Address Bit 14 (MA140) (3A6) determines if Start A (STRA1X3E7)or Start B
(STRB1) (3E7)is enabled. Address Bits 0 and 1 from the A and B Address Register(Sheet 7) are ANDed with STRAlor STRB1
to select one of four MSU boards and the half of memory to be accessed, (i.e., STRA00:30/STRB00:30). The Address Bits
(AA020:130and AB020:130) are output to the selected MSU. DLC001 (4F2) and DLCO060 (high) pulses Data Reset low (DRSTO0),
which in turn pulses Memory Data Resetlow (MDRSTO), resetting the MBC Data Register (Sheets 5 and 6) and the Parity Bit
latch (9K5).

At this time the active DRST0 and SDSTR1 cause ENTO (2B8) to go high. A second REQO may be waiting which would
cause a second ENO to be generated and the one shot timer (2A8) to be triggered. If the cycle in progress (first cycle)
is a Write, the trailing edge of ENO is timed by the one shot. However, if the cycle in progress is a read, the ENO
trailing edge is timed by the flip-flop toggled by X162 (2B6).

With an active WRTO and SDA1B (8HS8), the Memory Write latch (8L8) sets. The set output from the Memory Write
latch enables the Memory Write signal (MWRTO) to the MSU and the MBC Parity circuit (Sheet 9). SDSTR1A, MWRT1
(4E4), and DLCO001 (4B4) enable the Select DMA Write signals (SDW1A/B) (4H3), SDW1A/B loads the 16 data bits from
DMA Data Lines MSD000:150 into the MBC Data Register (DL000:150). The data register outputs are also input to

the Parity Generation circuit (Sheet 9). SDWI1B and DLA500 pulses INHO (3M4) low. The DMA raises CWRTO0 and
CREQO, terminating the Memory Write operation on the DMA Bus. After the MSU has written the data into memory,
it returns an End of Cycle signal (ENDCYLO) (2A2), ENDCYLO enables ENDO A, B, C, D, E; F, H and J (3J7) which
terminate the internal MBC control signals, SDSTR1, AA or AB 000:130, DLTRG1, MWRTO0, and STRA or STRB.

13.5 DMA Memory Read (Figure 11i)

ory access, addressing the MSU, and resetting the Data Line Registers. In a Memory Read operation, the DMA Bus Write
signal (WRTO) (8H9) is held high. This prevents generation of the SDW1A/B (4H3) signals which loaded the MBC Data Regis-
ter in the Write cycle. Also, the absence of a Write signal (MWRTOA) (8R7) to the MSU causes the MSU Strobe Read signal
(STRB1)to go high. STRB1strobes the 16 sense digit circuits, enabling the data to be read from the memory cellsin the
addressed chips. The MSU returns End of Cycle (ENDCYL0) (2A2) to the MBC. This indicates that the MSU has read the ad-
dressed data out of memory. SDSTR1 (high) and MWRTO (high) provide a high to the Jinput of the Read flip-flop (3K4).
ENDCYLO toggles the flip-flop set. The Q output (low) is inverted to provide Select DMA Read signals (SDR1A/B) (3N6).
These signals load the MBC's Data Register onto DMA Data Lines MSD000:150. SDROA low starts Delay Line A (DLA000)
(50nanoseconds) (4K2). DLA101,DLA500 high, and X162 (high) pulses the DMA Inhibit signal (INH0) (3N5) low. The request-
ing DMAC terminates MA 140, When DLARSTO (derived from Delay Line A) goes low (4N2); it direct clears the DMA Read
flip~-flop (3K4) causing X162 to go low. DLA201 (4N3) and SDROA (4N3)-pulses X160 low, enabling the second Memory Data
Reset signal (MDRSTO0) which resets the MBC Data Register. ENDCYLO0 enables ENDOA, B, C,D, E, F,and J (3J7) which ter-
minate the internal MBC control signals, SDSTR1, AA or AB000:130, DLTRG1 andSTRA1 or STRB1.
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13.6 Refresh Cycles (Figure 12)

The MBC generates Refresh cycles in the Single Cycle Mode or the 32 Cycle Burst Mode. The 32 Cycle Burst Mode is
in operation during the Standby Mode; i. e., whenever the system clear signal (SCLRO) is low and P5S is pulsing. The
MBC must go in and out of the Standby Mode in an orderly manner. The key to understanding the orderly change over
lies in understanding how the Memory Reset signals (MRSTO and MRST1) are generated. Discrete components are used
to generate MRSTO and MRST1, (7RT7).

Q18 and Q19 are connected as a differential amplifier (powered by P22). R33 and R24 form a voltage divider that gen-
erates a 4 volt reference input to the differential amplifier. Since P5S is the other input to the differential amplifier,
Q18 conducts whenever P5S is greater than 4 volts and is cut off whenever P5S is less than 4 volts. The Q18 output is
then amplified by Q15, Q16.and Q17 to produce the MRSTO and MRST1 signals. MRSTO is therefore low whenever P5S
is below 4 volts and high whenever P5S is above 4 volts. MRST1 would be the complement of MRSTO except for two
differences. First, the high for MRST1 can only be as high as P5S since the pull-up resistor is powered by P5S.
Second, the timing is slightly different due to the delay caused by C13. See Figure 12 for waveforms. The negative
going edge of MRST1 follows the positive going edge of MRST1 by approximately 5 micro-seconds.

During the time P58 is below 4 volts, MRSTO is holding the Refresh circuits in a reset state (initializing). After P5S
reaches 4 volts, MRSTO goes high. All circuits remain in their initialized and inactive state until MRST1 goes low (see
Figures 12 and 13). MRST1 going low causes Refresh Enable (REN1) (4B8) to go active. REN1 sets the Refresh Queue
flip-flop and immediately generates an active SROB because the Interlock DMA and CPU Queue flip-flops are reset at
this time. SROB going active generates Delay Line Trigger (DLTRG1) (2M3). About 130 nanoseconds later, X261 (4A5)
goes low which causes both A and B Start latches to set; STRA1 and STRB1 (3E5) go high. About 120 nanoseconds earlier
the Refresh Address counter (RA09:13) (4H7) was loaded into both MBC Address Registers (A and B). The Load Refresh
Address signal (LRA1) (4G6) is generated from Delay Line C (4B2). Prior to LRA1, the Refresh counter had been in-
italized to all zeros (referred to as Count 0 Refresh Address). When the Load Refresh Address signal (LRA1) ends, the
Refresh Address Counter is incremented for the next cycle. STRA1 and STRB1 going active generates all eight Start
signals (STRA00:30 and STRB00:30) in a Refresh cycle. This is due to the forcing high of AB000, AB001, AB010, ABO11,
AAD00, AA002, AA010, and AA011 by simultaneously setting and resetting the associated address registers (7D2). Since
all start signals are generated, all equipped MSUs will do a Refresh cycle (Count 0 Address) simultaneously. At the

end of ihe Count 0 Refresh cycie, the MSU returns an-End of Cycle signai (ENDCY1.0) which generates the ENDO signais
ENDO, ENDO A, B, C, D, E, F, H, and J. The ENDO signals reset the Refresh Queue flip-flop, SROB, DLTRGI,
STRA1, STRB1, and all Start signals (STRA00:30 and STRB00:30).
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