
. . 
r 

GE-PAC* 30 
CONTROL COMPUTER 

MAINTENANCE 
MANUAL 

VOLUME l 

GENE RAL fl EL E~TRI C 

• Re g istere d T rademar k of Ge neral Electr ic Company 

PCP - 175 



30-1 GE 29·026R01 

30·2 GE 29·034R01 

G·E-PAC 30 
CONTROL COMPUTER 

MAINTENANCE 
MANUAL 

VOLUME 1 

GENERAL fl ELECTRIC 



t · , 1 

Figure 1-1. Typical GE-PAC 30 Digital System 



~ 

GENERAL DESCRIPTION 

CONTENTS 

1. INTROl)UC'fION ..•....•..•.....•........•..•.•••••••.•.••.•..•....... 1 

2. SCOPE OF MA.NUAL.................................................. 1 

3. SYSTEM ORGANIZATION ................•...•.••.......•....•.•.•.... 1 

3. 1 Physical Organization . • . . . . . . . • • . . . • . . • . • . . • . . . . . . . . . . . . . . . . . . . . 2 
3. 2 Functional Organization. . . • . . . . • • . . . • . . • . • . • • . . • . • . • . . . . . • • • • . . . . ;3 

4. DOCUMENTATION ..............•...........•..•...••..............•. 9 

4. 1 Number Notation. . . . . . . . . . . . . • . . . . • • . . . • . . • . . . . • . . • . . . . . . . . . . . . . 9 
4. 2 Part Numbering System. . . . . . . . . • . • • . • • • • . • • . . . • • . • . . . . . . . . . . . . • . 9 
4. 3 Drawing System .•......•..........••••.•.•..••••••.•..•......... 12 

I LL USTRATIONS 

1. Typical GE-PAC 30 Digital System ......•....•••.••..•.••.•.••...•••.. ii 

2. Mother-Board Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

3. Typical GE-PAC 30 Rack, Three-Quarter Front View .•..•.•.•.....•.... 4 

4. Daughter-Board Layout . . • • • . . . . • . . . . . . . • . • • . • . • • . • • . • • . . . . . • . • . . . • . . . 5 

5. Typical GE-PAC 30 Rack, Back Panel Layout . • . • . . . . • • . • . . • . • . . . . . . . • . 6 

6. l\!Iother-Board Connector Layout . • . . . . • . . • . • . • • . . • • • • . • . • . . • . . • • . . . . . . . 7 

7. Typical GE-PAC 30 Rack, Interface Cable Layout....................... 8 

8. GE-PAC 30 Digital System Basic Block Diagram. . . • . • . . • • . . . • . . . . . . • • . . 8 

9. Part Number Format ....•.............•.......•.•..•.............•... 1 O 

10. Three-Input NAND Gato Symbol, Wire Wrap Mother-Board ............... U 

11. Power Gate Symbol, Copper Mother-Board ..•.•.....•.•.••.......•.•..•. 14 

12. Typical Copywr Mother-Board, Component Location Diagram ..•.......... 15 

13. Functional Schematic Format Drawing .................•.........••..... 17 

i. 



G~NERAL DESCRIPTION 

1. INTROD1JCTION 

Figure 1 shows a typical GE-PAC~' 30 
Digital System. The GE-PAC 30 is a 
general purpo:oc, low cost system, ver­
satile enough to perform a wide range of 
both industrial control and scientific com­
putation. These third generation systems 
use integrated circuits for reliability, 
and feature a modular expansion system 
which permits an economical approach 
to the specific requirements of each in­
stallation. 

A high speed, 16-bit halfword memory is 
addressable and alterable to the 8-bit byte 
level. Memory is field expandable to 
65, 536 bytes. All memory is directly 
addressable with the primary instruction 
word, no paging or indirect addressing is 
required. 

Sixteen General Registers, each 16-bits 
long, can be used as Index Registers or 
accumulators. 

Register-to-rcgisk1· instructions permit 
operations between the 1 G General Regis -
ters, eliminating redundant loads and 
stores. 

A comprehensive instruction set includes 
efficient byte processing instructions, 
single instructions for loop control to in­
crement-test-branch on index values, as 
well as instructions that test the condition 
code and branch directly to any location 
in memory. 

Logical and arithmetic shift instructions 
can shift up to 15 positions with a s_jngle 
instructions. 

Flexible, multiplexed input/output systems 
include an integrated priority interrupt 
facility and provide for direct addressing 
of up to 256 devices. 

High speed memory access channels per­
mit cycle stealing input/output to byte 
oriented peripherals or lG-bit halfword 
special purpose devices. 

*Registered Trademark of General Electric Company 

2. SCOPE OF MANUAL 

This two volume maintenance manual is 
planned to enable an experienced digital 
technician to learn the theory of operation 
an'd maintenance of the GE-PAC 30 Digital 
System. This Volume, Volume 1, provides 
the theory and maintenance text. Volume 
2 provides installation data and drawings. 
This Section of this Volume provides an in­
troduction to both the system and to the 
documentation. Th<~ second Section des­
cribes the Processor. The Display System, 
including operating information is decribed 
next. The fourth Section describes the In­
put/Output (l/O) system. The core memory 
is described next. The Read-Only- Memory 
(ROM) is described next, followed by the 
Power System. General References are 
provided in the last Section. 

Other GE-PAC 30 publications which may 
be of interest to readers of this manual are 
listed in Table 1. 

3. SYSTEM ORGANIZATION 

This Section describes the organization of 
a typical GE-PAC 30 Digital System from 
both the physical, and the functional stand­
points. 

3. 1 Physical Organization 

GE-PAC 30 Digital Systems employ a unique 
mechanical layout and wiring configuration 
which simplifies expansion of the system. 
Expansion consists of simply plugging in 
additional logic boards; no back plane wir­
ing additions are normally required. 

A GE-PAC 30 Digital System Consists of a 
basic card file which may be mounted in a 
standard 19" RETMA rack, and additional 
expansion card files mount U:p to 25 9. 5 11 X 
10. 5" circuit boards designated mother­
boards. Two types of mother-boards are 
available: the standard copper mother­
board and a wire-wrap mother-board. The 
copper mother-boards require one slot in 
the card file. Copper mother-boards pro­
vide a system in which most components 

1 



TABLE 1. RELATED PUBLICATIONS 

Publication 
Title Number 

GE-PAC 30-1 Digital System (C) Maintenance Manual-Volume 2-Drawings 29-027 

GE-PAC 30-2 Digital System (C) Maintenance Manual-Volume 2-Drawings 29-035 

System Interface Manual 29-003 

:B,eference Manual 29-004 

Logic Module Handbook 29-005 

Programming Manual 30-1 29-013 

Programming Manual 30-2 29-013R01 

Micro-Instruction Reference Manual 30-1 29-017 

Micro-Instruction Reference Manual 30-2 29-032 

are soldered directly to the mother­
board. Wire-wrap mother-boards are 
used for special applications, and in 
areas where the number of mother- · 
boards used does not warrant gener­
ation of a copper mother-board. Be­
cause of the wire-wrap pins on the 
back of these mother-boards, two 
slots in the card file are required for 
the wire-wrap mother-board. Each 
wire-wrap mother-board may mount 
up to 40 smaller component boards 
designated daughter-boards. Daughter­
boards plug into mother-boards via 
a set of 16 pins. The mother-board 
is divided into 40 fields as shown on 
Figure 2. Figure 3 illustrates a 
card file, mother-boards, and daugh­
ter-boards. A series of daughter­
boards which provides a variety of 
standard logic functions is available 
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from GE-PAC 30. Mother-boards with 
provisions for mounting potentiometers, 
relays, indicator lamps, capacitors, and 
resistors are also available. These gen­
eral purpose components are described 
in the Logic Module Handbook, GE-PAC 
30 Publication Number 29-005. 

Note on Figure 3 that there are three 
sizes of daughter-boards. Figure 4 
illustrates the size and pin designations 
for each of the three daughter-board 
sizes. 

Each mother-board may have two 69-pin 
connectors. The back panel of a card file 
is shown on Figure 5. Note that the con­
nectors are numbered from left to right on 
the wiring side. The lower row of connec­
tors is designated Field O; the upper row 
is designated Field 1. A strip power bus 



Figure 2 JVIother- Board Layout 

is provided between the two fields. Fig-· 
ure 6 shows the pin numbering system. 
The first digit of the pin number specifies 
the column number, from 0 to 2. The sec­
ond two digits specify the row number, 
from 00 to 22. The dash number at the 
end specifies the connector field. 

Wiring between card files is via plug in 
cables which mate with the wiring side of 
the mother-board connectors. Wiring bc'­
tween a card file and an external device i ~ 

via a plug in cable which mates with one 
set of the daughter-board connectors on :1 

mother-board. Figure 7 illustrates th(' 

interconnections between card files and 
. external devices. 

3. 2 Functional Organization 

GE-PAC 30 Digitaf Systems are modularly 
structured to provide a high degree of flex­
ibility in configuring application oriented 
systems. The basic building blocks used 
in the organization of a system are the 
Processor, Memory Modules, a Read­
Only-Memory (ROM) Control Unit, and the 
Input/Output (I/O) Controllers which inter­
face to peripheral devices. The various 
elements of an GE-PAC 30 Digital System 
an' organized around the primary control­
ling unit - the Processor, See Figure 8. 
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Figure 3 
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. l GE-P/\C' 30Rack, ,, Typ1ca Quarter Front View 
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Figure 5 Typical.GE-PAC 30 Hack, Back Panel Layout 

The ProcC'ssor contains facUiti~s for: These operations are performed as direc­
ted by instructions in the user's program. 
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1. Arithmetic and logic proces~ 
sing of data. 

2. St.•q1wncing instructions in 
the required order. 

3. Addressing memory. 

4. Fctchin~ and storing informa­
tion. 

5. Initiat1ng- and controlling corn­
muriie:' ions with external 
devices. 

Ii. Taking; al'tion in response to 
interrupts. 

The Processor and ROM provide a combin­
ation of hardware and firmware for decoding 
and executing user's instructions. GE-PAC 
30 Processors are designed to execute ten 
basic micro-instructions. These micro­
instructions are programmed into subrou­
tines that are permanently wired into a Read ... 
Only-Memory (ROM). Each subroutine (or 
firmware) micro-program in the ROM exe­
cutes a simple operation .. Combinations 
of these subroutines perform the more com­
plex operations that make up each user's 
instruction. (See the Reference Mru;iual 
GE-PAC 30 Publication Number 29-004 
for detailed descriptions of user's in­
structions.) 
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Figure (i Mother- Board Conrwctor Layoul 

The ton basic micro-Instructions the GE-
PAC 3_0 Proct~sHor iH hardware~ wir<'d to 

execute a re: 

1. Add (A) 

2. Subtract (S) 

3. Exclusive OR (X) 

4. AND (N) 

5. Inclusive OR (0) 

6. Load (L) 

7. Command (C} 

8. Test (T) 

9. Branch On Condition (B) 

10. Do (D) 

(See the Micro-Instruction Reference'Man­
ual for a detailed description of micr­
instructions.) 

The Processor has two-way communication 
channels with the Input/Output controllers 
and core memory system. These communi-

. cation channels and the Processor internal 
registers employ an eight bit word length. 
Data is transferred within the Processor 
via eight bit B and S buses. The Processor 
performs micro-instructions by gating infor­
mation from one location to another intern­
ally, or by sending signals to the units it 
controls. 

Basically, the Processor <•xccutcs succes­
sive micro-instructions read from thl' HOM. 
Together, these micro-instructions make.• 
up a micro-program which l'('ads a user 
i nstruC'tion out of core memory, decodes 
it, <'X('Cllt.<'l:l It, and tlwn n·peutH tlw pro­
cc~Hs for· llw rwx1 llH<'I' i11HI l'll!'tion. 
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4. DOCUMENTATION 

This Section de8cribes the style and con­
ventions used with GE-PAC 30 <;locumen­
tation. 

4.1 Numh<•J' Notation 

The most common form of number notation 
used in GE-PAC 30 documentation is hexa­
decimal notation. In this system, groups 
of four binary clig-its are represented by a 
single hexadecimal digit. Table 2 lists the 
hexadecimal characters employed. 

To differentiate between decimal and hexa­
decimal numbers, hexadecimal numbers 

re preceded by the letter "X", and the 
;umber is enclos<•d in single quotation 
narks. Examples of hexadecimal numbers 
• n· X 112:M 1 , X'!lEC6', X'A340', X'EEFA', 

:11Hl X'l0B9'. 

·!. 2 Part Numbering System 

GE-PAC 30 parts, drawings, and publica­
tions employ a common numbering system. 
The part number and drawing numbers for 
drawings which describe the part are re­
lated. The publication number is also 
often related to the part number of the 
device or program described. Figure 9 
shows the format used for GE-PAC 30 
part numbers. The fields are described 
in the following paragraphs. 

4.2.1 Categorv Field. The 2-
digit Category number indicates the broad 
class or category to which a pa1·t belongs. 
Typical examples of cal<·gcll'.\' number as­
signments arc: 

01 - Basic Hanlwan· Systvms 

02 - Basic Hardwarc Expansions 

03 - Basic Software Systt>ms 

04 - Basic Softwan' Expansions 

05 - Major Application Programs 

06 - Self-contained Utility Programs 

07 - Subroutines of Genl•ral Utility 

10 - Spa re Pa t'LR Packag<·s 

12 - Card File Asscmbliei; 

13 - Panels 

17 - Wire and Cables 

19 - Integrated Circuits 

20 - Transistors 

27 - Peripheral Equipment 

29 - Manuals 

TABLE 2. HEXADECIMAL NOTATION DATA 

Bi.nary 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 :l 1001 ~) !l 1111 15 F 
0100 4 ·l 1010 10 A 
0101 5 5 1011 J I B 

9 
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Figure 9 Part Number Format 

:34 - Pqwer Supplies 

:1:-; -· .\ss<·mhll'd Print(.~d Circuit Boards 

:lfi -- Ell'elto-Mcehanical Devices 

I. 2. 2 Sequence Field. The 
ScqLwn<·t· 1H11nl><·r identifies a particular 
it<· 111 \\it Iii 11 t ht· ('atc·go r,v. Sequence num-
1 it· rs ar·<· :1ssig'IH·d s<•ri~illy, and have no 
otlH · 1· sign i fi('ancl'. 

NOTE 

The· Sequence Field, like all 
other part number fields, may 
be lengthened as required~ 
Tlw field lengths shown Oh 

l<~igure 9 are minimum lengths 
(insignificant zeros must be 
added to mainfain these 
minimums). 

·I.~. :1 Manu:·acturing Variation 
Fil'ld. Tht• optional Manufacturing Varia­
tion Field consists of the letter "M" fol­
lowed bv t\v<1 digits. 

NOTE 

A part number must contain 
a Catq~ory numb('r and a 
Sequence number. All other 
fields :' .·e optional. 

ThP M J'kld is uspd to distinguish betW('<'ll 
p:r,rls whi<'h :rr<· <'kdrkally and nwt~hani­
<':tlly t·quiv:1l<•11t ti111<-n·hanJ,?;(•al>I<'), hut 

LO 

·which vary in mPthod of manufactun>. l•'o.r 
example, if leads a re we ld(.>d instead of 

soldered on an assembly, the M Fi(:'ld 
changes. 

An important <'xception to the meaning- of 
the M Field exists for cat(•gories rt~lated 
to software. Here tlw M Field number, 
when used, indieates the form in which a 
particular program is presented. For ex­
ample, define a program as a set of mach­
irw instructions. Th(•sc same identical 
instructions may b(• present<•d on punehcd 
cards, paper tape, or mabrnetic tap<.~; and 
for any of these they could he in symbolic 
form. Thus, there arc :tnany ways to pre­
sent the same identical program. These 
ways are identified by the M Field numbers 
as follows: · 

MOl - Symbolic Punched Cards 

M02 - Relative Binary Punched Cards 

M03 - Absolute Binary Punch<.'d Cards 

M04 - Symbolic Magnetic Tape 

MOS - Relative Binary Magnetic Tape 

MOfi - Absolute Binary Maf;;netic Tape 

M07 - Symbolic Punched Paper Tap(' 

MOH - H<>lati\'<' Bi nan Punelwd P:lp•· r 
Tape 



M09 - Absolute Binary Punched Paper 
Tape 

l\110 - Bootstrap Binary Object Punched 
Pape' r Tape · 

Mll - Hpad-Only-Memory (ROM) Ab­
solut(· Binary Object Punched 
Paper Tape 

M12 - ROM Wiring and Test Set 
(ll<)MWATS) Wiring Punched 
Paper Tape 

Ml3 - ROMW ATS Check Punched 
Paper Tape 

M14 - Binary 8-bit Paper Tape 

4. 2. 4 Functional Variation 
Field. The optional Functional Variation 
Fi"ld consists of the letter "F" followed 
by two digits. The F Field is used to 
distinguish between parts which are not 
necessarily elcctl'ically or mechanically 
equivalent, but which are described by the 
same set of drawings. For example, a 
power supply may be strapped internally to 
opei·ate on either 110 vac or 220 vac; Ex­
cept for this strap, all power supplies of 
this type are identical. The strapping op­
tion is easily described by a note on the 
assembly and test specification drawings. 
Therefore, this is a functional variation. 

4. 2. 5 Revision Field. The op­
tional Revision Field consists of the letter 
"R" followed by two digits. The R Field is 
used to indicate minor electrical or mech­
anical changes to a part which do not change 
the part's original character. R Field 
changes often reflect improvements. Parts 
with different R Fields arc not necessarily 
electrically or mechanically interchange­
able. 

4. 2. (i Drawing Field. Tht• op­
tional Drawing Fil' Id c·onsiHts of a leUt• r 
ll'ollt "A" to "10:" f1dlnwt•d hv two digilH. 

The letter indicates the size of the or·iginal 
drawing. The sizes for each ldt<'r are: 

A - 8~" X 11" 
B - 11" X 17" 
c - 1 7" x l2" 
D - 22" X :34" 
E - :~4" X 44" 

The two digits indicate the drawing type as 
follows: 

01 - Parts Lists 

02 - Machining Details 

03 - Assembly Dctai ls 

04 - Lettt'ring Details 

05 - Art Details 

06 - Wire Hun Lists 

07 - Hcvision Control 

08 - Schematics 

09 - Test Specifications 

10 - Specifications 

11 - Bill of Materials 

12 - Information 

13 - Program Listings 

14 - Abstracts 

15 - Program Descriptions 

Ui - Operating Instructions 

17 - DPsii:;i1 Speeifieat ion~ 

IH Flow ('harts 

11 



·L 2. 7 Examples. The follolYing 
list providt•s some examples of the part 
numbering system. The numbers were 
arbitrarily selected, and in most cases 
are fictitious. 

'35-0GO 

:~5-0GOMOl 

35-0GOFOl 

:l!"i-OiiOHOl 

:F>-060A01 

35-060R01 BOB 

06-072 

OG-072A13 

OC-072MO:~ 

12 

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

A printed-circuit board 
electrically and mechan­
ically interchangeable 
with the 35-060, but dif­
fering in method of 
manufacture. 

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

A revised 35-060 printed­
<'i rcuit board, not neces­
sarily electrically and 
mechanically interchange­
able with the 35-:060. 
Probably supercedes the 
:35-060. 

The 8~ by 11 inch parts 
list for a 35-060. 

The 11 by 1 7 inch sche­
matic for a 35-060R01. 

The 72nd utility program 
assigned a part number. 

An 8 ~ by 11 inch listing 
of the 06-072 program. 

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

0{)-072Al2 

2~J-0(>0 

An 8~ by 11 inch infor­
mation drawing on the 
06-072 program. Prob­
ably a manual describing 
the program. 

The 60th manual assii-,•1wd 
a number under this 
system. Note that this 
number is not referenced 
in any way to the part 
number of equipment des­
cribed in the manual. 

4. 3 Drawing System 

This Section describes the drawings pro­
vided with GE-PAC 30 equipment. Note 
that drawings provided with peripheral de­
vices and other purchased items may vary 
from the system described in this Section. 

A digital system may be divided into a col'­
lection of functionally independent cirucits 
su<~h as core memory, processor, I/Ode­
vice controllers, read-only-memory, etc. 
These circuits may or may not be saleable 
units in their own right, but in the electri­
cal sense they are essentially self contained 
and capable of performing their function 
with m1nimum dependence on other func­
tional circuits in the system. Hence a 
functional circuit is treated as a building 
block. Each functional circuit is described 
electrically by a detailed Functional Sche­
matic (FS). Each FS contains a variety of 
information including type and location of 
daughter-boards or discrete intergated cir­
cuits (IC's), pin connections, all intercon­
nections within the FS, mother-board 
connector pin numbers and connections to 
other FS's. Further, the FS's are drawn 
to reflect, in an orderly fashion, all logical 
operations performed by the circuits. 

Generally, symbols used on FS's conform 
to MIL-STD-806B. All pins are numbered 
a R shown earlier in this Chapter on Figure's 
4 ;111d G. In FS drawings, a daughter-board 
i:~ t l'<'ated as a dispmmble package in the 



same sense that an IC or a transistor is 
considered as disposable. Thus, symbols 
for daughter-boards are presented on a 
daughter-board terminal basis. This does 
not necessarily reflect the actual physical 
layout of the board. For example, if only 
two diodes and the collector of a 4-input 
NAND gate arc available at pins on the 
daughter-board, the symbol used on the ·Fs 
drawing for that gate indicates a two input 
NAND. 

Specific IC pin numbers within a daughter­
board are considered inaccessible as far 
as FS drawings are concerned. The 
daughter-board pins on the other hand are 
:tC"ecssible. Therefore, the daughter-board 
pins arc shown on the FS. If any connection 
is contained completely within the daughter­
board, no pin numbers are indicated. 
\.\'here IC's, transistors, or other discrete 
components are mounted directly on the 
mother-board, symbolic notation and pin 
numbering conform with the standards es­
tablished by the industry. 

Hcg"istcrs are named according to the fol­
lowing rules: 

1. The register mnemonic name 
has a maximum of three let­
ters, excluding "I, 0, Q, and 
Z". 

2. Each bit in the register is num­
bered, usually starting at 00 on 
the left, 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 Signifi­
cant Bit and the N-1 is the 
Least Significant Bit. 

The components on any given mother-board 
may be contained on plug-in daughter­
boards, they may be connected directly to 
the mother-hoard, or there may be a com­
l>ina Uon of both. The technique for ldpnli­
fyinp; and locating the components, and 

their pin numbers, is described in the 
following paragraphs. 

First consider the case where all compon­
ents are mounted on daughter-boards. In 
a few cases, one descriptive symbol can 
be assigned to a complete daughkr-board. 
Generally though, it is more convenient to 
draw discrete logic elements (gates, flip­
flops, etc.) rather than to develop special­
ized symbols for each and every daughter­
board. Regardless of the symbol, all pin 
numbers and device identification numbers 
are relative to the daughter-board rather 
than to the specific IC's, transistors, etc. 
No specific information is shown on the 
FS that locates a device internally on a 
daughter-board. Four different pieces of 

· information are indicated for a logic sym­
bol when the device is contained on a 
daughter-board. 

1. Daughter-Board Type 

2. Mother-Board Location 

3. Daughter-Board Pin Numbers 

4. Daughter-Board Location 

The daughter-board type is identified by its 
part number (category and sequence field). 
All daughter-boards have the number 35 in 
t.he category field. Following the daughter­
board type number are three or four char­
acters used to identify which mother-board 
contains the daughter-board. (If all daughter­
boards on an FS sheet are on the same 
mother-board, the mother-board is identi­
fied in a footnote.) If possible, the mother­
board is located absolutely by the back 
panel connector number that it plugs into. 
However, in many cases an absolute loca­
tion cannot be specified for a mother-board, 
particularly in the case of I/O control cards 
and memory, where the same mother-board 
may be used many times. · 1/0 mother­
boards ure identified mM"monicall~ usi.ng 
thret' characters. Herc tht' lt•adin~ lWll 

characters arc upper case letters, while 
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the last character may optionally be a 
number that specifies which mother-board · 
in cases whore more than one mother-·"' 
board of that type is provided. For example..i 
MEO and MF:l for Memory boards Q and 1 
respectively. Figure 10 shows the symbol 
for a thn'e-input NAND gate on the MEI 
board. Note that 35-XXX is the daughter­
board type, and MEl is the mother-board 
containing the circuit. When possible, the 
designations are written inside the symbol 
as shown. The daughter-board type number 
must be shown for every symbol. 

21-21 

31-21 11-21 
41-21 

Figure 1 O Three-Input NAND Gate Symbol, 

Wire Wrap Mother-Board 

As mentioned previously, only daughter­
board pin numbers are shown on FS draw­
ings. Thes~ pin numbers correspond 
directly with the mother-board pin numbers 
within a mother-board field. Every con­
nection available to a device via a daughter­
board pin is shown. This is done by 
writing the pin number first, followed by 
the mother-board field number that contains 
the pin. Therefore, the pin numbering sys­
tC'm for FS drawings indicates the position 
of the daughter-boarci. .1 terms of the 
mother-·board field (s) that it covers) as 
well as the pin number within that field. 
Thus, the output from the gate on Figure 10 
appears at mother-(and daughter-)board pin 

number 11, in mother-board field. 21 on the 
MEI board. When !C's ar(• mounted direc­
tly on the mother-board, they must be 
located in either the Left (L) or the Right 
(H) position within a mother-board field. 
Each symbol is labeled on the FS with the 
d(wice part number (category and .sequence). 
The category number for IC 's is 19. Thus, 
a power gate mounted directly on a mother­
board is indicated as shown on Figure 11. 
Note that the pin numbers correspond dir­
ectly with the actual IC pin numbers. Note 
further that the mother-board field number 
is 10 and the the IC is in the Left position 
in that field. Figure 12 illustrates the 
method used to determine companent loca­
tion on a copper mother-board. Note that 
the same basic zone system employed on 
the wire-wrap boards is used on the copper 
mother-board as well. Use zone 26 as an 
example. Note that each zone is divided 
into two halves. The halves are designated 
Left and Right from the capper side. There­
fpre, the Left and Right zones are reversed, 
as indicated, if viewed from the apparatus 
side. Up to six other components (resistors, 
capacitors, and/or diodes) can be located 
in each half of the zone, in addition to the 
integrated circuit module. Three locations 
are provided above the integrated circuit 
module, and three locations are provided 
below the integrated circuit module. The 
locations are numbered one through six 
from bottom to top. As shown on Figure 
12, the companent designations take the 
form 26LR6, where 26 is the zone, Lin­
dicates the Left side of the wne as viewed 
from the copper side, R designates a res­
istor, and 6 is the component location. A 
capacitor in the same position would be 

6FS2 21-40 ~..ai~-----1-9_-00--..... 
,__.-..----1 IOL 6 NAMED IO l>------;.;.;.;.;,;.;.;;.;;,.,;.12 

2 Cl CVt 
CL p 

8 3 

18 

2FS2 

Figurt:) 11 Power Gate Symbol, Copp(H Mothf}r-Hoard 
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Figure 12 Typical Copper Mother- Board, Component Location Diagram 

designated 26LC6; a diode would be desig­
nated 2f>LD<1. Up to 21 test points are pro­
vided at the rear of the mother-board. The 
test points are lettered bottom to top from 
A through Y (omitting I, 0, L and Q). The 
A test point is always ground. 

A net is defined as an electrical connection 
between two or more points in a circuit. 
Ordinarily, a net has an originating end 
(usually a collector where the signal is 
generated) and one or more terminatinr~ 
ends. Often it is convenit>nt to assign 
descriptive mnemonic names to nets as a 
way of identifying them on FS's. Wheth1•r 

a net is named or not is sometimes arbi­
trary. However, a net is always assigned 
a name if: 

1. The net is contained on one 
drawing sheet but is not shown 
as a complete solid line on that 
sheet. 

2. Part of the net appears on 
more than one sheet. 

3. Part of the net connects with a 
different FS. 
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4. Part of the net leaves a 
mother-board. 

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

lH 

1 • All mnemonic names are a 
maximum of five characters. 

2. All decimal digits and upper 
case letters except the let­
ters "I, 0, Q, and Z" are 
permitted. 

:.L No other characters permitted. 

4. Where possible, mnemonics 
are descriptive. However, 
it should be recognized that 
descriptive names are not al­
ways possible and a danger of 

. misinterpreting a mnemonic 
exists. 

5. Mnemonic names are not 
repeated within an FS. 

6. . Every mnemonic is suffixed 
· by a state indicator. This 
indicat<>r consists of the digit 
"l rt for the logically true state, 
or the digit no" for the logical­
ly false state. For example, 
the set side of a flip-flop would 
have the "1" state indicator. 
while the reset side would have 
the "O" state indic'ator. The 
state indicator for a function 
changes each time that func­
tion is inverted. Thus• the 
state indi<;lator permits as­
signing the same mnemonic 
to functions that are identical 
except for an inversion. 

7. When ·i logical function is in­
verted, an inversion indicator 
is added after the state indica­
tor. This allows for functional­
ly equivalent, but electrically 

different nets to have the same 
mnemonic name~ For e"ample, 
assume a signal NAMF~. NAME} 
may be inverted to produce 
NAME.fl. If NAMEJ> is thea 
inverted, NAME}A is pro-
duced. NAME) and NAM~A 
are functionally equivaleRt, 
but physically different nets. 

Sometimes a net fans-out to many sheets. in 
an FS. It is also possible for a net to fan­
out to sheets in d.ifferent FS's. In these 
situations, the net is assigned a mnemonic 
name. The net is also t 1zoned11 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 gener­
ated. All other points to which the net con­
nects are called terminating ends. When a 
lead leaves a sheet at the originating end, 
it is zoned to each and every sheet ~>n 
wnich the net reappears, by indicating first 
the page number, followed by the FS num­
ber that contains that page. For example, 
assume that the gate shown on Figure 11 is 
on FSI, sheet 20. The output. NAMF,O, 
appears on sheets 10, 12 and 18 of FSl. 
Note that the FSl 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 11, the ENBI,t. 
may, however, have many other termina­
tions in addition to the one shown. General­
ly then, when a net leaves the sheet where 
it originates, it is zoned to every other sheet 
where the net terminates. while the termina­
ting end is zoned only to the orignating sheet. 

When a lead leaves a mother-board, it us­
uaJly does so through· a mother-board back 
panel connector pin. These connector pins 
:must be shown on the FS even if the· 
complete net is shown on one drawing sheet. 
Only the connector pin number nee-d be in­
dicated under the pin symbol, since the 
connector number itself is implied by th~ 
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mother-board location number in the logic 
symbol or in the footnote. Thus, on Figure 
11, GLKO enters the CUl mother-board on 
pin 103 of the lower connector. 

Sometimes, particularly in the 1/0 area, 
Ntbles enter and leave via special daughter­
boards plugged directly into the mother­
board. Here the same s~·mbol is used, but . 
it is labeled as standard daughter-board 
pins. For example, on Figure 11, ABTO 
enters C Ul via a cable connected to a 
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daughter-board plugged into Field 40, to 
Pin 21. Figure 13 is a typical FS s~eet 
with call-outs illustrating many of, ·· 
cqnvcntions described in this Secti 

The FS drawings for the basic Digital 
System and some of the more common ex­
pansions are included in Volume 2 of this 
manual. FS drawings for other expansions 
ar~ included with the e>..-pansion or in pub­
lications which describe the expansions. 
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THE GE-PAC 30-1 PROCESSOR 

1. INTRODUCTION 

This Section describes the 30-1 Proces­
sor. Refer to the General Description 
Section earlier in this manual for a descrip­
tion of the functioruil organization of a 
GE-PAC 30-1 Digital System. This Sec­
tion includes a block diagram analysis, 
functional descriptions which reference 
schematics provided in Volwne 2 of this 
manual, maintenance information, and 
a mnemonic list. 

2. BLOCK DIAGRAM ANALYSIS 

Figure 1 is a block diagram of the ~Q-1 

Digital System. The heart of the 30-1 . 
is the Read-Only-Memory (ROM). The 
ROM permits micro-programming the 
30.-1 to appear as though it has the capa-
bilities of a much larger computer. The 
operation of the 30~ 1 is directed by a 
program wired into the ROM. When exe­
cuting the instructions of the emulated 
computer, the micro-program directs the 
hardware to read the next instruction to be 
executed from core memory. The micro­
program then decodes the emulated (user's) 
instruction by performing logical and arith­
metic operations on the data that was ob­
tained from memory. Having decoded the 
instruction, the micro-program then enters 
a micro-subroutine that has been designed 
to perform the emulated instruction. The 
loop is then closed by incrementing an em­
ulated instruction counter and returning to 
the point in the micro-program that will 
fetch the next instruction from memory. 
By adding the logic necessary to start, stop, 
and select a starting address for thl' micro­
program, the machine is made to appear 
much larger. 

The micro-program wired into the Read­
Only-Memory consists of combinations of 
16 micro-instructions. The 16 micro­
instructions the 30-1 executes, and their 
operation codes, are listed below. for a 
detailed explanation of each instruction, 
refer to the Micro-Programming Reference 
Manual, Publication Number 29-0l 7R01. 

INSTRUCTION OP'.'"CODE 

DO 0000 

Branch 0001 

Test 0010 

Command 0011 

Load 0100 

Load Immediate 0101 

OR 0110 

OR Immediate 0111 

AND 1000 

AND Immediate 1001 

Exclusive OR 1010 

Exclusive OR Immediate 1011 

Add 1100 

Add Immediate 1101 

Subtract 1110 

Subtract Immediate 1111 

1 



·------------------ --~----~------ .~~-
--~---~ S BlfS -----.----,,~-...-r.--.:--· . . . . .. 8 8-~-SC: --8 

RAL 
0 7 

'8 

MAH MAL 
~o_....,......~:r~ _o~....,......~7-

8 8 

TO t 0

/0 
OEVIC£ 
CONTR0'u:tA 

FROM I:\10 
DEVICE 
CONT Rtl'l:l:.£1' 

ROM CORE ME'MORY 

16 

0 
RD 1 · () MOH 7 O MDL 7 0 7 

:JS 

CONTflOL 
LOG1C 

DO 

B'ltAJllCH OR 
UIMtOIAi'E· 

8 

ALU 

8 8 

•• 8US 

RO 
RI 

R3 
R4 

R6 

R7 

8 8 

TO 1/0 
OEVH:t 
COtif't'RCJL LE R 

Figure 1. GE-PAC 30-1 Digital System, Block Diagram 

The Read-Only-Memory (ROM) contains the 
micro-code program to fetch, dee-Ode and 
execute the us~r 1s instructions stored in 
the Core Memory. The ROM is a high speed, 
non-volatile, memory made up of pulse 
transformers. (See the ROM section of this 
manual.) 

The Processor executes micro-instructions 
extracted from the Rea.d .. Only-Memory (ROM) 
by gating data through the Arithmetic Logi­
cal Unit (ALU). All data is transferred 
within the Processor on the eight bit Band 
S Buses shown on the top and bottom of 
Figure 1. 

The location of the micro-instruction extrac­
ted from the ROM is designated by the twelve 
bit address contained in the ROM Address 
Lower register (RAL), and the ROM Address 
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Slave register (RAS). RAL is an ei.ght bit 
micro-instruction location counter. It ts 
loaded with the contents of the S Bus during 
a Branch instruction or when specified ·3.'S a 
Destination register, and increm-et:ited ;ey 
one between execution of all other instruc­
tions. RAS is a four bit register that holds 
the ROM page address. It is loaded with 
the contents of the ROM Address Higher 
register (RAH) whenever RAL is loaded 
from the S Bus. Neither the RAS nor the 
RAL are involved in the incrementing of 
the RAL. Therefore, to transfer from one 
page of 256 words of ROM to another, the 
destination page number is first loaded into 
the RAH from the S Bus. When the looa.tion 
address is loaded into RAL, RAS is loaded 
with lhe contents of RAH. This insures that 
the new location address and page address 
are sensed in the ROM address decoders 
simultaneously. 



F.very micro-instruction extracted from the 
HOM is placed in the HOM Data Register 
(RD) where it remains while the instruction 
is executed. RD is a 16 bit micro-instruc­
tion register. It is reloaded from the ROM 
at the completion of each micro-instruction. 
The outputs from RD are DC inputs to the 
Control Logic. The Control Logic directs 
the Processor actions based on the contents 
of RD. 

Within the Control Logic, the instructions 
are decoded to activate gating leads to the 
ALU. The Source and Destination address 
are decoded, and the signals to unload reg­
isters to the B Bus and load registers from 
the S Bus are generated. Core memory 
;ictions are initiated from Control and the 

gnals directing the clock system and ini­
tialize circuits are also maintained. RD 
bits 0 :3 are decoded as the operation code 
of the micro-instruction being executed, ex­
cept during a DO instruction. During a DO 
instruction, bits 0:2 of the DO Flag Register 
are decoded as the operation code. 

RD bit 3 determines Immediate instructions. 
An Immediate instruction is one that has the 
specific data to be manipulated appended to 
the instruction word itself. During execu­
tion of an Immediate instruction or a Branch 
instruction, RD bits 8:15 are gated onto the 
B Bus and treated as data. Since bit 3 of 
the DO Flag Register is not decoded during 
a DO instruction, Immediate instructions 
cannot be implemented. 

The D field (4:7) of the RD register specifies 
the destination of the micro-operation per­
formed in the ALU. The result of the micro• 
operation is pl@.ced on the S Bus by the ALU 
and then gated from the S Bus to the destina­
tion register specified by the D field. 

The S field of the RD register (8:11) selects 
the register to be gated to the B Bus. This 
register is the source of one operand to be 
used in arithmetic and logical operations. 
The source of thL~ other operand is always 
assumed to be the A Register (AR). 

The E field of the RD register (12:15) is an 
extended micro-operation modifier. This 
field permits control of such things as flags 
and carries, or shifting and one's comple­
menting operations. 

The DO Flag Register (DFH) serves as an 
eight bit general purpose register, in addi­
tion to being the memory for flags indicating 
the results of the micro-instructions and the 
source of op-codes during execution of 00 
instructions. The DFR can be loaded with 
the contents of the S Bus or unloaded onto the 
B Bus. The DFR can be considered a8 
separate four bit registers. The flag ·regis­
ter portion (bits . contains four flags: 
Carry (C), Overflow (V), Greater (G), and 
Less (L). These flags may be set or reset 
upon conclusion of arithmetic and logical 
operations and tested by the Branch micro­
instruction. The DFR bits 0:3 form a four bit 
register. The most significant two bits are 
used as the Op-Code of the micro-operation 
when a DO micro-instruction is loaded into 
the RD register. The DO micro-instruction 
therefore directs the micro-processor to 
execute the micro-instruction located in the 
DFR. This provides a means of performing 
multiple functions with a single Iljicro-sub­
routine. 

Th.e register stack consists of eight general 
purpose registers (RO through R7). These 
registers are each eight bits long and may 
be considered as a high speed working 
memory for the micro-computer. Designa­
ting one of these registers in the Source 
field (S) of a micro-instruction causes its 
contents to be placed on the B Bus. De­
signating one of these registers in the 
Destination field (D) causes it to be loaded 
with the data present on the B Bus. 

The Arithmetic Logic Unit (ALU) normally 
performs the micro-instruction in RD. The 
specific operation executed, is determined 
by the gating leads activated as the Control 
Logfo decodes the micro-instruction. 
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Th~. B Bus is always input as one operand 
to the ALU. The other operand is taken 
from the A Register (AR). The AR is an 
eight bit register that can be loaded from 
the S Bus and input to the ALU as an operand, 
if specified by the instruction being executed. 
Therefore, the ALU manipulates data re­
ceived only from the B Bus, or data re­
ceived from both the B Bus and the AR. 
The output from the ALU is gated onto the 
S Bus. 

The Core Memory is the source of User in­
structions and data constants. It consists 
of ferro-magnetic cores and contains from 
2K to 32K 16 bit locations. (See the Core 
Memory Section of this manual. ) Memory 
operations are initiated by the Control Logic 
during execution of a Command micro-in­
struction. The location extracted from 
core memory is designated by the two eight 
bit memory address registers, MAH and 

. MAL. Memory Address Higher (MAH) con­
tains the most significant eight bits. MAH 
and MAL are loaded from the S Bus prior to 
the memory operation. Together, MAH and 
MAL form the 16 bit memory address. The 
core memory reads and writes 16 bit words. 
The two eight bit Memory Data Registers 
(MDH, MDL) hold the 16 bits read from, or 
written into, memory. Memory Data Higher 
(MDH) and Memory Data Lower (MDL) can 
be loaded from the S Bus in preparation for 
a memory write operation, or unloaded onto 
the B Bus following a memory read operation. 
Memory timing considerations are resolved 
by the Processor. If the micro-program 
tries to unload the Memory Data Registers 
immediately following a memory read, the 
Processor simply waits until the data is 
available. Non-memory directed micro­
operations may be interleaved with the mem­
ory operations for maximum speed. 

The System Control Register is an eight bit 
instruction register for the device control­
lers. It is loaded with the contents of the S 
Bus and output to the device controllers. 
Each bit of the SCR directs the device con­
trollers to load data into, or accept data 
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from, the System Data Register (SDR). The 
type of data to be loaded or unloaded is 
determined by the bits of the SCR. When 
the device has performed the function in­
dicated by the SCR, it responds by raising 
the Sync line. The status of this line, and 
others, may be ascertained by the Test 
micro-instruction. 

The System Data Register (SDR) serves as 
a buffer between the Processor and device 
CQntrollers. During Write operations, SDR 
is loaded from the S Bus, and output to the 
device controllers. During Read operations, 
data is gated into SDR with the returning 
Sync pulse, and then unloaded onto the B Bus 
by the micro-code. 

3. FUNCTIONAL DESCRIPTIONS 

This Section provides descriptions of the 
major Processor functional groups. The 
descriptions reference both simplified 
drawings provided in this Section, and 
Functional Schematics provided in Volume 
2 of this manual. 

3. 1 Clock Control 

The clock generator and the clock skipping 
circuits are shown on FS22-28, and are 
located on the C02 mother-board. The 
clock system for the 30-1 employs a 
crystal-controlled 2. 7MC oscillator. The 
crystal itself is mounted with a voltage 
divider on the daughter-board in location 
37. The output from the crystal circuit 
feeds the oscillator in location 36, which 
amplifies the crystal output. The amplified 
sinusoidal output, osc;1 on pin 10 of the 
oscillator, varies between ground and +5V. 

OSC} is connected to the T input of a JK 
flip-flop. When the flip-flop is reset, the 
high output CLKOFI)O is ANDed with osq1 
to develop the RAWCLK input to the pulse 
shapers. When the flip-flop is set, CLKOF~O 
goes low. preventing osc;1 from developing 
RAWCLK, and inhibiting the clock outputs. 



The J input of the CLKOFF flip-flop is tied 
to ground on the back panel. The K input is 
designated V~O. When the system is initia­
lized, SCL~O and V~O go low. SCLRp sets 
the CLKOFF flip-flop. As long as VIJO is 
low, the negative transition of OSC11 cannot 
reset CLKOFF, and clock pulses are inhibit­
ed until the initialize sequence is termin~ted. 
At this time V~O and SCLRJ> go high. 
C LKOF F resets on the next negative going 
transition of the oscillator output, enabling 
OS<;,1 to develop the RAWC LK input to the 
pulse shapers. 

The low going result of ANDing osg1 and 
HAWCLK is ORed with the normally high 
EXTCLKJ> lead. This lead is provided so 
that an external clock ip.ay be used to run 
the system during trouble-shooting or mar­
ginal testing. This is accomplished by 
grounding the CLKOF~O lead at pin 110-1 
on the back panel to disable the internal 
oscillator, and then pulsing EXTCLJSO w~th 
a low-going output from an external oscilla­
tor. ~he external oscillator used should 
meet the followiD:g specifications: 

1. square wave oscillator 
2. logic levels 0 to + O. 45 vdc for 

3. 
4. 

logic ZERO, 2. 6 to 5 vdc for logic 
ONE 
frequency -
output drive 

up to 2. 7 MC 
6 milliamps 

The output of the OR gate, RAWCLKp, is 
available at Test Point Von C02. RAWCLK 
is next applied to 3 pulse shapers. The pulse 
shapers each contain two potentiometers. 
One potentiometer varies the pulse width, 
the other potentiometer varies the de lay 
time. The procedure for adjusting these 
potentiometers is explained later is this 
Section. The outputs from the pulse shap­
eri-; occur at the clock frequency, and are 
inhibited only when the system is initialized. 

The output from the pulse shaper in position 
46 is inverted to form the Current Drive 
pulse (CqC>) for the ROM. CDO is available 
at Test Point G on C02. The output from 
the pulse shaper in position 35 is ANDed with 
LRAl.J> and CLKSTJJO to develop STRBJ>, the 
strobe pulse for the ROM. STR:eyl is avail­
able at Test Point D on C02. The output 
from the pulse shaper in position 44 is 
ANDed with LRAI,,O and CLKSTJ30 to de­
velop the system clocks, crpn and CLOE. 
CLpD is available at Test Point E on C02. 
ClpD is used primarily to gate data into the 
Processor registers. C1JOE is used ~o gate 
information into the memory registers. 

Two other inputs are used to develop C~OD, 
Cif>E, and STRey>: LRAIJ> and CLKST~O. 
These are clock inhibits used to prevent 
generation of timing functions at specific 
times. 

The normally high CLKST!lO lead becomes 
active (low) when a memory operation is at­
tempted and the memory is not ready. This 
inhibits the ROM strobe (STRI~)) and the 
system clocks (Cl;OD and CJ;OE), allowing 
the Processor to wait for the memory opera­
tion to be completed. The CLKSTIJO signal 
is controlled by the two JK flip-flops shown 
at the top of FS22-28. 

The flip-flop on the left inhibits c:r,on, C1iOE I 

and STRJ)O if the micro-code program directs 
the Processor to unload the Memory Data 
Higher (MDH) or Memory Data Lower (MDL) 
registers after a memory cycle has been 
initiated and the data is not yet available. 
The low active, Unload Memory Data Higher 
(UMDJY>) and Unload Memory Data Lower 
(UMDijO) signals are ORed and then ANDed 
with the set output of the JK flip-flop shown 
on the left. The state of this flip-flop is 
controlled by the Memory Data Available 
signal (MDA 'JO) coming from the core 
memory. 
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MDA \JO is low if there is no memory opera­
tion in progreAs, or if a memory read is 
being executed and the readout is available 
in the Memory Data Register (MDR). 
MDA ~O resets the flip-flop, preventing it 
from inhibiting the clock outputs. If mem­
ory is in the first half cycle of a memory 
read, MDA \)0 is high causing the JK to set 
at the trailing edge of the next system clock. 
If the micro-code program attempts to un­
load the Memory Data Register with this flip­
flop set, the CLKSJ30 signal goes low, stop­
ping the clock. When memory data becomes 
available, MDA \jO goes low, the JK flip-flop 
resets, and CLKSTIJO goes high, enabling 
clock pulses to be generated to unload the 
Memory Data Register. 

Notice that the clock which triggers the flip­
flop is not inhibited by CLKSTJ)O. As soon 
as memory data becomes available, the 
flip-flop is reset on the trailing edge of the 

. next pulse. Since STRI}O was inhibited by 
the C LKSTIJO signal, the next ROM instruc­
tion word was not read out and UMDJY) or 
UMDI,O remained low while the clock was 
stopped. 

Since memory operations are asynchronous 
with the system clock, the flip-flop guaran­
tees that a clock pulse will not be shortened 
when data becomes available. 

The other JK flip-flop capable of developing 
CLKST!JO also has an input from memory. 
This lead, Memory Busy (MB~lA), is nor­
mally low, holding the flip-flop reset. 
MBI)lA goes high and sets the flip-flop when 
any memory C?peration is initiated, and then 
remains high for the full memory cycle. If 
the micro-code program attempts to load 
any memory register or initiate another 
read or write cycle, the LMST). lead (FS22·-
28J2) goes high. LMS1J1 is ANDed with the 
set output of the JK flip-flop to develop the 
CLKSTJ30 signal which prevents generation 
of CI,OD, Cl;OE, and STRijO. At the con­
clusion of the initial memory operation, the 
MBYJA lead goes low, allowing the next 
clock pulse to reset the flip-flop. With the 
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flip-flop reset, CLKSTIJO goes high enabling 
ClpE, ClJOD, and STRBj). The pending 
memory operation is then executed. 

The other .function which inhibits CI;OD, 
CLpE, and STRl}O is the LRAL)> function. 
LRAIJ) is normally high, and goes low to 
stop the clock when one of the following 
micro-ops is being executed. 

1. Load RAL 
2. Branch 
3. Add 
4. Subtract 
5. Unload SDR 

Stopping the clock for the first two micro­
ops permits sufficient time for the new ad­
dress to be decoded in the ROM decoding 
matrix. Stopping the clock for Add and Sub­
tract permits sufficient time for the "worst 
case" carries to propagate through the 
arithmetic system. Stopping the clock for 
the last micro-op insures sufficient time for 
the data register to be loaded by the return­
ing sync pulse, following a data request. 

The flip-flop shown on FS22-28C7 provides 
the capability of skipping one clock pulse 
while performing Add, Subtract, Branch, 
Unload SDR, or Load RAL micro-ops. The 
J input to the flip-flop is normally low and 
becomes high if any one of the five micro­
instructions listed previously is executed. 
The J input is fed by two NAND gateswhose 
outputs are tied together. A low signal is 
required at the input of each gate to make 
the output go high. During a Branch instruc­
tion, BRAO is low, forcing both NAND gate 
outputs high. During Add or Subtract, Lj) 
is low, forcing both outputs high. During a 
Load RAL instruction, · LRl~O is low, causing 
one NAND gate output to be high. BANK)> is 
high forcing the other NAND gate output high. 
While unloading the System Data Register, 
us~o is low, and forces both outputs high. 
The high preset on the J input of the flip-flop 
is ANDed with the reset output from the flip­
flop, which is high until the trailing edge of 
the next clock pulse. The output from this 



gate, LHA!Jl, goes low and inhibits CLOE, 
CLOD, and STRI.}O. With a high on the J in­
put to the flip-flop and the K input tied to +5 
volts, the flip-flop complements on the next 
clock pulse. With the flip-flop Set, the reset 
output goes low, forcing LRALp high and once 
again CLOE, CLOD, and STRB)) are enabled. 
Note, however, that one clock pulse has_ been 
skipped. LRAIJ> and its complement LRALl 
are also wired to the RMl mother-board to 
inhibit the incrementing of RAL and enable 
the gates from the S Bus to RAL. 

During a Branch or a Load RAL micro-op, 
the information is gated into RAL from the 
S Bus with the RA clock (RCIJ>). During 
Add, Subtract, or Unload SDR, RCLfl is also 
skipped. This is accomplished by ORing ljJ 
and us:qo at the gate shown in area A 7. 

If either LjJ or usqo is low' this gate pro­
duces a high output. This high is ANDed 
with the reset output from the flip-flop to 
produce a low into the gate that generates 
RCIJ), thus inhibiting it. Notice that an­
other input to the gate which generates RCLp 
is CLKST~O. This input is used to inhibit 
RCLfl from being generated to increment the 
address register during a memory clock stop 
sequence. During Branch or Load RAL, IJJ 
and usqo are .both high inputs to the gate, 
forcing the output low. This low produces a 
high output from the gate shown in area D9, 
enabling RC 1j) to be generated 

In summary, all clocks are inhibited during 
an initialize sequence. If a memory opera­
tion is attempted when memory is busy, or 
if data is not yet available from memory; 
crpD, CLOE, RCLp, and STRBJ> are in­
hibited. If a Branch or Load RAL is exe­
cuted, CI,iOD, C~OE, and STRI)O skip one 
pulse. If an Add, Subtract, or Unload SDR 
is executed; C1t0D, CI;OE, STRBJ>, and 
RCLJ> all skip one pulse. 

' ,., 

3. 2 Initialize Control 

The Initialize Control logic is shown on 
FS22-27. This logic provides an orderly 
system shutdown when the system is ini­
tialized. When an initialize sequence occurs, 
the following actions take place: 

1. Stop Clock 
2. Reset RAL 
3. Reset RAH 
4. Reset DFR 
5. Reset Bank flip-flop 
6. Reset Utility flip-flop 
7. Reset RD 
8. Reset SCR 
9. Provide Reset Signals for 

Memory and I/O 
10. Set Wait Alarm 

The system is initialized as a result of one 
of the following conditions: 

1. INITIALIZE Switch depressed 
2. Command Power Off 
3. AC Input (optional), P15, Nl5, 

or P5 falls below minimum opera­
ting level 

The master reset signal, SCLI}l, is active 
whenever the initialize relay is released by 
the POOWN.P signal generated at FS22-27F5. 
During normal operating conditions, PDOWNJ> 
is high, permitting the Darlington circuit 
controlling the initialize relay to conduct, 
and keeping the relay energized. PDOWl)O 
goes low to start an initialize sequence 
whenever one of the three conditions men­
tioned previously occurs. 

When the normally open INITIALIZE Switch 
(Hl) is depressed, a ground level sets the 
STPSY~ flip-flop (G4 - H4). The 470 Pf 
capacitor and lK pull-up resistor filter the 
higher frequency components of the switch 
bounce. 

7 



The STPSYf)l flip-flop is also set if a Com­
mand Power Down is executed. The Proces­
sor tests for Primary Power Fail. between 
execution of each user instruction. The test 
micro-instruction sets the Greater Than flag 
in the DO Flag register, if the latching 
.POWER Switch is released or if the optional 
Primary Power Fail Detector determines 
that the AC voltage is lost. If the Greater 
Than flag is set upon conclusion of the Test 
micro-instruction, the micro-code program 
transfers to a Command Power Down. The 
Command instruction generates the low sig­
nal POWO at FS22-24N4. PO~O causes the 
STPSY~ flip-flop to set. 

When the STPSYS flip-flop sets, POOWl')O 
goes low. When PDOW~ goes low, it re­
moves the positive potential on the input of 
the Darlington circuit, causing it to turn off, 
and thus de-energizing the Initialize relay. 
The reset output from the STPSYS flip-flop 
generates the signal V~l, area R6. VIJO 
goes low and holds the K input to the CLKOFF 
flip-flop (FS22-28K4) low, preventing it from 1 

setting until the initialize sequence is term­
inated. 

The third instance when PDOWN goes low to 
remove the positive potential from the input 
to the Darlington circuit and drop out the 
Initialize relay, is when one of the voltages, 
+5v, +15v, -15v, or the AC input is lost. If 
the Nl5 supply voltage is lost, the output from 
the gate in area F5 goes low and drives 
PDOWNJ> low. If the +Sv is lost, the col­
lector supply for the Darlington circuit is 
removed, causing the Initialize relay to 
drop out. 

If the AC input is lost, the PDOW:t')O lead 
is also forced low, causing the Initialize 
relay to drop out. The AC input is sampled 
from the secondary of a 12VAC transfnrmPr 
and rectified. The pulsating DC vo1tagc is 
applied to Potentiometer P473 (arf>:.1 E:)). 

The potential picked off by the potem !onwtcr 
is applied to the optional Po·,vcr Fail Dctuc· or. 

/ 
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NOTE 

The following description of the 
Primary Power Fail Detector as­
sumes that the two transistors on 
the 35-063 daughter-board are QI 
and Q2 left to right, and that the 
two transistors on the 35-082 
daughter-board are Q3 and Q4 left 
to right. 

Initially, Transistor Ql, Q3 and Q4 are off 
and Transistor Q2 is conducting. With Trans­
istor Q2 conducting, a high enough positive 
potential on the base of Q4 keeps Q4 cut off, 
and applies about +6v to the emitter of Ql. 
The potential picked off Potentiometer P473 
(approximately 8v) is applied to the base of 
QI. If the AC input is 19st, or fluctuates 
enough, the potential on the base of Ql be­
comes more negative and Ql conducts. 

When. Ql conducts, it places a positive po­
tential on the base of Q3, turning Q3 on. 
This causes the potential on the emitter of 
Transistor Q2 to become less positive,, 
turning Q2 off. When Q3 conducts, its 
collector goes to ground, generating the 
low signal PP~O. PPFj> is tested between 
execution of user instructions to determme 
if a Power Fail is in progress. 

When Transistor Q2 turns off, the positive 
potential is removed from the base of Q4. 
Transistor Q4 then conducts, grounding the 
PDOW!')O lead, turning the Darlington cir­
cuit off, and dropping out the Initialize relay. 
The Initialize relay, which is a dry reed 
relay with SPDT contacts, is shown with 
the relay not energized. 

When the relay releases, the SCLI!J contact 
opens, causing SCLIµ to go high. This re­
movC's the ground for the POWER lamp. The 
SCLTy> contact goes to ground. This metalic 
ground sets the Wait Alarm, resets, DFR, 
and is distributed to memory and I/O for ini­
tializ(' controls. SCL~ also holds V1JO at 
ground to inhibit the clock. 



SC LI~O is inverted through the gate in area 
K6. This node will rise to +5 with a time 
constant determined by the 19-004 internal 
resistor and the 33uf capacitor. When 
SC LIµ reaches the input threshold of the 
four gates it feeds, it turns them on, causing 
the outputs to go low. The output SCLRpA 
resets RAS, RAH, and RAL. SCLRpB re­
sets RD, and SCLRpC resets the Bank and 
Utility flip-flops. When the remaining gate 
(area N7) goes low, its output resets the 
STPSYS flip-flop and holds VIJO at ground. 

When the STPSYS flip-flop is reset, the 
input to stop the system clock, 

goes high. Resetting the flip-flop also re­
rrioves the ground on the input to the Dar­
L.1gton circuit if the Initialize sequence 

depressing the INITIALIZE 
Swiooh. This allows the 66uf capacitor to 
'lowly charge. When the threshold of the 
input transistor is reached, the Darlington 
circuit turns on, and energizes the relay. 

When the SCLf9 contact closes, it provides 
the ground return for the POWER lamp. 
The SCLRj) contact opens and removes the 
reset functions for DFR, memory, and I/O 
controllers; and removes the set signal on 
the Wait Alarm. When this occurs, the 
output from the gate at K6 goes to ground 
immediately. This removes the reset sig­
nals SC LRj>A, SC LRj)B, and SCLRJ>C. The 
output from the gate at N7 will have to 
charge up the 33uf capacitor. This delayed 
function removes the reset on the STPSYS 
flip-flop, and also removes the final clock 
inhibit. · 

The previous description applies for a 
Command Power Off, or manual Initialize, 
since these are the only sources to set the 
Initialize flip-flop. 

For the case where Initialize is camied by a 
failure of P5, N15, P15, or Pownr ii-; re­
moved, the relay de-energizes and r('mains 
in that state until the fault is correcll·d. 

When power is turned on, the system is 
initialized in an orderly fashion by the fol­
lowing mechanism. The SC LRp contact of 
the relay stays at ground enabling the reset 
signals SCLRj)A, SCLfY>B, SCLRJ>C. This 
holds the clock off initially. As the P5 
reaches normal operating levels, the Initialize 
flip-flop is reset after a delay. This insures 
that the PDOWNp node is not forced to ground 
and permits the 66 uf capacitor at to 
the Darlington to charge slowly. The relay 
then energizes. 

3. 3 Processor Registers 

The Processor executes micro-instructions 
received from the ROM. This is accom­
plished, primarily, by moving data from 
one place to another and modifying it in the 
ALU. In order to manipulate data and exe­
cute the instructions received, the Proces­
sor uses a number of internal registers. 
Most of these are eight bit registers. Some 
registers perform special functions, but 
most are general purpose. Data is trans­
ferred between registers and other system 
elements via the eight bit B and S Buses in 
the Processor. Each register is described 
in the following paragraphs. 

3. 3. 1 ROM Data Register. The 
ROM Data Register (RD) is a 16-bit register 
located on the ROM Interface board (RMI). 
The schematic drawings for this register 
are on FS44 - 1 :3. The ROM Data Register 
can be thought of as an instruction register. 
Each bit of RD has double rail inputs from 
the ROM. Every micro-instruction extrac­
ted from the Read-Only-Memory is placed 
into the RD register, where it remains 
while the instruction is executed. A thorough 
knowledge of the ten basic micro-instructions 
and their instruction word formats is neces­
sary to fully understand the RD register. 
(See the Micro-Instruction Reference Manual, 
Publication Number 29-017R01 for a detailed 
explanation. ) 
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In most instances bits 0-3 of RD are decoded 
as the op-code of the micro-instruction being 
executed. RD3 = 1 defines Immediate 
instructions. An Immediate instruction is 
one that has the specific data to be manipu­
lated appended to the instruction word itself. 
Ouring the performance of an Immediate in­
struction, bits 8:15 of RD are gated onto the 
B Bus and treated as data, instead of being 
decoded as Source and Extended Fields, Test 
Code, or Command Code. The only instance 
when RD (0:3) is not used to determine the 
micro-instruction to be performed, is during 
execution of a DO instruction. During a DO 
instruction, bits 0:2 of the 00 Flag Register 
are decoded as the op-code. Since bit 3 of 
the· 00 Flag Register is not decoded, it is 
impossible for the DO instruction to cause 
an Immediate instruction to be executed. 

Bits 4:7 are normally decoded as the destina­
tion register address. This identifies the 

. register designated to contain the result 
upon completion of the micro-instruct.ion 
being performed. When a Branch instruc­
tion is executed, bits 4:7 define the condition 
that the Processor will branch on. If the 
Processor decodes a Test or Command in­
struction, bits 4:7 are part of the Command 
or Test Code. 

Bits 8:11 are decoded as the source regis­
ter address for micro-instructions in the 
Register to Register format. The Source 
register contains one of the operands to be 
used. If a Branch instruction is decoded, 
bits 8:11 are part of the branch address. 
If the Command or Test micro-op is de­
coded, bits 8:.11 are decoded as part of the 
Command code. If an immediate instruc­
tion is decoded, bits 8:11 are part of the 
data. 

Bits 12 :15 normally make up the extended 
field for Register to Register instructions 
and are decoded to specify options for speci­
fic instructions. The extended field desig­
nates the function of carry, whether to 
shift or complement the operand manipulated, 

10 

whether to set flags, or whether to enable 
the A Register input to the ALU. During 
other instructions, bits 12:15 are part of 
the Command code, or data. 

Other than the double-rail inputs from the 
ROM, the only other input to the RD register 
is SCLRJ>B. SCLI:y>B goes low and clears 
the entire RD register when the system is 
initialized. The set and reset outputs from 
RD 'o :2 are inputs to individual power gates. 
During all micro-instructions except 00, 
these gates reflect the contents of bits 0 :2 
in RD. When RD 0:3 contains 0000 (the op­
code for a DO instruction), the output from 
the gate in area A5 of FS44-1, goes low. 
This low forces DRDO<µ, DRDOl)., and 
DRDO;t. high. With a 00 instruction in RD, 
the output from the four OR tied power gates 
shown on the right hand side of the page 
goes high, enabling the state of DO Flag 
Register bits 0:2 to be reflected in the DRD 
outputs. All of the outputs from the bits in 
the RD register appear directly in the Con­
trol logic so that the various op-codes and 
options can be decoded and the proper gating 
leads to the ALU can be activated. The set 
outputs of RD bits 8:15 feed individual power 
gates that generate the false B Bus outputs 
(low if a logic 1) if RD 03 is set, indicating 
an Immediate instruction. 

3. 3. 2 ROM Address Lower 
Register. The ROM Address Lower Regis­
ter (RAL) is an 8 bit register that contains 
the least significant portion of the address 
of the location to be extracted from the 
Read-Only-Memory. The schematics for 
RAL are located on FS44-4 and 5. 

During performance of the major portion of 
the micro-program, micro-instructions are 
selected from successive locations in the 
Read-Only-Memory. The RAL register is 
wired as a standard up-counter to facilitate 
the selection of successive locations. 



The HAL is incrf'rnented to read successive 
HOM locations except during a Branch 
micro-instruction when the specified condi­
tion is true, or if RAL is designated as a 
Destination Register. In either of these 
cases, the RAL increment signal is dis­
abled and the new address is loaded into 
HAL from the S Bus. 

The HAL register is cleared by the SCLI}OA 
signal when the system is initialized. The 
RCLj) signal is used to increment the RAL 
register or to gate the information from 
the S Bus into RAL. The RC!j) signal is 
inverted and applied to the T input of each 
flip-flop in RAL as RC1:f. If a Branch or 
a Load RAL instruction is performed, 
LRAL)J is low and LRAyl is high. LHAijl. 
is NANDed, bit for bit, with the S Bus to 
0nable the J and K inputs to each of the 
flip-flops in the RAL register. If any in­
puts from the S Bus are high, the K input 
is forced low and the J input is forced high 
on the corresponding bit in the RAL regis­
ter, causing it to set at clock time. If an 
S Bus input is low., the K input is forced 
high and the J input is forced low, causing 
the RAL flip-flop to reset. 

When the Processor is not executing a 
Branch or Load RAL, LRALj) is high and 
LRA:Y is low. With LRAI; low, the inputs 
from the S Bus are disabled and the RAL 
register is incremented by one on each nega­
tive transition of RCijl. The RAL is incre­
mented by complementing each bit of the 
register if all previous least significant bits 
are set. RAL07 complements every time. 
HALOG complements if RALOI is set. RAL05 
complements if RAL07 and HAL06 are both 
set and so on. This is accomplished by 
l\~ANDing the set output of each flip- flop with 
all previous bits to enable the J and K inputs 
for the next significant bit. If all pi·t•\·ious 
bits arc set, the ,J :md K inputs to till' next 
stage are high, al n1vin~ that bit to comple­
ment. If any of the pn·vious bits :11t• not 

set, the J and K inputs are low, prcvcnUn~ 
that flip-flop from changing state. 

3. 3. 3 ROM Address Higher 
Register. The ROM Address Higher ReEi::.­

ter (RAH) is shown on FS44-6. RAH is 8. 

4-bit extension of RAL which increases the 
ROM addressing capability to 4096 locations. 
This register is independent of the RAL reg­
ister from both the programming and the 
hardware viewpoint. RAH holds the R0:\-1 
page address and RAL holds the ROM loca­
tion address, RAL is normally incremented 
to fetch micro-instructions from successive 
ROM locations. When RAL is equal to its 
highest address (hexadecimal FF), the next 
increment pulse causes it to recycle to an 
address of all zeros, but no carry is propa­
gated into the least significant bit of RAH. 
For this reason RAH must be loaded inde­
pendently each time a Branch or Load RAL 
selects a different page. 

The RAH register is composed of RS flip­
flops with single-to-double rail converters 
on the inputs. This register has inputs only 
from the S Bus. A new address is loaded in 
RAH at clock time from the S Bus when RAH 
is specified as the Destination register of a 
Load instruction. To address the RAH reg­
ister, the Bank flip-flop must he reset. 
Signal LR.ty gates the contents of the S Bus 
into RAH. LRA) is devclop0d In th(• three 
inverters whose outputs are AND tied in the 
upper left hand corner of Sheet 6. The input: 
to the three inverters are RCLj), BANJSl and 
LRAIW. BANK} is low when the BA:t-..TK flip­
flop is reset. RCI~p varies with the system 
clock. LRA13p is low when the destination 
address decoder decodes the address X'D'. 
When the three inputs are low, LR,,.Y goes 
high, gating the S Bus into RAH. The onh· 

other input to RAH is SCLR,OA. SCLRpA is 
normally high and becomes low to clear the 
RAH register when the INITIALIZE button 
on the Display Panel is depressed, a Power 
Down command micro-instruction is execu­
ted, or the power is turned off. 
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3. 3. 4 ROM Address Slave Regis­
ter (RAS). The ROM Address Slave Register 
is a .. 4-bit register shown on FS44-6. RAS 
is slaved to the 4-bit RAH register. The 
single rail buffered outputs of RAS are de­
coded as the four most significant bits of 
the page of the ROM address to be selected. 

The contents of RAH are loaded into RAS 
every time RAL is loaded from the S Bus. 
This allows the correct page address to be 
loaded into the RAH register prior to a 
Branch or Load RAL micro-instruction. 
When RAL is loaded with a new address as 
a result of executing a Branch or a Load 
RAL, the correct page is gated into RAS 
from RAH. In this way all 12 bits of the 
new ROM address arrive at the ROM ad­
dress decoder simultaneously (allowing for 
slight variations in the circuit delays). 

LRAf}l gates RAH into RAS. LRA~ is 
developed by the two inverters collector 
AND tied on ·the left hand side of Sheet 6. 
The two inputs are RCLJ> and LRAlj>. 
LRAI;O is the signal used to gate the S 
Bus into RAL. LRA!f> is low during a 
Branch or a Load RAL micro-instruction. 
When LRAip is low, LRAS) varies with 
RCIJ> and gatm; RAH into RAS on the nega­
tive transition. 

The only other input to RAS is the normally 
high SCLJY)A signal which goes low when the 
system is initialized to clear RAS. SCLRj)A 
is the same signal that clears RAL. 

:1. 3. 5 DO Flag Register (DF). 
The DO Flag Register (DF) is an 8-bit regi s·­
ter located on the BSl and BS2 mother-boar<is. 
The schematic drawings are on FS22-10:12. 
The DF n•gi.ster is a general purpose regis­
ter in addition to beinf.'; thi:-• memory for flag:" 
inrlicatini~ the results of instrur·tions, and tlw 
soun:e of op-codes <bring p<'rforrnance of 
DO micro-instructions. 
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The DF register is cleared by the SC L}\O 
signal. SC Ll)O goes low when the system 
is initialized. SCLJ¥) is connected to the C 
inputs of the DF register flip-flops and jams 
them all into the reset state when it goes 
low. When the DF register is used as a 
General Register, it is loaded with the 
contents of the S Bus or unloaded onto the 
B Bus. When the hexadecimal address F 
is decoded in the destination address coder, 
LD~O becomes low and LDFJl becomes high. 
Lb~l is NANDed with each bit of the S Bus. 
If any bit of the S Bus is high, the K input 
on the corresponding bit in the DF register 
goes low and the J input high, allowing the 
flip-flop to set on the next negative going 
clock transition. If the S Bus input is low, 
K goes high, and J goes low, allowing the 
flip-flop to reset. 

Since the DF register is used to hold the 
flags indicating the result of micro-instruc­
tions, there are instances when individual 
bits will be set or reset independently. To 
facilitate this independence, different gating 
pulses are developed for individual bits. 
When the DF register is loaded from the S 
Bus, LD~O is used to generate all of the 
enables. 

The DF register is miloaded onto the B Bus 
when the Source Register Decoder decodes 
the hexadecimal address F, causing the 
signal UFgI to go high. UFqt is NANDed 
with the set output of each bit of the DF 
register to generate the B Bus leads BO<}O­
BOy>. If any bit of the DF register is set, 
the corresponding bit on the B Bus goes low. 
Conversely, any bit of the DF register that 
is respt causes the corresponding bit on the 
B Bu~ 1 o go high. The B Bus is a false bus 
:md (':1 rries logic ONEs as low signals, and 
logic '/, EHOs are high signals. 

The i-;('t and reset outputs of DF register bits 
(0:2) are direct inputs on the RMI mother­
board for use during execution of a DO 



instruction. (Reference FS44-1.) During ;.i 

DO instruction, the op-code is taken from 
DF bits 0:2 instead of from the ROM data 
register. DF03 is not gated to RMI; thus 
immediate instructions cannot be implemen­
ted through the use of the DO instruction. 

In addition to being loaded from the S Bus, 
DF register bit 4 is used as the Carry Store 
flip-flop (C). DF04 is set or reset to re­
flect whether or not a carry or borrow re­
sulted upon conclusion of an Add or Subtract 
micro-instruction, or to reflect the state of 
the bit shifted out following a Load micro­
instruction designating the shift left or a 
shift right option. The gates which control 
setting or resetting DF04 are shown on 
~·s22-10. 

pr.-04 is set when the signal SDF1-0 is low. 
SDF-;o is generated by three NANO gates 
collector OR tied. The inputs to the first 
NAND gate are svsc;i, SR, and BO~. 
SVS<jl. is developed on the Control mother­
board (FS22-25). SVS<;J will be high and 
SVSCJO low if the Processor decodes a Load 
micro...:instruction and ROM data register 
bit 15 is set, indicating that the carry out 
of the ALU is desired. S:f9. will be high 
when the Processor is doing a Load micro­
instruction and the E field specifies a shift 
right option. BO~l will be high if the least 
significant bit of the data present on the B 
Bus is a logic ONE. 

The second NANO gate capable of driving 
SDF4,0 low has the inputs SVSC, 1, SL, 1, 
and BO<b'-. SVSGl was just discussed. SL) 
is high if the Processor is performing a 
Load micro-instruction whose E field desig­
nates the shift left option. B09)1 is high if 
the most sign:lficant bit ?f the information 
carried on the B Bus is a logic ONE. The 
third instance when SDF4, 0 is low occurs 
when SVA<jl and CS\)l are both high. SVA<;l 
is high during an Add or Subtract, if the E 
field designates the carry out of th<' A LU op­
tion. CS~l is high if a final carry 01· a bor­
row resulted during Add or Subtract. 

SDF4j) is applied to the K input of DF regis­
ter bit 4, and inverted as an input to the J 
input. The gating pulse is developed by 
SVACjO and CLOD during Add or Subtract 
operations, and by SVSCJJ during Load 
instructions with shift options. 

DF register bit 5 serves as the Overflow 
flag (V). The gating which controls setting 
or resetting DF05 is shown on Sheet 10. 
DF05 is set when SDF5j> is low. SDF5p is 
generated by two NAND gates collector OR 
tied. One of the inputs to both NAND gates 
capable of generating SDF~p. STF5J> is 
generated on FS22-25. STFJO is low when 
the Processor is performing any instruction 
that is not a Test, Load, or Immediate in­
struction, and bit 13 of the E field of the 
instruction word is set specifying the Set 
Flags option. ST~O is inverted and NANDed 
with :r; to generate the low signal STFLp 
during Add and Subtract. . 

The other two inputs needed to generate 
STF¥ are CO<}l and csvp for one gate, and 
LCO<}O and CS')l for the second gate. COO 
is the carry into the most· significant bit of 
the adder and CSV is the carry out of the 
most significant bit of the adder. . Whenever 
these carries are different upon conclusion 
of an Add or Subtract (COO))(CS~O) or (LCOOp) 
(CS'Jl), an overflow condition exists and 
SDF5J> goes low. SDFS.,O is applied to the K 
input of DF05 and inverted as an input to J. 
The gating signal for DF05 is generated by 
crpD and STFIJ>. 

DF05 can also be set by the S\)O signal on the 
S input. S'\)O goes low whenever the False 
Sync flip-flop sets (reference FS22-29). The 
Fals(' Sync flip-flop is set if the Processor 
does not receive a return sync from a device 
controller within 42 microseconds from the 
time the System Control Register is loaded 
to initiate a control operation. Following 
an operation with a device controller, the 
overflow bit in DF is set if a sync was not 
returned from the device controller within 
the specified time. 
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DF06 and DF07 are the Greater Than and 
Less Than flags respectively. DF06 is set 
by the SDF6,0 signal if the data manipulated 
on the S Bus is greater than zero, or if the 
result of a Test micro-instruction wa~ true. 
DF0.7 is set by the SDF7,0 if the data manipu­
lated on the S Bus is less than zero, or if the 
·result of a Test micro-instruction proved 
.false. 

SDF7,0andSDF6,0are generated at two dif­
ferent sources. The logic to set or reset 
DF06 and DF07 as a result of examilling the 
data on the S Bus is shown on FS22-10. The 
inputs necessary to developSDF'l_,Oand 

SpF6,,.0 are identical, with the exception of 
S :aus bit zero input. SDF~O goes low al­
lowing DF07 to set if S Bus bit zero is set 

· (SO<µ) indicating a quantity less than zero. 
SDF~ goes low, allowing DF06 to set if S 
Bus bit zero is reset (SOOfl) indicating a 
quantity greater than zero. The other two 
inputs required to develop either SDF)O or 
SDF(}O are the complement of ST~O and ·a 
signal generated by NANDing the eight reset 
outputs of the S Bus (SOC¥>-S07p) and the re­
set outputs _of DF06 and DF07. Using the 
complement of STFf' was discussed in con­
junction with setting DF05 (V) and is high 
enabling generation of SDF~O and SDF6p for 
the same conditions. The gate output is 
high enabling the generation of SDF~O and 
SDF6J>, the Less Than flag (DF07), or any 
bit on the S Bus is set. The reset outputs 
of DF07 and DF06 are necessary since 
Arithmetic, Logical, Shift, and Load instruc­
tions in the User Instruction Repertoire 
manipulate 16 bit operands. This is accom­
plished by double precision manipulation on 
the hardwar~ level. The reset outputs of 
DF07 and DF06 allow the Greater Than flag 
to be set if the result of the least significant 
eight bits of an operation set eith~r flag (G 
or L) and the most significant eight bits pro­
duced a zero result. This prevents leaving 
both flags reset to indicate a zero quantity 
or leaving the Less Than flag set in the 
event the least significant eight bits of a 
16 bit operand indicated a quantity greater 
than or less than zero, and the most signifi­
cant eight bits were all zero. 
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The logic to generate SDF710 and SDF~O, as 
a result of executing a Test instruction, is 
shown on FS22-23. The test instruction ex­
amines the Processor to determine the state 
of specific functions. The testable functions 
are I/O Interrupt, 1/0 Sync, Console Inter­
rupt, Console Single fustruction, Utility 
flip-flop, Memory Parity Fail flip-flop, 
and Primary Power Fail. The specific 
function to be tested is specified by the Test 
Code, bits 4:15 of the micro-instruction 
V/Ord. If the machine function specified by 
the Test Code is true, the Greater Than flag 
°(G) is set and the Less Than flag (L) is re­
set. If the function specified by the Test 
Code is false, the Less Than flag (L) is set 
and the Greater Than flag (G) is reset. 

On FS22-23, each of the testable functions is 
NANDed with the ROM data register bit with 
which it corresponds. The NAND gates are 
collector OR tied in groups of four. If one 
of the tested functions is true, the output at 
the collector OR tie goes low, driving the 
. output of the next NAND gate high. This 
high is NANDed with the inverted output of 
the Test micro-instruction decoder, which 
will be high during a Test instruction, dri­
ving the output SDF6)> low. When SDF~o is 
low, it forces SDFryl high. With SDF6j) 
high and SDF~O low, the G flag sets and the 
L flag resets, indicating that the test was 
true. If the function tested for is low, the 
outputs from all -the collector OR tied NAND 
gates are high, causing the output from the 
next gate to go low. This low causes SDF'?}J 
to be high. SDFf?P is NANDed with the inver­
ted output of the Test micro-instruction de­
coder, driving SDF~O low. With SDFJO low 
and SDF~ high, the L flag sets and the G 
flag resets, indicating that the Test was false. 
The same gating pulse is used to set or re­
set DF06 and DF07. It is developed on 
FS22-11. During performance of a micro­
instruction specifying set test flags, the 
signal ST:E;O and CLOD are used to develop 
the gating pulse. During a Test instruction, 
TES~O and CLOD are used. 



3. 3. 6 'Register Stack. The reg­
ister stack is shown on Sheets 8 and 9 of 
FS22. The register stack consists of 8-bit 
General Registers that can be specified as 
Source (S) and Destination (D) registers for 
micro-instructions, during execution of the 
micro-code program. 

These eight General Purpose Registers are 
loaded with the contents of the S Bus if speci­
fied as the Destination register, or unloaded 
onto the B Bus if specified as the Source reg­
ister during performance of micro-instruc­
tions. The most significant four bits (0:3) 
of each of the eight registers are located on 
the Bit Slice 2 mother-board. The least 
significant four bits (4:7) of the eight regis­
ters are located on Bit Slice 1. Unlike all 
the previous registers of the JK or RS type, 
the register stack consists of two 35-014 
daughter-boards, one on Bit Slice 1 and the 
other on Bit Slice 2. Each of the 35-014 

daughter-boards is implemented to provide 
eight 4 bit words. 

Referring to Sheets 8 and 9, if the Source 
Register Decoder selects one of the eight 
General Registers, the appropriate UR lead 
(UIDO:UR07) goes low. This OC input is 
inverted and applied to a non-inverting 35-041. 
The 35-041 has an emitter follower output 
that will be at about 2. 1 volts for the selec­
ted output. All other 35-041 outputs will be 
at ground through the emitter resistor. 
The outputs from the 35-041 (RO:R7) are 
input to the register stack. RO:R3 are de­
veloped on BS2 and applied to BSl. R4:R7 
are developed on BSl and applied as inputs 
on BS2. 

The register stack is level active for read­
ing, and does not require a clock pulse. As 
soon as one of the read leads (RO:R7) goes 
high, the output from the selected register 
appears at the output pins 10, 11, 70 :md 71 
on both BSl and BS2, These outputs are 
about 3 volts for a logic ONE, and O. fi volts 
for a logic ZERO. During execution of a 
micro-instruction that has not select(•d one 

of the registers, all of the outputs should 
be at 0. 6 volts. The outputs from the 33-041 
are inverted to develop the B Bus. 

When one of the Destination Registers de­
coders selects one of the eight General 
Registers, the appropriate LR lead (LROO: 
LR07) goes low. This OC input is inverted 
and input to a non-inverting 35-041 where it 
is ANDcd with a differentiated clock s:' to 
develop write signals WO:W7. The inverted 
system clock (CLj)D) is input to the trailing 
edge differentiator. This develops a nomin­
al 30 nanoseconc1 positive going clock 
as CLj)D chargeG from 0 to +5 volts, p'e­

venting the write signal from going high to 
gate the S Bus into the Destination register 
until the end of the instruction. This pulse 
is normally 2 volts. The pulse width of 30 
nanoseconds is fixed by the circuit constants 
and is not readily adjustable. The displace­
ment, in time, of this pulse is a function of 
the CLOD pulse width. 

When the 30 nanosecond pulse is developed, 
the appropriate write line goes high. WO: 
W3 are generated on BSl and applied as in­
puts to BS2. W4:W7 are generated on BS2 
and applied as inputs to BSl. When one of 
the write leads (WO:W7) goes high, the in­
formation on the S Bus is gated into the 
Destination register. The S Bus is an input 

to a voltage divider in the register stack 
which loads down the Bus. It is normal for 
the S Bus to be about 3. 9 volts to represent 
a logic ONE. 

The register stack is level active and does 
not require a gating pulse. The inverted LR 
lead (LROO:LR07) is ANDed with the differen­
tiated clock pulse to prevent mutilation of 
the data on the S Bus. Mutilation could oc­
cur if the appropriate LR lead was not ANDed 
with the differentiated clock and a micro­
instruction designating the same register as 
both the Source and Destination was executed. 
The Source Register decoder would activate 
the correct unload lead and the contents of 
the Source register would be placed on the B 
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nus, modified in the ALU, placed on the S 
Bus, and gated back into the Destination reg­
ister. Since the unload lead would still be 
high, the modified data would appear at the 
input to the ALU and be modified again before 
being placed into the Destination register. 

3. 3. 7 Arithmetic Register (AR). 
The Arithmetic Register (AR) is shown on 
FS22-7. The Arithmetic Register is used 
to hold the first operand during execution of 
the Add, Subtract, OR, AND, and Exclusive 
OR micro-instructions. The AR consists of 
eight JK flip-flops with single rail inputs 
from the S Bus. The least significant four 
bits of the Arithmetic Register (AR04 :AR07) 
are on Bit Slice 1 and the most significant 
four bits (AROO:AR03) are on Bit Slice 2. 
The AR can be loaded with the contents of 
the S Bus or the contents of the AR can be 
gated out as an input to the ALU. 

The A Register is loaded with the contents 
of the S Bus, with gating signals LAJA and 
LA) B on the T inputs of the JK flip-flops. 
LA).A loads AR bits (0:3) and LA)B loads 
AR bits (4 :7)". 

Both LA)A and LAJ B are generated by simi­
lar gating configuration: two NAND gates 
with their outputs AND tied, as shown on 
FS22-22. The inputs to the two NAND gates 
on Bit Slice 2 that generate LA)A are the 
system clock (C1JOD) and LA,O. LAp is low 
when the Destination Address Decoder de­
codes the Arithmetic Register's address 
(hexadecimal 8). When LAfJ and CLOD are 
both low, the output LP,J..A goes high providing 
the negative going transition, bits (0:3), to 
gate in the S Bus. Li)lB is generated ex­
actly the same on Bit Slice 1 to gate the S 
Bus in AR bits (4:7). 

The set outputs from the Arithmetic Hegis­
ter are NANDed with UAjl. to develop th(' CU\ 

leads (GAOOp:GAO~O) as inputs to the AU . 
UA) is generated on FS22-2G by three NAND 
gatC's whose outputs arc collector AND ti<'d. 
lJ A) is high enabling inputs from the AH tn 
the ALli when each of the th 1·cc NAND gat('s 
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has at least one low input. VA) is low dis­
abling inputs from the AR to ALU if one of 
the three NAND gates has all high inputs. 
Both inputs to the NAND gate on the right 
are high if the Processor decodes a Branch 
or Load instruction. All four inputs to the 
next NAND gate are high if the Processor 
decodes an OR instruction that is not im­
mediate and RD bit 12 is set specifying the 
"No AR to the ALU" option. All three inputs 
to the last NAND gate are high when the 
Processor decodes an Add, Subtract, Exclu­
sive OR, or AND micro-instruction that is 
not Immediate and RD 12 is set specifying 
the "No AR to the ALU" option. 

In summary, UAl goes high to gate the con­
tents of the Arithmetic Register to the ALU 
during execution of all micro-instruction 
except non-immediate arithmetic or logical 
instructions specifying the "No AR to the 
ALU" option, or during execution of Branch 
or Load. 

3. 3. 8 System Control Register 
(SCR). The System Control Register (SCR) 
is an eight bit register shown on FS22-17 
and 18. The System Control Register is 
used to initiate control operations in device 
controllers, and to define the data present 
in the System Data Register (SDR). SCR 
can be considered an eight bit "instruction" 
register for the device controllers. The 
six most significant bits of SCR each have 
a specific meaning. System Control bit 6 
is unassigned. 

SCR bit zero (ADRSjl) is the device address 
bit. When SCR contains X'80', the SDR 
contains the address of a device. 

SCR bit one (DAp) is the data available bit. 
\Vhen SCR contains X'40', the SDR contains 
data for the device previously addressed. 

SCH lli t two (DRp) is the data request bit. 
W iwn SCR contains X'20', the Processor is 
r<'(iur·~.;ting data from the device previously 
add1·1·ssed. The data byte will be gated into 



SCR bit three (SRJ)) is the status request bit. 
When SCR contains X'lO', the Processor is 
requesting the status of the device previously 
addressed. The Status Byte will be gated 
into SDR. 

SCR bit four (CMJ}O) is the command bit. 
When SCR contains X'08', SDR contains a 
command for the device previously add!essed. 

SCR bit five (RACKfl) is the return aclm.ow­
ledge bit. When SCR contains X'04', the 
existing external interrupt is recognized, 
and the address of the interrupting device 
is gated into SDR. 

SCR bit seven (CL07j)) is the primary power 
fail bit. A ground indicates a primary power 
fail. This is only available if the system is 
equipped with the Primary Power Fail option. 

The SCR register is composed of RS flip­
flops with single-to-double rail converters 
on the ~nputs. SCR has inputs from the S 
Bus and the initialize control circuit. 

SCR is cleared when the system is initialized 
by the SCL!y> signal. 

The S Bus is loaded into SCR with the signal 
L8ql. LSC). is generated on FS 22-22 by 
three inverters whose outputs are AND tied. 
The three inputs are the System Clock 
(CLOD), BAN19J, and LR14J>. LR14J> is low 
when the Destination Address Decoder de­
codes an address of X'E'. BANig> is low 
if the BANK flip-flop is set. The BANK 
flip-flop would be set to address SCR. When 
CLOD, BANKJ), and LR! '!JO a,re all low, LSQl 
goes high and gates the S Bus into SCR. 

The SCR outputs are wired on the back panel 
to the device controllers. The outputs are 
not gated or clocked. This is the 8 bit 1/0 
control bus which is a one-way bus to the 
I/O controllers. 

The buffered outputs SCxxx are OR tied to 
generate signals used in the 1/0 control 
circuit to generate 1/0 gating functions. If 
the Address bit, the Data Available bit or 
the Command bit of SCR is set, the signal 
SCl'}O will be low. If the Data Request bit 
or the Return Acknowledge bit of SCR is set, 
the signal SC 2q,<) goes low. If the Status 
Request bit of SCR is set, the signal SCO:ij> 
goes low. SC2~, SCO~, and SC14.fl are 
used on FS 22-29. If any one of these sig­
nals is low, the time-out circuit is enabled. 
The time-out circuit is explained in detail 
under 1/0 control. 

3. 3. 9 Systems Data Register 
(SDR). The Systems Data Register (SDR) 
is an eight bit register shown on FS22-13:16. 
The Systems Data Register serves as a buff er 
between the Processor and the device control­
ler for all devices interfaced to the multi­
plexor channel. All data that is received 
from, or transmitted to, any device is held 
in the SDR. 

The Systems Data Register is composed of 
RS flip-flops with single-to-double rail con­
verters on the inputs. SDR has inputs from 
the S Bus, the 1/0 data bus, and the 1/0 
control logic. 

The contents of the S Bus are loaded into 
SDR when LSl}l goes high. LSI)l. is genera­
ted on FS22-22 by three inverters with their 
outputs collector AND tied. The three in­
puts are the System Clock (CLOD), BANJSO, 
and LRAHp. LRAHp is low when the Destina­
tion Address Decoder decodes an address of 
X'D'. BANKjO is low when the BANK flip­
flop is set. The BANK flip-flop is set when 
addressing SDR. 

When CLOD, BANK.P and LRAiy> are all low, 
LSry.. goes high and gates the S Bus into SDR. 
The SDR receives information from the de­
vice controllers via the DRL Bus. This is 
a one-way bus with all device controllers as 
transmitters, and the Processor as the only 
receiver. The DRL ,Bus is terminated with 
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a single-to-double rail converter. The in­
formation on the DRL Bus is gated into SDR 
when the signal LDI.;t is high. LDI,l (FS22~ 
29J8) is high when three conditions are met. 
First, the SCR must have either the Data 
Request bit (SCR02) or the Return Acknow­
ledge bit (SCR05) set causing SC2~0 to go low, 
or the Status Request bit (SCR03) set, causing 
SC03p to go low. Second, the SYNO signal 
tnust be low, indicating that a SYNC pulse 
was returned from the device controller ad­
dressed. Third, the False Sync flip-flop 
must be reset, indicating that the sync pulse 
from the device controller was received 
prior to generating a false sync. If these 
conditions are met, LDI,t goes high and 
gates the contents of the DRL Bus into SDR. 

The other input to the System Data Register 
is WRSI)l from the 1/0 control logic. When 
WRSIµ is high, SDR05 is set and all other 
bits of SDR are reset. 

WRSD). is generated on FS22-29. The three 
inputs used to produce WRS9J. are SC03fl, 
FSYN), and Ci,t. SC03j> is low if the Status 
Request bit (SCR03) is set. FSYN} is high 
if a False Sync was generated by the time­
out logic, indicating that the device addressed 
did not respond with a sync within 42 micro­
seconds from the time the Status Request was 
initiated. Cl;l is the system clock. When 
sco~o is low and CL} and FSYN). are high, 
WRSql goes high setting bit 5 of SDR and 
resetting all other bits. 

The Systems Data Register can be output to 
the B Bus or to the device controllers. The 
contents of SDR are unloaded onto the B Bus 
when the signal usrµ is high. usqi is high 
if the Source Register Decoder decodes the 
hex address D as the Source specified by a 
micro-instruction. 

The contents of SDR are always present at 
the device controllers via the Data Available 
Lines (DALOO:DAL07). The DAL lines are 
generated by inverting the OC outputs of 
SDR with power gates. These OC outputs 
create a false bus which is wired on the 
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back panel to all of the device controllers. 
The eight DAL lines make up a one-way bus 
with the Processor as the transmitter and 
all device controllers as receivers. Data 
on the DAL lines will only be received by 
the device controller addressed. 

3. 4 Arithmetic Logic Unit (ALU) 

The Arithmetic Logic Unit (ALU) consists 
of logic to perform all required arithmetic, 
shift, and Boolean connect functions. The 
ALU is byte oriented, and may be divided 
into three functional groups: an A Register, 
summing logic, and carry logic. See Figure 
2. The B Bus provides the operand for shift 
operations, and one of the operands for arith­
metic and Boolean connect operations. The 
second operand for arithtnetic and Boolean 
connect operations is the contents of the A 
Register. The A Register is loaded from 
the S Bus, prior to the arithmetic or Boolean 
connect operation. 

The ALU receives seven control inputs from 
the op-code decoder. These inputs are 
briefly defined in the following list, and are 
summarized on the table associated with 
Figure 2. 

Sign.al Designation Definition 

Kl Subtract 
Ll Add or Subtract 
Ml All Except Shifts, 

AND Immediate, and 
Load Complement 

Nl Add, Subtract, and 
Load Complement 

Pl All Except Exclusive 
OR 

SLl Shift Left 
SRI Shift Right 

Each of the micro-instructions which uses 
any portion of the ALU is described in the 
following paragraphs. Unless otherwise 
noted, all gate references in the following 
paragraphs refer to the arbitrary designa­
tions on Figure 2. 
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3. 4. 1 Load, Load Immediate, 
Branch, Command and Test. These micro­
instructions cause the contents of the B Bus 
to pass unaltered through the ALU to the S 
Bus. This function is performed by Gate 3 
of the summing circuit (Figure 2). 

Since these are not arithmetic micro-instruc­
tions, the carry circuit is disabled (L) = 0). 
This forces all carry circuit outputs high. 
Also, since these micro-instructions do not 
have a second operand, the A Register (AR) 
is not unloaded (UA) = 0). This forces the 
GAuj) leads high, and the GAl)l leads low. 
Signal lVljl is high at this time, and Signals 
~I, Sl)l, and Sl)l are low as sho\\'11 on the 
table on Figure 2. 

Gate 3 then has high inputs from GAr~O, cnp, 
and M).. Therefore, if Bnl is also high, all 
inputs are high to produce a low out. Gates 
1, 2, 4, 5, and 6 are all disabled by Signals 
GA.1)1, N), SL)., and SR). which are low at 
this time. 

3. 4. 2 Shift Left. This micro­
instruction shifts the contents of the B Bus 
left one place, and places the shifted data 
onto the S Bus. The bit that is shifted out 
of bit 0 is losw unless the Carry Out option 
(CO) is specified. If CO is specified, the 
bit is stored in the Carry Store flip-flop 
DF04. Bit 7 picks up a zero unless the 
Carry In option (CI) is specified and DF04 
is set. Gate 5 of the summing circuit is 
used to perform the Shift Left function. 

Signals S9- and ~1 are high during a Shift 
Left, and Signals K;I , I). , N) , l\~l, and SR} 
are low (see the table on Figure 2). 

Gate 5 uses Sl,1 to gate each bit of the B Bus 
onto the next most significant position of the 
S Bus. For example, B07 is gated onto S06, 
BOfi is gated onto S0.5, etc. In the case of 
bit 7 of the ALU, SLCJl is high if the qr op­
tion is specified, to gate the Carry Store 
flip-flop (DFO"l) onto bit 7 of the S Bus. If 
the CO option is specified, and BOf}l is high, 
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SDF4, 0 is low to set the Carry Store flip­

flop DF04. Gates 1, 2, 3, 4, and 6 are all 
disabled by Signals ~1, 1111, and sry which 
are low during the Shift Left micro-instructior 

3. 4. 3 Shift Right. This micro­
instruction shifts the contents of the B Bus 
right one place, and places the shifted data 
onto the S Bus. The bit that is shifted out of 
bit 7 is lost unless the Carry Out option (CO) 
is specified. If the CO option is specified, 
the bit shifted out of bit 7 is stored in the 
Carry Store flip-flop, DF04. Bit 0 is low 
unless the Cl option is specified and DF04 
is set. Gate 6 of the summing circuit per­
forms the Shift Right function. 

Signal SR) is high at this time and Signals 
N}, ~, and S!J are low. Signal SIµ is 
applied to Gate 6 to gate each bit of the B 
Bus onto the next least significant position 
of the S Bus. For example, BOO is gated 
onto SOI, BOI is gated onto S02, etc. In the 
case of bit 0 of the ALU, SR9 is high if the 
CI option is specified to gate the Carry Store 
flip-flop (DFO¥) onto bit 0 of the S Bus. 
Gates 1, 2, 3, 4, and 5 are all disabled by 
Signals IJI, 1')1, IV¥, and s:r; which are low 
during a Shift Right micro-instruction. If 
the CO option is specified, and BO?il is high, 
SDF4, 0 is low to set the Carry Store flip­
flop, DF04. 

3. 4. 4 Load Ones Complement. 
This micro-instruction complements the 
contents of the B Bus, and places the com­
plemented data onto the S Bus. The Carry 
In (qI) option has no meaning for this micro­
instruction. If the Carry Out (CO) option is 
specified, the Carry Store flip-flop, DF04, 
is reset. Gate 2 of the summing circuit is 
used to perform this function. 

Since this is not an arithmetic micro-instruc­
tion, the carry circuit is disabled 1IJ. = 0). 
This forces all outputs of the carr~- circuit 
high. Also, since this micro-instruction 
does not hnxe a second operand, the A Heg·· 
ister i,\f\) is not unload0d il'Ajl == 0). This · 



forces the GAnp leads high a rirl the GAn) 
leads low. Signal N} is high at this time, 
and Signals ~1, s:r.;i., and SIµ are low as 
shown on the table on Figure 2. 

Gate 2 is enabled by Signals GAiy>, Cn, and 
N} which are all high. If Bn is a one, there 
is a low into the gate, a high out on Snp, and 
a low on Sty.. If Bn is a zero, the gate has 
all high inputs, a low out on Snp, and a high 
on S'q).. Gates 1, 3, 4, 5, and 6 are all dis­
abled by Signals GA!¥, ~, SLJ., and SR}., 
which are all low. If the CO option is speci­
fied, Signal SVSCJ> is active. Signal SVSCj> 
generates a signal which resets the Carry 
Store flip-flop, DF04. (See the schematics 
in Volume 2 of this manual. ) 

3. 4. 5 AND And AND Immediate. 
These micro-instructions logically AND each 
bit of the B Bus with the corresponding bit in 
the A Register (AR), placing the result onto 
the S Bus. Gate 1 of the summing circuit 
performs these functions. 

During .these micro-instructions, the carry 
circuit is disable~ (Ijl = 0). This forces all 
outputs of the carry circuit high. Because 
these micro-instructions require a second 
operand, the A Register (AR) is unloaded 
(Ul)l = 1). The outputs from the AR are 
available to the summing circuit. Signal IJl 
is high at this time, and Signals N}, M}, 
SL)., and SIµ are low. 

3. 4. 6 OR And OR Immediate. 
These micro-instructions logically OR each 
bit of the B Bus with the corresponding bit 
in the A Register (AR), placing the result 
onto the S Bus. Gates 1, 3, and 4 of the 
summing circuit perform these functions. 

During these micro-instructions, the carry 
circuit is disabled (9 = 0). This forces all 
outputs of the carry circuit high. Because 
these micro-instructions require a second 
operand, the A Register (AR) is unloaded 
(UAJ = 1). The outputs from the AH are 

availahle to the summing circuit. Signals 
I}l and 1Yjl <:.re both high and Signals NJ, 
S~l, and SR,1 are low. 

Gate 1 has high inputs from IJl, and Cn. If 
Bn and GAn are also both high, the Gate 1 
output is low. Gate 1 checks for the condi­
tion where Bn and the corresponding bit of 
th~ AB. are both set. Gate 3 has high inputs 
from ivµ and Cn. If Bn is set and GAn is 
reset, all Gate 3 inputs are high, producing 
a low output. Gate 3, then checks for the 
condition where Bn is a one and the corres­
ponding bit of the AR is reset. Gate 4 has 
high inputs from ~ and Cn. If GAn is set 
and Bn is a zero, all inputs to Gate 4 are 
high, producing a low output. Gate 4, then, 
checks for the condition where Bn is a zero 
and the corresponding bit of the AR is set. 

The output equation to the S Bus for these 
three gates during the OR and OR Immediate 
micro-instruction is: 

-[131)(1\¥-) (B¥)(GAIµ)+(B1¥)(GAqO)+(~O)(GAl)~ 

Gates 2, 5, and 6 are disabled by Signals NJl, 
sr,i, and SIµ which are low. 

3. 4. 7 Exclusive OR And Exclu­
sive OR Immediate. These micro-instruc­
tions logically Exclusive OR each bit of the 
B Bus with the corresponding bit in the A 
Register (AR), placing the result onto the 
S Bus. Gates 3 and 4 of the summing circuit 
perform this function. 

During these micro-instructions, the carry 
circuit is disabled <9 = 0). This forces all 
outputs of the carry circuit high. Because 
these micro-instructions require a second 
operand, the A Register (AR) is unloaded 
(UA} = 1). The outputs from the AR are 
available to the summing circuit. Signal 
M} is high, and Signals IJl, N}, s:r;, and 
SR} are low. 
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Gate 3 has high inputs from ~ and Cn. If 
Bn is a one and GAn is reset, all Gate 3 in­
puts are high, producing a low output. Gate 
3, then, checks for the condition where Bn · 
is a one and the corresponding bit of the AR 
is reset. Gate 4 checks for the condition 
where Bn is reset and the corresponding bit 
of the AR is set. Gates 1, 2, 5 and 6 are all 
disabled by Signals 1]1, N)., SitL, and SR,1 
which are low. 

The output equation to the S Bus for these 
two gates during these micro-instructions 
is: 

3. 4. 8 Add And Subtract. When 
an addition or a subtraction is performed, 
each adder-subtracter stage looks at three 
inputs: one bit from each of the two oper­
ands plus the carry bit generated from the 

. previous stage. For explanation purposes 
the inputs are designated: Cn (carry or bor­
row bit coming in from some previous stage), 
An (the first operand bit), and Bn (the sec­
ond operand'bit). 

The adder-subtracter unit has two outputs: 
Sum and Carry. During Subtract, however, 
the sum output can be looked at as the dif­
ference output, while the carry output can 
be looked at as the borrow output. 

Prior to the adder-subtracter description, 
the terminology and method of signal designa­
tions employed in this system must be under­
stood. The following conventions apply to 
both the descriptions in this section, and to 
the functional schematics provided in Volume 
2 of this manual. 

The operands are designated BOO through 
B07, and GAOO through GA07 indicating the 
B Bus and Gated A Register respectively. 
The least significant bits are B07 and GA07. 
The Sum bits are designated SOO through 807, 
and correspond to the operand bits which 
produce them. For example, B07 and GA07 
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are combined to form 807, the least signifi­
cant Sum bit. The Carry bits are designated 
CSV and COO through C06. The CSV (Carry 
Save) bit is the carry from the most signifi­
cant bits (BOO and GAOO). Each remaining 
Carry bit is designated in accordance with 
the stage it carries into. For example, B07 
and GA07 generate C06, which is summed with 
B06 and GA06. 

To generate an output in a single stage ad-
der-subtracter unit, the following conditions 
can exist: 

Cn 0 0 0 0 1 1 1 

An 0 0 1 1 0 0 1 

Bn 0 1 0 1 0 1 0 

Sum 0 1 1 0 1 0 0 

Difference 0 1 1 0 1 0 0 

Carry out 0 0 0 1 0 1 1 

Borrow out 0 1 0 0 1 1 0 

Sum-Difference: Note on the table that the 
sum and the difference are equal in a single 
stage adder-subtracter. The equation for 
either the sum or the difference is: 

AnBnCn + AnBnCn + AnBnCn + AnBnCn 

Carry out: According to the table, the equa­
tion for the carry out is: 

AnBnCn + AnBnCn + AnBnCn + AnBnCn 

the equation can be reduced to: 

AnCn + AnBn + BnCn 

This means that any combination of tw'o or 
more bits set will generate a carry out. 
The equation can be factored to read: 

An(Bn+Cn) + BnCn 

1 

1 

1 

1 

1 

1 

1 



Borrow out: In subtraction, according to 
the table, the equation for borrow out can 
be written as: 

AnBnCn-1 + AnBnCn-1 + AnBnCn-1 + 

AnBnCn-1 

The equation can be reduced to: 

AnBn + AnCn + AnCn 

This equation can be factored to read: 

An(Bn+Cn) + BnCn 

To simplify the equations, Add and Subtract 
are designated in the equations as: 

K = Add 

K = Subtract 

The equations for carry and borrow can be 
combined to form the equation 

Cn = ~An+l (Bn+l + Cn+l) + KAn+l 
(Bn+l + Cn+l) + Bn+l Cn+l 

The previous equation can be expanded to 
produce: 

C~ KAn+l Bn+l + KAn+l Cn+l + 
KAn+l Bn+l + KAn+l Cn+l + Bn+l Cn+l 

This equation can be factored to produce: 

Cn = (KAn+l + KAn+l)(Bn+l + Cn+l) + 
(Bn+l Cn+l) 

To further simplify this discussion, define: 

KAn+l + KAn+l = AK n+l 

In order to make a one bit "look ahead" car­
ry borrow out of the last Cn equation, Cn+l 
must be expressed in terms of AKn+2, Bn+2, 
and Cn+2. 

Cn+l = AKn+2 Bn+2 + AKn+2 Cn+2 + 
Bn+2 Cn+2 

Substitute this equation for Cn+l in the Cn 
equation above to form the following one bit 
"look ahead" carry borrow equation: 

Cn = AKn+l Bn+l + AKn+l AKn+2 Bn-2 
+ AKn+l + AKn+2 Cn+2 + AKn+l Bn+2 
Cn+2 + Bn+l AKn+2 + Bn+2 + Bn+l AKn+: 
Cn+2 + Bn+l Bn+2 Cn+2 

3. 5 I/ 0 Control 

The Processor I/O Control logic is shown 
on FS22-29. Refer to the I/O Section of 
this manual for more information on the 
I/O System. The EXECUTE pushbutton is 
shown in the top left area of FS22-29. On 
a standard Digital System, the outputs from 
the EXECUTE Switch, ESNCJO and ESNC?JO, 
leave the top of the sheet and go to the 
Display Controller. The Display Controller, 
in turn, generates a Console Attention sig·­
nal (CA TNj>) which is returned to the Proces­
sor as shown in FS22-29D9. The signal is 
inverted and sent to the Test Logic shown on 
FS22-23. The gate shown in FS22-29B8 pro­
vides the Attention signal from all other 
peripheral devices. The remainder of the 
logic on the left half of FS22-29 is not used 
in a standard system with a Display. 

Although the Display Panel is standard on 
GE-PAC 30 Digital Systems, systems 

without the Display are available on special 
order. Such systems are designated Auto­
Load Systems, and are provided with a 
smaller panel which contains the following 
controls and indicators: 

1. POWER Switch and as associated 
indicator 

2. EXECUTE pushbutton 
3. INITIALIZE pushbutton 
4. AUTO LOAD Switch 
5. Wait indicator 
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All switches and indicators except AUTO 
LOAD perform the same functions as in a 
system with a Display. The AUTO LOAD 
Switch permits entry of the 50 Loader from 
·tape (rather than manual entry as performed 
with a standard system). Refer again to 
FS22-29. On an Auto Load sy~tem, the 
~XECUTE Switch outputs are applied to 
cross-coupled gates which provide the T 
input to the flip-flop shown in area C5. 
The flip-flop generates Console Attention 
(CATN}) in an Auto Load system. The Auto 
Load system tests CAT1')1 to determine 
whether to halt or continue. System Clear 
(SCLJY>) sets the flip-flop initially via the 
SJI)O input (area A5). The system therefore 
runs when power is applied or the INITIALIZE 
pushbutton is depressed. The first time 
EXECUTE is depressed, the flip-flop is 
toggled reset, and CAT?¥ goes low. The 
system halts after the next sequence. The 
next time the EXECUTE pushbutton is de­
pressed, the flip-flop is set, CATN} goe.s 
high, and the system rlllls. Note the gat.e 
in area F3. This gate produces a Single 
(SNGI.p) signal in an Au,to Load System when 
the AUTO LOAD Switch is depressed. Note, 
again, that this paragraph applies only to 
Auto Load Systems. · 

The right half of FS22-29 is common to both 
. standard and Auto Load systems. Note the 

three inputs in area H2 and K2. The inputs 
indicate that the following I/O in.str11ctions 
are to be performed. 

SCO:}O - SR 

SC2i)O - DR or RACl<,0 

SC014f - ADRS, DA, or CMD 
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If any of the signals are active, the gate at 
K3 provides an input to the False Sync cir­
cuit. The False Sync circuit assures that 
the Processor is not hung up waiting for a 
Sync response to an I/O command in case 
the peripheral device addressed is unable 
to execute the command, or is non-existent. 
The False Sync flip-flop (area M5 and N5) is 
set to generate FSYN} if SYNJ> is not re­
ceived within approximately 42 microseconds 
after an fu.put/Output operation is initiated. 
The high output from the gate at K3 applies 
a low to the K input of the flip-flop. The J 
input is held low also by the output from 
the gate at P3. The capacitors shown in 
area M2 charge to the threshold level of the 
gate at N3 about 42 microseconds after the 
I/O command is sensed. Normally, by this 
time SYNjJ has been received from the ad­
dressed device controller, indicating that 
the specified operation has been completed. 
The micro-code program tests for TSYN)l 
and resets the 1/0 Command bit in SCR 
when SYN)> is received. The K input to the 
flip-flop is therefore high at this time, and 
the J input is held low. The high output 
from the gate at P3 therefore has no effect. 
If SYNp is not received, however, the J in­
put goes high permitting the FSYN flip-flop 
to set. If FSYN)l is generated, the Overflow 
bit in DFR is set by the gate at P7. This 
provides the micro-code program with an 
indication of the error. If this is an SR op­
eration, and FSYN) is generated, X'04' is 
written in the SDR by WRSqt (area N9). 
This creates a status byte with the examine 
status bit set as an indication of the error 
for the user's program. The gate at M7 pro­
duces a TSYN) indication if either SYNJ> or 
FSY!')O is active. The micro-code program 
tests for TSYN} and resets SCR as discus­
sed previously. An LDI,1 signal is gener­
ated by the gates at H7 and HS on an SR, 
DR, or RACig> condition. Note that LDI.,t 
is inhibited if False Sync is generated. 



4. MAINTENANCE 

This Section describes maintenance proce­
dures which may be used to check and, if 
necessary, adjust the Processor 

NOTE 

Two optional maintenance aids avail­
able from GE-PAC 30 greatly facil­
itate maintenance on the Processor: 
the Systems Test Set, and the X-Ray 
ROM. GE-PAC 30 urges all users 
who intend to maintain their own 
system to purchase both a Systems 
Test Set and an X-Ray ROM. Main­
tenance procedures using these aids 
are provided with the aids. 

4. 1 Clock timing 

Use the following procedure to check system 
clock timing. 

1. Force the RD register to zero 
by grounding the SC LRp B. sig­
nal at pin 118-1900. 

CAUTION 

Exercise care in grounding points in 
the digital system as some compon­
ents may be damaged if the wrong 
pins are grounded or pins are shorted 
to each other. 

2. Use an oscilloscope to check 
that the following Y-Switch out­
puts are 110 to 150 nanoseconds 
wide. 

YSOO) 017-RMS 
YSOl} 117-RMS 
YS02,1 217-RMS 
YS03J 016-RMS 
YSO~l 115-RMS 
YS0l¥ 015-RMS 
YS06) 216-RMS 
YS07;1 116-RMS 

If any of the switch outputs are 
not within the 110 to 150 nano­
second range, check the asso­
ciated logic. If the logic is good, 
synchronize the oscilloscope on 
C02 Test Point D and adjust the 
CI)O pulse width to obtain the cor­
rect output. (See Figure 3. ) 

CAUTION 

The adjustments described in this 
Section are carefully set at the fac­
tory using sophisticated test equip­
ment not normally available in the 
field. The adjustments are very 
stable and should not require field 
adjustment. The adjustments 
should be changed only after the 
check provided indicates that they 
are out of tolerance and there are 
no faulty components in the system. 

3. Force RAH07 to binary ONE 
by grounding pin 216-1 on RMS. 
Cheek that the following Y­
Switc h outputs are 110 to 150 
nanoseconds wide. 

YSOIµ 215-RMS 
YS09)- 014-RMS 
YSl~l 114-RMS 
YSlV 214-RMS 
YS12)- 012-RMS 
YS13,J. 213-RMS 
YS14} 113-RMS 
YS15,1 013-RMS 

If any of the switch outputs 
are not within tolerance, pro­
ceed as outlined previously in 
Step 2. 
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Figure 3. Processor Timing Data 

4. Compare RDST'Iµ on the ROM 
transformer board (Figure 3) 
and YS15jl (pin 013-0 on RMS). 
RDSTB) ·should start 75 ±10 
nanoseconds after YS15,J.. If 
out of tolerance, and no faulty 
components are found, adjust 
STR:ey> position to provide the 
75 nanosecond difference. 

5. Check that STRBJ> is 45 to 60 
nanoseconds wide. If STR:ey> 
pulse width is out of tolorance, 
and no faulty components are 
found, adjust STRJ¥> pulse 
width (Figure 3) to 50 nano­
seconds. 

6. Check the three strobes on the 
ROM transformer board (Fig­
ure 3) and verify that RDSTJ¥ 
is coincindental with, or starts 
later than CLKA). and CLKBJ. 

7. Observe all ROM readouts 
(listed on Table 1). False out­
puts on the CRD:xxp leads should 
be less than 25 nanoseconds wide 
at the 2 volt level. 

8. Compare the SRDO!}O ROM out- . 
put (pin 105 of ~MT) and CLOD 
(C02 Test Point F). The rising 
edge of CLOD should occur 35 ±5 
nanoseconds before the falling 
edge of SRDO:~p. If not, adjust 
CLOD position (Figure 3). 

9. Check that CLOD is 95 ±5 nano­
seconds wide. If necessary, ad- · 
just CLOD pulse width (Figure 3). 

10. Remove the grounds installed in 
Steps 1 and 3. 



TABLE 1. ROM OUT Pt;TS 

OUTPUT PIN OUTPUT PIN 

CRDO<y> 020-RMT SRDoq,o 004-RMT 
CRDOl,0 120-RMT SRDOlp 104-RMT 
CRD02p 019-RMT SRDO~p 005-RMT 
CRD03j> 119-RMT SRD03p 105-RMT 
CRD04j) 018-RMT SRD04p 006-RMT 
CRDO~O 118-RMT SRDO~O 106-RMT 
CRDO<}O 017-RMT SRD06j) 007-RMT 
CRD07,0 117-RMT SRDO~O 107-RMT 
CRDOfW 016-RMT SRDO~O 008-RMT 
CRD09JO 116""'RMT SRDO!}O 108-RMT 
CRDl.Oj) 015-RMT SRD1C¥) 009-RMT 
CRDll,O 115-RMT SRDllp 109-RMT 
CRD12J> 014-RMT SRD12,0 010-RMT 
CRD13j) 114-RMT SRDl.3,0 110-RMT 
CRD14;i0 013-RMT SRD14p 011-RMT 
CRDl~O 113-RMT SRDH)O 111-RMT 

4. 2 Overall Processor Test 

Use the 30-1 Test Program, described 
in Publication Number 06-005R01A12, to 

perform a comprehensive test of the Proces­
sor. The program description and a listing 
are provided in the Programming Manual, 
Publication Number 29-013R02. 

5. PROCESSOR MNEMONICS 

The following list provides a brief description of each mnemonic found in the Processor. The 
FS22 or FS44 source of each signal is also provided 

MNEMONIC 

ACS 

ACSL 

ADRS 

AKOO-AK07 

MEANING 

Carry False Input to the Least Significant Bit of the 
Adder 

Carry True Input to the Least Significant Bit of the 
Adder 

Address Bit of System Control Register 

A Register Inputs to Carry Circuits 

LOCATION 

FS22-25E8 

FS22-25D8 

FS22-l 7C7 

FS22-32B9 
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MNEMON1C 

AROO-AR07 

ATN 

AUTOLD 

~oo..:Bo7 

BANK 

BftA 

CATN 
l' 

CD 

CL 

CLKOFF 

CLKSTP 

CLOD 

CLOE 

CMDlA 

CMDlB 

CMD 

COO-C07 

CRDOO-CRD15 

csv 

DA 

DALOO-DAL07 
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MEANING 

A Register Output Signals 

Attention - Request for Interrupt by Any External 
Device 

Auto Load Command for Non Display Machines 

B Bus 

Bank Flip-Flop - High for Addressing SDR and SCR 
and Low for Addressing RAL and RAH 

Branch Micro-Instruction 

Console Attention - the Interrupt from Display 

Current Drive Pulse for ROM 

Clock 

Clock Off 

Clock Stop 

(System)Clock D 

(System)Clock E 

Command Micro-Instruction (Delayed) 

Command Micro-Instruction 

Command Bit of System Control Register 

Carry Outputs 

Clear ROM Data Register Inputs from the ROM 

Carry Save from Most Significant Bit of the Adder 

Data Available Bit of System Control Register 

Data Available Lines from System Data Register 

LOCATION 

FS22-1B6 

FS22-29F2 

FS22-8, 9, 11, 
12, and 13 
FS44-2 and 3 

FS22-24F6 

FS22-26B8 

FS22-29C9 

FS22-28K8 

FS22-28C2 

FS22-28P4 

FS22-28D5 

FS22-28G8 

FS22-28H8 

FS22-23C8 

FS22-23D8 

FS22-18C7 

FS22-30F9 

FS44-1C2 

FS22-30C8 

FS22-11G7 

FS22 .. 1aEs 



MNEMONIC MEANING LOCATION 

DFOO-DF07 DO Flag Register Outputs FS22-11D7 

DRDOO-DRD02 DO ROM Data (0:2) - Reflect Op--Codes from ROM FS44-1C8 
Data Register or DO Flag Register 

DRLOO-DRL07 Data Request Lines to System Data Register from FS22-13F9 
Devices. 

DR Data Request Bit of System Control Register FS22-17L7 

ENBC Enable Console Attention FS22-29E2 

ENDL Enable Data Lines FS22-20P3 

ESNC Execute Switch Contact Normally Closed FS22-29B2 

ESNO Execute Switch Contact Normally Open FS22-29D2 

EXTCLK External Clock Input FS22-28R5 

FSYN False Sync FS22-29R6 

GAoop-GA07,0 Gated A Register Outputs to the Summing Circuit FS22-7B9 

HLFCLK Half Clock FS22-28R3 

INHINC Inhibit Increment of ROM Address FS44-4B9 

K Gating Lead High for Subtract FS22-26E8 

L Gating Lead High for Add or Subtract FS22-26E8 

LAlA Load A Register (0:3) with the Contents of the S Bus FS22-22G7 
(0:3) 

LAIB Load A Register (4:7) with the Contents of the S Bus FS22-22N7 
(4:7) 

LD Load Micro-Instruction FS22-25G8 

LDF Load DO Flag Register (0:7) with the Contents of the FS22-21B8 
S Bus (0:7) 

LDL Load Data Lines Signal FS22-29H9 
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MNEMONIC 

LMAH 

LMAL 

LMDH 

LMDL 

LMST 

LRAH 

LRAL 

LRO-LR7 

LSC 

LSD 

M 

MBY 

MDAV 

N15 

N 

osc 

P5 

p 

:rn 

MEANING, 

Load Memory Address Higher with the S Bus 

Load Memory Address Lower with the S Bus 

Load Memory Data Higher with the S Bus 

Load Memory Data Lower with the S Bus 

Load Memory Start Clock Inhibit - Stops System 
Clock if a Memory Cycle is in Progress and the 
Micro-Code Program Attempts to Alter MD or MA 
or start another memory operation. 

Load ROM Address Higher with the S Bus 

Load RbM Address Lower with the S Bus 

Load Register 14 (SCR or RAL) with the S Bus 

Load General Register 0- 7 with the S Bus 

Load System Control Register with the S Bus 

. Load System Data Register with the S Bus 

Gating Lead High for all Micro-Instructions Except 
AND or LOAD if Shift Left, Shift Right, or Load 
One's Complement is Specified. 

Memory Busy 

Memory Data Availab1e 

Negative 15 Volts 

Gating Lead High for Add, Subtract, or Load Ofi€'s 
Complement 

Crystal Oscillator Output 

Plus 5 Volts 

Plus 1!) Volts 

Gatin~ Lead High for all Micro-lnstructions Except 
Exclusive OR 

FS.22-21H8 

FS22-21F"3 

FS22-21K8 

FS22-21J8 

FS22-28J2 

FS22--28G8 

FS22-21E8 

FS22-20D8 

FS22•22C7 

FS22-22J7 

FS2'2-26L8 

FS22-28D2 

FS.22-27F3 

r·s22 ... 26Fs 



MNEMONIC 

PIX1WN 

PFF 

POFF 

POW 

PPF 

RO-R7 

RACK 

RAH04-RAH07 

RALOO-RAL07 

HAWCLK 

RCL 

HDOO-RD15 

R.JK 

SOO-S07 

SCLR 

SCOO-SC07 

S.'("''ro . ,.:: .. ) 

sco:~p 

SDF4 
SDF5 
SDF<i 
SDF7 

MEANING 

Power Down from Power Fail Detector, or Initializa­
tion, or N15 Failure 

Clear Parity Fail Flip-Flop Command 

Power Off - Power ~'witch Contact 

Command Power Down 

Primary Power Fail Indicator to Test Logic 

Read General Register (0-7) 

Return Acknowledge Bit of System Control Register 

ROM Address Higher Register Outputs 

ROM Address Lower Register Outputs 

Raw Clock Output 

ROM Clock Used to Increment or Gate S Bus into RAL 

ROM Data Register Outputs 

Reset JK Flip-Flop - Tied to System Clear in a 
Display Machine 

S Bus 

System Clear 

System Control Register Outputs 

System Control Register Specifies Data Request or 
Return Acknowledge 

System Control Register Srecifies Data R<·quest or 
Return Acknowledge 

System Control Register Spccifi<·s Status Hcquest 

Set DO Flag Register Bit 4 
Set DO Flag Register Bit 5 
Set DO Flag Register Bit 6 
Set DO Flag Register Bit 7 

LOCATJ()N 

FS22-27FC 

FS22-.2+K;.. 

FS22-24N9 

FS22-27B9 

FS22--k,Jl 

FS22-18G7 

FS44-6E8 

FS44-4E8 

FS22-2KN!i 

FS22-28FK 

FS44-1C8 

FS22-29E2 

FS22-7 IL' 

FS22-27H7 

FS22-17B7 

FS22-17B7 

FS22-l 7P7 

FS22-10N8 
FS22-1 O.J8 
FS22-10F8, 2~rn.7 
FS22-10C8, 2~R8 

:n 



MNEMONIC 

SJK 

SL 

SLC 

SNGL 

SRC 

SRDOO-SRD15 

STF 

STFL 

STPFS 

STPSYS 

STRB 

STRT 

sv 

SVAC 

svsc 

SWTAL 

SYN 

TST 

TSYN 

tJA 

32 

MEANING 

Set JK Flip-Flop - Tied to System Clear in a Non 
·Display Machine 

Shift Left 

Shift Left with Carry In 

Single Users Instruction Cycle. 

Shift Right 

Status Request Bit of System Control Register 

Shift Right with Carry In 

Set ROM Data Register (0:15) - Inputs from ROM 

Set Flags 

Set Flags for Add or Subtract 

start Test for False Sync 

. Stop System Clocks 

Strobe for ROM 

Start Memory Cycle 

Set Overflow Flag on False Sync 

Save Add Carry 

Save Shift Carry 

Set Wait Alarm Command 

Sync from Device Controller 

Test Micro-Instruction 

Testable Sync (OR of SYN and False SYN) 

Unload A Register 

LOCATION 

FS22-29B5 

FS22-25M8 

FS22-.25:N8 

FS22·29F9 

FS22-25H8 

FS22-17R7 

FS22-25K8 

FS44-1C2 

FS22-25B8 

FS22-25C8 

FS22-29K4 

FS22-27H4 

FS22;..28J8 

FS22-24E8 

FS22-29P9 

FS22-25A8 

FS22-25F8 

FS22-24N9 

FS22-23D8 

FS22-.29M9 

FS22-26N9 



MNEMONIC MEANING LOCATION 

UDF Unload DO Flag Register onto the B Bus FS22-19K8 

UMDL Unload Memory Data Register Lower onto the B Bus FS22-19N8 

UMDH Unload Memory Data Register Higher onto the B Bus FS22-19P8 

URO-UR7 Unload General Register 0-7 onto the B Bus FS22-19B8 

USD Unload System Data Register onto the B Bus FS22-19L8 

UT Utility Flip-Flop FS22-24H6 

VP Stop System. Clock upon Initialization FS22-27R6 

WO-W7 Write the S Bus into General Register 0-7 FS22-9G2 

WA Wait Alarm FS22-24M8 

WR Write to Memory FS22-24D8 

WRSD Write System Data Register on False Sync FS22-29N9 

WUN ONE - High if RAL 5, 6, 7 are All Set F'S44-4R3 
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THE GE•PAC 30-02 PROCESSOR 

1. INTRODUCTION 

This Section describes the 30-2 Proces­
sor. Refer to the General Description 
Section earlier in this manual for a de­
scription of the functional organization 
of a GE-PAC 30-2 Digital System. This 
Section includes a block diagram analysis t 
fu notional descriptions which reference 
sc.h.ematics provided in Volume 2 of this 
manual, maintenance information, and 
a mnemonic list. 

2. BLOCK DIAGRAM ANALYSIS 

Figure ·1 is a block diagram of a 30-2 
Digital System. Processor operation is 
controlled by the Read-Only-Memory (ROM). 
Micro-programming, hard-wired into the 
ROM, makes the 30-2 appear to have the 
capabilities of a much larger machine. When 
executing the instructions of the emulated 
computer, the micro-program directs the 
hardware to read the next instruction to be 
executed from core memory. The hardware 
is then allowed to decode the user's instruc­
tion and point the micro-program to the 
micro-subroutine that has been designed to 
perform the emulated instruction. TQ.e 
loop is closed by incrementing the program 
Location Counter and returning to the point 
in the micro-program that will fetch the 
next instruction from core memory. 

The micro-program wired in the ROM con­
sists of combinations of micro-instructions. 
Each micro-instruction performs a basic 
operation. The sixteen different micro-
instructions the 30-2 executes, and their 

operation codes, are listed in Table 1. For 
a detailed exolanation of each instruction, 
refer to the . 30-2 · Micro-Instructio~ Ref­
erence Manual, Publication Number 29-032. 

TABLE 1. MICRO-INSTRUCTIONS 

INSTRUCTION OP-CODE 

Decode 0000 
Branch 0001 
Test 0010 
Command 0011 
Load 0100 
Load Immediate 0101 
OR 0110 
OR Immediate 0111 
AND 1000 
AND Immediate 1001 
Exclusive OR 1010 
Exclusive OR Immediate 1011 
Add 1100 
Add Immediate 1101 
Subtract 1110 
Subtract Immediate 1111 

The Read-Only-Memory (ROM) contains the 
micro-code program to fetch and execute 
the user's instructions stored in Core Mem­
ory. The ROM is a high speed, non-volatile 
memory made up of pulse transformers. 
(See the ROM Section of this manual. ) 

The Processor executes micro-instructions 
extracted from the ROM by gating data 
through the Arithmetic Logic Unit (ALU). 
All data transfers within the Processor arP 
made on the sixteen bit Band S Buses, 
shown at the top and bottom of Figure 1. 

1 



The ROM location of the micro-instruction 
is defined by the twelve bit address con­
tained in the ROM Address Lower Register 
(RAL) and the ROM Address Slave Register 
(RAS). RAL is an eight bit micro-instruc­
tion location counter. It is loaded from the 
S Bus during a Branch instruction or when 
specified as a Destination Register, and 
incremented by one between the execution , 
of all other micro-instructions. RAS is a 
four bit register that holds the ROM page ad­
dress. It is loaded with the contents of the 
ROM Address Higher Register (RAH) when­
ever RAL is loaded from the S Bus. Neither 
the RAS nor the RAH is involved when the 
RAL is incremented. To transfer from one 
page (256 ROM words) to another, the des­
tination page number is first loaded into 
RAH from the S Bus. When the location ad­
dress is loaded into RAL, RAS is loaded 
from RAH. This insures that the new loca­
tion and page addresses are sensed in the 
ROM addresH decoders simultaneously. 

Every micro-instruction extracted from 
ROM is plac.ed in the ROM Data Register 
(RD) where it remains while the instruction 
is being executed. RD is a sixteen bit micro­
instruction register. It is reloaded from 
ROM at the completion of each micro-in­
struction. The outputs from RD are inputs 
to the Processor Control and Decoder Logic. 

Within Control, the instructions are decoded 
to activate gating leads to the ALU. The 
source and destination addresses are de­
coded and the signals to unload registers to 
the B Bus and load registers from the S Bus 
are generated. Core memory actions are 
initiated from Control, and the signals di­
recting the clock system and initialize cir­
cuits are also maintained. RD bits 0:3 are 
decoded as the operation code of the micro­
instruction being executed. 

RD hit 3 defines Immediate instructions. 
An Immediate instruction is one that has 
the data to be manipulated appended to the 
micro-instruction word itself. During exe-

2 

cution of an Immediate instruction or a 
Branch instruction, RD bits 8:15 are gated 
onto B Bus bits 8:15, and treated as data. 

The D field (RD4:7) specifies the Destination 
of the micro-instruction result formed in the 
ALU. The result is placed on the S Bus by 
the ALU and then gated from the S Bus to 
the Destination register specified by the D 
field. 

The S field (RD8:11) selects the register to 
be gated to the B Bus. The selected regis­
ter is the source of one operand to be used 
in arithmetic and logical operations. The 
other operand is always assumed to be in 
the A Register (AR). 

The E field of the RD register (RD12:15) is 
an extended micro-operation modifier. This 
field permits control of such things as flag 
actions, shifts, I/ 0 operations or phase ac­
tions. The D, S, and E fields are interpre­
ted for Branch, Test, or Command micro­
instructions. The Sand E fields are 
interpreted differently for Immediate micro­
instructions. 

The instruction register (IR) is a sixteen 
bit register used to hold the user's instruc­
tion. The OP field or IR (0:7) holds the 
user's operation code. The meaning of th!'l 
remaining bits depends on the type of user's 
instructions, but generally the following ap­
plies. The Rl field (8:11) specifies the 
Destination register of the user's result. 
The S Bus is gated into the General Regis­
ter specified by the Rl field. The R2 field 
(12:15) selects the General Register to be 
gated to the B Bus as an operand. 

The outputs from the Instruction Register 
are inputs to the Decoder. The Decoder 
consists of logic to interpret user instruc­
tions. Also, through the Decoder Read­
Only-Memory (DROM), the micro-program 
is guided to the subroutine designed to exe­
cute the emulated instruction. 
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· The micro-register stack consists of five 
general purpose registers (l\IRO through 
l\1R4) and three special purpose registers 
(::\lAR, LOC; and PS\\'). These registers 
are each sixteen bits long and may be con­
sidered as a high speed working memory 
for the micro-computer. Designating one 
of these registers in the Destination field 
(D) of RD causes it to be loaded with the 
data present on the S Bus. Designating 
one of these registers in the Source field 
(S) causes its contents to be placed on the 
B Bus. 

The user's register stack consists of six­
teen general purpose registers (GOO through 
Gl5). These registers are each sixteen bits 
long. As mentioned before, the General Reg­
isters are addressed by the Rl and R2 fields 
of the Instruction Register. The micro­
program has access to the General Registers 
onl~· by addressing the appropriate IR field. 
Thus, the General Registers are indirectly 
addressedo 

When a General Register is specified ~s the 
Source for a micro-instruction, that particu­
lar register is selected by IR and its contents 
are placed on the B Bus. When a General 
Register is specified as the Destination, the 
particular register is selected by IR and 
loaded from the S Bus. 

The Arithmetic Logic Unit (ALU) performs 
the micro-instruction specified by RD. The 
operation executed is determined by the con­
trol lines activated when the Processor 
Control Logic decodes the micro-instruction. 

The B Bus always provides one operand to 
the ALU. The other operand is taken from 
the A Register (AR). The AR is a sixteen 
bit register that can be loaded from the S 
Bus and input to the ALU as an operand if 
needed by the instruction being executed. 
The output from the ALV is the S Bus. 

4 

The Flag I~eg,isler (FLR) is a four blt regis­
ter containing the following flags: Can) 
(C), Overflow (V), Greater than zero (G), 

and Less than zero (L). These flags are 
modified at the conclusion of arithmetic and 
logical operations to reflect the result of the 
operation. The FLR is tested by the Branch 
on Condition micro-instruction. The FLR 
can be loaded from bits 12 through 15 of the 

. S Bu$ and unloaded to the Condition Code 
Register. 

The CCR is a four bit flag register for the 
emulated computer, reflecting the results 
of user's instructions. It may be loaded 
only from FLR. The Condition Code Reg­
ister supplies bits 12 through 15 of the B 
Bus when PSW is specified in the Source 
field of RD. 

/ 

The Counter (CNTR) is a four bit decremen­
ting register used on comll!.ands Repeat, 
Multiply, and Divide and the Branch on 
Counter instruction. The Counter may be 
preloaded from S Bus bits 12:15. 

The Core Memory is the source of User 
instructions and data constants. It consists 
of ferro-magnetic cores and contains from 
2K to 32K sixteen bit locations. (See the 
Core Memory Section of this manual. ) 
Memory operations are initiated by Proces­
sor Control during a Command or a Decode 
micro-instruction. The location addressed 
in core memory is designated by the sb..i:een 
bit Memory Address Register (MAR). MAR 
is loaded fr0m the S Bus prior to the memory 
operation. The two Memory Data Registers 
(MDH and MDL) hold the sixteen bits to be 
read from, or written into, memory. l'vIDH 
and MDL may be loaded simultaneously or 
individually from the S Bus in preparation 
for a memory write operation. MDH and 
MDL may be unloaded simultaneously to the 
B Bus following a memory read. :Memory 
timing considerations are resolved by the 
Processor. If the micro-program tries to 
unload the Memory Data Register immed­
iately following a memory read, the Proces­
sor simply waits until the data is available. 



Non-memory directed operations may be 
interleaved with the memory operations for 
maximum efficiency. 

The 1/0 control directs the Device Control­
lers to load data into the B Bus or accept 
data from the S Bus. The type of data to be 
loaded or unloaded is determined by RD bits 
14 and 15 and the direction of transfer de­
sired (Input or Output). When the device 
has performed the function indicated by the 
active Control Line, it responds by raising 
the Sync Line, terminating the transfer. 

3. FUNCTIONAL DESCRIPTIONS 

This Section provides descriptions of the 
major Processor functional areas. The de­
scriptions reference both simplified draw­
ings provided in this Section, and Functional 
Schematics provided in Volume 2 of this 
manual. 

3. 1 Clock Control 

The clock generator is shown on Sheet 23 of 
FS45, and is located on the COl mother­
board. 

The clock system for the 30-2 employs 
a crystal-controlled 2. 5 MHz oscillator. 
The crystal itself is mounted with a voltage 
divider on the daughter-board in location 26. 
The output from the crystal circuit feeds the 
oscillator in location 36, which amplifies the 
crystal output. The amplified sinusoidal 
output, OSCl on pin 10 of the oscillator, 
varies between ground and +5V. 

osc;1 is connected to the T input of a JK 
flip-flop. When the flip-flop is reset, the 
high output C LKOFJ;O is ANDed with OS<;l 
to develop the RAWCLK input to the pulse 
shapers. When the flip-flop is set, CLKOFFJO 
goes low, preventing OSCJl from developing 
RAWCLK, and inhibiting the clock outputs. 

The J input of the CLKOFF flip-flop is tied 
to ground on the back panel. The K input is 
designated V~O. When the system is initia­
lized, STPSYfY. goes high and vyo goes low . 

. STPSYE)l sets the CLKOFF flip-flop. As 
long as V~O is low, the negative transition 
of the OSC} cannot reset CLKOFF, and 
clock pulses are inhibited until the initialize 
sequence is terminated. At this time, 
STPSY~ goes low and VIJO goes high. 
CLKOFF resets on the next negative going 
transition of the oscillator output, enabling 
08<;1 to develop the RA WC LK input to the 
pulse shapers. 

The low going result of ANDing osc;;1 and 
CLKOFF)O is ORed with the normally high 
EXTC LKp lead. (This lead is provided so 
that an external clock may be used to run 
the system during trouble-shooting or mar­
ginal testing. This is accomplished by 
grounding the CLKOFJ)O lead at pin 110-1 
on the back panel to disable the internal 
oscillator, and then pulsing EXTCLKjO with 
a low going output from an external oscilla­
tor.) The external oscillator used should 
meet the following specifications: 

1. square wave oscillator 
2. logic levels 0 to + 0. 45 vdc 

for logic ZERO, 2. 6 to 5'vdc for 
logic ONE 

3. frequency - up to 2. 7 MHz 
4. output drive 6 milliamps 

The output from the OR gate, RAWC LKl, 
is available at Test Point L06 on COl. 
RAWCLK is next applied to 5 pulse shapers. 
The pulse shapers each contain two potentio­
meters. One potentiometer varies the pulse 
width, and the other varies the delay time. 
The proper method for adjusting these poten­
tiometers is explained later in this Section. 
The outputs from the pulse shapers occur 
at the clock frequency, and are inhibited only 
when the system is initialized. 
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The output from pin 31 of the pulse shaper_ 
in position 3 7 is inverted and forms the 
current drive pulse (Cry>) for the ROM. 
CDjl is not variable; all other clocks are 
adjust~d relative to cqo. CDJ> is available 
at Test Point LOS on COL Output pin 10 of 
the pulse shaper in position 37 is ANDed 
with SKPSTJ¥> and SKDMS'IJO to develop 
ROMSTij(), the strobe pulse for the ROM. 
RO,MSTBp is available at Test Point LlO on 
COL The output from pin 10 of the pulse 
shaper in position 35 (SYSCLl) is ANDed 
with SKDM$1)0 to develop the system clocks, 
CLOD and CLOE. CLOD is available at Test 
Point L12 on COL CLOD is used primarily 
to gate data into the Processor registers. 
CLOE is used to gate information in and out 
of. the memory registers. CLOE is available 
at Test Point L13 on COL 

SYSCI;l is ANDed with DMS1)0 and NORC:y> 
to produce RCLO, and with MS1JO to produce 
SCLp. RCI,O is available on Test Point L15 
on COL RCLp is used to gate data into the 
ROM Addre.ss Register and to increment the 
ROM Address Lower Register, RAL. SCif' 
is a system clock whic.h is inhibited only 
when memory speed conflicts with the Pro­
cessor's demands. 

The output from pin 31 of the pulse shaper in 
position 35 is ANDed with SKDMSTO to pro­
duce CCIJJ. CCLp is available on Test Point 
Lll on COL CC IJJ is the gating clock for 
the Command micro-instruction. 

The output from pin 31 of the pulse shaper in 
position 35 is ANDed with SKDMS'IjO to pro­
duce STCLKjO. STCLKp is used to strobe 
data into the Processor register stacks. 
STCLKp is available on Test Point L14 on 
COl. 

SYSC!f feeds the lower pulse shaper in posi­
tion 4L Output pin 31 of this pluse shaper is 
named ocr;. DCL} is available on Test 
Point L07 on COl. DCL} is positioned to 
appear between system clocks, and is not 
variable. It is used when multiple opera­
tions have to be completed within one clock 
period. 
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It is necessary to prevent generation of cer­
tain timing functions at specific times. To 
achieve this, a hierarchy of clock inhibits 
is implemented. This network of clock 
stops can be divided into three categories: 

L Initialize. All clocks are stopped. 

2. Asynchronous to synchronous tim­
ing conflicts. This category in­
volves memory directed operations 
and Input/Output operations. 

3. Synchronous extended cycle 
operations. 

The Add and Subtract micro-instructions 
require an extra system cycle to allow the 
"worst case" carries to propagate through 
the arithmetic system. Branches and Loads 
to RAL require an extra system cycle to al­
low sufficient time for the new address to· 
be decoded in the ROM decoding matrix. 
RCI;O and ROMSTB)> may be individually 
stopped to allow repitition of a single micro­
instruction. 

The clock inhibit circuits are shown on Sheet 
22 of FS45. When a memory directed opera­
tion is attempted and memory is not ready, 
the normally high MS'l)O lead becomes active 
(low). MS':;-0 is available on Test Point L03 
on COL MS1JO inhibits all clocks except 
SYSCL} and DCLp, forcing the Processor to 
wait for the memory operation to be com­
pleted. Note that SCI.f> is not inhibited if the 
micro-operation is Decode. The MST,O signal 
is controlled by two JK flip-flops, shown at 
the bottom of Sheet 22. 

The lawer flip-flop inhibits clocks if the 
micro-code program directs the Processor 
to unload the Memory Data Register (UMDISO) 
after a memory cycle has been initiated and 
the data is not yet available. The low active 
Unload Memory Data Register (UMDRJ)) sig­
nal is inverted and ANDed with the set output 
from the lower flip-flop. The state of this 
flip-flop is controlled by the Memory Data 
Available signal (MDA\)OA) coming from the 
core memory. MDA'{OA is low if there is 



no memory operation in progress, or if a 
memory read is being executed and the 
readout is available in the Memory Data 
Register (MDR). MDA '\j'OA resets the flip­
flop, preventing it from inhibiting the clock 
outputs. If memory is in the first half cycle 
of a memory operation (read), MDA ')OA is 
high causing the flip-flop to set at the trail­
ing edge of the next system clock. If the 
micro-code program attempts to unload the 
Memory Data Register while this flip-flop 
set, MS'i;O goes low stopping the clock. 
When memory data becomes available, 
MDA ~O goes low, the JK flip-flop resets, 
and MS~O goes high, which allows clock 
pulses to be generated to unload the Memory 
Data Register. 

Notice that the clock which triggers the flip­
flop (SYSC Ljl) is not inhibited by MS'IJO. As 
soon as memory data becomes available, 
the flip-flop is reset on the trailing edge of 
the next SYSCr,t pulse. Since ROMSTBJ> 
was inhibited by the MS'IJO signal, the next 
ROM instruction word was not read out and 
UMDR,O remained low while the clock was 
stopped. 

Since memory timing is a synchronous with 
the system clock, the flip-flop guarantees 
that a clock pulse will not be shortened when 
data becomes available. 

The other JK flip-flop capable of developing 
MS'l)O also has an input from memory. This 
lead, Memory Busy (MB"\)lA), is normally 
low, holding the flip-flop reset. MBYJA 
goes high and sets the JK flip-flop when any 
memory operation is initiated, and remains 
high for the full memory cycle. If the micro­
code program attempts to load any memory 
register or initiate another read or write 
cycle, the output from the OR gate goes high. 
This is ANDed with the set output from the 
JK flip-flop to develop the MSTj) signal which 
prevents generation of all System clocks. 
At the conclusion of the initial memory opera­
tion, the MBY}.A lead goes low, allowing the 
next SYSC l;l pulse to reset the flip-flop. 

With the flip-flop reset, 1\1STO goes high 
enabling all System Clocks. The pending 
memory operation is then executed. 

When an I/ O Load mioro-instruction is per­
formed, the DS~O signal becomes active 
(low). DST,O is ORed with MS~O to produce 
DMS'IJO. DMS';'O inhibits RC1i0· DS1JO and 
MS'J;O are ORed with LRAI,O to produce 
SKDMS1JO. SKDMS'IJO inhibits CLOD, CLOE, 
STCLKJ>, and CC If>· 

At least 2 clocks are skipped (inhibited) on 
1/0 Loads. This allows sufficient time for 
the I/O control and data lines to settle and 
an 1/0 Sync (SYN) to be returned. When a 
Sync returns from the device, ]).g'IJO goes 
high, releasing the clocks. If the device 
controller is slow returning sync, more 
than 2 clock periods will be skipped. 

The ENSKP flip-flop shown on FS45-22G3 
provides the capability of skipping one 
clock period while performing Add, Subtract, 
Branch, Decode, or Load RAL micro-ops. 
The K input to the ENSKP flip-flop is nor.:. 
mally low. It becomes high if any one of 
five micro-instructions mentioned above is 
executed. The K input is fed by two NAND 
gates whose outputs are tied together. Dur­
ing a Branch instruction, BRA)> is low, 
forcing both NAND gate outputs high. During 
Add or Subtract, ljJ is low, forcing both 
outputs high. During a Load RAL instruction, 
UOlj> is low, causing one NAND gate output 
to be high. BANJSl is low forcing the other 
NAND gate output high. During a Decode 
instruction, DO is low forcing both outputs 
high. The high present on the K input of 
ENSKP is ANI>ed with the set output from 
the ENSKP flip-flop which is high until the 
trailing edge of the next clock pulse. The 
output from this gate, LRAIJ>, goes low 
and inhibits CLOE, CLOD, STCLKp, ccr.p, 
and ROMSTJ}O. With a high on the K input 
of ENSKP and the J input tied to +5 volts, 
the ENSKP flip-flop complements on the next 
clock pulse. With ENSKP reset, the 8ct 

output goes low, forcing LRALJ> high and 
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once again CLOE, CLOD, STCLKp, ccrp, 
and ROMSTBJ> are enabled. Note, however, 
that one clock period has been skipped. 
'LRAI,O and its complement LRALl are also 
wired to the RMI mother-board to inhibit 
the incrementing of RAL and enable the 
gates from the S Bus to RAL. 

During a Branch or a Load RAL micro-op, 
the information is gated into RAL from the 
S Bus with the RAL clock (RC!jO). During 
Add., Subtract, or Decode, RCI;O is also 
skipped. This is accomplished by ORing 
LfJ and qo at Gate 51-15. 

If either r,o or .qo is low, this gate produces 
a high output. This high is ANDed with the 
set output of the ENSKP flip-flop to produce 
a low into the gate that generates NORCLJ>, 
which inhibits RCI;O. Notice that another 

input to the gate which generates RCI.p is 
DMSTJ>. This input is used to inhibit RCLJl 
from being generated to increment the ad­
dress register during a memory or device 
clock stop sequence. During Branch or 
Load RAL, Lp and qJ are both high inputs 
to Gate 51-15, forcing the output low. This 
low produces a high output from Gate 21-15, 
NORCLj>, which allows RCIJ> to be genera­
ted. Special conditions arise during multiply, 
qivide, or repeat which cause NORC!Jl to 
become active. NORCI;O inhibits only RCIJ>. 
Special conditions in the Decode micro-in­
struction cause ROM Strobe (ROMSTB/l) to 
be skipped. This is done by making the lead 
SKPST:ey> active (low). SKPST:r:y> also gen­
erates NORCLp, thus inhibiting RCIJ> and 
ROMST~O. SKPSTJ¥> disables LRALfJ at 
Gate 20-16. When SKPSTBJ> is active, only 
RCI.J> and ROMST:ey> are skipped. Table 2 
provides a summary of clock stop conditions. 

TABLE 2. GE•PAC 30-2 CLOCK STOP SUMMARY 

RAWCLI)l 

SYSCI,l 

cqo 

DCLJ> 
scr..p 

RCLp 

CLOD 

CLOE 

ccr.p 

STCLKp 

ROMSTBJl 

1 Active' 
0 = Inactive 
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:qo* 
SCLP.Q MS'IJO DS'llO LO LRALO 

0 1 1 1 1 

0 1 1 1 1 

0 1 1 1 1 

0 1 1 1 1 

0 0 1 1 1 

0 0 0 0 1 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

* qo acts like IfJ unless Phase Zero RR. 
Then SKPSTJ¥> overrides. 

Dj>* 
SKPSTBD NOR CI"° 

1 1 

1 1 

1 1 

1 1 

1 1 

0 0 

1 1 

1 1 

1 1 

1 1 

0 1 



3. 2 Initialize Control 

The Initialize Control logic is shown on Sheet 
21 of FS45. This logic provides an orderly 
system shutdown when the system is :ln!tia­
lized. When an initialize sequence occurs, 
the following actions take place: 

1. Stop Clock 
2. Reset RAL 
3. Reset RAH 
4. Reset FLR 
5. Reset Bank flip-flop 
6. Reset Utility flip-flop 
7. Reset RD 
8. Reset RUN flip-flop 
9. Reset PTYS flip-flop 

10. Force Phase 3 
11. Set PSWOl flip-flop 
12. :Jteset FNYO and FNYl flip-flops 
13. Reset NORCL flip-flop 
14. Reset FRCGPl flip-fiop 
15. Set Wait Alarm 
16. Provide reset signals for Memory 

and 1/0 

The system is initialized as a result of one 
of the following conditions: 

1. Command Power Down or Power Up. 
2. AC input (with optional Power Fail 

Detector), P15, N15, or P5 falls 
below minimum operating level. 

The master reset signal, SCLRp, is active 
when the initialize relay is de-energized. 
This happens when the POWDNp signal gen­
erated at G6 on FS45-21 is active. l>Qring 
normal operating conditions, POWD:ti-0 is 
high, permitting the Darlington circuit, 
controlling the Initialize Relay, to conduct. 
As long as the Darlington circuit conducts, 
the relay remains energized. POWDNp goes 
low to start an initialize sequence when one 
of the two conditions mentioned occurs. 

The STPSY~ flip-flop (J3) is set if a Com­
mand Power Down (POW) is executed. The 
Processor tests for Primary Power Fail 

(PP:FjO) between execution of each user in­
struction. PPFJO is true if the latching 
POWER Switch is released; if the optional 
Primary Power Fail Detector on Sheet 21 
determines a voltage is lost, or if the Con­
sole INITIALIZE Switch is depressed. When 
Primary Power Fail is detected, the micro­
code program transfers to a Command 
Power Down. The Command instruction 
generates the low signal, PO\\)O, at RS on 
Sheet 13. PO\\)O sets the STPSYS flip-flop. 

When STPSY~ goes high, a low is placed 
on the DC set input to the CLKOFF fiiy ·flop 
(FS45-23C4). STPSY~ is high causing 
POWDNO to go low. When POWD~O goes 
low, it removes the positive potential on 
the input to the Darlington circuit, turning 
the circuit off and de-energizing the relay. 
The reset output of the STPSYS fiip-flop 
generates the signal Vl)O (FS45-21R6). 
VIJO, low, holds the K input of the CLKOFF 
flip-flop low, preventing it from setting un­
-til the initialize sequence is terminated. 

The second instance when POWDNp goes 
low to drop out the Initialize Relay, occurs 
when one of the voltages - - +5v, +15v, 
-15v, or the AC input - is lost. If the 
Nl5 supply voltage is lost, the output of 
the NAND gate on Sheet 21-G3 goes low. 
If the +5v is lost, the collector supply for 
the Darlington circuit is removed,. causing 
the Initialize Relay to drop out. If the AC 
input is lost, the J>C?WDNp lead is also 
forced low. The AC input is sampled from 
the secondary of a 12 VAC transformer and 
rectified. The pulsating DC voltage is ap­
plied to potentiometer P451 (FS45-21E3). 
The potential selected by the potentiometer 
is applied to the optional Power Fail Detector. 

NOTE 

The following description of the Pri­
mary Power Fail Detector assumes 
that the two transistors in "he 35-063 
are Ql and Q2, left to right, and that 
the two transistors in the 35-082 are 
Q3 and Q4, left to right. 
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Initially, transistors Ql, Q3 and Q4 are off 
and transistor Q2 is conducting. With trans­
istor Q2 conducting, a high enough positive 
potential on the base of Q4 keeps Q4 cut off, 
and applies about +(iv to the emitter of Ql. 
The potential from potentiometer P451 (ap­
proximately 8v) is felt on the base of Qt. 
If the AC input is lost, or fluctuates enough, 
the potential on the base of Ql becomes more 
negative and Ql conducts. 

When Ql conducts, it places a positive po­
tential on the base of Q3, turning Q3 on. 
This causes the potential on the emitter of 
transistor Q2 to become less positive, 
turning Q2 off. When Q3 conducts, its col­
lector goes to ground, generating the low 
signal PPJ)O. PPF)O is tested between exe­
cution of User instructions to determine if 
a Power Fail is in progress. 

When transistor Q2 turns off, the positive 
potential is removed from the base of Q4. 
Transistor Q4 then conducts, grounding the 
POWD~O lead, turning the Darlington cir­
cuit off, and dropping out the Initialize re­
lay. The Initialize relay, which is a dry 
reed relay with SPDT contacts, is shown 
with the relay not energized. 

When the relay releases, the SCLRjl. contact 
opens, causing SCLRjl. to go high. This re­
moves the ground for the POWER lamp. 
The SCLRp contact goes to ground. This 
metalic ground is distributed to memory 
and I/O for initialize control. SCLRJ> holds 
VP,O at ground to inhibit the CLKOFF flip­
flop resetting and holds the DC set input of 
CLKOFF at ground. 

SCLRp is inverted through Gate 21-24 (M6). 
The output of this gate rises to the +5 volts 
and turns on the four gatr•s it feeds. The 
output SCLRJ>A, resets HAL, RAS, and R.AH. 
SCLRpB clears RD. SCLRJ>C clears the 
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FLR and resets the following flip-flops: 
BANK, UT, RUN, PTYS, FNYO, FNYl, 
NOR.CL, FRCTPl, and SOPC. SCLRJ>C 
sets the following flip-flops: W AO, PSWOl, 
DST, FAjJ. and FA,J. When the remaining· 
Gate, 20-00 (L3) goes low, its output resets 
the STPSYS flip-flop and holds VFJO at ground. 

Resetting the STPSYS flip-flop removes the 
ground on the input to the Darlington circuit. 
This allows the 66uf capacitor to slowly 
charge. When the threshold of the input 
transistor is reached, the Darlington circuit 
turns on, and is energized. 

When the SCLJ¥ contact closes, it provides 
the ground return for the POWER lamp. The 
SC LRp contact opens and removes the reset 
functions from memory. When this occurs, 
the output from the NAND gate at M6 goes 
to ground immediately. This removes the 
reset signals SCLRJ>A, SCLRJ>B, and 
SCLJ)OC. The output from the NAND gate.at 
L3 clears the STPSYS flip-flop and causes 
the line VI}O to begin to rise. Vl}O is de­
layed by the 33 uf capacitor to insure that 
the clock will not start until all initialize 
activity is complete. 

The previous description applies for a Com­
mand Power Off, since this is the only way 
to set the Initialize flip-flop. 

For the case where Initialize is caused by. 
a failure of P5, N15, P15, or Power is 
removed, the relay de-energizes and re­
mains in that state until the fault is corrected. 

When power is turned on, the system is 
initialized in an orderly fashion by the fol­
lowing mechanism. The SCL~ contact of 
the relay stays at ground enabling the reset 
signals SCLJY>A, SCLRpB, SCLRpC. This 
holds the clock off initially. As the P5 
:z:eaches normal operating levels, the Ini­
tialize flip-flop is reset after a delay. 
This insures that the PDOW~O node is not 
forced to ground and permits the 66uf capa­
citor at the input to the Darlington to charge 
slowly. The relay then energizes the sys­
tem resets. 



:L 3 Processor Registers 

The Processor executes micro-instructions 
received from the ROM. This is accom­
plished, primarily, by moving data from 
<.~ne register to another and modifying it- in 
the ALP. In order to manipulate data and 
execute the instructions received, the 
Processor uses a number of internal regis­
ters. Most of these are 16-bit registers. 
Some registers perform special functions, 
but most are general purpose. Data is 
transferred between registers and other 
system elements via the 16-bit B and S 
Buses in the Processor. Each register is 
described in the following paragraphs. 

3. 3. 1 ROM Data Register. The 
ROM Data Register (RD) is a 16-bit register 
located on the ROM Interface board (RMI). 
The schematic drawings for this register 
are on FS44 1 :3. The ROM Data Regis-
ter can be thought of as the micro-instruc­
tion register. Each bit of RD has double 
rail inputs from the ROM. Each micro­
instruction extracted from the Read-Only­
Memory is placed into the RD register, 
where it remains while the instruction is 
executed. A thorough knowledge of the ten 
basic micro-instructions and their instruc­
tion word formats is necessary to fully 
understand the RD register. (See the Micro­
Instruction Reference Manual, Publication 
Number 29-032 for a detailed explanation. ) 

Bits 0:3 of RD are decoded as the op-code 
of the micro-instruction being executed. 
RD bit 3 determines Immediate instructions. 
An Immediate instruction is one that has the 
specific data to be manipulated appended to 
the instruction word itself. During the per­
formance of an Immediate instruction, bits 
8:15 of RD are gated onto the B Bus bits 
8:15 and treated as data, instead of being 
decoded as Source and Extended Fields, 
Test Code, or Command Code. 

Bits 4:7 are normally decoded as the Des­
tination Register address. This identifies 
the register designated to contain the re-
sult upon completion of the micro-instruc­
tion being performed. When a Branch 
instruction is executed, bits 4:7 define the 
condition that the Processor will branch on. 
If the Processor decodes a Test or Command 
instruction, bits 4:7 are part of the Command 
or Test Code. 

Bits 8:11 are decoded as the Source register 
address for micro-instructions in the s­
ter to Register format. The &mrce register 
contains one of the operands to be used. If a 
Branch instruction is decoded, bits 8:11 are 
part of the Branch address. If the Command 
or Test micro-op is decoded, bits 8:11 are 
decoded as part of the Command Code. If 
an Immediate instruction is decoded, bits 
8 :11 are part of the data. 

Bits 12 :15 normally make up the Extended 
field for Register to Register instructions 
and are decoded to specify options for speci­
fic instructions. The Extended field desig­
nates the function of Carry, whether to shift 
or cross shift the operand manipulated, 
whether to set flags, whether to enable the 
A Register input to the ALU, etc. During 
other instructions, bits 12:15 are part of 
the Command Code, or data. 

Other than the double-rail inputs from the 
ROM, the only other input to the RD regis­
ter is SCLRpB. SCLRJ>B goes low and 
clears the entire RD register when the sys­
tem is initialized, or when a non-existent 
page of ROM is addressed (FS45-21P3). 
All of the outputs from the bits in the RD 
register appear directly in the Control 
Logic so that the various op-codes and op­
tions can be decoded and the proper gating 
leads to the ALU can be activated. The set 
outputs of RD bits 8:15 feed individual power 
gates that generate the false n Bus outputs 
(low if a Logic ONE) if RD 03 is set, indi­
cating an Immediate instruction. 
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:i. :L ~ HOM Address Lower Reg­

i st.er. The HOM Address Lower Hegister 
(HAL) is an eight hit rc•hri ster that contains 
the least significant portion of the address 
of the location to be extracted from the Read­
Only-Memory. The schematics for RAL are 
located on Sheets 4 and 5 of FS44. 

During performance of the major portion of 
the micro-program, micro-instructions are 
selected from successive locations in the 
Read-Only-Memory. The RAL register is 
wired as a standard up-counter to facilitate 
the selection of successive locations. 

The HAL is incremented to read successive 
ROM locations except during a Branch micro­
instruction when the specified condition is 
true, or if RAL is designated as a Destina­
tion register. In either of these cases, the 
RAL increment signal is disabled and the 
new address is loaded into RAL from the S 
Bus. 

The RAL register is cleared by the SCLJY>A 
signal when the system is initialized, or con­
ditionally on a Decode. The RCLp signal is 
used to increment the RAL register or to 
gate the information from the S Bus into 
RAL. The RCLp signal is inverted and ap­
plied to the T input of each flip-flop in RAL 
as RCI..11. If a Branch or a Load RAL instruc­
tion is performed, LRALJ> is low and LRAijl 
is high. LH.Ar; is NANDed, bit for bit, with 
the S Bus to enable the J and K inputs to each 
of the flip-flops in the RAL register. If any 
inputs from the S Bus are high, the K input 
is forced low and the J input is forced high 
on the corresponding bit in the RAL regis-
ter, causing it to set. If an S Bus input is 
low, the K input is forced high and the J in­
put is forced low, causing the RAL flip-flop 
to reset. 

When the Decodt> micro-instruction gener­
ates a new HOM address. the ROM address 
registers are first cleared, then the new ad­
dress is loadf'd. The Decode instruction 
generates SC LI~.OA on the Delayed Clock 
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(OCLl). SCLI)OA clears HAL, RAH, and 
llAS. Then on the next system clock, the 
appropriate bits of RA L and RAS are set by 
placing a low on the DC Set inputs (SRAxxxj)). 
Note that the RAH is always left in the cleare1 
state. 

When the Processor is not executing a 
Branch or a Load RAL, LRALp is high and 
LRALJ is low. With LRAI.f low, the inputs 
from the S Bus are disabled and the RAL 
register is incremented by one on each nega­
tive transition of Rey.. The RAL is incre­
mented by complementing each bit of the 
register if all previous least significant bits 
are set. RAL07 complements every time. 
RAL06 complements if RAL07 is set. RAL05 
complements if RAL07 and RAL06 are both 
set and so on. This is accomplished by 
NANDing the set output of each flip-flop 
with all previous bits to enable the J and K 
inputs for the next significant bit. If all 
previous bits are set, the output of the 
particular 19-003 is low. The signal is in­
verted, placing a high on the J and K inputs, 
allowing that bit to complement. If any of 
the previous bits are not set, the output 
from the 19-003 is high, forcing the J and 
K inputs low and preventing that flip-flop 
from changing state. 

3. 3. 3 ROM Address Higher , 
Register. The ROM Address Higher Regis­
ter (RAH) is shown on Sheet 6 of FS44. 
RAH is a four bit extension of RAL which 
increases the ROM addressing capability 
to 4096 locations. This register is indepen­
dent of the RAL register from both the pro­
gramming and the hardware viewpoint. 
RAL is normally incremented to fetch micro­
instructions from successive ROM locations. 
When RAL is equal to its highest address 
(hexadecimal FF), the next increment pulse 
causes it to recycle to an address of all 
zeros, but no carry is propagated into the 
least significant bit of RAH. For this rea­
son RAH must be loaded independently each 
time a Branch or Load RAL selects a diff­
erent page. 



The RAH register is composed of RS flip­
flops with single-to-double rail converters 
on the inputs. This register has inputs 
only from the S Bus. A new address is 
loaded into RAH at clock time from the S 
Bus when RAH is specified as the Destina­
tion register of a Load instruction. To ad­
dress the RAH register, the BANK flip-flop 
must be reset. Signal LRAJ. gates the con­
tents of the S Bus into RAH. LR.tY is de­
veloped by the three inverters whose outputs 
are AND tied in the upper left hand corner of 
Sheet 6. The inputs to the three inverters 
are RCLp, BANJ9. and LRA~O. BANK} is 
low when the Destination address decoder de­
codes the address X'O'. When the three in­
put_s are low, LR.A) goes high, gating the S 
Bus into RAH. The only other input to RAH 
is the SCLRJ>A lead. SCLRJ>A is normally 
high and becomes low to clear the RAH reg­
ister when a Power Down Command micro­
instruction is executed, the power is turned 
on, or conditionally on a Decode micro­
instruction. 

3. 3. 4 ROM Address Slave Reg­
ister '(RAS). The ROM Address Slave Reg­
ister is a four bit register shown on Sheet 6 
of FS44. RAS is slaved to the four bit RAH 
register. The single rail buffered outputs 
of RAS are decoded as the page of the ROM 
address to be selected. 

The contents of RAH are loaded into RAS 
every time RAL is loaded from the S Bus. 
This allows the correct page address to be 
loaded into the RAH register prior to a 
Branch or Load RAL micro-instruction. 
When RAL is loaded with a new address as 
a result of executing a Branch or Load RAL, 
the correct page is gated into RAS from 
RAH. In this way all twelve bits of the new 
ROM address arrive at the ROM address 
decoder simultaneously (allowing slight 
variations in the circuit delays). 

LRA~ gates RAH into RAS. LRASJ is de­
veloped by the two inverters collector AND 
tied on the left hand side of Sheet 6. The 
two inputs are llCLO and LARif>. RC!f> 

varies with system clock. LRAI;O is the 
signal used to gate the S Bus into RAL. 
LRA!.fO is low during a Branch or a Load 
RAL micro-instruction. When LRA)jO is 
low, LRASJ varies with RC~O and gates 
RAH into RAS on the negative transition. 

The normally high SCL:ry>A input to RAS 
goes low conditionally on a Decode or when 
the system is initialized. SCL:EV>A clears 
all of the ROM address registers. When 
the Decode micro-instruction generates a 
new ROM address, SCLI)OA is generatef' :m 

DC!p. The appropriate SRAt¥> leads go 
low on the next system clock to set the de­
sired address. 

3. 3. 5 Flag Register (FLR). The 
Flag Register (FLR) is a four bit register 
located on the C02 mother-board. The 
schematic drawings are on Sheets 4 and 5 
of FS45. 

The FLR is cleared by the SCLJY>C signal. 
SCLRJ>C goes low when the system is initia­
lized. SCLJY>C is connected to the DC Clear 
inputs of the FLR flip-flops. 

When the hex address 'B' is decoded in the 
Destination address decoder, LDl':,O becomes 
low and LD~l becomes high. LD~l is 
NANDed with each bit of the S Bus. If any 
bit of the S Bus is high, the K input on the 
corresponding bit in the FLR goes low and 
the J input high, allowing the flip-flop to set 
on the next negative going clock transition. 
If the S Bus input is low, the K input goes 
high, and the J input goes low, allowing the 
flip-flop to reset. 

Since the FLR is used to hold the flags in­
dicating the result of micro-instructions, 
there are instances when individual hits 
will be set or reset independently. To 
facilitate this independence, different µ;at-· 

ing pulses are developed for individual bits. 
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When the FLR is loaded from the S Bus, 
LDFJO is used to generate all of the gating 
pulses. The gating pulse for bits 14 and. 
15 of the FLR is developed by two inverters 
collector AND tied on the upper right hand _ 
side of Sheet 5. The input to one is the sys­
tem clock CLOD and one input to the other 
is the low signal LDF)O, enabling the nec­
essary negative transition to the T input on 
FLR bits 14 and 15 as the system clock 
changes from 0 to +5 volts. 

The gating pulse for bit 13 is developed 
similarly. The same is true for bit 12. 

The FLR register is unloaded to the Condi­
tion Code Register only, as an option on the 
Decode micro-instruction. 

In addition to being loaded from the S Bus, 
FLR bit 12 is used as the Carry Store flip-

. flop (C). FLR12 is set or reset to reflect 
whether or not a Carry or Borrow resulted 
upon conclusion of an Add or Subtract micro­
instruction, or to reflect the state of the bit 
shifted out following a Load micro-instruc­
tion designating the shift left or a shift right 
option. The gates which control setting or 
resetting FLR12 are shown on Sheet 4 of 
FS45. 

FLR12 is set when the signal SFL12p is low. 
SFL12p is generated by three NAND gates 
collector OR tied. The inputs to the first 
NAND gate are SHH} and Blfµ. smµ is 
developed on the COO mother-board (Sheet 
14 of FS45). SHRl will be high if the Proc­
essor decodes a Load micro-instruction and 
ROM Data Register bit 13 is set, indicating 
the Shift Right option. Bl5} will be high if 
the least significant bit of the data present 
on the B Bus is a Logic ONE. 

The second NAND gate capable of driving 
SFL12j> low has the inputs SHI,t, and BO<µ. 
SHI} is high if the Processor is performing 
a Load micro-instruction whose E field desig­
nates the Shift Left option. BOql is high if the 
r;10st significant bit of the information carried 
on the B Bus is a Logic ONE. The third in-
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stance when SFL120 is low occurs when 
svAg1 and CS')l are both high. SVA91 is 
high during an Add or Subtract, if the E field 
designates the carry out of the ALU option. 
CS~l is high if a final carry or a borrow 
resulted during Add or Subtract. 

SFL12j> is applied to the K input of FLR bit 
12, and inverted as an input to the J input. 
The gating pulse is developed by SV A(/O and 
CLOD during Add or Subtract operations, 
and by SVSCjO and CLOD during Load instruc­
tions with shift options. 

FLR bit 13 serves as the Overflow flag (V). 
The gating which controls setting or reset­
ting FLR13 is shown on Sheet 4 of FS45 . 
FLR13 is set when SFL13j> is low. SFLl~ 

is generated by two NAND gates collector 
OR tied. One of the inputs to both NAND 
gates is STFjl. STF} provides a high input 
to both NAND gates capable of generating 
SFLl~O. STFJO is generated on Sheet 14 of 
FS45. STFJO is low when the Processor is 
performing any instruction that is not a Test, 
Load, or Immediate instruction, and bit 13 
of the E field of the instruction word is set 
specifying the Set Flags option. STFJO is 
inverted and NANDed with Ll to generate · 
the low signal STFIJ> during Add and Subtract. 

The other two inputs needed to generate 
SFLl~O are CO<?J and CS\)O for one gate and 
coop and csv,i for the second gate. coo 
is the carry into the most significant bit of 
the adder and CSV is the carry out of the 
most significant bit of the adder. Whenever 
these carries are different upon conclusion 
of an Add or Subtract (CO<Jil)(CSV,O) or (CO<}O) 
(CS"\fl), an overflow condition exists and 
SFLl~O goes low. SFLl~O is applied to the 
K input of FLR13 and inverted as an input to 
J. The gating signal for FLR13 is generated 
by CLOD and STFI.p. 



FLR13 can also be set by the SV)O signal on 
the S input. SVfJ goes low when the False 
Sync flip-flop is set (reference Sheet 25 of 
FS45). The False Sync flip-flop is set if 
a power fail condition is detected or if the 
Processor does not receive a return sync 
from a device controller within 35-50 · 
microseconds from the time the 1/0 control 
line is activated to initiate an 1/0 operation. 

FLR14 and FLR15 serve as the Greater than 
and Less than flags respectively. FLR14 is 
set by the SFLI~O signal if the data manipu­
lated on the S Bus is greater than zero or 
the result of a Test micro-instruction was 
true. FLR15 is set by SFLHjO if the data· 
manipulated on the S Bus is less than zero 
or if the result of a Test micro-instruction 
proved false. 

SFL14 and SFL14 are generated at two dif­
ferent sources. The logic to set or reset 
FLR14 and FLR15 as a result of examining 
the data on the S Bus is shown on Sheet 4 of 
FS45. The inputs necessary to develop 
SFL14 and SFL15 are identical with the ex­
ception of S Bus bit zero. SFL1410 goes low 
allowing FLR14 to set if S Bus bit zero is 
reset (SO<}O) indicating a quantity greater 
than zero. SFLl~,O goes low allowing FLR15 
to set if S Bus bit zero is set (8091) indica­
ting a quantity less than zero. The other 
input required to develop SFL14)> or SFL15j> 
is the complement of ST~O. Using the com­
plement of STF)O was discussed in conjunction 
with setting FLR13 (the V flag) and is high 
for SFL14j) and SFLl~O on the same condi­
tions. GF14¥ is only low if the S Bus con­
tains all zero data and the G (FLR14) and L 
(FLR15) flags are reset. There are AND 
ties on the lead which may also keep it low, 
but these will be discussed later. The S Bus 
equal to zero indication comes into the 35-
022 in position 60-04 as 4 separate signals. 
Each signal comes from a different Bit Slice 
board. Each signal will be high if the four 
S Bus bits on that Bit Slice are zero. SOO:}l. 
comes from Bit Slice 0 and is high if S Bus 
0:3 is zero. S04yl comes from Bit Slice 1 
and is high if S Bus 4:7 is zero. ss1;1 
comes from Bit Slice 2 and is high if S Bus 

8:11 is zero. s12:µ comes from Bit Slice 3 
and is high if S Bus 12:15 is zero. GF1415 
is high to allow FLR12 and FLR13 to be 
triggered. GF14¥ will be high if any bit 
on the S Bus is set or if FLR14 or FLR15 
is set. The G and L flags facilitate micro­
code handling of multiple precision operands. 
The reset outputs from FLR14 and FLR15 
allow the Greater than flag to be set if the 
result of the least significant sixteen bits 
produces a zero result. 

The GF14~1 lead is AND tied to the two 
NAND gates at the top of Sheet 5. The com­
bined signal is then fed to the Trigger inputs 
of FLR14 and FLR15. 

The logic to generate SFL14)> and SFLl~O as 
a result of a Test micro-instruction is shown 
on Sheet 4 of FS45. The Test instruction ex­
amines specified conditions in the Processor. 
The testable functions are 1/0 Interrupt, 
Auto Restart, Console Interrupt, Console 
Single Instruction, the Utility flip-flop, the 
Memory Parity Fail flip-flop, Fast 1/0 In­
terrupt, and Primary Poy.rer Fail. The 
function to be tested is specified by the Test 
Code, bits 4:15 of the micro-instruction 
word. If the machine function specified by 
the Test Code is true, the Greater than flag 
(G) is set and the Less than flag (L.) is reset. 
If the function specified by the Test Code is 
false, the Less than flag (L) is set and the 
Greater than flag (G) is reset. 

On Sheet 12, each of the testable functions 
is NANDed with the ROM data register bit 
with which it corresponds. The NAND gates 
are collector OR tied in groups of four. If 
one of the tested functions is true, the out­
put at the collector OR tie goes low, driving 
the output of the next NAND gate high. This 
high (TTEST,,I) is inverted to produce 
TTEs-,o. Both leads (TTES~l and TTES'I)O) 
are shown on Sheet 4. TTES1Jl is NANDed 
with CTS'I}l which will be high during a Test 
instruction, driving the output SFL14JO low. 
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When SFL14JO is low, SFLl~O is high. With 
SFL14p low and SFLl~O high, the G flag 
sets and the L flag resets, indicating that 
the test was true. If the function tested for 
is false, the outputs from all collector OR 

'tied NAND gates are high causing the output· 
TTES1JO to go high. This high causes 
SFL14J> to be high. When SFL14f> is high, 
SFL15f> is low. With SFLll)O low and 
SFLl~O high, the L flag sets and the G flag 
resets, indicating that the Test was false. 
The same gating pulse is used to set or re­
set FLR14 and FLR15. It is developed on 
Sheet 5 of FS45. During performance of a 
micro-instruction specifying set test flags, 
the STFjO and CLOD signals are use~ to de­
velop the gating pulse. During a Test 
instruction, CTS1JO and CLOD are used. 

3. 3. 6 Register Stack. The reg­
ister stack is shown on Sheet 3 of FS45. 
The register stack consists of sixteen bit 
registers that can be specified as Source 
(S) and Destination (D) registers for micro­
instructions; during execution of the micro­
code program. 

These 24 General Purpose Registers are 
loaded with the contents of the S Bus if 
specified as the Destination register, or 
unloaded onto the B Bus if specified as the 
Source register during performance of 
micro-instructions. Bits 0:3 of each of the 
24 registers are located on the Bit Slice O 
mother-board. Bits 4 :7 of each register 
are located on Bit Slice 1. Bits 8:11 of each 
register are located on Bit Slice 2. Bits 
12:15 of each register are located on Bit 
Slice 3. 

Unlike all the previous registers of the JK 
or RS type, the register stack consists of 
forty-eight 19-009 memory cell integrated 
circuits, twC'Jve on each Bit Slice. The 
19-009 IC 's are paired to provide four 4-
bit words. 
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Referring to Sheet 9, if the Source Register 
Decoders select one of the 24 Registers, the 
appropriate U lead goes low. This DC input 
is inverted and applied to a non-inverting 
35-041. The 35-041 has an emitter follower 
output that will be at about 2. 1 volts for the 
selected output. All other 35-041 outputs 
will be at ground through the emitter resis­
tor. The outputs from the 35-041 are input 
to the register stacks. See Sheets 2 and 3. 

The register stack is level active, and does 
not require a gating pulse. As soon as one 
of the read leads. Rn.m;J. goes high, the out­
put from the selected register appears at 
the output pins on all Bit Slices. These 
outputs are about 3 volts for a logic ONE, 
and O. 6 volts for a logic ZERO. During 
execution of a micro-instruction that has 
not selected one of the registers, all of 
the outputs should be at 0. 6 volts. The out­
puts from the 19-009's are inverted to de­
velop the B Bus. 

When one of the Destination Register decod­
ers selects one of the 24 registers, (refer­
ence Sheet 11) the appropriate L lead LnnnO 
goes low. This DC input is inverted and i~­
put to a non-inverting 35-041 where it is 
ANDed with a differentiated clock pulse to 
develop write signals Wnru¥. The inverted 
stack clock (STCLKJ)) is input to the trailing 
edge differentiators shown on Sheet 11. 
This develops a 30 nanosecond positive 
going clock pulse as STCLKJ> charges from 
0 to +5 volts, preventing the write signals 
from going high to gate the S Bus into the 
Destination register until the end of the in­
struction. This pulse is normally 2 volts 
and must be greater than 1. 8 volts. The 
pulse width of 30 nanoseconds isfixed by 
the circuit constants and is not readily ad­
justable. The displacement, in time, of 
this pulse is a function of the STCLKp pulse 
width and position. 



When this :30 nanosecond pulse is developed, 
the appropriate write line goes high. When 
one of the write leads, wnmy., goes high, 
the information on the S Bus is gated into 
the designated register. See Sheets 2 and 3. 
The S Bus is input to a voltage divider in the 
register stack which loads down the Bus. It 
is normal for the S Bus to be about 3. 9 volts 
to represent a logic ONE. 

The register stack is level active and does 
not require a gating pulse. The inverted L 
lead (Lmn}l-) is ANDed with the differentia-:­
ted clock pulse to prevent multilation of the 
data on the S Bus. Multilation could occur 
if the appropriate L lead was not ANDed 
with the differentiated clock and a micro­
instruction designating the same register 
as both the Source and Destination was exe­
cuted. The source register decoder would 
activate the correct unload lead and the con­
tents of the Source register would be placed 
on the B Bus, modified in the ALU, placed 
on the S Bus, and gated back into the Des­
tination register. Since the unload lead 
would still be high, the modified data would 
appear at the input to the ALU and be modi­
fied again before being placed into the 
Destination register. 

3. 3. 7 Arithmetic Register (AR). 
The Arithmetic Register (AR) is shown on 
Sheet 1 of FS45. The Arithmetic Register 
is used to hold the first operand during exe­
cution of the Add, Subtract, OR, AND, and 
Exclusive OR micro-instruction. The AR 
consists of sixteen RST flip-flops with 
double-rail inputs from the S Bus. AR 0:3 
are on BSO, AR 4:7 are on BSl, AR 8:11 are 
on BS2, and AR 12:15 are on BS3. The AR 
can be loaded with the contents of the S Bus. 
The contents of the AR can be gated out as 
an input to the ALU. 

The A Register is loaded with the contents 
of the S Bus by gating signal LARp, which· 
is inverted and input to the RST flip-flop. 

LARjl is generated on Sheet 10 of FS45. 
LARp is low when the Destination Address 
Decoder decodes the Arithmetic Register's 
address (hexadecimal 8). The inverted 
CLOD goes low providing the negative going 
transition to the T inputs of the AR to gate 
in the S Bus. 

The set outputs from the Arithmetic 
ter are NANDed with UAJ to develop the GA 
leads (GAOOO:GA150) as inputs to the ALL 
UAl is generated on Sheet 8 of FS45 by two 
NAND gates whose outputs are collecto AI\'TI 
tied. UAjl is high enabling inputs frmn the 
AR to the ALU when each of the tw<) NA~:D 
gates has at least one low input. UAjl is 
low disabling inputs from the AR to the ALU 
if one of the two NAND gates has all high 
inputs. Both inputs to the NAND gate on the 
left are high if the Processor decodes a De­
code, Branch, Command, or Load micro­
instruction. 

Both inputs to the right NAND gate are high 
if the Processor decodes a non-immediate 
micro-instruction and RD bit 12 is set speci­
fying the "No AR to the ALU" option. 

In summary, UAl is high to gate the contents 
of the Arithmetic Register to the ALU dur­
ing execution of all micro-instructions ex­
cept non-immediate arithmetic or logical 
instructions that specify the ''No AR to the 
ALU", or during Branches or Load.s. 

3. 3. 8 Instruction Register (IR). 
The Instruction Register is shown on Sheet 
1 of FS45. The Instruction Register holds 
the user's instruction word during emula­
ted execution. The IR consists of sixteen 
RST flip-flops with double-rail inputs from 
the S Bus. IR 0:3 are on BSO, IR 4:7 arc 
on BS!, IR 8:11 are on BS2 and IR 12:15 
are on BS3. The IR can be loaded from 
the S Bus. The contents of the IR can be 
unloaded to the B Bus. 
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· The IR is loaded with the contents of the S 
Bus by gating signal LIRJ>, which is inverted 
and input to the gated RST flip-flops. Lil~O 

is generated on Sheet 10 of FS45. LIRJ> is 
low when the Destination Address Decoder 
decodes the Instruction Register's address 
(hexadecimal 9). The inverted CI.,OD goes 
low providing the negative transition to the 
T inputs of IR to gate in the S Bus. 

The set outputs of IR are constantly avail­
able in the hardware decoder section. The 
set outputs of IR are NANDed with the inver-

ted UIR,0 to develop the B Bus. Ull)O is 
generated on Sheet 9 of FS45. UIRp is low 
when the Source decoders detect the Instruc­
tion Register's address (hexadecimal 9). 

3. 3. 9 Condition Code Register 
(CCR). The Condition Code Register (CCR) 
is shown on Sheet 6 of FS45. It is used in­
stead of the least significant four bits of 
the Program Status Word (PSW 12:15). 
Loading and unloading of PSW is disabled 
on Bit Slice 3 which contains the least sig­
nificant four bits. See Sheet 3 of FS45. 
When PSW is loaded, S Bus bits 0:11 are 
loaded to PSW bits 0:11. The load PSW 
signal (LP~O) produces LDF)O which will 
gate S Bus bits 12:15 into the Flag Register 
(FLR). See Sheet 10. 

The CCR may only be loaded from the Flag 
Register. The Condition Code Register is 
loaded with the contents of the Flag Regis­
ter by gating signal Leep, Leep is inver­
ted and NANDed with FLR 12:15 to set the 
RS flip-flops in CCR. 

LC9) is generated on Sheet 14 of FS45. 
LC(jO is low on the skipped clock of a De­
code micro-instruction if the "Jam FLR to 
CCR' option (RD 13 = 1) is specified. 
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The set outputs from the Condition Code 
Register are NANDed with the complemented 
UPS\\jO signal to form B Bus bits 12:15. 
UPS\\)O is generated on Sheet 9 of FS45. 
UPSVWJO is low when the Source Decoders de­
tect the Program Status Word's address 
(hexadecimal 7). 

3. 3.10 Counter Register (CNTR). 
The Counter Register (CNTR) is shown on 
Sheet 7 of FS45. It is used to count the num­
ber of executions of a single micro-instruc­
tion when the Processor is in the Repeat 
mode. The Counter holds the Processor in 
the Multiply or Divide mode for sixteen 
passes. The Counter is also used as a tes­
table item for Conditional Branches. 

The four bit decrementing counter is loaded 
from the S Bus by the signal LCT.Rp. LCTl)O 
is generated on Sheet 10 of FS45. LCTRJ> 
is low when the Destination Decoders detect 
the counter's address (hexadecimal C). 

LCTRJ> is one input to the OR gate at the 
bottom of Sheet 7. The other input is CLR,O 
which may be low during the first half of a 
Decode micro-instruction. LC TRp or CL.I¥> 
low produces the high active signal RSCTR} 
which is available at Test Point L06 on C02. 
RSCTI)l is NANDed with ocr,i and applied 
to the DC Clear inputs of the CNTR flip-flops. 

LCTR,O is input to one of two inverters at 
the top of Sheet 7. The input to the other 
inverter is Cl.;OD. The AND tied output is 
NANDed with bits 12:15 of the S Bus and in­
put to the CNTR flip-flops on the DC set 
inputs. The Counter is cleared before the 
S Bus is gated in. The Counter is decre­
mented by the DC signal DEC TRJ> which is 
available at Test Point LlO of C02. DECTRJ> 
is generated on Sheet 20 of FS45. DECT~ 
is low during the first instruction in the 
Multiply and Divide loops - on the Branch 
on Counter micro-instructions, or in Repeat 
Mode as long as the Counter is not all zeros. 



DEC TRf is one input to two inverter tied 
AND gates on Sheet 7. These AND gate 
outputs are applied to the Trigger inputs of 
CTR12 and 13 and CTR14 and 15 respective-
1~·. The CNTR is decremented by comple­
menting each bit of the register if all previ­
ous least significant bits are reset. CTR15 
complements every time. CTR14 comple­
ments if CTR15 is reset. CTR13 comple­
ments if CTR14 and CTR15 are both reset. 
CTR12 complements if CTR13, CTR14, and 
CTR15 are all reset. 

3. 4 Arithmetic Logic Unit (ALU) 

The Arithmetic Logic Unit (ALU) consists 
of logic to perform all required arithmetic, 
shift and Boolean connect functions. The 
ALU is halfword oriented and may be divided 
into three functional groups: an A Register, 
summing logic, and carry logic. See Figure 
2. The B Bus provides the operand for shift 
operations, and one of the operands for arith­
metic and Boolean connect operations. The 
second operand for arithmetic and Boolean 
connect operations is in the A Register. 
The A register is· loaded from the S Bus 
prior to the arithmetic or Boolean connect 
function. 

The ALU receives seven control inputs from 
the op-code decoder. These inputs are 
briefly defined in the following list and 
summarized on the table associated with 
Figure 2. 

Signal Designation Definition 

Subtract 
Add or Subtract 
All except shifts, AND 

and AND Immediate 
All except Exclusive 

OR 
Shift Left 
Shift Right 
Cross Shift 

Each micro-instruction which uses any part 
of the ALU, is described in the following 
paragraphs. Unless otherwise noted, all 
gate references in the following paragraphs 
refer to the arbitrary designations on 
Figure 2. 

3. 4.1 Load, Load Immediate, 
Branch, Test and Command. These micro­
instructions cause the contents of the B Bus 
to pass unaltered through the ALU to the S 
Bus. This function is performed by Gate 3 
of the summing network (Figure 2). 

Since these .are not arithmetic micro-instruc­
tions, the carry circuit is disabled er; = 0). 
This forces all carry circuit outputs high. 
Also, since these micro-instructions do not 
have a second operand, the A Register (AR) 

,is not unloaded (Uijl = 0). This forces the 
GA:n,O leads high and the GAI)l leads low. 
Signals l\i\1 and ~1 are high and ))1, SHI,J., 
and SHRjl are low as shown on the table. 

Gate 3 then has high inputs from GAnp, Cl}l, 
Mj, and -x,o. If BI1f is also high at this time, 
then all inputs are high to produce a low out. 
Gates 1, 2, 4, 5, and 6 are all disabled by 
signals GAn,J., If, SH!f., and SH~l which 
are all low. 

3.4. 2 Shift Left. This micro­
instruction shifts the contents of the B Bus 
left one place, and places the shifted data 
onto the S Bus. The bit that is shifted out 
of bit 0 is lost unless the Carry Out option 
(CO) is specified. If CO is specified, the 
bit is stored in the Carry Store flip-flop, 
FLR12. Bit 15 picks up a zero unless the 
Carry In.option (Cl) is specified and FLR12 
is set. Gate 5 of the summing circuit is used 
to perform the Shift Left function. 

Signal SHI.j is high during a Shift Left, and 
signals ~ and SHI)l are low. (See the Table 
on Figure 2. ) 
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Gate 5 uses SHLl to gate each bit of the B 
Bus onto the next most significant position 
of the S Bus. For example, B15 is gated 
onto Sl4, B14 is gated onto Sl3, etc. In 
the case of bit 15 of the ALU, CTSi,t comes 
high if the CI option is specified, to gate the 
carry store flip-flop (FLR12}) into bit 15 of 
the S Bus. If the CO option is specified and 

BO<µ is high, SFL12J> is low to set the Carry 
Store flip-flop, FLR12. Gates 1, 2, 3, and 
4 are all disabled by GA.ql, ljl, and ~ which 
are low during the Shift Left micro-instruction. 

3. 4. 3 Shift Right. This micro­
instruction shifts the contents of the B Bus 
right one place, and places the shifted data 
onto the S Bus. The bit that is shifted out 
of bit 15 is lost unless the Carry Out option 
(CO) is specified. If the CO option is speci­
fied, the bit shifted out of bit 15 is stored 
in the Carr:v Store flip-flop, FLR12. Bit 0 
receives a zero unless the CI option is speci-

. fied and FLR12 is set. Gate 6 of the sum­
ming circuit performs the Shift Right Function. 

Signal SHR,t. is high at this time and signals 
~l, SHI,1, and XJ are low. Signal SHR,1 is 
applied to Gate 6, gating each bit of the B 
Bus onto the next least significant position 
of the S Bus. For example, BOO is gated 
onto SOl, BOl is gated onto S02, et.c. In 
the case of bit 0 of the ALU, CTSRf comes 
in high if the CI option is specified and 
FLR12 is set putting a ONE onto bit 0 of the 
S Bus. Gates 1, 2, 3, 4, and 5 are all dis­
abled by signals GAmy_, 9, Mjl. and SHl_,1. 
which are all low during a Shift Right micro­
instruction. If the CO option is specified, 
and BH¥ is high. SFL12f> is low to set the 
Carry Store flip-flop, FLR12. 

:l. 4. 4 Cross Shift. This micro­
instruction swaps the upper and lower halves 
of the B Bus and places the data on the S 
Bus. The Carry In option. (Cl) has no mean­
ing for this micro-instruction. If the Carry 
Out option (CO) is specified, the Carry Store 
flip-nop iFLR12) is reset. Gate 3 of the 
summing circuit and Gates 7 and 8 are used 

20 

to perform this function. Since this is not 
anArithmetic micro-instruction, the carry 
circuits are disabled (If = 0). This forces 
all carry outputs high. Also, since this 
micro-instruction does not have a second 
operand, the A Register (AR) is not unloaded 
(U.Af = 0). This forces the G.Aly) leads high, 
and the GAnl leads low. Signals 1\11, P)., 
and X} are high at this time, and signals 
SHI,t and SHRjl are low as shown on the 
table associated with Figure 2. 

The B Bus halves are swapped prior to in­
sertion to the ALU. Signal XfJ is low dis­
abling Gate 8 and the cross shifted B Bus 
input. For example, B07 is applied to ALU 
bit 15, B06 is applied to ALU bit 14, BOS is 
applied to ALU bit 0, B09 is applied to ALU 
bit 1, et.c. 

Gate 3 then has high inputs from GA.np, ~, 
1'11 • and the Acs:y. function. Therefore, if 
the output of Gate 8 is also high at this time, 
all inputs are high to produce a low out. 
Gate 1, 2, 4, 5, and 6 are all disabled by 
signals GAI)l, :r;, SHit-, and smµ which 
are all low. If the CO option is specified, 
signal SVSCp is active. Signal SV890 gen­
erates a triggering signal which resets the 
Carry Store flip-flop, FLR12. (See the 
schematics in Volume 2 of this manual.) 

. 3. 4. 5 AND And AND Immediate·. 
These micro-instructions logically AND 
each bit of the B Bus with the corresponding 
bit in the A Register (AR), placing the re­
sult onto the S Bus. Gate 1 of the summing 
circuit performs this function. During these 
micro-instructions, the carry circuit is 
disabled (If = 0). This forces all outputs 
of the carry circuit high. Because these 
micro-instrcutions require a second operand, 
the A Register (AR) is unloaded (U.Ajl = 1). 
The outputs from the AR are available to the 
summing circuit. Signal 131 is high at this 
time and signals :iv;J., SHI.f, SHI¥, and ¥ 
are low. 
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Gate 3 then, has high inputs from M2 and 
CnO. If Bn is set and GAn is reset, all in­
from the B Bus and the AR. Therefore, if 
BI¥ and GAnJ are both high, SnO is low and 
SnJ is high. Gates 2, 3, 4, 5, and 6 are 
disabled by singals L}, I\µ, SI-II_,1, and 
SHRf which are all low. 

3. 4. 6 OR And OR Immediate. 
These micro-instructions logically OR each 
bit of the B Bus with the corresponding bit 
in the A Register (AR), placing the result 
onto the S Bus. Gates 1, 3, and 4 of the 
summing circuit perform these functions. 

During these micro-instructions, the carry 
circuit is disabled (If = 0). This forces all 
outputs of the carry circuit high. Because 
these micro-instructions require a second 
operand, the A Register (AR) is unloaded 
(UAJl = 1). The outputs from the AR are 
available to the summing circuit. Signals 
rvµ and PJ are both high and signals SHijl, 
SHRf. , and ¥ are low. 

Gate 1 has high inputs from I}l and CI}l-. If 
Bn and GAn are also both high, the Gate 1 
output is low. Gate 1 checks for the condi­
tion where Bn and the corresponding bit of 
AR are both set. Gate 3 has high inputs 
from 1\¥. Cl)O and the output of Gate 8. If 
Bn is set and GAn is reset, all Gate 3 inputs 
are high, producing a low output. Gate 3, 
then, checks for the condition where Bn is 
set and GAn is reset. Gate 4 has high in­
puts from ~ and Cl)O. If GAn is set and 
Bn is reset,· all inputs to Gate 4 are high, 
producing a condition where Bn is reset and 
the corresponding bit of AR is set. 

The output equation to the S Bus for these 
three gates during the OR and OR Immediate 
micro-instructions is: 

(P,1) (MJ >(@N,1) (GAn} )+(Bn}-) (GAn)+(Bnj)) (GAiitl 

Gates 2, 5, and 6 are all disabled by signals 
I,1, SHI,1, and SHH} which are low. 
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3. 4. 7 Exclusive OR And Exclu­
sive OR Immediate. These micro-instruc­
tions logically Exe lusive OR each bit of the 
B Bus with the corresponding bit in the A 
Register (AR), placing the result onto the 
S Bus. Gates 3 and 4 of the summing cir­
cuit perform this function. 

During these micro-instructions, the carry 
circuit is disabled (L} = 0). This forces 
all outputs of the carry circuit high. Be­
cause these micro-instructions require a 
sycond operand, the A Register (AR is un­
loaded (UA) = 1). The outputs from the AR 
are available to the summing circuit. Sig­
nal 1\9- is high· and signals !Jl, SHI;, SHRJ, 
and X) are low. 

Gate 3 then has high inputs from M2 and 
CnO. If Bn is set and GAn is reset, all in­
puts to Gate 3 are high, producing a low 
output. Gate 3, then, checks for the con­
dition where Bn is set and the corresponding 
bit of the AR is reset. Gate 4 checks for 
the condition where Bn is reset and the cor­
responding bit of the AR is set. Gates 1, 2, 
5, and 6 are all disabled by signals :gi, N}, 
SLJ, and siµ which are low. 

The output equation to the S Bus for these 
two gates during these micro-instruction is:_ 

MJCBn,O GAnf + an; GAnp> 

3. 4. 8 Add And Subtract. When an 
addition or subtraction is performed, e~ch 
adder-subtracter stage looks at three inputs: 
one bit from each of the two operands plus 
the carry bit generated from the previous 
stage. For explanation purposes, the inputs 
are designated: Cn (carry or borrow bit 
coming in from some previous stage), An 
(the first operand bit), and Bn (the second 
operand bit). 

The adder-subtracter unit has two outputs: 
Sum and Carry. During Subtract however, 
the sum output can be looked at as the dif­
ference output, while the carry outvut can 
be looked at as the borrow output. 



Prior to the adder-subtracter description, 
the terminology and method of signal designa­
tions employed in this system must be under­
stood. The following conventions apply to 
both the descriptions in this Section, and to 
the functional schematics provided in Volume 
1 of this manual. 

The operands are designated BOO through Bl5, 
and GAOO through GAl 5 indicating the B Bus 
and Gated A Register resepctively. The 
least significant bits are B15 and GA15. The 
Sum bits are designated SOO through S15, and 
correspond to the operand bits which produce 
them. For example, B15 and GA15 are com­
bined to form S15, the least significant Sum 
bit. The Carry bits are designated CSV and 
COO through C14. The CSV (Carry Save) bit 
is the carry from the most significant bits 
(BOO and GAOO). Each remaining carry bit 
is designated in accordance with the stage it 
carries into. For example, B15 and GA15 
generate C15, which is summed with B14 and 
GA14. 

To generate an output in a single stage adder­
subtracter unit, the following conditions can 
exist: 

Cn 0 0 0 0 1 1 1 1 

An 0 0 1 1 0 0 1 1 

Bn 0 1 0 1 0 1 0 1 

Sum 0 1 1 0 1 0 0 1 

Difference 0 1 1 0 1 0 0 1 

Carry Out 0 0 0 1 0 1 1 1 

Borrow Out 0 1 0 0 1 1 0 1 

Sum-Difference: Note on the table that the 
sum and the difference are equal in a single 
stage adder-subtracter. The equation for 
either the sum or the difference is: 

AnBnCn + AnBnCn + AnBnCn + AnBnCn 

Carry Out: According to the table, the equa­
tion for the Carry Out is: 

AnBnCn + AnBnCn + AnBnCn _.. An&Cn 

the equation can be reduced to: 

AnCn + AnBn + BnCn 

This means that any combination of nvo or 
more bits set will generate a Carry Out. 
The equation can be factored to read: 

An(Bn+Cn) + BnCn 

Borrow Out: In subtraction, according to 
the table, the equation for Borrow Out can 
be written as: 

AnBnCn-1 + AnBnCn-1 + AnBnCn-1 + 
AnBnCn-1 

The equation can be reduced to: 

An"Bn + AnCn + BnCn 

This equation can be factored to read: 

An(Bn+Cn) + Bn Cn 

To simplify the equations, Add and Subtract 
are designated in the equations as: 

K Add 
K Subtract 

The equations for carry and borrow can be 
combined to form the equation: 

Cn = KAn+l (Bn+l + Cn+l) + KAn+l 
(Bn+l + Cn+l) + Bn+l Cn+l 

The previous equation can be expanded to 
produce: 

Cn = KAn+l Bn+l + KAn+l Cn+l + 
KAn+l &l+l KAn+l Cn+l + Bn+l Cn+l 
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This equation can be factored to produce: 

Cn .,., (KAn+l =-= KAn+l) (Bn+l + Cn+l) + 
(Bn+l Cn+l) 

To further simplify this discussion, define: 

KAn+l 1- KAn+l = AK n+l 

In order to make a one bit "look ahead" 
carry /borrow out of the last Cn equation, 
Cn+l must be expressed in terms of AKn+2, 
Bn+2, and Cn+2. 

Cn+ 1 = AKn+2 Bn+2 + AKn+2 Cn+2 + 
Bn-'-2 Cn+2 

Substitute this equation for Cn+l in the pre­
vious Cn equation to form the following one 
bit "look ahead" carry /borrow equation 

Cn = AKn+ 1 Bn+ 1 + AKn+ 1 AKn+2 Bn+2 
· + AKn+ 1 + AKn 1-2 Cn+2 + AKn+ 1 Bn+2 
Cn+~ + Bn+ 1 AKn +2 + Bn+2 + Bn+ 1 
AKn+2 Cn+2 + Bn+l Bn+2 Cn+2 

3. 5 Counter Dependent Operations 

The special commands - Multiply, Divide, 
Repeat - force the Processor into a coun­
ter dependent mode of operation designed to 
execute the specified function. The particu­
lar mode the Processor assumes is defined 
by bits 4 and 5 of the Command micro­
instruction. 

Command Divide mode is defined as bit 4 
set and bit 5 reset. Command Multiply mode 
is defined as bit 4 reset and bit 5 set. Com­
mand Repeat mode is defined as bits 4 and 5 
both set. 

The circuitry which implements these modes 
is shown on Sheets 19 and 20 of FS45. The 
two flip-flops at the left of Sheet 19 (FN\)O 
and FN'iJl) serve as a two hit instruction 
reghitcr used to hold the Processor in the 
desired mode. The mode register is DC 
clf'ared b:v SCLR,OC. SCLI)OC goes low on 
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initialize. The register is cleared at the 
conclusion of the iterative mode; on counter 
empty for Multiply or Divide, or when the 
counter equals one or zero on Repeat mode. 

FN)JO .is set when signal SFNY91 is high. 
SFNY91 is high on a Command micro-instruc­
tion if RD bit 4 is set. When a Command 
instruction is decoded, signal CMNDJ> goes 
low (see Sheet 19). CMNDj) is inverted and 
~NDed with RD bit 4 to produce SFNY<µ. 
FNY.f. is set when signal SFNY~l is high. 
SFNY~l is high on a Command instruction 
if RD bit 5 is set. 

Signals SFNY<µ and SFNYl}, and their com­
plements, are decoded to produce signals that 
precondition the other two flip-flops on Sheet 
19. Flip-flop NORCL (F8), when set, stops 
the ROM clock (RC110). RAL will not incre­
ment further until NORCL resets. NORCL 
is clocked set on the Command Multiply in-:­
struction (CMPYj>), the Command Divide 
instruction (CDVq>), or on the Command 
Repeat instruction (CRP'l)O) provided the 
counter does not equal orie or zero. 

Flip-flop NORCL remains set until the 
iterative mode is terminated, at which time 
RAL resumes normal counting. NORCL is 
clocked reset on Multiply or Divide when 
the counter decrements from hexadecimal 
1 to O or on Repeat mode when the counter 
equals hexadecimal 2, 1, or 0. 

Flip-flop FRCGlJl (MS), when reset, allows 
the user's indirect registers to be selected 
from the addresses specified by the Rl and 
R2 fields of the Instruction Register (IR bits 
8:11 and IR bits 12:15 respectively). If 

FRCGIJl is set and the IR Source or Destina­
tion address is even, the next sequential ad­
dress is selected. This function is shown 
on Sheet 8 for Source addressing and on Sheet 
10 for Destination addressing. FRCGI}l 
literally means "force General Register 
Plus 1 ". 



FRCGI)l is clocked-set on the Command 
Divide instruction (CDV:q<>) and within the 
Divide loop on the Add instruction. FRCGP.1 
is clocked set within the Multiply loop whe~ 
the Add instruction is not being performed. 
FRCGl}l toggles reset on the next system 
clock (CLOD). 

The state of FN)JO and FN\)1 is decoded to 
establish the mode of operation. The mode 
decoders are shown on Sheet 20 of FS45. 
Processor mode is used to generate the sig­
nals DECTRJ> which decrements the counter, 
and FRAL07 which is applied to the ROM ad­
dress buffers, forcing the even address in 
ROM to be strobed. 

When the Processor enters a counter depen­
dent mode, the clock that increments RAL 
leaving the Command micro-instruction also 
sets NORCL which keeps RAL from incre­
menting further. Since the special Command 
instruction must be wired into an odd address 
when NORCL sets, RAL contains an odd ad­
dress. By using the FRAL07 signal, two 
different words can be selectively strobed 
from ROM without changing the address. 

3. 5.1 Multiply. The 30-2 
hardware multiply is initiated with a Com­
mand micro-instruction. The following 
preliminary conditions are assumed; the 
Instruction Register Destination field (IR 
8:11) contains an even register address; the 
next sequential address (YDI)l) points to the 
register containing the multiplier. The mul­
tiplicand has been placed in the A Register, 
and the counter is cleared. The Multiply 
command must be wired into an odd address. 
The next two ROM locations must be wired 
as follows: 

odd 
even 
odd 

c 
L 
A 

MPY 
YD, YD, SR 
YD, YD, CO 

The C MPY instruction is wired into an odd 
address. The clock that strobes that instruc­
tion into RD increments RAL to the next ad­
dress; that of the Load instruction. The 
clock that strobes the Load into RD incre­
ments RAL to the next sequential address: 
that of the Add instruction. The same 
clock sets the FNY flip-flops to the 01 con­
dition which defines the Multiply mode for 
the remainder of the sequence, and sets the 
NORCL flip-flop. RAL contains the address 
of the Add micro-instruction and will not 
increment further until NORCL resets. 

RD contains L YD, YD, SR. As this in­
struction is performed, signal FRAL07 is 
active, so the ROM address decoders se~ 
the address of the Load instruction rather 
than the address of the Add. The next clock 
strobes the Load instruction a second time. 
The same clock sets the FRCGI}l flip-flop, 
making the YD field of IR appear odd, which 
causes the Load instruction to be executed 
as L YDI]l. YD:Yl' SR. A 32-bit Shift 
Right is performed with YD containing the 
~os~ ~ignifican~ 16 bits and YDyl the least 
s1gn1f1cant 16 bits. If the 'implied' instruc­
tion - L YDI)l. YDJ}l, SR - produces 
a carry (Bl5 = 1), the FRAL07 signal is 
false, letting the ROM address decoders see 
the address of the Add instruction.. If the 
implied instruction does not produce a carrv 
(Bl5 = 0), FRAL07 remains active, causing 
the Load instruction to be read again. . 
FRCTI]l then resets, and the Add or the 
first Load is performed. If the hardware 
gets to the Add instruction, the multiplicand 
(AR) is added to the product (YD); FRAL07 
is active so the sequence returns to the 
first Load. 

The counter is decremented on the first Load 
instruction. The first Decrement wrapped 
the counter from X'O' to X'F'. When the 
counter is decremented from X'l' to X'O' ' 
the NORCL flip-flop is reset. 

25 



STAltT 

C MPY 01-FNY 

L YO,YO,Slt 

1--FRC8~1 

Figure 3. 

26 

DECREMENT 
COUNTER 

00-+ FNY 

NO 

Hardware Multiply Flow Chart 

0-FRALO~ 

A YO,YO 

A YO,YO 

NO 

ENO 



RAL increments at the conclusion of the im­
plied instruction. With the counter equal to 
zero, the Add will be performed regardless 
of B15. If the Add should not be performed 
(FLR12 = 0), the Destination is disabled 
(KILDS1)0). At the conclusion of the Add, 
the FNY flip-flops are reset, the sequence 
is terminated and the next sequential micro­
instruction is performed. See Figure 3. 

3. 5. 2 Divide. Hardware divide 
is initiated with a Command micro-instruc­
tion. The following preliminary conditions 
are assumed; the Instruction Register Des­
tination field (ffi 8:11) contains an even ad­
dress, the address of the most significant 
16 bits of the dividend. The next sequential 
address (YD~l) points to the register con­
taining the least significant 16 bits of the 
dividend. The divisor is negative and re­
sides in the A Register. The counter is 
cleared. The Divide command must be 
wired into an odd address. The next two 
ROM locations must be wired as follows: 

odd 
even 
odd 

c 
L 
A 

DIV 
YD, YD, SL 
YD, YD, CO 

The C DIV instruction is wired into an odd 
address. The clock that strobes that in­
struction into RD increments RAL to the · 
next address; that of the Load instruction. 
The clock that strobes the Load instruction 
into RD increments RAL to the next sequen­
tial address; that of the Add instruction. 
The same clock sets the FNY flip-flops to 
the 10 condition which defines the Divide 
mode for the remainder of the sequence, 
and sets both the NORCL and FRCTPl flip­
flops. RAL contai.ns the address of the Add 
instruction and will not increment further 
until NORCL resets. -

RD contains L YD, YD, SL; but because 
FRCT~l is set, the Register Address De­
coders interpret this instruction as L 
YDI]l, YD1Jl, SL. As this instruction is 
performed, the FRAL07 signal is active so 
the ROM address decoders see the address 
of the Load instruction, rather than the Add. 

The next clock strobes the Load instruction 
a second time and resets FRCT~l. The 
register address decoders interpret the 
instruction in RD as it acutall.v appears -
L YD, YD, SL. A 32-bit Shift Left is 
performed. As the second Load is per­
formed, FRAL07 is false. The next clock 
strobes the Add instruction into RD. If the 
Addition does !!2! result in a carry (CSV "" O), 
the Destination is disabled and the partial 
remainder (YD) remains unchanged. If the 
carry does result (CSV = 1), the sum pro­
duced replaces __ ~he partial remainder {YJ.?J: 
During the Add instruction, FRAL07 is ac­
tive. The sequence returns to the first 
Load upon conclusion of the Add, setting 
FRCT~l to access the least significant 16 
bits of the dividend first. The carry pro­
duced by the Addition is shifted to the least 
significant bit of YD~l, forming the quotient. 

The counter is decremented on the first 
Load instruction (L YD~l, YD~l, SL). 
The first decrement wrapped the counter 
from X'O' to X'F'. When the cmmter is 
decremented from X'l' to X'O', the NORCL 
flip-flop is reset. RAL increments at the 
conclusion of the second Load instruction 
(L YD, YD, SL). With the counter equal 
to zero, the same Destination inhibits per­
tain to the final Add. Signal FRAL07 is 
false so the sequence will not return to the 

first Load. The FNY flip-flops are reset, 
and the next sequential micro-instruction 
is performed. See Figure 4. 

3. 6 Phase Control 

The Phase Control hardware is shown on 
Sheets 16, 17, and 18 of FS45 and in block 
diagram form on Figure 5. Phase- is a 
hardware condition that is affected by the 
Decode micro-instruction and user activity. 
Phase, in-turn, affects actions resulting 
from the Decode micro-instruction. (Sef• 

30-2 Micro-Instruction Reference Manual, 
Publication Number 29-032. ) 
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The two stage Phase Pointer defines the 
four hardware Phases. The Phase Pointer 
is a modified up counter able to skip counts. 
Reference Figure 5. 

From count 00 (Phase Zero) the pointer can 
go to a count of 01 (Phase One) or 10 (Phase 
Two). From count 01 (Phase One) the poin­
ter will go to a count of 10 (Phase Two). 
From count 10 (Phase T\vo) the pointer can 
go to a count of 00 (Phase Zero) or 11 (Phase 
Three). From count 11 (Phase Three) the 
pointer vvill go to a count of 00 (Phase Zero). 
A Phase change can only occur on a Decode 
micro-instruction. Initialize unconditionally 
forces the Phase Pointer to Phase Three. 

Each hardware phase has corresponding 
set(s) of micro-code routines. The starting 
address of these routines is produced by the 
phase control hardware. 

When Phase Zero is entered, the ROl\1 ad­
dress is forced to hexadecimal 010, the 
starting address (entry point) of the Phase 
Zero firmware set. Phase Zero is dedica­
ted to User's instruction class decoding. 
Depending on the User's instruction which 
is resident in the Instruction Register (IR), 
either Phase One or Phase Two will follow 
the Decode micro-instruction terminating 
Phase Zero. The ROM address is forced 
to hexadecimal OOC if the User's instruction 
is of the RX format (Operation Code 4x, 6x, 
or Dx) and if the Rl field of IR does not equal 
zero. The ROM address is forced to hexa­
decimal 008 if the User's instruction is of 
the RX format and if the Rl field of IR is 
equal to zero. The Phase One firmware 
sets are dedicated to second operand address 
arithmetic. 

The Phase Two entry point is derived from 
the Decoder ROM (DROM). The DRO:M may 
have up to 128 twelve bit words wired into it. 
\Vords in DROM are addressed by the Opera­
tion Code field of IR (IR 0:7). The DROM 
has a word line for each instruction in the 
user's repertoire. Enabling the DROM 
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causes the selected word line to be strobed 
during the Phase Zero or Phase One Decode 
instruction. The readout pro\·iding the star­
ting address of a Phase Two firmware set, 
is jammed into RAS and HAL. 

Instructions not in the user's repertoire are 
illegal and will not have a corresponding 
\vord line in DROM. When Phase T\vo is 
entered and a non-existent DROM word line 

·is strobed, the readout, all zeros, is jammed 
into RAS and RAL. Location zero (000) in 
HOM must be wired with all zeros (0000). 
\Vhen ROM address hexadecimal 000 is read, 
the contents are placed in RD. All zeros in 
RD are defined as 'illegal' and will result in 
an unconditional Phase Three. ROM Address 
is forced to hexadecimal 200, the entry point 
of the illegal instruction trap. 

When Phase Two is exited, the Decode 
micro-instruction will test for interrupts. 
The interrupts tested are I/O Interrupt 
(ATN), Console Interrupt (CATN), Console 
Single mode (SNGL), Memory Parity Fail 
(MPF), Primary Power Fail (PPF), and 
FAST. If any interrupt is true, Phase 
Three will be entered and the ROM addres­
sing will be forced to hexadecimal 014. If 
no interrupts are pending, Phase Zero will 
be entered and the ROM address will be 
forced to hexadecimal 010. 

The Phase Three firmware sets - entry 
points 000, 014, and 200 - are dedicated. 
to display and interrupt support. \\7hen 
Phase Three is exited, Phase Zero ·will be 
entered and ROM address will be forced to 
hexadecimal 010, the Phase Zero entry 
point. 

The Decode micro-instruction (op-code hexa­
decimal 0) is detected by Gate 21-30 on 
Sheet 16 of FS45. The signal DO '\\-ill be 
low on a Decode instruction or on Illegal 
(all zeros in RD). Signal DO appears at the 
clock skipping circuits on Sheet 22. Decodes 
or Illegals are always two clocks long. The 
Decode instruction is distinguished fron~ 



the Illegal condition by at least one high bit 
in HD bits 4:15. It turns out that the Source 
registers the micro-programmer is allowed 
to use on a Decode instruction - namely 
LOC and YD - both have bit 9 set. If the 
op-code is hexadecimal 0 and bit 9 is set, 
RD contains a Decode instruction. If the 
op-code is hexadecimal 0 and bit 9 is not 
set, RD contains all zeros. Unless RD 
was cleared because of system initialize, 
signal ILEC}O will go low forcing Phase 
Three, and the ROM address to hexadecimal 
200. 

When the Processor is initialized, the sig­
nals SCLRQA, SC~OB, and SCLRf>C are 
low. SCLRj)A clears the ROM Address reg­
isters. SCLI)C>B clears the ROM Data Reg­
ister (RD). SCLRJ>C clears, among other 
things, the RUN flip-flop on Sheet 16 of FS45. 

The zero op-code(RD 0:3) is detected by Gate 
21-30 (A3). Signal DO goes low and Dl goes 
high. Dl is ANDed with RDO~O and RUNl at 
Gate 61-07 (D7). If RUN were not reset at 
this time, ILEGJ> would go low and ILEGJ 
would go high. The RUN flip-flop is set 
when l}O (RD 0:3 = 0) goes false. 

When a Decode micro-instruction is per­
formed, the extended op-code field (RD 
12:15) takes on new meaning. Bit 12 set 
generates a memory read cycle. Gate 21-
03 on Sheet 16 generates a memory start 
(STR'J/O) on the first half (ENSK!Jl) of a 
Decode instruction (RD 0 :3 = 0) if RD bit 12 
and the Processor is not in Phase Zero of 
an RR User's instruction (POl *IRo;o). If 
bit 13 is set, the contents of the FLR are 
copied in the CCR. Gate 21-25 on Sheet 14 
generates the load CCR pulse (LCCj>) on the 
first half (ENSK~lA) of a Decode instruction 
(Dl) if RD bit 13 is set. Signal LC<:;o jams 
the FLR to the CCR on Sheet 6. If bit 14 is 
set, the Flag Register, Counter Register, 
BANK flip-flop and UTility flip-flop are 
cleared. Gate 61-22 on Sheet 14 generates 
the clear lead (CLiy>) on the second half 
(ENSK~O) of a Decode instruction (Iµ.) if RD 

bit 14 is set. Signal CLRJ> allows FLR, 
CNTR, BANK, and UT to clock clear. If 
RD bit 15 is set, the Phase Pointer and 
ROM Address will change. Gate 50-34 on 
Sheet 16 generates the phase change signal 
(DRD15))) if RD bit 15 is set on a Decode 
instruction (Dl). 

If a phase change is called for (DRDl~,O = 0), 
the ROM Address registers are cleared 
(SCLRJ>A = 0) then a new address is loaded 
to RAS and RAL. (See Sheet 18 of FS45.) 
The new address to ROM is generated by 
the Decoder ROM (DROM) if the Processor 
is going into Phase Two .. Otherwise, the 
address is generated by the hardware shown 
on Sheet 18. 

The DROM will strobe an address defined 
by the user's operation code (IR 0:7). The 
DROM readout is jammed into RAS and 
RAL on the first half of the Decode instruction. 

Gate 20-03 on Sheet 18 generates the 
SCLRJ>A signal to clear the ROM address 
registers. SCLRpA goes low on Illegal 
(ILECj<)) or on the Phase Change option of 
the Decode instruction (DRDll~O) if ENSKP 
is set (ENSKI}lA). ENSKIJlA limits the 
SCL~OA signal to the first half of the 
instruction. 

The Processor enters Phase Two if it is 
currently in Phase One (Pll), if it is in 
Phase Zero and IR holds an RR format 
instruction (P<µ IROJ,O) or if it ·is in Phase 
Zero and IR holds a non-indexed RS format 
instruction (P~ R~ AMODj>). Signal 
GTP;t on Sheet 17 goes high to sequence 
the Phase Pointer to a count of 2 and gate 
the DROM Enable lead (ENDRO~O) on 
Sheet 18. 

The Decode micro-instruction terminating 
the Phase Zero firmware set must be writ­
ten with YD the Source and AR the Destina­
tion. All other Decode instructions must 
have LOC the Source and Destination. The 
Phase Zero decode will load AR from YD 
if the IR holds an RR format instruction. 
The conditions POl IR01t0 Dl produce the 
signal PORRJ> at Gate 61-11 on Sheet 16. 
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i}OHl)O disables th<' L control line on Sheet 
1 r;. The B Bus will pass unaltered through 
the ALU to the S Bus and be loaded to the 
AH Nl the 'skipped' clock. For the second 
half of the Decode instruction, all Destina­
tions are disabled (KILDS1JO = O on Sheet 
lGL This is done because the PTYS flip­
flop sets on the> skipped clock, changing the 
Source information on the S Bus. On the 
Phase Zero RR Decode, only RCI;O and 
HOMSTJjO are skipped, Signal SKPSTI)O 
on Sheet rn disables the normal clock skip­
ping function of ENSKP (see Sheet 22) and 
disables HOMSTI}O on Sheet 23. SKPSTJ¥> 
~tlso producC's NOHCI.f> (see Sheet 16) which 
disables HCLfl. If the IR does not hold an 
lU{ format instruction, the lead FRCLQGO 
goes low (Gate 21-12 on Sheet 16) forcing 
the Location Counter to be both Source and 
Destination. 

Tht> IK'C1)(IC' instruction does not unload the 
A 1fr·p:i st f' r ill.t)l O on Sheet 8). The GA 
L"t;l:; an~ false. When LOC is forced as 
Source and Destination, zeros would be ad­
ded to the Location Counter. It is possible 
to force GA14 active_ (GA leads equal hexa­
decimal 0002) and increment the Location 
Counter by two on a Decode instruction. 
This function is realized on Sheet 18 of FS45. 

3. 7 I/O Control 

The Processor 1/0 control logic is shown on 
Sheet 24 and 2!> of FS45. Refer to the 1/0 
Section of this manual for more information 
on the I/O System. 

The EXECUTE pushbutton is shown in the 
top IC'ft area of FS45-24. On a standard 
P1gital S_vst(•m, the outputs from the EXE­
.:· (!TE swikh, ESNCp and ESNqo, leave the 
~ i d1. • of the Sheet and go to the Display Con­
~ roller (FS31). The Displa:v Controller, in 
t 11rn, g(·ner:itl'R a Console Attention signal 
(C,\N'l/ll which is returned to the Processor 
ai 1 )') of F!.;.h--~·I. The signal is inverted 
and O-:Pllt to tilt• T<>st Logic shown on FS45-12. 

Gate 50-25 disables CA TN,O from the EXE­
CUTE flip-flop (D6). When the Display 
Controller mother-board is plugged in, sig­
nal ENJ3C10 is interlocked to ground, dis­
abling Gate 50-25 and 50-46. Gate 50-46 
is used in conjunction with the Autoload 
option. 

Although the Display Panel is standard on 
GE-:-PAC 30 Digital Systems, systems 
without the Display are available on special 
order. Such systems are designated Auto­
Load Systems and are provided with a smal­
ler panel which contains the following control 
and indicators: 

1. POWER Switch and as associated 
indicator 

2. EXECUTE pushbutton 
3. INITIALIZE pushbutton 
4. AUTO LOAD Switch 
5. Wait indicator 

All swit.ches and indicators except AUTO 
LOAD perform the same functions as in a 
system with a Display. The AUTO LOAD 
Switch permits entry of the 50 Loader from 
tape (rather than manual entry as performed 
with a standard system). Refer again to 
FS45-24. On an AUTO LOAD system, the 
EXECUTE Switch outputs are applied to 
cross-coupled gates which provide the T 
input to the flip-flop in areas D5. This flip­
flop generates Console Attention (CAT1'p.) 
in an Auto Load system. The Auto Load 
system tests CATNJ to determine whether 
to halt or continue. System Clear (SCLRp) 
sets the flip-flop initially via the SJKj) input 
(Area E2). The system therefore runs when 
power is applied. The first time EXECUTE 
is depressed, the flip-flop is toggled reset, 
and CATN goes low. The system halts after 
the next sequence. The next time the EXE­
CUTE pushbutton is depressed, the flip-flop 
is set. CATN} goes high, and the system 
runs. Note the gate in area F8. This gate 
produces a Single (SNGLp) signal in an 
Auto Load System when the AUTO LOAD 
Switch is depressed. Note again, that this 
paragraph applies only to Auto Load systems. 



Al I 1/0 support is done with the Load micro­
instruction. 1/0 operations can be classified 
as either input oriented or output oriented. 
If I/O appears in the Source field of a Load 
instruction, an input operation is desired. 
When 1/0 is the Source (RD bits 8:11 equal 
hexadecimal D), signal UIOfl will be low 
(FS45-9N8). If 1/0 appears in the Destina­
tion field of a Load instruction, an output 
operation is desired. When 1/0 is the Des­
tination (RD bits 4:7 equal hexadecimal D), 
signal Ligo will be low (FS45-10D8). 

An 1/0 operation is initiated if 1/0 is the · 
Source or Destination (Uiqo or LIOJ> "' 0) of 
a Load micro-instruction (LOA:qo = 0). 
LOADJ> will be low if RD bits 0 :3 equal hexa­
decimal 4, (FS45-14K9). If an 1/0 operation 
is qualified by the above conditions, signal 
GH)l goes high (FS45-24P8), enabling the 
timing on Sheet 25 to sequence. The timer 
sequences will be discussed separately for 
input operations and output operations. 

3. 7. 1 Input 1/0 Operations. The 
initialized state of the 1/0 Timer is DST set 
and SOPC reset. Gl91 and SOPCf> are two 
inputs to the NAND gate at 25E5. The third 
input is the delayed CC:y>. When CCL} goes 
false, the output of Gate 41-05 rises to logic 
ONE at the time constant defined by the lOOpf 
capacitor and the internal 2K resistor (about 
40 ns); at which time the output of Gate 20-07 
goes low forcing flip-flop DST reset. 

With DST reset, signal ns;o (25K6) is low 
to stop the system clocks (see Sheet 22). 

Signal UIOJ> is low. u1qo is one input to an 
AND tied inverter pair. The other input is 
Gated False Sync (GFf)l.). The output, UDIOJ, 
(FS45-24P7) is ANDed with the Data Request 
Lines (DRL 0:7) forming the B Bus bits 8:15 
(see Sheet 3P7). Data on the DRL's are 
gated to the B Bus unless a false Sync con­
dition exists .. The B Bus data are duplicated 
to the S Bus. 

Signal nsr;o and the inverted SYt>)O are in­
puts to an AND tied inverter pair at 25E7. 
SYNp will be false at this time. The high 
output from this inverter pair allows flip­
flop SOPC to toggle set. When SOPC is set, 
a control line to 1/0 is enabled. The control 
line is selected by bits 14 and 15 of RD. If 
RD 14:15 equal 01, Data Request (DRj>) is 
active. If RD 14:15 equal 10, Acknowledge 
(ACKAO~O) is active. If RD 14:15 equal 11, 

· Status Request (SR))) is active. The addres­
sed Device Controller should respond to the 
control line with data on the DRL's and a 
Sync. 

The positive transition of SOPC setting 
starts the False Sync Delay (25F2). The 
False Sync circuit assures that the Proces­
sor does not hang up waiting for a Sync re­
sponse that will not return - e.g. the 
device addressed is unable to execute the 
command, or is non-existent. The False 
Sync flip-flop (E3 and E4) is set to genera­
ting GF~ (25K3) if SY:t)O is not received 
with approximately 45 microseconds after 
the control line is activated. 

The setting of the False Sync flip-flop is 
enabled by signal SOPC}A on Gate 20-06. 
The quiescent state of the False Sync flip­
flop is both outputs high. Until the False 
Sync delay times out, signal FSYN). equals 
a zero, keeping output 20-06 high. Until 
STI)O returns, signal SYN} is a zero, keep­
ing output 21-06 high. The capacitors 
shown at 25 Cl charge to the threshold level 
of the output circuits at G2 after about 45 
microseconds. Normally, by this time, 
SY:t)O has been received from the addressed 
Device Controller, indicating that the speci­
fied operation has been completed. SYI'}O 
is inverted at Gate 21-00. SYN} resets the 
False Sync flip-flop. 

Meanwhile, the timer has remained with 
SOPC set and DST reset. DST will not set 
until a Sync is received or False Sync is 
generated. When either SYN). or FSY1-)1 
goes high, the appropriate False Sync flip­
flop output goes low, and Gate 61-06 (H4) 

goes high allowing the timer to resume. 
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DST sets, placing a low on the J input to 
SOPC and a high on the K input. The clock 
inhibit signal, DSTJ> (FS45-25K6) is removed. 
The next system clock gates the Device Con­
troller response (on the S Bus) to the Destina­
tion Register specified. The same clock 
pulls a new instruction from ROM and resets 
SOPC. 

If the next micro-instruction is also an I/O 
Load, Giq1 remains true and DS1)0 goes 
back true stopping clocks until this I/O 
operation is finished and the next one be­
gins. If the next micro-instruction is not 
an I/O Load, signal GIOJ will go low and 
the tirner assumes its initialized state. 

When SOPC resets, the control line (DI)<>. 
ACKAoqo or SRp> is dropped. When the 
control line drops, the device controller 

. drops its sync. If a false sync is generated, 
Gate :il-:16 (25N3) goes low to set the 
Overflow flag in FLR, indicating that a 
False Sync was received. In addition, if 
False Sync is generated on a status Request, 
B Bus bit 13 is forced active (FS45-24P9). 
This gates a hexadecimal '0004' to the 
Destination register, indicating the Examine 
Status response. 

3. 7. 2 Output I/O Operations. 
The initialize state of the I/O Timer is 
DST set and SOPC reset. Signal LIOfa is 
inverted at Gate 21-44 (FS45-24E6) and 
NANDed with S Bus bits 8:15 producing the 
Data Available Lines, DAL 0:7 (see Sheet 
3M7). 

G1g1 and SOPC)O are two inputs to the NAND 
gate at 25E5. The third input is the delayed 
CCLO. When CCL) goes false, the output of 
Gate 41-05 rises to logic ONE at the time 
constant defined by the 1 OOpf capacitor and 
the internal 2K resistor (about 40 ns); at 
which time the output of Gate 20-07 goes 
low forcing flip-flop DST reset. 
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With DST reset, signal DS1JO (25K6) is low 
to stop the system clocks (see Sheet 22). 
SOPC set gates the control line to I/O. 
Signal DS'I)O and the inverted SY!')O are inputs 
to an AND tied inverter pair at 25E7. SY.t-)0 
will be false at this time. The high output 
from this inverter pair allows flip-flop 
SOPC to toggle set. The control line is se­
lected by RD bits 14 and 15. If RD 14:15 = 01, 
Data Available (DAfJ) is active. If RD 14:15 
= 10, Address (ADR~O) is active. If RD 
i4:15 == 11, Command (CMIJO) is active. 
The address Device Controller should re­
spond to the control line with a Sync. 

The False Sync Delay starts timing out. If 
SYNf> is received or False Sync is generated, 
(FSYNl == 1), the Timer is allowed to resume 
sequencing. DST clocks set dropping the 
control line and the clock inhibit, DS1JO . 
The next system clock pulls a new instruction 
from ROM and resets SOPC. SOPC disen­
gages the False Sync flip-flop. If a False 
Sync is generated, the Overflow flag in FLR 
is set. 

4. MAINTENANCE 

This Section describes maintenance proce­
dures which may be used to check and, If 
necessary, adjust the Processor. 

NOTE 

Two optional maintenance aids avail­
able from GE-PAC 30 greatly facil­
itate maintenance on the Processor: 
The System Test Set, and the X-Ray 
ROM. GE-PAC 30 urges all users 
who intend to maintain their own sys­
tems to purchase both a System Test 
Set and an X-Ray ROM. Maintenance 
procedures using these aids are pro­
vided with the aids. 



4. 1 Clock Timing 

Use the following procedure to check sys­
tem clock timing. 

1. Force the RD Register to Zero 
by grounding the SCL~OB signal 
at pin 203-2100. 

CAUTION 

Exercise care in grounding points 
in the digital system as some com­
ponents may be damaged if the wrong · 
pins are grounded. 

2. Disable the Decoder hardware 
by grounding the Dl signal at 
pin 207-13'00. 

CAUTION 

The adjustments described in this 
Section are carefully set at the fac·­
tory using sophisticated test equip-· 
ment not normally availablE' in the 
field. The adjustments are very 
stable and should not require field 
adjustment. The adjustments should 
be changed only after the check pro­
vided indicates that they are out of 
tolerance and there are no faulty 
components in the system. 

3. Use an oscilloscope to check that 
the following Y Switch outputs are 
120 to 150 nanoseconds wide. 

YSO<µ 017-0700 
YSO~l 117-0700 
YSO~l 217...0700 
YSO~l 016-0700 
YS04f. 115-0700 
YSOf~l 015··0700 
YSOt)l 216-·0700 
YSO~l 116-·0700 

If any of the switch outputs are not within 
the 120 to 150 nanosecond range, check the 
associated logic. 

4. Force RAH07 to binary ONE by 
grounding pin 018-1001. Check 
that the following Y Switch out­
puts are 120 to 150 nanoseconds 
wide. 

YS08). 215-0700 
YSO~l 014-0700 
YSlO) 114-0700 
YSll). 214-070C 
Ys1;1 012-070U 
YSl:µ_ 213-0700 
YS14J 113-0700 
YS15} 013-0700 

If any of the switch outputs are 
not within tolerance, check the 
associated logic. 

5. Compare STR1}1 on the DROM 
Transformer board (Figure 6) 
and YSllµ (013-0700). STRJV 
should start 75 ±10 nanoseconds 
after YS15). If out of tolerance, 
and no faulty components are 
found, adjust ROMSTJ¥> position 
(C01-P472) to provide the 75 
nanosecond difference. 

6. Check that ROMSTJ¥l is 45 to 60 
nanoseconds wide. If ROMST~ 
pulse width is out of tolerance, 
and no faulty components are 
found, adjust ROMSTI}O pulse 
width (Figure 6) to 50 nanoseconds. 

7. Check the three strobes on the 
DROM Transformer board (Fig­
ure 6) and verify that STRIµ is 
coincendental with, or starts 
later than, CLKJµ and CLKI)l. 

8. Observe all ROM readouts (listed 
on Table 3). False outputs on the 
CRD~O leads should be less than 
25 nanoseconds wide. 
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TABLE 3. ROM OUTPUTS 

OUTPUT PIN 

CRDO~O 021-0901 
CRDOlp 021-0901 
CRD02p 020-0901 
CRDO~O 120-0901 
CRD04p 019-0901 
CRDO~O 119-0901 
CRD06p 018-0901 
CRD07p 118-0901 
CRDO~O 017-0901 
SRDO~O 117-0901 
CRDl~O 016-0901 
CRDll;O 116-0901 
CRD12p 015-0901 
CRDUW 115-0901 
CRD14p 014-0901 
CRD1510 114-0901 

9. Compare the SRD03p ROM output 
(pin 107-0901) and CI..,OD (C01-L12). 
The rising edge of C1JOD should oc­
cur 20 ±5 nanoseconds before the 
falling edge of SRD03p. If not, ad­
just CLOD position (Figure 6). 

10. Check that CLOD is 100 ±16 nano­
seconds wide. If necessary, ad­
just Cl;OD pulse width (Figure 6). 

11. Compare the CCLp output (COl­
Lll) with CLOD. The falling edge 
of CCLj) should be coincident with 
the falling edge of CLOD. If not, 
adjust CCl;O position (Figure 6). 

12. Check that the rising edge of CCLp 
occurs 50 to 60 nanoseconds after 
the rising edge of c11on. If not, 
adjust CCI,0 pulse width (Figure 6). 

OUTPUT PIN 

SRDOOj> 006-0901 
sRno;o 106-0901 
SRDO~O 007-0901 
SRDO~O 107-0901 
SRD04p 008-0901 
SRD05;0 108-0901 
SRD06p 009-0901 
SRDO~O 109-0901 
SRD08fa 010-0901 
SRD09j) 110-0901 
SRDlOj) 011-0901 
SRDllfl 111-0901 
SRD12j) 012-0901 
SRD13j> 112-0901 
SRD14,0 013-0901 
SRD15j) 113-0901 

13. Check the STCLKp output (C01-Ll4). 
STC LKp should be 100 ±1 O nano­
seconds wide and the rising edge 
should occur 40 to 50 nanoseconds 
before the rising edge of CLOD. If 
necessary adjust STCLI~p pulse 
width and position. 

14. Check that DC1:11 (C01-L07) is 90 
to 100 nanoseconds wide and the 
falling edge of DC y preceeds the 
falling edge of CLOD by 40 to 60 
nanoseconds (Figure 6). If out of 
tolerance, check the associated 
logic. 

15. Remove the grounds installed in 
steps 1, 2, and 4. 

4. 2 Overall Processor Test 

Use the 30-2 Test Program described in 
Publication Number 06-036A12 to perform 
a comprehensive test of the Processor. 
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5. MNEMONICS 

The following list provides a brief description of each nmemonic found in the Processor. 
The FS4G source of each signal is also provided. 

MNEMONIC 

ACKAoqo 

Acsp 

ACSlf 

Aonsp 

AMO DJ 

ARoq1 
through 
ARl~l 

AHS1Jl 

AUTOLJ¥ 

ATNP 

BOl)O 
through 
Bl~O 

Bl3p 

BANKf 

BRAf> 

CO<µ 
through 
C12f 

co1p 
through 
c110 

CATN/> 

MEANING 

Interrupt Acknowledge 

Add or Subtract with Carry In 

Add or Subtract and Carry in or 
L Control Line False 

Device Address 

Address Modification 

A Register 

Auto Restart 

Auto Load 

Input/ Output· Attention 

B Bus 

B Bus bit 13 forced active on False Sync 
STAT 

Register BANK Flip-Flop 

Branch Micro-Op detected 

Carry Outputs 

Carry Outputs 

Console Attention, Console Execute 

FS45 
LOCATION 

25R5 

14E9 

14F9 

25R6 

16R9 

1F8 

1201 

24B5 

12Cl 

3J8 

24R9 

13G8 

15L8 

26P6 

26P6 

24P4 



FS45 
MNEMONIC MEANING LOCATION 

ccLp Command Clock 23R4 

CCMDt- Clocked Command 13E3 

c130 ROM Current Drive 23R6 

CDVI~p Command Divide 19E5 

CEMTJ Counter is Empty 7L9 

CLO~O I/O Control Line 7 21C9 

CljOD Destination Clock 23R3 

C~OE Externally Used Clock 23R4 

CLKOFF)O Clock Off Flip-Flop 23A3 

CLRP Clear Option of Decode 14F9 

CM1}0 Device Command 25R6 

CM.NI}l Command Micro-Op Decoded 15K8 

CMP~O Command Multiply Mode 19L5 

CLRCTRJ> Clear the Counter 7D9 

CNRCLjl Clear NORCL Flip-Flop 19K7 

CRP'I)O Command Repeat. 19F5 

c~ Cross Shift 15E6 

CS\jl Carry to Save 26N3 

CTLT211 Counter is Less Than Hexadecimal 2 19G2 

CTONE,1 Counter is Hexadecimal ONE 19Jl 

CTSI11 Carry True, Shift Left 14P9 

CTSR,1 Carry True, Shift Right 14N9 

CTS1)1 Test Micro-Op Decoded 15.J8 
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FS45 
MNEMONIC MEANING LOCATION 

CTIU2} 
through Counter Register 7Kl 
CTR15} 

D} Decode Micro-Op 16B9 

DAf Output Data Available 25R5 

DA Loop 
through Data Available Lines 3M8 
DAL07p 

DB<µ Destination Decode Bit 0 10L9 

nm; Destination Decode Bit 1 10M9 

DB2p Destination Decode Bit 2 10N9 

DBf31 Take Decoding Bits from Destination 8G9 
field of IR 

DB~ Take Decoding Bits from Source field 10K3 
of IR 

OCL). Delayed Clock 23R7 

DECTRP Decrement the Counter 20Rl 

DEVNJ Destination Address is Even 10R9 

DRp Input Data Request 25R4 

DRoop 
through Data Request Lines 3P3 
DR07p 

DRD15} Decode Micro-Op with Phase Change 16F9 

DS)O 1/0 Device Clock Stop Flip-Flop 25K6 

DTES'f,1 Decode and Testable Function is True 12P8 

DMsi;o Device or Memory Clock Stop 22R6 

DVD} Divide Mod<' 20F5 
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FS45 
MNEMONIC MEANING LOCATION 

ENnc;o Display Controller Enable 24B5 

ENDES'~l Enable Destinations 20R5 

ENCLI)l Enable ROM Address Clear 18D4 

ENDROM,0 Enable Decoder ROM 18B9 

ENSKIJl Enable Clock Skip Flip-Flop 22G2 

ENTl J Enable General Registers 8F9 

ESNqo Execute Switch Normally Open Contact 24C4 

ESNCj) Execute Switch Normally Closed Contact 24C3 

EXTCLKp External Clock Input 23A2 

FAO} Phase Pointer Flip-Flop 0 17E9 

FAV Phase Pointer Flip-Flop 1 17G9 •·· 

FLRl~ 
through Flag Register 5K8 
FLR15;1 

FNYOJ Counter Dependent Mode Flip-Flop O 19A9 

FNYP Counter Dependent Mode Flip-Flop 1 19C9 

FRALO~O Force RAL07 Active ONE 20R7 

FS~l Fast I/ 0 Interrupt Flip-Flop 25R2 

FAS1)1 Fast I/ 0 Interrupt Input Line 12N2 

FRCLoc:;o Force Location Counter to be Source and 16J9 
Destination 

FRGPV Force General Register Selection Plus 1 19N9 
Flip-Flop 

FSYNf False Sync Delay Output 25.J2 
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FS45 
MNEMONlC MEANING LOCATION 

GAO~O 
through Gated A Register Outputs 1E8 
GA15p 

GA14p Gated A Register Bit 14 forced active 18N8 

GCMNDJ Gated Command Micro-'Op 13E2 

GCTRJ Gate into the Counter 7C2 

GF12~1 Gate into FLR12 5D6 

GF130J Gate into FLR13 504 

GF145J Gate into FLR14 and 15 5D2 

GFSJ Gated False Sync 25J3 

GIOJ Gated Input/Output 24F8 

GOBilA} Go Branch (enable) 15P8 

GRD030 7 Gated RD Bit 3 8C9 

GRD04p Gated RD Bit 4 20R3 

GTP2J Go To Phase 2 17F6 

HJP Hardware Jam Enable 18D7 

HLFCLKjl Half Clock Maintenance Function 23A5 

ILECjl Illegal Condition Detected 16C9 

IROOJ 
through Instruction Register 1M8 
IR15f 

KILDS'Ip Kill Destinations 20R6 

L} L (Adel or Subtract) ALU Control Line 15C8 

LARp Load the A Register 10F8 
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FS45 
MNEMONIC MEANING LOCATION 

Lco;i 
through Gated Carry Outputs 26N8 
LC111 

Lcc;o Load the Condition Code Register 14G8 

LCTRP Load the Counter 10E9 

LDF)O Load the Flag Register 10G9 

LDSTKJ. Load Pulse to the Register Stacks 11J5 

LFLRp Load the Flag Register 10E9 

uop Load to Input/Output 10D9 

LIR,0 Load the Instruction Register 10E9 

LMAI~O Load Memory Address Register 10F9 

LMDHJ> Load Memory Data Higher 10J9 

LMDt,O Load Memory Data Lower 10J9 

LOADp Load Micro-Op Decoded 14K8 

LPS\\)O Load the Program Status Word 10H9 

LRAHp Load ROM Address Higher 4R9 

LRAlfJ Load ROM Address Lower 22R4 

LYDp Load User's Destination Register 10D8 

Ml A M Control Line to ALU 15D9 

MlB Alternate Generation of MlA 15E9 

MB1/1A Memory Busy 22A7 

MDA\)OA Memory Data Available 22A9 

MPDYil Multiply or Divide 20E7 

MPFO Memory Parity Fail 12Jl 
J 
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FS45 
MNEMONIC MEANING LOCATION 

MS1JO Memory Caused Clock Stop 22R8 

MP\)l Multiply Mode 20E2 

MOPlp No Phase 1 17F3 

NORC1JO No ROM Clock 22R3 

OSCJ Oscillator Output 23D7 

PO} Phase 0 17J8 

PORRp Phase 0, RR User's Format 16K9 

Pl P Control Line to ALU 15J9 

Plp Phase 1 17K8 

P2J Phase 2 17M8 

PFfJO Clear the Parity Fail Flip-Flops 13P8 

PPFJO Primary Power Fail 21D9 

POFFJO Power Off (Switch Contact) 12Ml 

Powp Command Power Down 13R8 

POWD~O Power Down 21F5 

PSWOl Hardware Copy of PSW Bit 1 12G7 

PTYS} Pointer for User's Source 17P8 

RAWCLI)l Raw Clock 23E2 

RCLP ROM Clock 23R3 

RJKp Reset JK Flip-Flop (hardwire} 24Bl 

HLoc; Read Out Location Counter 9N8 

llMA.1)1 Read Out Memory Address Register 9N8 

H~1R~l 

tlirough Read Out Micro-Registers 9N6 
llMR1j 
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Es.is . 
MNEMONIC MEANING LOCATION 

ROMSTBp ROM Strobe 23R5 

RP'I;l Repeat Mode 20E4 

RSCTRJ Reset the Counter 7'B8 

RPS\\jl Read Out PSW 9N8 

mµ User's RS Format Instruction 16L8 

RGOO} 
through Read Out the General Registers 9N2 
RGl~l 

HUN} RUN Flip-Flop 16D4 

so op 
through S Bus 27,28 
s1sp 

S003i1 S Bus (0:3) Equals Zero 1A8 

S04,l S Bus (4:7) Equals Zero 1A8 

Sl2!}1 S Bus (12:15) Equals Zero 1A8 

ssu; S Bus (8:11) Equalis Zero 1A8 

SB<µ Source Decoder Bit O '8K9 

SB¥ Source Decoder Bit 1 8M9 

SB~O .... Source Decoder Bit 2 8N9 
'~;:. 

scrp System Clock 23Rl 

SCLRf> System Clear 21R8 

SCLRfJA System Clear to RAH and RAL 21R5 

SCLRpB System Clear to RD 21R4 

SCLI~OC System Clear for General Use 21R5 

SCLRi1 System Clear Relay Contact 21P9 
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FS45 
MNEMONIC MEANING LOCATION 

SEVN} Source Address is Even 8P9 

SFL12,0 Set FLR12 4C8 

SFLl~O Set FLR13 4F8 

SFLliO Set FLR14 4L8 

SFLl~O Set FLR15 4M8 

SFNY91 Set Counter Command Store Flip-Flop 0 19A7 

SFNY;1 Set Counter Command Store Flip-Flop 1 19C7 

SHL}. Shift Left 14L8 

SHRf Shift Right 14K8 

SJKp Set JK (hard wire) 24lli 

SKDMS1JO Clock Skip or Device or Memory Stop 22R4 

SKPSTJ.¥) Skip ROM Strobe 16N8 

SNGlf Console Single Mode 24P4 

SOPCf. I/O Control Line Output Flip-Flop 25J7 

SPBRAjl- Special Branch 15M9 

SR,0 I/O Status Request 26R5 

SRAHOf1> Set RAH Bit 6 18L8 

SRALO:jO Set RAL Bit 3 18H8 

SRAL04p Set RAL Bit 4 18J8 

SRAL05p Set RAL Bit 5 18K8 

SRLC'IJO Shift Right or Left with Carry True 14N5 

STI')O Set Test Flags 14C9 

STFt,O Set Test Flags on Add or Subtract 14E9 
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FS45 
MNEMONIC MEANING LOCATlON. 

STPSY~ Stop System Flip-Flop 21J3 

STR'IJO start Memory Cycle 13F8 

S')O Set the Overflow Flag on False Sync 25R3 

SVACjl Save Adder Carry 14B9 

svsc;o Save Shift Carry 14H9 

SWTALp Set Wait Alarm 13L7 

STC~O Register Stack Clock 23R6 

SYNp Device Sync 25A4 

SYSCL} System Clock 23Pl 

TES1jl Testable Function Sync Flip-Flop 12K8 

TTESTf True Testable Function 12R5 

uo~o Destination Address is X'O' UN6 

uo;o Destination Address is X'l' llN6 

uo2,o Destination Address is X'2' UNG 

uo~o Destination Address is X'3' 11N6 

UAf Unload the A Register 8D9 

uo1q1 Unload I/O 24R7 

mop Unload I/O 9N8 

ump Unload the Instruction Register 9N8 

UIR4p Unload IR' s YD Field Only 9N8 

UPS\\)O Unload Program status Word 9N7 

U~l Utility Flip-Flop 13J8 

UMDRf> Unload Memory Data Register 8A9 
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FS45 
l'llNEMONIC MEANING LOCATION 

UYD,0 Unload User's Destination 9N8 
J 

Vl)O Stot System Clocks 21R6 

WP.iO Wait Alarm Flip-Flop 13L8 

WMAI)l Write Pulse to MAR 11N9 

WMROJ 
through Write Pulse to Micro-Registers 11N7 
WMR¥ 

WLOC}- Write Pulse to Location Counter 11N9 

wPsvp Write Pulse to PSW 11N9 

WRp Memory Write 13E8 

WGOOf 
through Write Puls~ to G Register 11N3 
WG15f 

XIA Cross ~11ift 15G9 

XlB Cross Shift 15H9 
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THE DISPLAY SYSTEM 

1. INTRODUCTION 

The Display System provides a means for 
reading the contents of all system registers 
and any core memory location, together 
with th1' ('.1pability of manually entering data 
and pn ,~;rams. Figure 1 shows the layout 
of the• Di splay Panel. Two register displays 
are provided. The information displayed in 
these two registers is SC'lccted by the REG­
ISTER DISPLAY and the MODE CONTROL 
Switches. Sixteen pushbutton switches pro­
vide a means for entering Memory Data and 
Memory Address into the machine. A 
SPEED CONTROL is provided to control the 
rate of instruction execution for use as a 
demonstration aid, or as a program debug 
aid. Other facilities provided are an EXE­
CUTE pushbutton for requesting the opera­
tion selected on the switches to be executed; 
an INITIALIZE pushbutton for resetting the 
system and its peripherals; and a primary 
POWER pushbutton. 

The Display is an Input/Output device and is 
interfaced over the Multiplexo:r Bu&. The 
Display is controlled by a Display Controller 
board, and is supported by a special micro­
program sequence which is wired into the 
Read-Only-Memory. The Display micro­
program is only executed when a special in­
terrupt (Console Attention - CATN) is generated 
at the Display Panel. 

This Section describes the operation of a 
GE-PAC 30Digital System using I.he Dis­
play Panel, describes the theory of operation 
of the Displa.v Controller, and provides 
maintenance infornrn.tic,n for the Display 
System. 

2. OPERATION 

Refer to Figure 1 during the following descrip­
tion. The control console is comprised of 
six distinct elements: 

1. Control Switches: POWER, 
INITIALIZE, and EXECUTE. 

2. MODE CONTROL Rotary Switch. 

3. SPEED CONTROL Rotary Switch. 

4. REGISTER DISPLAY Rotary Switch. 

5. Sixteen Data/ Address switches. 

6. Pisplay of two 16-bit halfword 
registers. 

Each of the elements is described in the 
following paragraphs. Console operating 
procedures are provided following the 
descriptions. 

2.1 Control Switches 

The latching POWER switch applies power 
to the Processor and device controllers. 
An indicator lamp is associated with the 
POWER switch. 

The momentary INITIALIZE switch resets 
peripheral device interrupts and certain 
other functions in the Processor. After 
initialization, the Processor is left in the 
Halt mode. 

1 



Tlw monwntn ry EX EC l JTE switch causes 
I.he Processor to perform tho function selec­
t<'d hy tho MODE CONTHHL switch. The 
associated indicator lamp is on when the 
Processor is in the interruptable Wait state 
or Halt mode; the lamp is oil .. ;,..,n the Pro- · 
ccssor is in tho Run mode. 

2. 2 MODE CONTHOL Switch 

The rotary MODE CONTROL switch selects 
the following modes of operation, which be­
come effective when the EXECUTE switch is 
depressed: 

2 

HUN: 

HALT: 
(FD<) 

HALT: 
FLP 

VARI: 
(FD<) 

the Processor continuously 
t'X<'cutcs instructions at rated 
l:l]>Ced. 

instruction execution is stopped at 
the moment the EXECUTE switch 
is depressed and the Processor is 
placed in the Wait state. The reg­
ist<ff displays are operative in this 
mode. 

30-2 only. 
The HALT FLP position is similar 
to the HALT (or HALT FIX) posi-
tion except that in 30-2 Processors 
equipped with the optional floating­
point hardware, the selected regis­
ters are displayed in the floating­
point format, on the top row of the 
Di splay Panel. 

the Processor executes instruc­
tions at the rate selected by the 
variable SPEED CONTHOL. The 
register displays ar(' operative in 
this mode. 

VARI: 30-2 only. 
FLP Th<~ VARI FLP poi::;ition is i::;irnilar 

to 1h<~ VAHI (or VAHI FIX) position 
execpt that in 30-2 Processors 
equipped with the optional floating­
point hardware, th<' HC'l<'d<~d rep;­
isl<'rs are displayed in the floating­
poinl format. 

ADHS: selects the inst ruction location 
address portion of the Program 
Status Word (PSW(l6:31)). The 
new address is entered in the 
sixteen Address Switches below 
the register display. 

MEMR: the Memory Read mode ,permits 
display of memory data in the 
register display. 

MEMW: the Memory Write mode permits 
entry of data into memory from 
the sixteen Data Switches below 
the register display. 

2. ~{ SPEED CONTROL Switch 

The variable SPEED CONTROL switch pro­
vides a dynamically changing display when 
in the Variable mode. The instruction exe­
cution rate can vary from 1 to 100 cps by 
rotating the control clockwise from SLOW 
to FAST. When in the SNGL position, a 
single instruction is executed and displayed 
each time the EXECUTE switch is depressed. 

2. 4 REGISTER DISPLAY Switch 

The REGISTER DISPLAY switch selects 
pairs of 16-bit registers for display in the 
lighted panel positions labeled DISPLAY 1 
and DISPLAY 2. Beginning at the one 
o'clock position and moving clockwise, the 
registers displayed are: 

INST: 

PSW: 

HC1/l: 

(Dl) The current instruction. 
(D2) The Address field of the 

current instruction if RX 
or RS format. 

(Dl) The Program Status and 
Conrlition Code. 

i I >:~) The location address of the 
current instruction. 

(1)1 ) (}eneral Hegister o. 
(I>~) General Register 1. 

( N(lll': the seven succeeding pairs 
or ( ;C'lWral Registers are selected 
similarly.) 



OFF: (Dl) and (D~) :1 re blank. 

H EGISTER DISPLAY: Tlw position at 12 

o'clock displays th(• second operand 
i11 (Dl) and the rc~su lt in (D2). 

') r: -. ,) Data/ Address Switches 

The lC Input l\cgistcr latching pushbutton 
switches 11rovide a means of entering infor­
mation manually. An address set in the 
switches is entered into the instruction lo­
cation address portion o!' the Program Status 
Word (PSW (Ui::H)) when Uw ADRS mode is 
selected and the EXECUTE switch is de­
pressed. 

D:1L' c;d in the switches is written into 
rnvmory when the ME1\1W mode is selected 
and the EXEC UTE switch is depressed. The 
li:1 l lw•, i·1 I location written into is specified hv 

Ow instruction address portion of the PSW. 

2. () Hcgister Display 

The two Hi-bit halfword register displays 
arc operative when the VARiable Mode or 
when MEMR or MEl\/fW have been selected. 
Th(' d i:-;pl:iy registers remain static when 
in 1he IUIN mode. 

TlH' diagrams above the register display in­
dicate the data fromat in (Dl) and (D2) when 
the PSW, Instruction l{cgister, a General 
Register pair, or MEMR/MEMW :ire selec­
ted for display. 

2. 7 Console Ope1'ating Procedures 

To bring up power and initiali1,(• the system: 

l. lkpn'ss UH' l:1kltini~ I'< >WEI{ 

switch. 

2. Dc•11rcss 1hc 111011\1·11!:11·.'· I \llTTALIZE 
switch. 

T<i shut down power to the svstcrn: 

1. Set the MODE CONTROL switch to 
HALT. 

2. Depress the rn<Jrnentary EXEC L'TE 
switch. 

:L Release the latching POWER switch. 

To begin execution of a program: 

The system must be in the Halt mode. 

1. Set the MODE CONTROL switch to 
ADRS. 

2. Enter the program starting address 
in the 16 address switches. 

3. Depress the momentary EXECUTE 
switch. 

4. Set the MODE CONTHOL !':witch to 

IU'N. 

G. Depress the I<XECUTE switch. 

To halt execution of a program: 

1. Set the MODE CONTHOL switch to 
HALT. 

2. Depress the EXECUTE switch. 

To read memory from Display Hegisters: 

The system must be in the !:falt mode. 

1. Set the MODE CONTI{OL switch to 
ADRS. 

2. Enter the nwmnrv 1-c·:ul :'1arting 
:1ddn·ss i11 the 1'i :1d<lr<'s" S\viklH·~~. 

:L Depress the EXl.:Cl"l'I< swill'li. 

I. Set the MODE C<l:-.;TI<OL switch to 
i\lEMR. 



!i. nc{lf'<(~SS th(~ EXECllTE switch. 

6. The memory data is read from 
Display Hegister 2 (D2). The 
memory addres.s of the data being 
displayed is in ,Display Register l · 
(Dl). 

7. Depress the EXEC UTE switch to 
display memory data from succes­
sive memory locations. The 
mcmQr_y address is automatically 
incremented each time the EXE­
CU'TE switch is depressed. 

To write into memory: 

The system must be in the Halt mode. 

1. Set the MODE CONTROL switch to 
ADHS. 

2. Enter the m<~mory write starting 
address in the 16 address switches. 

:L Depress the EXECUTE switch. 

4. Set the MODE CONTROL switch to 
MEMW. 

5. Enter the data to be written into 
memory in the Hi data switches. 

(i. Depress the F:XEClJTE switch. 

7. The memory data entered is dis­
played in DiRplay Register 2 {D2). 
The memory address which was 
written into is displa:vC'(t in Display 
Re~ister 1 (Dl). To write into 
successive memory locations re­
peal from Step 5. The memory 
address is automatically incre­
mented with each depression of 
the EXECUTE switch. 

~-·-l~splay ilH' Instruction Hq;istC'r, Pro-
12_•·:11•1 ~Latus Word or Gc•neral Ilegistcrs: 

The system must be in the Ifalt mock. 

l. Set the HEGISTE11 DISPLAY switch 
to select the registurs deRircd for 
display. 

2. Depress the EXECUTE switch. 
The registers selected for display 
will appear in Dl and D2 in the for­
mat indicated by the four diagrams 
above the lighted display. 

To display registers in the V A111able speed 
.mode: 

The system must be in the Halt mode. 

1. Set the MODE CONTROL switch to 
ADRS. 

2. Enter the starting memory location 
address in the 16 address switches. 

3. Depress the EXECUTE switch. 

4. Set the MODE CONTROL switch to 
VARI. 

5. Set the SPEED CONTROL switch 
to SNGL or to a SLOW-FAST 
setting. 

6. Set the REGISTER DISPLAY switch 
to select the registers desired for 
display. 

7. Depress the EXECUTE switch to 
begin operation of the program 
with display of the selected regis­
ters. If SNGL step was selected, 
the EXECUTE switch is depressed 
to cause single step execution of 
successive instructions. 

c->. The HEGISTE11 DISPLAY switch 
setting can be changed rluring 
01wration in the variable speed 
mod('. The SPEED CONTHOL 
switch can also be changed from 
SNCL to a SLOW-FAST setting 
without halting operations. 
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" ... BLOC!\ l)(J\CIU\1\1 J\N/\l.YSIS 

Hl'l'<'I' lo the block cliagr:in1 on FigLff(' 2. 
ThC' flrocl'ssor Multiplexor Bus is shmv11 

on llH~ IC'l"t, the Display Device Controller 
is shown in the· center, and the Di splay 
Panel is Hhown on the right side of Figure 2. 

The address logic is shown in the upper left 
area of the block diagram. On receiving a 
request for service via the EXECUTE switch 
and the CATN signal, the Processor outputs 
the 8-bit display address (X'Ol ') on the Data 
Available Lines (DAL00:07). This is followed 
by an J\ Dl\S control pulse which causes the 
decoded address to be strobed into the Ad-
el 1·cs>' Storage flip-flop" The set output 
from this flip-flop enables all other I/O 
commands into th(' Display Controller logic. 

Data to the Display Panel is transmitted byte 
l>y byte, serially. The first byte is output 
011 the· DAL00:07 lines, and the Data Avail-
a i>IC' cornm:rncl (DJ\) is raised. This com­
nwnd causes the first byte of data to be 
Hlrohc'd into hitH 8 through 15 of Register 1. 
Th<' DA line is then dropped, and the 2-stage 
liyte counter is incremented by one. The 
second byte of data is then placed of DAL00:07, 
and DA raised again. This process is re­

peated 4 times. Note that each time the 
display is addressed, the byte counter is 
automatica11y reset to zero in preparation 
for the first byte of data. 

Data from the Input Register data switches 
is read into the system byte serially via the 
Data Lines (DRL00:07)o On raising the Data 
Request (DR) command, bits 8 through 15 of 
the data switches are read into the' systemo 
The DR command is then dropped and the 1 
stage byte counter is toggled, enabling thf' 
second byte of data. The DR command is 
raised again and hits 0 through 7 of the data 
switches arc read,. The 1 stage hvtc' counter 
is automatically reset when the Displav is 
addressed. 

The Status of thf' mode and register switches 
i:-; rc-ad into the system as a single byte of <'11-

coded data by raising the Stat us Request (Sil) 

command. The 12 positions of the REGISTER 
DISPLAY switch arc> encodC>d ontfl bits 4 
through 7; the MODE COI\Tf\OL switch prsi:1c•r:s 

are encoded onto bits 0 through :3 of the DRL 
Lines. The 32 display lamps and the 16 display 
switches may be 1/0 programmed for use as 32 
indicators and 16 status switches. The main 
use of this feature is in I/O device test proce­
dures, e.g. to display the binary result of an 
Analog-to-Digital Converter. The device is 
made programmable by executing an OC instruc­
tion. This causes the CMD line to set a flip­
flop which disables the byte counters from being 
reset when the device is addressed. 

The control logic Ls shown on the bolt<Jm of 
the block diagram. Depressing the EXE­
CUTE switch sets a flip-flor in thP Console 
Attention Control Lor;·i<'. This f.';<'ll<' r:1 tes a 
CATN Sih>Tlal to th!' J>rcH'(•Ssc11. (lJ1 )'('C'!'i\·­

ing the CATN sihrnal, th" Processor address­
es the Display, which resets the flip-flop. 

\Vhen the MODE CONTROL switch is in the 
VAHI position, a variable astablc multivi­
brator is enabled. The frequency of the 
oscillator may be varied from 1 Hz to 100 
Hz by means of the SPEED CONTROL 
potentiometer on the Display Panel. The 
oscillator output sets the CATN flip-flop 
after derrcssion of the EXECTTE button. 
Thus, automatic variable EXECUTES arc 
achieved causing th(' execution or .me in­
struction. The VAIU position of the MODE 
CONTROL switch also causes a Single 
control line (SNG) to go high to signify this 
mode to the computer. 

With the SPEED CONTROL potcntiorndcr 
in the fully counter clockwise position, a 
switch is operated which dis[lbles the os­
cill:itor, and allows inf'>tl'ltc!ions to IH' 

<'X<'Cllt<'d in the manual slt'p mode, «:lch 
tinw the EXFCl'Tl·: button is d<•pr(•ssl'd. 
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TIH' INI'I'fALIZE Swit.<"h on the pan<'!, wh<'ll 
depressed, caus<.!S the resetting; of the 
P1·n•·('~'S!ir, Displ:iy nnd a11 input/output 
dcvic<'s. 

4. FUNCTIONAL DESCRIPTIONS 

ThiH section provide>s technicnl descriptions 
nl" f111• functional groups outli1wd in earlier 
S<'<'I i1111s. The clc8criptions r<'f<'rcncc both 
si111plified d1·awi.ngs included in this section, 
:md the functionaJ schematics provided in 
Volume 2 of this manual. 

4" l Addrcl-'sing- Log-ic 

Refer to Figure 3 and FS31-l. The numbers 
associated with gates on Figure :3 arc for ref· 
crcnce in this description only, they have no 
other significance. Eight-input AND Gate 1 
decodes address X'Ol' on the Data Available 
Linc's (DAL00:07). The decoded address is 
';trobed into the Address flip-flop Gates 2, 3, 
4 ;md '.> by the ADRS command, causing the 
fli~;pJay EnabJe line to set. The SR, DA, DH,· 
(ir CMD commands arc now enabled by Gates 
11, 12 and 13. The ADS)jO signal resets the 
display logic during the ADRS) Strobe. 

MULTIPLEXOR 
BUS 

rnSPLAY CONTROLLER 

8 

DALoop.J ·------­ ADSY. RESET) 

DALO 0 

DAL020 

DAL030 

DAL040 

DALO D 

DA LOSO 

DAL07:0 

A ORSO 

D 0 

D 0 

I 
I 

I 

I 

I 

8 

8 

10 

1!5 

CA I 
( AOitS )( QI.) 

2 

I (STROBE) 3 

DISPLAY ENABLE 

II 
SRSl:O (STATUS ENABLE) 

14 
CTRI (BYTE COUNTER INCREMENT} 

12 
DASl:O (OATA OUT ENABLE) 

DRSY.0 (DATA IN ENABLE) 
13 

CM 0 (COMMAND ENABLE) 

Figure :1. Di8play Addressing, Logi<' l>iag-rarn 



B-43 

DALO!'f' ML07' OALOlf 

ENS 

JAL-07 - - - - - - - - - - - - - DA LOO 

BYTE D ENABLE 

REGISTER 2 

BYTE COUNTER 

OF" 4 DECODER 

INDICATORS -----

REGISTER I 

BYTE A 
ENABLE 

Figure 4. Data Output Logic 
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1. '.2 Dat:i Out put 

lkfrr to Figures -J. and 5, m1ct to Functional 
Schematic FS:31-:2. The An'i·sp Jin<', which 

,~1. ( . .,; 1:igh during tlil' Di~;play AL·HS r;ommand. 
resets the Byte Counter to X'O'. \ 1·:\l'll ~i1c 

D:it;1 Uut Enal>ll' line (DAS'ljOl goe;,; high, 

B\·tC' ..-\. En:1ble strobes the data on DAL00:07 

to bits ·" t hrm1g·h 1.-) of Rcg·is1cr 1 on the 

Displ~n PanC'I. Tlw data is stored in gate 

l1ip-flops, and di spbyed on the appropriate 
indicato1·s. The D:1La Out En::i.b1e (I)/\.S1)0) 

is then lowerecl. and CTH)l increments the 
B\te Counter. On raising 1DAS'l)01 ag::i.in, 

the decoder causes By1e B En~1ble to strobe 
lhc dnta on DAL00:07 to bits 0 through 7 of 

Hcg·ister 1. This nrocess is repeated until 
both registers an· updated with the appro­
priate data. Figure 5 shmrn the timing 
diagram for the Di spla~-. The Displa~ 
Hcgisters are slW\\·n on FS31-7 and FS7:3-8. 

'I. :~ T1:1 ta Input 

Hefer to I igu res 6 anc1 7, and to r unctional 
Schematics FS:n-4, FS31-5. and FS31-6. 
The SC LH.j) line resets the Data s,,·itc h flip­
flop as for the Data Output. (The Data 
Switch flip-flop is shmvn in the lower left 
corner of FS:.ll-2.) \\11en tile Data Request 
iDRql) line goes high. the least significant 
byte enable 1L0\\)1) goes high and reads in 
the condition of bits 8 through 15 of the Data/ 
Address Switches. (The switches are shown 
on the Bottom of FS31-6. ) ·when the DRC)l 
line goes low, the Data Switch flip-flop is 
toggled. As the· DHC}l line goes high again, 
the most sigi1ificant b»tc enable (H1GIµ) 
goes high to read in the condition of bits 0 
through 7 of the Data/ Address SVvitches. 
Figure 7 is a timing diagram for data input. 

_Jon 4F"X '01' ".lATA FCR DATA FOR DATA FOR DATA FOR 
REGl!llTS 8·15 REG !BITS 0-7 REG2BITSB-15 REG2BITS 0·7 

DA LOO - 07 "----.J ...._ _ ___, .._ _ _,, ----

ADAS 

l 

8YT"E A ENABLE ------------' 

BrE 8 ENABLE ---·-----------------' 

BYTE C fNABLE -------------------------.....1 
BYTE [) ENABLE _________________________________ _, 

Figure 'i. Data Output Timing 
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llT 0 

BIT I 

I 
I 
I 
I 
I 
I 
I 

Bl T 7 

BIT 8 

11 IT 9 

I 
I 
I 
I 
I 
I 
I 

lllT 15 

ORGI 

+IV 

+---~ J 
HIGH I 

T 
(DATA IN ENABLE) LOW I 

SCL 0 
(Rl!:S T) 

I( 0 i----'i., _ _,, 

DATA-SWITCH 
FLIP-FLOP 

Figure 6. Input Register Switches 

DRL 

ORLO 0 

I 
I 
I 
I 
I 
I 

ORL070 
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12 

_J ~"v"' x ·o,· I 
OAl.00-07 -----· 

ADRS 

DR---------

I.OW) I ---------

HIGHJI --------------~ 

ITS 8-t!S 
OF DATA DRLOO- 07 ---------S'WITCHE,,__ ___ _ 

Figure 7. Data Input Timing 

TABLE 1. DISPLAY STATUS BYTE CODING 

STATUS BYTE 

Mode Control Switch 

VARI 
HALT 
HUN 
ADRS 
MEMH 
MEMW 
HTFT 
VHFT 

0 1 2 3 4 5 6 7 

MODE HEG 

0 1 0 0 
1 1 0 0 
1 0 0 0 
0 0 1 1 
0 () 1 () 

0 0 0 1 
1 1 1 0 
0 l 1 0 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 1 0 0 
1 0 0 0 

1 0 0 1 
1 0 1 0 
1 0 1 1 
1 l 0 0 _.,_ 
1 1 0 l 
1 1 1 0 
l 1 l ] 

Register Select Switch 

OFF 
Register Display 
INST 
PSW 
R0/1 
H2/3 
R4/5 
R6/7 
R8/9 
R 10/11 
H 12/13 
H 14/15 



I. I St.:1t.us Input. 

H<'l°<•r to Figun~s Hand !l, and to Functional 
Sc!H·matics FS:31-tl, FS:n-G, and FS:H-(J. 
'1'11<' numbers within gates on Figure 8 arc 
for this explanation only. They have no 
other significance. The HEGISTER DISPLAY 
Switch is encoded onto the least significant 
4 bits of the status byte by OH Gates 1 through 
4. The MODE CONTROL Switch is encoded 
onto the most significant 4 bits of the status 
byte by OH Gates G through 8. The resulting 
status byte is gated onto the DRL00:07 lines 
h.v thc SRS)jO (Status Enable) line. Table 1 
liRts the status codes for th<' switch positions. 
Figure 9 shows the st::i1us liming. 

11. !"i Control Logic 

Hdcr to FS22-29 if a 30-1 Processor or 
FS·lG-28 if a 30-2 Processor, FS31-3, FS31-
!i and Figurr 10. The arhitrary reference 
desip1ations ttS<'d on Figttr<' 10 arc referenced 
in thr' following description. The EXECUTE 
switch outputs are applied to Flip-Flop 1 
which is normally set. When the EXECUTE 
Switch is depressed, Flip-Flop 1 is cleared. 
The rising edge of the fliip-flop ZERO side 
c 1utput triggers the monostable circuit 
formed by Gates 3, 4, and 5. Cl and Rl are 
selected to give approximately a 1 micro­
second negative going pulse on the output 
from Gate 5. This pulse sets the flip-flop 
formed by Gates 19 and 20, which in turn 
generates a Console Attention (CATN) to the 
Processor. This flip-flop is reset by ADS1JO 
when the Processor addresses the device. 

\\'hen the MODE CONTHOL switch is set to 
the VART position, the VAHp lint· from the 
switch to Gate 1G p;ocs low. Af11•r the EXE­
C UTE button is dcpresS('d, this r·omlition is 
strobed into tlw rtip-rlop fornwcl hy (}ates 17 
and 18 1>.\' the' I microsecond output pulse 
from C:l11• I. This, in turn, gc'll<'l':itcs a 
sinpJc· (SN< ;j >) level to the Proc·<'~;:-:<>1° to re­
quest display support senrieP. 'f'h<· output 
from Gate 18 also enables Uw :1~;l:il>l<' multi­
vihrator, (made up of Gates Ii, ". H, 9, 10 
an<l 11) 1o oscillate. 

The SJ>E ED CONTf{()f, Pot r·nt iorndc·r on the 
Display panel, detcr111i1ws I he• frequency of 

OSC'illat.ion. Jn the count<' I' clockwise. (CCW) 

position, a lOOK ohm n•si~;1:11wc is pfa.cc'd 
in series with Rl, causin!~ th<' oscilhitor to 

run at approximate!~· 1 Hz. In the clockwise 
(CW) position the osei llat()r runs at approxi­
mately 100 Hz. The output from Gate 8 
produces approximately a 5 millisecond posi­
tive-going pulse (determined by H3, C3) 
which triggers the monostable formed .by 

Gates 12, 13 and 14. 

5. PHYSlCAL DESCHIPTION 

Refer to Figure 11. The Display Controller 
logic is contained on one 35-109 mother-board. 
The mother-board normally plugs into the first 
I/O position of the Multiplexor Bus. If the s\·s­
tem does not contain th<' Disrla\· Ortion, the 
position may Ii<' 11sr·d for a111it.h" r d1'\'ic:f• 

controller. 

The logic on the Display Controller is im­
plemented using DTL logic packs except for 
the monostable and astable multivibrator 
timing networks which are mounted on a #2 
daughter-board 35-027. 

The Display switches and Di spl :i.\· l\cgi ste rs 

and Indicators arc mountC'd on the Display 
Panel. The Display Hegisters and Indicators 
are mountPd on a printed board type 35-034 
which mounts behind the Display Panel. ThP 
board contains :12 register stages and indica­
tors. 

The Display Panel is plugged into the Dis­
play Controller via a cable harness conta i11-

ing four cable cards. These cables plug 
into locations 41 through 44. Another C'aule 

card associated with th<' EXECUTE, INITIA­
LIZE :rn<l POWEH. switch assemhl.\', plu~s 
intP posit ion /10 of the Contr·ol !!:~ hoard il1 a 
30-1 or the Control 4/:1 hoard in a 30-2 
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6. DISPLAY SYSTEM MNEMONICS 

The following list provides a brief description of each mnemonic in the Display System. 
The FS31 source of each signal is also provided. 

16 

MNEMONIC 

ADRSp 

ADRS} 

AENB}-

BENB} 

CENB) 

CML)O 

CMDG} 

CTR} 

CTRST} 

DAp 

DA<¥ 

DALO~O 
through 
DALO~O 

DENB,1 

DR.p 

MEANING 

Address command from the Processor 

Output from Address flip-flop 

Address Sync signal to set preferred 
states in the controller 

Enable DAL (00:07) to Display Register 
1 bits 8:15 

Enable DAL (00:07) to Display Register 
1 bits 0:7 

Console Attention signal to the Processor 

Enable DAL (00:07) to Display Register 
2 bits 8:15 

Command signal from the Processor 

Command gated signal 

Byte counter increment signal 

Byte counter reset signal 

Common output from SPEED CONTROL 

Data Available signal from the Processor 

Data Available gated signal 

Data Available Lines from the Processor 

Enable DAL (00:07) to Display Register 
2 bits 0:7 

Data Request signal from the Processor 

FS31 
LOCATION 

1A7 

1N2 

1P4 

2K8 

2L8 

3N2 

2M8 

1A9 

1P9 

1L6 

1P5 

6K4 

1A8 

1P7 

lAl 

2P8 

1A7 



SPEED CONTROL 
AND SWITCH 

REGISTER DISPLAY 
SWITCH 

DISPLAY PANEL 

DISPLAY REGISTER 
AND INDICATORS 

l6 DATA INPUT 
SWITCHES 

B-38-1 

Figure l l. . I· . r.:, strm Pln sical La;d)llt J)u;p a\ •J. • 
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MNEMONIC 

DRG, 1 

DRLOO, 0 
through 
DRL07, 0 

DSOO, 1 
through 
DS15, 1 

ESNC, 0 

ESNO, 0 

HIGH, 1 

HLT, 0 

HTFT, 0 

LOW, I 

MR, 0 

MW,0 

NSTR, 0 

P5 

PSW, 0 

,, ROO, 0 
.·through 

R14, O 

RDGDSP, 0 

RUN, 0 

18 

MEANING 

Data Request gated signal 

Data Request Lines from the Processor 

Data/ Address switch outputs 

EXECUTE switch normally closed signal 
from the Processor 

EXECUTE switch normally open signal 
from the Processor 

Signal which enables Data/ Address switches 
0:7 to DRL 0:7 

HLT signal from MODE CONTROL switch 

Halt - Floating Point signal from 
:rn-2 MODE CONTROL switch 

Signal which enables Data/ Address switches 
8:15 to DRL 0:7 

MR signal from MODE CONTROL switch 

MW signal from MODE CONTROL switch 

Output from REGISTER DISPLAY switch 
when it is in the INST position 

Positive 5 volt supply voltage 

PSW signal from REGISTER DISPLAY switch 

R0/1 through R14/15 signals from REGISTER 
DISPLAY switch 

Output from REGISTER DISPLAY switch 
when it is in the unlabeled 12 o'clock position 

RUN signal from MODE CONTROL switch 

FS31 
LOCATION 

1P7 

4D9 

6B6 

3A2 

3A3 

1H8 

6C4 

6C4 

1H7 

6E4 

6E4 

6M4 

6M4 

6M4 

6L4 

6C4 



FS31 
MNEMONIC MEANING LOCATION 

SADR~O ADRS signal from MODE CONTROL switch 6D4 

SCLRfJ System Clear signal from the Processor 2Al 

SNGljO Single step signal to the Processor 3M6 

SRJ> Status Request signa1 from the Processor 1A8 

SRG} Status Request gated signal 1P8 

S\\)l S'\\itch output from SPEED CONTROL 6G4 

SYNP Synchronized pulse to the Processor 1P6 

VARJJ VAR signal from MODE CONTROL switch 6B4 

VARCLK} Variable clock signal 3N8 

VIND Positive 5 volt supply to the Display 7A9 
indicators 

VR1"1)0 Variable - Floating Point signal from 6B4 
30-2 MODE CONTROL switch 

19/20 
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THE MEMORY SYSTEM 

1. INTRODUCTION 

This Section describes the GE-PAC 30 
2 1/2D Core Memory System. A brief 
review of core memory theory precedes 
the detailed system description. The 
descriptions referenced both simplified 
drawings provided in this Section, and 
the functional schematics provided in 
Volume 2 of this manual. Maintenance 
data and a mnemonic list are included 
later in the Section. 

2. BASIC CORE MEMORY THEORY 

Until recently,. most core memories were 
either coincident current (3D) or linear 
select (2D) configurations. Figure 1 
illustrates the layout of a typical 3D core 
memory stack. Note that each core has 4 
wires passing through it, and that the X 

INHIBIT 
WINDING 

Y1 Y2 

and y drive lines pass through n cores in 
each bit plane. A core is switched by ap­
plying 1/2 the current necessary to switch 
the core (1/2 H) to the appropriate X and 
Y drive lines. One core in each bit plane 
is thereby addressed. During a read 
operation, current flow in the drive lines 
is such as to force the cores to the 0 state. 
Nothing occurs in any core which is al­
ready in the 0 state. If a core is in the 1 
state, however, the core switches. When 
the core changes state, a signal is induced 
into the sense winding for that bit plane. 
The induced signal is used to generate a 1 
indication for that bit position. During a 
write operation, current flow is in the 
opposite direction in the drive lines, and 
tends to force the cores to the 1 state. An 
opposing current is applied to the inhibit 
winding for each bit plane which is to re­
main at 0. 

INHIBIT 
WINDING 

Y2 Y1 Yo 

------ - - -------

SENSE SENSE 
WINDING WINDING 

Figure 1. Typical :1D Core Memory Configuration 
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X DRIVE LINES ANO SENSE LINES 
---~~~~~~~~---/\.--~~~~~~~~~-... 
f01TI 81T2 BIT3 BIT4 BITm'\ 

y 
DRIVE 
LINES 

WORD I 

WORD 2 

WORD 3 

WORD 4 
I 
I 
I 
I 

WORD n 

I I 
I I 
I I 

<f-----~ 
Figure 2. Typical 2D Core Memory Configuration 

Figure 2 shows a typical 2D core memory 
stack configuration. Each memory word 
has an associated Y drive line in the 2D 
configuration. During a read operation, 
the Y drive line provides current sufficient 
to switch all cores in the addressed word 
to the 0 state. As the Y drive line only 
passes through the cores in the i:tddressed 
word in a 2D system, drive currents 
greater than full drive may be used (typi­
cally 1 . G H). Cores which were in the 1 
state prior to the read operation induce a 
voltage in the associated sense line as 
described for the 3D configuration. For a 
write operation, a current coincidence be­
tween the X and Y drive lines is used. No 
current is applied to the X drive lines for 
bits which are to be left in the 0 state. 

A comparison of the 3D and 2D configura­
tion shows that: 

2 

1. The 2D configuration is much 
faster due to the shorter drive 
lines and the fact that larger 
read currents may be used. 

2. Although the 2D stack (with 
at least 1, and sometimes 2, 
fewer wires through each 
core) is much cheaper, the 
additional electronics re­
quired by the separate word 
drive lines normally makes 
the total memory system 
cost higher than the 3D. 

3. The 3D configuration is there­
fore normally slower, but the 
system cost is lower. 

The 2 l/2D configuration is a compromise 
between the 2D and 3D configurations. The 
2 1/2D memory uses a 3 wire core arrange· 
ment similar to the 2D configuration, but a 
level of decoding is provided within the 
stack, similar to the 3D configuration. 
Figure :l is a simplified drawing of a 
basic 2 1/20 configuration. Note that the 
X lines go through all bits as in the 3D lay­
out. There· is a separate set of Y lines for 



BIT I BIT 2 BIT n _______ A ___ ___ 

r ' 
_ __ _,A~---

( \ 
_____ A..._ __ _ 

( ' 

I I I I 
I I I I 

---r-----tt---r--
y I 

n Y1 Yz y ' n 

Figure 3. Basic 2 1/2D Configuration, Simplified Diagram 

each bit, however. The sense lines for 
each bit (not shown on Figure 3 ) are ar­
ranged similar to the 3D configuration. 
For a read operation, the appropriate X 
drive line, and the appropriate Y drive 
line for each bit (n Y drive lines for the ex­
ample in Figure 3 ) drive current in the 
direction which forces the cores to the 0 
state. Cores which were in the 1 state in­
duce a signal into the sense winding as des­
cribed previously. For a write operation, 
half currents are applied to the X drive 
line and to all Y drive lines associated with 
positions which are to be set to the 1 state. 
Thus, cores which are to remain in the 0 
state receive only a single half current (on 
the X drive line). 

Figure 4 illustrates a wiring method 
which is commonly used to cut down on the 

number of drive circuits required. One 
set of drive lines (the Y drive lines in the 
example) is folded and run back through an­
other set of cores in the same bit position. 
The number of Y drive lines is thereby 
halved. Only one of the two cores at the 
intersection of each pair of X and Y drive 
lines is selected at any time. The selec­
tion depends on which way current is driven 
through the two lines. For example, as­
sume current flow in the X2 and Yl lines in 
the direction shown by the arrows on Figure 
4. The bit 1 core which is shaded solid 
is selected in this case. If the current in 
the X2 drive line is reversed, the dashed 
shaded core is selected. Note, however, 
that if the first case writes a 1 into the 
core, the latter case reads, or forces the 
addressed core to the 0 state. The four 
conditions of current flow direction cor­
respond to read and write operations in 
each of the two cores. 
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BIT I BIT n 

x, 

Xn• 

f 

I I 

---#---
I 
I I ---tt 

v, Yn" Yn" 

NOTE; 
FOR CLARITY, THE SENSE WINDING FOR EACH BIT IS OMITTED FROM 
THE ABOVE DRAWING. 

Figure 4 . Basic 2 1/2D Configuration, Simplified Diagram 
Showing Folded Y Drive Lines 

3. PHYSICAL DESCRIPTION 

The GE-PAC 30 2 1/2D Memory System 
consists of up to eight memory blocks. 
Each memory block provides storage for 
either 4, 096 or 8, 192 bytes. Note that 
while the Model 3 addresses 8-bit bytes, 
the memory system operates on 16-bit 
halfwords. Thus, the 8KB block actually 
consists of 4K halfwords. If a block con­
tains the optional parity feature, two ad­
ditional bits are provided, for a total of 18 
bits per memory location. 

The memory system consists of up to six 
typcR of mother-hoards. Each 4KB or 8KB 
hloek haH a dual mother-board unit consis­
ting of :in MEO lllotlier-board and an MEl 
motlwr·-hoanl. The MEO-MEI combination 

contains the cores, the decoding matrix, 
the bit switches, and the sense amplifiers 
for the particular 4KB or 8KB provided on 
that memory block. A third type of mother­
board is the Memory Switch (MSW) board. 
An MSW board provides the X switches for 
up to 8KB of memory. The Memory Cur­
rent Drive (MCD) mother-board provides 
current drive to the bit lines of up to 8KB 
of memory. A single Memory Interface 
(MSF) mother-board provides the timing. 
Memory Address Register (MAR), and 
Memory Data Register (MDR) for an entire 
memory system (up to 64KB). The sixth 
type of board is the optional Memory Parity 
and/or Memory Protect mother-board (MPP). 
The parity section provides logic and regis­
ters for 2 byte parity bits. The protect sec­
bon converts Write orders to Read orders 
in protected areas of memory. A protection 
system involves additional controls and pro-­
gram and will not be treated in this chapter. 



'1. BLOCK DIAGRAM ANALYSIS 

Fiµ;urc 5 is a simplified block diagram 
of tho memory system. The dashed lines 
which enclose functions on Figure 5 in­
dicate the mother-board which provides 
that function. The Memory Address Regis­
ter (MAR) is shown in the upper left area 
of Figure 5 The MAR holds the 16-bit 
byte address that the program is currently 
concerned with. As explained previously, 

the memory system operates on halfwords, 
so the 16th MAR bit (MAlG) is not decoded 
in the memory system. Memory Addres­
sing is described in detail later in this 
Chapter. Basically, however, bits MAO 
through MA2 select a memory block, MA3 
through MAlO select an X line, and rv1Al2 
through MA14 select a bit line. Bit MAll 
selects the direction of word current as 
described in connection with Figure 4. 
The MAR is loaded from the S Bus. 

rMs°FI r-Mco-1 r-Msw-1 rMEc5-"METI 

MAO:MA2 
L ............... ~...;._ __ ... SL~LG~~T I I x I I I 

FRSOM I i--...._,;9;,it-_l __ M;.;.;A~3...;.:M;.;.;A-..1-..I__....__ ____ _...._ .... CURRENT x x SELECT I 
BUS I SWITCHES I I ANO LINES I 

• 8 M BIT I LBllNTE BITlSI~ 
A .__ .............. ......., ....... --....._ __ CURRENT1--i....---~~~~~--....._,.. 

FROM 
S BUS 

TO 
B BUS 

H DRIVER DECODER I 
I I I I I I I MAR L- --' L ___ ..J I I 
I TIMING AND I I 

TIMING AND CONTROL 

I CONTROL--SIGNALS TO CORE I 
LOGIC I ALL MEMORY I 

LOGIC I I 
I I I 
I a I I 

I SENSE I 16 

16 

I 
I 

I I 
L _:o.:_ .J 

I IFIERS I 
I 16 f 2 I 

I I 
1 _ _J L __ _ 
I 

r - - -MPR - 1-1 

IN THE 30-1 COMPUTER THE "s" AND "e" BUS 

I 16 ~2 I 
I MOR .l I 

ARE 8 BIT BUSES AS SHOWN. THE MODEL 4 

COMPUTER HAS 16 BIT PARALLEL BUSES. 
I' r PARITY -1 I I i---+-- - - +2-t GENERATION I 

I L...J L ~OGI:_ _JI 
I I 
I I L ______ _J 

Figure 5 Memory System Block Diagram 
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Timing and control logic directs the se­
quence of operations within the memory 
system, depending upon the operation (read­
restore or clear-write) to be performed. 
The Memory Data Register (MOR) stores 
the 16-bit halfword being read from or 
written to memory. The MOH is loaded 
from the S Bus or memory, and unloaded 
to the B Bus or memory. Note again that 
the bus transfers may be in 8-bit bytes, 
while the transfers to or from memory are 
in 16-bit halfwords. 

The optional parity logic is shown on the 
bottom of Figure 5. Odd parity is gen-

5. ADDRESSING 

Addressing in a 2 1/20 memory requires 
the selection of the two wires, plus selec­
tion of the direction of current flow in each 
wire. Figure 6 is a simplified schematic 
of the memory stack. Four cores (desig­
nated A, B, C, and D) are shown on Figure 
6. The four cores are all the same bit 
position, i.e. the same bit position in each 

erated for each byte if this option is in­
stalled. Note that the MPP mother-board 
also provides two additional MOR stages 
which store the parity bits. 

. of four words. The transistor switches 
(designated SI through S8) select the ap­
propriate wires, and determine the direc­
tion of current flow through the wires. 
Thus, SI through 84 select the bit wire 
and bit current direction, while 85 through 
88 select the word wire and word current 
direction. The MAR decoding used to 
select the appropriate transistor switches 
is shown on Figure 7. For more detailed 

6 

STB +E r BIASED AT 18 MV 

TO MDR 

BSOO- 17, AS 
DECODED BY 
MAl2,13,14. I LINE 
IN EACH GROUP 
OF 8. CORE B ; · 

CORE C 

CORE D 

+18 

L00-115, AS 
DECODED BY MAS, 
8,9,10. I LINE IN 
EACH 8ROUP 
OF 18. 

NOTE• 

DI 

WORD WI RE 

MAii 18 ONE OF THE FACTORS IN DETERMININ8 THE DIRECTION OF CURRENT 
FLOW THROU8H THE WORD-WIRE. MA4,llt AND 14 DETERMINE THE DIRECTION 
01" CURRENT FLOW THROU8H THE BIT-WIRE. 81- 88 ARE SOLID STATE CURRENT 
SWITCHES. BIT CURRENT DIRECTION 19 CONTlllOL.LED TO PROVIDE UNIPOLAR 
READOUT. -18 

S7 

88 

+1e 

SENSE LOOP 

BIT WIRE 

BIT CURRENT DRIVERS 
DIRECTION bECODED BY 
MA4,15,14 AND MEMORY 
READ TIME OR MEMORY 
WRITE TIME. I GROUP 
OF 8 LINES, 

-18 

S3 

S4 

WORD CURRENT C00-18 AS 
DECODED BY MA4,8,8, 7 ANO 
OTHER CONDITIONS, E.8.: MAii, 
MEMORY READ TIME OR MEMORY 
WRITE TIME. 1 lilROUP 01" 18 
LINES. 

Figure 6. Memory Addressing, Simplified Schematic Diagram 



information on the decoding, refer to the 
Functional Schematic FS50 sheets refer­
enced on Figure 7. 

Heturning to Figure 6, assume that to 
write into Core A, S".vitches S2, S3, S5, 
and S8 arc closed. Once that assumption 
is made, the following statements are true: 

1. To write into Core B, Switches 
S2, S:3, SG, and S7 are closed. 

2. To read Core A, Switches Sl, 
S4, S6, and S7 are closed. 

3. To read Core B, Switches Sl, 
84, S5, and 88 are closed. 

Figure 8 shows the layout of the memory 
stack (Mother-boards MEO and MEl). The 
bit lines are functionally grouped into 
groups of 8 lines each. 

MAH 0:7 

NOTE 

Actually, the bit lines are physi­
cally interspersed su<'h that BSOO 
in one group is adjacent to the cor­
responding line (BS] 0) in a group 
wired from the other direction, 
BSOl is adjacent to a BSl l , etc. 
Thus, noise signals generated 
by the select lines tend to cancel. 

The BWnn signals select a group of 8 bit 
lines, for example, BWl 7 shown on the 
upper right of Figure 8. The BWnn lines 
correspond to thv bit position in the memory 
word. The BSnn :,;ignal::; select 1 line in 
each group of 8 bit lines. Thus, a single 
bit line in each group of 8 lines which has 
been enabled by the appropriate BWnn sig­
nal, is selected. For example, during a 
Read operation one bit line in each group 
is selected. During a Write Operation, only 
bit lines corresponding to po:-iitions which 
are to store a binary ONE an· S('ll·cted. 

MAL 0:7 

0 2 4 6 7 a I 9 10 11 12 13 14 15 

MEMORY BLOCK 
FS50-5 

0 2 

X(WORD) LINES 

4 6 7 8 

SELECT I OF THE 16 COLi.mNS 
IN THE 16X16 WC)RD LI 

SELECT MATRIX 
(COO-CIS)FS50-19 AND 21 

SELECT I OF THE 16 .BQD. 
IN THE 16Xl6 WORD LINE 

SELECT MATRIX (LOO - LI 5 ) 
FS50-15 AND 17 

9 

BIT LINES 
(BSOO- BSl7) 

FS50-3 AND 4 

BYTE (NOT USED WITHIN 
THE MEMORY SYSTEM) 

10 II 12 I 13 I 14 I 15 

'--v----' 
THESE BITS AND 
Bl T 4 DETERMINE 
THE DIRECTION OF 
THE BIT CURRENT 

(BWOO-BW17) 
FS50-8 THROUGH 11 

ONE OF THE DETERMINING 
FACTORS IN THE DIRECTION 
OF CURRENT FLOW THROUGH 

THE WORD LINE 

Figure 7. MAR Decoding 
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NOTE 

Figure 8 shows an IS-bit stack. 
Stacks which do not contain the 
optional parity feature do not 
contain the BW16 and BW17 
groups of lines. 

The folded X or word lines are shown 
vertically on Figure So A Cnn signal se­
lects 1of16 groups of 16 word lines (8 
word lines on MEO and 8 on MEl)o The 
Lnn signal then selects 1 of the 16 lines 
in each of the 16 groups •. Note that the 
method of Word line selection is similar 
to the method used with the Bit lines. 
Only the space limitation on Figure 8 
makes the Word line arrangement more 
difficult to visualizeo 

60 TIMING 

Normally, the sequence of memory oper­
ations is: 

8 

lo The Processor loads MALo 

2. The Processor loads MAH. 

NOTE 

The 30-2 Processor loads 
MAL and MAH simultaneously. 

3. The Processor loads MDL. 

4. The Processor loads MDH. 

NOTE 

The 30-2 Processorloads 
MDL and MDH simultaneously. 

5. The ·Processor sends a start 
signal (STRT, 0) and a Read 
or Write indication. (WR,0) 
to memory. 

6. The memory raises a Busy 
line (MBY, I) to the Processor. 

7. The memory performs the 
requested operation and then 
lowers MBY, I. 

Figure 9 shows ~e timing at the initiation 
of a memory operation. A Start (STRT, 0) 
signal from the Processor initiates each 
memory cycle. As noted on Figure 9, 
the STRT, 0 line must be high between 
memory cycles. The STRT .o must be 
high when the memory comes out of busy, 
or it will restart immediately. The STRT, 0 
signal is normally reset on the next system 
clock, when the next ROM instruction is 
fetched by the Processor. The STRT, 0 
signal sets the Memory Busy (MBY) fl.ip-­
flop and starts a delay which produces 
the 50 nanosecond Command Sense Pulse 
(CSP). The CSP signal is used in the 
memory to sense the Write (WR, 0) line 
from the Processor. Thus, the memory 
has been addressed, has responded with 
a MBY signal to indicate that a cycle is 
in progress, and has determined which 
of the four memory operations it is to 
perform. 

Figure 10 shows the timing for each of the 
four memory operations in the 30-1 Pro­
cessor. Figure 11 shows the full cycle 
timing for the 30-2 Processor. 

The two memory systems are identical ex­
cept for the timing and the size of memory 
cores used I.lode! 30-2 memory requires 
23 mil co~ ~s,. Model 30-1 memory may 
use 30 mil or 23 mil cores. Current drive 
levels are identical and all circuit packs 
are interchangeable. Starting with the 
Write or Erase and Write (EAW) opera.ti.on, 
note that the Bit Read Signal (BR,0) is devel­
oped as soon as the EAW operation is sensed. 
Approximately 300 nanoseconds later, the 
Word Read signal (XR, 0) is developed. The 
addressed word is then read, but is not gated 
to the MDR. The net effect is an erase of the 
addressed location. The Write Switch signal 
(WS,O) is generated next, followed by the 
Write Current signal (WC,O). The new data 
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from the MDR is now written into the ad­
dressed location. The blip on the Memory 
Data Available (MDA V, 0) line is not signi-

~~ ficant during the EAW operation. The MDR 
is not changed by this operation. If the op;_ 
tional parity feature is included, parity is 
set at the start of the cycle by SPAR,0 and 
checked just prior to the Write operation 
by CPAR,O. 

0 500 1,000 
I I t I I I II II I 1 ' I I I 

SEE NOTE 

START 
STRT,O 

MYB,1 

READ 
WR,O 

WRITE 

NOTE: 

I 
I 
I 

_r-

MINIMUM 50 NANOSECONDS.MUST GO HIGH 
50 NANOSECONDS BEFORE NEXT CYCLEo 

Figure 9. Memory Cycle Initiation 
Timing Diagram 

The Read or Read-Regenerate (RRG) 
operation is shown next. Note that the 
BR,0, XR,0, WS,0, and WC ,O sig­
nals are exactly as described for the 
E AW operation. The MDAV, 0 line is 
inhibited until the new data has been 
loaded into the MDR. The MDHR, 0 
and MDLR,0 signals clear the MDR 
prior to the read. The parity is check­
ed as descrilJed previously. 
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7 0 cmcurr DESCRIPTIONS 

This section provides circuit descriptions 
which reference the functional schematics 
included in Volume 2 of this manual. 

7 .1 Bit Access 

Sheets 1 and 2 of FS50 shows the memory bit 
wires and the bit access diodes. Wires 
,BW0-0 through BW16-7 are wires in the 
core plane. The memory address causes 
two pairs of bit switch leads (for example, 
BSION and BSIOP, and BSOON and BSOOP 
to be grounded. The 14 other pairs (16 
pairs if the parity option is installed) are 
like an open circuit as the associated diodes 
are back biased by±. 15 volts through the 
lK resistors shown. During B-read time 
(see Sheet 28), the B-current drivers 
switch the common end of the B-wires 
(BWOO through BW17) to+ 16 volts through 
a current limiting resistor. Current flows 
through one of the 8 B-wires in each bit 
plane, depending on which pair of B-access 
switches is closed to ground. The voltage 
on the common end of the B-wires rises to 
approximately 10 volts as the increasing 
current changes the B-wire inductance, 
decaying in about 100 nanoseconds to a 
steady state value of 2. 5 volts during the 
flat top of the B-current. The direction of 
the B-read current depends on address. 
At any given nddress every other B-current 
will be in the opposite direction. For ex­
ample, assume that BSION and BSIOP are 
grounded. BWOO, BW04, BWOS, BW12 and 
BW16 are then switched to a positive cur­
rent supply, and BW02, BW06, BWlO, and 
BW14 are switched to a negative supply. 
The first B-wire in each bit plane carries 
a half drive current of approximately 300ma. 
Five B-drivers supply current into the 
BSIOP lead to its access switch (1.5 amp). 
Four drivers draw current from the BSION 
lead and its access switch (1. 2 amp). 



NOTE 

If the memory does not include 
parity, BW16 and BWl 7 do not 
exist and both access switch 
loads carry 1. 2 amps. 

Tlw driven (common) end of even numbered 
bit wi n~s is terminated on the MEO mother­
boa 1·d. These B-wires are continuous 
through the folded core plane and connect 
to diodes on the MEl mother-board. 

The odd numbered B-wires and their ac­
cess diodes are shown on Sheet 2. The 
driven end of odd B-wires is on MEl with 
the diodes on MEO. Otherwise, Sheet 2 is 
thf' same as Sheet 1. 

NOTE 

If bit 0 current is positive 
(i.e. toward the diodes), bit 

" 1 current will also be positive 
0 and bits 2 and 3 current will be 

negative, etc. 

Sheets 3 and 4 show the 1. 5 amp B-access 
switches and address decoding. The 
switches are closed to ground in pairs. 
Control comes from a 1 out of 8 decoder 
whose input is Memory Address bits MA14, 
MA13, and MA12 (MA15 is not used by the 
core memory). The decoder is gated by 
the positive ENjl (enable) pulse. The bit 
access switches are de coupled switches 
that close at the beginning of the cycle and 
remain closed to the end of the cycle. The 
even numbered switches shown on Sheet 3, 
and the odd numbered switches shown on 
Sheet 4, operate in parallel. Each group 
has its own decoder because of the fanout 
power required. 

Sheet fi is an address field recognition cir­
cuit that generates enable pulses if the 
address is in the range of a particular 
mC'mory block. As described previously 
in Section 5. 5, the core address is a 16 
bit number. The least significant bit is 

not used by core. A 4, 096 word core uses 
12 address bits. This leaves the 3 most 
significant bits unused. A Processor can 
contain up to 8 4096-word memory blocks. 
Bits 0, 1 and 2 select the block. On Sheet 
5, the four most significant bits are con­
verted to double rail, and then connected 
to an AND gate through a hard-wired jumper 
board. This allows selection of memory in 
2, 048 or 4, 096 word blocks. The 
enable ENOA is interlocked through the 
MEO mother-board. This disables ENOB, 
which in turn disables all current drivers, 
if the MEO mother-board is not plugged in. 
The current drivers should not he op(•rated 
into an open circuit hccausC' of the break­
down voltage on the transistors. 

Sheet 6 is the control logic for &-current 
direction and timing. The direction of the 
B-read current must be changed depending 
on address in order to obtain a unipolar 
readout signal. Address hits 'I, 1 :3 and 14 
determine B-current di rcction, ~ls shown 
on the 1 out of 8 decoder (3G-Ol 9) on Sheet 
6. The current driver gate leads Rl w91 
and ROWl). are normally low. If tljle ad­
dress is.all O's, RlWO;t goes high for Read 
and ROWl} goes high during Write. The 
B-read pulse (BRp) is a negative going 
pulse which defines Read time. The Write 
Current Pulse (Wcp) is a negative pulse 
(ENOB) is 11-egS!-tive during both Read and 
Write. If the ENOB is not present, both 
ROWl} and Rl W<µ are shunted to ground. 

wsp is the write switch pulse (negative 
pulse). It is simply inverted on Sheet 2. 
See Sheet 28 or Figures 10 or 11 for pulse 
timing. 

Sheets 7, 8, 9 and 10 show the 16-bit cur­
rent drivers. Refer to Sheet 7. At t 0, 
RlWOJ, ROW:I_,1 and WS;A arc low. As­
sume that the address is all O's. RI W<}l 
goes high for Read, turning on tlw four 
associated ac switches (::J!)-00!)) or (:lG-039). 
Note that B-read currents mvoo and BW04 

J· 

are positive, while 11.W02 :rnd l\\VOG are. 
negative. During Write ti me-, WSIA goes 
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hig-h so that if a memory data lead 
(Mnoqo:MDlf}O) is hi~h. it diRables the 
t'<'Rpcctive ac Rwitch drive gate for either 

ws,o 

wc,o 

MDAV,0 

MDHRO 
AND' 

MDLRp 

SPA R_iO 

CPA RP 

WRITE (EAW) 

0 NS !500 1,000 1,!500 
l••i•f••••l••••I 

l I I I I I I I 
I I I I I I I 
I I I I I I I I I I I I I ,fl 
I I I I I I II ~I I I I fl 

---[\ I I I 

!5VOLTLEVEL 

~ ... , 
,,,,, .. L.(;,,,, 

polarity. · Next, the current gate lead 
(<'. g. IWW~l) goes high and fires the 
drivers associated with a data input of I. 

READ (RRG) 

ONS !500 1,000 1,500 , .... , .... , .... , 
M B'Y)I 

BRp SAME AS WRITE 

XR,0 SAME AS WRITE 

wsp SAME AS WRITE 

wcp SAME AS WRITE 

MOA~O ~ I I I I I I I I I I I • 

MDHw> -v AN 
MDL RP 

SPARp !5 VOLT LEVEL 

CPARp SAME AS WRITE 

Figure 10. Model 30-1 Memory Timing Diagram 
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The current drive resistor (e.g. R25 and 
H2(;, Sheet 7) and the supply voltage are 
the major current determining parameters. 
Nominally R25 and R26 are 75 ohm 3 watt, 
non-inductive resistors. Resistor R30 is 
a G8 ohm 1/4 watt damping resistor to 
prevc•nt turn-off ringing. 

Sheet L1 shows the current drivers for the 
two parity bits. It is the same as shown 
on Slwets G:lO except that the Write con­
trol gate is on the parity logic circuit 
shown on FS51, Sheet 3. 

7. 2 X(Word} Access 

Sheets 12 and 13 show the 1 out of 256, 
word selection matrix. It is a 16x16 
bipolar diode matrix. Each sheet shows 
an 8xlG matrix, the Column leads COO 
through C15 are common to both sheets. 
The matrix "Line" leads LOOA through 
L15C are connected to ground through 
"line switches". The column leads COO 
through C15 are connected through "col-

WRITE (EAW) 

ONS 500 IPOO 
I I I I I I I I I I I I I I 

MBYJI _/ 

B~O ' I I I I I I I I 

XR,0 I I w I I I 

wsp I I I I I ,1, I I 1, I I I 

wcp 
I I I I W1. I I 

MDA~O -fl I I I 

MDH~O 
AN 5 VOLT LEVEL 

MDL~O 

S PAR,O \_/, 
I I I 

1,500 
I l 

I I 

CPARp I I I 
,,w, 

I I I I I I I 

umn switches" to current regulating 
resistors (Sheet 14). In the idle state, 
all switches are open. The column lines 
are biased at ground through a resistor 
and all diodes are back biased by 16 volts 
through the resistors shown on Sheets 12 
and 13. To drive positive current in X­
line 0, LOOC is switched to ground and COO 
is switched through a resistor (approximat­
ely 33 ohms) to +16 volts. For negative 
current in X-line 0, LOOA is grounded and 
COO is switched through a resistor to -16 
volts. 

Sheet 14 is the X-current control 1 ogic. It 
is similar to the B-logk shown on Sheet 6. 
The LI]l or L~l lead is raised to close the 
X-line switch. Address bit 11 determines 
X current direction. If MAll is 0, L~l 
goes high when BR,O goes low. Slightly 
later, at X-read time, XRp goes low and 
allows CJ31 to go high. CIJl or CN} turns 
on the selected column switch. During 
write time, wsp and wc,o reverse the 
states of the L~l-L~ and C 1)1 -C t)l leads. 

READ(RRG) 

ONS 500 1,000 1,500 
I I I I I I 1' I I I I I I I , I 

MB~I _( I I 

BR,0 SAME AS WRITE 

XRp SAME AS WRITE 

wsp SAME AS WRITE 

wso SAME AS WRITE 

MDA~O _(. I I I I I I I I I I I I I 

MOH~ 
AN 4J MDLf\O 

SPARp 5 VOLT LEVEL 

CPAR10 SAME AS WRITE 

Figure 11. Model 30-2 Memory"riming Diagram 
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Again, ENOB disables everything if the 
memory is not <mahled. See Sheet 28 and 
Figure 10 or 11 for timing details. 

"" Sheets 15 through 22 show the address de-
, coders and switches for th<.• X Access. 

7. 3 Readout 

Sh<:'et 2:~ showR the readout system. The 
readout amplifier is an integrated differen­
tial amplifier whose output ranges between 
+3 volts dr -0. 5 volts. The gain is nom­
inally 1500, so than an input difference 
signn l of 2 millivolts swings the output 
from one limit to the other. The input 
leads SxN and SxP connect to the sense 
lines in the core plane. Core readout sig­
nals are unipolar and cause SxP to go pos­
itive with respect to SxN. A "1" output 
signal is greater than 30 millivolts and a 
"O" output is less than 10 millivolts. 

The input resistance network puts apprmc:i­
matcly 15 millivolts bias on the differential 
amplifier, forcing the output to a logic zero. 
If the input signal exceeds this 15 millivolts 
bias, the output goes high. During readout 
time, a positive strobe pulse STB gates the 
readout onto the MS lead. Strobe width is 
approximately 100 nanoseconds. See Sheet 
28 or Figure 10 or 11 for timing details. 

Sheet 24 shows the strobe timing delay. 
Strobe (STB) time is referenced to the X­
Read gate (XR,O). The delay is nominally 
210 nanoseconds. See Section 8. 2. 

Sheets 25 and 26 show the single-rail to 
double-rail address buffers. Input is 
from the basic Memory Bus (Memory 
AddrN1s Registers). 

7. 11 Memory Interface 

FS28, Sheets 1 and 2, show the Memory Ad.:. 
dress H<'g-ister (MAR). The MAR is divided 
into a high (MAH, Bits 0:7) and a low (MAL, 
Bits 8:1!3) S<'dion. Input is from the S Bus. 
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The content of the 8 Bus is gated into the 
register by the positive pulscH LMAI-~1 or 
LMAif. The buffered output feeds the 
Memory Address bus. Note that the Memory 
Address bus is a false bus (l's low). The 
output of the MAR is de, with no provision 
for gating. 

Sheet 3 and 4 show the Memory Data 
Register (MDR). The MDR is also in two 
8-bit sections MDH (Bits 0:7) and MDL 
(Bits 8:15). Input is from the S Bus 
gated by LMD~l or LMDI.f. The MDR 
may be reset by negative pulses on the 
MDRHp and MDRI.fl lines. Each flip-flop 
is set. directly by the readout on the 
Memory Sense (MS) bus. The MDR is 
"unloaded" onto the B Bus by the UMDI)l 
or UMDLjl lead, through buffers. Unload 
signals do not change the register. The 
0-sides of the MDR flip-flops drive the 
Memory Data bus to control the Bit­
current drivers. When writing into 
memory, the MDR may be set anytime 
before the WSO signal gates the MD bus 
into the B-current drivers. (See Sheets 
7-11 of FS50.) 

NOTE 

In the 30-2, the S and B Buses 
are 16-bit buses. The high and 
low load or unload signals are 
therefore generated simultaneously 
in the 30-2. For example, 
LMAH: 1 and LMAL, 1 are gen­
erated at the same time to load 
the address .. 

Sheet 5 (FS28) shows the memory timing 
circuits. Timing is started by a nega­
tive going edge on the ST~T, 0 lead. 



A negative edge on STR'~O sets the JK flip­
flop. Ir the memory is not busy, both inputs 
to the· delay in location 41 are high and the 
del:1.v licgins timing. At t==50 nanoseconds, 
the delay output sets the MBY flip-flop, in­
terrogates decoding gates, and sets parity. 

Consider first the action on a RRG order. 
Decoding gate output 31R-06 goes low which: 
(1) sets the B-read flip-flop, 34L-06 goes 
high, and buffer output BRp goes low (2) 
sets the full cycle flip-flop, 31R-08 goes 
high so that the output of the read timing 
chain will continue through the write timing 
chain (:1) starts the delay in location 46. 
Delay •Hi times out at t=350 (or 250) nano­
seconds and the positive output pulse starts 
Delay 45. Pin 71-45 goes high during Delay 
4f>. Pin 71-45 goes high during Delay 45 
forming the Xl)O timing pulse. X:Rp triggers 
the delay on the MEO board, developing STB. 
The end of Delay 45; (1) resets the B-read 
flip-flop with a negative pulse on 34L-13 end­
ing the BRp pulse. (2) Sets the MDAV flip­
flop that had been reset at the beginning of 
the~ cycle by decoding output 30R-11. (3) 
GC'nerntes CPARj) to check parity. (4) Checks 
the state of the full cycle flip-flop 31R-08. In 
this case, 31R-08 is high, so 33R-03 goes 
low setting the Write Switch flip-flop 33R-04, 
and starting Delay 44. The Write Switch flip­
flop forms the wsp pulse. Delay 44 provides 
a time for Read current to decay, Write 
Switches to close, and Write logic to stabi­
lize. Delay 43, pin 71-43 forms the WC,O 
pulse. The output from Delay 43 initializes 
the timing and resets the MBY flip-flop. 

Timing for the other memory operations 
should be easily traceable. Following are 
some general comments on timing. 

l. If memory is busy, the STR1)0 
pulse sets the JK flip-flop so 
that as soon as MBY is reset, 
the next cycle begins. 

2. If parity is used, the parity 
bit is computed and set, by 
SPAJ)O at t=50 nanoseconds. 
Therefore, the data regis­
ter must have been set up at 
t=O. 

3. Parity is checked at the end 
of read time on both Read 
and Write orders. Thus, it 
is possible to get parity fail 
on a Write operation if a logic 
error exists. 

7. 5 Parity and Mcmon' Protect 

The parity and memoi·y p i·otc·ct circuits are 
shown on FS51. These are optional circuits, 
either or both may be provided, and they are 
not related except that they share the same 
mother-board. 

The Parity circuit is shown on FS51, Sheets 
3, 4, 5, and 6. There n rP two separate 9-
bit parity generators and clwck circuits. 
Bit 16 is the parity for data hits 0-7. Bit 
17 is parity for data bits 8-15. Sheet 6 and 

. the upper half of sheet 5 show a conventional 
9-bit parity using two stages of 3-bit parity 
circuits. The data input (e.g. , Mnoqo) is 
high (+5v) for ZEROs. The output from the 
check circuit BYPl~O (Sheet 5) is high for 
even parity. Referring to Sheet 4, if 
BYP16p is high, the set parity pulse SPAfy> 
will change the state of the Bit HI flip-flop, 
thus making parity odd and making nYPl f'fJ 
low. Note that the circuit does not set the 
parity bit depending on the 8 data bits, but 
it rather changes the parity bit if it is wrong. 

To check parity on a Read, the Parity Regis­
ter flip-flops (Sheet 3) are reset by MDHR,O. 
Bit lG readout, MSlf}O, would set its flip­
flop to a 1 and data bit lfi MDl<)O along with 
MDogo - MD07;0 are decoded in the 9-bit 
parity check circuit. If parity is even (error 
condition),BYPlf,0 will be high and the parity 
check pulse, CPARp (Sheet 4), will put n 100 
nanosecond negative pulse on PPl)O and set 
the Parity Fail flip-flop. The 0-+>ide of the 
Parity Fail flip-flop, PFHjl, flags the Pro­
cessor via the MPifO sii:,111al. 
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'l'lw low hytP parity, hit 17, opcratcH the 
same as bit lG. 

In the standrd system, the outputs from the 
byte parity circuits are tied together so the 
system recognizes a parity failure on either 
byte. 

The Memory Protect Circuits provide a 
means of allocating blocks of core to be pro­
tected sokhat a Write order for an address 
in the block will be converted to a Read­
Restore order, and a flag will be set to in­
dicate the action. The core memory may 
be partitioned into 16 blocks with an indivi­
dual protect control lead for each block. An 
overall protection override provides for load­
ing any area in core. 

Allocation of protected areas ~an be con­
trolled by one of the following methods: 
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1. Hard-wired protection pattern 
with no extern~l control, where• 
in it would be necessary to physi­
cally remove the Memory Protect 
Circuit Board from the card file 
to initially load the memory. 

2. Hard-wired protection pattern 
with the override lead brought 
out to a remote switch to allow 
loading protected areas. 

3. Selectable protection pattern 
with the 16 block control leads 
and the override brought out to 
a remote control system, for 
example toggle switches. 

'1. Programmable protection pat-
tern with the block control leads 
cabled to a special I/O Controller 
to provide dynamic changes in the 
prntcct:ion pattern under computer 
control. Trying to write into pro­
tc~ctect areas causes an I/O interrupt. 

The memory protect circuit monitors the 
internal memory address bus and may, 
therefore, be used directly on any 30-1 or 
29-2 computer with Standard Mem9ry Inte: 
face, Direct Memory Access, or High Speed 
Direct Memory Access, without sacrificing 
execution time. 

The Memory Protect Circuit is illustrated 
in Figure 12. A wire-wrap address jumper 
bo~rd is provided to allow different block 
sizes as follows: 

Address Bits Bytes/Block Bytes/16 Blocks 

0 1 2 3 4096 64K 
1 2 3 4 2048 32K 
2345 1024 16K 
3 4 5 6 512 SK 
4 5 6 7 256 4K 

The jumper board is normally wired for 
1024 Byte Blocks and may be changed in 
the field. 

The individual block control leads, as well 
as the override and flag leads, terminate 
on a daughter-board location which may 
contain a wired jumper board for a fixed 
protection pattern, or cable connection to 
a remote controller. 

FS51, Sheet 2, shows the detail wiring for 
the 1 out of 16 decoder of Figure 12. Sheet 
1 shows the OR gate, the Flag flip-flop, and 
the control circuits. Sheet 1 shows a range 
d.ecoder (not illustrated on Figure 12) that 
may be used if more than 16 protection 
blocks are required. This, range decoder, 
will override protection if the address is 
not in range. It is used for paralleling mem­
ory protect circuits or it may be used where 
a portion of core is partitioned into protection 
blocks and the rest of core is open. 

Figure 13 shows the detailed pin configura­
tion of the Address jumper board and the 
control cable connectors. 



8. TESTS AND ADJUSTMENT8 

This Section dc•sc ribes tests and adjust­
n11·nts which should be used periodically as 
a l'heck of memory system operation, and 
as an aid in trouble-shooting when a memory 
prnhlem exists. Perform the checks in the 
order that th<'.Y aJ"<' listed in this Section. 

NOTE 

The Power Supply adjuRtments listed in the 
Power System Section, and the System 
Clock adjustments listed in the Processor 
Section, should be performed prior to the 
memory adjustments. 

MEMORY ADDRESS REGISTER 

BLOCK CONTROL 
LEADS 

GND•NO PRO:rECT 

OVERRIDE 

GND • NO PROTECT 

0 

ENO OF CYLE ----<Q 
OPTION 

. A~------r AO Al A2 A! A4 AIJ A8 A7 °' 

I I I I 
I OUT OF 18 DECODING 

ADDRESS JUMPER BOARD 
(WIRE WRAP) 

llJ 

START OF WRITE 
.,..__< ... s.-PARp OR STWf I 

CONVERT WRITE TO READ 
(CWl)O) 

TO MEMORY TIMING 

FLAG 
l'/F 

Figure 12. Memory Protect Block Diagram 
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+sv 

l"IEMALE GUIDE 

0 0 0 0 0 0 0 0 c 
81 71 81 51 41 31 21 11 

:55-038 
SOLDER SIDE 

70 80 50 40 30 20 10 00 
0 0 0 0 0 0 0 0 0 

PROTECT RANGE 

MALE GUIDE 

GND 

DAUGHTER-BOARD ADDRESS JUMPER ADDRESS JUMPER CABLE CONN. CABLE CONN 

18 

PIN No. LOC. 07 LOC. 44 LOC 46. LOC. 47 

00 GND GND GND GND 
10 CPRp (Clear Flag) MA03p BC2 BC12 
20 MB~lA (BUSY) MA03,il BC4 BC8 
:rn PAO INRC}l BC6 BClO 
·1 () PA:1 MAO~O BCO BC14 
!)() PA2 MAO~l PROLp (D. C.) 
GO PAI MAO gt CWRp (PULSE) 
70 MAOl,0 OVRl:}O PROS} (HI FLAG) 
11 MA07,0 MAO~O BC! BC15 
21 MA06p MA02} BC5 BC13 
:n MA05p A3 BC7 BCll 
41 MA04i0 A2 BC3 BC9 
51 MA03p Al OVRB} (OVERRIDE) 
61 MAO~O AO CPRp (CLEAR FLAG) 
71 MAoqo MAoqo 

I 
PROSO (LO FLAG) 

81 +5V +5 l ! 
" 

Use CPR,O, Neg. Pulse to clear flag or connect CPRp to MBljlA to clear end of Memory 
Cycle. 

Figure· 1:i. MC'mory Protect Cable Connections 



8. 1 Volt.age AdJustment 

Th<' nominal :l Iii.:; volt input to tlw nH'nt•)I'.\' 

s\·stf'm should Ji(• ('}wck<•d prior to any othC'l' 

n~<'mor.v checks. The l<i. 5 volt regulatcir on 
th<" pow<·r supply h:is a control input from a 

th<·rrnist(•r mounted on tlw MEO mothc1·-
l1oa rd. It is th<'refore important to consider 
t lw ambient tcmp<'raturc whC'n adjusting the 
J (i.:; volt rC'gulator. The following test 
<'quiprnC'nt is rC'quircd for this adjustment: 

I. A laboratory thermometer 
: l(' (' ll I' ;1 t (' t () ± 1 3. 

2. A digital voltmeter capable 
of reading 15 to 18 volts ±1%. 

l's<' tlw following procedure to check, and 
adjust if nec<'ssar.v, th(' 1 G. G volt regulator. 

I. Measure thC' ambient tcm­
pC'rature. Refer to Figure 
14 and d~tcrmine the vol­
tage setting for the tempera­
ture mcasun•d. 

2. Compare the voltage at the 
-16 .. 5 bus (thC' lower out<'r 
bus) and 11().:; bus (tlw top 
outer bus) to assure that the 
voltag(_'S arc equal. If the 
voltag(_'S are not equal, ad­
just the VOLTAGE trimpot 
on the power supply A2 

modul<> to obtain equal 
rc·adings. 

:l. Measure the volt.age at tlw 
1 Hi. G bus (the top outer 
bus). 

I. :\djust tlw VOLTAGE trim­
pot on tlw pow<' r supply Al 
111odulc to obtain the rcadinp; 
l':tlcul:1tpd in Step 1. 

Ill 
C!I 

~ 
_J 

0 
> 

NOMINAL TEMPERATURE 
PR08RAM•62.!l MV/°C 

TOLERANCE BANDa± 180 
FOR THERMISTOR 

(FENWAL # KA!llJI) 

... 
~1ev-l-~~-+-~~--+-~~-+~~-+~~--;~~--, 
~ 
0 

Figure 14. 

zoo !JOO 400 500 

TEMPERATURE-°C 
( !l/9 ( ° F - 3 2 ) • °C) 

The rm i st 1 > ,. T1, 1llJ11' 1·:11 u r<' 
Prog-ra 111 

8. 2 Strobe Timing Adjustment 

There is a single timing adjustment on the 
Q:E-PAC 30 2 1/2D l\kmory s,·stcm. 

CAUTION 

The adjustment descrih<·d in thi:-; 
Se<>tion is cardull~· set :1t th<' 
factor:v· using sop hi stieatC'd test 
C'quipment not norm a 1 h· available 
in the field. The adjustment is 
very stable and should not require 
field adjustment. The adjustment 
should be chan~ed onl\' aftC'r the 
check r)rovided indicates that it is 
out. of tolerance and there are no 
faulty componant8 in thC' systC'm. 

A dual trace oscilloscope wit Ii ;1 <':ililirat<-d 
time base• is required for thi:-; l'fw<"k. Cs<' 
the followi11g procedure to C'lH·<·I' Stnibe 

' timing. 
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1. Load and run the Memory Test 
as flescribed in Publication 

· -Number o(f:oo3RoiA12. 

2. Synchronize the oscilloscope on the 
nega!iV'f_l-going _edge o~XRJl.l\f SF 
Test Point L12. See Figure 15. 

J llf 
LOCATION IN BASIC MOD I OR MOO 4 - :g II) 

0 
.., . 

0, 
N 
0 

TUT POINT *AVl:f'ORMS 
IHI: I'll 10 a llJ 
t•O 

) 

... 
Ill: 
c 
% 
u 

I ~ :I 
~ u 

> 

·~ 
'I,) 

I 
! Ill ... 
)o 

I • 

NOTES: 

1111?1': ORAWINe 

SllD"J' 

SMAL.11 

MDA~OA 

MIYllA 

111oi,1 

lJMO.,I 

SM.A'11 

CPArtp 

11t,o 

wsJo 

SPA RP 

wop 

'MDHRf 

UMDty 

XRf 

uu11 

L.OC FS28 

81:7 -

8H7-

8N9 --

801 -
887 --

8N7--

8L7-

IPI-
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&Ml --
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8P7 --

SL I 

SCI 

8ND -----

I. STROSE OE LAY IS FAC1'·0RY ADJUSTED ANO SHOULD 
NOT REQUIRE RE-ADJU'8TM£NT. 

I. MEMORY BOARDS VIEWED FROM FRONT, 

~ a 

y 

x 

w 

v 

u 

T 

s 

R 

p 

N 

• 
I( 

" 
H 

• 

F 

E 

0 

c 
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• Ill 
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1-sw THT 
POINTS (FSOO 
SHT8 Ja4). 

BSOOP 
HOON 

I 

BS07P 
BS07N 

(STROBE)/STB 
TEST POINT 
FS 110 SHT 14 

Figure 15. Memory Timing Data 
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J. Observe the output from any 
sense amplifier TO:Tl5 (TO: 
Tl 7 if the optional parity fea­
ture is provided). The outputs 
are available on MEO and MEl 
back panel pins 11:3-1 through 
120-1. 

4. On the second trace, observe 
the Strobe output, on the bot­
tom MEO test point (Figure 
15). The relationship should 
be as shown on Figure 16. 

5. If the relationship is not as 
shown on Figure 16, and 
all components are found to 
be operating correctly, ad­
just the trimpot shown on 
Figure 15. 

8. 3 Memory Test 

Hun the Memory Test as described in 
GE-PAC 3 0 Publication Number 06-
003HOlAl2 (part of the Programming 
Manual, Publication Number 29-013R02). 

8. 4 Marginal Test 

The following marginal test may be per­
formed periodically to locate memory 
areas which may cause future problems. 
Test equipment required for this test is: 

START OF I READ NOISE\ 

SENSE AMP. OUTPUT 
TO-Tl 17 

SUPl!R POSITION OF -
MANY Rl!ADOUTS 

I'S AND o's 

1. The Test Circuit shown on 
Figure 17 or the GE-PAC 
30 Systems Test Set which 
contains such a circ~it. 

2. A voltmeter capable of mea­
suring 3 to 5 volts :!:2%. 

Use the following procedure: 

1. Connect the test circuit as 
shown on Figure 1 7. 

2. . Connect the voltmeter to 
back-panel pin :J.11-1 on 
MEO or MEl, or the bot­
tom test point on MEl 
(Figure 15). Set the MAR­
GINAL TEST - NORMAL 
Switch to MARGINAL TEST. 
The voltmeter now indicates 
the test threshold voltage 
(VT) applied. 

3. Run the Memory Test ref­
erenced in Section 8. 3. 

4. Vary VT between 2. 5 volts 
and 4. 5 volts via the potentio­
meter on the test setup. The 
test program should continue 
to run normally. 

I READOUT 

/

l!ND OF READ NOISE 

j END OF WRITE NOISE 

I 
~ r- 40 TO 50 NANOSECONDS 

-~~-~' -~~~--~-----STROH PULSE r L 

Figure lfi. Strobe Timjng Data 

• 
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1/EST CIRCUIT THRESHOLD REGULATOR 

I 
I 

I 11-010 LOC 40 o• ... I 

-

! 

uo 

e.2v 

1000 S..---CY'" 

101-0 

I 
I 
I 
I 

MAltEllNAL TEST 119-0 
SLATE 

I 

210 

1000 

1.2v 120 

l.2V 
0 
NORMAL 

ILACK 
IH-0 

2..2 I JJf 

1 . 2 v 1000 

211-1 
PUftPLE 

I 
I 
f 

&ND VT 

\ •• ~M<L CONNECTOR •OR M<M I. 

J 
POSITION 02 IN IASIC MODEL a. 

With the switch in the normal position, the Zener Regulated Divider puts the base of QI 
at 4. 2 V, and VT is 3. 5 V ± .1. 

With the switch in the marginal test position, the pot over-rides the divider and VT can 
be varied from near 0 V to+ 12 or 13 volts. 

Core memory should operate for VT in the range of 2. 5 to 4. 5. 

Figure 17. Memory Marginal Test Setup 



9. MEMORY MNEMONICS 

The following list provides a brief definition of the mnemonics used in the memory system 
documentation. The functional schematic and sheet on which each mnemonic is gonel':'ated 
are also provided. 

MNEMONIC MEANING LOCATION 

BR,0 Bit Read timing pulse FS28-5G2 

BSOON: BS07N Bit switches-negative FS50-4R5 

BSOOP:BS07P Bit switches-positive FS50-4P5 

BWOO:BS16 Bit wires (common) FS50-7P2 

BWO-O:BW16-7 Bit wire, bit plane 0 wire 0 through bit plane FS50-1P4 
16 wire 7. 

Boop - B01;0 B-Bus (bit 0-7) FS28-3A7 

BYP16j) Byte parity (high, data 0-7) FS51-4R3 

BYPl~O Byte parity (low, data 8-15) FS51-6R3 

CLOE (System) Clock E FS28-6A3 

CN} Column negative X current gate FS50-14P5 

Cl)l Column positive X current gate FS50-14P4 

CPARp Check parity timing pulse FS28-5P5 

CPFfYl Clear parity flip-flop high FS50-19G3 

CPFLp Clear parity flip-flop low FS50-19P3 

COO - C15 (X matrix) Column lead (0 - 15) FS50-20F2 

coo~o - C15NjO Column negative (switch drive) FS50-21G3 

coo130 - C15IJO Column positive (switch drive) FS50-21 P3 

ENpA Enable (to interlock) FS50-5L8 

EN}>B Enable (to interlock output) FS50-5E9 
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MNEMONIC MEANING LOCATION 

EN} Enable FS50-5K8 , 
LM~hp, LMAI;t Load memory address high (0:7) FS28-6K2 

LM.tfLp, LMAif Load memory address low (8:15) FS28-6H2 

LMDHp, LMD19- Load memory data high (0 .., 7) FS28-6E2 

LMDLp, LMDLJ Load memory data low (8 - 15) FS28-6B2 

L~} Line negative X-Switch gate FS50-14P3 

LP} Line positive X-Switch gate FS50-14P2 

LOON,0 - L15Nj0 Line negative (switch drive) FS50-15F3 

LOO!jO - L151JO Line positive (switch drive) FS50-15N3 

LOOA - L15A Line anode (X-diode matrix) FS50-16F3 

LOOC - L15C Line cathode (X-diode matrix) FS50-16F4 

MAOO:MA15 Memory Address Bus FS28-1B8 

MDOOp:MDl~O Memory Data Bus FS51-4Al 

MDAV,O Memory data available signal from memory FS28-5P8 
to the Processor 

MDHRp Memory Data Register high reset FS28-5D8 

MDLRp Memory Data Register low reset FS28-5E7 

Msoqo - MSl ~o Memory Sense Bus FS28-3Bl 

NXC Negative X-Current FS50-14N8 

PFHJ), PF¥ Parity flip-flop high (0 - 7) FS51-3Pl 

PFLJ), PFr,t Parity flip-flop low (8 - 15) FS51-3P8 

PPHJ> Parity fail pulse high (0 - 7) FS51-3P4 

PPif> Parity fail pulse low (8 - 15) FS51-3P5 
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MNEMONIC MEANING LOCATION 

PXC Positive X-current FS50-14N7 

HOW¥ Read reverse Write normal (B-current gate) FS50-eN2 

HlWOf Read normal Write reversed (B-current gate) FS50-6N3 

L 

SCLI~,0 System Clear FS28-5C3 
~\, 

SPARfJ Set parity signal FS28-5A8 

( 
STB Strobe FS50-24K5 

STR'IJO Start signal from Processor to memory FS28-5A2 

SON - S16N Sense negative side of sense wire FS50-23A2 

SOP - S16P Sense positive side of sense wire FS50-23A4 

so~ - so~1 S-Bus FS28-1Bl 

TOO - T17 Test point (readout amplifier) FS50-23P3 

UMDHp, UMDHJL Unload memory data high (0 - 7) FS28-6P8 

UMDLp, UMDLf Unload memory data low (8 - 15) FS28-6N8 

WD16p Write data 16 (parity high) FS51-3IA 

WDl~O Write data 17 (parity low) FS51-3L6 

wc,o Write current timing pulse FS28-5M2 

WRp Write order FS28-5A6 

wsp, ws1A Write switch timing pulse FS28-5J2 

Xl)O, XRfA X-read timing pulse FS28-5Ll 
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THE READ ONLY MEMORY 

1. INTRODUCTION 

The Head Only Memory (ROM) is a high 
speed non-destructive memory used to store 
the micro-program. As described in the 
General Description, the micro-program 
interprets and executes the user program. 
Each ROM mo~ule provides up to 1024 16-
bit words. A basic digital system can em­
ploy two ROM modules. The cycle time of 
the GE-PAC 30 ROM is approximately 300 
nanoseconds. The ROM functional sche­
matics (FS3) referenced in this Section are 
provided in Volume 2 of this manual. 

J:WLONE 

VSONE 

J:WLZERO 

VS ZERO 

2. BASIC THEORY OF OPERATION 

The basic memory cell in the ROM is a 
pulse transformer with a U shaped core 
made of a linear ferrite material (see Fig­
ure 1). A multi-turn secondary, called 
the sense winding, is wound on the U core. 
The primary circuit is made up of many 
singularly-selectable, one-turn windings 
which either pass through, or by-pass the 
U core. Each primary winding is called a 
word line. 

Figure 1. Basic U Core Layout 

1. 



\\'hen :1 current pulse is developed on a word 
line which passes through the U core, a vol­
tage appears across the sense winding. This 
word line is said to store a ONE in that trans­
former. SimHarly, if a current pulse is 
developed on a word line that does not_ pass 
through the U core, no voltage appears ac­
ross the :-;cnsc winning-. The word linE~ is 
said tn .stor<> a ZEilO in that transformer. 

Figure 2 is a simplified diagram of the ROM 
showing- one woni line and :::;ix lI cores. The 
bit outp11ts an' indicateo on Figure 2 for the 
word line tihnwn. In the GE-PAC 30 ROM, 
each word line is strung through 32 trans­
formers. Thus, each word line stores 32 
binary bits. A strobe selection. system 
selects one Hi--bit word from the :12 bits 
addn~sPed. 

2 

PULSE FROI\& DIODE MATRIX 

ONE llF MANY Wl~l'!S STAUNfi 
THROUGH Off AFilOUNCl '!'~£ u-cotu: 

SENSE AMPL.IFIERS 
IH:AD BITS 

SIM U L.'l"ANEOUSL.Y 

Fi;.;urc 2. Basic HOM Layout 

~3. BLOCl<: DIAGHAM ANALYSIS 

The basic GE-PAC 30 1024 word ROM is 
contained on two mother-boards; the ROM 
Switch (RMS) and .the ROM Transformer 
(RMT) boards. Refer to the block diagram 
on FS3-8. Address decoding is performed 
on the switch board. A 16 X 32 diode 
matrix on the transformet board is driven 
by the switch board. With one word line 
per diode, there. are a total of 512 word 
Lines. Each word line is strung through 32 
U core transformers. Thus, each word 
line stores 32 data bits, or two 16 bit ROM 
data words. One 16-bit data word is se­
lected by strobing one of the two sets of 16 
readout amplifiers. The selected 16 outputs 
are sent to the Processor double-rail, hence 

·the 32 output lines. With this arrangement, 
each HOM transformer board may contain 
up to 1024 hard wired 16-bit words. Two 
transformer boards may be driven in par­
allel from the same switch board if 2048 
ROM words are needed. 

4. FUNCTIONAL DESCRIPTIONS 

The following paragraphs provide functional 
descriptions which reference the FS3 sche­
matics inckded in Volume 2 of this manual. 

Figure 3 shows the significance of the ROM 
address (RAH and RAL) bits. For example, 
RAH 4 and !"1 specify the RMT board if the 
ROM contains more than 1024 words, the 
RAH 6 and RAL 0:3 bits specify the X 
Switch, etc. 

Refer to FS:1-1. The ROM address buffers 
and single-to-double rail converters are 
located on the ROM switch board. Three 
35-019 daughter-boards in locations 14-15, 
16-17, and ·%-47 provide these functions. 
'The 35-023 daughter-board in location 05 
simply inverts the 3 inputs as shown. 



RAH RAL 

4 II I • I 7 0 I e I 4 II • 7 

'('- I ' I\ .J 
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SELECT ROW 

DECO~ ROM f 
TRAN9'0RMER 6----------+-----------' (IF =~::~RED) 

DECO OE 
Y SWITCH 

Figure 3. 

The 32 X Current Switches shown on FS3-2, 
are 35-064 daughter-boards. The four 
boards are positioned in locations 10-11, 

A. OR 8 

DECODE 
X SWITCH 

ROM Addressing 

12-13, 20-21, and 22-23. The switches are 
selected according to the truth table pro­
vided on Table 1. 

TABLE 1. X SWITCH SELECTION DATA 

RAH RAL MNEMONIC SWITCH 
06 00 01 02 03 

0 0 0 0 0 xso~o x Switch 00 

0 0 0 0 1 xso~o x Switch 01 

0 0 0 1 0 xso2p x Switch 02 . 
0 0 0 1 1 XS03p x Switch 03 

0 0 1 0 0 XS04p x Switch 04 

0 0 1 0 1 xsosp x Switch 05 

0 0 1 1 0 xsosp x Switch 06 

0 0 1 1 1 xso~o x Switch 07 
I I I I I I I I I I I I I 

'~ I 

""' 
I ')\. I '~ I 'f.. I 'I~ I 

"" 
I '~ I I I I I I I 

I I I I I I I 
1 1 1 0 0 XS28fl x Switch 28 

1 1 1 0 1 XS29p x Switch 29 

1 1 1 1 0 XS3<}0 x Switch 30 

1 1 1 1 1 XS3lp x Switch 31 
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The 16 Y Current Switches, shown on FS3-3, 
are on 35-039 daughter-boards in locations 
24, 25, 34, and :15. The switches are se­
lected, one at a time, by the gated output 
from two 35-019 decoders in locations 26-
27 and 36-37. The CD} input to the de­
coders determines the pulse width and 

position of the Y Current pulses. (The out­
put from each Y Current Switch is returned 
to -3 volts to insure back bias on the matrix 
diodes when the Y switches are off. ) The 
truth table on Table 2 specifies the selection 
of the Y Current Switches. Note that CDJ 
must be high in each case. 

TABLE 2. Y SWITCH SELECTION DATA 

RAH RAL MNEMONIC SWITCH 
07 04 05 06 

0 0 0 0 YSOOfL y Switch 00 ' 

0 0 0 1 YSOl} y Switch 01 

0 0 1 0 YS02f y Switch 02 

0 0 1 1 YS03} y Switch 03 

0 1 0 0 YS04f- y Switch 04 

0 1 0 1 YS05f y Switch 05 

0 1 1 0 YS06jL y Switch 06 

0 1 1 1 YS07}- y Switch 07 

1 0 0 0 YSOSJ y Switch 08 

1 0 0 1 YS09f y Switch 09 

1 0 1 0 ·YSl<µ y Switch 10 

1 0 1 1 YSl~l y Switch 11 

1 1 0 0 YS12} y Switch 12 

l 1 0 1 YS13,1 y Switch 13 

1 1 1 0 YS14f y Switch 14 

1 1 1 1 YS15.f y Switch 15 
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The strobe select logic, shown on 1"S3-4, is 
performed on the Switch board by a 35-064 
daughter-board in location 44-45. The out­
puts from this decoder define which trans­
former board is to be interrogated, and. 
which set of 16 read-out amplifiers on that 
board is to be strobed. RAL07 determines 
which set of amplifiers, either the 11A11 set 
or the "B" set, on any transfotmer board 
is selected. RAH 4 and 5 determine which 
transformer board is selected as shown on 
Table 3. 

The 16 X 32 diode matrix, shown on FS3-6 
and located on each tcansformer board, is 
driven by the Y Current Switches and the X 
Current Switches. A current limiting re­
sistor is in series with each Y Current load. 
One word line in series with each of the 512 
diodes is strung through the transformer 
array as indicated in Figure 4. Note that 
with one Y Switch and one X Switch turned 
on, only one diode is forward biased, al­
lowing current to flow in one unique word 
line. 

The Strobe Amplifier on the ROM Trans­
former board is a 3.5-020 daughter-board 
in location 06 (FS3-4). STRBp is the signal 
that determines the strobe width and posi­
tion for either the "A" set of amplifiers, or 
the "B" set of amplifiers, FIRI}OA or 
FIRDpB, respectively. STR¥ is active 
every time either CLKAJI- or CLKI}l is 
active. 

.J 

Tho Read Out Amplifiers on the ROM trans­
former board arc contained on four 35-062 
daughter-boards located in positions 46-47, 
:W-37, 2G-27, and 16-17. E:ich amplifil'r 
has an input from both tlw A and B set of 
sense windings. The active sot is selected 
by CLK1Y or CLKBJ. Each readout ampli­
fier provides a double rail output to the RD 
register in the Processor. See Figure 5. 

5. MAINTENANCE 

Clock timing adjustments which may affect 
the ROM are provided in the Processor 
section of this manual. The following list 
provides suggested solutions to possible 
ROM problems. In each case a fault in­
dication is followed by possible causes of 
that indication. 

5. 1 All Zeros Read Out For All 
Addresses 

1. No current in word lines. 
Caused by missing Cgt. 
pulse. 

2. Timing misadjusted. 
(See Processor Section 
for timing procedure. ) 

TABLE 3. ROW SELECTION DATA 

RAH RAL MNEMONIC ACTION 
04 05 07 

0 0 0 FlRI}OA Select A side first lK ROM 

0 0 1 FIRqOB Select B side first lK ROM 

0 1 0 F2R~OA Select A side second lK HOM 

0 1 1 F2R:qoB Select B side second lK ROM 

5 
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Figure 4. 16 X 32 Diode Matrix Layout 
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Figure 5. Read Amplifier Logic Diagram 



5. 2 All Ones Read Out For All 
Addresses 

1. Grossly rnlsadjusted 
timing. Headjust STHBp 
and CDJ. 

2. Missing FIRDpA and 
FIRJ:30B control l.eads. 

5. 3 All Zeros Read Out For Two 
Adjacent Addresses. (For Ex-
ample Hex Address 000 
and 001, or, 236 and 237), 
But Otherwise Readout Correct 

1. Broken word line. 

2. Open diode in matrix. 

5. 4 All Zeros Read Out For All 
Addresses Having RAH06 And 
RAL4: 6 In One Common State 

1. Bad Y Current Switch. 

5. 5 All Zeros Read Out For All 
Addresses Having RAH07 And 
RALO: 63 In One Common State 

5. 6 Consistent Failure Of One Bit 
For All Even Addresses 

1. Bad Read Out Amplifier, 
A side. 

2. Open Sern,;c Winding, A 
side. 

5. 7 Consistent Failure Of One Bit 
For All Odd Addresses 

1. Bad Read Out Amplifier, 
B side. 

2. Open Sense Winding, B 
side. 

5. 8 Nonsensical Readout 

1. Shorted diode in matrix. 

2. More than one X Current 
Switch closed at a time. 

3. More than one Y Current 
Switch closed at a time. 

1. Bad X Current Switch. 4. Timing incorrectly adjusted. 

6. ROM MNEMONICS 

The following list provides a brief description of each signal mnel"''"'nic found in the ROM. 
The source on FS3 of each signal is also provided. 

MNEMONIC 

AOON through A15N 
and 

AOOP through A15P 

BOON through Bl5K 
and 

BOOP through B15P 

MEANING 

A Row sense winding 
outputs 

B Row sense winding 
outputs 

FS3 
LOCATION 

5Al 

5A2 
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MNEMONIC 

CD} 

CLK.V 

CLKBJ 

CRDOO 
through 
CRD15 

ENf 

FlRDpA 

FlRDpB 

F2HDpA 

F2RqoB 

N15 

P5 

RAH04p 
through 
RAHO~O 

RALoqo 
through 
RAL07,0 

SRDOO 
through 
SRD15 

MEANING 

Current Drive Pulse. 
Derived from CDO from 
the Processor. 

Clock to Row A Read Out 
Amplifiers 
Clock to Row B Read Out 
Amplifiers 

Clear ROM Data Register 
signals to the Processor 

Enable signal for Strobe 
singals 

Decoded Strobe Enable 
RMTl-Row A 
Decoded Strobe Enable 
RMTl-Row B 
Decoded Strobe Enable 
HMT2-Row A 
Decoded Strobe Enable 
RMT2-Row B 

Negative 15 volt supply 
voltage 

Positive 5 volt supply 
voltage 

ROM Address High Register inputs 
. from the Processor. RAH4 and 5 

select the RMT board if over 1024 
ROM words are required. RAH6 
and 7 help select the X and Y Switch 
respectively. 

HOM Address Low Register inputs 
from the Processor. RAL0:3 with 
RAH6 determine the X Switch. F:.AL4:6 
with RAH7 determine the Y Switch. 
RAL7 selects Row A or Row B. 

Set ROM Data Register signals to the 
Proc<'Ssor. 

FS3 
LOCATION 

1M6 

4P6 

4P8, 

5F2 

1M7 

4P2 

4P2 

4P3 

4P3 

lJl 

lAl 

5Fl 



MNEMONIC 

STRB} 

xso~o 
through 
XS31p 

YSO~l 
through 
YS15} 

MEANING 

Strobe signal. Derived from STRBO 
fro:m the Processor. 

Decoded X Switch outputs to 16 X 32 
matrix. 

Decoded Y Switch outputs to 16 X 32 
matrix. 

FS:3 
LOCATION· 

1M5 

2El 

3Nl 
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THE READ-ONLY-MEMORY 

l. INTRODUCTION 

The Read-Only-Memory (ROM) is a high 
speed, non-destructive memory used to 
store the micro-program. As described in 
the General Description, the micro-program 
interprets and executes the user program. 
A basic 30-2 Digital System must use a 
Decoder ROM (DROM) module and may have 
an additional ROM module. The DROM mod­
ule provides up to 512 16-bit words of micro­
programming and up to 128 12-bit words of 
DROM data. The ROM module provides up 
to 1024 additional 16-bit words for expanded 
micro-programs. The cycle time of the 
GE-PAC 30DROM and expansion ROM is 
approximately 400 nanoseconds. Functional 
schematics CFS 38, 39, and 40) referenced 

in this Section are pro\·id<:d in \"rilume 2 of 
this manual. In this Section, 'HOl\l' is used 
to refer to the ROM section of the DHOM 
Module and the Expansion ROM, and 'DROM' 
is used to refer to the 12-bit data section of 
the DROM Module. 

2. BASIC THEORY OF OPERATION 

The basic memory cell in the DROM/ROM 
is a pulse transformer with a U shaped core 
made of a linear ferrite material (see Figure 
1). A multi-turn secondary, called the sense 
winding, is wound on the U core. The pri­
mary circuit is made up of many sin~larly­
selectable, one-turn windings which either 
pass through, or by-pass the U core. Each 
primary winding is called a word line. 

/ 
/ 

IWL 'ONIE' 

VI 'ONI' 

:tWL 'ZIEltO' 

VS 1 ZElt0 1 

Figure 1. Basic l7 Core Layout 
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Wht•n a current pulse is developed on a word 
line which passes through the U core, a vol­
tage appears across the sense winding. The 
word line is said to store a ONE in that 
transformer. Similarly, if a current pulse 
iH deve I, oped on a word line that does not 
pass through the U core, no voltage appears 
across the HCnHe winding. The word line is 
said to storc a ZERO in that transformer. 

Figure 2 is a simplified diagram of DROM/ 
ROM showing one word line and six U cores. 
The bit outputs are indicated on Figure 2 for 
the \1.:orct Jin<' shown. In the GE-PAC 30 
DROJ\'f, Pach DHOM word line is strung 
through 12 transformers. Each word line 
stores •binary bits. In the GE-PAC 30 
ROM, each HOM word line is strung through 
32 transformers. Thus, each ROM word 
line stor<'s :~2 binary bits. A strobe selec­
tion i:;ysl<'lll s<•lc•C'ts 0111· 1 <>-hit word from 
the :l2 hits :1ddn•ssed. 

2 
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l'EAO llTS 

SIMULTAJIEOUSLY 

Figure 2. Basic ROM Layout 

:~. BLOCK DIAGRAM ANALYSIS 

The basic GE-PAC 30-2, 512 word ROM 
is contained on two mother-boards: the 
ROM Switch (RMS) and the Decoder ROM 
Transformer (DRMT) boards. Refer to 
the block diagram, Figure 3. Address de­
coding is performed on the switch board. 
An 8 X 32 diode matrix is driven by the 
switch board. With one word line per diode, 
there are a total of 256 word lines. Each 
word line is strung through 32 U core trans­
formers. Thus, each word line stores 32 
bits, or two 16-bit ROM words. One 16-bit 
word is selected by strobing one of the two 
sets of 16 readout amplifiers. The selected 
16 outputs are sent to the, Processor double-
r ail, hence the 32 output lines. Two trans­
former boards may be driven in parallel if 
an additional 1024 words of ROM are needed. 

The Decoder ROM Transformer board 
(DRMT) also contains the DROM Transfor­
mer and readout amplifiers. The switch 
board also does address decoding for the 
DROM. An 8 X 16 diode matrix on the 
DRMT is driven by the switch board. With 
one DROM word line per diode, there are 
a total of 128 word lines. Each DROM word 
line is strung through 12 U core transformers. 
Each DROM word line stores 12 bits. The 
output from the readout amplifiers is sent to 
the ROM Interface single-rail. 

4. FUNCTIONAL DESCRIPTIONS 

The following paragraphs provide functional 
descriptions which reference the FS38, FS39 
and FS40 schematics included in Volume 2 
of this manual. 

Figure 4 shows the significance of the ROM 
address (RAH and RAL) bits. For example, 
RAH4- and 5 specify a transformer board if 
the expansion ROM (RMT) is used. RAH 6 
and HAL 0:3 specify the X Switch, etc. 
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ROM Addressing 

A Ott I 

Refer to FS38-1. The ROM address buffers 
and single-to-double rail converters are lo­
cated on the ROM switch board. 

3, 4, and 5 are 19-006 integrated circuits. 
The IC' s are positioned in locations 40, 41, 
42, 43, 30, and 31. The switches are selec­
ted according to the truth table provided on 
Table 1. The :l2 X Current Switches shown on FS38-2, 

TABLE 1. X SWITCH SELECTION DATA 

RAH RAL MNEMONIC SWITCH 
06 00 01 02 03 

0 0 0 0 0 xso~o x Switch 00 

0 0 0 0 1 xso1p x Switch 01 

0 0 0 1 0 xso2p x Switch 02 

0 0 0 1 1 XS03'° x Switch 03 

0 0 1 0 0 XS04p x Switch 04 

0 0 1 0 1 XS05p x Switch 05 

0 0 1 1 0 XS06p x Switch 06 

0 0 1 1 1 XS07i0 x Switch 07 
I I I I I I I I I I I I I 

"' I ..,.. I '~ I ~ I 'I'- I 

"' 
I 

~ I "t-I I I I I I I 
I I I I I I I 
1 1 1 0 0 XS2~0 x Switch 28 

1 1 1 0 1 XS2~0 x Switch 29 

1 1 1 1 0 XS3~0 x Switch 30 

1 1 1 1 1 XS3~0 x Switch 31 
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The Hi Y Current Switches, shown on FS:rn-G 
and 7 are on 35-039 daughter-boards in loca­
tions 10, 11, 12, and 13. The switches are 
selected one at a time, by the gated output 
from the 19-005 IC decoders in locations 
20, 21, 22, and 23. The CD} input to the 
decoders determines the pulse width and 

position of the Y Current pulses. (The out­
put from each Y Current Switch is returned 
to -3 volts to insure back bias on the matrix 
diodes when the Y Switches are off.) The 
truth table on Table 2 specifies the selection 
of the Y Current Switches. Note that CI)l 
must be high in each case. 

TABLE 2. Y SWITCH SELECTION DATA 

---

RAH RAL MNEMONIC SWITCH 

07 04 05 06 

0 0 0 0 YSO'Y- y Switch 00 

0 0 0 1 ysop y Switch 01 

0 () 1 0 I yso;i y Switch 02 

0 0 1 1 yso:µ y Switch 03 

0 1 0 0 YS04J y Switch 04 

0 l 0 1 YSOIµ y Switch 05 

0 1 1 0 YSOE)l y Switch 06 

0 1 1 1 YSO~l y Switch 07 

1 0 0 0 YS08J y Switch 08 

1 0 0 1 ysmµ y Switch 09 

1 0 1 0 YSl'Y- y Switch 10 

1 0 1 1 YSll} y Switch 11 

I 1 0 0 YS12) y Switch 12 

1 1 0 1 YS13} y Switch 13 

1 1 1 0 YS14} y Switch 14 

1 1 1 1 YS15) y Switch 15 
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Figure 5. ROM Diode Matrix Layout 
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Figure (i. Read Amplifier Logic Diagram 



The strobe select logic, shown on FS38-11, 
is performed on the switch board by 19-003 
!C's in location 25. The output from this 
decoder define which transformer board is 
to be interrogated, and which set of 16 read­
out amplifiers on that board is to be strobed. 
RAL 07 determines which set of amplifiers, 
either the "A" set or the "B" set, on any 
transformer board is selected. RAH 4 and 
5 determine which transformer board is se­
lected as shown on Table 3. 

The 8 X 32 diode matrix, shown on FS40-1, 
and the 16 X 32 diode matrix, shown on 
FS39-1, are driven by the Y Current Switches 
and the X Current Switches. A current 
limiting resistor is in series with each Y 
Current load. One word line in series with 
each of the 256 or 512 diodes is strung 
through the transformer array as indicated 
on Figure 5. Note that with one Y Switch 
and one X Switch turned on, only one diode 
is forward biased, allowing current to flow 
in one unique word line in each DROM/ROM 
transformer board. 

The Strobe Amplifier on the Transformer 
board is a daughter-board in location 06 
(FS40-5 and FS39-3). ROMST~O is the 
signal that determines the strobe width and 
position for either the "A" set of amplifiers, 
or the "B" set of amplifiers, FlRDJ>A or 
FlR~OB, respectively. STRIµ is active 
every time either CLK.t)l or CLKBJ is 
active. 

The ROM Read Out Amplifiers on the trans­
former board are contained on four 35-062 
daughter-boards located in positions 4G-4 7, 
36-37, 26-27, and 16-1 7. Each amplifier 
has an input from both the A and B set of 
sense windings. The active set is selected 
by CLKA) or CLKBJ. Each readout ampli­
fier provides a double-rail output to the RD 
register on the RMI (FS44). See Figure G. 

Figure 7 shows the significance of the In­
struction Register bits. IR bits 0 :3 select 
a DY Switch; IR bits 4:7 select a DX Switch. 

Refer to FS38-8 and 10. The IR buffers 
and single-to-double rail converters arc 
located on the ROM switch board. 

INSTRUCTION REGISTER 

0 1 2 3 4 5 (i 7 

DECODE DY DECODE DX 
SWITCH SWITCH 

Figure 7. DROM Addressing 

The 16 DX Current Switches shown on FS38-
8 and 9 are 19-006 Integrated Cricuits. 
The IC's are positioned in locations 34, 35, 
36, and 37. The switches are selected ac­
cording to the truth table provided on Table 
4. 

TABLE 3. ROW SELECTION DATA 

RAH RAL 
04 05 07 MNEMONIC ACTION 

0 0 0 FlR~OA Select A side, basic ROM 
0 0 1 FlRDj>B Select B side, basic ROM 
0 1 0 F2R~OA Select A side second lK ROM 
0 1 1 F2RI)OB Select B side second lK ROM 
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TABLE 4. DX SWITCH SELECTION DATA 

IR MNEMONIC 

04 05 06 07 

0 0 0 0 DXSO~O 

0 0 0 1 DXSO~O 

0 0 1 0 DXSO~O 

0 0 1 1 DXSO~O 

0 1 0 0 DXS04p 

0 1 0 1 DXS05j> 
0 1 1 0 DXSO(}O 
0 1 1 1 DXSO~O 

l 0 0 0 DXSO~O 

1 0 0 1 DXSO~O 

1 0 l 0 DXSl~O 

1 0 1 1 DXSl~O 

1 1 0 0 DXSl~O 

1 1 0 1 DXS1!¥> 
1 l 1 0 DXS14j) 
1 1 1 1 DXS15fl 

The 8 DY Current Switches, shown on FS38-
10, arc on 19-039 daughter-boards in loca­
tions 05 anct 06. The switches are selected, 
one at a time, by the gated output from 19-
005 IC decoders in locations 15 and 16. The 
CDI input to the decoders determines the 
puhw width and position of the DY Current 
pulse:-;. The output from each Y Current 
Switch ii-; rc'lurncd to -:1 volts to insure back 
bias on th(' matrix diod<.'s when the DY 
Switches decoders arc enabled by the OC 
lead ENDHOM,.O which goes low when a 
DROM readout is desired. The truth table 
on Table 5 specifics the selection of the DY 
Current Switches. Note that Cq> and 
ENDH< >~O must be active in each case. 
Note a):-;o, that not all combinations can be 
sc1ect('<t. 

The 8 X 1 (;diode matrix, shown on FS40-2, 
i3 driven by thP DY Switches and the DX 
Switches. A current limiting resistor is in 
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SWITCH 

Decoder X Switch 00 
Decoder X Switch 01 
Decoder X Switch 02 
Decoder X Switch 03 
Decoder X Switch 04 
Decoder X Switch 05 
Decoder X Switch 06 
Decoder X Switch 07 
Decoder X Switch 08 
Decoder X Switch 09 
Decoder X Switch 10 
Decoder X Switch 11 
Decode'r X Switch 12 
Decoder X Switch 13 
Decoder X Switch 14 
Decoder X Switch 15 

series with each DY Current load. One 
word line in series with each of the 128 
diodes is strung through the Decoder trans­
former array as indicated on Figure 8. 
Note that with one DY Switch and on DX 
Switch turned on, only one diode is forward 
biased, allowing current to flow in one 
unique word line. 

The DROM Read Out Amplifiers on the 
DROM transformer board are fabricated 
with discrete components located near the 
0 cmmector. Each amplifier has an input 
from a DROM sense winding. Each readout 
amplifier provides a single rail output to 
the RAS and RAL registers on the RMI 
(FS44). 

Tables 6 and 7 provide a summary of the 
ROM and DROM addressing scheme. 



TABLE 5. DY SWITCH SELECTION DATA 

IH MNEMONIC SWlTCH 
0 f: 2 3 

0 0 0 0 DYSOO} Decoder Y Switch 00 
0 0 1 0 DYSOl} Decoder Y Switch 01 
0 1 0 0 DYSO~l Decoder Y Switch 02 
0 1 1 0 DYS03} Decoder Y Switch 03 
1 0 0 1 DYS04;1 Decoder Y Switch 04 
1 1 0 0 DYSO~l Decoder Y Switch O!i 
1 1 0 1 DYSO(}l Decoder Y Switch Ofi 
1 1 1 0 DYSO~l Decoder Y Switch 07 

..:D;.;.Y;:;,,;SO;.;i.;.1 oN\,,,,._ __ ,._ ____ p_,, .... -----+--- - - - - _ ---e-----+-

oxsoip Dllll" 

Figure 8. DROM Diode Matrix Layout 
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TABLE G, llOM ADDHr:SSING SUMMARY 

UM llAL 

04 OI oe 07 00 01 01 01 04 01 O• 07 
0 0 FlftDA j ........ 
0 I FIRDI 
I 0 '2ftDA 
I '2"DI 

EXPA•110• llOM 

0 0 0 0 0 XIOO 

0 0 0 0 I XIOI 
0 0 0 I 0 XIOI 

0 0 0 XIOI 

0 0 0 0 XI04 
0 0 0 I XIOI 

0 0 0 xao• 
0 0 XIOT 

0 0 0 0 XSOI 
0 0 0 I xso• 
0 0 0 XSIO 
0 0 I XIII 

0 0 0 XSIZ 
0 0 I XIII 
0 I 0 XSl4 
0 I XIII 

X IWITCNll 
0 0 0 0 XII• 
0 0 0 I XllT 
0 0 0 XIII 
0 0 Xll9 

0 0 0 xuo 
I 0 0 I XIII 
I 0 0 Xl2l 
I 0 I XIZI 

0 0 0 XS24 
0 0 I X821 
0 I 0 XIH 
0 I XUT 

0 0 XIZI 
0 I XSH 

0 XllO 
I XIII 

0 0 0 0 YIOO 
0 0 0 I YIOI 
0 0 I 0 YSOl 
0 0 I I YSOI 

0 I 0 0 Y804 
0 0 YIOI 
0 YSOe 
0 YS07 

Y SWITCHES 
0 0 0 YSOI 
0 0 no• 
0 0 YllO 
0 I Yllt 

I 0 0 Y812 
I 0 I Ylll 
I I 0 YSl4 

YSUS 
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TABLE 7. DH.OM SELECTION DATA 

INSTRUCTION REGISTER 
0 1 2 3 4 5 6 

0 0 0 0 
0 0 1 0 

0 1 0 0 

0 1 1 0 

1 0 0 1 
1 1 0 0 

1 1 0 1 

1 1 1 0 
0 0 0 

0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 

0 1 1 
1 0 0 

1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 

5. MAINTENANCE 

Clock timing adjustments, which may affect 
the ROM, are provided in the Processor 
Section of this manual. The following list 
provides suggested solutions to possible 
DROM/ROM problems. In each case, a 
fault indication is followed by possible 
causes of that indication. 

5. 1 All Zeros Read Out For All 
Addresses 

1. No current in word lines. 
Caused by missing c.qo 
pulse. 

2. Timing misadjusted (See 

, Processor Section for 
timing procedure). 
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0 

1 
0 

1 
0 
1 
0 

1 
0 
1 
0 
1 
0 
1 
0 
1 

MNEMONIC 

DYSOOI 
DYSOl,l 
DYS02) 
DYS Oat 
DYS04:1 
DYS05} 
DYS06'J: 
DYS071 
nxsoo,o 
DXSOlp 
nxso2p 
DXS03.0 
DXS~O 
DXS050 
oxso6,0 
DXSO'!i_O 
oxso8p 
nxsogp 
DXS16,0 
DXSllp 
DXSl~ 
DXS13,0 
DXS14P 
DXSlii_O 

5. 2 All Ones Read Out For All ROM 
Addresses 

1. Grossly misadjustcd timing. 

i 

Readjust ROMSTfjO and CJ10. 

5. 3 All Zeros Read Out For Two Ad­
jacent ROM Addresses (For Ex­
ample - Hex Address 000 and 
001, or, 236 and 237), But Otlwr­
wise Readout Correct 

1. Broken word line. 

2. Open diode in matrix. 

11 



s. 4 All Zeros Read Out For All 
Addresses Having RAH06 and 
HAIA :6 In One Common State 

1. Bad Y Current Switch. 

5. 5 All Zeros Read Out For All 
Addresses Having RAH07 and 
HAL0:63 in One Common State 

1. Bad X Current Switch 

5. 6 Consistent Failure Of One Bit 
For All Even ROM Addresses 

1. Bad Read Out Amplifier, 
A side. 

2. Open Sense Winding, A side. 

5. 7 Consistent Failure Of One Bit 
For All Odd ROM Address 

1 . Bad Read Out Amplifier, 
B side. 

2. Open Sense Winding, B side. 

5. 8 Consistent Failure Of One Bit 
For All DROM Addresses 

1. Bad Read Out Amplifier 

2. Open Sense Winding. 

5. 9 Nonsensical Readout 

1. Shorted diode in matrix. 

2. More than one X Current 
Switch closed at a time. 

3. More than one Y Current 
Switch closed at a time. 

4. Timing incorrectly adjusted. 

6. ROM MNEMONICS 

The following list provides a brief description of each signal mnemonic found in the ROM. 
The source of each signal is also provided. 
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MNEMONIC 

AOON through Al5N 
and 

AOOP through A15P, 

BOON through B15N 
and 

BOOP through Bl5P 

CDl 
) 

MEANING 

A Row sense winding 
outputs 

B Row sense winding 
outputs 

Current Drive Pulse. 
Derived from CDfJ from 
Uw Processor. 

LOCATION 

FS40-4Al, FS39-2A1 

I<'S40-4A2, FS39"-2A2 

FS38-6D9 



MNEMONIC MEANING LOCATION 

CLKAf Clock to Row A Read Out FS40-5L7, FS39-3L7 
Amplifiers. 

CLKBJ Clock to Row B Read Out 
Amplifiers. 

FS40-5L5, FS39-3L5 

CRDOO Clear ROM Data Register FS40-4F2, FS39-2F2 
through signals to the RMI. 
CRD15 

DXSOOJ> Decoder X Switch outputs FS38-8Rl 
through to 8 X 16 matrix 
DXSI~O 

DYSOOJ Decoder Y Switch output FS38-DR1 
through to 8 X 16 matrix 

DYSO~l 

ENDRO:MjO Enable lead to Decoder 
Y Switch selection 

FS39-10R9 

FIRDA,0 Decoded Strobe Enable FS38-11P2 
RMTl-Row A 

FlRD~O Decoded Strobe Enable FS38-UP3 
RMTl-Row B 

F2RDAp Decoded Strobe Enable 
RMT2-Row A 

FS38-11P4 

F2RDBJ> Decoded Strobe Enable FS38-11P5 
RMT2-Row B 

IRoo; Instruction H.egister inputs FS~8-8Bl 

through from the Processor. IR0:3 
IROV select a DY Switch. 

select a DX Switch. 
IR4:7 

N15 Negative 15 volt supply FS38-6R9 
voltage 

P5 Positive 5 volt suppl.v 
voltage 

13 
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MNEMONIC 

RAHO~O 
through 
RAHO~O 

RALO~O 
through 
RALO~O 

SRAH04p 
through 
SHAHO~O 

SHAJ,Ot~p 

through 
SRALO~O 

SRDOO 
through 
SRD15 

STRB} 

xsoryi 
through 
xs3;0 

Ysoo; 
through 
'•s 1C"1 
l ' ;~ 

MEANING 

ROM Address High Register 
inputs from the RMI. RAH4 
and 5 select the RMT board 
if 1024 extra ROM words are 
required. RAH6 and 7 help 
select the X and Y Switch 
respectively. 

LOCATION 

FS38-1L2 

ROM Address Low Register FS38-1A2 
inputs from the RMI. RAL0:3 
with RAH6 determine the X 
Switch. RAL4 :6 with RAH7 
determine the Y Switch. RAL7 
selects Row A or Row B 

Set RAH signals to the RMI 

Set RAL signals to the 
RMI 

Set ROM Data Register 
signals to the RMI 

Strobe signal. Derived 
from ROMSTJ)O from the 
Processor. 

Decoded X Switch outputs 
to 16 X 32 matrix. 

Decoded Y Switch outputs 
to 16 X 32 matrix. 

FS40-3Bl 

FS40-3Bl 

FS40-4F2, FS39-2F2 

FS40-5K2, FS39-3K2 

FS38-2C9 

FS38-6Pl 
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THE INPUT/OUTPUT SYSTEM 

1. INTRODUCTION 

Several methods of communication between 
the Processor and peripheral devices or 
systems are provided. The methods vary 
in speed, sophisitcation, and the amount of 
attentfon from the Processor required. 
Thus, the Input/Output (1/0) System may be 
tailored to communicate efficiently with the 
types of peripheral devices presently used 
with a particular system, and later may be 
simply expanded in the field to meet chan­
ging 1/0 requirements. This Section de­
scribes the basic 1/0 System, the Multiplex­
or Channel, and the most common peripheral 
Device Controller. For a general discussion 
of all I/O capabilities, see the Systems 
Interface Manual, Publication Number 29-003. 

2. MULTIPLEXOR CHANNEL 

Figure 1 is a block diagram of the Multi­
plexor Channel. The Multiplexor Channel 
is a byte oriented 1/0 system which com­
municates directly with up to 256 peripheral 
devices. The Multiplexor Bus consists of 
27 lines; 8 data input, 8 data output, 8 con­
trol lines, 2 test lines, and an initialize 
line. The two test input lines from the De­
vice Controllers are Synchronization (SYN) 
and Attention (ATN). The final line is 
System Clear (SCLR) to all Device Control­
lers. Each of the groups of lines is briefly 
described in the following paragraphs. 

2.1 Data Available Lines (DAL's) 

There are eight unidirectional DAL lines 
(DALOOO:DAL070). Access from the Pro­
cessor to the interface is accomplished via 

the DAL's for addressing an 1/0 Device 
Controller, for the output of data and for 
commands. 

MEMORY BUS ,,., 
"' ;. ,---..l...l--1 

l PROCESSOR 1 
I 

MULTIPLEXOR 
CHANNEL 

10 

MULTIPLEXOR CHANNEL IUS 

17 10 

DEVICE 
CONT ROLLE 

I 

17 10 

DEVICE 
CONTROLLER 

2 

DEVICE 
CONTROLLER 

258 

rDf:v1C'E, 
I 258 I L- ___ _J 

Figure 1. Multiplexor Channel, 

Block Diagram 

2. 2 Data Request Lines (DRL's) 

There are eight unidirectional DRL lineR 
(DRLOOO:DRL070). Access from the inter­
face to the Processor is accompliRhcd ,·ia 
the DRL's for receiving status bytes, data 
bits, or the address of a device controller 
which has generated an interrupt. 
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2. 3 Control Lines 

There arc eight unidirectional control lines 
originating from the Processor. These 
lines are energized on a one-out-of-eight 
selection to control the use of the DRL' s 
and DAL's. The specific function of each 
Control Line is: 

1. A DR~ - When this line is 
active, it enables the ap-
propriate Device Controller 
to respond to its address, 

' ' 

which should be present on 
the DAL's., 

2. DAp - Activating this line 
enables a previously ad-
dressed Device Controller 
to accept the data which 
should be present on the 
DA L's. 

3. DRp - This line being ac-
tive enables the addressed 
Device Controller to send 
data to the Proce~sor via 
the DRL's. 

4. SRp - Activating SRp en-
ables a previously addres-
sed Device Controller to 
send its status back to the 
Processor via the DRL's. 

5. CMDp - WQen CMJ¥l is ac-
tive, the previously addres-
sed Device Controller is 
enabled to receive a command 
from the Processor. The 
command should be present 
on the DAL's. 

6. ACKjJ - This line is different 
from the other control lines 
because it is not a shared line. 
Its function, when active, is to 
allow an enabled device to send 
its address back to the Proces-
so r via the DRL' s for the pur-
pose of servicing an interrupt 
condition. 
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7. PPF;O - CL07,0. - On Processors 
equipped with the Primary Power 
Fail option (PFF), this line is ac­
tive when the PPF circuit detects 
a loss of AC line power. Device 
controllers which must initiate a 
power-down sequence have 3 ms 
minimum before the logic power 
drops off. 

The remaining control line CL06j> has no 
fixed functional assignment in the present 
system configuration. 

2. 4 System Synchronize (SYNj>), 
Interrupt/ Attention (ATN,P) and 
Syste;m Clear (SCLRJ)) Lines 

These are three shared unidirectional lines. 
The state of the SYNp and AT~O lines is 
tested by the Processor during program or 
interrupt control of the Device Controllers. 
The SCLRf> line provides an Initialize sig­
nal to set up pref erred states in the Device 
Controllers. 

2. 5 Sequence of Operations 

The Multiplexor is a false bus, i.e., logi­
cal ONE is ground and logical ZERO is +5v. 
A typical sequence of operations over the 
Multiplexor Channel is: 

1. The Processor sends the 8-
bit address of a Device Con­
troller on the DAL lines. 
The address appears on, the 
bus to all Device Controllers. 

2. The Processor then activates 
the A DR~O control line to 
specify to all Device Control­
lers that the DAL lines now 
provide an address (rather 
than data). 



3. The Device Controllers 
u SC the A DRf)O bit to en­
able address decoders. 
Each Device Controller 
decodes its own address. 
Assuming that the DAL 
lines present the address 
of one of the Device Con­
trollers tied to the Multi­
plexor Channel, the Device 
Controller decodes its ad­
dress, sets its Address 
flip-flop, and responds by 
sending a SYN signal back 
to the Multiplexor Channel. 

4. The Processor now removes 
the ADRSJ> signal, and then 
the DAL signal. The Device 
Controller remains addressed 
until another Device Control­
ler is addressed, or until a 
System Clear (SCLR) signal 
is received. 

5. The Processor next activates 
the SRJ> control line, and the 
Device Controller sends its 
status on the DRL lines, and 
a SYN signal. 

6. H the status indicates that 
the Device Controller is capa­
ble of data transfer, the 
Processor proceeds. 

7. For an output operation, the 
Processor places the 8 data 
bits on the DAL lines and 
then activates the DAp con­
trol line. The Device Con­
troller responds with a SYN 
signal when it has accepted 
the byte. 

8. In the case of an input opera­
tion, the Processor activates 
the DJY> control line and the 
Device Controller places the 

byte on the DR L lines and 
sends a SYN signal. 

The sequence provided here is simplified. 
The entire sequence for each type of I/O 
instruction is listed in Chapter 2 of the 
Systems Interface Manual, Publication 
Number 29-003. The final line to be intro­
duced here is the Attention (ATN) line. The 
Attention line provides a means of interrup­
ting the Processor. Each controller normal­
ly has an interrupt Queue flip-flop which 
may be set by conditions within either the 
device or the Device Controller. The out-
put from the Queue flip-flop is sent to the 
Multiplexor Channel as ATN. Note that 
A TN may be initiated by any Device Con­
troller, whether it is addressed or not. 
The Processor initiates an acknowli~dge 
cycle to determine which Dcvic(• Controller 
caused the ATN signal. The interrupting 
device automatically returns its device 
number to the Processor. This interrupt 
feature is described in more detail later in 
this description. 

3. BASIC DEVICE CONTROLLER 

Each peripheral device is interfaced with 
the I/O System via a Device Controller. 
Therefore, each peripheral device has a 
unique Device Controller. The. Device 
Controller converts from the GE-PAC 30 
logic levels of 0 and +!5 volts to the logic 
levels used by the p('ripheral device. The 
Device Controller also provides all control 
interface required. This section provides 
general information applicable to most Dc>­
vic e Controllers. Later in this descrip­
tion, the Teletypewriter Device Control­
ler is described. The Display Device 
Controller is described in a separate 
section of this manual. Other Device 
Controllers are described in separate 
maintenance manuals. 
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The Device Controller circuits used to 
communicate with the 1/0 bus system are 
shown in Figure 2. In a typical case, the 
DAL's and Control Lines are buffered by 
standard gates to drive the Address, Com­
mand, Control and ATN/ ACK circuits. The 
signals back to the Processor on the DRL' s 
are gated by power gates whose outputs are 
OR tied within the Device Controller and on 
the bus. The load resistors for the DRL's 
are located in the Processor. Diode-Trans­
istor Logic (DTL) power gates used for bus 
drivers located in the Processor are cap­
able of handling 25 DTL loads in addition to 
a lK pull-up resi.stor. The ATNp, S~O 
and DRL bus lines are driven by power gates 
distributed throughout the Device Controller 
boards. On each line, the gate collectors 
are OR tied and share .a common load resis­
tor (located in the Processor) as shown on 
Figure 2. The basic rules for Device Con­
trollers tying to the I/O buses are: 

1. Only one DTL load is placed 
on each Device Controller in­
put line from an I/O bus (DAL's, 
Control Lines, and SCLRJ> line). 

2. Not more than two DTL power 
gates are ORed at a Device 
Controller output line to an 
1/0 bus (ATN, SYN, and 
DRL's). 

The previous two rules give the Processor 
a basic I/O driv1~ capability of 25 Device 
Controllers. Additional buffering of the 
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bus, within the Processor, is provided by 
expansions as shown on Figure 3. The 
Bus Buff era are connected in a series to 
preserve the daisy-chain pri.ority assign­
ment. 

3.1 Addressing 

One function of a Device Controller is to 
detect its address, and connect to the I/O 
bus when addressed properly. Figure 4 
shows a typical Device Controller address 
circuit. The dotted lines around groups of 
logic on Figure 4 delineate daughter-boards. 
When a Device Controller is addressed, the 
8-bit address code is placed on the Data 
Available Lines (DALoop through DALO~O). 
Two Model 35-040 daughter-boards buffer 
the li.nes and provide the true and false 
DAL lines. The Model 35-038 daughter­
boards are wired with the address code of. 
this particular Device Controller, and the 
8 coded outputs are applied to an 8-input 
gate, Model 35-022. Thus, the Decoded 
Device output (Dq:L) goes true. The ad­
dress control line, ADR~, then strobes 
the Dip. line into the Address flip-flop 
(Model 35-001). 

The Synchronize signal is returned to the 
Processor, during the presence of ADRSJ, 
via the Address Sync line ADS\)O. The 
Model 35-022 gate is used here as an OR 
gate for returning the other device com­
mand Sync lines. The set output of the 
Address flip-flop, called Device Enable 
(DENI)l.), is used to gate all other I/Ocon­
trol lines to the Device Controller. When 
another device is addressed, the decoded 
device line, DqL, is low, causing the 
ADRSjl strobe line to reset the Address 
flip-flop, and disabling the controller. 
Capacitor Cl on the SYNC return generates 
a delay of approximately 200 nanoseconds 
to allow the gate conditions to settle on the 
Jines. 
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:L 2 Data and S'tatus Input 

Figure G shows how a byte of data status 
may be read into the Processor from the 
Device Controller. When the device is. 
addressed, DENBJ is high, enabling the 
Status Request (SR) or Data Request (DR) 
control line. The SR or DR control line, 

. in turn, enables the status or data bytes 
onto the Data Request Lines (DRLO~O 
through DRLO~O). The Model 35-020 
daughter-board provides a convenient 
means of OR tying multiple data sources 
onto the DRL lines. Each of the control 
lines automatically generates a return 
sync signal SRS!JO or DRSYp. The Device 
Controller logic places a high on BS!Jl un­
til the data is ready and settled on the Data 
Request lines (DROl;O through DRO)O). The 
Processor may now be synchronized to the 
device data rate by executing Sense Status 
instructions and branch looping on Busy 
until the Busy bit is low. Then, when the 
Busy bit is low, the program may execute 
a Read Data instruction. Device Synchro­
nization can also be achieved by generating 
an interrupt when the data is ready. 

The End of Medium (EOM) bit is normally 
set high at the termination of the device 
medium, such as End of Card. The Device 
Unavailable (DU) bit typically signifies that 
device power is not turned on. 

The Examine Status (EX) bit is used to 
signify other appropriate device conditions. 
In this case, the user assigns 801 through 
831 to appropriate conditions, such as 
Parity Error, etc. 

3. 3 Data and Command Output 

Figure 6 shows how a byte of data and 
command may be output from the Proces­
sor. The buffered true and false Data 
Available Lines (DALO<µ through DALO~! 
and DALO~O through DALO~O) from Figure 
4, feed to the set and reset inputs of the 
Data Register. When the device is ad-

~-

dressed, DENI~ is high, enabling the 
control line DACJl to At.robe the data con­
dition to the JK flip-flop Data Regi stcr. 
The DAS\)O line also returns the Sync 
signal to the Processor. Either Model 
35-015 or 35-016 daughter-boards may be 
used. The Model 35-015 contains four JK 
flip-flops and the Model 35-016 contains 
two JK flip-flops . 
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The Command lines are shown on Figure 6 
as being used in the toggle mode. For ex­
ample, a high on bit O (DALoq1) sets a 
control relay when CMG/ goes high. A 
high on bit 1 (DALOlf) resets the relay. 
Bits 6 and 7 ar~ ,shown operating an indica­
tor. Other pairs of bits may be used to 
enable/disable interrupts, etc. The flip­
flops may use the Model 35-001 daughter­
board which contains four 2-input inverters. 

3. 4 Interrupt Control 

Figure 7 shows a typical general purpose 
interrupt and interrupt aclmowledg.e logic 
system. When an interrupt is generated, 
the Queue flip-flop is. DC set via a differ­
entiated negative going pulse. The output 
from the Queue flip-flop generates an 
Attention signal (ATN,O) to the Processor. 
The Processor responds with an Acknow­
ledge Control Line which is received by 
the controller as ReceiVC' Aclmowledge 
(RACK). Since the Queue flip-flop was. 
set prior to receiving the RACK, the Gate 
Gl output disables G9, holding the G9 out­
put high. The high output from G9 stops 
TACK,O from sending the aclmowledge to 
the next device. Thus, RACI9 and the G2 
output generate ATS))O via G3. ATSY)O 
sends a SYNC back to the Processor, and 
also forces all inputs (DALO~O through 
DAL07p) to zero. This causes the device 
number, wired in by the address strap 
board, to appear on the inputs of GlO 
through Gl 7. Thus, the ATSYl output from 
G4 enables the device number onto DRLOO,O 
through DRLOJO. 

Capacitor C2 removes a 30 ns pulse which 
appears if the Queue flip-flop is set at the 
same instant that RACKjO is received in re­
sponse to another device interrupt. This 
pulse might otherwise reset the Queue flip­
flop before the interrupt is serviced. The 
output from G4 also raises the acknowledge 
signa1 to the device. On receiving SYNp, 
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the Processor lowers RACK)., causing the 
output from G4 to drop. This, in turn, 
causes the Queue flip-flop to reset. 

NOTE 

If the interrupt has not set the 
Queue flip-flop, the RACKjl. sig­
nal passes through G2 to TACKJ>, 
and on to the next device. 

If RACKjl is high in response to 
another device, the output from 
G2 is low, disabling the interrupt 
from affecting Gl. However, the 
interrupt remains in the Queue 
flip-flop, and is serviced after 
completion of the previous inter­
rupt service. 

The ENABLE line is an interrupt control 
, device which may be set/reset via a Com­

mand Line flip-flop. The Enable flip-flop, 
if reset, disables the device such that it 
cannot interrupt the computer. An ARM 
function can be used to prevent the Queue 
flip-flop from being set. 

3. 5 Multiplexor Channel Timing 

Both the Input and Output Operation on the 
Multiplexor Channel make use of "request­
response" signalling. This allows the sys­
tem to run at its maximum speed whenever 
possible, but permits a'graceful slowdown 
if the length of the bus or the characteris­
tics of a particular device controller re­
quire signals of longer duration. Device 
controller designs should keep Multiplexor 
Channel usage as fast as possible, consis­
tent with practical circuit margins. This 
will give the greatest computer throughput 
when a system is configured with a number 
of peripheral devices. 



ATNP 

SYN_P 

~ 
I 
I 
I 
I 
I 
I 
I 

DALDOf 

1 

G7 

GI 

85 

G4 

810 

117 

GI ENABLE 
+s 

IK Cl 
470p 

( <INTERRUPT 
(SET ATN) 

J 

T QUEUE 
FLIP-FLOP 

0 K 

SCLR,0 

t---e-----e-------... ---------ACKNOWLEDGE 

C2 1470p 
ATS~I 

DEVICE 
NUMBER 

r- --, 
I 
I 
I 

ADRS DECOOER 
ADRS ,,,.__.,"-'..r---~ 

I STRAP 
IOARDSV---9"1"\..--~ 

(2) 

Figure 7. Interrupt Control, Logic Diagram 

11 



Typical operatio~s are shown on Figure 8 
for Input and Output. On the Output Opera­
tion, the Processor places a signal on the 
Data A\"ailable Lines followed by an appro­
priate Control Line signal. This stagger 
(Tl) will vary depending upon which model 
Processor is in use, but it is guaranteed 
to be at least 100 ns. When the device con­
troller has received the output byte, the 
SYN signal is returned to the Processor 
which then terminates the Control Line sig­
nal. Realizing that TS is 100 ns minimum, 
the SYN delay T2 should be only long enough 
to guarantee proper reception of the output 
byte. The Control Line/DAL removal time 
(T3) is important where single-rail to double­
rail operation is used - e. g. the A.DRS flip­
flop on Figure 4. A minimum of 100 ns is 
guaranteed for T3. For SYN generation as 
per Figures 4 and 5, the Control Line sig­
nal is DC coupled through the gates to form 
the SYN signal. The SYN removal time (T4) 
will be the delay through 4 IYI'L. gates. 
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Figure 8. Multiplexor Channel Timing 
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It should be emphasized that the times shown 
on Figure 8 are defined for signals on the 
Multiplexor Channel. Within a given control­
ler, one signal may flow through more gates 
than another signal and these delays must be 
considered. 

For the Input Operation, the Processor pla­
ces a signal on a Control Line. The Device 
Controller should gate signals to the DRL's 
as soon as possible to keep Tl minimum. 
The .SYN delay (T2) must guarantee that the 
input byte is on the DRL' s considering the 
slowest byte 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 ns. With SYN and the byte 
gate DC coupled to the Control Line, the re­
moval delay (T3) will be the sum of the cor­
responding gate delays. 
4. TELETYPEWRITER 

DEVICE CONTROLLER 

The ASR 33 Teletypewriter is one of the 
most popular peripherals with the GE• 
PAC 30 Digital System. This Section de­
scribes the Teletypewriter (TTY) Device 
Controller which interfaces both the ASR 
33 and the continuous-service ASR 35 Models. 

First, the characteristics of the Teletype 
writer machines must be introduced in or­
der to fully Wlderstand the data handling and 
control features of thii;i Device Controller. 
While a variety of models with different 
groups of peripheral devices are available, 
only the Automatic Send-Receive sets (ASR) 
is described here. The simpler llllits can 
be controlled by the same Device Controller. 

The ASR Teletypewriter contains four peri­
pheral devices; two data sources, a keyboard 
and paper tape reader; and two data receivers, 
a page printer and paper tape punch. The 
degree of operating flexibility depends upon 
the particular model. On the standard duty 
A.SR 33 model, the punch is mechanically 
connected to the printer, so independent, 
simultaneous operation of these devices is 
not possible. The reader and keyboard are 



electrically tied togcth<'r, so the same re­
striction applies. However, the heavy duty 
ASH :35 models offer more freedom of use. 
In the Tape mode, for example, the reader 
and printer are on-line with the Processor, 
while the keyboard and punch are available 
for off-line tape perparation. A complete 
list of features is not provided here since 
the interface requirements do not change. 

The description which follows covers Tele­
typewriter sets with the S•level ASCII code 
at 100 WPM (110 BAUD), but other speeds 
and codes are easily accommodated. The 
line circuits in the ASR 33 consist of a Se­
lector Magnet Driver (SMD) which ampli-
fies the 20 ma serial input signal to drive 

the printer/punch, and a pair of contac:ts 
from the distributor and line break key 
which interrupt current in an external re­
ceiving circuit. The distributor converts 
parallel data from the keyboard/reader in-
to serial line data. Two line options are 
possible. Jn the half-duplex option, the 
line circuits are connected in series so that 
any keyboard/reader data being sent to the 
_computer is a1so p~inted. When loading da­
ta from tape, it is often unnecessary or un­
desirable to operate the printer, and its 
companion functions such as carriage re­
turn, line feed, bell, reader-on, reader-
off, etc. The full-duplex option separates 
the Teletypewriter send and receive cir-
cuits. The processor can now control trans­
mission to the printer so that keyboard/reader 
data may or may not produce a printed copy. 

This mode of operation is used with the 
TTY controller. The data feedback is con­
trolled by the BLK (block) flip-flop in the 
Device Controller, and is described in 
more detail later. 

The serial, Asen code, Teletypewriter 
character sent to the TTY is shown in 
Figure 9. The eight data bits are preceded 
by a logical z ERO Start bit, and followed by 
two logical ONE stop bits. This results in 
a stream of eleven bits per character .. 

Timing for 10 character/second (110 baud, 100 
wpm) operation ~s illustrated. The 20 ma 
current level is determined by the SMD for 
data sent to the Teletypewriter. Distributor/ 
line break contacts interrupt current in the 
Device Controller receivin~ circuit, where 
the receiver input filter and amplifi<~r set 
the current at 20 ma. The l 5v /~O ma cir­
cuit also reduces distributor contamination 
on the 33 ASR. While the bit timing within 
a character is fixed, the number of charac­
ters per second may vary. Data generated 
at the keyboard may come at almost any 
rate, while the tape reader operates at the 
10 character I second maximum of the Tele­
type set. Computer data sent to the Tele­
type can also vary as long as the maximum 
rate is not exceeded. Timing circuits in 
the Device Controller control the data rate on 
output, and the Teletypewriter distributor 
controls the rate on input. 

START llT STOP llTI 

Ir= z :AT: ··:TS C 7 ~, -tfi l Li_ LJ ... -...L ... :-...L... ... ,-.L. .... :-l_ ....... ==-_---==----
LINE CURRENT 

20 MA (LOGIC-I) 

0 MA (LOGIC-0) 

1-1 I-- 9. 09 MS/BIT I 
~IOOMS/CHAR----j 

Figure 9. Serial Character to Teletypewriter (Letter Y - ASCII Code) 



One further piece of information used by the 
Processor is the availability of the Teletype­
writero When the Teletypewriter is turned OFF, 
or is in the LOCAL mode (off-"line), the line cir­
cuit terminals are shorted by the Teletypewriter 
line relay contacts. The SMD and distributor 
loops now appear the same as the idle condition 
between characters, as far as the Processor is 
concerned. Another terminal at the Teletype­
writer can be examined for the presence of 
computer voltage switched by the Teletypewriter 
line relay. This Device Unavailable (DU) cir­
cuit is explained in more detail later. 

The Teletypewriter Device Controller consists 
of one mother-board. This is of the copper 
(non-wire wrap) type with most of the inte­
grated circuits mounted on the mother ... board .. 
The discrete circuits and some integrated cir­
cuits are mounted on daughter-boards. 

N 0 TE 

The Teletypewriter Device Con­
troller, like all Device Control­
lers, can be located in any I/ O 
slot. See the System Interface 
Manual, Publication Number 29-
003, for more information on 
I/ 0 System layoutp 

4. 1 Circuit Descriptions 

The following circuit descriptions reference 
the Teletypewriter Interface Functional Sche­
matic, FS29, in Volwne 2 of this manual,. 

4. 1. 1 Status and Commands. 
The dcfinitiorni for the Status and Command 
bytes for the TTY Interface are sho'V\rn on 
Table 1. Since the TTY is both an input and 
output device, the Interface must be put in 
the Read Mode or Write Mode to properly 
generate the BSY status bit. 
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4. 1. 2 Initialization. The Initialize· 
siI-,rnal (SCLHO, FS29-l) is equivalent to giv­
ing the DISABLE. BLOCK. HEAD, and PWH­
OFF commands. The device enable (AD, 
FS29-1) and the interrupt queue (ATN, FS29-
3) are also cleared by the SCLR,O signal. 

4. 1. 3 Multiplexor Bus Communica­
tion Circuits. The copper TTY Interface has 
its circuits for address, interrupt, and DRL 
cable drivers configured in almost the same 
manner as the copper portion of the Standard 
I/O Board. See the Systems Interface Man­
ual, Publication Number 29-003. 

Signals from the DAL bus are buffered and 
made available in both true and false form 
to be used by the address decoder, command 
register and data register. As shown on 
FS29-1, a group of 24 wire wrap pins in lo­
cation 30 are used like 8 DPDT switches to 
set up the controller address. For the 
TTY, this is normally 02. A JK flip-flop is 
set or cleared at the end of the ADRS con­
trol signal under control of the decoder 

gates. The ATSYN,O line is normally high, 
so the DAL bus receivers are always active 
except during an interrupt aclmowledge oper­
ation, which is described later. 

The DRL bus drivers on FS29-2 place the 
contents of the 8 DRL xxpA lines on the 
DRL bus. The aclmowledge interrupt ad­
dress, data byte and status byte are OR tied 
on the DRL XX;OA lines. 

As on FS29-3, five Control Line sig-
nals are buffered and all but the ADRS sig­

are gated by the Address flip-flop. In 
addition, the DA and DR signals are also 
gated by the id]e timer condition, TMqp. 

gated control signals and A TSYNj) are 
OHed to generate the SYt')O signal. A capa­
citor delay is provided to guarantee that 
SYNJJ is always later than any signals gated 
to the DRL bus. 



BIT 
NUMBER 

STATUS 
BYTE 

COMMAND 
BYTE 

BRK 

BSY 

EX 

DU 

DISABLE 

ENABLE 

UNBLOCK 

BLOCK 

WRT} 
READ 

PWR ON } 
PWR OFF 

A-146 - I 

TABLE 1 
TELETYPEWRITER STATUS AND COMMAND BYTE DATA 

HEX ADDRESS 02 

0 1 2 3 4 5 

BRK BSY EX 

DISABLE ENABLE UNBLOCK BLOCK WRT READ 

6 7 

DU 

PWR PWR 
ON OFF 

The Break Bit is set when the Break key on the Teletypewriter is depressed, 
or the Teletypewriter is logically disconnected from the Controller. 

The significance of the Busy bit depends upon whether a Read or a Write 
operation is in progress. During Write mode, BSY is normally low, and 
goes high only while data is being received by the device. During Read 
mode, BSY is normally high, and goes low only when data has been r£>­

ceived from the device, but not yet been transferred to the Processor. 
During Read mode, BSY goes high again as soon as the Processor accepts 
the data. 

The Examine bit is set whenever BRK is set. 

The Device Unavailable bit is set whenever the Teletypewriter is in the OFF 
or LOCAL mode, or power is not connected to the Teletypewriter. 

This command disables the Device Interrupt to the Processor from the 
Device Controller. 

This command enables the Device Interrupt to the Processor from the 
Device Controller. 

This command enables the printer to print data entered via either the key­
board or the tape reader. 

This command disables the feature described above. 

The Write and Read commands arc used to define the significan<'C' of thn 
BSY bit. 

The Power On and Power Off commands are significant only with those Tele­
typewriters provided with an optional Power Control Box. The option permits 
switching Teletypewriter power under program control. 

lG 

• 



The int('tTupt Qucu<' flip-flop, ATN, is set 
whcn(•ver the BSY HtatuH condition changes 

from true to false. lf the controIJer has 
been enabled, E Blf will be low and the sig­
nal from the ATN flip-flop will be placed . 
on the ATNP line to the Processor. See 
FS29-3. The interrupt acJmowledge signal 
enters the controller on the Received Ac­
knowledge line (RACKp) and will be passed 
onto the next controller on the Transmit 
Acknowledge line (TACKp), if the ATl'jl lead 
is low. This will be the case if the control­
ler is disabled or is enabled without an in­
terrupt in the Queue flip-flop. A pair of 
cross-coupled gates form a contention cir­
cuit to prevent multilation of the RACK.pl 
TACKp pulse if the ATN flip-flop is set 
while the pulse is passing through the con­
troller. A capacitor filter on the ATSYNJ 
lead removes a short signal spike which 
could occur when the timing in the conten­
tion circuit causes a momentary race 
condition. 

When the HACKp signal arrives and the 
ATNl lead is high, ATSY~O and ATSY1')1 
change to their active states - low and 
high respectively. Referring again to 
FS29-l, the low state on ATSYl')O forces 
the 8 DAL XXJ lines high and the 8 DAL 
XXpA lines low. These signals passing 
through the 8 address straps produce an 
8-bit byte with high levels where the con­
troller address bits are one and low levels 
where bits are zero. This self-generated 
controller address is gated by the ATSYJ19 
signal to the DRL XXfJA lines and then to 
the DRL bus. See FS29-2. ATSYNJ> is also 
used to generate the SYN signal. 

4.1. 4 General Operation - Writ­
ing and Heading. In the earlier description 
of the TTY operation, it was noted that the 
TTY is arranged for the full-duplex option, 
i.e. the sending and receiving circuits are 
separated. The block diagram of the TTY 
controller, FS29-12, shows the independent 
transmit and receive circuits in the TTY 
coupler with a common shift register and 
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timer. The controller is basically half­
duplex in operation providing controlled 
feedback of serial, received data to the TTY 
printer /punch. 

The 11-bit shift register performs the ser­
ial to parallel conversion of data (and the 
inverse) in addition to generating a timer 
stop signal when the proper register patterns 
are detected by the end-of-character gates. 

On output, the Data Available (DA) signal 
loads the register with all ones, loads zeros 
in the START bit flip-flop and wherever the 
data byte has zeros. At the end of the DA 
signal, the timer is started and the register 
is shifted at the data transfer rate, e.g. 110 
bits per second for the Model 33/35 TTY. 
The BSY condition goes true. As data 
leaves one end of the register, zeros are 
shifted into the other. When ten zeros are 
detected, the register is shifted once more; 
the timer is stopped, the BSY condition goes 
false and an interrupt is stored in the A TN 
flip-flop. 

The input operation begins when the ST ART 
bit of a serial TTY character opens the in­
put loop. The register is again loaded with 
all ones and the timer is started. The shift 
pulses are generated at the appropriate data 
rate, but displaced by half a bit time so the 
line is strobed into the register near the 
center of each bit. When the START bit 
reaches bit 7 of the register, the register 
is shifted once more and the timer is 
stopped. The input line is checked for the 
presence of the closed loop, STOP bit. If 
it is there, the BSY condition goes false 
and an interrupt is generated. Should line 
be open, the BSY condition goes false, the 
BRK and EX conditions go true, and an in­
terrupt is generated. The timer will not be 
restarted on the continuing open line condi­
tion. The line break must be removed before 
the timer start circuit will respond to the 
next START bit. The BSY condition will go 
true when the contents of the register are 
transferred to the Processor by a DR signal. 



Serial feedback to the printer of keyboard/ 
rpader data is controlled by the BLOCK 
flip-flop. If the UNBLOCK command has 
been given to the controller, the serial data 
out of the receiver is turned around and put 
on the transmit line to the TTY. The BLOCK 
function does not affect the normal computer 
output operation to the TTY. 

4. 1" 5 D'cLta Register, Timer and 
Control. The data shift register with par­
allel loading gates is shown on FS29-4. It 
has 11 stages designated DRX, DRY, DR00-
07 and DRN. A common set line (SDRp) 
permits loading all ones and a common shift 
or toggle line (TDRJ) shifts the data from 
DRX to DRY etc. The parallel load signal, 
DAGJ, strobes the load gates and clears 
DH00-07 wherever a zero appears in the 
corresponding bit of the data byte. The 
leading edge of DAGl is differentiated 
(FS29-5) to generate the SDR;O signal on an 
output operation. The DRN flip-flop is al­
ways cleared by DAq-0 to load the START 
bit. The trailing edge of DAGlA (FS29-6) 

toggles the Timer Gate flip-flop (TMG) set 
and the Device Transmit flip-flop (DT) clear. 
The DT flip-flop controls the flow of serial 
data into or out of the data register. With 
DT cleared, D1Jl will be low and block the 
data input to DRX (FS29-4) so that the J 

lead is low and the K lead is high. When the 
TDl)l pulses shift the data toward DRN and 
the transmitter circuit, zeros are shifted into 
DRX and propagate through the register. 

Regardless of the data contents of the reg­
ister, there will be at least 2 ones being 
shifted, e.g. the STOP bits that originated 
in DRX and DRY. The end-of-character 
gates for output (FS29-5) put a low signal 
on EOCj) when DRX, DRY, and DR00-07 
all contain zeros and the TDR,.J goes high. 
The leading edge of ECK)! clears TMG to 
stop the timer. The trailing edge produces 
one last shift of the register contents. The 
laHt TDR,J. pulse is quite short - about 500 
ns. The ten preceding pulses are 1/8 of the 

bit time, e.g. 1. 14 ms for 110 bits per i:;ec­

ond operation. Data from the last register 
stage (DRN) is gated by TMCy and D'I)O to the 
transmit line (TRN:)O and TRN~) as shown 
on FS29-G. 

On an input operation (see FS29-5 and FS29-
6), the Timer Gate flip-flop (TMG) is set 
when the normal, closed loop, high state of 
the Device Data lead (DIµ) goes low. The 
Line Ready flip-flop (RDY) has been in the 
set state, and together with TMC}O will have 
previously generated AS1j0 and AS1)1. As 
DDpA goes high, the S1)0 pulse appears and 
sets TMG, sets DT, clears RDY, sets TMD, 
and produces SDRf and SDRp to load the reg­
ister with all ones. The delay capacitor on 
the AS'l)O lead keeps S'l)O in the low state for 
about 500 ns. 

When the START bit has been shifted through 
the register into DR07, the next T niy. pulse 
gated by DH07,0 and 1)'()1 produces a low 
state on ECX)O. In the same manner as on 
output, the leading edge of EO<;l clears 
TMG to stop the timer and limit the width 
of the EOC pulse to about 500 ns. The 
EOCjl pulse tests the state of the input line 
by strobing DI)l. If the line is closed, Dljl 
will be high and the RDY flip-flop will be set. 
Should the line be open, RDY will remain 
cleared. The TMGJ>, RD'~O, and DqDA con­
ditions then generate the line break condition 
- BRKp and BR19-. Even though DDpA is 
still high, AS1)1 remains low since RDY has 
not been set. This prevents the generation 
of S1)0, which would restart the timer again 
and again, bringing all zero characters into 
the register with an interrupt at the end of 

each timer operation. When the line break 
condition is removed, rn:p. and TMC}O S<'t 

RDY. Lead AS1Jl now goes high, awaiting­
only the next START bit to generate S'ljO. 

Data from the receiver line, nqoA, is gated 
by TMGJ and BLKDT)O sigmils to the trans­
mit line (THNSj) and TRN§l) as shown on 
FS29-6o 
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The timer on F829-5 is a start-stop multi­
vihrator consisting of the :~5-0:W network, 
the :15-0~7 dual differentiator, and the 35-
020 gated pulse Inverters. A regulated, 
temperature compensated power supply is 
derived from the P15 voltage line. The' 
low-drift timing components (1 OOK and 
. 022MF) are adjusted so the basic timer 
oscillates at 440 Hz. This is divided by 
four with the counters TMC and TMO to 
produce TOR pulses at 110 Hz. 

In the OFF state, the timer is clamped by 
TMG}A so that TM1)0 is low, TM:J¥> high, 
and TMC and TMO cleared. This guaran­
tees the proper pulse phasing when the 
timer starts. From this initial state, the 
end of the first TOl)l pulse occurs 9. 09 
ms after the TMG flip-flop is set, and pro­
duces the proper Output/Write mode timing. 

In the Input/Hean mode, the S'IJO pulse sets 
TMG anci sets TMD. This phase change in 
TMO means that the end of the first TORjL 
pulse will occur 4. 545 ms after the TMG 
flip-flop is set. The rest of the TOR pulses 
are still 9. 09 ms apart. As noted earlier, 
the first ten TOR pulses will be 1. 14 ms 
wide and the last pulse shortened to about 
500 ns when the EOC condition clears TMG 
and TMGJA returns to the low state. 

4.1. 6 TTY Coupler Circuits. The 
transmit and receive loop circuits are both 
operated at 20 ma from the P15 power source. 
See FS29-7. The send and receive circuits 
in the TTY have no ground reference other 
than that provided by the TTY controller. 

For the receive loop, current originates on 
the line power and protection circuit (35-
083). ThC' path to ground includes the RP 
lead, the ciistributor and line break contacts 
in the TTY, the RN lead and the transistor 
with filter network on the TTY coupler (35-
024). In the idle condition, loop current 
flows to keep the transietor ON and the de­
vice data lead (OI}J) in the low state. When 
either the distributor or the line break con-
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tacts in the TTY cauBc the loop to opcn, the 
transistor turns OFF and ODO goes high. 
The 1 ms filter, which reduces distributor 
and line noise, produces a slowly changing 
waveform at the transistor collector. To 
prevent oscillation as the IC's move slowly 
through the active region, the final waveform 
is squared by positive OC feedback from 
OIJ>A to 0130. 

The transmit loop is formed by the current 
source on the 35-083 board, the TP lead, 
the selector magnet driver (SMO) in the TTY, 
the TN lead, the 100 ohm resistor on the 
35-024 board, and the gate connected to the 
TRNE)O lead. When the gate turns OFF to 
open the transmit line, both TP and TRN¥ 
are clamped to P5 by diodes. 

The transmit and receive circuits have been 
designed with enough margin to allow up to 
150 ohms of line resistance in each loop. 

When the TTY line relay is operated, vol­
tage from TP is returned on the TOU lead. 
The transistor on the 35-024 board turns 
ON and the Device Unavailable (Oljl) lead 
goes to its false (low) state. Since the 
TOU signal will contain a portion of the sig­
nal sent to the TTY, a 10 ms filter at the 
transistor prevents false operation. The 
TOU signal will be removed when the TTY 
is in the OFF or LOCAL mode or if the 
cable to the TTY is open. This turns the 
transistor OFF and OU;l goes to the true 
(high) state. 

Experience has shown that contact stagger 
on the TTY line relay can occasionally con­
nect the internal, LOCAL loop power to the 
TTY coupler circuits in the controller and 
cause damage. Line protection diodes on 
the 35-083 board clamp the lines to ground 
for negative signals and to P5 or P15 for 
large, positive signals. 



4. l. 7 Status and Data Hequest 
Uat.ei-i. The status and data bytes returned 
to the Processor are OH tied into the DH.L 
xxpA lines as described in 4.1. 3 above. 
The gates for 4 bits of status and 8 data 
bits are shown on FS29-9. The BSY and 
DU conditions are gated to the DRLO~OA 
and DRLO~OA lines respectively. The line 
break (BRK) condition is gated to DRLO~OA 
and DRL05pA to generate the BRK and EX 
bits. 

The true contents of the data register are 
strobed by the DRG} signal onto the DRL 
XX,OA lines. 

"L 1. 8 Command and Busy Circuits. 
Three Command flip-flops are loaded by the 
command byte from the Processor as shown 
on FS29-10. Since two hits are used for each 
flip-flop, they may be set or cleared inde­
pendently or simultaneously in any combina­
tion. As described above, the ENABLE 
flip-flop controls the gating of the ATN flip­
flop to the interrupt line, ATNp and the 
BLOCK flip-flop controls the keyboard to 
printer feedback on an input operation. 

The READ flip-flop and the data control sig­
nals, DTP and TMq,:t, generate the BSYft 
signal. This is gated back to the Processor 
as part of the status byte. It is also differ­
entiated to set the A TN flip-flop whenever 
BSljl changes from the high to the low state. 
In the Output/Write mode, REAIµ will be 
low and BS~l will be true whenever TMGJ 

is true, i.e., during the 100 ms period of 
time required to transmit a character to 
the TTY. For the Input/Read mode, BS~l 
will be true when TMCJl is true and go false 
when timing is over. However, BSY_>l will 
again go true when the Processor executes 
a HEAD DATA instruction, which inputs a 
data hyte and ckan; the DT flip-flop. 

4. 1. 9 Power Control Option. For 
systems where unattended operation requires 
on I:v occasional use of the TTY, it is desir­
able to remove power from the TTY when it 
is not needed. This is especially important 

with the Model 3:l whi<'h is not a heavy dut.\ 
machine. The optional, added circuits for 
power control are shown on FS29-8. A 

Power Control flip-flop (PWH), which is set 
and cleared with th<• OC instruction, is con­
nected by a separate cable to a Power Control 
Box at the TTY. The TTY power switch is 
placed in the LINE position. 

In the power off condition, the DlJl lead will 
be true, the transistor in the DU Timer 
(35-126) is OFF, the delayed DU (DDql) 
line will be true and force a true condition 
on BSljl. When C.c AC power is applied to 
the TTY, its sign:il lhc relay operates 
causing the DU} lead to go low. In about 
one second, the input capacitor in the DU 
timer receives enough charge to turn on the 
transistor, put a low signal on DDU} and 
allow the BS)jl line to assume its proper 
condition as set up by the READ flip-flop. 
This time is sufficient to permit the motor 
driver mechanisms in the TTY to r<'ach the 
proper spe>crl before the computer attempts 
an output to the printer. 

4. 2 Maintenance 

Refer to the appropriate vendor mainten­
ance manuals for maintenance information 
on the Teletypewriter sets. The overall 
operation of both the Teletypewriter arid 
the TTY interface may be checked by run­
ning the TTY Test Program as described 
in GE-PAC 30 Publication Number OG-
004Al2 (part of the Programming Manual, 
Publication Number 2 9 -013). 

The only adjustment on the TTY Controller 
is the potentiometer on the 440 HZ gated 
timer. Check the timing as follows: 

1. Initialize the system to put the 
TTY Interface into the Ilf'ad 
mode. 

2. Connect an oscilloscope to Test 
Point E; 2-v/cm 011 Y, lOMS/em 
on X, internal, nc•g-ative sync. 



~~. Gcncratc a contlm10us stream 
of TTY dnta h.v running a tape 
on the reader, or by holding 
down the REPEAT and RUB­
OUT keys on the keyboard. 

4. The waveform should look like 
Figure 1 OA with negative pulses 
at a 100 ms rate and a width of 
3 to 8 ms. This is the grab time. 
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Figure 10. TTY Controller Timing 
Adjustments 
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If tho timer iH too faRt, the grab tlnw will 
be excessively long as in Figure lOH and 
the computer will cause trouble on output 

by exceeding the TTY's receiving rate. In­
put characters will also be improperly re­
ceived. If the timer is too slow, the pulse 
will be very small, or the Controller may 
skip characters (Figure lOC). 

The timer can be adjusted with the TTY 
running as above. Turn the potentiometer 
on the daughter-board at location 45 until 
the grab time (negative pulse) is 6 ms wide 
at 25 degrees centigrade (room temperature). 

An alternate check and adjustment may be 
made without running the TTY. Ground 
Test Point P and connect the oscilloscope 
to D (TDR}). A string of 11 positive pulses 
(Figure lOD) on the scope in 100 ms will oc­
cur when the timing is correct. This method 
is not as accurate as adjusting the grab time 
and should only be used as a first-order 
check or if a TTY machine is not available 
when the timer is adjusted. 

If the timing is very slow and connot be ad­
justed, check for +15V on the TTY Interface. 
If still not proper, replace the 35-027 daugh­
ter-board in location 46, the 35-037 daughter­
board in location 45, and/or the 35-020 daugh­
ter-board in location 44. Refer to FS29-5. 



4. 3 Mnemonics 

The following alphabetical list briefly describes the mnemonics used in the TTY Device 
Controller. The source on FS29 for each signal is also provided. 

MNEMONIC 

AD 

ATN 

ATSYN} 

BLK 

BRK 

BSY 

CL's 

ADRsp 

DAp 

DRp 

SRfJ 

CMDP 

CMG,0 

DA Gp 

DAL's 

DJ:¥ 

DROO - DR07 

DRG;O 

MEANING FS29 LOCATION 

Address flip-flop 

Attention Queue flip-flop 

Return Address Strobe - present when the 
Controller is responding to ACK 

Block flip-flop 

Line Break from TTY detected 

Busy status circuit 

Control Lines from Processor 

Address 

Data Request 

Data Request 

Status Request 

Command 

CMD sign.al gated by AD flip-flop 

DA signal gated by AD and TMG flip-flops 

Data Available Lines - I/O Bus from 
Processor 

Device Data - copy of signal from TTY 

Data Register flip-flops for data bits 

DR signal gated by AD and TMG flip-flops 

1P2 

3N7 

2N7 

10K4 

6R5 

10M7 

3A3 

3H3 
10A7 

3H3 

lAl 

6A7 

4H5 

3H4 
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MNEMONIC 

DRL's 

DRN 

DRX 

DRY 

DT 

DUl 

EBL 

EOC 

LSX 

MSX 

RACI<f 

RDY 

SDRp 

SYN 

TACK,O 

TDR,l 

TMA 

TMB 

MEANING 

Data Request Lines - I/O Bus to 
Processor 

Data Register flip-flop for Start bit 

Data Register flip-flop for Stop bit 

Data Register flip-flop for Stop bit 

Device Transmitting flip-flop 

Device Unavailable 

Enable Attention flip-flop 

End Of Character 

Least Significant hexadecimal digit -
hex value of hits 4-7 

Most Significant hexadecimal digit -
hex value of bits 0-3 

Received ACK signal - into the Controller 

Ready flip-flop - checks for line break 

System Clear - initialize signal on 1/0 
Bus 

Set Data Register to all ONE's 

SR signal gated by AD flip-flop 

Start Timer pulse in READ mode 

System Synchronize 

Transmitted ACK signal from the Controller 

Toggle Data Register - shift pulse 

Timer Oscillator flip-flop - 440 pps output 

Timer Oscillator flip-flop - 440 pps output 

FS29 LOCATION 

2C5 

4P5 

4E8 

4G8 

6K7 

7P4 

3P3 

5G9 

1A4 

1A7 

3A8 

6F4 

1A8 

4R6 

3H4 

6K2 

3A5 

3A9 

4R6 

5H5 

5D5 



MNEMONIC MEANING FS29 LOCATION 

TMC Timer Counter flip-flop - 220 pps 5K4 
output 

TMD Timer Counter flip-flop - 110 pps 5L4 
output 

TMG Timer Gate flip-flop - (active when 6K3 
timer is running) 

23/24 



THE POWER SYSTEM 

1. INTRODUCTION 

The power system in a GE-PAC 30 Digital 
System consists of a power supply, the 
power distribution buses, and cables which 
interconnect the two. The modular power 
supply is rugged and conservatively rated 
to provide long-term reliability. Three 
series regulators provide the +5 logic vol­
tage and ±16 memory voltages. Regulation 
is ±1 %. All outputs are current limited to 
30% of the rated output in the event of shorts 
to ground. Reverse biased high current 
diodes are connected across all outputs to 
prevent circuit damage in case of accidental 
shorts between supply voltages. 

Cabling between the power supply and the 
Processor is shown on Sheets 2 and 3 of 
Drawing 3-109R01B12 and on Drawing 17-
011 B06. The drawings are provided in Vol­
ume 2 of this manual. 

2. POWER SUPPLY DESCRIPTION 

Two power supply models have been provided 
with GE-PAC 30 Digital Systems: a pur­
chased supply, and a supply manufactured 
by GE-PAC 30. The supplies are similar. 
Drawings for both supplies are provided in 
Volume 2 of this manual. The following 
descriptions are based on the vendor supply; 
however, most portions apply equally to the 
GE-PAC 30 supply. 

2. 1 Specifications 

Input 115VAC ±10% or 230 VAC :±:10%1· 
50 - 60 CPS 
500 w 

OU.tputs +5 VDC ±1% 20A 
+16 VDC ±1 % 5A2· 
-16 VDC ±1% 4A2· 

2. 2 +5 Volt Supply 

The +5 Volt Supply consists of the.>i\3, A4, 
and A6 modules (located under the remove­
able protective screen). The +5 volt supply 
is designed to output 20 amperes, which is 
considerably more than the average system 
requires. It's adjustment is over a,l.10% 
range and should be adjusted to +5. 0 volts 
(trim-pot on the A6 module). This supply 
is equipped with over voltage protection in 
the form of a crowbar circuit across its 
output. If the output voltage rises above 7 
volts, the crowbar circuit shunts the output 
to ground, blowing a fuse, and disabling the 
5 volt supply. 

2. 3 16 Volt Supplies 

The ±16 volt supplies are used primarily by 
the core memory, and for this reason are 
temperature programmed. A thermistor 
located on the MEO mother- board controls 
the +16 volt output as follows: 

10° C produces 17. 5 volts 
so° C produces 15 volts 

Linearity of this relationship is held to ±10%.( 
The -16 volt supply tracks the +16 volt out- \ 
put. See the Memory System section of this 
manual for an adjustment procedure. 

================================================================ 
1. Selected by jumpers on TB2 and TB3 which are located under the rear cover. 

See Drawing DOOl-0184 in Volume 2. 

2. The ±16 volt supplies are temperature programmed. See Section 2. 3. 
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CORE MEMORY ALLOCATION FOR 
GENERAL REGISTERS AND PROGRAM STATUS WORDS 

Ilcxaclccimal Memory Address 

General Registers 

00 - 01 
02 - 03 
04 - 05 
()(j - 07 
08 - 09 
OA - OB 
oc - OD 
OE - OF 
10 - 11 
12 - 1~3 

14 - lG 
lG - 17 
18 - 19 
lA - lB 
lC - lD 
lE - lF 

llardware Registers 

20 - 21 
22 - 23 
24 - 25 

26 - 27 
28 - 29 
2A - 2B 
2C - 2D 

Program Status Words 

30 - 33 
34 - 37 

38 - 3B 
3C - 3F 

40 - 43 
44 - 47 

48 - 4B 
4C - 4F 

GO ..... 

Reg·ister Assignment 

RO 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
RS 
R9 
RlO 
Rll 
R12 
R13 
R14 
RHi 

Instruction Register 
Instruction Address Register 

~· 

Current PSW: Status and Condition Code 
Current PSW: Instruction Address Counter 
Display support: First operand 
Display support: Second operand 
Display support: Result 

Old PSW: Illegal Instruction Interrupt 
New PSW: Illegal Instruction Interrupt 

Old PSW: Machine Malfunction Interrupt 
New PSW: Machine Malfunction Interrupt 

Old PSW: External Device Interrupt 
New PSW: External Device Interrupt 

Old PSW: Divide Fault lnh~rrupt 
New PSW: Divide Fault Interrupt 

First user availahl<' memory location. 
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OP.-CODE INSTR. FORMAT ---
0000 DO A 
0001 BRANCH D 
0010 TEST c 
0011 COMMAND c 
0100 LOAD A 
0101 LOAD IMM. B 
0110 OR A 
0111 OR IMM. B 
1000 AND A 
I 001 AND IMM. B 
1010 EX. OR A 
1011 EX. OR IMM. B 
1100 ADD A 
1101 ADD IMM. B 
1110 SUBTRACT A 
II I I SUB. IMM. B 

INSTR. FORMAT OP-CODE 
---

ADD A 1100 
ADO IMM. B 110 I 
ANO A 1000 
ANO IMM. B 1001 
BRA.!CH 0 0001 
COMMAND c 0011 
DO A 0000 
EX. OR A 1010 
EX. OR IMM. B IOI I 
LOAD A 0100 
LOAD IMM. B 010 I 
OR A 0 II 0 
OR IMM. B 0111 
SUBTRACT A 111 0 
SUB. IMW. B 1111 
TEST c 0010 

~ 4' 

-to 

FUNCTION TESTED 

1/0 INTERRUPT 5 
1/0 SYNC. 6 
CONSOLE INTERRUPT 7 
CONSOLE SINGLE MODE B 
UTILITY FLIP-FLOP 9 
MEMORY PARITY FAIL 10 

PRIMARY POWER FAIL 11 

COMMANDS BITS SET 

READ MEMORY 7 
WRITE MEMORY 6, 7 
WRITE MEMORY, PROTECTED 5,6,7 
SET BANK It B 
RESET BANK It 9 
TRIGGER BANK It B,9 
SET UTILITY It 10 
RESET UTILITY lf 11 
TRIGGER UTILITY lf 10,11 
RESET MEMORY PARITY FAIL • 12 

SET WAIT ALARM • 13 
RESET WAIT ALl\RM • 14 
POWER DOWN 15 

lf: FLIP-FLOPS 

DESTINATION/SOURCE 

CODE REGISTER 

0000 RO 
0001 RI 

0010 R2 
0011 R3 

0100 R4 

0101 RS 
0110 R6 

0111 R7 

1000 AR 
1001 MOH 
1010 MDL 
1011 MAH 

II 00 MAL 

II 0 I RAH/SOR 
1110 RAL/SCR 
II I I DFR 

THE FOLLOWING REGISTERS 
CANNOT BE GATED TO THE "B" BUS: 
AR, MAH,MAL,RAH,RAL,SCR 

IN ORDER FOR SOR OR SCR TO BE 
ADDRESSED, THE BANK FLIP-FL.OP 
MUST BE SET. 

IN ORDER FOR RAH OR RAL TO BE 
ADDRESSED, THE BANK FLIP-FLOP 
MUST BE RESET. 

EXTENDED OP.-CDDE 

FOR A,S,X,N,O 
I XXX DISABLE AR TO ALU 
X IXX SET FLAGS 

XXIX CARRY INTO ALU 
XXXI CARRY OUT OF ALU 

FOR "L" ONLY: 

OOXX LOAD 
0 I XX SHIFT RIGHT 
IOXX SHIFT LEFT 
XXIX SHIFT WITH CARRY INTO ALU 
XXXI SHIFT WITH CARRY OUT OF ALU 
I IXX LOAD ONE'S COMPLEMENT 

X : DON'T CARE STATE 

MICRO-INSTRUCTION SUMMARY 



SUMMARY OF USER INSTRUCTIONS - ALPHABETICAL BY NAME 

INSTRUCTION TYPE MNEMONIC OP CODE 

Acknowledge Interrupt RR Am 9F 
I 

Acknowledge Interrupt RX AI DF 

Add Halfword I RR AHR OA 
Adel Halfword RX AH 4A 
Add Halfword Immediate RS AHI CA 

II'<· ,. 

Add with Carry Halfword RR ACHR ' OE 
Add with Carry Halfword RX ACH 4E 

AND Halfword RR NHR 04 
AND Halfword RX NH 44 
AND Halfword Immediate RS NHI C4 

Branch and Link RR ( 
BALR 01 

Branch and Link RX BAL 41 

Branch on False Condition RR BFCR 03 
Branch on False Condition RX BFC 43 

Branch on True Condition RR BTCR 02 
Branch on True Condition RX BTC 42 

Branch on Index Low or Equal RS BXLE Cl 
Branch on Index High RS BXH co 
Branch Unconditional RR BR 03 
Branch Unconditional RX B 43 

Branch on Overflow RX BO 424 

Branch on Zero RX BZ 433 
Branch on Not Zero RX BNZ 423 

Branch on Equal RX' BE 433 
Branch on Not Equal RX BNE 423 

Branch on Plus RX BP 422 
Branch on Not Plus RX BNP 432 

Branch on Low RX BL 428 
Branch on Not Low RX BNL 438 

Branch on Minus RX BM . 421 
Branch on Not Minus RX BNM 431 
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INSTHUCTION TYPE MNEMONIC OP CODE 
···-·------· 

Hranch on Carry RX BC 428 

Compare Logical Halfword RR CLHR 05 
Compare Logical Halfword H.X CLH 45 
Compare LoJ.!;ical Halfword Immediate RS CLHI C5 

Divide Halfword RR DHR OD 
Divide Halfword RX DH 4D 

Exclusive OR Halfword RR XHR 07 
Exclus~vc OH Halfword RX XH 47 
Exclusive OR Halfword Immediate RS XHI C7 ... 
Load B~e RR LBR 93 
Load Byte RX LB D3 

Load Halfword RR LHR 08 
Load Halfword RX LH 48 
Load Halfword Immediate RS LHI cs 

Load Program Status Word RX LPSW C2 

Multiply I lalfwonl RR MHR oc 
Multiply I lal fwlll'd RX fy1H 4C 

No <>pu l'alion RR NOPR 02 
No Operation RX NOP 42 

OH Halfword RR OHR 06 
OH Half word RX OH 46 
OH Halfword Immediate RS OHI C6 

Read Block RR RBR 97 
Head Block RX RB D7 

fkad Data RR RDR 9B 
Rea<I l>ata RX RD DB 

Output Co1111na11d RR OCR 9E 
Output Comllland RX oc DE 

Shift Left Arithmetic RS SLHA CF 

Shift Left Logical RS SLHL CD 

Shift HiJ.!,ht Arithmetic RS SHHA CE 

Shift Hight Log'ical RS SRHL cc 
Store Byte RR STBR 92 
Store B~e RX STB b2 

Store llalfword RX STH 40 
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INSTRUCTION TYPE MNEMONIC OP CODE 

Subtract Halfword RR SHR OB 
Subtract Halfword RX SH 4B 
Subtract Halfword Immediate RS SHI CB 

Subtract with Carry Halfword RR SCHR OF 
Subtract with Carry Halfword RX SCH 4F 

Sense Status RR SSR 9D 
Sense Status RX SS DD 

Write Block RR WBR 96 
Write Block RX WB .,, D6 

Write Data RR WDR 
i 

9A 
Write Data RX WD DA 
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SUMMAH. Y OF USER INSTRUCTIONS NUMERICAL BY OP CODE 

OP CODE TYPE MNEMONIC INSTRUCTION 

01 RR BALR Branch and Link 
02 RR BTCR Branch on True Condition 
03 RR BFCR Branch on False Condition 
04 RR NHR AND Halfword 
05 RR CLHR Compare Halfword 
06 RR OHR OR Halfword 
07 RR XHR Exclusive OR Halfword 
08 RR LHR Load Halfword t 

OA RR AHR Add Halfword i 

OB RR SHR Subtract Halfword 
oc RR MHR Multiply Halfword 
OD RR DHR Divide Halfword 
OE RR ACHR Add with Carry Halfword 
OF RR SCHR Subtract with Carry Halfword 
40 RX STH Store Halfword 
41 RX BAL Branch and Link 
42 RX BTC Branch on True Condition 
43 RX BFC Branch on False Condition 

'44 RX NH AND Halfword 
45 RX CLH Com pare Logic al Halfword 
46 RX OH OH Halfword 
47 RX XH Exclusive OR Halfword 
48 RX LH Load Halfword 
4A RX AH Add Halfword 
4B RX SH Subtract Halfword 
4C RX MH Multiply Halfword 
4D RX DH Divide Halfword 
4E RX ACH Add with Carry Halfword 
4F RX SCH Subtract with Carry Halfword 
92 RR STER Store Byte 
93 RR LBR Load Byte 
96 RR WBR Write Block 
97 RR RBR Read Block 
9A RR WDR Write Data 
9B RR RDR Read Data 
9D RR SSR Sense Status 
~lE RR OCR Output Command 
9F RR AIR Acknowledge Interrupt 
co RS BXH Branch on Index High 
Cl RS BXLE Branch on Index Low or Equal 
C2 RX LPSW Load Proµ;ram Stat:t1i:> Word 
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OP COOE TYPE MNEMONIC INSTRUCTION 
------····--· 

C4 HS NHI AND Half word Immediate 
CG H8 CLI-U Compare Logical Halfword Immediate 
CG H8 OHi OR Half word Immediate 
C7 HS XHI Exclusive OR Halfword Immediate 
CH H8 LHI Load Halfword Immediate 
CA HS AHi Add Halfword Immediate 
CB H8 SHI Subtract Halfword Immediate 
cc RS SRHL Shift Right Logical 
CD RS SLHL Shift Left Logical 
CE RS SRHA Shift Right Arithmetic 
CF '!' RS SLHA Shift Left Arithmetic 
D2 .. HX STB Store Byte 
D3 HX LB Load Byte 
D6 RX WB Write Block 
D7 HX RB Read Block 
DA RX WD Write Data 
DB HX RD Read Data 
DD HX SS Sense Status 
DE HX oc Output Command 
DF HX AI Acknowledge Interrupt 
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SINGLE 

RUN 

HALT 

MEM. WRITE 

MEM. READ 

ADRS 

OFF 

ED DISPLAY 

INSTR 

PSW 

RO, Rl 

R2, R3 

R4·, R5 

R6, R7 

RB, R9 

RlO, RU 

R12, Rl3 

Rl4, R15 

DISPLAY STATUS BYTE DATA 

HEX ADDRESS 01 

Mode ,,.,_---- _,.,,,..__ _____ __ 
0 1 2 3 

0 1 0 0 

1 0 0 0 

1 1 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

Register Display 
~ 

I 4 5 6 1 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 l 0 0 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 l 0 0 

1 1 0 l 

1 1 1 0 

1 l 1 1 
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M 0 DEL 30-2 
GENERAL REFERENCES 

The followinr; index lists reference material provided in this section. 

Title 

PROGRAMMING REFERENCES 

Core Memory Allocation For General Registers 
And ProgTam Status Words. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 

Micro-Instruction Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 3 

User Instruction Summary Alphabetical By Name. • . . . . . . . . . . . . . . . . . . 5 

User Instruction Summary Numerical By Op-Code. . . . . . . . . . . . . . . . . . . 9 

INPUT/OUTPUT REFERENCES 

Dj splay Status Byte Data ..•.........................•.......•......... 11 

Teletypewriter Status and Command Byte Data ..................... 13 

Hig-h Speed Paper Tn.pc Reader Status and Command 
Byte J)ata .............•.....................•..••..•.....•...•...... 15 

Card Reader Status and Command Byte Data .....•...••.•.•............. 1 7 

Mini-Tape Status and Command Byte Data .............................. 19 

Teletypewriter/ ASCII/Hexadecimal Conversion Table ......... 0 •• •• 21 

ASCII/Card Code Conversion Table ...........•........•.......•........ 23 
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CORE MEMORY ALLOCATION FOR 
GENERAL REGISTERS AND PROGRAM STATUS WORDS 

Hexadecimal Memory Address Register Assignment 

Floating point Registers 

0 0 - 03 ...........•. , .....•.•....•....• RO 
04 - 07 ..............•..•..•.....•.•••. R2 
08 - 0 B .••... , ............•..•••.••... R4 

OC - 0 F ........... " .......•....••.•... R6 

10 - 1:3 ...•......••.......•.•..•..•.••. RS 
14 - 1 7 . . • . . . . • . . . . . . . . . . • . , . . . . . • . • . . . Rl 0 
18 - 1 B .•.................•...... , .... Rl 2 
1 C - 1 F .......•..•.. , ..•..••..•....•.. Rl 4 

20 - 21. ............................... General Support Register 
22 - 23 ................................ Pointer 
24 - 25 ................... , ..•....••... Current PSW: Status and Condition Code 
2c; - 27 ..••.•..•.•...... , ..••.•••••••.. Current PSW: Instruction AddrPss Counter 

Program Status Words 

2 8 - 2 B ....................•.......... Old PSW: Floating-point Divide fault Interrupt 
2C - 2F ............................•.. New PSW: Floating-point Divide fault Interrupt 
:rn - 33 ... , .... , ....... , ............... Old PSW: Illegal Instruction Interrupt 
:M - 3 7 ................... , ............ New PSW: Illegal Instruction Interrupt 
:rn - :3 B ..................... , , ......•. Old PSW: Machine Malfunction Interrupt 
3C - 3F .............................•. New PSW: Machine Malfunction Interrupt 
40 - 43 •........•..•...••.•.••.•••••••• Old PSW: External Device Interrupt 
44 - 4 7 ......•..............•.......... New PSW: External Device Interrupt 
48 - 4 I3 ............................... Old PSW: Fixed-point Divide Fault Interrupt 
4C - 4F ..................... , ....•.... New PSW: Fixed-point Divide Fault Interrupt 
50 ................ , ............. , ...... First user available memory location 
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OP.-CODE 

0000 
0001 
0010 
0011 
0100 

0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
110 I 
1110 
II I I 

INSTR. 

DECODE 
BRANCH 
TEST 
COMMAND 
LOAD 

LOAD IMM. 
OR 
OR IMM. 
AND 
AND IMM. 
EX. OR 
EX. OR IMM. 
ADD 
ADD IMM. 
SUBTRACT 
SUB. IMM. 

FORMAT 

A 
B 
A 
B 

INSTR. FORMAT OP-COOE 

ADD A 1100 
ADD IMM. B 110 I 

AND A 1000 
AND IMM. B 1001 
BRANCH D 0001 

COMMAND c 0011 
DECODE A 0000 

EX. OR A 1010 
EX. OR IMM. B 1011 
LOAD A 0100 
LOAD IMM. B 0101 

OR A 0110 
OR IMM. B 0111 
SUBTRACT A 1110 
sue. 1MM. B I II I 
TEST c 0010 

l..Jj 

~ 

1/0 INTERRUPT 
AUTO RESTART 
CONSOLE INTERRUPT 
CONSOLE SINGLE MODE 
UTILITY FLIP-FLOP 
MEMORY PARITY FAIL 
PRIMARY POWER FAIL 

COMMANDS 

MULTIPLY 
DIVIDE 
REPEAT 
READ MEMORY 
WRITE MEMORY 

8-41 

WRITE MEMORY, PROTECTED 
SET BANK I 
RESET BANK I 
TRIGGER BANK I 
SET UTILITY I 
RESET UTILITY I 
TRIGGER UTILITY I 
RESET MEMORY PARITY FAIL * 
SET WAIT ALARM • 
RESET WAIT ALARM I 
POWER DOWN 

"'" FLIP-FLOPS 

5 
4 

4,5 
7 
6 

6,7 
8 
9 

8,9 
10 
II 

10,11 
IZ 
13 

14 
15 

DESTINATION/SOURC;.. 

CODE REGISTER 

0000 MRO/RAH 
0001 MRi/RAL 
0010 MR2i YS 

0011 MR3 
0100 MR4 
0101 MAR 
0110 LOC 
0111 PSW 

1000 AR 
1001 IR 

1010 MDR 
1011 FLR/IR4 

II 00 CNTR 
II 0 I IO 
1110 YD 

1111 YDPI 

THE FOLLOWING REGISTERS 
CANNOT BE GATED TO THE "e" BUS' 
AR, RAH,RAL,CNTR 

TO ADDRESS MRO, MRI OR MR2, 
THE BANK FLIP-FLOP MUST BE SET. 

TO ADDRESS RAH,RAL OR YS, THE 
BANK FLIP-FLOP MUST BE RESET 

FLR IS A DESTINATION ONLY. 
IR4 IS A SOURCE ONLY. 

EXTENDED OP.-CODE X= DON°T CARE STATE 

FOR A,S,X,N,0' 
IXXX DISABLE AR TO ALU 
XIXX SET FLAGS 
FOR A,S,X,N,O,L (NOT IO}' 
XX IX CARRY INTO ALU 
XXXI CARRY OUT OF ALU 

FOR "L" ONLY' 
OIXX SHIFT RIGHT 
I 0 XX SHIFT LEFT 
11 XX CROSS SHIFT 
FOR "L" IO 
XXOI ADDRESS/ACKNOWLEDGE 
XXIO DATA AVAILABLE/DATA REQUEST 
XXll COMMAND/STATUS REQUEST 

FOR "D" ONLY' 

IXXX MEMORY READ 
XI XX JAM FLR TO CCR 
XXIX CLEAR FLR,CNTR,UT AND BANK 
XXXI CHANGE PHASE 
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SUMMARY OF USER INSTRUCTIONS - ALPHABETICAL BY NAME 

INSTRUCTION TYPE MNEMONIC OP CODE 

Acknowledge Interrupt RR AIR 9F 
Acknowledge Interrupt RX AI DF 

Add Halfword RR AHR OA 
Add Halfword RX AH 4A 
Add Halfword Immediate RS AHi CA 

Add Floating Point RR AER 2A 
Add Floating Point RX AE 6A 

Add with Carry Halfword RR ACHR OE 
Add with Carry Halfword RX ACH 4E 

AND Halfword RR NHR 04 
AND Halfword RX NH 44 

AND Halfword Immediate RS NJ-II C4 

Auto Load RX AL D5 

Branch and Link RR BALR 01 

Branch and Link RX BAL 41 

Branch on False Condition RR BFCR 03 

Branch on False Condition RX BFC 43 

Branch on True Condition RR BTCR 02 

Branch on True Condition RX BTC 42 

Branch on Index Low or Equal RS BXLE Cl 

Branch on Index High RS BXH co 

Branch Unconditional RR BR 030 

Branch Unconditional RX B 430 

Bnmch on Overflow RX BO '124 

Branch on Zero RX BZ 433 

Branch on Not Zero RX BNZ 423 

Branch on Equal RX BE 433 

Branch on Not Equal RX BNE 423 
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INSTRUCTION TYPE MNEMONIC OPCODE 

Branch on Plus RX BP 422 
Branch on Not Plus RX BNP 432 

Branch on Low RX BL 428 
Branch on Not Low RX BNL 438 

Branch on Minus RX BM 421 
Branch on Not Minus RX BNM 431 

Branch on Carry RX BC 428 

C nmparo Floating Point RR CER 29 
Compare Floating Point RX c~ 69 

Compare Logical Halfword RR CLHR 05 
Compare Logical Halfword RX CLH 45 
Compare Logical Halfword Immediate RS CLHI C5 

Divide Floating Point RR DER 2D 
Divide Floating Point RX DE 6D 

Divick llalfword RR DHR OD 
Divide Ilalfworcl RX DH 4D 

Exclusive OR Halfword RR XHR 07 
Exclusive OR Halfword RX XH 47 
Exclusive OR Halfword Immediate RS XHI C7 

Load Byte RR LBR 93 
Loa<l Byte RX LB D3 

Load Floating Point RR LER 28 
Load Floating Point RX LE 68 

Load Halfword RR LHR 08 
Load Halfword RX LH 48 
Load Halfword Immediate RS LHI C8 

Load Multiple RX LM Dl 

Load Program Status Word RX LPSW C2 

· Multiply Floating Point RR MER 2C 
Multiply Floating Point RX ME 6C 
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INSTHlJCTION TYPE MNEMONIC OP CODE 

Multiply Halfword RR MHR oc 
Multiply Halfword RX MH 4C 

No Operation RR NOPR 020 
No Operation RX NOP 420 

OR Halfword RR OHR OG 
OR Halfword RX OH 4G 
OR Halfword Immediate RS OHI C6 

Read Block RR RBR 97 
Read Block R....X RB D7 

Read Data RR RDR 9B 
Read Data RX RD DB 

Output Com mancl RR OCR 9E 
Output Command RX oc DE 

Shift Left Arithmetic RS SLIIA CF 

Shift Left Log-ical RS SLHL CD 

Shift Right Arithmetic RS SRHA CE 

Shift llight Log-ical RS SRHL cc 

Store Byte RR STER 92 
Store Byte RX STB D2 

Store Floating Point RX STE GO 

Store Halfword RX STH 40 

Store Multiple R..X STM DO 

Subtract Halfword RR SHR OB 
Subtract Halfword RX SH 4B 

Subtract Halfword Immediate RS SHI CB 

Subtract Floating Point RR SER 2B 

Subtract Floating Point RX SE 6B 

Subtract with Carry Halfword RR SCHH OF 

Subtract with Carry Halfword RX SCH 4F 
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INSTRUCTION TYPE MNEMONIC OP CODE 

Sense Status RR SSR 9D 
Sense Status RX SS DD 

Write Block RR WBR 96 
Write Block RX WB D6 

Write Data RR WDR 9A 
Write Data RX WD DA 
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SUMMARY OF USER INSTRUCTIONS - NUMERICAL BY OP CODE 

OP CODE TYPE MNEMONIC INSTRUCTION 

01 RR BALR Branch and Link 
02 RR BTCR Branch on True Condition 
03 RR BFCR Branch on False Condition 
04 RR NHR AND Halfword 
05 RR CLHR Compare Halfword 
06 RR OHR OR Halfword 
07 RR XHR Exclusive OR Halfword 
08 RR LHR Load Halfword 
OA RR AHR Add Halfword 
OB RR SHR Subtract Halfword 
oc RR MHR Multiply Halfword 
OD RR DHR Divide Halfword 
OE RR ACHR Add with Carry Halfword 
OF RR SCHR Subtract with Carry Halfword 
28 RR LER Load Floating Point 
29 RR CER Compare Floating Point 
2A RR AER Add Floating Point 
2B RR SER Subtract Floating Point 
2C RR MER Multiply Floating Point 
2D RR DER Div idc Floating Point 
40 RX STH Store Halfword 
41 RX BAL Branch and Link 
42 RX BTC Branch on True Condition 
43 RX BFC Branch on False Condition 
44 RX NH AND Halfword 
45 RX CLH Compare Logical Halfword 
46 RX OH OR Halfword 
47 RX XH Exclusive OR Halfword 
48 RX LH Load Halfword 
4A RX AH Add Halfword 
4B RX SH Subtract Halfword 
4C RX MH Multiply Halfword 
4D RX DH Divide Halfword 
4E RX ACH Add with Carry Halfword 
4F RX SCH Subtract with Carry Halfword 
60 RX STE Store Floating Point 
68 RX LE Load Floating Point 
69 RX CE Compare Floating Point 
6A RX AE Add Floating Point 
6B RX SE Subtract Floating Point 
6C RX ME Multiply Floating Point 
6D RX DE Divide Floating- Point 
92 RR STBR Store Byte 
93 RR LBR Load Byte 
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OP CODE TYPE MNEMONIC INSTRUCTION 

96 RR WBR Write Block 

97 RR RBR Read Block 
9A RR WDR Write Data 
9B RR RDR Read Data 
9D RR SSR Sense Status 
9E RR OCR Output Command 
9F RR AIR Acknowledge Interrupt 
co RS BXH Branch on Index High 
Cl RS BXLE Branch on Index Low or Equal 
C2 RX LPSW Load Program Status Word 
C4 RS NHI AND Halfword Immediate 
C5 RS CLHI Compare Logical Halfword Immediate 
C6 RS OHI OR Halfword Immediate 
C7 RS XHI Exclusive OR Halfword Immediate 
cs RS LHI Load Halfword Immediate 
CA RS AHI Add Halfword Immediate 
CB· RS SHI Subtract Halfword Immediate 
cc RS SRHL Shift Right Logical 
CD RS SLHL Shift Left Logical 
CE RS SRHA Shift Right Arithmetic 
CF RS SLHA Shift Left Arithmetic 
DO RX STM Store Multiple 
Dl H.X LM Load Multiple 
D2 RX STB Store Byte 
D3 RX LB Load Byte 
D5 RX AL Auto load 
D6 RX WB Write Block 
D7 RX RB Read Block 
DA RX WD Write Data 
DB RX RD Read Data 
DD RX SS Sense Status 
DE RX oc Output Command 
DF RX AI Aclmowledge Interrupt 
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DISPLAY STATUS BYTE DATA 

HEX ADDRESS 01 

Mode 

o I 1 I 2 3 
Register Display 

Variable 0 1 0 0 

Floating Variable 0 1 1 0 

RUN 1 0 0 0 

HALT 1 1 0 0 

Floating HALT 1 1 1 

MEM. WRITE 0 0 0 1 

MEM. READ 0 0 1 0 

ADRS 0 0 1 1 

OFF 0 0 0 0 

ED DISPLAY 0 0 0 0 

INSTR 0 0 1 0 

PSW 0 1 0 0 

RO, Rl 1 0 0 0 

R2, R3 1 0 0 1 

R4, R5 1 0 1 0 

R6, R7 1 0 1 1 

RS, R9 1 1 0 0 

RIO, Rll 1 1 0 1 

Rl2, R13 1 1 1 0 

R14, Rl5 1 1 1 1 
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TELETYPEWRITER STATUS AND COMMAND BYTE DATA 
HEX ADDRESS 02 

BIT 
NUMBER 

STATUS 
BYTE 

COMMAND 
BYTE 

BRK 

BSY 

EX 

DU 

DISABLE 

ENABLE 

UNBLOCK 

BLOCK 

WRT} 
READ 

PWRON 

PWR OFF 

0 1 2 3 4 5 (; 7 

BRK BSY EX DU 

\PWR PWR 
DISABLE ENABLE UNBLOCK BLOCK WRT READ ON OFF 

The Break bit is set when the Break key on the teletypewriter is depressed. 

The significance of the Busy bit depends upon whether a Read or a Write 
operation is in progress. During Write mode, BSY is normally low, and 
goes high only while data is being received by the device. During Read 
mode, BSY is normally high, and goes low only when data has been received 
from the device, but not yet been transferred to the Processor. During 
Read mode, BSY goes high again as soon as the Processor accepts the data. 

The Examine bit is set whenever BRK is set. 

The Device Unavailable bit is set whenever the teletypewriter power is 

off, or the teletypewriter is in LOCAL mode. 

This command disables the Device Interrupt. 

This command enables the Device Interrupt. 

This command enables the printer to print data entered via either the key­
board or the tape reader. 

This command disables the feature described above. 

The Write and Read commands are used to define the significance of the 
BSY bit. 

This command applies power to the Teletypewriter. 

This command removes power from the Teletypewriter. 

1/2 



lllCll SPJo:F:D PAPFrl TAPE HEADE!{ STATUS AND COMMAND BYTE DATA 
HEX ADDRESS O:J 

BIT 
NIJMBl':H 

STATUS 
llYTE 

l'< >MMAND 
l~YTI·: 

OVEHFLOW 

N l\ITi\ 

BSY 

[)Ii 

DISABLE 

ENABLE 

ST< >fl 

lnJN 

INCH 

1u:v 

F\\'D 

() 1 2 3 4 7 

. ---·-+--------<>------+-----+----4----4-----1.-----< 

<>VEHFLOW NMTN BSY .EX DU 
.... --- .. ·-·· ---···· ---+--------+-----~f------+-·-·--+----+----+----< 

~~SABLE ___ l ENABLE STOP RUN JNCR SLEW REV F\\'D 

The < >verflow bit is available for use with paper tape readers which operate 
in the Slew rnode. The bit is set if the next character is read before a Data 
Hequest (DR) is received f•>r the present character. 

The No l\:Iotion hit is set any time the tape is not moving 

The Busy bit is set anytime there is a character in the buffer and no Data 
Hequest (DH) has been received from the Processor. 

The Examine bit is set whenever either Overflow or NMTN is set. 

The Device Unavailable bit is set if Reader l'11wer is off, or if the LI >AD/ 
HEADY lever on the reader is inthe LOAD position. 

Thii-; command disables the Device Interrupt. 

This command enables the Device Interrupt. 

The Stop corn mand stops reader tape motion. 

Tlic Hun command starts the reader tape motion. 

Th<' lncl'cmcnt command directs the reader to read in Increment mode. 
Th<' tape is stepped to the next character after f'ach character is input to 
the t>roe(•ssor. 

The SJe\\· command applies only to readers capable of operation in the Slew 
111rnlv. In Slew mode the tape is started and continues to run until a 

particular character or string of characters on tlw tape is sensed. 

TIH• llcvci·sp command applic1 s only to bi-dired1onal tape readers. 

The Forward command directs the reader tn move the tape forward. 
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CARD ~EADER STATUS AND COMMAND BYTE DATA 
HEX ADDRESS 04 

.---·-··----~-----

BIT 
NUMDEH 

() 1 

STATUS 
BYTE 

OVERFLOW 

~---------J-----~-- ---1 

C OM MAND 
BYTE 

DISABLE ENABLE 
.__ _____ _.._ ______ _ 

--'--·· 

2 3 4 5 

NMTN BSY EX 

FEED 

6 7 

EOM DU 

OVERFLOW The Overflow bit is set when a new column is strobed, and data from a pre­
vious column has not yet been transferred to the Processor. This bit is 

reset by the next FEED command. 

HSY The Busy bit is set when the controller is preparing data for transfer, but 
the data is not yet available. 

EX The Examine bit is set whenever either NMTN or OVERFLOW is set. 

NMTN Both the No Motion and the End Of Medium bits are set except for the time 
!.'.:OM between a FEED command and the time the end of the card passes the reader 

photo cells. 

DU The Device Unavailable bit is set if the POWER or the FEED switch is OFF. 

DISABLE This command disables the Dafa Available Interrupt. 

ENABLE This command enables the Data Ava.Hable Interrupt. 

F EEO This command initiates a new card feed cycle. 
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BIT 
NUMBER 

STATUS 
BYTE 

COMMAND 
BYTE 

MINI TAPE STATUS AND COMMAND BYTE DATA 
(Hex Address 0()) 

() 1 2 3 4 5 

ERR BOT EOT NMTN BSY EX 

DISABLE ENABLE STOP RUN INC SLEW 

6 7 

EOM DU 

WRITE READ 

ERR The Error bit is set if: 

BOT 

EOT 

NMTN -

1. A Parity read error is detected by the tape unit while reading. 

2. The characters are not taken from interface before the next character 
arrives during Slew Read Mode. 

3. The characters do not arrive at the interfac(' fast enough during 8lf~w 
Write Mode. 

The BOT bit is set when the ROT TAB is Detected. 

The EOT bit is set when the EOT TAB is Detected. 

The No Motion bit is set when the RUN flip-flop is Reset and tape unit is 
Ready. The bit is reset: 

1. While the tape is in process of rewinding 

2. While the interface is in the RUN Mode 

3. When the tape unit is not Ready 

BSY Busy is set: 

l. Jn Read Mode, when the interface is waiting for a character from the 
tape unit. 

2. In Write Mode, when the tape unit is in the Process of R<'cording a 
character. 
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EX 

EOM 

DIS 

EN 

STOP 

RUN 

INC 

SLEW -

WRITI<~ -
. 

READ -

8 

:L In Stop Mode. if the tape unit was µ;iven a Hew ind Command. 

Busy iH rcs<'t: 

1. In the Head Mode, if the interface is ready to transfer a character 
to the Processor. 

2. In the Write Mode, if the tape unit is ready to accept another 
character. 

The Examine bit is set to indicate that one of the four most significant 
bits of the status byte is set. 

The End of Medium bit is set when the tape unit is in the Read Mode and 
an END OF RECORD gap is detected. It is set while over the BOT tab. 

The Device Unavailable bit is set to indicate that the tape unit power is 
down, or that the tape unit is not set up properly (door open, tape not 
loaded, etc.). 

Disables device interrupts 

Enables device interrupts 

END recording or reading 

STAHT recording or reading 

Puts tape unit in the Incremental Mode 

Puts tape unit in the High Speed Mode 

Puts tape unit in the Write Mode' 

Takes tape unit out of the Write Mode 

The Command lines are subject to coding; if a code is generated, the individual 
line8 assoeiated with the bits are not activated: 

CODE FUNCTION 

2·3·4 Rewind 

2·3·4 Master Reset 

0·1·2 Select Chan A 

(). 1 · 2 Select Chan B 



TELETYPEWRITER/ASCII/HEX CONVERSION TABLE 

HEX (MSD) 8 A B C D E F 

(LSD) Teletype­
writer 
Tape 

8 Depends upon parity 
._ _ __,·------,------,.------,--------'-,~-, 

7 0 () 0 0 1 1 -;:-Tl 

G 0 0 

·1 :3 2 1 

Yl 0 0 0 0 NULL DC 0 SPACE 0 (fr P 
1---1----o-+-o---+-o-+---l--t--SU-M-~-t--x---O-N---+---,--+-l-+--A-+-Q--1~--t-----1 

. ~ 

1 () () () EOA TAPE ., 2 ~--
ON B R ) 

l--------+---+-__.---+---;----r-----r----;---t---r----1----+----~-· 

() 0 1 1 EOM X-OFF # 3 c s 
1----------- ----- .__ _____ +---+----+-------11------+-~---+--+--+----+--+------"-"-4 

4 0 1 0 0 EOT 
TAPE 
OFF 

$ l I> T l 
1------+---1---4--~~I-----+-----+-------- ----+--l---+----+------

0 1 0 1 WRU ERR C' 
J( f> E U 

1------+---+------t·--+---+-----+-----+--------- -----~---1---1---,1-----t 

G 0 1 1 0 RU SYNC & G F V 

7 0 1 1 1 BELL LEM 7 G W 

1 () () () FEo So 8 H X 

() () 1 HT/SK St 9 I Y 
.,____ __ .,____ --4------+-----l------1----+------4-------<1----+----1--+---+-----i 

A 1 0 1 0 LF 

B 1 0 1 1 VT 

c 1 1 0 0 FF 

D 1 1 n 1 CR 

* 
+ 

< 
S;y 

J z 
K [ 

L \ 

M J 

ACK 

ALT. 
MODE 

l---------+---+---~---+--4----+-------1-----4--t--+--l---+-----t 

E 1 l 1 0 SO Sfi . ) N T ESC 

F 1 1 1 1 SI S7 / ? 0 .__ DEL 

( 
' 
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ASCll/CAHD CODE CONVEHSION TABLE 

8-BIT 7-BIT 8-BIT 7-BIT 

ASCII ASCII CARD ASCII ASCII CARD 

GHAPHIC CODE CODE CODE GRAPHIC CODE CODE CODE 

SPACE AO 20 0-8-2 @ co 40 8-4 

Al 21 12-8-7 A Cl 41 12-1 

" A2 22 8-7 B C2 42 12-2 

11 A3 23 8-3 c C3 4.3 12-3 

$ A4 24 11-8-3 D C4 44 12-4 
('/ 
/(1 A5 25 0-8-4 E C5 45 12-5 

& A6 26 12 F C6 46 12-6 

A7 27 8-5 G C7 47 12-~ 

AS 28 12-·8-5 H C8 48 12-~ 
A9 29 11-8-5 I C9 49 12f9 

* AA 2A 11-8-4 J CA 4A ~~l 
+ AB 2B 12:-8-6 K CB 4B 1 Jr2 

AC 2C 0-8-3 L cc 4C 11~3 

AD 2D 11 M CD 4D it-4 

AE 2E 12-8-3 N CE 4E lJ-f> 
I AF 2F 0-1 0 CF 4F ut6 

() BO 30 0 p DO 50 11-7 

1 Bl 31 1 Q Dl 51 11-8 

2 B2 32 2 R D2 52 11-f 

3 B3 33 3 s D3 53 9'."'"2 

4 B4 34 4 T 04 54 ~-3. 
5 B5 35 5 u D5 55 0-4 

6 B6 36 6 v D6 56 0-5 

7 B7 37 7 w D7 57 0-6 

8 BS 38 8 x DB 58 0-7 , 
~) B9 39 9 y D9 59 o--8i 

BA 3A 8-2 z DA 5A 0-!l 

BB 3B 11-8-6 [ DB 5B 12-8-2 

< BC 3C 12-8-4 ' DC 5C 11-8-1 

BD 3D 8-6 J DD 5D 11-8-2 

> BE 3E 0-8-6 t DE 5E 11-8-7 
') BF 3F 0-8-7 +-- DF 5F 0-8-5 
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SYSTEM TEST SET INSTRUCTION MANUAL 

Publication Number 29-012 

1. INTRODUCTION 

The Model 28-001 System Test Set (often re­
ferred to as a MOTS Box) is a maintenance 
test device which permits manual control of 
a GE-PAC 30 Digital System. Indicators 
on the Test Set display the contents of all per­
tinent registers and buses within the system. 
The System Test Set may be used in main­
taining systems with standard Read-Only­
Memories (ROMs), and is required if a 
special maintenance ROM (X-Ray ROM) is 
used. The plug-in X-Ray ROM is substi­
tuted for the normal ROM in the system 
under test. X-Ray ROM details are pro­
vided in separate publications. The System 
Test Set or System Test Set/X-Ray ROM 
combination permits rapid check-out and/ 
or trouble analysis of a GE-PAC 30 Digi­
tal System. The System Test Set is com­
patible with all GE-PAC 30 Digital Systems. 
Unless otherwise noted, all comments in 
this manual apply equally to all Digital Sys­
tem Models. 

2. SET-UP PROCEDUHE 

Use the following procedure to connect the 
System Test Set to the Digital System. 

CA l1 TION 

Hemove pow0r from the Digital 
System and disconnect it from 
its power source before proceeding. 

l. Carefully remove the cable 
assemblies from their stor-

2. Connect the Pl through P3 
cable connectors to the Jl 
through J3 connectors on 
the rear of the Test Set. 
Refer to Figure 1. 

3. Connect the other end of 
the cables to the back panel 
of the Digital System. Re­
fer to Figure 1. 

4. The System Test Set derives 
its power from the Digital 
System. Connect the power 
cable as follows: 

Voltage Wire Color Locationl. llse 

+15 Orange TB4-2 Memory 
Voltage 
Reference 

+ 5 Red TB5-3 Lamp Supply 
GRD Black TB5-6 Lamp {:ound 

5. Clip the final lead (used for the 
memory threshold adjustment) 
to the back panel as follows: 

GE-PAC 30-1 and -2 - 119-0200 

G. Check that all connectors are 
age compartment in the Sys- mated properly and apply power 
tern Test Set. to the system. 

1. The locations provided arc on the ven­
dor power supply. If a 'GE-PAC 30 
power supply is provided with the sys­
tem, use points on the hack panel. The 
supply voltages are marked on the back 
panel. 

1 



TO 
POWER 

SUPPLY 

MODEL 

30·0.1 

. 30-(1,ii 

000-02 

2 

A 8 
RMX-0 RMX-1 

!ROWS 1,2 ROWS~ 
RMX-0 RMX-1 
ROWS~ ROWS~ 
RMr-o RMX-1 
ROWS 1,2 ROWS 1,2 

I I 

I I 

I I 

19-0200 

4 
\ RNl+t!IV 

USED WITH 30-2 

~ONLY 

I I 
1 I 

JcoNNECTOR} 

I I 
c D E F G H 

es1-1 892-1 C02-I 
NA NA NA 

ROWS_!!! ROWS~ ROWS<?.al 
891-1 892-1 co2-1 

NA NA NA ROWSl2 l'IOWS .!.i_2 ROWS o,t 
esa-1 892-1 COi-i co2-1 BSl-1 880-1 

ROWS 1,2 ROWS~ ROWS 0,1 ROWS 1,2 ROWS 1,2 ROWS 1,2 

Figure 1. System Test Set Cabling 



:L CONTHOLS AND TNDICATOHS 

Each of the controls and indicators on the 
System Test Set control panel is described 
in thC' following paragraphs. Refer to Figure 
2. 

:l. l Controls 

MEi\1 VOLT The :'.VfEMory VOLTage 
potentiometer is used to 
vary the bias in the core 
memory. The potentio­
meter is connected only 
when the MEM Switch is 
depressed. 

EXT CLK 

MEM 

MEM VOLT GE-PAC 30 
SYSTEM TEST SET 

The EXTernal CLocK po­
tentiometer is used to vary 
the frequency of a test 
clock which may be suhsti­
tuted for the system clock. 
The potentiometer is con­
nected only when the EXT 
Switch is depressed. 

When depressed, the MEM­
ory Switch enables the MEM 
VOLT potentiometer which 
is used to test the bias mar­
gins in the core memory. 
This switch should normally 
be released - if not, mar­
ginal core memory operation 
may result. 

BANK 0 0 0 :re 

OFF 
NORM 

\?..?.T?O~ 0 0 0 10 0 0 0 10 0 01 

\si.ooo1'.2Looo1ooooj 
--~ --~ 

CLI< 
ON 0000000000000000 

C V Q L 

INS STOP RO 
AORS CLI< INS 

lRAH 4 T"](AAL 0 T I 
(i!~----~---_!_---~----~--~--!_____ __ !__ _____ 8 _ _!_ __ 10 II 12 1a 14 1e I 

DODD DLJ I J DOI I .___~I __.ID 

Figure 2. Control Panel Layout 
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ATN. Th<'SC switches arc usud as 
PPF. :'\'11Sf' 8\Nitchcs for the X-
and SN(a, Hay. (Sec Section 4.) If 

INIT 

EXT 

CLK ON 

an X-Ray HOM is not in 
rhce in the computer' 
t h<'~W switches should alJ 
IH' n'Jc-:iscd. The OFF 

NOHMal lamp lights if any 
a re depressed. 

The INITialize Switch performs 
the same function as the INITIA­
LIZE Switch on the front panel, 
the Initialize relay in the Pro­
cessor is released. This stops 
th<• clock momentarily, and 
c l<'ars the ROM address register 
and other flip-flops in the system. 

When depressed, the EXTernal 
Switch enables the clock frequen­
cy to he controlled by the EXT 
CI ,K potentiometer. If the 
S\\'itch is l'l'lc:ised, the crystal­
<'nnt rnl It'd <'lock in the Proces­
sor is <'n:thl<'d. This switch 
should not be op<'r:1tcd \vhile the 
clock is runninµ;. 

Depressing the CLocK ON 
Switch, followed by depressing 
START. causes the system 
clock to run. The clock may 
he stopped by releasing the 
CLocK ON Switch, or on an ad­
dress match when STOP CLocK 
is d<·prcssed. 

SNGL CLK If the clock is off, depressing 
the SiNGLc CLocK Switch gen­
erates a single clock pulse, to 
execute one micro-instruction 
at a time. 

STi\HT 

.1 

D<'pressing the STAllT Switch 
P<'l'mits the clo('k to start run­
ning if CLK ON is depressed. 
Tlw lirst micro-instruction to 
b<' <'X<'<'utcd is the instruction 
ClllT<'lll h in thr~ HOM data rcg­
istcl'. 

lNH ADRS 

STOP CLK 

RD INS 

Depressing the INHibit 
ADdReSs Switch stops the 
ROM address register 
clock when the Data 
Switches match the ROM 
address. Note that the 
Processor clock is still 
running and ROM rf;adouts 
are still strobed into the 
ROM DAT A register even 
though the ROM address 
register clock is stopped. 
This micro-instruction 
will be executed repeatedly. 

Depressing the STOP C LocK 
Switch enables a continuous 
match between the ROM ad­
dress register and the 12 
least significant bits of the 
Data Switches. The Pro­
cessor clock is stopped 
when a match is detected. 

I 

Operation of the RcaD 
TNStruction momentary 
Switch causes the contents 
of the Data Switches to be 
loaded into the ROM DAT A 
Register. This may be ob­
served on the ROM DAT A 
lamps. The switch is dis-. 
abled when the clock is 
running, i.e. CLK ON 
depressed. 

Data Switches These 16 Data Switches, 
across the bottom of the 
panel, are used to perform 
a dual function: 

1. The data set into these 
switches is inserted in­
to the HOM DATA 
Register when RD INS 
is depressed with the 
clock stopped. 

- or -



2. The right-most 12 bits 
may he used as a co'n­
stant to match against 
the HOM address reg­
ister. 

:l. 2 lnclicators 

The indicators light when the associated 
bit or flir-flop is set. 

HOM DATA 

BANK 

The 1 G HOM DAT A lamps 
indicate the contents of the 
last address read from the 
ROM. 

Indicates the state of 
the Bank flip-flop in 
30-1 or 30-2 Digital 
Systems. 

OFF NOH MAL Indicates that at least one 
of the following switches 
are depressed: MEM, 
SNGL, PPF, or ATN. 

MATCH 

RAH 

HAL 

S BUS 

Indicates a match condition 
between the 12-bit ROM 
AddrNi8 Register and Data 
Switches. 

These lamps monitor the 
1 most significant hits of 
the second rank of the HOM 
Address Hegister. 

These lamps monitor the 
8 least significant bits of 
HOM Address Register. 
Ordinarily, these lamps 
display the address of the 
next instruction to be 
executed. 

Indicates the contents 
of the S Bus. For the 
30-1, only the right­
most 8 bits are appli­
cable. For the 30-2, 
all bits are used. 

DFR/IF For the 30-1, the right­
most 8 bits display the 
contents of DFR. For 
the 30-2, the right­
most 4 bits display the 
contents of the Flag 
Register; C, V, G, 
and L. The next 4 bits 
display the state of 
the Counter Register. 

The remaining 8 bits 
in this row of lamps 
are used for 30-2 
Systems only. Eight 
flip-flops are dis -
played as indicated on 
the display panel. 

AR Indicates the confents 
of the AR. For the 30-.1, 
only the right-most 8 
bits are applicable. 
For the 30-2, all 16 
bits are used. 

4. OPERATING PHOCEDliHES 

The following procPdurcs assume' that an 
X-Ray HOM is used in conjunction with the 
Test Set. 

4. 1 Initial Start-Up 

1. Connect the Systems Te~'t 
Set as outlined in Section 2. 

2. Before power is applied to 
the system, carefully re­
move the ROM mother-board 
and substitute the X-Ray 
ROM. 

3. Slide the Display Controller 
mother-board out of the card 
file far enough to disconnect 
the back panel connectorR. 
It is not necessary to r<'­
move the ca hh-H from thC' 
front of thC' Display Controller. 

4. Release all switches on the 
Test Set except CLK ON. 
Depress CLK ON. 
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G. Tum the Digital S~·stcm 
power on. 

Ii. I ><'pn•ss Uw monH•nt.ary 
STAHT &'witch. This Rtarts 
the X-Ray running. 

4. 2 ROM Program Execution 

The HOM program may be started at any 
address b.v using the following procedure 
to load the starting address of the ROM 
subroutine into the ROM Address Hcgister. 

1. lkleasc the CLK ON Switch to 
stop the system clock. 

2. Depress JNIT to initialize the 
system. 

:L Insert X'GD' (Load HAH) on Data 
Switc·hps O lhrnugh 7. 

I. S<'I Data Switch<·s fol through 1G 

to the desin~d HAH address. 

5. Depress the HD 11\S pushbutton 
and the SNGL CLK pushbutton to 
load the RAH Master Register. 

(i.. Insert X'GE' (Load HAL) on Data 
Switches 0 through 7. 

7. Set Data Switches 8 through 15 to 
the desired RAL address. 

8. Tkpress the RD INS pushbutton 
and the SNGL CLK pushhutton to 
load lhl' HAL Hcgistcr and the 
IV\ H Slave Ilc!!,i ster. The start­
ing address is now displayed on 
the HAH and HAL indicators. 

!l. Depress SNGL C LK. The system 
fptchcs the micro-instruction at 
tlw selected addrC'ss and executes 
that instruction. 

The svstem nwy h<' stepped through each 
micro-instruction 1>.v continuing to depress 
SNC L CLK, or C LK ON may he dcprcsRed 
to l'llll the micro-pn>~~··am at normal speed. 

(i 

4. 3 Address Match 

The System .Test Set permits halting the 
system in either of two modes when the 
micro-program reaches a designated ad­
dress. If an address is selected and STOP 
CLK is depressed, the system executes the 
instruction at the selected addres~, and then 
f~tches the next instruction, but does "P<?f 
execute it. If, instead of STOP CLK, INH 
ADRS is depressed, the ROM Address Reg­
ister is frozen at the selected address and 
the instruction at that address is executed, 
repeatedly. Use the following procedure 
for address matching: 

1. Set the desired match address 
on the Data Switches. 

NOTE 

Do not select an address at 
which the ROM micro-instruc­
tion is a Load RA L or an exe­
c ut.Pd Branch. 

2. Depress STOP CLK or INH 
ADRS depending upon the mode 
of the operation desired. 

3. Resume operation after a match 
by simply releasing INH ADRS, 
or by releasing STOP CLK and 
depressing ST ART. 

4. 4 X-Ray Control 

When running the X-Ray ROM program, it 
is often desirable to have the program con­
tinuously loop through certain tests, or to 
loop through all X-Rays and only stop on 
errors. This is accomplished by using the 
PPF', ATN, and SNGL Switches as sense 
switches which are interrogated by the X­
Ray program after a set of tests. The func­
tion of each switch is: 

1. SNGL When SNGL is released, 
the X-Ray continuously loops 
through the Processor X-Rays and 
the Memory X-Ray. 



When SNGL is depressed, the 
X-Ray ROM loops in the Wait 
loop after each set of tests. 

2. ATN When ATN is depressed, 
the X-Ray loops in one set of tests. 
The operator selects the particular 
set of tests by stepping the system 
through the X-Rays with the EXE­
CUTE pushbutton. Just prior to 
executing the test to be repeated, 
the ATN pushbutton is depressed. 

:J. PPF If the PPF Switch is de-
pressed, the micro-program loops 
in the Wait loop if the X-Ray de­
tects an error. The AR indicators 
also display an error pointer code 
at this time. An error pointer 
code dictionary is provided at the 
end of Appendix 1 to this manual. 

If the program is looping in the Wait loop 
as a result of the PPF and/or-SNGL Switches, 
the program may be continued by depressing 
the EXECUTE pushbutton on the Display 
Panel twice. 

The previous descriptions of the SNGL, 
A TN, and PPF Switch operation are appli­
cable for the Processor X-Rays (START 0 
through STAHT 6), and for the Memory X­
Hay (START 10). The START 7 X:-Ray 
tests the Primary Power Fail circuit and the 
False Sync logic. During START 7, the 
SNGL, ATN, and PPF Switches have a diffcr­
c~nt significance. To begin execution of the 
ST AHT 7 X-Ray, depress PPF and then 
INlT. If the SNGL Switch is depressed, 
the program loops at the end of the test 
(though not in the Wait loop). If the SNGL 
Switch is released, the micro-program 
continuously repeats ST A RT 7. 

4. !) Core Memory Marginal Test 

Use the following procedure to determine the 
core memory threshold margins: 

1. Continuously loop through the 
START 10 X-Ray with the PPF 
Switch depressed to assure that 
no errors are detected. 

2. Connect a voltmeter between 
ground and the VT test point on 
the Digital System hack panel 
(pin 211-1 of MEMO or MEMl). 

3. Set the MEM VOLT potentio­
meter to its mid position and 
depress the MEM Switch. 

4. Vary the MEM VOLT potentio­
meter to obtain readings from 
3 volts to 5 volts. If the Mem­
ory X-Ray fails between these 
limits, the memory requires 
adjustment or repair. Refer 
to the Memory Section of the 
Digital System Maintenance 
Manual. 

4. G System Clock Marginal Test 

If a trouble exists in the system, and it is 
suspected that the problem is related to 
speed, the variable clock on the System Test 
Set may be used as an aid to isolate the 
problem. 

Use the following procedure to employ this 
feature. 

1. Monitor the CDO test point on the 
Digital System back panel with an 
oscilloscope. 

2. Start the X-Hay running through 
all Processor tests, SNGL and 
A TN Switches released, PPF 
Switch depressed. 

3. Release CLK ON, and PPF. 

4. Turn the EXT C LK potentio­
meter fully counter-clockwise. 

5. Operate the EXT, CLK ON, INIT, 
and PPF Switches. 

7 



When STAHT is operated, the X-Hay program 
runs wHh the clock at approximately . 2MHZ. 
If the n'rogrnm runs at this speed, increase 
the clo~·k spcocl in cliscrctc steps until a 
failure occurs. Five or ten seconds should· 
be allowed between each setting to insure 
that the X-Hay completes at least 1 cycle. 

NOTE 

The clod: in the Test Set is variable 
o\rcr a wide range and can be adjust­
ed to be much faster than the com­
puter crystal frequency. The crystal 
frequency should not be exceeded by 
more than 10% when running this test. 
The X-Hays should normally be run 
with the EXT Switch released. 

5. .FUNCTJONA L DESCRIPTION 

The following description refers to the ten 
sheet Syi:;tem Test Set schematic provided 
in Appendix 1 at the rear of this manual, 

Sheet l of the schematic shows the A Sec­
tion of each of the Data/ Address switches 
011 the bottom of the System Test Set panel, 
and the interconnection of the switches to 
the Processor back panel. As shown on 
Figure 1 earlier in this manual, ,Jl and J2 
arc on the rear of the System Test Set, 
Connections Pl and P2 arc on the cable 
asscmhlios, while the diodes shown en­
closed within clotted lines arc mounted on 
tlw corn11-cto1·s which mate with the back 
panel (RMI-0 and HMI-1). Note the momen­
tary (non-latching) !lead Instruction switch 
contacts sho\vn in the lower loft area of 
Sheet 1. When ltD JNS Switch is depressed, 
tlw condition of switches SOO through Sl5 is 
ga1<'<l in lo lhc !lOM Data Hcgistf•r, 

Sheet ~ of tlw schematic shows the HOM 
DATA lamps on the System Test Set Control 
P:mel, and th<' ~ 1;:1tcs which drive them. 
Note that the!'(' is not gating ~nvolved. Thus, 
the HOM DATA l:11nps continuously display 
the contents nf tlH· TU) H(•gister in the Digital 
System. 

8 

Sheet 3 shows the least significant 8 hits of 
the AR display and the S Bus display. Sheet 
·1 shows the most significant 8 bits of these 
displays, which are required only with :30-2 
Digital Systems. 

Sheet 5 shows part of the cable which is used 
with the 30 .. 2. The sheet provides the 
Instruction Register display in such systems. 
Note the output from area R9 of this sheet to 
6R9. This ground inhibits the inputs shown 
on the top right of Sheet 6. 

The left half of Sheet G shows the RAH dis­
play logic. The four outputs to Sheet 8 are 
high when the RAH bit matches the corres­
ponding S4 through S7 switch condition. For 
example, if S4 is depressed and RAH04 is 
set, the MRAH041 signal is high. The right 
half of Sheet 6 shows the DFR display logic 

if the Digital System is a 30-1 (see the 
preceding paragraph if the Digital Sys -
tern is a 30~2). 

Sheet 7 shows the RAL display logic. Note 
that outputs to the address match logic on 
Sheet 8 are similar to those shown on Sheet 
6 and described earlier in this Section. 

The ROM address match logic is shown on 
the left side of Sheet 8. When the HOM ad­
dress matches the configuration set in 
Switches 4 through 15, the output from the 
gate in area C5 goes high. This out-
put ts applied to four gates shown in area 
CB through C9. Going from the top to bot­
tom, the first gate lights the MATCH indi­
cator on the Control Panel. If the INH 
ADHS Switch on the Control Panel is set, 
the next gate sends a signal to the Processor 
to inhibit iner<'nwnting the ROM address. 
If the STOP CLI< Switch on the Control Panel 
is set, the output the next stops 
the System Test Set clock (Sheet 9). The 
last gate provides an output to the ADD 
MATCH jack on the rear of the System Test 
Set. This output is typically used to trigger 
an oscilloscope at a selected ROM address. 



Tl~c loµ;ic shown in the H and J area of Sheet 
8 provides the Digital System clock to the 
CLOCK jack on the rear of the System Test 
Set, and to the Stop Clock gate discussed in 
the preceding paragraph. The PPF, ATN, 
and SNGL b'witches are shown in areas L6 
and M!i. Note that in addition to supplying 
signals to the Processor, these three 
switclH'S and the MEM b'witch are OHed to 
light th(' OFF NOHMAL indicator. The final 
circuit on Sheet 8 lights the BANK indicator 
when the Bank flip-flop in the 30-1 or 
30-2 Processor is set. 

Sheet n of the schematic shows the System 
Test Set clock and control logic. Assume 
first that the normal Processor internal 
clock is being used. In this case, the CLK 
ON Switch,shown in area GG, is depressed 
to remove the ground from IC05-10 (area 
C7). The CLKOFFO signal is then forced 
high via gates ::it 137 and C2 when the START 
Switch at E7 is depressed. The Processor 
clock runs normally until a STPO signal is 
rcceivPd on an J{OM address match, or un­
til the CLK ON Switch is released. 

If the External (System Test Set) clock is 
used, the EXT Switch,shown in area A8, is 
depressed. The normally-open contacts 
close to generate a CLKOFFO signal which 
stops the Processor clock until EXT is re­
leased. The normally-closed contacts re­
lease the flip-flop shown in area C9. When 
CLK ON is depressed, followed by START, 
the flip-flop is set. The high output from 
the flip-flop enables the gate shown in area 
F!l. The other input to the gate is the out­
put from the external clock multivibrator 
circuit which is shown in the lower right 
area of Sheet 9. The output from the gate 

in area F9 generates the EXTC LKO signal 
to the Processor via gates shown in areas 
G2 and H2. The clock continues to run at 
the frequency selected hy the: EXT C LK 
potentiometer shown in area .:\IC, until the 
flip-flop shown in area C9 is reset. The 
flip-flop may be reset one of three ways: 
by SCLHl from the Processor, by STPO 
from Sheet 8, or by the CLK ON Switch 
(shown in area E6) being released. Note 
the SNGL CLK Switch shown in area H7. 
If the CLK ON Switch is released, the flip­
flop shown in areas G8 and HS is set each 
time the SNGL CLK Switch is depressed. 
The flip-flop output produces a clock pulse 
each time SNGL CLK is depressed. 

The Initialize Switch, shown in area HG, 
produces a POWO signal to the .Processor 
each time it is depressed. The MEM VOLT 
potentiometer selects a memory threshold 
voltagewhich is applied to the Processor if 
the MEM Switch is dcprc'sscci and the clip 
lead is installed. 

6. MAINTENANCE 

Maintenance on the System Test Set itself is 
normally restricted to the periodic replace­
ment of indicator lamps. The lamps slip 
straight out from the front. It is normally 
possible to remove the lamp J?:y_hand. The 
replacement lamp, GE-PAC 30 Part Num­
ber 33-011 or Sylvania Part Numhcr 12ESB, 
is simply pushed into place by hand. 

If a trouble is encountered in the System Test 
Set, use the Functional Description provided 
in Section 5 and the schematics provided in 
Appendix 1 to locate the malfunction. 
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APPENDIX 1 

DRAWINGS 

This Appendix provides the schematic drawings necessary to maintain the 
System Test Set. The drawings are designated 28-001R01B08, Sheets 1 
through 10. 

Al-1/ Al-2 
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READER COMMENTS 

The General Electric Company solicits your help in providing complete and accurate technical 

publications covering our Process Computer equipment. Please answer the questions listed 

here by checking the appropriate block. If your answer to any of these questions is "NO", please 

explain in "Comments" section below. Your comments and suggestions become the property of 

General Electric Company. 

PC 228 

YES NO 

• ls this publication adequate for your needs? D D 
• ls the material 

Presented in clear text? D D 
Conveniently organized? D D 
Adequate detail? D D 
Adequately illustrated? D D 
Suitable for the technical level desired? D D 

• What is your computer application? 

• What is your position? (Supervisor, Programmer, 

Technician, etc.) 

• How is this publication used: 

Familiarization of the subject? D 
For training purposes? D 

As reference material? D 
For maintenance of equipment? D 

Other (explain) ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• Please give complete references (page number, line, etc.) with your comments. 

Please indicate if a reply is desired and include your proper mailing address. 

• Your cooperation will be appreciated. 

COMMENTS: 

No postage necessary if mailed in the U. S. A. 
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YOUR ASSISTANCE, PLEASE 

This document has been generated to help us serve you better. Your answers to the questions 
on the reverse side of this form, together with comments and recommendations, will be of great 
value to us in providing the best possible publications for your use. Your answers and comments 
will be carefully reviewed by the person who generated this publication, and may result in a 
revised publication. Your comments and recommendations become the property of General 
Electric Company. 

Communications concerning Technical Publications should be directed to: 

Manager, Technical Publications 
GE Process Computer Department 
2255 West Desert Cove Road 
Phoenix, Arizona 85029 · 
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