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PREFACE 

This manual contains theory information and 
diagrams for IBM System/32. 

Other manuals to be used with this one are: 

• IBM System!32 Operator's Guide, GC21-7591 

• IBM Systeml32Functions Reference Manual, 
GC21-9176 

For maintenance information including checks, 
adjustments, removals, and replacements, see 
IBM Systeml32 Maintenance Library, Introduction 
and Maintenance, SY31-0373. 

In addition, refer to the IBM Systeml32 o;agnostic 
User's Guide for further information on system 
diagnostics. 

Fifth Edition (May 1977) 

"This is a major revision of, and obsoletes, SY31-0346-3. This edition adds theory and 
diagrams for the 285 line-per-minute belt printer, and 120 cps serial printer, and the 
120 cps compatible printer attachments. All other changes are indicated by a vertical 
line at the left of the change. Changes are periodically made to the information herein; 
any such change will be reported in subsequent revisions or technical newsletters. 

A Reade(s CornmehtForm Is. at the back of thispublication. If the form is gone, 
adqi'essy.ourcoim"entsto IBM Corporation, Publications, Depertment245, Rochester, 
'Minne~ota 55901.:: ." . 

. © Copyright International Business Machines Corporation 1975,1976,1977 
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AGC automatic gain control gen generate/generator ROS read only storage B branch MZN move zone to numeric 
ALU arithmetic/logical unit BAl branch and link MZZ move zone to zone 
AM address mark hmr hammer SAR storage address register 
ASCII American National Standard Code for Hz Hertz SBAR storage buffer address register CI compare immediate NCR AND complement 

Information Interchange SC sequence counter 

I/O input/output SCP system control program DEC decrement register by 1 OCR OR complement 
BC byte control ID identification SDLC system data link control 
BFR buffer IMPL initial microprogram load sel select/selector HaN hex branch numeric RDCH/l I/O store to control storage high/low 
BH behind home lOB input/output block SEROES serializer/deserializer HBZ hex branch zone ROM I/O store to main storage 
BI bidirectional sns sense RETRN return 
BP belt position KANA Katakana stg storage 10Cl I/Q control load 
BPC block processor clock KYB keyboard svc supervisor call 10CS I/O control sense SBF set bits off 
BPC belt position counter KYBD keyboard SWG start write gap 10L I/O load SBN set bits on 
BR bit ring sync synchronize lOS I/O sense SCYR subtract with borrow 
BSCA binary synchronous communicat_ions LM left margin S31LSW system interrupt level status word INC incremen~ register by 1 SI subtract immediate 

adapter LSR local storage register SILSB sense interrupt level status byte 
Lth latch tr trigger JC branch on condition SlL shift left logical 

C clock pause LZ landing zone TRA trigger A JCY branch on carry SLLD shift left logical double 
CBI command bus in TRC trigger C JE branch on equal SR subtract registers 
CBO command bus out MAB micro address backup register TRD trigger 0 JFLG branch on flag SRL shift right logical 
Chan channel MAR memory address register TRE trigger E JH branch on high SRLD shift right logical double 
CPS characters per second microaddress register TRF trigger F JIO branch on I/O condition ST store direct to control storage 
CJlU processing unit MCI machine check interrupt JL branch on low STC store to control storage 
CRC cyclic redundancy check MCU Mag Card Unit UNI unidirectional JM branch on mixed STM store to main storage 
CRT cathode ray tube mega million IN branch on negative 
CS control storage MFM modified frequency modulation vert vertical JNE branch not equal TM test mask 
CS cycle steal MOD modifier VFL velocity follow latch JNH branch not high 
CSILSW control storage interrupt level statUs MOR micro operation register VFO variable frequency oscillator JNL branch not low WTCH/L I/O load fromlto control storage 

word mtr motor JNN branch not negative high/low 
cmd command WC worst case JNP branch not positive WTM I/O load from/to main storage 
cnt count op operation WR (N) H or L = work register (N) high JO branch all ones 
ctrl control OSC oscillator or low JP branch on positive XR exclusive OR 

WR work register JSR branch service request ctr counter 
P position pulse WTC World Trade Corp. JNZ branch not zero 

DAR display address register PC parity check JZ branch on zero 

OBI data bus in PCR processor condition register Xfer Transfer 

DBO data bus out PFN print fire number L load direct to control storage 

DCD decode PG parity generate LA1 logical/arithmetic 1 

DCP diagnostic control program Ph polarity hold LA2 logical/arithmetic 2 

DE disk enclosure PLO phase lock oscillator LC load from control storage 

demod demodulator POR power on reset LI load immediate 

diag diagram PP parity predict LM load from main storage 

OLY delay PP print position LSAR load/sense address register 
prt print 

ECC emitter column counter PSS print sub scan 

EOF end of forms ptr printer 

ERAP error recording and analysis procedure 
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Legend 

Ready G(not) Ready Negator inverts logic on 
positive logic diagrams. 

A 

B 

D 

E 

Set 

Reset 

tJ 
B' 

Latch Name 

FL 
On Output 

Off Output 

A and B must be active 
for C to be active. 

D or E active causes 
F to be active. 

FSL Location 

S -!!.N 
Trigger Name 0 0 t t n u pu 

FF 

Gate 
A 

'::::= 
Gate 
Reset A Off Output 
~·N 

FSL Location 

I Parity Check 
on Bus Line 

---~.--. Parity Generator 
(Correct parity is 
generated.) 

Input to 0 
bit only 

~...l!lI.----Ilo 
Input bus to 

allbit~x 

Gate I 

Reg 
Name 

FSL 
Loc 

7 

Register Reset 

There are 8 latches 
in register (0 through 7), 

/ All bits transfer out. 

Only bit 7 

17 / transfers out. 

d 
~ 

Amplifier 

On-Page 
Connector 

On-Page 
Connector 

'" A note is shown 
this way on a 
diagram. 

Joining Lines 

Lines cross over 
but do not join. 

...... 8 ......... 
(0-7) 

8 lines on bus 
bits 0,1,2,3, 
4,5,6 and 7 

Boolean Algebra Symbols 

• In a line name means AND 

+ In a line name means OR 

(xx - - - x) Indicates a line name that does 
not exist as an actual FSL 
name, but used to better explain 
the function of a line or block 

2.5fJ.s 

Arithmetic Logic Unit 
(located in the CPU) 

__ -=c_.M D A shift on C causes -U-a 2.5 fJ.s shift on O. 

f- Exclusive OR. Either A 
C or B must be active for 

C to b~ active, ~ut if bo~h 
L-__ ..... are active or neither active, 

B 
OE 

C will be inactive. 

A 
FL 

~~~ 
Ind;cat:, :",;t;" 0' n.,,,;,, ,h;ft ;, 
required after the gate pulse is present. 

Print 

C __________ ) 

I 
I 
I 

Or 

Decision Block on 
a Flowchart 
(asks a question) 

Processing block on 
a flowchart 

Keying Operation on 
Flowchart 

Terminal on a 
flowchart 

Note on a 
Flowchart 

Refers to another 
Flowchart 
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Legend 

__ C1 
__ C2 

"""'--:'C3*1 
~C4 
_C5 

A*OR 

_cef* 
~C7~_ ..... 

In this example three AND blocks feed an OR 
block. The three AND block functions are sep­
arated by asterisks. 

The asterisk is a delimiter and separates groups 
of inputs 

OR*A 
----J 

This is an example of three OR blocks feeding 
an AND block. The three OR block functions 
are separated by asterisks. 

Z 
SEL 

G1 
G2 
G3 

* 
Z 3r 1 
2 

* 
Z * 

1 3 

2 

The selector block is a gating device. The upper 
section of the block contains the gates (G) and 
the lower section contains the gated data lines. 

In this example gate 1 and gate 2 each control 
a ~set of input data lines. 

Gate 3 controls both output lines. 

Thus for data to pass through this block, it is 
necessary that one of the input gates (G1 or 
G2) be active, and the output gate (G3) must 
also be active. 

This example of the selector also oontains Z 
inputs. A Z input is used when a line is 
common to a number of functions. Thus if 
the input to Z is active and G3 is active, both out­
put lines will be active. 

ODD 

The output of the odd count block is active only 
when an odd number of inputs are active. 

EVEN 

The output of the even count block is active 
when an even number of inputs are active. 

DCD 
4 0 
2 1 

2 
3 
4 

5 

e 
7 

The decode translates a group of related inputs 
into a specific output. The inputs are numbered in 
binary progression; 1, 2,4,8 and So on. The 
number on the output equals the sum of the 
active inputs. For example, when the inputs to 
4 and 1 are active, the 5 output will be active. 

A 
B 
C 
o 
T 

E 

G2 
G1 
1S 
S 
T 

R 

FF 
2 F 

The FF trigger can be set with the S input and 
reset with the R input. A T (toggle) input can also 
be used to complement the current status of the 
trigger. 

In this example there are 2 sets and 1 reset. The 
second set requires that gate 1 along with the input 
to 1$ be active to turn the trigger on. Also in this 
example, gate 2 must be active to get an active 
output. 

A 
(G2) 

F 

(S) OR 
0 

T FF 

E 
(R) 

LEGEND-2 

G1 FL 
hG2 

2S 

R 

In this example of a flip latch, G is a gate used to 
gate other signals. Gate 1 (G1) must be active 
along with the input to gate 2 (G2) for gate 2 to 
become active. 

The latch will turn on if gate 2 is active and the 
input to 25 becomes active. 

When the R line is activated, the register will be 
reset. 



Legend 

Reg 
-(C2-C3)- +1 

-(BO-B7)---
-----fR 

This example of a register illustrates bundled 
lines on both the input and output. The input 
contains 2 lines, C2 and C3, and an output that· 
contains 8 lines, BO through B7. 

The + symbol indicates the register will be 
incremented by 1 when the input line becomes 
active. A minus symbol would indicate decre­
menting. The number following the + or -
symbol indicates the amount of incrementing or 
decrementi ng. 

When the R line is activated, the register will be 

reset. 

Reg 

p> 

>0 X1 

>0 
X2 

X3 

X4 

X5 

1.....-......... 

2-
3-

4-

5-

This is an example of a shift register. The symbol 
> indicates shift down while < would indicate 
shift up. In order to shift down by 1, the input to 
one ofthe> lines must be active and a shift must 
occur on the P> input. 

. The positions in the register are denoted by X1, 
X2, X3, and so on. 
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I ntroduction to IBM System/32 

The IBM ,System/32 is a desk-sized business sys­
tem with the following features: 

Programs are written in system language and 
executed by a machine language microprogram. 
Large storage capacity is provided by disk drive. 
Operating instructions and prompting messages 
are displayed. 
I/O and CPU errors are recorded and can be 
retrieved. 
Diagnostic programs are automatically run 
after the initial microprogram load. 
Whenever possible, conditions that caused 
errors are automatically retried. 

The CPU contains 16K, 24K, or 32K addressable 
positions of main storage and 4K or 8K address­
able positions of control storage. Each position 
of main storage is one byte wide; each position of 
control storage is two bytes wide. FET technology 
is used for both main and control storage. The 
CPU also contains registers, gates, and ALUs that 
are controlled by the microprogram. 

The disk drive is an integrated disk that provides 
3.2, 5.0, 9.1, or 13.7 million bytes of accessible 
storage. In addition, various diagnostic programs 
reside on the disk. 

The CE control panel contains lights and switches 
used in the maintenance of the system. 

The display screen is used for operator prompt­
ing, job output, and other messages. Up to six 
lines of 40 characters-per-line can be displayed 
at one time. 

The keyboard is used to control various system 
functions and as a data input device. 

The IBM System/32 can be ordered with either the 
serial printer or the belt printer. 

The serial printer has 132 print positions and uses 
a 64 character set. It is a 7 X 7 wire matrix printer. 
The serial printer has 132 print positions and uses 
a 64 character set. It is a 7 X 7 wire matrix printer. 
The serial printer is available in three models: 

120 cps (characters per second) bidirectional 
80 cps bidirectional 
40 cps bidirectional 
40 cps unidirectional 

. The two models of the 40 cps printer are identical. 
The attachment circuitry controls whether they 
print only left to right or in both directions. 

The belt printer has 132 print positions and a 
48,64, or 96 character set. The printing speed 
is 50,100,155, or 285 lines per minute with a 
48 character set. 

The operator control panel has switches to turn 
power off and on, start the loading of the diag­
nostic programs and control program, and 
start and stop the execution of system level 
instructions. Keyboard ready, processor check, 
thermal check, and power check lights are also 
included. 

The 33FD diskette drive uses I BM diskettes as input 
and output to the system. Data can be entered 
on the diskettes by key entry devices such as the 
IBM 3740 Data Entry System. In addition, 
certain diagnostic programs reside on the diskettes. 

All the functions performed by the system are 
controlled by a microprogram which must be 
loaded into control storage before. an.y process­
ingcan begin. This loading (initial microprogram 
load) is done from either the disk drive or the 
33FD (CE only). 

The microprogram processes system instructions, 
data in storage, and channel operations. The 
microprogram is composed of microroutines of 
varying sizes, each having a specific task to per­
form. Each microroutine is composed of bit­
significant instructions that, in effect, are 
machine language instructions. 

iiSIaN 

/ 

CE Control Panel 

/ 

/ 
/ 

/ 

E F 0 1 2 E F 0 '2 E F 0 1 2 'e F 0 1 2 PFiOCRtlNl .l:Wl~SCSE:1 

o ~ , 0 ~ , 0 ~ "0 ~' ~ .ALTERSTOR C 4C 4(; 41; 4 _t'A'hEflMAR 

" 5 B 5 B 6 B 5 -09lYSTOR 

A 6 A , 8 A _ 13 A - 6 .~~~~~ 
9 8 7 I 9 fI 7 2 8 8 '3 8 8 7 4 I . . g:.rv~~1 

L....--PISPLAV/DATA-----1 I AopeES$lDATA lsys IN$N $nl" 
MODE SELECTOR 

fORCE 
CHECK fAU~TOP\.Y CLOI';I( IPI, l1o!PL $TORSEl ADDcotJIP 

R~ POV a OISOTE OISOTTE 1) 1i 
STOP PfII'$ OfF DISK 0151( MAIN RUN 

Keyboard Printer 

Operator Control Pa,:,el 

000 0 
KEYBO PROC TH PWR 
ROY CHK CHK CHK 

33FD Diskette Drive 
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CPU Functional Units 

Main Storage 

Main storage contains 16K, 24K, or 32K 
addressable positions; each position is 1 byte 
wide. 

Control Storage 

Control storage contains 4K addressable positions 
(8K positions on machines with the Control 
Storage Increment Feature); each position is 2 
bytes wide. Control storage is loaded from the 
disk drive in a normal operation, or from the 
33FD when running diagnostic programs. The 
loading of control storage occurs during the IMPl 
(initial microprogram load) sequence. When 
loaded, control storage contains the microprogram 
used to control the CPU and I/O devices. 

Storage Address Register (SAR) 

SAR is a 16-bit register used to address both main 
storage and control storage. 

Micro Operation Register (MOR) 

The MO R is a 16-bit register that holds each 
micro instruction as it is fetched from control 
storage. From here, the micro instruction is 
analyzed to control the data flow such as gate 
selection, AlU operation, lSR selection, etc. 

Process Condition Register (peR) 

The PCR is an 8-bit register that contains infor­
mation to be tested by branch instructions. For 
example, from the peR, the result of a previous 
arithmetic instruction can be determined to be 
positive, negative, or zero. The PCR also contains 
results from compare or test mask instructions. 

Storage Data Register (SDR) 

The SDR is a 16-bit register that serves as an 
intermediate buffer for all micro instructions 
and data bytes fetched from storage. Each micro 
instruction, being 2 bytes wide, uses all 16 bit 
positions. Data from main storage, being only 
1 byte wide, uses bit positions 8 through 15. 

X and Y Registers 

These four registers are 8-bit registers that serve 
as the buffer input for the two AlUs. The X· 
high and V-high registers serve as input to AlU 
high while the X-low and Y.low registers serve 
as input to AlU low. The data for these registers 
comes from the local storage registers or the 
immediate data field of some micro instructions. 

Arithmetic logical Unit (AlU) 

There are two AlUs in the system, AlU high and 
low. AlU high processes bits 0-7 when 2-byte 
data fields are involved. ALU low processes bits 
8-15 when either 1-byte or 2-byte data fields 
are involved. The AlUs always present 2 bytes 
of data to the lSR input bus. When 2 bytes 
are involved in the Al.,U operation, both bytes 
(high and low) are placed on the LSR input bus 
and simultaneously written into bits 0-7 and bits 
8-15 of the LSR. When the AlU output is only 
1 byte, the byte is presented to both the high 
and low lSR input bus lines. In these cases, the 
micro instruction selects only 1 byte to be 
written into an lSR. 

System Data Flow Through the Functional Units 

Note: Channel, as used in this system, refers to 
the internal Interface between the processor 
and logic for control of I/O function. The 
channel contains a port through which part 
of th is pontrol passes. 

~ ....... 

By. BUI 0\11 HiIh 

port O~n. Bus in 

I 
~I 

Cf;»qtrol Lin" I 
.. I 

I 
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Local Storage Registen (LSRs) 

The LSR stack contains 64 LSRs; the fi rst 32 are 
used by the base system and the remaining 32 are 
reserved for optional features. Each LSR contains 
16 bits: bits 0-7 are the high LSR and bits 8-15 
are the low LSR. The LSRs are called work reg­
isten (WR) and are used as data buffers and 
addre.ss registers for both main and.control storage. 
In addition, the LSAs are used as operand registers 
for calculations and as I/O control data registers 
that can be loaded from or sent to the I/O 
attachments. . 

The first 32 LSAs are subdivided into four groups. 
The current micro interrupt level determines which 
group is used. The first gr6up (hex address 00-07) 
is used by micro interrupt level 0 (machine check 
interrupt) and also by the rhain program level. The 
second group of LSRs (hex address 08-0F) contains 
the MAR/MAB (microprogram address register/ 
microprogram address backup) Stack. MAR con­
tains the address of the next micro instruction to 
be executed. MAB contains the return address 
when a branch and link instruction is executed. 
The third group (hex address 10-17) is used by 
micro interrupt level 1 (disk drive), and the fourth 
group (hex address 18·1 F) is used by micro 
interrupt level 2 (printer, BSCA, and keyboard). 

Optional features use the remaining 32 LSRs. The 
first group (hex address 20·27) is used by micro 
interrupt level 3 as work registers. The second 
group (hex address 28-2F) contains the MAR/MAB 
for micro interrupt level 3 (hex address 28·29). 

Micro Interrupts 

The CPU handles micro instructions one at a 
time; one micro instruction is followed by the 
next sequential micro instruction. This sequence 
of execution of micro instructions can be changed 
by a branch instruction. This sequence can also 
be changed if the main level of processing or a 
micro interrupt level is interrupted by a higher 
micro interrupt level. 

The system has six levels of micro interrupts, only 

level 0, level 1, level 2, and level 3 are used (levels 

4 and 5 are reserved). Level 0 has the highest 

priority and level 3 the lowest micro interrupt 
priority. The display screen and 33FD cannot 

cause micro interrupts. Interrupts having a higher 

priority take precedence over those having a 

lower priority. For example, a micro interrupt on 

level 0 will interrupt the processing of a level 1, 2, 

or 3 micro interrupt. 

A machine check interrupt occurs whenever the 
system detects a CPU parity check, invalid address, 
or microprogram check. This micro interrupt can 
also be initiated by a port check. These checks are 
described on page CNSL·6. A level 1 interrupt 
occurs whenever the disk drive requires attention. 
Thf,l printer, BSCA, and keyboard operate on 
interrupt level 2. BSCA has highest priority, 
printer second, and the keyboard last. 

Level 0, machine check interrupt, shares a set of 
work re~isters with the main level microroutines. 

Micro interrupt levels 1, 2, and 3 have a unique 
set of registers in the LSR stack. The .set of LSRs 
for each micro interrupt level consists of: 

8 l6-bit work registers. 
MAR (microprogram address register) 
used to store the address of the current 
micro instruction. 
MAB (microprogram address backup) 
used to store the return address when 
a branch and link instruction is 
executed. 

Main 
Level 

Level 

Level 

0 

1 

Level 2 

I 

Le.vel3 

LSR Subdivision and Micro Interrupt Levels 

~
icro ~nterruPt 

(Machine Check) 

Also used by 

Main Program Level 

-

[Micro Interrupt 

1 

(Disk) 

r-
MicrO Interrupt 

2 

I(Keyboard, Printer, 

~d BSCA/SDLC) 

Micro Interrupt 

3 

(Optional Features) 

r 
L 

r-

L 

I 
1-

r 
L 

Register 

Work Registers 

WRO 

WR1 

WR2 

WR3 

WR4 

WR5 

WR6 

WR7 

Hex 
Address 

00 

01 

02 

03 

04 

OS 

06 

07 

Address Registers 

MAR (ML) 08 

MAS (ML) 09 

MAR (0) OA 

MAS (0) OS 

MAR (1) OC 

MAS (1) OD 

MAR (2) OE 

MAS (2) OF 

Work Registers 

WRO 10 

WR1 11 

WR2 12 

WR3 13 

WR4 14 

WRS 1S 

WR6 16 

WR7 17 

Work Registers 

WRO 

WRl 

WR2 

WR3 

WR4 

WRS 

18 

19 

lA 

1S 

1C 

1D 

WR6 1E 

WR7 1F 

Work Registers 

WRO 20 

WR1 21 

WR2 22 

WR3 23 

WR4 24 

WRS 2S 

WR6 26 

WR7 27 

Used by the 
base system 

Used by optional 

features 
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System Checking and Parity Generation 
Parity Checking and Generation in the CPU 

Various errors that occur in the system are re­
corded in the CPU error byte and in the port 
check byte. These errors can be displayed on 
the CE panel and are described on CNSL-6. 

Odd parity (by byte) is maintalhed in the CPU 
data flow. To ensure correct parity, parity 
checking stations ana parity generating stations 
are provided throughout the CPU. 

Parity predict circuits are used as a check on the 
ALU portion of the CPU. By analyzing the oper­
ation being performed and the input data, parity 
predict circuits predict whether the output of 
ALU will require a P-bit,and then generate the 
P-bit if required. The parity of the output of the 
ALU is compared to the output of the parity 
predict circuits to determine whether the ALU 
is working correctly. 

Parity errors may be detected between the port 
and the CPU, or the port and an I/O attachment. 
Normally, the port operates in odd parity, how­
ever, some diagnostic programs use even parity. 

Interrupt 
IOCL IOCS Level StatuI 

Channel PG PC No PC, PG 
in Channel 

Display PC PG 

Keyboard PC PG 

Printer 
(Belt br Seriall PC 

33FD PC PG on Data 
Transfer 
Only,l 

Disk PC PG on Data 
Transfer 
Onlyl 

BSCA PC PG 

PC - Parity Checked 
PG - Parity Generated 

15 r---r-~-t~;-og.-lh 15 

11by.ol D 

Steal In Steel Out 

PC PC from CPU 
PG to DBO 

N/A N/A 

N/A N/A 

N/A N/A 

PG2 N/A 

PG PC 

N/A N/A 

1 Attachment activates CBI 4 line to CPU,which denotes that parity 
is not generated on OBI for transfers to the channel. 

233FD cycle steals on IMPL only. 

Note: . Attachments generate a parity bit on the OBI when responding to a 
jump I/O command Whether or not the condition true response (CBI 4) is met. 

li~"!i 

EJ '5 

o SDA ~ 

15 8 o MOA 

t:J1~.~r=32~L~SA='~~ 
15 

Channel SBI 

ALU 
Clocks. 
Controls 
and 

ments 

Other 
liD 
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Retry and Error Logging 

If errors occur during some operations, the opera­
tion is retried. Operations that cause errors while 
the emulator is analyzing system instructions 
and some operations that cause errors during the 
execution of the system instructions are retried 
at the system level. 

Error logging is used by the system to assist the CE 
in the analysis of intermittent errors. All error 
conditions that can be retried are logged in control 
storage and where possible, are recorded on the disk 
drive. Error conditions that are recorded may be 
retrieved and printed using E RAP program (error 
recording and analysis procedure). 

Essentially, two types of error information are 
recorded for each device and the CPU, error 
history anc! error count. In addition, the num­
ber of I/O operations performed by each device 
is also recorded. 

Each device except the display screen has an 
error history table in which to record a num­
ber of entries. If the table becomes full, the 
most recent entries are retained. 

Error count tables contain the number of times a 
specific error has occurred. When these tables 
reach their maximum value, this value is retained 
until cleared by the CEo 

Details of the error history and error count tables 
are in the Diagnostic Service Guide. 

Initiat System Checkout 

To ensure the system circuitry is functioning 
properly, a series of diagnostic tests are run 
each time LOAD is pressed. These tests fall 
into two groups. The first group checks out the 
CPU, main storage, and control storage. The 
second group, called I/O wrap tests, checks 
out the I/O attachments. However, the I/O 
wrap tests do not cause the I/O devices to 
operate (individual diagnostic programs meW be 
run later to exercise the selected I/O device). 

To assist in isolating a failing area, an event 
register is displayed in the leftmost display byte 
on the CE panel. When LOAD is pressed, all nine 
indicators turn on. As various portions of the 
system checkout are completed, the event indi­
cators are turned off in sequence. Thus, it is 
possible to narrow the area of failure. A more 
detailed description of the event indicators is 
found on IMPL-1. 

After the tests are successfully completed, the 
emulator and SCP (system control program) are 
loaded from the disk drive if the device select 
switch is in the IMPL DISK position. Iftheswitch 
is in the IMPL DISKETTE position and the DIAG 
01 diskette has been inserted in the 33FD, the 
DCP (diagnostic control program) is loaded from 
the 33FD following the successful completion of 
the system checkout. With the DCP loaded, 
additional diagnostic programs can be run to 
exercise I/O devices. 

Disk Drive 

Load and Execute 
CPU Storage and 
I/O Wrap Tests. 

33FD 

Load and Execute 
CPU Storage and 
I/O Wrap Tests. 

INTR·6 



Processing Unit 

The CPU (processing unit) consists of five cards 
on gate 1 A, board A 1 and has the following 
functions: 

Emulates system instructions. 
Assists control of system I/O. 
Handles some of the SCP (system control 
programming). 
Handles system I/O. 

The five CPU cards and the hardware on each 
card are as follows: 

System Control Card 
ALU control lines 
ALU carry in control lines 
Storage gate high/low control lines 
ALU gate high/low control lines 
LSR addressing and control 
MOR (micro operation register) 
Control panel display 
CPU clocks 

Storage Control Card 
SAR (storage address register) 
System reset logic 
Storage clocks 
Invalid address checking 
Display bits S~11 
IMPL sequence control 
Oscillator 

Status 1 Card 
PCR (processor condition register) 
CPU checks register 
Address switches 1 and 2 
Event indicators 
Display bits 0-7, P high 
Address compare high logic 

Status 2 Card 
Address compare low 
Display bits 12-15, Plow 
Control panel functions 
Control panel sense byte 
I/O clocks 

Data Flow Card 
LSRs (local storage registers) 
ALUs (arithmetic and logical units) 
SDR (storage data register) 
Storage gates high and low 
ALU gates high and low 
X and Y registers 
Parity predict 

the five CPU cards and the main and control 
storage cards are located as shown. 

Card Side of Gate 1 A, Board A 1 

Control Storage 
(4 or SK* Words) Low 

Console 

Console 

Test EQ _---il-::-t!-:rll 
Console ~ 

Control Storage 
(4 or SK* Words) High 

* Features 
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CPU Data Flow 

CPU data can be handled either 1 byte at a 
time or 2 bytes at a time. The quantity of data 
(1 byte or 2 bytes) and the exact path ofthat 
data depends on the micro instruction being 
executed. 

System bus in from the channel is 1 byte but 
that byte can be handled as either a high or low 
byte once into the data flow. 

Data can be cross gated from the high byte of the 
LSRs to the low byte of the data path. Main 
storage data can be loaded to either the high or 
low side of the LSRs. ALU operations can be 
either 1 or 2 bytes, or combinations. 

Parity Checking 

Odd parity by byte is maintained in the data flow. 
To ensure correct parity, checking and generating 
stations are used throughout the system. Parity 
checking is done on SAR, SDR, storage gates 
high and low, ALU gates high and low, and MOR. 
In addition, parity is checked on the channel data 
lines. 

Parity generating stations are provided for status 
register, control panel, switch bytes, and other 
internally generated data pertinent to the CPU 
(storage gate high and ALU gates high and low). 

CPU Default Conditions 

If no hardware conditions are specified for the 
CPU by the micro instruction, the system has 
certain built-in selections and functions. These 
selections are called default conditions. The 
default conditions for the functional units in 
the CPU are as follows: 

Unit 

Storage gate high 
Storage gate low 
ALU gate high 
ALU gate low 
ALU function 

Default 

LSR high 
LSR low 
ALU high 
ALU low 
X plus 1 

r-

15 I- 15 

Main 

rr=t> Storage I 
(1 byte) 

B 
Control 

I- 8 Storage 
7 (2 bytes) 

Ft> 
0 0 

I SAR I 
.~ 

Addr Sw 

B~ --'" 
Event Ind 

... 

Sys But Out High ~ 
CK 1 Status 

AddrSwl &2 : 1 Gate 

... 
AddrSw3 &4 ~ 

Status 
,.. 

Status 

I/O Clocks 
.... 2 Gate 

.... 

CPU-2 

Proc_ing Unit 

"I EJ' I 
I F 'DR i~ I Display Low Byte 

r--- 15 I > 
II 

r 

I o r;;-- Stg Sys Bus Out Low Sys Bus Out Low 
~ Gate r-

~eo. 
... 

~B 
_8 

- .... r--- 7 

..== ~ - ===t> Stg Sys Bus Out High - rr==C> Gate t-- r----
High 

i>,--o 
1= 1= -- 1= 

° ~ 7 0 17 7 8 15 8' 
,. 715 

I X·High I I Y·High I I X·Low 1 I Y·Low J 
.---

11 ~ ~ r y Addr 
\J ... Camp ... Addr 

\ / \ / .- Camp --.;> 
ALU ALU .... High Low 

L.....-
0 7 8 15 

- -- -

~ ~~ ''7 ' 7~ .--- Display I I I ALU Gate ALU Gate .... High 
High Low 

Byte ... 
OR > 0 7 8 15 .-

::::t , I 
L.....-

7 8 ~ - 15 
~ 

B1 I 

... 
OR =- 32 LSRs 

~ 
-

° II 7 8 15 

Channel SBI .... 
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CPU Function'al Units 

ALU (PL060, PL070) 

The ALU (arithmetic/logical unit) is divided into 
two parts. The ALU high unit operates on bits 
0-7 when 2-byte data fields are involved; and 
the ALU low unit operates on bits 8-15 when a 
1-byte or 2-byte data field is involved. 

The ALU can perform the following arithmetic 
and logical functions: 

Carry 
Function FO F1 F2 F3 In 

XXRV 0 0 0 0 
XQRV 0 0 1 1 0 
X AND (not) V 0 1 0 1 0 
XANDV 0 1 0 0 
X OR (not) V 0 1 1 1 0 
X minus one 1 0 0 0 0 
X plus V plus 
carry 0 0 C 

X minus V 
(16/8) 0 0 

X plus V 
(16 or 8) 0 0 

X minus V 
(16 or 8) 1 0 0 1 

X plus V (16/8) 1 0 0 
X minus V minus 

one plus carry 1 0 C 
X plus one 

(carry in) 1 

" 

" 

i , 
, 
" I 

1 
1 
1 
1 
1 
I 
I , , 
I 

. I 
'I 
I , 
I ., , 
I 
I , 
I' 
I 
1 
1 
I 
1 
I 
1 , , 
I 

" 

16/a;..-One field 16 bits, second field 8 bits. 
,16 or 8-Bothfields 16 bits or both fields 8 bits. 

Carry In 
C = Carry used (carry trigger from previous 

operation) 
= Force carry to 1 (by hardware, T-times, 

and instruction) 
o = Notused 

Carry In 

MOR Bits 0-7 
DCD 

MOR Bits 8-15 PM050 

T3~T6 

Carry Trigger 
A 

(PKOO5) 

The four function bits are generated in the sys­
tem control card (PM040) as determined from 
the instruction (MOR bits) and the T-times. The 
carry in line (PM050) is brought up either by the 
'carry trigger' which is on from a previous oper­
ation (force carry to one) or when the instruction 
MOR bits are decoded to show carry trigger 
needed (carry used). 

Any data sent to the ALU is first loaded into the 
X-high and V-high registers for the high bytes and 
the X-low and V-low registers for the low bytes. 
The X-registers provide the data for oM operand 
and the Y.,.egisters provide the data for the other 
operand that is used in the current ALU opera­
tion. Depending on the micro instruction and 
its function, either 1 byte or 2 bytes are 
affected by the ALU. 

The ALU can handle arithmetic operations 
involving two 16-bit words, one 16-bit word plus/ 
minus one 8-bit byte, or one 8-bit byte plus/ 
minus one 8-bit byte. The instruction logical/ 
arithmetic 1 is used for 8 by 8-bit arithmetic. 
Logical/arithmetic 2 is generally used for 16 by 
16-bit arithmetic and 16 by 8-bit arithmetic. 
When doing 16 by 8-bit arithmetic, the line 
'reset V high reg' (generated on the data flow 
card) is used to reset the unused 8 bits of the 
V -register. 

Instructions involving increment or decrement 
of the X-register are handled by activating the 
lines 'reset V high reg' and 'reset V low reg' 
and forcing 'carry in' (turn on 'carry trigger'). 
This causes only the X-register to be affected 
by the instruction. 

The output of the ALU always presents 2 
bytes of data to the LSR stack input bus. If 2 
bytes are required by the ALU operation, both 
bytes are directly placed on the input LSRbus 
and simultaneously written into the LSR stack. " 
If only 1 byte was operated on by the ALU, 
the resultant byte is presented to both the 
high and low bus inputs. Only the byte selected 
by the micro instruction is written into the LSR 
stack. 

Carry In 

ALU Gates 

The ALU gates high and low control the final 
destination of the ALU data. The decode of 
'ALU gate high/low sel 0, 1, 2' lines gate data 
through the ALU gates (selectors) and control 
the selection of the source data (PL050). These 
select lines are generated (PM045) by a decode 
of MOR bits and the T-times. 

ALU Gates 

ALU Gate Sel (100) 

ALU Low 

V Reg Low 

. 

ALU P arity Predict 

Parity predict circuits (PK060) predict the parity 
of the result of the ALU operation. This pre­
dicted parity is compared against the actual 
parity of the result. If a discrepancy exists, a 
parity check results. 

Parity Predict Circuits 

ALU Function 0 
ALU Function 1 DCD 

Example: LA1 101111101 
o 3 

AL,U gate sel = 100 (PM045) 
ALU gate low = Zone to zone (from ALU 

bits low or Yreg low) 
ALU gate high = Low to high (from ALU 

gate high) 

CPU-4 

ALU Gate Low 

Func-
tion: 

r--- Zone 
ALU Gate Low 

OR to 
Zone -

ALUGate High 
Func-
tion: 
Low ALU Gate High 

~ 
to 
High 

PL050 

ALU Function 2 _ Parity Predict Hi 

ALU Function 3 
~ 

Parity Predict High 
X Reg High 

V Reg Hiah Parity Predict Carry Out High 
r- -

Parity Predict Low 

X Rea Low - Parity Predict Low 

V Re~Low 

Carry In t-



Local Storage Registers (LSR) 

The LSRs (PL040) are used by the microprocessor 
as: 

Data buffers and address registers for main 
and control storage. 
Operand registers fOI" internal calculations. 
I/O control data registers that can be loaded 
from or stored in I/O attachments. 

The first 32 LSRs are subdivided into four groups 
as shown. The micro instruction address register/ 
micro instruction address backup (MAR/MAB) 
stack is used by main level, machine check, 
interrupt level 1, and interrupt level 2. Each of 
the other three groups can be used only by the 
named level. Work register (WR) 4 of interrupt 
level 1 is also used as a work register (data address 
register) by burst mode (disk drive). 

Optional features use 10 of the remaining 32 lSRs. 
The first group (hex address 20-27) is used by micro 
interrupt level 3 as work registers. The second 
group (hex address 28-2F) contains the MAR/MAB 
for micro interrupt level 3 (hex address 28-29). 

Each LSR is 16 bits wide (plus a parity bit for 
each byte). 

LSR Address;ng 

LSR addressing is controlled by the system control 
card (PM060, PM065). The appropriate address­
ing bits are turned on bya decode of the MOR 
bits and T-times. Writing LSRs (PM070) is con­
trolled by MOR bits, T-times, and (not) 'trigger A'. 

Micro Operation Register (MOR) 

The micro operation register (PM010) holds the 
micro instruction as it is fetched from control 
storage (storage bus bits). The micro instruction 
is used for gate selection, ALU functions, setting 
the microstatus register, and address selection for 
LSRs. 

Micro Operation Register 

Clock MOR 
C Reg 

Reset MOR 
R 

Storage Bus Bits 5 MOR Bits CD 

0 

15 

o 

Main 
Level 

Level 0 

Level I 

Level 2 

'Micro Interrupt 

0 

(Machine Check) 
'"'-
Also used by 

Main Program Level 

r 
L 

r--

L 

I 
'---

r 
L 

'Micro Interrupt 

1 

L-. (Disk) 

I 

~"o '""""" 
~eYb:arc!. Printer, 
and BSCA/SDLC) 

LSR Stack 
Register 

Work Registers 

WRO 

Wi'll 

WR2 

WR3 

WR4 

WR5 

WR6 

WR7 

Hex 
Address 

00 

01 

02 

03 

04 

05 

06 

07 

Address Registers 

MAR (ML! 08 

MAB (ML) 09 

MAR (0) OA 

MAB (0) OB 

MAR (1) OC 

MAB(1) 00 

MAR (2) OE 

MAB (2) OF 

Work Registers 

WRO 10 

WRI 11 

WR2 12 

WR3 13 

WR4 14 

WR5 15 : 

WR6 16 

WR7 17 

Work Registers 

WRO 18 

WRI 19 

WR2 lA 

WR3 lB 

WR4 lC 

WR5 10 

WR6 1E 

WR7 IF 

------ - - - ---------- ---------
Work Registers 

Micro Interrupt WRO 20 

3 WRI 21 

(Optional Features) WR2 22 

WR3 23 

WR4 24 

WR5 25 

WR6 26 

WR7 27 

Address Registers 

Level 3 

dAd 

Storage Data Register (SDR) 

The storage data register (PL020) is used as an 
intermediate buffer for each micro instruction 
and all data bytes fetched from storage. The SO R 
high order bits (0-7) are gated through storage 
gate high to the high order X-register and V-reg­
ister and subsequently to the ALU. The SDR 
low order bits (8-15) are gated to the low order 
X-register and V-register and subsequently to the 
ALU. 

X.Registers 

The X-registers (PL01O) are buffers for base 
factors of the ALU. Data comes from the 
immediate field of some branch instructions 
or from the LSRs. 

V-Registers 

The V-registers (PL01O) act as buffers for 
modifying factors of the ALU. The data comes 
from the immediate field of some branch instruc­
tions or from the LSRs. 

Storage Address Register (SAR) 

The storage address register (PN010) holds all 
storage addresses which are transferred from the 
LSR or built from the LSR, X-high, and SDR 
data. The data transferred in does not change 
during the storage cycle. 

Storage Address Register 

Clock SAR and X Reg Reg 
System Reset C 
~~~~~----~R 

SBO (0-7, P) 

SBO (8-15, P) 

SAR Decoding (PN020) Control Storage 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 

2 I 1 8 4 

1 1 I 
1 I 1 

1---
------------------
~ 

1 I I 512 Position SAR 
Select 10 Lines 

I I I 
I I 0= CSV 1 = 0-1023 

I I 1 = CSV 2 = 1024·2047 

I I 
0 0= CSX 1 = 0-2047 
0 1 = CSX 2 = 2048-4095 

o o o = Card Select 0-8K Control Storage 

SAR Decoding (PN020) Main Storage 

2048 

I 
I 
1 

-------------~--~-------------
I 
I 0 = CSV 1 = 0-1023 

512 Position SAR 
Select 10 Lines 

1 1 = CSV 2 = 1024-2047 

o 
o 
o 

o 

I 
0= CSX 1 = 0-2047 

o 1 '" CSX 2 = 2048-4095 
0= CSX 3 == 4096-6143 
1'" CSX 4 I: 6144-8191 

o = Card Select 0·8K Main Storage 
1 = Card Select 8-16K Main Storage 
0= Card Select 16-24K Main Storage 
1 = Card Select 24·32K Main Storage 

CSY 1 -
~ 

A 

CSX 1 

--.... 
~ 

A 

CSX 2 

-SAR 0-7 

SAR 8·15 
SAR Bits 6-15 

r---
.... ~ 

A 
CSX3 

SAR P Chk 

'--
.---

l.- I- A 

CSX4 .. 
'--

.--

1024-
A 

0-1023 
2047 

"---
2048- 3072- A 

3071 4095 

----

.---
A 

4096- 5120-
5119 6143 

"--
..--

A 
6144- 7168-
7167 8191 

"--

CSY2 
~ - CSX 1 

• CSX 2 

- CSX3 

• CSX4 

1 

I 
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Storage Gates 

The storage gates (data flow card PL030) make 
data coming from SOR, LSR, system bus in, 
and X-register available to system bus out and 
to the X~and V- registers. 

The selection bits are developed in the system 
control card (PM030) by the MOR bits and 
the T·times. 

Data To and From Storage Gates 

PM030 Stg Gate High Sel 0 DCD 

PM030 Stg Gate High Sell 

Strobe to +5 Volts 

LSR High (0·7, P) 

SDR Bits (0·7, P) 
SBI (8· 15. PI 
X Reg High 

PM030 Stg Gate Low Sal 0 DCD 

PM030 Stg Gate Low Sel 1 

LSR Low (8·15, P) 

SDR Bits (8·15, P) 

SBI (8·15, P) 

PL030 

00 
01 
10 
11 

(4·7 

~ 

00 
01 
10 
11 

(0·7, P) 

I 

Stg Gate 
High 

G1 Sel 
G2 
G3 
G4 
G5 

1 
2 
3 5 
4 
4 

4 

Stg Gate 
Low 

G1 Sel 
G2 
G3 
G4 
G5 

1 
2 5 
3 
4 

Even High P Gen ,... 
(0·7, P) Sys Bus Out High (0-7, P) 

X and Y Reg High 

X and Y Reg Low 

(8·15, P) Sys Bus Out Low (8·15,P) 

Even 
Low P Gen 

'-
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Processor Condition Register (PCR) 

The PCR (PK005, PKOO7) contains the processor 
conditions that are tested by the branch on 
condition instruction. The PCR is changed by 
system reset, program loading, or instructions 
that modify register bits. These conditions are 
modified by the micro instructions that perform 

DK PCR 1-3 Clock 
003 

Load PCR 

ALU Zero 

SBO Bit 3 

System Reset 

the add, subtract, test mask, compare immediate, 
subtract immediate, and R 1 linked with R2 
functions. 

The PCR clocks (PK003) gate the data into the 
PCR. These clocks are shown on the right. 

PK007 

PCR 

Reg 

(not) Carry or Ones 
(not) ALU Zero 

Load PCR 
R 

'--------t D 
Zero/PCR Bit 3 

Minus/PCR Bit 2 
~----------------4D 

SBO Bit 2 ,.------tD Plus/PCR Bit 1 

Load PCR 
SBO Bit 1 

MOR 4-7 

FF 
S 

Flag/ 
PCR Bit O. 

R 
System Reset 

C 

Load PCR D 

SBO Bit 0 

0 

CPU 

2 3 

PCR Clocks (PKOO3) 

Status Function 1 

(not) Status C.ard 2 
~~~--~--~~----------------~ A (not) Status Function 0 -

CPU-8 

I/O Control 

L - LoadPCR 
A ~----------------------~==~~ MOR Bits 4 AND I) AND G AND i 

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

---
T5 and lio Control AND Pjlase A A - PCR 1-3 Clock 

_P~h~a~se~A~~ __ ~ ___ ~~.-_________ ~- OR 
Status Function 0 A_ 

~T~4~.T~6~ __ ~~ ____ ~-4 ____ ~ __ ~r=r_ 
(not) Status Card 2 

'-+---1-Status Function 1 -
T5 A ~ 
~M~0~R~B~it~s4~A~N~D~I)~A~N=D~S~A~N~I[~7 __________ ~~ORr-------------________ P_C_R __ 4-_7_C_lo~ck 

A~ 

System Reset Equal Log Tgr 

DC Reset Carry S FF 

PCR 4-7 Clock 
--------~--------~----~C 

PK005 

Equal Log PCR Bit 7 

SBO Bit 7 
Load PCR· 

D 
ALU Zero 

High Log PCR Bit 5 

DC Reset Carry 
R FF Low Log 

PCR 4-7 Clock Carry Log/ 7 PCR Bit 6 
C A PCR Bit 4 4 

SBO Bit 4 

OR D 

A 

4 5 6 7 



Processor Condition Register 

PCR Flag Bit 0 Positive Bit 1 Negative Bit 2 Zero Bit 3 Carry Bit 4 High Bit 5 Low Bit6 Equal Bit 7 

LA1 or LA2 Set Result of logical opera- Result of logical opera~ Result equals all zeros. 

Logical tiondoes notequal zero tion does not equal all 
and(R1 orR2 equals all zeros and (R1 or R2 
ones). does not equal all ones). 1-'----------1----------- 1---------

Reset Result.of logical operation Result of logical operation Result does not equal all 
. 

equals IiIII zeros or (R 1 or equals all zeros or (R 1 or zeros. 

(See also JLINSTR-9) R2does not equal all ones). R2 equals all ones). 

LAlor LA2 
Arithmetic Set . Result has a carry and does Result has no carry and does Result equals zero . Result had a carry (add). or. Result has a carry and does Result has no carry and does 

not equal zero .. not equal zero. no borrow (subtract). not equal zero. not equal. zero. -------"------'~------- 1----------1---------- ...;.,;-~;......,;.,--~--,- --------- ---------Reset Result has no carry or equals Result has a carry or equals Result does not equal zero. Result has no carry (add) or Result has no carry or equals Result has a carry or equals Result does not equal zero. 
zero. zero. a borrow (subtract). zero. zero. 

Test Mask Set Testedbits equal all ones. Tested bits do not equal all All tested bits equal zero (or 
ones and do not equal all nQ bits tested). 
zeros. 

~-~""';'-'-----------------~-------'--Reset Tested bi~s do not equal all Tested bits equal all ones or Tested bits do not equal zero. 
ones. all zeros. 

Compare or 
Subtract Immediate Set Register data is greater than Register data is less than Register data is equal to 

immediate data. immediate data. immediate data. 1-.-------------------- 1-----------
Reset Register data is not greater Registerdata is not less Register data is not equal to 

than immediate data .. than immediate data. immediate data. 

I/O Immediate Reset Set Equal set on. ------------1----------------'---~------------
Carry - Set Equal Reset Carry set off. Decoded from carry. equal. Decoded from carry. equal, 

and set off. and set off. 

'. 

I/O Immediate Set Loaded bit 0 is on. Loaded bit 1 is on. Loaded bit 2 is on. Loaded bit 3 is on. Loaded bit 4 is on. Loaded bit 4 on and bit 7 Loaded bit 4 off and bit 7. Loaded bit 7 is on. 
Load PCR off. off. 1"'-------.- -.~.------,-- r---.--------- -.-~------ -----------1-----------------------1---------

Reset Loaded bit 0 is off. Loaded bit 1 is off. Loaded bit 2 is off. Loaded bit 3 is off. Loaded bit 4 is off. Loaded bit 4 off or bit 7 Loaded bit 4 on or bit 7 on. Loaded bit 7 is off. 

on . 

.. 
System FIeset Set Equal set on. 

-------~ ....... 1---.. ....;..-~---- '--------- ----------- ----: . ...;"..~.-.------:' .... -------- ----'------ 1-'--------
. Reset Set off . Set off. Set off. Set off. Carry set off. Decoded from 4 and 7 and Decoded3rom4 and 7 and 

.. set off. set off . . 

I/O Immediate Set Set on. 
Flag Latch -------------

Reset Set off. 
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Main Storage 

Main storage consists of.16,384 bytes of FI:T 
storage. Each byte is 8 bits plus one parity bit. 
One byte of information is available to the 
CPU for each storage access. 

Control Storage 

Control storage contains 4096 locations (8192 
locations on machines with the Control Storage 
Increment Feature). Each location is 2 bytes 
wide. Micro instructions that control CPU and 
I/O operations are loaded into control storage 
at IMPL time. A map of control storage is shown 
here. 

Control Storage 

Direct Area 

Fixed Communications Area 

Keyboard Katakana Converter 
(if KANA is used) 

Keyboaro Decode Table/CRT Buffer 

System Emulator 

Disk I/O 

Printer I/O 

Keyboard/Display Screen I/O 

Transient Area 

Microinterrupt Handler. 

Nucleus I=unctions 

Control Storage Increment Feature 

(additional 4K words 
.. of control storage) 

The direct area and fixed communications area 
are common areas used by portions of the mlcro­
.program. These areas contain machine .check 
log area, system registers, and interrupt branch 
tables. 

Keyboard decode table contains a table 
to decode the data bits coming from the key­
board. This is necessary because the bits coming 
from the keyboard are not in a standard code. 

The CRT buffer Store5the message to be dis~ 
played on the CRt. This buffer is then trans­
ferred to the buffer in the CRT attachment. 
If the display is to be printed, the printer I/O 
area prints from the CRT buffer. 

the system emulator classifies system instructions 
as CPU instruction50r as I/O device instructions. 
When the instruction is a CPU instruction, the 
emulator also executes the CI'U instruction. If 
the instruction is an I/O device instruction, it is 
executed by the appropriate I/O area of control 
storage. 

After the emulator has classified a system 
instruction as an I/O operation for one Qfthese 
devices, control is passed to the appropriate 
area. For example, if the instruction is a 
printer instruction, control is passed to the 
printer I/O area of control storage. 

The micro interrupt handler is used to process 
I/O interrupts. 

The transient area Is used for devices whose 
I/O microroutinesare not resident in control 
storage; for example, the 33FD microrQutines. 
If the requiredmicroroutiMisnotincontrol 
storage when called, it will be loaded into the 
transienhrea.· ... 

The area called nucleus functions contains 
pointers; routines and subroutines such as 
'system reset/restart', isave/restore registers', 
'SVC processors', etc. . 

CPU·10 



Direct Area of Control Storage Hex High Low Hex High Low Hex High Low Hex High Low 

Address Order Byte Order Byte Address Order Byte Order Byte Address Order Byte Order Byte Address Order Byte Order Byte 

The first 128 words of control storage function 
are directly accessible locationswithin the 0028 Low byte disk address N-byte· (sec- 0052 Address of control storage 006B Displacement of branch to 007F System interrupt level status 
system. The contents of this direct area are tor count -1 ) transient area transient in the I/O device word (S31 LSW) 
shown in the fixed control storage map. 0029 Storage address of data 0053 Address of start of transient branch table Bit 0 

002A Sense word 1 status word table 006C Control storage interrupt 1 BSCA 
Hex High Low 002B Sense word 2 0054 Address of I/O device branch level status word 2 Keyboard 

Address Order Byte Order Byte 002C Error byte Flag byte table (CSI LSW) interrupt mask 3 
0020 Priority byte 0055 Address of end of register 0060 System interrupt level 4 

0000 Address of reset routine 002E N-byte F-byte stack status word (S31 LSW) 5 

0001 } 002F Cylinder adaress 0056 Address of system interrupt interrupt mask 6 
to Transient work space and 0030 Head Sector branch table 006E Control storage interrupt 7 
0000 storage 0031 Storage address control field 0057 Address of control storage level status word backup 8 through 15 must be zero 

~E} 0032 Address of main storage lOB interrupt branch table 006F System interrupt level 
to Not used 0033 Read verify occurrences 0058 Address of control storage status word backup 
0011 0034 Write data occurrences interrupt level status word 0070 Nucleus job terminator 
0012 Temporary work space for 0035 Read data or scan backup (CSI LSWBK) errors 

microprogram interrupt occurrences 0059 Address of control storage 0071 Disk address of transient 
levels 0036 Seek occurrences (nonzero interrupt level status word currently in main storage 

0013 Interrupt level O-PCR save Machine seeks only) (CSILSW) 0072 Interrupt 
check 0037 Disk current cylinder 005A Address of lOB save area in level 
counter 0038 Previous disk cylinder direct area indicator 

0014 I nterrupt level 0 register save 0039 Save area for a- and R-bytes 0058 Address of start of RIB 0073 Miscellaneous system Miscellaneous 

0015 Address of machine check for issued op code status word table indicator bits system indi-

log area 003A N-byte F-byte 005C Address of program level cator bits 

0016 Interrupt level1-PCR save 003B Cylinder address communication area 0074 } Not 

0017 Interrupt level2-PCR save 003C Head Sector 
0050 Address of disk error log 0075 used 

0018 Register save for interrupt 0030 MAB save out area 0076 Index register 1 

level 2 interrupt handler 00.3E Print data address register 
005E Address of return from main 0077 Index register 2 

0019 Register save for interruPt 003F Forms length Current 
storage transient area 0078 Main storage op code Main 

level 2 interrupt handler print line 
005F Address of loader parameter storage 

oo1A} 0040 Work space Character 
list in system communication a-byte 

to Reserved set size 0079 Instruction address register area 
001C 0041 Status byte Device 

0060 Address of low order byte 007A Program status register 
0010 Register save on main address 

of entry address in loader 007B Address recall register 
program level 0042 Interrupt condition parameter list 007C Address .recall register for 

001E Register save on main 0043 Save area for WR3 
0061 Address of queue zero header decimal operations 

program level between interrupts 
0062 Address of disk queue 0070 Address of system op code 

001F Register save on main 0044 Console/display lOB address 
header being executed 

program level 0045 Status information Keyboard 
0063 Address of system transient 007E Control storage interrupt 

0020 Disk control flags Disk device device 
disk address table -3 level status word (CSI LSW) 

address address BitO 
0021 Current head Not used 0046 Constant record start 0064 Address of main storage 

1 Keyboard (I/O control) 
0022 Save area of data address address transient area 

2 Printer (I/O contral) 0065 Address of main storage disk 
for physical retry 0047 Cursor location limit 

lOB for nucleus 3 Disk lOS 
0023 Save area of log control Command 0048 Constant cursor position 0066 Address of next trace log entry 4 

for alternate .0049 CRT buffer start address 0067 Disk address of next push save 5 Trace Instructions 
sector 004A Bit 6=1 for 6 Machine Check Logout area 

0024 Save area for subroutine 004B} Katakana 
0068 Disk address of end of push 7 Inquiry 

return to Transient work space 8 through 15 must be zero save area 
0025 Address of last disk 004F 0069 Address of current stack 

sector processed Unused 0050 Status information (used entry 
0026 Completion code a-byte as error count on IPL) 006A Address of next push stack 
0027 R-byte High byte 0051 Physical cylinder Logical entry 

disk address cylinder 
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CPU Clocks 

System Clocks 

The system has a free running 100 ns oscillator. 
The rise of this oscillator causes TRA to change 
state, while the fall of the oscillator causes 
phase A to change state. 

Osc 

TRA Phase A __________ L..--..I ___________________ .... 

Four system clock triggers are decoded to 
determine the T·times. These triggers change 
state with the output of the AN D of (not) 
'phase A' and the oscillator. 

I TO I T1 I T21 T3 I T4 j T5 T6 

TRC 

TRD 

TRE 

TRF I 
I I I 

When the current instruction is decoded, the 
system determines if some of the T-times are 
not needed and controls the gating of the 
triggers to skip the unneeded T-times. 

I/O Clocks 

Phase A (200 ns) PJ010 

Start I/O Clocks 
~ 

Clock F Decode A 

-
Stop I/O Clocks r--

System Reset 
OR 

-
-
OR 

Reset Clock - -
A 

'--
Reset 170 Clocks 

I I 

-
A ,.... 

Enable ---
I/O Clocks 

S FL ~ 

R 

PJ080 

r--

1 J.Ls 
Clock 

C Reg 

D 

"-

Cnt to 16 

C 
Reg 

D 

I/O Clocks 

The CPU supplies seven continuously running 
clocks which are used by the I/O attachments. 
These seven clocks can be stopped and started 
for diagnostic testing. One clock is the 100 ns 
free running internal oscillator and this oscillator 
generates 'phase A' which in turn, generates the 
other six clocks. The periods of these clocks are: 

100 ns (generated by oscillator only) 
1 J.Ls 
4J.Ls 
1 ms 
512 J.Ls 
131 ms 
1s 

These clocks are part of the timers sensed by 
the I/O immediate instruction. 

1 J.Ls Clock 

~ JJS Clock 
(available in CPU 
but not sent to I/O) 
4 J.LS Clock 

r--

~~I/O Clocks 1 ms Clock 
Reg 512 J.LS Clock 

R 
131 ms Clock 

1s 

PJ070 

Storage Clocks 

During micro instruction fetch time TO through 
T2, TO time is used to establish the address in 
control storage for the next instruction and to 
place this address into the storage address register 
(SAR). During T1 and T2, the storage address 
is accessed for reading the data. 

The storage clocks are also used during burst 
mode operations. When an I/O device raises 
'block processor clock', the CPU finishes what­
ever micro instruction it is processing and then 

Storage Access Sequence 

Osc 

(not) Osc 

Storage Function 
PM055 

FL 1 

300 ns Trigger 

Write Trigger 

150 ns Trigger 

Storage Clock 
PN030 

50 ns 50 ns 

Storage Function 

MOR 0-7 

MOR 8-15 

PM055 

TO 
T3 

T4 
T8 

DCD 

DCD 

CPU-12 

goes to the T7 state where it is held until 'block 
processor clock' is dropped. The rise of 'FD/RD 
(lMPL) BC REQ' while BPC is active generates 
'storage cycle request' which in turn generates 
T8; T8 is then used to establish the storage 
address in the storage address register (SAR) 
just as TO is used in the normal run mode 
previously described. After the operation is 
completed, 'block processor clock' is dropped 
and the system clocks are allowed to run. 

l -
A Storage Function 

r---_ 

r-



Service Request 

Service request comes up whenever the operator 
or CE requests service through the operator 
control panel or the CE control panel. 

Op Start Key Pressed 

Start 
Pressed Latch 

FL 
S 

.r R 
Op Start Key Released 

Status Function 1 
Status Function 0 L"--

(not) T4-T6 OR 
(not) Status Card -
Stop Key Pressed 

-
Status Card 2 not Status Fn 0 

A 

f------< 

T4-T6 
~ 

Sel 

MOR Bits 12-15 

System Reset 

Stop Latch 

1/0 Service Request 
MS Addr Comp Stop Lth 
Mode Sel Sw Bit 0 

'--

..--

A 

L...-

r---

A 

'---

System Reset 

System reset (PN060) occurs whenever the 
RESET is pressed or power on reset is generated. 
System reset also occurs when LOAD is pressed 
initiating an IMPL sequence. Pressing LOAD 
sets 'IMPL pressed Ith' which brings up 
system reset. Releasing the load key completes 
the set of the 'IMPL cycle Ith' which resets 
'IMPL pressed Ith' and drops system reset. 

f----

Stop Lth 

r-- FL 
Stop Latch On 

OR I-- S 

I~ R 

8 DCD ..--
4 I...,... Stop Latch Reset 
2 ~ 

OR 

1 r----PJ060 

Service Request 
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Channel 

The channel transfers data and commands between 
the CPU, main and control storage, and all I/O 
devices. It also provides data buses and synchron­
izing controls to complete transfers between I/O 
attachments, CPU, and storage. 

The channel has some lines that go directly 
from the CPU to the I/O attachments and some 
lines that go to a port. 

II~. __ -------------Channel------------------~·I 

I 

I I CPU 
Port 

I I 
Channel, as used in this system, refers to the 
internal interface between the processor and 
logic for control of I/O functions. The channel 
contains a port through which part of this 
control passes. 

Channel Interfaces 

The channel has three unique interfaces as folrows: 

1. Main and control storage through CPU data 
flow. 

2. CPU data flow and LSRs. 

3. Disk storage. 

These interfaces provide all necessary controls to 
support the following: 

1. I/O instructions. 

2. Micro interrupts (two levels). 

3. Disk. 

4. Error logging. 

5. Timing and control lines. 

I 

I/O 
Attach-
ments 

.. 

Main/Control Storage Through CPU Data Flow 
Interface 

The channel gates the data from the CPU to the 
port and subsequently to the I/O attachment. 
Data to main/control storage from an I/O attach­
ment is latched in the port and transferred through 
the CPU to storage. All storage addressing, 
storage write control, and address updates are 
controlled by the CPU. 

The data path of the port is 1 byte wide (8 
data bits and 1 parity bit). The port provides 
all necessary controls to support I/O instructions, 
micro interrupts, and burst mode. 

CPU Data Flow and LSRs Interface 

The CPU interfaces with the channel directly 
when transferring data into or out of the CPU 
LSRs. The CPU handles all CPU LSR selector 
write controls directly from the I/O-instruction 
fields. The channel gates data from the CPU 
LSR to the port and subsequently to the attach­
ment. 

Disk Storage Interface 

The CPU and the channel have the storage 
addressing, appropriate timings, and interlock con­
trols to support the disk drive. This interface is 
internal to the CPU/channel/disk drive and is not 
available to any other devices in the system except 
during I MPL. The fast data transfer rates of the 
disk make this restriction necessary. 

CPU Channel I/O Devices 

I/O Clocl<s 

System Reset 

Power On Reset------------------------------------------------. 

IMPL Latch 

IMPL Switch 

CSY Trigger 

T7 
.... ---------------------------- Command Bus In 

System Bus Out 

Port System Bus In 

Phase A 

CSY Trigger 

I/O Instruction 

Machine Check Interrupt 

System Reset 

Lamp Test 

T4-T6 

Interrupt Request to Run Lth ------I 
. Advance Time 

Storage Cycle Request 

Interrupt/CS LSR Decode 

Bits 0,1,2 

Interrupt Indicator 

Driver 0, 1, 2 

Block Processor Clock 

Port Check 

I/O Service Request 

Command Bus In Bit 4 

Port Card 

... -1IIt Port Data Bus Out 

I.f-_Port Data Bus In 

1---ControIOut 

I---Service Out 

I---Command Bus Out Bit 0 

I----Command Bus Out Bit 1 

I---Command Bus Out Bit 2 

1-----Strobe 

I-----Transfer Error 

t----CBI Bits 0-3 Zero 

..... ---Service In 

r----- MultideviceHesponse 

r------Command Bus In Bit 1 

r---- Command Bus In Bit 4 

....---Command Bus In Bit 5 

r----- Micro I nterrupt Request 

1 or 2 

1----- Disk Strobe 

1--- Disk Burst Mode 

....--- Disk Block Processor Clock 

1---- Disk/RD (IMPL) BC Req 

..---- Valid Port Command 

CHAN-' 
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Port Data Flow 

~ 
System 8-11 12-15 Port Data Bus In 

Bus Out 4-7 

Data Device Modifying 
Buffer Address Data PH 

Data (3) 

CBO 

CPU Command Bus 

Port Device Out to I/O 

Register Address 

0 4 5 
0-7 

7 
0-7 .. ... Load Data Buffer .---

I/O 
OR t---

Gate Attachment Strobe LSR Data A r---
Gate I/O Bus 

L--- r- Data 
Port 19 Buffer 
Checks 

A r-L= Gl Reg 0-7 
Register '--- G2 

P Gen 
G3 Data Buffer, 0-7 

P Pass Port Data In 0-7, P 0 1 
P Check r-- 8 2 l-

I ... Port SBI P 0-7 A -10. System Bus Out Bits 8-15, P Data Buffer Bit P 
R ~ 1 Port Data Out I L.-.. 9 2 t-

~ 1 
Data to Data Buffer and Port Register 10 2 t-

Strobe SDR Hi Data 
1 ~ 

CBll Int r--- 11 2 t-

Stg Strobe Tgr A 
~ 1 

Disk Xfer Time lB-I--- 12 3 t-

(not) CSY Powered I A ~ 1 

Command Bus Out Bit 0 - 13 3 r-
(not) Command Bus Out Bit 2 A ~ 1 
C13 Load Data Buffer 

14 3 r-
Port Reg Instr Load Pulse - OR 

Command Bus Out Bit 2 - PH110 7 1 

r-;s 3 r-
C12 A 

(not) CBI Bit 1 
- - ~ 1 

P 2 
Base Cycle Steal Latch A Port 

~ Register 

Multidevice Command A Clock Port Reg 
l DCD l Gl 

Select CBO 2 3 G3 
Load Port Reg Instr r----

0-4 Port Register Bits 0-4 
1 1 

C06 A Clock Port Reg CBO Bit 0 
3 

(not) Port Checks L-~ OR CBO Bit 1 3 5-7 Port Register Bits 5-7 
1-3 PH090 CBO Bit 2 3 

Select CBO A 



Port Parity 

CPU 

T System 
I Bus Out 

I 
I 
I 
I 

I 

Data 
Buffer 

Port 
Register 

P 
Bit 

° 

8-11 

1°-3 
Device 
Address 
Data 

Device 
Address 

12·15 

4-7 

Modifying 
Data 

I -

4 5 7 0-7 
0-7 - .. 

Gate 

I l.rpGl 

PH 
(3) 

Port 
from !LQ. 

UI:SI 

---OBI Zero 

I 0 I 1 I 2 I CBO 

Command Bus 
Out to I/O 

Port 
r-----, Checks 

Register 

I ... 
I 

I 

I 
I 

I 
I 

t 

I 
I 

I 
I 
\ 
I 

Port I 
to I/O 

I 
I 

I SBI pi ~ 0-7 DBO 

rl.T--------------~----------------~-I 

PG = Parity Generate 
PC = Parity Check 

The port normally operates in odd parity mode. 
For diagnostic purposes, the port (through an 
I/O control load) can be set to operate in even 
parity. In this case, data received from the CPU 
or I/O device is expected to have even parity. 
Because the CPU operates with odd parity, the 
port creates a CPU check when sending data to 
the CPU in the even mode of operation. System 
reset sets the port to odd Daritv (PH140). 

I/O Attachment 
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Port Clocks 

The port clocks generate the interface timings 
between the CPU and the I/O attachments. The 
port clocks run only for I/O instructions, other­
wise, they are all reset. When the CPU decodes 
an I/O instruction, it raises 'I/O instruction' 
during'T3; this line stays active through the 
end of T6. 'I/O instruction' causes the CPU 
clocks to extend T3 and simultaneously gates 
the port clock triggers, which are clocked by the 
shift of 'phase A' 

Generation of Triggers 

T3 Lth 
TGRX8 
TGRX2 

-
OR -

LGJ - A 
N 0- ORf--N ___ 

(not) Exit Loop 2 Lth 
(not) Exit Loop 1 Lth 

TGRX4 

TGRX1 

TGRX2 

roo-

.A 

-
r---

OR 

I.....-

-
A 

---

(not) Valid Port Command 0--1 . A ~ 
TGRXl [N) T I-- OR 

TGRX4 A i---

(not) Phase A Powered ---
Reset Port Clocks 

CD FL TGRXl 

r-- C 

R 

TGRX2 
CD FL 

.~ C 

• R 

CD FL 
TGRX4 

...... C 

4 R 

.CD FL 
TGRX8 

.~ C 

R 

PH050 

CHAN-4 

Generation of Port Clocks 

345678910111213 
TGRX1 YN Y YN N NY Y N 
TGRX2 YY Y N Y 
TGRX4 YY Y N N YN N 
TGRX8 Y YN N N N 
C1X Lth Y N Y yy Y N N N N 

I CO2 
Y=On C12 
N = Off C13 
Blank = Don't Care C17 

Timeout Clock 
COF 
C18 

Phase A 
A 

Strobe SDR Hi Data 
I/O Instruction ----

'---

A Strobe LSR Data 

r--
(not) Exit Loop 2 Lth A C06 

- -
Base Cycle Steal Lth OR 

-
,..--

(not) Exit Loop 1 Lth A C16 

~ 
A Strobe SD R Lo Data 

T3 Lth 

TGRXl L= 
r OR 

Port Busy 
TGRX2 
C1X Lth r---

PH060 



During the first three 200 ns increments of the 
extended T3 times, SDR low, SDR high, and the 
selected LSR low contents are gated to the port 
card a. During the succeeding T3 times, port 
o gates the device address out on the DBO lines 
III , raises 'control out' II , and sends a strobe 

line ('strobe') m out to the device attachment. 
When 'control out' is raised, the port clocks loop 
sending out strobe pulses (C07, COF, COE, C06, 
C07, etc) while waiting for the I/O device to 
respond (or until a timeout occurs). 

When the device responds, it places data on DBI D 
(or indicates it is ready for data) and raises 
'service in' II ; the rise of 'service in' (or a 
timeout) advances the port clocks and the 
port raises 'advance time' to signal the CPU 
clocks to advance to T4. The system clock 
continues to advance normally to T6. 

A similar situation occurs during T6. The port 
sends 'service out' II , which indicates either: 
data is ready to be sent, or data was received. 

'Strobe' III is again sent for the I/O device to 
use. The port clocks loop with 'service out' 
active and strobe pulses continue to be gener­
ated while the port waits for the I/O device to 
respond (or a timeout to occur). The I/O 
device responds by taking the data off the DBI 
line (or if data was sent to the CPU, turning 
off DBI) and turning off 'service in' D . The 
port responds to advancing the port clocks 
to turn off 'service out' II and then raises 
'advance time' II causing the CPU clocks to 
run again to TO. 

T Times PM015 T1 T2 T3 T3A T3B T3 Ext 

C Times PH060 COO COO COO C09 C03 C07 COF 

I/O I n,truction PM045 

TGR Xl PH050 

TGR X2 PH050 

TGR X4 PH050 

TGR X8 PH050 .. .. 
C1X Latch ~HOlO 

Advance Time PHOl a 
Clock SAR PLOl a 
Storage Cycle PN030 . 
SBO to Chan 

DBO PH090 I--
SDR SDR.~ 
La _Hi : 1'-"[ eVlce 

Control Out PH040 

Strobe PH040 II' 

OBI PAOlO 

Service In PA020 

Service Out PH040 

Check OBI OPA010 

Exit Loop 1 Lth PH010 

Multidevice Response 
PA020 

Exit Loop 2 Lth PHOlO 

Service In 

Multidevice Response 

(not) Multidevice Command 

Blast Condition 
Phase A 

C06 

C18 

(not) Port Busy 

LG 
N 

C16 

System Reset 

PH010 

i1J=ffl~1 

------11T --- -- --- --- T4 T5 

COE COO CO~ COF CaE COO C12 Cl0 C18 .. .. ( ( .. .. .. 
ii 
I r .. -• .. 

.ae ress §1~ 

-t 
( \-.. .. 

(3 ~ I 

Ii 

i ( ( 

! 
I ) 

r---

r-- A -
OR I...- OR 

1"--~ 

J A 
S FL 

r-
-
OR R 

-
'----

A S FL r--
I .---

'-- R 
OR 

I...-

T6 T6 Ext -- --- --- --- -- --- --- --- TO T1 T2 T3 T4 TGRX4 r---

C19 C13 C17 C1F C1E C16 Cll C1F C1E C16 CO2 coo coo coo COO coo Port Instruction A -- Set Invalid Port Chk '-

C12 OR 

CO2 -----• .. - ( ( III - '"'-
A Phase A S FL Advance Time 

I-l.ell '"'-

• I-.. .. .. 
Data 

(not) I/O Instruction -----
OR R 

C18 
r 

Data 
'"'-PH010 

0 • - III -~ (not) I/O Instruction 
I ~ (not) Cycle Steal Latch A ....-

( ( I-
) I 

Reset Port Clocks: 
~C~06~ ______________________ ~~ OR~------------------~ 
Phase A 
(not) Any Port Instruction r- A L.--

( ( • . -) ) 

I/O Instruction I '--
~------------------------~ 

PH020 

(not) Advance Time 

Phase A Lr--
r--

Tie Up 
L- A 
r A ..--

(not) Port Busy -r- r= I-- OR 
Not Used S FL T3 Lth A L.....-
I/O Instruction 

L.--

TGRXl r--

System Reset OR R 

I-

PH020 

Exit Loop 1 Lth 

Exit Loop 2 Lth 

'---- S FL 
C1X Lth 

OR R 

'--
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Blast Condition (PH090) 

Blast condition causes all I/O devices to reset and 
the CPU to branch to the machine check interrupt 
routine. After dropping 'service out' the port 
checks to be certain OBI, CBI, 'service in' and 
'multidevice response' are all shut off. If any of 
these is not zero, the port causes a blast condition 
by raising 'service out' and 'control out' 
simulanteously. 

A blast condition is also generated if the I/O 
device addressed does not respond within 5.4 /J.s 
after 'control out' and 'service out'. 

Invalid Device Assgn Lth r--
DBI/CBI Not Zero Chk OR Blast Condition 
I/O Timeout Chk 

PH090 

Blast Condition Due to Timeout Check 

T Times T6 Ext --- --- --- --- --- --- TO 
-

TGR Xl 

--
TGR X2 

---
TGR X4 

TGR X8 ... 
CIX Latch 

Timeout Cntr Clock .. ... ---
Ti meout Count --
Control O~ 

Service Out 

---... , 

Strobe 

Service I n (or not multidev ---
res) 

I/O Timeout Check Lth 1---

Blast Condition 

Machine Check Interrupt -
I/O Instruction 

Advance Time --- -• 
Reset Port Error ---
Port Addr Zero 
(port instruction) ---

Blast Condition Due to OBI Not Zero 

TTim es T6E --- TO T1 T2 T3 T4 T5 T6 

1 

2 

4 

8 

TGR X 

TGR X 

TGR X 

TGR X 

CIX L atch 

Contra lOut 

Service Out 

Check OBIO 

I/O Ins truction 

Port In struction 

Advan ce Time 

OBIZ era 

Chan P hase A-CO2 

DSIICS I Not Zero Lth 

Blast C ondition 

Machin e Check Interrupt 

Reset Port Error 

---
---
---... 
---I 

---... 
-- ... 

1-

-
1- III 

'. 
, , 

I 
I is not zero, the CPU loops in the machine check *If DS 

interr 
causes 

upt routine until a 7-second timeout occurs, which I 

a prdcessor check. 

* 

Tl T2 ~( T3A T3B T3E T4 

~I ~ 
) } 

~ ( ( 

) 

) ( ( 

1(1(1 .. ... .. ~ 
II I 

( ( ( ) : : : 
II I ) 

( ( , j ) JJ 

~ \ 
! 

( ( , ; 
( ) 

ill , 
! 

i «( 
I 

: : 
( ~ 

! ! : 
I ~ , 
( ~ 
) ) 

~ : ( ) 
; ; ... ~ ) I I 

( ( ) 
I 

---T- T2 T3 T3A T3B T3E T4 

II 
) I 

( ( 

: : • - .. 
II 
( ( 
I I 

( 

: : 
) } 

( ( 

: : 
! ! 

( ( 

) ! 

( ( ... 
) I 

III 

~ 
( 
) 

~ 
\ 

( 

: 
) 

( 

~ 

III 

Blast Condition Due to Invalid Device Assigned 

TTimes T3E --- --- ---

C Times COF COE C06 C07 COF 

Port Instruction 

--
TGR X1 

1" 
TGR X2 

l- I I I I 
TGR X4 

---.. 1" 
TGR X8 

C1X Latch ---
Exit Loop 1 Lth 

Timeout Counter 

---
Control Out 

Service Out 

==~ Strobe 

Service In ---
Reset Port Errors 

Inv Dev Assign Lth --
---

I/O Instruction 

Timeout Clock -- ~ 
Phase A ----i_ 

Advance Time ---
Blast Condition ---
Machine Check Irpt ---

*If 'service in' becomes active in this area, the blast 
condition will continue . 

--- --- ---
COE C06 CO2 

I I 

1" .. 
I 

I I 

,...- --* 

~ 
I-1_-

I 

I 

1" I 

I I I 
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T4 T5 T6 TO { f T3A T3B T3E T4 

COO COO COO COO ~ ~ COg C03 C07 COF 

( ( 

) ) I 
( I :: 1 

) ) 

( ( 

)}~ 
--'I -) ) 

( ( 

: : 
) ) 

( ( 

{ ! 

I I I 

( ( 
) J --- --- , 
1 ( 
) ) 

( { .... 
II I 

.~~ 
( { 

1--I-I- , .. 1--I-I-
( ( 

I I / l 

I I I I I I 

I I I I I I I I I I 



Controls 

Control Out: rise indicates the data on 'port 
data out' and 'command bus out' is valid and 
can be sampled. 

'Control out' together with 'service out' indicates 
a blast condition. 

Service Out 

Data to Port: tells adapter that port is finished 
with data and transfer can be terminated; 'service 
in' and input data can be dropped. 

Data from Port: tells adapter that 'port data out' 
contains valid data and can now be sampled. When 
the I/O device drops 'service in', 'port data out' 
should no longer be sampled. 

Control lines 

Cycle Steal latch r--

(not) Port Instruction ......- OR ~ 

Anv Port Instruction A I--

'--
TGR4 

C1X latch El-(not) Exit loop 2 latch 
Blast Condition 

(not) Exit loop 1 Latch 

TGRX8 

Data Buffin 0-7 

Strobe lSR Data 

[ oand1 1 
and2'and3J 

System eus Out 12-15 

(not) Port Busy 

Strobe: comes up 200 ns after 'control out/ 
service out' and pulses with a period of 800 ns 
with an on duration of 400 ns until the rise or 

Data on 'port data out' and CBO remains valid 
from the trailing edge of the last 'strobe' for 
100 ns. This allows the last strobe to be used 
for clocking. 

cao bits are defined as follows: 

fall of 'service in'. Stops with rise or fall of 
'service in' guaranteeing a full pulse width upon 
completion. Use of the pulse is device dependent. 

If the device uses the line to generate 'service in', 
system operates in a synchronous manner. 

The I/O devices use 'strobe' to generate 
appropriate data strobes and timing for loading 
information from the port and providing 
required timing to 'CBI/port data bus in' 
before the rise or fall of 'service in'. 

I-! 
A 

r--
I OR 

-
.---

Command Bus Out: CBO is valid at the interface 
from the rise of 'control out' until the fall of 
'service out' at the port interface. CBO, together 
with 'control out', indicates what data is on 'port 
data out', The addressed attachment responds 
by raising 'service in' with the appropriate infor~ 
mation gated on 'port data in' and 'command 
bus in'. 

CBO Bits 

0 

0 
0 
0 
0 

1 2 

0 0 
0 

0 
1 1 
0 0 
0 1 

0 

System Bus Out Bit 8 

Control Out System Bus Out Bit 11 

Strobe SDR Hi Data 

(not) Port Busy 
(not) Cycle Steal latch 

Unused 
Sense interrupt status 
Interrupt/burst mode response 
Branch 
load 
Sense 
Control load 
Control sense 

L::I A 
10..00-

I---

r 
r 

VOCBO 
PH 

CD PH 
C 
R 

OR Service Out (not) Multidevice Command 
......-

I.......-

A Strobe SO R lo Data 

== - Strobe A Cycle Steal latch ......-

- Strobe lS R Data A 
PH 040 -

i..o..-

......-
..-

Any Port Instruction 
0 

C PH ~n. s 

C 
0 PH 
R 

SelectCBO 
System Bus Out Bit 9 C 

CD 

r--
OR R 

Port Instruction L....-

PH03() PH110 

r0:-; CBOO 

'--

CD PH 
CBO 1 

C 

R 

PH 
CB02 
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I/O Instructions 

The three micro instructions that communicate 
with the CPU, port, and the I/O attachments are: 

I/O Storage 
I/O Immediate 
I/O Branch 

During execution of the I/O command, the CPU 
selects WRO( L) and sends its contents to the 
channel and thus to the port. The format of 
WRO(L) is: 0 3 4 7 

Device Address 

Port 0 0 
Keyboard 1 0 
Display Screen 4 0 
MCU/MCR/Data Recorder 5 0 
BSCA/SDLC a 0 
Disk Drive A 0 
33FD 0 0 
Printer E 0 

The port links the instruction modifier field 
(bits 4-7 of the I/O instruction) onto the device 
address and transfers this information over the 
port interface to the appropriate attachment. 

The port register stores the last CBO and device 
address issued by the port. This information 
is not destroyed after an error is detected and 
therefore can be sampled by the machine check 
interrupt routine to determine what device caused 
the check. 

The port register is also used to read data from 
the LSRs or write data into the LSRs. When 
used in this manner, previous information about 
the device address and CBO is destroyed. 

The CPU operates with odd parity; the port, how· 
ever, can be set to either even or odd parity. 

The attachments use 'CBI bit 4' for the following: 

- Show that the condition tested by I/O branch 
on condition is met and that the CPU should 
take the branch. 

- Signify invalid parity on DBO. 
Indicate to the CPU when to address control 
storage during a storage operation. 

'Transfer error' is brought tip from the CPU to 
show I/O branch echo met, that is, the CPU 
received CBI bit 4 correctly and the branch will 
btl taken. This line is also l,lsed to indicate that 
invalid parity was detected during an I/O 
operation. 

The following I/O immediate .microinstructions 
are directed at the channel: 

B .6 4 Reg Sense port register 
B 1 4 ~eg Sense port check byte 
B 0 a~ Disable 33FD timeout 
B 1 ax Load port register . 
B 2 ax Reset port errors 
B 3 ax Enable 33FD timeout· 
B 5 ax Set port odd parity 
B 6 ax Set port even parity. 
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cal Bit 4 

BPC OR~ ______ ~C~B~I~B~it~4~G=a~t~ed 

C12 
t-----------.. S FL t-....... ______ -.-..:C::::B::..:I:....:B::::i..:;.t .:!:4~L::!:a~tc::!.h:.::c:ed 

(not) Port Busy 

System Reset 

PH040 

Port Data Flow Port 

System ·11 12-15 from I/O 

Bus Out 0-3 4-7 

Data Device Modifying 
Address 

Buffer Data Data 

OBI Zero 

CBO 

Command Bus 
Port Oevice Out to I/O 
Register Address 

0 7 
0-7 0-7 

Gate· 

Port 
Checks 

0-7 Register 
P Gen 
P Pass 
P Check. 

p 0-7 A 

SBI R Port 
to I/O 



Disk Drive Support 

The system has a burst mode data transfer 
capability to support the high data rate of the 
disk drive. 

The disk attachment raises 'FD block processor 
clock; (BPC) which forces the CPU to T7. (If the 
CPU is executing an instruction, T7 does not be­
become active until the instruction is completed.) 

'Command bus in' must be correctly set at T7 
time. CBI controls selection of the LSRs which 
contain the address of the storage location; 
CBI bit 1 also controls the direction of data 
transfer. CBI bits also identify whether the data 
is to go into main or control storage, and controls 
incrementing of the storage addresses. Control 
storage locations are 2 bytes wide and main 
storage locations are 1 byte wide. 

CBI Bit Description 

Bits 
o 1 2 3 4 5 

o 0 Burst mode sense-no increment 
o 1 

o 

o 0 
o 1 
1 0 
1 1 

o 

Burst mode load-no increment 
Burst mode sense-increment 
Burstmode load-increment 
Burst mode LSR select 0 
Burst mode LSR select 1 
Burst mode LSR select 2 
Burst mode LSR select 3 
Main storage 
Control storage 
Port data bus out parity check 

When T7 and 'FD burst mode' come up, the disk 
attachment raises 'FD burst cycle request' and 
loads the first byte of data onto DBI. The burst 

cycle request is granted and the rise of 'CSY 
trigger' gates the data into the data buffer. This 
data is gated onto 'system bus in' and from there 
into the storage address indicated by SAR. Each 
time 'burst cycle request' is raised, a byte of data 
is transferred. If 'FD burst cycle request' is kept 
active, the CPU continues to take storage cycles 
at the maximum data transfer rate. 

During data transfers to disk, 'FD strobe' clocks 
the data from the port data buffer into the data 
buffer in the disk attachment. The disk attach­
ment then writes the data on the disk. 

Disk Drive Support Timing 

CPU Cycles 

62GV BPC 

62GV Burst Mode Request 

62GV/RD BCR 

CSY Trigger 

CBI 

Data In 

Data Out Valid to 62GV 

Disk Drive Support Lines 

Cycle Steal Latch 

T7 
62GV BPC 

System Reset 

Phase A 

CS Request 

(not) Machine Check Interrupt 

CSY Trigger 

Stg Strobe Trigger 

ETIIIZA· 

• 

S FL 
62GV BurstMode 0 

R 

Block Processor Clock 

FF 
CD 

C A 
62GV Strobe 

R 

S FL 
Disk Transfer Time 

0 
R 
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Port Checks 

Port associated errors are logged in main storage 
by the machine check interrupt routine. Retry 
of the instruction that caused an error condition 
is executed whenever possible. 

Intermittent device errors are cleared by the port 
blast command. The devices are informed when 
a transfer error has occurred. This information is 
stored in the device sense byte. Error conditions 
detected by the device (for example, invalid com­
mand) are also included in sense byte information. 

MC Interrupt 

CBI Bit 4 Lth OR 
~~~~~--------~ ~--~ 
(not) CBO Bit 0 --- L---

Transfer Error: Indicates to the adapter that 
invalid parity was detected in port or in the CPU. 

Transfer error is also used to indicate I/O branch 
met echo that tells the adapter that the port 
received the I/O branch met (CBI bit 4) and the 
branch Will be taken by the CPU. This enables 
testing of asynchronous I/O device conditions 
with the I/O branch instruction and does not 
require the adapter to latch this line prior to 
raising 'service in'. 

~C~BO~B~it~1~ ________________ ~~ A ___ 
~CFB~0~B~i~t:2 ________________ ~~-lr ___ ORr-__ ~~ __________________________________ ~T~ra~n~sf~e~r;E~rr~or 
Machine Check Interrupt Lth 

In 0-7 -----------1 OR (not) CBI Bits 0-3 Zero 

S 
FL DBI/CBI Not Zero Chk 
r--------------------~~~~~~~~ 

...--------_R 
CBOO 
CBO 1 
(not) CBO 2 
Port Instruction G DCD 

COF 
System Bus Out Bit 12. 
~----------~---------------------J.1 
System Bus Out Bit 13 
....;......----------........ --==:--12 

45 15,14, 'rn, 12 

System Bus Out Bit 14 4 85 15,14,13,12 
~--~~~~~--~------.-~==~8 

FL 
S 

16 77 fS, 14, ~, 1._ 2""'1-___ ---1 
System B. us Out Bit 15 
-.:...-----------------~----__4~---!:=::!..I 32 

64 
System Reset 

Enable 33FD Timeout 

Reset Port Checks 
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Timeout Conditions: If the device addressed 
is not on the system or port data out contains 
bad parity, none of the devices answer the 
'control out' sequence. Port times out under 
these conditions. At the completion of the 
timeout sequence, the timeout condition is 
posted in the port status registers .. A blast 
is sent from the port and clears all inbound 
data and control lines from the I/O adapters 
and causes a machine check interrupt. 

If the device addressed initially responds with 
'service in' but fails to drop 'service in' within 
a predetermined time after receiving 'service 
out', the port times out. This condition is 
posted in the port status register and the port 
creates a blast condition, which clears all in· 
bound data and control lines and causes a 
machine check interrupt. 

C16 

(not) Port Busy 
Reset Port Checks 
C12 

Timeout Clock 

Enable 33FD Timeout 

'--

I 
COF 

Cycle Steal Latch 

Disk Xfer Time 
Machine Check Interrupt Latch 

Tie Up 

I/O Instruction 

(not) Any Port Instruction 

IA!rdS' 

r-

1 
OR 

-
r--

rGJ-~ r-

At--

OR f--
Divide by 
8 Counter -

C FF 

R 

PH080 

r-

OR 

'---

r--

A r 
'f"-

Timeout Counter Lr-

r- +1 Reg A 
I/O Timeout Check '--- S FL 

R 

R 

PH080 

t-

..---
'-- FL A 

S 
Invalid Device Assgn 

L-.-

R 

....-- S FF Cycle Steal Check 
CD 

C 

Set Invalid Port Check 

L Invalid Port Latch 
S FL 

R 

PH080 
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LSR Selection 

Interrupt/CS LSR decodel1 0, 1, 2 are used to con­
trol LSR selection bits 0, 1, 2 during instruction 
and burst mode processing. These lines allow 
selection of one of the four groups of registers 
dedicated to micro interrupts and burst mode. 

The 'interrupt/CS indicator drivers' are used to dis­
play the active interrupt as the system is running. 

'Interrupt reqiJest to run latch' is used to take the 
CPU out of the 'wait' state (created by the processor 
wait instructions) whenever a micro interrupt request 
is detected by port. 

Phase A 

T7 

Enable Interrupts 

Micro Interrupt ReQ 1 

System Reset 

Micro Interrupt Req 2 

T3 

Phase A 

CSY Trigger 

BPC I 
Reset Port Chks r---

T7 ~ OR 
Service Out T '---

I 

62GV Burst Mode 

Machine Check Interrupt 

Lamp Test 

.....-
A 

f----- OR 
r--

'---

A 

r--
A OR -

FL~ 
I---

S 
A 

R '---

i.-

LG 
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A t--

--- CD PH ~ 
t-- C 

R 

CD PH ~ 
'--- C 

.---- R 
OR 

'---

Int/CS LSR Decode 0 
N 

.----
~ IntlCS LSR Decode 1 .. OR To JLIRPT-l 

'---
.----..-- IntlCS LSR Decode 2 &I A 

'---
.----

~ 
OR 

Interrupt Req to Run Lth 

'---

.....-
OR 

Int/CS Ind Drive 0 

'---

.----
'--- IntlCS Ind Drive 1 

OR 

'---

.----
IntlCS Ind Drive 2 

OR 

'---



Micro Interrupts 

The channel has three levels of micro interrupts; 
the priority is set by hardware. I nterrupt level 
o has the highest priority. All I/O devices that 
require processing generate a micro interrupt 
to the system. The system receives the interrupt 
through the port. The interrupt levels and the 
devices on each are: 

Interrupt Level 

o 
1 
2 
3 

Description 

Machine check 
Disk drive 
Keyboard, BSCA, Printer 
MCU, Magnetic character 

reader or Data Recorder 
(optional features) 

If none of the above interrupt levels are active, 
micro instructions are processed from the main 
level MAR. 

Each interrupt level has a unique set of registers 
in their LSR stack; machine check interrupt 
and the main level micro routines use the same 
set of registers. Each set of LSRs consists of: 

Eight 16-bit work registers (WRs) 
One MAR 
One MAB 

Having a unique set of registers for each 
interrupt level means that no data loss occurs 
when a higher level interrupts a lower level. 
After the higher level is reset, the micropro­
gram returns to the lower level taking the 
data out of the registers. 

The entire system uses the same processor con­
dition register, therefore, the PCR must be saved 
when entering the interrupt routine, and then 
restored when leaving the interrupt routine., 
This save/restore process assures that the contents 
of PCR are correctly associated with the I,evel of 
processing. (If the micro interrupt routine does 
not alter the PCR, then the save/restore is not 
necessary.) 

When the port senses the micro interrupt, either 
complete service may be initiated" or service 
may be posted until the system can conveniently 
handle the request without affecting system 
throughput. Therefore, microprocessing of 
interrupts can be grouped into two classes: 

1. Immediate Action: Any device or system 
condition that requires attention because 
of critical response times is handled 
immediately. The microroutine services 
the request until it is complete or to a 
point that the critical resp,:!nse is com­
plete and service can be continued at a 
time when system facilities become avail-
able. Examples of this class of microprograms 
are machine check and disk interrupt 
routines. 

2. Delayed Action: After servicing the interrupt, 
the microprogram determines that complete 
service can be temporarily postponed because 
of noncritical response time for the device; 
that is, the device is probably unable to 
cause another request during the time that 
it takes to execute a system instruction. 
Therefore, the interrupt request is posted 
and service is delayed until the completion 
of the current system instruction. 

LSR Stack 

From 

Main 
Level 

'~11 Level 0 

~~AN- II Levell 

II Level 2 

'--

'Micro Interrupt 

0 

~achine Check) 

Also used by 

'Mai n Program Level 

'Micro Interrupt 

1 

'- (Disk Drive) 

~ 

Micro Interrupt 

2 

(Keyboard, BSCA. 
~rinter) 

Micro 

Interrupt 

3 

(optional 

features) 

Hex 
Register Address 

Work Registers 

WRO 00 

WRl 01 

WR2 02 

WR3 03 

WR4 04 

WR5 05 

WR6 06 

WR7 07 

Address Registers 

r MAR (ML) 08 

L. MAB (ML) 09 

r- MAR (0) OA 

L MAB (0) OB 

I MAR (1) OC 

1- MA,B (1) OD 

r MAR (2) OE 

L MAB (2) OF 

Work Registers 

WRO 10 

WRl 11 

WR2 12 

WR3 13 

WR4 14 

WR5 15 

WR6 16 

WR7 17 

Work Registers 

WRO 18 

WRl 19 

WR2 lA 

WR3 lB 

WR4 lC 

WR5 lD 

WR6 lE 

WR7 lF 

Work Registers 

WRO 20 

WR1 21 

WR2 22 
' WR3 23 

WR4 224 

WR5 25 

WR6 26 

WR7 27 

Address Registers 

MAR (3) 28 
MAB (3) 29 

Level O-Machine Check Interrupt 

Machine check interrupt occurs whenever one 
of the following is detected: 

- A parity check (SOR, SAR, STG gate, MOR, 
or ALU gate), 
An invalid address (main or control storage), 
A port check, or 
A micro instruction loop timeout. 

MCI brings up 'machine check interrupt' from 
the CPU to the port which stops all I/O functions. 

A machine check interrupt has priority over all 
other interrupts. The work registers (WRs) used 
by the MCI are the same ones used by the main 
program level (LSRs 0-7). 

The machine check interrupt routine places the 
following information in control storage and 
then logs this information on one sector of the 
disk. 

WRO Main Level 
Port Check Byte/Port Register 
CPU Error Byte/Console Status Byte 
MAR Interrupt Level 1 
MAR Interrupt Level 2 
MAR Interrupt Level 3 
MAB Main Program Level 
MAR Main Progam Level 
Instruction located at MAR-1 
Date 

The four most current errors are stored on the 
four sectors reserved for this purpose. 

This information is taken from control storage 
and logged on the disk at the time retry 
occurs. By having this information in control 
storage, it can be displayed if the disk drive is not 
working. 

After the error information is logged on the disk, 
the machine check interrupt routine retries the 
current operation at the system level whenever 
possible. 

The machine check interrupt causes a program 
check when the interrupt is caused by an invalid 
main storage address. The machine check interrupt 
routine provides this information to the system 
control program when program checks are 
handled. 
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Levels 1, 2, and 3·Disk Drive, Printer 
Keyboard, BSCA/SDLC, and Mag Card 
Unit, Magnetic Character Reader, or 
Data Recorder 

Level 1 is dedicated to the disk drive. The 
micro interrupt request is normally processed 
as an immediate interrupt. (See Disk Drive 
Support for further description of burst mode.) 

On level 2, the devices have noncritical response 
times compared to system instruction execution 
times. Thus, processing of the conditions which 
initiated the micro interrupt are delayed until 
the completion of the current system instruction. 

When a micro interrupt occurs on level 2, the 
micro interrupt routine first does a multidevice 
sense interrupt status command. Each device 
has a preassigned bit on the data bus in; this bit 
is activated by the interrupting device during 
the multidevice sense interrupt command. The 
microroutine branches to a posting routine be­
cause no level 2 device requires immediate 
attention. 

On level 3, the devices have response times that 
require immediate processing. Thus, the conditions 
that cause a level 3 interrupt must be serviced on 
that interrupt level. 

Since the devices that are on level 3 (Mag Card 
Unit or Data Recorder) are mutually exclusive, a 
sense interrupt level status byte is not required 
to determine which device caused the interrupt. 

The micro interrupt routine for levels 1 and 2 
performs the following functions: 

1. Stores PCR 

2. Initializes PCR 

3. Interrupts service routine 

4. Restores PCR 

5. Resets micro interrupt 

The micro interrupt routine for level 3 performs 
the following functions: 

1. Stores PCR[WR 1 (H) is dedicated on 
level 3] 

2. Tests for the proper code in the transient 
area 

3. Branches to the transient area entry address 

4. Restores the PCR 

5. Resets micro interrupt 

A device initiates an interrupt by raising micro 
interrupt request through its adapter whenever 
that device requires program interaction. 

The lines 'interrupt/burst mode LSR decode 
0, 1, 2' control LSR selection bits 0, 1, and 2 
during instruction processing. These lines select 
one of the four groups of registers dedicated to 
micro interrupts. 

The 'interrupt indicator drivers' display the 
active interrupt level to the operator as the 
system is running. 

The interrupt levels are sampled during T3 times. 
The interrupt request signal to the CPU is 
inhibited when the CEmode switch is not 
turned to PROCESS. 

Posting I nterrupt Requests 

In the fixed area of control storage, two 
reserved locations are used as posting words 
as follows: 

Location 007E 

Control storage interrupt level status word (CSI LSW) 
Bit 0 Transient I/O Features 

1 Keyboard (I/O control) 
2 Printer (I/O control) 
3 Disk lOS (I/O control) 
4 
5 Trace instructions 
6 Machine check logout 
7 Inquiry 
8 through 15-Must be zero 

Location 007F 

SYstem interrupt level status word (S31 LSW) 
Bit 0 

1 Keyboard 
2 aSCA/SDLC 
3 
4 
5 
6 
7 
8 through 15-Must be zero 

A posting routine is executed as part of a micro 
interrupt routine, an SCP routine, or as part of 
a system I/O instruction; the routine consists of 
setting the appropriate bit to a one in either of the 
above two words. 

The posted requests in the I/O device post locations 
are serviced between system instructions, and the 
system interrupt level status words posted requests 
are serviced after the I/O device post requests are 
complete. That is, the I/O post requests have 
priority over the system status words. 

If a system interrupt is already in process, it must 
be completed before another system interrupt can 
be started. The only exception is program check 
which can interrupt a system interrupt routine. 

Interrupt Interface 

At the completion of a system instruction, the 
microroutine tests the service request flag. If 
it is found on, the microprogram branches to 
the I/O post routine and any posted bits are 
serviced until the I/O post word becomes zero. 

The microprogram then tests the console functions 
(SYS I NSN STEP, START, STOP) to determine 
if any of these functions caused the service request 
flag to come on. If STOP has been pressed, the 
system branches to the microstop loop. This 
loop allows micro interrupts to occur and I/O 
post word routines to be operational. 

If none of the console functions was invoked, 
the microprogram continues and determines if 
the SCP is already servicing system interrupts. 
If they are being processed, INTBUSY bit at 
$INTLVL (location 0072 of direct area of con­
trol storage) will be a one. If this bit is zero, the 
system interrupt level status word is tested for 
any bit on. If found, a branch and link SCP 
interrupt is executed and control is passed to the 
SCP interrupt handler. 

The SCP interrupt handler examines the S31 LSW 
to determine priorities if more than one bit is 
on. It then sets INTBUSY at location $INTLVL 
to a one to signal the system interrupt test 
routine to continue with main level processing. 
When the SCP examines the S31 LSW for a bit, 
it includes the following instruction steps: 

1. 

2. 

3. 

Mask micro interrupts. 

Test for S31 LSW bit on. 

Reset bit and restore 531 LSW to control 
storage. 

4. Unmask micro interrupts. 

The SCP also includes instructions to save the 
main level system registers (lAR, PSR, XR1, 
XR2, ARR) in the control storage and replace 
them with the contents of the interrupt level 
system registers that are to be used when pro­
cessing the detected interrupt. 

When all system interrupts are processed, the 
main level system registers are restored, the 
flag bit at location $INTLVL should be set to 
zero, and a return instruction executed. ihe 
return instruction causes the main level program 
to continue at the system instruction that was 
being executed before the system interrupt was 
taken. 
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Micro Instructions 

The System/32 microprogram has the following 
functions: 

Read, decode, and operate on system 
instructions and data located in main 
storage. 
Handle I/O operations for the system 
attachments. 
Handle console operations. 
Perform diagnostic operations. 
Perform some SCP functions. 

The microprogram is composed of microroutines, 
each of which performs a specific function in 
the system operation. The execution of each 
function requires many steps in the microroutine. 
These steps are micro instructions that are read 
out and executed in a particular sequence. To 
change the execution sequence, a branch and link 
instruction stores a link address in a backup regis' 
ter, This is the address of the next micro instruc­
tion that would h'ave been executed had the branch 
and link function not occurred. 

Each micro instruction is a bit-significant word 
(16 bits) that represent a machine instruction. 
This instruction has specific fields defined for 
controlling data flow of the system. A zone digit 
is the hex value represented in the high 4 bits 
of a byte (bits 0-3). A numeric digit is the hex 
value represented in the low 4 bits of a byte 
(bits 4-7). 

System/32 has 19 micro instructions. Bits 0, 
1, 2, 3, (and someti mes bits 8 and 12) of the 
instruction identify the type of instruction. The 
significance of the remaining bits is unique to 
the instruction. 

The 19 micro instructions are: 

Branch 
Branch and Link 
Branch On Condition 
I/O Branch On Condition 
I/O Storage 
Storage 
Test Mask 
Logical/Arithmetic 1 
Logical/Arithmetic 2 
Set Off 
Set On 
Immediate 
I/O Immediate 
Compare Immediate 
Subtract Immediate 
Storage Direct 
Move Local Storage Register 
Hex Branch 
Hex Move 

Micro Instruction Fetch 

During micro instruction fetch, the storage gates 
are selected from the LSR MAR. This data is 
clocked into SAR and into the ALU. The 'carry 
in' line comes up which adds one to the data 
going through the ALU (address from MAR). 
Thus the data gated through the ALU and back 
into the LSR is the new address for the next 
fetch. 

Micro instructions are executed in two phases, a 
fetch phase and an execution phase. 

Timing of CPU Functions 

Select Storage Gate High/Low 
(from LSR high/low) PL030 

Select LSR (MAR) PL040 

Clock X Low, X High, SAR PL010 

Clock Storage Gate Check PL030 

Storage Cycle PN030 

Card Select PN020 

CSX Ti me PN020 

CSY Trig PN030 

Write Trigger PN030 

Clock SAR Check PN010 

Clock Invalid Control Storage 
Check PN040 

Clock SDR/MOR PM010 

Clock SDR Check (write trigger) 
PL020 

ALU High/Low Plus Carry (force 
low) PL060 

ALU Gate High/Low (from ALU 
high/low) PL050 

Write LSR High/Low PM070 

Clock ALU Gate Check PM070 

Jmeans that check is done at that time. 

_ ... _1'means line is up but not used. 

INSTR 

.... 

• 
• 

T3 T4 T5 T6 

Instruction 

I 
Time 

Specific CPU Data Path 

..:.T.:;..0-..;..T2~ __ --1AND OR 
Carry In 

(not) IMPL Cycle 

PM050 

111 NSTR-1 



Microlisting 

Microroutines are printed out on a micro­
listing, The fields are explained here: 

Module Names 

Name Function 

Alter/display transient 
Alternate sector transient 
End-of-job transient 
33FD transient 

M I Microroutine 
odu e 

N Name 
N~e ~ 

IBM/'5320 CONTROL PR . AM SMPI-17 PART 
SMPI MPCARRaa - TRIX PRINTER MICROCODE 

I LOC OBJ STMT SOURCE STATEMENT 

NO. 2547056 DA TE 30DEC7" EC NO. 825410 

COPYRIGHT IBM CORP 1974 

/ 073B 
0738 A601 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • ENTRY POINT IF R BYTE OF 1 SHOULD BE FORCED • * •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PTCARRSI EOU • . 

/ 
/ 

/ 

LI WR6(L).1 FORCE R BYTE TO 1 •••••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••• * •••••••• 
• MAIN ENTRY POINT. INCLUDING INITIALIZATION OF PARAMETERS AND .• 
• DETERMINATION OF THE REQUESTED OPERATION. • ••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••••••••••• *' 
PTCARRaa EOU • 

LI WR7CL).X·48' ASSUME DISABLE EOF SWITCH 

$ADl 
$ALT 
$EOJ 
$111 
$MPl 
$CDA 
$CFM 

Matrix printer __ • ___ -' 

0739 
0739 
073A 
073B 
073C 
0730 
073E 
073F 
0740 

A748 
9820 
C600 
2658 
E23F 
E43F 
5102 
2448 

3151 
3152 
3153 
3154 
3155 
3156 
3157 
3158 
3159 
3160 
3161 
3162 
3163 
3164 
3165 
3166 
3167 
3168 

SBN WROCHJ,PTCGACTV 
CI WR6(L J.O 
JZPTCARR04 

SET CARRIAGE BUSY ANO. INTRPT REQ 
CARRIAGE MOVEMENT SPECIFIED? 
NO 

KYBD XLATE 
Cut forms (matrix) 

0741 C603 
0742 245e 
0743 62B6 
0744 6CC2 
0745 2454 
0746 62CA 
0747 0752 

0748 6CC6 
0749 2558 

074A A200 
074B 6286 

074C E6C4 
0740 274F 
074E 0750 
074F 2658 
0750 2454 
07~! 66BA 

0752 D7FS 
0753 9S80 
0754 D6FF 
0755 -8B86 
0756 

3170 
3171 
3172 
3173 
3174 
3175 
3176 
3177 
3178 
3179 

3181 
3182 
3183 
3184 
3.185 

L PTFLCL.WR2 
L PTFLCL.WR4 
TM WRl(L).PTIOBFSK 
JO PTCARROO 

FETCH LINE POSITION & FORMS LENGTH 
LOAD UP WORKING COpy 
SKIP OPERATION? 
YES-PROCESS THE SKIP 

•••••••• * ••••••••••••••••••••••••••• * ••••••••••••••••••••••••••• ' •••••• * 
• SPACE OPERATION PROCESS ING • 
••••••••• *.* •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * 

CI WP6CLJ.3 IS THE. OF SPACES SPECIFIED> 3? 
JP PTCARR04 YES-NO SPACING 
AR WR2(L',WR6(LJ ADD. OF SPACES TO CURRENT LINE 
SR WR4CH).WR2(LJ DID SDACE GO PAST FORMS LENGTH? 
JP PTCARR03 NO 
SR WR2CLJIWR2CH) YES-SUBTRACT FORMS LENGTH 
B PTCARR02 ENTERING NEW PAGE,ENABLE EOF 

•••••• * •••• **** ••••••• * ••••••••••••••••••••••••••••••••• ** ••••••••••• ** 
• S1<IP OPERATION PROCESSING • ••••••••••••••••• * ••••••••••• *.*.* •• * •• * •••••••• * ••••••••••••• * •••• * ••• 
PTCARROO SR WR4CH) .WR6CL) LINE • > FORMS LENGTH? 

IN PTCARR04 YES-NO SKIPPING 
3186 • MVHR WR2CLJ .WR6CL) MOVE NEW LINE NUMBER 
3187 
31S8 
3189 
3190 
3191 
3192 
3193 
3194 
3195 

3197 
3198 
3199 
3200 
3201 
3202 
3203 
3204 

LI WR2CLloO CLEAR DESTINATION REGISTER 
AR WR2(L) .WR6(LJ MOVE SOURCE TO DESTINATION ••• END OF EXPANSION •• 
SR WR6(L).WR4CL) CALC NUMBER OF SPACES TO NEW LINE 
JFLG *+2 --------+ SIO ENTRIES DO NOT SKIP IF RESUL T=O 
B .+2 --------1-+ FUNC. 1<EY ENTRY WILL SKIP F.l,.. IF=O 
JZ PTCARR04 <---+ I NO SPACE REQUIRED 
JP PTCARR03 <-----+ LINE IS ON THIS PAGE-PROCEED 
AR WR6(L).WR2(H) ADO FORMS LENGTH TO THE DISTANCE 

•• **.****** •• * ••••••••• * •• * •• * •••••••••••• * ••••••••• * ••••• * •• * ••••••••• 
• ROUTINE EXIT POINTS • 
•••••••••••••••••••••••••••••••• ** ••••• * ••••••••••••••••••••••••••••••• 
PTCARR02 AI WR7CL).X'08' NEW PAGEIENABLE EOF 

S-BN WRO(HJ.PTNEWPAG INHIBIT. ANY PRT OPS 
PTCARR03 AI WR6(L) II HARDWARE REQUIRES DISTANCE,+! 

10CL WR6CL)IX'B· SEND" OF LINES TO PRINTER 
PTCARI'UIN EQU • ENTRY POINT FOR UPDATING PARAMETERS 

SMPI MPCARRsa -- MATRIX PRINTER MICROCODE 

LOC OBJ 

07"56 EA3F 
0757 BC87 
075S 2FOO 

/ 
Control Storage 
Address (2 bytes) 

I 
Machine 
Code 

STMT SOURCE STATEMENT 

3205 ST PTFLCL.WR2 
3206 10CL WR7(L)IX'C' 
3207 PTCARR04 RETRN 

Statement Sequence Number 

COPYRIGHT IBM CORP 1974 

STORE NEW LINE 
SEND CRG CONTROL BYTE AS NOW DFNO 

Source Statement: 

Name Field-column 1, length 8 
Operation Field-column 10, length 5 
Operand Field-column 16, length 56 (if used) 
Comment Field-column 40, length 32 
Column 72 is blank 
Asterisk (*) in column 1 indicates a comment 

(see statement 3157 for example) 

JlINSTR-2 
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Micro Instruction Mnemonics 

Op Op 
Micro Instruction Mnemonic Code Micro Instruction Mnemonic Code 

Branch B 0 Set Bits On SBN 9 
Branch and Link BAL 1 Set BitsOff SBF 8 
Branch On Condition JC 2 Load Immediate LI A 
Branch On Carry JCY Compare Immediate CI C 
Branch On High JH Sense Interrupt Level Status 
Branch On Low JL Byte SILSB B 
Branch On Equal JE I/O Load 10L 
Branch On Positive JP I/O Sense lOS 
Branch On Negative IN I/O Control Load 10CL 
Branch On Mixed JM I/O Control Sense 10CS 
Branch On Zero JZ Microprocessor Load MPL 
Branch All Ones JO Microprocessor Sense MPS 
Branch On Flag JFLG Microprocessor Load for 
Branch Service Request JSR Special Functions MPLF 
Branch Not High JNH Move LSR MVR E (Bit 8) 
Branch Now Low JNL Load Direct from Control 
Branch Now Equal JNE Storage L E (Bit 8) 
Branch Now Positive JNP Store Direct to Control 
Branch Not Negative JNN Storage ST E (BitS) 
Branch Not Zero JNZ Hex Branch Numeric HBN F(Bit 12) 
Return RETRN Hex Branch Zone HBZ 
Branch On I/O Condition JIO 3 Shift Right Logical SRL F ·(Bit 12) 
I/O Load From Control Shift Right LORical Double SRLD 
Storage High/Low WTCH/L 4 (Bit 8) Shift Left Logical SLL 

I/O Store to Control Shift Left Logical Double SLLD 
Storage High/Low RDCH/L Move Zone to Numeric MZN 

I/O Load from Main Storage WTM Move Zone to Zone MZZ 
I/O Store to Main Storage ROM Transfer XFER 
Load from Control Storage LC 4 (Bit 8) 
Load from Main Storage LM Note: Notes in parentheses (for example: Bit 8) 

Store to Control Storage STC refer to bits that further differentiate instructions. 

Store to Main Storage STM 
Subtract Immediate SI 0 
Add Immediate AI 0 
Test Mask TM 5 
Logical Arithmetic 1 LAl 6 
Logical Arithmetic 2 LA2 7 

Exclusive OR XR 
OR OR 
AND Register NR 
AND Complement NCR 
OR Complement OCR 
Decrement Register by 1 DEC 
Add Registers with Carry ACYR 
Subtract Register SR 
Add Register AR 
Subtract with Borrow SCYR 
Increment Register by 1 INC 

IlINSTR 
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Branch 

Mnemonic: B 

I 0 0 0 0 I Branch Address 

o 3 4 15 

The branch instruction is used for an unconditional 
branch to one of 4096 addresses in control storage 
only. During the first cycle, the branch address is 
placed in X high, X low, and SAR. During the 
next cycle, TO is skipped so that no new LSR is 
selected, and X and SAR are not clocked again. 
The instruction is fetched from the address 
loaded into SAR during T3 of the first cycle. 
ALU gate high/low is gated during T2 time and 
the incremental address data is written into LSR 
high and low. 

Branch Address: 12-bit branch address. These 
12 bits and X high bits 0-3 replace the corres­
ponding 12 bits in the storage address register 
(SAR). Hence, the branch address becomes the 
next sequential instruction. The microprogram 
address register (MAR) is then updated during 
T2 of the next cycle. 

MAR 

o 3 4 

SAR 

Condition Code 

No change. 

7 8 15 

SDR 

/' 

I 

/' 
/' 

/' 

Timing of CPU Functions 

Second 
Micro 
Instruc­
tion 
Fetch 

Select LSR (MAR) PL040 

Select Storage Gate High (from 
X high (0-3)/SDR (4-7)) PL030 

Select Storage Gate Low (from 
SDR low 8-15) 

Advance Clock PH010 

Clock X Low, X High, SAR 
PL010 

ALU High/Low Plus Carry (force low) 
PL060 

Storage Cycle PN030 

Clock SDR/MOR (write trigger) 
PL020 

ALU Gate High/Low (from ALU 
high/low) PL050 

Write LSR High/Low PM070 

T-Times = 200 ns 

TO i1 

Micro 

I 
I nstructi on 

I 
Fetch 

-

Specific CPU Data Path 

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

1~======Jb~~~~~~~====~~==~:=~ 
Cycle One ______ _ 

Cycle Two ------­
(second micro instruction fetch) 

I 

t.dNSTR-4 

Sequence of CPU Functions 

START 

ALU High/Low 
Plus carry 
(force low) 

Write LSR 
High/Low 



Branch (Stop Condition) 

Clocks T4, T5, and T6 can be taken if the 
processor is executing a branch and the run 
latch is reset by: 

A control storage address compare stop, 
Micro instruction step mode, or 
Processor check stop condition. 

This stop condition can be caused by any of the 
following: 

Mode switch not in PROCESS mode, 
CS address compare, or 
Processor check. 

With the use of I NSN STEP position of 
mode selector switch, this condition permits 
single stepping through the branch instruction. 
An attempt to single step through a branch 
that is located in the last valid address of 
control storage will cause an invalid control 
address check. 

Timing of CPU Functions for Branch Stop 
Condition 

TO T1 T2 T3 T4 T5 T6 TO 

Select LSR MAR PL030 

Select Storage Gate High (from )( 
high (0-3) SOR high (4-7)) PL030 

Select Storage Gate Low (from 
SOR low) PL030 

Clock X High/Low SAR don't 
care PL010 

Clock Storage Gate Check PL030 

Select Storage Gate Check PL030 

Control Storage Access PM020 

Storage Cycle PN030 

Clock SOR PL020 

ALU Function (pass) PL060 

ALU Gate High/Low (from ALU 
high/low) PL050 

Write LSR High/Low PM070 

Clock ALU Gate Check PM070 

T-Times = 200 ns 

Micro 
I 

Instruction 
I 

Fetch -

IN TR 

-.. 

Specific CPU Data Path of Branch Stop Condition 

JLINSTR-5 



Branch And Link 

Mnemonic: BAL 

I 0 0 0 1 I Branch Address] 

o 3 4 15 

This instruction is used for an unconditional 
branch and link operation. It allows branch­
ing to anyone of the 4096 addresses in control 
storage. 

Branch Address: 12-bit branch address that 
replaces the corresponding 12 bits in MAR. 

When this instruction is executed, the address 
in MAR (of the next sequential instruction) is 
saved in the microprogram address backup 
register (MAB). The address in MAB is the link 
address. The 12-bit branch address in 
the branch and link instruction replaces 
the address in MAR. The address placed 
MAR is now the next sequential instruction. A 
return instruction (RETRN) is used to return to 
the next sequential instruction following the 
branch and link instruction. The return instruc­
tion causes the address saved in MAB to be placed 
into MAR. Hence, MAR is now pointing to the 
instruction following the branch and link 
instruction. 

Condition Code 

No change. 

Timing of CPU Functions 

Select Storage Gate High/Low 
(from LSR high/low) PL030 

Select LSR (MAR) PL040 

Clock X Low and X High (SAR 
don't care) PLOlO 

Clock Storage Gate Check PL030 

ALU High/Low Pass PL060 

Select LSR (MAB) PL040 

Select Storage Gate High (from 
X hi (O-3)/SDR (4-7)) PL030 

Select Storage Gate Low (from 
SDR low) PL030 

Select ALU Gate High/Low 
(from ALU high/low) PL060 

Select ALU Gate High/Low 
(from storage gate high/low) 
PL050 

Write LSR High/Low PM070 

Clock ALU Gate Check PM070 

T-Times = 200 ns 

Specific CPU Data Path of Branch and Link 

TO T1 T2 T3 T4 T5 .T6 

Micro 

I 
Instruction 

I 
Fetch 

'. 
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Sequence of CPU Functions 

Clock X Low and 
X High 
(SAR don't care) 

. Select Storage 
Gate High 



Branch On Condition 

Mnemonic: JC 

I 0 0 1 0 I Condition I Page Address 

o 3 4 7 8 15 

This instruction allows branching within 256 
locations (defined by bits 8-15) if the conditon 
specified by bits 4-7 is met. If the condition 
is met, the 8-bit page address replaces the 
corresponding bits in MAR and SAR to form 
the address of the next sequential instruction. 

During the first cycle, the page address is placed 
in X high. During the next cycle, TO is skipped 
so no new LSR is selected and X low, X high, 
and SAR are not clocked again. ALU 
gate high/low is gated during T2 time of the next 
sequential instruction and the incremented data 
is written into LSR high and low. 

Condition (Bits 4-7): These 4 bits indicate 
the function to be tested as follows: 

Bits Mne· 
4-7 monic Test Condition 

0000 JCY Carry 

0001 JH High (condition code bit 6) 

0010 JL Low (condition code bit 6) 

0011 JE Equal (condition code bit 7) 

0100 JP Positive (condition code bit 1) 

0100 JO All ones (condition code bit 1) 

0101 IN Negative (condition code bit 2) 

0101 JM Mixed (condition code bit 2) 

0110 JZ Zero (condition code bit 3) 

0111 JFLG Flag 

1000 JSR Service request 

1001 JNH Not high 

1010 JNL Not low 
1011 JNE Not equal 

1100 JNP Not positive 

1101 JNN Not negative 

1110 JNZ Not zero 

1111 RETRN Return 

Page Address (Bits 8~ 15): a-bit field to allow 
branching to one of 256 locations in control 
storage only. The a-bit page address replaces 
the lower 8 bits in MAR when the tested 
condition is met. 

Note: For the return condition (bits 4·7 
equal 1011), the page address is not used. In 
this case, MAS is selected for the next sequential 
instruction. 

Condition Code 

No Change. 

Timing of CPU Functions 

TO T1 T2 T3 T4 T5 T6 TO T1 1'2 

Select LSR (MAS-return; MAR-no 
return) PL040 

Select Storage Gate High (from 
LSR high) PL030 

Select Storage Gate Low (from 
SDR low/met, no return; LSR 
low/not met, return) PL030 

Clock X Low, X High, SAR 
PLOlO 

Clock Storage Gate Check PL030 

Select LSR (MAR) PL040 

ALU High/Low Plus Carry 
(force low) PL060 

Storage Cycle PN030 

Clock SDR/MO.R (write trigger) 
PL020 

ALU Gate High/Low (from ALU 
high/low) PL050 

Write LSR High/Low PM070 

T-Times = 200 ns 

Micro 
I 

Instruction 
I 

Fetch 

-
plNSTR 

Specific CPU Data Path 

B 
Sy. But Out High 

I/O Clock. 

Cycle One ____ _ 
Cycle Two ____ _ 

Sequence of CPU Functions 

Select LSR (MAB­
Return; MAR-No 
Return) 

ALU High/Low 
Plus Carry 
(force low) 

JlINSTR-7 



Branch On Condition (Stop Condition) 

Clocks T4, T5, and T6 can be taken if the pro­
cessor is executing a branch on condition and 
the run latch is reset by: 

A control storage address compare stop, 
Micro instruction steps mode, or 
Processor check stop condition. 

This can be caused by any of the following: 

Mode switch not turned to PROCESS mode, 
Control storage address compare, or 
Processor check. 

With the use of I NSN STEP position of mode 
selector switch, this condition permits single 
instruction stepping through the branch on 
condition instruction. An attempt to single 
step through a branch on condition which is 
located in the last valid address of control 
storage causes an invalid control address check. 

Timing of CPU Functions 

Select LSR (MAR: no return, MAB: 
return) PL040 

Select Storage Gate High (from LSR 
high) PL030 

Select Storage Gate Low (from LSR 
low: not met, SDR low: met) PL030 

Clock X High/Low (SAR don't 
care) PL010 

Clock Storage Gate Check PL030 

Control Storage Access PN020 

Storage Cycle PN030 

Clock SDR PN010 

ALU Function (pass) PL060 

ALU Gate High/Low (from ALU 
high/low) PL050 

Write LSR High/Low PN070 

Clock ALU Gate Check PM070 

T-Times = 200 ns 

tlINSTR-8 

Specific CPU Data Path 

TO Tl T2 T3 T4 T5 T6 T7 

Micro 

I 
Instruction 

I 
Fetch 

-
----- Depends on the condition being met. 

-.J 



Logical! Arithmetic 1 

Mnemonic: LA1 

10 1 1 0lH11 Reg11FunctionlH21Reg2 

o 3 4 5 7 8 11 1213 15 

This instruction allows arithmetic and logical type 
functions to be. processed through the ALU. The 
logical/arithmetic 1 instruction is for 1-byte 
operations only. 

Hl (Bit 4): Indicates which byte of the selected 
LSR (Reg1) is to be used in the current function. 

H1 

H1 

0: Low byte of the register is to be 
used. 

1 : High byte of the register is to be 
used. 

Regl (Bits 5-7): Selects one of eight registers in 
the LSR stack for the current operating level. 
The selected register is operand 1 of the function 
and is modified at the completion of the function. 

Function (Bits 8-11): Determines the basic 
function to be performed. The logical/arithmetic 
functions that can be performed are shown in a 
table on the following page. 

H2 (Bit 12): Indicates which byte of the selected 
LSR register (Reg2) is to be used in the current 
function. 

H20: Low byte of the register is to be 
used. 

H2 1: High byte of the register is to be 
used. 

Reg2 (Bits 13-15): Selects one of the eight regis­
ters of the LSR stack appropriate for thecurrent 
operating level. The selected register is operand 
2 of the function. The selected register is not 
modified by the operation being performed. 

Condition Code 

Set as follows for logical operations: 

On logical operations, two things are done: 

1. 

2. 

The logical operation (OR, AND, 
EXCLUSIVE OR, etc) is performed. 

R1 contents are ORed with the ones 
complement of R2 contents. This is 
expressed as (R1 or R2). 

The condition code is set to reflect the out­
come of both operations except when the 
result of the logical operation is zeros (bit 
3 of the PCR). 

Positive (Bit 1 of PCR)-Set if the result of the 
logical operation was not equal to zero, and 
(R 1 or R2 equals all ones). Reset if the result 
of the logical operation equals all zeros, or 
(R1 or R2 equals all ones). 

Negative (Bit 2 of PCR)-Set if the result of 
the logical operation is not equal to all zeros, 
and (Rl or R2 not equal to all ones). Reset 
if the result of the logical operation equals 
all zeros, or (R 1 or R2 equals all ones). 

Zero (Bit 3 of PCR)-Set if the result of the 
logical operation equals all zeros. Reset if 
the result of the logical operation is not 
equal to all zeros. 

Set as follows for arithmetic operations: 

Positive (Bit 1 of PCR)-Turns on if the result 
of the operation had a carry and was not equal 
to zero. Turns off if the result is zero or there 
was no carry. 

Negative (Bit 2 of PCR)-Turns on if the result 
of the operation had no carry and was not equal 
to zero. Turns off if the result is zero or there 
is a carry. 

Zero (Bit 3 of PCR)-Turns on if the result 
of the operation is zero. Turns off if the 
result does not equal zero. 

Carry (Bit 4 of PCR)-Turns on if the arith­
metic operation resulted in a carry. Turned 
off by the I/O immediate function reset carry­
set equal, by system reset, or if the arithmetic 
operation resulted in no carry. 

IN TR 

High (Bit 5 of PCR)-Same as positive (bit 1). 

Low (Bit 6 of PCR)-Same as negative (bit 2). 

Equal (Bit 7 of PCR)-rurns off if the result 
of the operation does not equal zero. Turned 
on only by the I/O immediate function reset 
carry-set equal, or by system reset. 
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Logical/Arithmetic Functions 

Bits Bits 
8 9 1011 Mnemonic Function Description Example 8 9 1011 Mnemonic Function Description Example 

0 0 0 0 Not used 0 0 1 ACYR R1 + R2 + C~R1 The contents of register 1 is placed in the X R1 10111100 
0 0 0 1 XR R1 (XOR) R2~R1 The contents of register 1 is placed in the X R1 10111100 register; the contents of register 2 is placed R2 00110101 

register; the contents of register 2 is placed R2 00110101 in the Y register. The contents of the two 11110001 
in the Y register. The ALU performs an ex- R1 10001001 registers are added together and added to +C 00000001 
clusive OR function and the result is placed the result of the carry trigger from a previous R1 11110010 
back in the register 1 location. operation. The result is written back into 

the R 1 location. 
o 0 0 Not used 

0 0 Not used 
o 0 OR R1 (OR) R2~R1 The contents of register 1 is placed in the X Rl 10111100 

register; the contents of register 2 is placed R2 00110101 0 11 AR R1 + R2~Rl The contents of register 1 is placed in the X R1 10111100 
in the Y register. The ALU performs an OR Rl 10111101 register; the contents of register 2 is placed R2 00110101 
function and the result is placed back in the in the Y register. The contents of the two Rl 11110001 
register 1 location. registers are added together in the ALU and 

the result is written back into the R 1 
0 o 0 Not used location. 

0 0 1 NCR R1 (AND) R2~R1 The contents of register 1 is placed in the X R1 10111100 1 1 o 0 SR Rl- R~R1 The contents of register 1 is placed in the X R1 10111100 
register; the contents of register 2is placed R2 00110101 register; the contents of register 2 is placed R2 00110101 
in the Y register. The ALU complements the R2 11001010 in the Y register. The Y register contents Rl 10000111 
Y register contents (R2), performs an AND R1 10001000 is subtracted from the X register contents, 
function on the registers, and the result is the result is written back into the Rl location. 
placed back in the register 1 location. 

0 Not used 
0 1 1 0 NR R1 (AND) R2~R1 The contents of register 1 is placed in the X Rl 10111100 

register; the contents of register 2 is placed R2 00110101 0 SCYR R1 - R2 - C~ R1 The contents of register 1 is placed in the X R1 10111100 
in the Y register. The ALU performs an AND Rl 00110100 register; the contents of register 2 is placed in R2 00110101 
function and the result is placed back in the the Y register. The Y register contents is 10000111 
register 1 location. subtracted from the X register contents; if -C 00000001 

the carry trigger was on from a previous R1 10000110 
0 1 1 1 OCR Rl (OR) R~Rl The contents of register 1 is placed in the X Rl 10111100 operation, 1 is subtracted from the result. 

register; the contents of register 2 is placed R2 00110101 The final result is written back into the R1 
in the Y register. The ALU complements R2 11001010 location. 
the Y register contents (R2), performs an R1 11111110 
OR function on the register contents, and 1 1 1 1 INC Rl + l~Rl The contents of register 1 is placed in the X Rl 10111100 
the result is placed back in the register 1 register. The carry in line is activated by the +1 00000001 
location. instruction, and 1 is added to the contents of Rl 10111101 

the X register by the ALU. The result is 
1 000 DEC Rl - 1~R1 The contents of register 1 is placed in the X Rl 10111100 written back into the R1 location. 

register. This data is gated into the ALU, -1 00000001 
and the ALU performs an X minus 1 function R1 10111011 

1 By adding a register to itself, (R1 + R1~1) the function shift left logical can be executed. This function causes the 8 bits to be 
and the result is written back into the register shifted one position to the left and the low order bit (bit 7) to be replaced with a zero. Mnemonic = SLL. 
1 location. 



Timing of CPU Functions 

Select LSR (bits 13, 14, 15) 
PL040 

Select Storage Gate High (from 
LSR high) PL030 

Select Storage Gate Low (from LSR 
low: 12=0; storage gate high: 12=1) 
PL040 

Clock Y Reg PL010 

Select ALU Function (bits 8, 9, 10, 
11) PL060 

Select LSR (bits 5, 6, 7) PL040 

Select Storage Gate Low (from 
LSR low: 4=0; storage gate high: 
4=1) PL030 

Clock Storage Gate Check 
PL030 

Clock X Reg PL010 

Select ALU Gate Low (from ALU 
low) PL050 

Select ALU Gate High (from ALU 
gate low) PL050 

Clock ALU Gate Check PM070 

Write LSR High (bit 4=1) PM070 

Write LSR Low (bit 4=0) PM070 

Clock PCR (1, 2, 3) PK003 

Clock PCR 4, 7 (arithmetic) 
5, 6, (decode) PK003 

TO T1 

Micro 

Instruction 

Fetch 

Specific CPU Data Path 

___ Options depending upon the contents 

of bits 4 and 12. 

Sequence of CPU Functions 
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Logical! Arithmetic 2 

Mnemonic: LA2 

I 0 1·1 1 1%1 Reg1\ Function I H21 Reg2 

a 345 78 111213 15 

This instruction allows arithmetic and logical 
type functions to be processed through the 
ALU. The logical/arithmetic 2 instruction 
always involves both bytes of Reg1 (operand 
1) and one or both bytes of Reg2 (operand 2) 
depending on the function involved. 

Reg1 (Bits 5-7): Selects one of the eight 
registers in the LSR stack. Both bytes of the 
selected register represent operand 1. The 
selected register is modified at the completion 
ofthe function being performed. 

Function (Bits B-11): Determines the basic logical 
or arithmetic function to be performed. 

H2 (Bit 12): Indicates which byte of the 
selected LSR (Reg2).is to be used in the current 
function. 

Reg2 (Bits 13-15): Selects one of the eight regis­
ters of the LSR stack appropriate for the current 
operating level. The selected register is operand 
2 of the function. The selected register is not 
modified by the operation being performed. 

Condition Code 

Set as follows for logical operations: 

On logical operations, two things are done: 

1. The logical operation (OR, AND, 
EXCLUSIVE OR, etc) is performed. 

2. R1 contents are ORed with the ones 
complement of R2 contents. This is 
expressed as (R1 or R2). 

Theconditi~:m code is set to reflect the out­
come of both oPerations except when the 
result ofthe logical operation is zeros (bit 
30fthe PCR). 

Positilie(Bit 1 of PCR)-Set if the result of the 
logical operation was not equal to zero, and 
(.R1 or R2equals all ones). Reset if the result 
of the logical operation equals all zeros, or 
(R1 or R2 equals all ones). 

Negative (Bit 2 ofPCR)-Set if the result of 
the. logical operation is not equal to all zeros, 
and(R1 or R2 not equal to all ones). Reset 
if the reslIlt of the logical operation equals 
all zeros,Qr(Rlor R2 equals all ones). 

Zero (Bit 3 ofPCR)-Set if the result of the 
logical operation equals all zeros. Reset if 
the result of the logical operation is not 
equal to all zeros. 

Set as follow!! for arithmetic operations: 

Positive (Bit 1 of PCR)-Turns on if the 
result of the operation has a carry and does 
not equal Zero. Turns off if the result is 
zero.ornot carry. 

Negative (Bit 2 of PCR)-Turns on if the 
result of the operation has no carry and 
does not equal zero. Turns off if the result 
is zero Or has a carry. 

Zero {Bit 39f PCR)-Turns on if the 
arithmetic operation resulted in a carry. 
Turned oft by the I/O immediate function 
resetcarrY-$et equal, by system reset, 
or if the arithmetic operation resulted in 
no carry .. 

High (Bit 5 of PeRl-Same as positive 
(bit 1). 

LQw (Bit 60f PCR)-Same as negative 
(bit 21. 

Equ~1 (Bit 7 of PC R);'" Turns off if the result 
ofthe operation does not equal zero. Turned 
on only by. I/O immediate -function reset 
carry-set equal, or by system reset. 



Logicall Arithmetic Functions 

Bits Bits 

8 9 1011 Mnemonic Function Description Example 8 9 1011 Mnemonic Function Description Example 

0 0 0 0 Not used 0 0 1 ACVR R1 + R2+C~ R1 The contents of register 1 is placed in the R1 1011110011001101 
X register; the contents of register 2 is R2 0011010110101001 

0 0 0 XR R1 (XR) R2 ~ R1 The contents of register 1 is placed in the R1 101 1 1 1001 1001 101 placed in the Y register. The contents of 1111001001110110 
X register; the contents of register 2 is R2 0011010110101001 the two registers are added together and +C 0000000000000001 
placed in the Y register. The ALU per· R1 1000100101100100 added to the result of the carry trigger R1 1111001001110111 
forms an exclusive OR function and the from a previous operation. The result is 
result is placed in the register 1 location. written into the register 1 location. 

0 0 0 Not used 1 0 1 0 SR R1 - R2 + 1 ~ R1 The contents of register 1 is placed in the R1 101 1 1 100 1 100 1 101 
~ X register; the contents of register 2 is R2 10101001 

10111 1001 1001 101 
1 byte 

placed in the Y register. The Y register R1 1011110000100100 0 0 OR R1 (OR) R2 ~ R1 The contents of register 1 is placed in the R1 
X register; the contents of register 2 is R2 00 1 1 0 1 0 1 1 0 1 0 1 00 1 contents is subtracted from the X register +1 0000000000000001 
placed in the Y register. The ALU per· R1 101 1 1 101 1 1 101 101 contents. The result is written into theR1 R1 1011110000100101 
forms an OR function and the result is location. 
placed in the register 1 location. 

11 1 0 1 AR R1+R2~R1 The contents of register 1 is placed in R1 1011110011001101 
0 0 0 Not used the X register; the contents of register 2 is R2 0011010110101001 

placed in the Y register. The contents of R1 1111001001110110 
0 0 NCR R1 (AND) A2 ~ R1 The contents of register 1 is placed in the R1 101 1 1 1001 1001 101 the two registers are added together in the 

X register; the contents of register 2 is R2 0011010110101001 ALU and the result is written into the 
placed in the Y register. The ALU com· R2 1100101001010110 register 1 position. 
plements the Y register contents, R1 1000100001000100 
performs an AN D function on the regis- 1 1 o 0 SA A1 - R2-+ R1 Same as (1010) SR. R1 1011110011001101 
ter contents, and writes the results in the R2 0011010110101001 
register 1 location. R1 1000011100101100 

0 1 1 0 NR R1 (AND) R2-+ R1 The contents of register 1 is placed in the R1 1011110011001101 1 1 0 1 AR R1 + R2-!> R1 Same as (1011) AR. R1 1011110011001101 
X register; the contents of register 2 is R2 0011010110101001 ~ 

R2 10101001 1 byte placed in the Y register. The ALU per· R1 0011010010001001 R1 1011110101110110 
forms an AND function and the result is 
written in the register 1 location. 1 1 1 0 SCYR R1 - R2 -1 - C~ R1 The contents of register 1 is placed in the R1 101 1 1 100 1 100 1 101 

X register; the contents of register 2 is R2 00 1 1 0 1 0 1 1 01 0 1 00 1 
0 1 1 1 OCR R1 (OR) R2 ~ R1 The contents of register 1 is placed in the R1 1011110011001101 placed in the Y register. The Y register 1000011100100100 

X register; the contents of register 2 is R2 0011010110101001 contents is subtracted from the X register -C 0000000000000001 
placed in the Y register. The ALU com· R2 1100101001010110 contents: the carry trigger from a previous R1 1000011100100011 
plements the Y register contents (R2), R1 1 1 1 1 1 1 101 101 1 111 operation is subtracted from the result. 
performs an OR function on the register The final result is written back into the 
contents, and the result is written in the A 1 location. 
register 1 location. 

1 1 1 1 INC R1 + 1~R1 The contents of register 1 is placed in the R1 1011110011001101 
1 000 DEC R1 -1~R1 The contents of register 1 is placed in the R1 10111 100 1 100 1 101 X register. The carry in line is activated +1 0000000000000001 

X register. This data is gated into the -1 0000000000000001 by the instruction, and this is added to the R1 1011110011001110 
ALU, and the ALU performs an X minus R1 1011110011001100 contents of the X register by the ALU. The 
1 fUnction, and the result is written into result is written into the register 1 location. 
the register 1 location. 

1 By adding a register to itself (R 1 + R 1 .... R 1 ), thll function shift left double can be executed. This function causes the 16 bits to be shifted one 
position to the left and the low order bit (15) to be replaced with a zero. Mnemonic = SLLD. 
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Timing of CPU Functions 

Select LSR (13, 14, 15) PL040 

Select Storage Gate Low (from 
LSR low: 12=0; storage gate high: 
12=1) PL030 

Select Storage Gate High (from 
LSR high) PL030 

Clock Y Reg (high/low) (X low, 
X high, and SAR don't care) PL010 

Reset Y High (16/8 arithmetic) 
PL.01O 

Select AL.U Function (8, 9, 10, 
11) PL060 

Clock Storage Gate Check PL030 

Select LSR (5, 6, 7) PL040 

Clock X Low, and X High (SAR 
don't care) PL010 

Select AL.U Gate High/L.ow (from 
ALU high/low) PL050 

Write LSR High/Low PM070 

Clock PCR PK003 

T·Times = 200 ns 

TO T1 T2 

Micro 
I 

Instruction 
I 

Fetch 

Specific CPU Data Path 

- - - Options depending on the contents 
of bit 12. 

Sequence of CPU Functions 

Select LSR (bits 
13,14,15) 

Select Storage 
Gate Low 
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Immediate 

Mnemonic: LI 

Reg1 I Immediate byte 

034 5 7 8 f5 

This instruction takes the.data in the immediate 
byte and loads it directly into a selected register 
of the appropriate LSR stack. Data can be placed 
into the high or low byte of the selected register. 

H1 (Bit 4): Indicates which bytl;lof the selected 
register in the LSR stack is to be used: 

H 1 = 0: Low byte of the register is to be 
used. 

H 1 = 1: High byte of the register is to be 
used. 

Reg1 (Bits 5-7): Selects one of the eight registers 
in the appropriate LSR stack. The immediate 
byte in the instruction replaces the byte in the 
selected LSR. 

Immediate byte (Bits 8-15): The 1 byte data field 
is loaded into the selected LSR. 

Condition Code 

No change. 

Timing of CPU Functions 

Select LSR (5, 6, 7) PL040 

Select Storage Gate Low (from SO R 
low) PL030 

Reset Y Reg Low PL010 

Clock X Low, Y Low, (X high, Y 
high, SAR don't care) PL010 

Clock Storage Gate Check PL030 

ALU Function (pass) PL060 

Select ALU Gate Low (from ALU 
low) PL050 

Select ALU Gate High (from ALU 
gate low) PL050 

WriteLSR High (4=1) PM070 

Write LSR Low (4=0) PM070 

Clock ALU Gate. Check PM070 

T-Times = 200 ns 

Specific CPU Data Path Sequence of CPU Functions 

TO T1 T2 T3 T4 T5 T6 TO 

Micro 

I 
Instruction 

I 
Fetch 

--- Options depending on the contents of bit 4. 

END 
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Compare Immediate 

Mnemonic: CI 

11 1 0 0 I H 1 I Reg1 Immediate byte I 
o 3 4 5 7 8 15 

This instruction is used to compare the 8 bits 
of data in the selected LSR with the corresponding 
8 bits of data in the immediate field. The 
results of the compare are reflected in the 
condition code setting. The selected LSR is 
not altered by the compare immediate instruction. 

H1 (Bit 4): Indicates which byte of the 
selected register in the LSR stack is to be used 
in the compare: 

H 1 = 0: Low byte of the register is to be 
used. 

H1 = 1: High byte of the register is to be 
used. 

Reg1 (Bits 5·7): Selects one of the eight registers 
in the appropriate LSR stack. The byte in the 
immediate field is compared to the data in the 
selected LSR. 

Immediate byte (Bits 8·15): Contains the data 
to be compared to the data in the selected LSR. 

Condition Code 

Set as follows: 

Positive (bit 1 of PCR)-Register data greater 
than data field. 

Negative (bit 2 of PCR)-Register data less 
than the data field. 

Zero (bit 3 of PCR)-Register data equals 
data field. 

Timing of CPU Functions 

Select LSR (5, 6, 7) PL040 

Select Storage Gate Low (from 
LSR low: 4=0; storage gate high: 
4=1)PL030 

Select Storage Gate High (from 
LSR high) PL030 

Select Y Data PL010 

Clock Y Low, High PL010 

Clock X Low, High and SAR (don't 
care) PL010 

Clock Storage Gate P Check PL030 

ALU Function (X plus V) PL060 

Select ALU Gate Low (from ALU 
low) PL050 

Select ALU Gate High (from ALU 
gate low) PL050 

Clock PCR (1,2,3) PK003 

T·Times = 200 ns 

TO T1 T2 

Micro 

I . 
Instruction 

I 
Fetch 

Specific CPU Data Path 

___ Options depending on the 

contents of bit 4. 

Sequence of CPU Functions 

Select LSR (bits 
5,6,71 

Select Storage 
Gate Low 

Clock Storage 
Gate P Check 

ALU F~ction 
(X and VI 

Select ALU Gate 
Low 

Ves 

t.tINSTR-16 



Subtract Immediate 

Mnemonic: SI (subtract immediate) 
AI (add immediate) 

\1 1 0 1! Hl ! Regl !Immediate byte I 
o 3 4 5 7 8 15 

The data in the immediate byte of this instruction 
is subtracted from the data in the specified LSR 
(Reg 1). 

To add immediate, the immediate data is comple­
mented before insertion in the immediate field· of 
the instruction (complement subtraction = 
addition). 

When the contents of Reg 1 don't matter after 
execution, this instruction can be used to perform 
a compare function by testing the condition 
code after execution. 

H1 (Bit 4): Indicates which byte of the selected 
register in the LSR stack is to be used in the 
subtraction: 

H 1 = 0: Low byte of the register is to be 
used. 

H 1 = 1: High byte of the register is to be 
used. 

Reg1 (Bits 5-7): Selects one of eight registers 
in an LSR stack. The data field is subtracted 
from the data in the selected LSR. 

Immediate byte (Bits 8-15): Contains the data to 
be subtracted from the data in the selected register. 

Condition Code 

Set as follows: 

Positive (bit 1 of PCR)-Register data is greater 
than data field. 

Negative (bit 2 of PCR)- Register data is less 
than data field. 

Zero (bit 3 of PCR)-Register data and data 
field are equal. 

Timing of CPU Functions 

Select LSR (5, 6,7) PL040 

Select Storage Gate Low (from LSR 
low: 4=0; storage gate high: 4=1) 
PL030 

Select Storage Gate High (from 
LSR high) PL030 

Select Y Data (from SDR) PL010 

Clock Y Reg PL010 

Clock X Low (X high and SAR don't 
care) PL010 

Clock Storage Gate P Check PL030 

ALU Function (X plus ,y'j PL060 

Select ALU Gate Low (from ALU 
low) PL050 

Select ALU,Gate High (from ALU 
low) PL050 

Write LSR: Low 4=0, High 4=1 
PM070 

Clock PCR (1,2,3) PK003 

CI.ock ALU Gate P Check PM070 

T-Times = 200 ns 

TO Tl 

Micro 

I 
Instruction 

I 
Fetch 

--

_ISL4C1 

Specific CPU Data Path Sequence of CPU Functions 

TO 

___ Options depending on the contents of bit 4. 
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Test Mask 

Mnemonic: TM 

I 0 1 0 I H 1 I Regl Mask 

o 3 4 5 7 8 15 

The bits in 1 byte of a working register may 
be tested by this micro instruction. A mask 
in the immediate data field of the micro instruc­
tion identifies the bits to be tested. As a result 
of this test, one of three conditions will be 
detected and this condition will be set in the 
PCR: 

1. The tested bits are all equal to 1 (PCR 1 
bit set on). 

2. The tested bits are a.mixture of ones and 
zeros (PCR 2 bit set on). 

3. The tested bits are equal to zero (PCR 3 
bit set on). 

H1 (Bit 4): Selects low or high byte of register: 

Hl = 0: Low byte of register used. 

H 1 = 1: High byte of register used. 

Reg1 (Bit 5-7): Selects one of the working 
registers in the specified interrupt level. 

Mask (Bits 8-15): Any bit set to 1 indicates the 
corresponding bit in the selected byte is to be 
tested. 

Any bit set to 0 indicates the corresponding 
bit is to be ignored. 

Condition Code 

Result of Test 

Tested bits all = 1 
Tested bits are mixed 
Tested bits all = 0 

Condition Code 

Positive 
Negative 
Zero 

Example: 

Hl=O 

Regl = 011 

Interrupt level = 0 

Mask = 1 

t 
LSR3 = 1 

Condition Code Set: Positive 

PCR = 01000000 

Bits tested all equal 1. 

Selected LSR 
Bits Interrupt Level 

567 0 1 2 

0 0 0 0 16 24 

0 0 1 1 17 25 

0 1 0 2 18 26 

0 1 1 3 19 27 

1 0 0 4 20 28 

1 0 1 5 21 29 

1 1 0 6 22 30 

1 1 1 7 23 31 

Bits 2, 4, and 7 in LSR 3 
are to be tested. 

Timing of CPU Functions 

Select LSR (5,6, 7) PL040 

Select Storage Gate High (from 
LSR high) PL030 

Select Storage Gate Low (LSR 
low if 4=0, storage gate high if 4=1) 
PL030 

Clock X Reg and SAR PL01 0 

Select V Reg (from SDR) PL010 

Clock V Reg PL010 

Clock Storage Gate Check PL030 

ALU Gate High/Low PL050 

ALU Function (X and V) OR Logic 
(X OR V) PL060 

Clock PCR (1,2,3) PKOOO 

T-Times = 200 ns 

Specific CPU Data Path 

TO T1 T2 

Micro 

I 
Instruction 

I 
Fetch 

I 
Time 

Sequence of CPU Functions 

Gate LSR Byte 
Through Storage 
Gate High 

Gate LSR Byte 
Through Storage 
Gate Low and 
Set in X Reg 

No 
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Set Bits On 

Mnemonic: SBN 

11 0 0 1 'I H1 I Reg1 Data 

o 3 4 5 7 8 

This instruction is used to set bits on in the 
specified byte of the selected register in the 
LSR stack. 

15 

H1 (Bit 4): Indicates which byte of the selected 
register in the LSR stack is to be used: 

H1 = 0: Low byte of the register is to be 
used. 

H 1 = 1: High byte of the register is to be 
used. 

Reg1 (Bits 5-7): Selects one of eight registers 
in the appropriate LSR stack. The byte of 
the register is ORed with the data in the data 
field. 

Data (Bits 8-15): The 8 bits of this field 
correspond to the eight bits in the selected 
register. Any bit in the data field that is set to 
one causes its corresponding bit in the register 
to be set to one. Any bits in the data field 
that are set to zero do not affect their corres· 
ponding bits in the selected register. 

Condition Code 

No change. 

Timing of CPU Functions 

Select LSR 5, 6, 7 PL040 

Select Storage Gate Low (from 
LSR low: 4=0, storage gate high: 
4=1)PL030 

Select Storage Gate High (from 
LSR high) PL030 

Select V Data (from SDR low) 
PL010 

Clock V High/Low 
PLOlO 

Clock X High/Low (SAR don't 
care) PLOlO 

Clock Storage Gate Check 
PL030 

ALU Function (X OR V) PL060 

Select ALU Gate Low (from 
ALU low) PL050 

Select ALU Gate High (from 
ALU gate low) PL050 

Write LSR High (4=1) PM070 

Write LSR Low (4=0) PM070 

Clock ALU Gate Check PM070 

T·Times = 200 ns 

Specific CPU Data Path 
Sequence of CPU Functions 

TO T1 T2 TO 

Micro 
I 

Instruction 
I 

Fetch 

EJ 
Sy.Bu.Oull'ligI! 

Clock V Low, High 

'--- Options depending on the contents of bit 4. 

No Ves 

END 
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Set Bits Off 

Mnemonic: SBF 

\1 0 0 0 I H1 I Reg1 Data 

03 4 5 7 8 

Set off is used to set bits off in the specified 
byte of the selected register in the LSR stack. 

H1 (Bit 4): Indicates which byte of the selected 
register in the LSR stack is to be used: 

H 1 = 0 Low byte of the register is to be 
used. 

H 1 = 1: High byte of the register is to be 
used. 

Reg1 (Bits 5·7): Selects one. of the eight 
registers in the appropriate LSR stack. The 
byte of the register is ANDed with the comple­
ment of the data in the data field. 

Data (Bits 8·15): The 8 bits in this field 
correspond to the eight bits of the selected 
register. Any bit in the data field that is set 
on (equal to one) causes its corresponding 
bit in the register to be set to zero. Any bits 
in the j:lata field that are off (equal to zero) 
do not affect any bits in the register. 

Condition Code 

No change. 

15 

Timing of CPU Functions 

Select LSR (5,6, 7) PL040 

Select Storage Gate Low. (from 
. LSR low: 4=0, storage gate high: 
4=1) PL030 

Select Storage Gate High (from 
LSR high) PL030 

Select Y Data (from SDR low) 
PL010 

Clock Y High/LowPL010 

Clock X High/Low (SAR don't 
care) PL010 

Clock Storage Gate Check PL030 

ALU Function (X AND V) PLOOO 

Select Alu Gate Low (fromALU 
low) PL050 

Select ALU Gate High (from ALU 
gate low) PL050 

Write LSR High (4=1) PM070 

Write LSR Low (4=0) PM070 

Clock ALU Gate Check PM070 

T-Times = 200 ns 

TO T1 T2 T3 T4 T5 T6 TO 

Micro 

I 
Instruction 
I 

Fetch 

Specific CPU Data Path 

B 
Sy,BwlOut H .... 

, , 

AddrSw3"4 

---- OPtions depending on the contents of bit 4. 

p..NSTR·20 

Sequence of CPU Functions 

Yes 

END 



Storage 

10100lH11Reg1111wlciDIVIReg2 

o 3457891011121315 

The storage instruction is used for accessing either 
control storage or main storage. Data can be trans· 
ferred to or from the LSRs. 

H1 (Bit 4): 

H1 = 0: Select low byte of LSR stack 
specified by bits 5·7 (Reg1). 

H1 = 1: Select high byte of LSR stack 
specified by bits 5·7 (Reg1). 

Not used when bit 10 is on. 

Reg1 (Bits 5-7): Selects one of the eight 
registers of the appropriate LSR stack. Data 
is transferred to or from this register. 

Bit 8: Modifier to the op code (bits 0-3). 
If bits 8=0, the instruction is 1/0 storage; 
if bit 8=1, the instruction is storage. 

W (Bit 9): Identifies the direction of transfer: 

W = 0: Read from storage and transfer to 
the LS R stack. 

W = 1: Transfer from the LSR stack and 
write to storage. 

C (Bit 10): Selects main or control storage: 

C = 0: Selects main storage. 
C = 1 : Selects control storage. 

/ 

D (Bit 11 j: Indicates whether the address in the 
LSR (specified by bits 13-15) should be incre­
mented (D = 0) or decremented (D = 1). 

V (Bit 12): Indicates the amount the address in 
the LSR (specified by bits 13-15) should be 
incremented or decremented. If V = 0, the 
address in the selected LSR is not changed; if 
V = 1, the address in the selected LSR is incre-
mented or decremented by one depending on 
the bit setting of the D field. 

Reg2 (Bits 13-15): Selects one of the eight 
LSRs dedicated to the present operating level 
that contains the storage address needed for 
the data transfer. The address in the specifiecj 
LSR may be updated depending on bits 11 
(D field) and 12 (V field). 

Storage Instruction List 

4 8 9 101112 Mne-
monic 

X 1 0 0 LC 

X 0 LC 

X 0 0 0 LC 

X 0 STC 

X STC 

X 1 0 0 STC 

H 0 0 0 LM 

H 0 0 LM 

H 0 0 0 0 LM 

H 0 0 STM 

H 0 STM 

H 0 0 0 STM 

Bit 4: 

X: Not used 
H = 1: High byte 
H = 0: Low byte 

Description 

Load from ctrl str, 
increase R2 by 1. 
Load from ctrl str, 
decrease R2 by 1. 
Load from ctrl str, 
R2 (no change). 
Store to ctrl str, 
increase R2 by 1. 
Store to ctrl str, 
decrease R2 by 1. 
Store to ctrl str, 
R2 (no change). 
Load from main str, 
increase R2 by 1. 
Load from main str, 
decrease R2 by 1. 
Load from main str, 
R2 (no change). 
Store to main str, 
increase R2 by 1. 
Store to main str, 
decrease R 2 by 1. 
Store to main str, 
R2 (no change). 

Storage (Read) 

Timing of CPU Functions 

Select Storage Gate High/Low 
(from LSR high/low) PL030 

Clock Storage Gate P Check 
PL030 

Select LSR (13, 14,15) PL040 

Clock X Low, X High, SAR 
PL010 

ALU (±1 or pass; depends on bits 
11,12) PL060 

ALU Gate High/Low (from ALU 
high/low) PL050 

Fetch (write trigger) PN020 

Write LSR High/Low PM070 

Clock SDR (write trigger) PL020 

Select Storage Gate High (from 
SDR high) PL030 

Select ALU Gate Low (from 
storage gate low) P L050 

Select ALU Gate High (from ALU 
gate low: 10=0; storage gate high: 
10=1)PL050 

Clock ALU Gate Check PM070 

Select Storage Gate Low (from 
SDR low) PL030 

Select LSR (5, 6, 7) PL040 

Write LSR High (4, 10=1) PM070 

Write LSR Low 4=0,10=1 
PM010 

TO Tl T2 

Micro 

I 
Instruction 

I 
Fetch 

T3 T4 T5 

• 

T6 

Sequence of CPU Functions 

START 

Clock Storage Gate 
PCheck 

Condition Code First time activated. 

No change. 
• _ - - Second time activated . 
••••••••••••• Options depending on contents of bits 4 and 10. 
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Storage (Write) 

Timing of CPU Functions 

Select Storage Gate High/Low 
(from LSR high/low) PL030 

Select LSR (13, 14, 15) PL040 

Clock X Low, X High, SAR 
PL010 

Clock Storage Gate Check PL030 

Select LSR (5, 6, 7) PL040 

Select Storage Gate High (from 
LSR high) PL030 

Select Storage Gate Low (from 
LSR Low: 4=0, 10=1; storage 
gate high: 4=1, 10=0) PL030 

Storage CYcle PN030 

Write Storage High (10=1) 
PM035 

Write Storage Low PM035 

Clock SDR for Echo Check 
(write trigger) PL020 

ALU (±1 or pass) PL060 

ALU Gate High/Low (from 
ALU high/low) PL050 

Select LSR(13, 14, 15) PL040 

Clock ALU Gate Check PM070 

Write LSR High/Low PM070 

JlINSTR-22 

Specific CPU Data Path Sequence of CPU Functions 

TO T1 T2 T3 T4 T5 T6 

ro 
Instruction 

I 
Fetch 

--- Options depending on contents of bits 4 and 10. 

Yes 

Write Storage High 

END 



Storage Direct 

Mnemonic: L (load reg) 
ST (store reg) 

11 1 1 0 I W I Reg1 0 I SAR 

o 345 789 15 

This instruction directly accesses any of 128 
addresses of control storage (the fixed storage 
area; addresses· 0000-007 F) during read or write 
operations. Main storage cannot be accessed 
with this instruction, Two bytes of data are 
transferred. 

W (Bit 4): Indicates whether a read or write 
operation is to occur: 

w == 0: Read from control storage to the 
selected register. 

W == 1: . Write to control storage using the 
selected register for source. 

Reg1 (Bits 5-7): Selects one of eight registers 
in the LSR stack. Two bytes of data are 
transferred between this register and control 
storage. 

Bit 8: Always 0, a modifier bit to the op code 
(bits 0-3). 

SAR (Bits 9-15): Specifies one of the first 128 
locations in control storage. These 7 bits directly 
replace the corresponding 7 bits in the storage 
address register (SAR). Bits 0 through B of SAR 
are set to zeros. 

Condition Code 

No change. 

Storage Direct (Read from Control Storage) 

Timing of CPU Functions 

Force SOR 0-7 == 0 PL020 

Select Storage Gate High/Low (from 
SOR high/low) PL030 

Clock X Low, X High, SAR PL010 

Clock Storage Gate Check PL030 

Fetch (write trigger) PN020 

Clock SOR PL020 

Select Storage Gate High/Low 
(from SOR high/low) PL030 

Select ALU Gate High/Low (from 
storage gate high/low) PL050 

Select LSR (5,6, 7) PL040 

Write LSR High/Low PM070 

Clock ALU Gate Check PM070 

T-Times = 200 ns 

Specific CPU Data Path 

TO T1 T2 

Micro 
I . 

I nstructl on 
I 

Fetch 

l_dNSTR 

Sequence of CPU Functions 
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Storage Direct (Write to Control Storage) 

Timing of CPU Functions 

Force SDR 0-7 = 10 PL020 

Select Storage Gate High/Low 
(from SDR high/low) PL030 

Clock X Low, X High, SAR 
PL010 

TO T1 T2 

Micro 

I nstructi on 
Clock Storage Gate Check Fetch 
PL030 

Storage Cycle PN030 

Select LSR (5, 6, 7) PL040 

Select Storage Gate High/Low 
.(from LSR high/low) PL030 

Write Storage High PN030 

Write Storage Low PN030 

Clock SDR (write trigger) 
PL020 

T-Times = 200 ns 

Specific CPU Data Path 

Sequence of CPU Fune'tions 

START 

Select Storage 
Gate High/Low 

END 
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Move LSR 

Mnemonic: MVR 

11 1 1 0 I Reg1 

o 3 4 7 8 9 10 15 

This instruction moves the contents of one LSR 
to another LSR. Two bytes of data are always 
moved. Any of the 32 LSRs in the stack can be 
accessed. Data can be moved either from Reg1 
to Reg2 or from Regi to Reg1 depending on the 
setting of bit O. 

Regt (Bits 4-7): Selects one of 16 LSRs. The 
group being selected depends on the program level 
currently being processed. Eight of these registers 
are always the MAR/MAB stack (specified by bit 
4 = 1). The other 8 of the 16 registers that can 
be specified in the Reg1 field are the work 
registers (WRs) associated with the program 
level currently selected. These registers are 
selected by specifying 0-7 in the Reg1 field. 

Bit 8: Always a 1, bit 8 is a modifier to the 
op code (bits 0-3). 

S (Bit 9): Indicates the direction in which the 
data is to be transferred. S = 0 means Reg1 is 
the source register and 2 bytes of data are 
transferred from Reg1 to Reg2. S = 1 means 
Reg2 is the source register and 2 bytes of data 
are transferred from Reg2 to Reg 1. 

Reg2 (Bits ~0-15): The low order 5 bits of this 
field select one of the 32 LSRs in the data flow 
(bit 10 = 0). Two bytes of data are moved to 
or from this field depending on the bit setting 
of the S field. 

Condition Code 

No change. 

Valid Reg1 Field Register Specification 

o 

7 
8 

15 
16 

23 
24 

31 

Mainline/ 
Machine Check 
WRs 1-

MAR/MAB 
Stack 1 

~ Interrupt 1 
WRs 

Interrupt 2 
WRs 

Valid combinations that can be specified in the 
Reg1 field of move LSR are: 

1. If in mainline or machine check, the registers 
that can be specified are 0-7 and 8-15. 

2. If in interrupt levell, the registers that can 
be specified are 16-23 and 8-15. 

3. If in interrupt level 2, the registers that can 
be specified are 24-31 and 8-15. 

Timing of CPU Functions 

Select LSR (4-7 if 9=0 10-15 if 9=1) 
PL040 

Clock X Low and X High (SAR 
don't care) PL010 

Clock Storage Gate Check PL030 

ALU (pass) 

Select Storage Gate High/Low 
(from LSR high/low) PL060 

Select LSR (10-15 if 9=0;4-7 if 
9=1) PL040 

Select ALU Gate High/Low (from 
ALU high/low) PL050 

Write LSR High/Low PM070 

Clock ALU Gate Check PM070 

T-Times = 200 ns 

Specific CPU Data Path 

INSTR 

Sequence of CPU Functions 

TO T1 T2 

START 

Micro 

I 
Instruction ••• 1(; 
I 

Fetch 
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Hex Branch 

Mnemonic: HBN (numeric) 
HBZ (zone) 

11 1 1 11 H 11 Reg1 IMAR' loW ///;1 Z 

o 3 4 5 7 8 11 12 13 14 15 

This instruction operates as a 16 way uncondi­
tional branch. Either the zone or digit portion of 
either the high or low byte of the selected register 
is used to replace bits 12-15 of MAR. Bits 8-11 of 
MAR are replaced by the bit settings of MAR'. 

H1 (Bit 4): Indicates which byte of the selected 
register in the LSR stack is to be used in the hex 
branch: 

. H 1 = 0: Low byte of the register is to be 
used. 

H1 = 1: High byte of the register is to be 
used. 

Reg1 (Bits 5-7): Causes selection of one of 
eight registers in an LSR stack. The zone or 
digit portion of the selected register is used 
and replaces bits 12-15 of MAR. 

MAR' (Bits 8-11): Replaces bits 8-11 of MAR. 
Bits 0-7 of MAR are not changed by this 
instruction. 

Bit 12: Always 0, a modifier to the op code 
(bits 0-3). 

Bits 13 and 14: Not used in the next branch 
instruction. 

Timing of CPU Functions 

Select LSR (5, 6, 7) PL040 

Select Storage Gate High (from 
LSR high) PL030 

Select Storage Gate Low (from 
LSR low: 4=0, storage gate high: 
4=1) PL030 

Clock X High, X Low, SAR (don't 
care) PL010 

Clock Storage Gate Check PL030 

Select Y Data (from SDR) PL010 

Clock Y Reg, Block Reset Y 
PL010 

ALUFunction (pass) PL060 

ALU Gate Low (from Y zone X 
numeric: 15=0;.Y zone X zone: 
15=1) PL050 

Select LSR (MAR) PL040 

Write LSR Low PM070 

Clock ALU Gate Check PM070 

T-Times = 200 ns 

TO T1 

Micro 

Instruction 

Fetch 

Z (Bit 15): Causes either the zone or digit 
portion of the selected register to be used in 
the hex branch function: 

Z = 0: Digit portion of data byte of 
selected register replaces bits 
12-150fMAR. 

Z = 1: Zone portion of data byte of 
selected register replaces bits 
12-150fMAR. 

Condition Code 

No change. 

TO Specific CPU Data Path 

B 
Syl But Out High 

___ Options depending on contents of bit 4. 

Sequence of CPU Functions 

Select LSR 
(bits 5, 6, 7) 
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Hex Move 

11 1 1 llH 11 Regl ta Function IH211 IReg2 

o 345789 1011121315 

Mnemonics: SRL 
SRLD 
MZZ 
MZN 

This instruction performs the following functions: 

1. Shift right logical 8 bits of register 
(Regl ). 

2. Shift right logical double 16 bits of 
register (Regl). 

3. Link the zone portion of Reg2 to the zone 
portion of Regl and put the result into 
Regl in the following format: 

Reg2 Reg1 
Zone Zone 

4. Link the zone portion of Reg2 to the numeric 
portion of Regl and put the results into Regl 
in the following format: 

Reg2 Regl 
Zone Numeric 

H1 (Bit 4): Indicates which byte of the selected 
register in the LSR stack is to be used: 

H 1 = 0: Low byte of the register is to be 
used. 

H 1 = 1: High byte of the register is to be 
used. 

The H 1 field is not used for the shift right 
logical double function. 

Reg1 (Bits 5-7): Causes selection of one of eight 
registers in an LSR stack. 

Bit 8: Not used. 

Function (Bits 9 and 10): Specifies one of the 
following functions: 

Bits 9 and 10 = 00: Regl shift right logical 
(SR L). The 8 bits of the selected byte are 
shifted one position to the right. The high order 
(leftmost) bit is replaced with a zero. The Reg2 
and H2 fields of the hex move instruction are 
not used for the shift right logical function. 

Bits 9 and 10= 01: Reg 1 shift right logical 
double (SR LD). The 16 bits of the selected 
register are shifted one position to the right. 
The high order bit (bit 0) is replaced with a 
zero. The H 1, H2, and Reg2 fields of the hex 
move instruction are not used for the shift 
right logical double. 

Bits 9 and 10= 10: Link zone portion of Reg2 
to the zone portion of Regl (MZN). The zone 
digit of the register specified in Reg2 is moved 
to the zone position of the register specified in 
Regl. The zone digit of the register specified by 
Regl is moved to the numeric portion of the 
register specified in Regl. The results are put in 
the register specified by Regl and have the follow­
ing format: 

Reg2 Reg1 
Zone Zone 

Example: Regl 
Reg2 
Result 

01101000 
11110010 
1111 0110 

Bits 9 and 10= 11: Link the zone portion of 
Reg2 to the numeric portion of Regl (MZZ). The 
zone digit of the register specified in Reg2 is moved 
to the zone position of the register specified by 
Regl and the numeric digit of the register specified 
in Reg1 is unchanged. The results are put in the 
register specified by Regl and have the following 
format: 

Reg2 Regl 
Zone Numeric 

Example: Regl 0110 1001 
Reg2 1111 0010 

Result 1111 1001 

H2 (Bit 11): Indicates which byte of the selected 
register (specified by Reg2) in the LSR stack is 
to be used: 

H2=0: 

H2= 1: 

Low byte of the register is to be 
used. 
High byte of the register is to be 
used. 

The H2 field is not used in the shift right logical 
and shift right logical double functions. 

Bit 72: Always 1, a modifier to the op code 
(bits 0-3). 

Reg2 (Bits 13-15): Causes selection of one of 
eight registers in the LSR stack. The Reg2 
field is not used in the shift right logical and 
shift right logical double functions. 

Condition Code 

No change. 

Timing of CPU Functions 

Select LSR (13,14,15) (Reg2) 
PL040 

Select Storage Gate High (from 
LSR high) PL030 

Select Storage Gate Low (from 
LSR low: 11=0, storage gate high: 
11=1) PL030 

Select YData (from storage 
gate) PLOlO 

Clock Y, X High, and SAR 
(block reset) PL010 

ALU Gate Low (Bits 9, 10) 
o 0 Rl SRL l--l>Rl 
o 1 Rl SRDL 1--l>Rl 
1 0 R2(Z) Rl (Z)~Rl 
1 1 R2(Z) Rl (N)~Rl 

PL050 

ALU Function (pass; block 
reset Y) PL060 

Select LSR (5,6,7) (Regl) 
PL040 

Select Storage Gate High (from 
LSRhigh) PL030 

Select Storage Gate Low (from 
LSR low: 4=0, or 9, 10=01, 
storage gate high: 4=1 and 9, 
10""01) PL030 

Clock X Low, X High, SAR 
PL010 

Clock Storage Gate Check PL030 

Select ALU Gate High (from 
ALU gate low: 4""1 and 9,10=i1) 
PL050 

Write LSR High (4=1 or 9,10=01) 
PM070 

Write LSR Low (4=0 or 9,10=01) 
PM070 

Clock ALUGate Check PM070 

T· Times = 200 ns 

TO Tl T2 

Micro 

I 
Instruction 

I 
Fetch 

--
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Specific CPU Oata Path 

-----Options depending on the contents 
of bits 4, 9, 10 and 11. 

Sequence of CPU Functions 

Clock Y High, X 
High, and SAR 
(block reset) 

ALU Gate Low 

.!L!Q 
o 0 R1 SRL1-+R1 
o 1 R1 SRDL1-+R1 

o R2(Z)R1(Z) -+ R1 
1 R2(Z)R1(N) -+ R1 

JL'NSTR·28 

Yes 

Write LSR Low 

• 



I/O IMMEDIATE 

H 
1 0 1 1 Modifier Function 2 Reg 

o 3 4 7 8 11 12 13 15 

The I/O immediate instruction has two main 
functions: 

1. 

2. 

Transfer a single byte of data between the 
LSRs and I/O devices, and 

Direct control of CPU, channel, and I/O 
functions that mayor may not include data 
transfer. 

Modifier (Bits 4-7): The modifier bits are device 
dependent and are sent to the attachment. Along 
with the CSO bits, these bits define what is to 
be done. 

Specific CPU Data Path 

Sy.ButQutHigl! 

Function (Bits 8-11): The function bits are sent 
to the port where they are decoded as one of the 
following commands: 

Load 
Sense 
Control load 
Control sense 

This command is then sent to the attachment 
on the CSO. 

If bits 10 and 11 = 10, the command does not 
go to the port but stays in the CPU. For further 
definition of the commands, see MINSTR-30. 

H2 (Bit 12): This bit is used to select the high 
or low byte of the selected LSR. 

Reg (Bits 13-75): This field selects one of eight 

registers in an LSR stack. This register is used for 
the byte of data or control information that is to 
be sent or received. 

Note: For CPU control instructions, bits 12-15 
are used as a second set of modifier bits. 

CommaMBu.Out I 

I 
I 
I 

PonD.taBu"n I 

I 
~ 

Cbn,loIL,no'l 

_---l 
I 

Timing of CPU Functions 

Select LSR (WRO) PL040 

SDR High 
SDR Low 
LS R Low P L030 

Select Storage Gate High (from 
SDR high) PL030 

Clock SAR, X High, X Low PL01 0 

Advance Time PH010 

Select LSR 13, 14, 15 PL040 

Select Storage Gate High (from LSR 
high) PL030 

Select Storage Gate Low (from 
channel bus:9= 1; LSR:9=0) PL030 

Select ALU Gate Low (from 
storage gate low) PL050 

Select ALU Gate High (from ALU 
gate low) PL050 

Write LSR Low (9=1, 12=0) 
PM070 

Write LSR High (9= 1, 12= 1) PM070 

INSTR 

CPU/Port Communications 

Yes 

TO T1 T2 T3 T3E- - T4 T5 T6 T6E 

Micro 

Instruction 

Fetch .. _-

• 
• 

Low 

Modifier Bits to 
Port from SDR 
High 

Designated by 
Bits 13, 14, 15 
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I/O IMMEDIATE (continued) 

Order of Significance --------------------_____ Address of LSR 
Containing Data 
Used by 

Op Code Function Device Address 

WRO Low 

Modifier Instruction 

o 1 2 3 8 9 10 11 

o 

0= I/O Load 

(See IlINSTR-31.) 

4 = I/O Sense 

(See III NSTR-32.) 

~: AO 
DO 
EO 

10 
40 
50 
AO 
DO 
EO 

00 
10 
40 

!S = I/O Control Load 50 

(See III NSTR-31.) 

C = I/O Control 
Sense 

(See III NSTR-32.) 

5 = Sense Interrupt 

AO 
DO 
EO 

~
10 

40 
50 
AO 
DO 
EO 

{

10 

Level Status Byte 20 

(See IlINSTR-33.) 30 

Keyboard, KBD-6 
Display Screen, DISP-14 

4 5 6 7 12 13 14 15 

MCU, Magnetic character reader, or Data Recorder (if installed) 
Disk,DISK-11 
33FD,33FD-16 
Printer, PTR-8; S-PTR-10 

Channel, see Elthis page 
Keyboard, KBD-12 
Display Screen, DISP-19 
MCU, Magnetic character reader, or Data Recorder (if installed) 
Disk,DISK-13 
33FD,33FD-18 . 
Printer, PRT-14; S-PTR-14 

Channel, see I!lthis page 
Keyboard, KBD-8 
Display Screen, DISP-16 
MCU, Magnetic character reader, or Data Recorder (if installed) 
Disk, DISK-11 
33FD,33FD-20 
Printer, PTR-10; S-PTR-12 

Keyboard, KBD-14 
Display Screen, DISP-21 
MCU, Magnetic character reader, or Data Recorder (if installed) 
Disk,DISK-13 
33FD, 33FD-32 
Printer, PTR-14; S-PTR-16 

Disk, DISK-14 (WRO{L] contains interrupt 
level being sensed) 

Keyboard, KBD-18; Printer, PTR-18; 
S-PTR-18 

MCU, Magnetic chllracter reader, or Dlltll Recorder (if installed) 

6 = Microprocessor 
Sense 

See II this page. 

A = Microprocessor 
Load 

See II this page. 

1,3,7, B, 0, E, F Invalid 

II Channel I/O Sense 

4 5 6 7 Bit 0 Bit 1 Bit 2 Bit 3 Bit4 Bit 5 

0000 Sense 
Dllta 

Port Register 

0001 Port Invalid OBI I/O CBI/ System 
Data Device P Timeout OBI Bus P 
Bus Address Check Check Not Zero Check 
Out 

Bit6 Bit7 

Cycle Invalid 
Steal Channel 
Check 

II Channel I/O Control Load 

Modifier 
Bits 4-7 Function 

0000 Disable 33FD Timeout 

Bits 12-15 

Not Used 

H Reg 0001 I,.oad Port Register 

0010 Reset Port Errors 

0011 Enable 33FD Timeout 

0100 Reset Start Light 

2 2 
Data to 
be Loaded 

0101 Set Channel Odd Parity 

Not Used· 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

0110 Set Channel Even Parity 

0111 Set Start Light 

II CPU Microprocessor Sense 

The contents of 
these bytes or 
switches are 
moved to an 
LSR. This 

data can then 
be used by the 
program. 

4 5 6 7 

0 1 0 0 
Console 
Status 
Byte 

0 1 0 1 
Address 
Data 
Switches 
3 and 4 

0 1 1 0 
I/O Clocks 

Low Byte1 

0 1 1 1 

I/O Clocks 

High Byte1 

1 0 0 1 
Address 
Data 
Switches 
1 and 2 

1 0 1 0 
CPU Error 
Byte 

1 0 1 1 
PCR 

Bit 0 

Stop 
Key 

Switch 3 
8 

8.19 ms 

321ls 

SwitCh 1 
8 

SDR P 
Check 

Flag 

Bit 1 

Main 
Storage 
Address 
Compare 

Switch 3 
4 

16.38 ml 

64 1ls 

Switch 1 
4 

MORP 
Check 

Plus 

Bit:!! Bit 3 

Overlap IPL 
Off Device 

Select 
Switch 

Switch 3 Switch 3 
2 1 

32.77 ms 65.54ms 

128 Ils 2561ls 

Switch 1 Switch 1 
2 1 

Storage ALU 
Gate P Gate P 
Check Check 

Minus Zero 

1 Contents of these bytes are in 1's complement form. 

III NSTR-30 

II Micro Processor Load 

Modifier Modifier 2 
Bits 4-7 Bits 12-15 

0000 Load PCR, PK003(Modifier 111.1 
2 is high byte of WR7) 

0001 Reset Carry-Set Equal 1111 
0010 Reset Event Indicator 2, 1111 

PKOOl 
0011 Reset Event Indicator 3, 1111 

PK001 
0100 Reset Event Indicator 4, 1111 

PKOOl 
0101 Reset Event Indicator 5, 1111 

PK001 
0110 Reset Event Indicator 6, 1111 

PKOOl 
0111 Reset Event Indicator 7, 1111 

PK001 
1000 Set Flag 1111 
1001 No-Op 1111 

Bit 4 Bit 5 Bit 6 Bit 7 1010 No-Op 1111 

I/O Sys Go Micro 
Request Step Flag .Interrupt 

Mode Check 

1011 Reset Flag 1111 
1100 No-Op 1111 
1101 No-Op 1111 
1110 No-Op 0000 
1110 Set I/O Service Request, 0001 

Switch 4 Switch 4 Switch 4 Switch 4 PJ040 
8 4 2 1 1110 Reset I/O Service Request, 0010 

PJ040 
1110 Processor Check Halt, PJ010 0011 
1110 Disable Checks, PJ010 0100 

131.1 ms 262.1 ms 524.3 ms 15 1110 Enable InterruptS,PJ040 0101 
1110 Disable Interrupts, PJ040 0110 
1110 Enable Checks, PJ010 0111 

512 Ils 1.02 ms 2.05 ms 4.10 ms 1110 f No-Op 1000 
1110 1110 
1111 Set CPU Working, PJ020 0000 

Switch 2 Switch 2 Switch 2 Switch 2 
8 4 2 1 

1111 Reset Stop Latch, PJ060 0001 
1111 Reset MCI Latch, PJ010 0010 
1111 Reset Go Latch, PJ020 0011 
1111 Enable Microloop Timeout 0100 

(not) Reset Timeout, PJ010, 

Control Main Not Used Microloop 
Storage Storage Check 

(PJ060) 

1111 Set Stop Latch 0101 
Invalid Invalid 1111 Reset Retry/Microloop Time- 0110 
Addr/ Addr/ out and Set Go Latch 
SAR SAR 
Check Check 

1111 Set Retry, PJ020 0111 
1111 Enable I/O Clocks, PJ080 1000 

Carry Hi Log Low Log Equal Log 1111 No-Op 1001 
Log 1111 Reset I/O Clocks, PJ080 101'0 

1111 Disable I/O Clocks, PJ080 0011 
1111 No-Op 1100 
1111 Reset CPU Working, PJ020 1101 
1111 Processor Wait, PJ060 1110 



I/O Load 

Mnemonic: 10L, 10Cl 

Modifier 

o 3 4 7 

12H 
Function. 

8 11 12 

Reg2 

13 15 

This function of the I/O immediate instruction 
is used to transfer 1 byte of data or control 
information from an lSR to an I/O attachment. 

Instruction Fields 

Modifier: The modifier bits are device dependent 
and are sent to the attachment along with the 
command. They define what is to be done with 
the data byte that will be sent. 

Function: The function bits are sent to the 
channel where they are decoded as one of the 
following commands: 

load 
Control load 

This command is then sent to the attachment on the 
CBO. 

H2: This bit is used to select the high or low 
byte of the selected lSR: 

H2 = 0: Select low byte. 
H2 = 1: Select high byte. 

Reg2: This field selects one of eight registers in 
an LSR stack. This register will contain the byte 
of data or control information that is to be sent 
to the attachment. 

Select Attachment 
(Address, Modifier and Command to Attachment! 

Send Data Byte to Attachment 

CPU Channel Attachment 
CPU 

Function 

8 I 11 

o low 

7 

WR 
Oevic 
A/:idr 

e 
ess 0000 

T 

H 
2 I Reg21 

12 13 15 

I 
I 
I 

CPU Clock PM015 

I/O Instruction PM045 

Port Clock PH060 

SDR Low to Channel PL020 

SDR High to Channel Pl020 

WRO Low to Channel PL030 

Device Address and Modifier to 
Port Data Bus Out PH090 

Command to CBO PH 11 0 

Control Out PH040 

Strobe PH040 

Service In PA020 
Select LSR PL040 

I 

Gate LSR Byte to Channel PL030 

Data to Port Data Bus Out PH090 

Service Out PH040 

Advance Time PH010 

• 

0 
• 
3 
4 

7 

Channel 

Function 
Field 
Decode 

Data 
Buffer 

Attachment 

I 
CBO I 

Commano, 

\ 
\ 

Port '\ Data 
Bus I 
Out I 

I 
I 

Select I/O Attachment; iSend 
Address and Command and Modifier to 
Command in Attachment on CBO and Port 
Channel Data Bus Out Send Pata Byte to Attachment 

lSRs 

Data 
Buffer 

Port 
Data 
Bus 
Out 

T3 T3E I I I ( {\-+-I-jll---+--+--il T4 T5 T6 T6EII---+I~+1_1r-J"'I(\--,-+I_+-I_+-I....,II--'" TO T1 u. ............ J .. J ......................... J .. T ........ ~~ 
~ COO CO, COF COE coo\lco, COF COE COO C12 Cl0 Cl. C19 C13 C17 Cl F Cl E Cl ~ C17 Cl F Cl E C 16 CO2 

[ 

( I 
I 

r T 

I 

1-1-

- The first 'strobe' after the rise of 'control out' 
signals the attachment that the address and 
command information on the CBO and port 
data out is valid. The rise of 'service in' 
signals the port that the attachment has taken 
the information from the CBO and port data 
bus out and is ready to receive data. 
The first 'strobe' after the rise of 'service out' 
signals the attachment that the data byte on 
the DBa is valid. The fall of 'service in' sig­
nals the port that the attachment has taken 
the data byte from the DBa. 
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I/O Sense 

Mnemonic: lOS, 10CS 

H 
1 0 1 1 Modifier Function 2 Reg2 

o 34 78 11 12 13 15 

This function of the I/O immediate instruction 
is used to transfer 1 byte of data or status type 
information from an I/O attachment to an LSR. 

I nstruction Fields 

Modifier: The modifier bits are device dependent 
and are sent to the attachment along with the 
command. They define what data byte is to be 
sent. 

Function: The function bits are sent to the port 
where they are decoded as one of the following 
commands: 

Sense 
Control Sense 

This command is sent to the attachment on the 
CBO. 

H2: This bit is used to select the high or low 
byte of the selected LSR: 

H2 = 0: Select low byte. 
H2 = 1: Select high byte. 

Reg2: This field selects one of eight registers in 
an LSR stack. The byte of data being sent from 
the attachment will be placed in this LSR. 

The 1st 'strobe' after the rise of 'control out' 
signals the attachment that the address and 
command information on the CBO and port 
data bus out is valid. 

The rise of 'service in' signals the port that the 
attachment has taken the information from 
the CBO and port data out. The rise of 'service 
in' also signals the port that the data byte on 
the port data bus is valid. The rise of 'service out' 
signals the attachment that the channel has taken 
the byte from the port data bus in. 

.. .. 

Select Attachment 

CPU I 
I 

High SDR Low I 
H 1 

1011 Modifier Function 2 Reg2.1 

o 34 78 111213151 

1 I 
I 
I 

r 
r I 

8 11 17 H I IDevice J 
Address 0000 I 

WRO Low. I 

CPU Clock PM015 

I/O Instruction PM045 

Port Clock PH060 
SDR Low to Channel PL020 

SDR. High to Channel PL020 

WRO Low to Channel PL030 

Device Address and Modifier to 
Port Data aus Out PH090 

Command to CBO PH110 
Control Out PH040 . 

Strobe PH040 . 

Service In PA020 

Select LSR PL040 

Write LSR PM070 
Data to Port SBI PM090 

bata to Port Data Bus In PH010 

Service Out PH040 

Advance Time PH010 

Channel , 
Attachment 

Eun~ton I Field 
Decode I 

1 

~ I 
CBO 1 ... 
Command .. 

1 

I 
I 

Port Data .. 
Bus Out " I 

I 
Data I 
auffer I 

Assemble Select I/O Attachment And Send 
Address and Command and Modifier to 
Command in Attachment on CBO and Port 
Channel Data Bus Out 

T3 T3EI I I , ( ( , , , , , lJ , , 
COO C09 C03 C07 COF COE C06) (~07 COF COE C06 

• • , , , , , I r 

r 

l l 
) J 

. Receive Data Byte from Attachment 

CPU Channel 

Data 
Buffer 

......--Port 

Port Data 

J.dNSTR-32 

~ .... ~.S.B.I~ •• B.us.ln.I .. ~ .. " 

.. 

Receive Data Byte from Attachment , 
, T4 T5 T6 T6E' 

, , 
~ -.i' 

, I. I ,:\ TO T1 , " . , , , )) , , I:' T 

C12 C10 C18 C19 C13 C17 C1F C1E CHf)'~C17 C1F C1E C16 :C02 . 

, 

I 

;. 

{ ( 

-- .. '. 

___ 1. __ --- '-- - -, 
I I ---- --- --- ... ---- -.... 

.............. , .,.. 



Sense Interrupt Level Status Command 

I Select Attachment 

Port 
Data 
Buffer r -...., Port Data 

I 
I 
I 
I 
I 
I 
I 
I 

CBO 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

).;,.. ____ ...... I L ~s..Q.u!... 
<-----,,1 i - - - I 

I 

I I Port I 

4-7 (not used) 

) 

0-3 

~ 
,. 

0 0 1 

~ 
0 0 0 1 
Interrupt Level 1 

0 0 1 0 
Interrupt l.evel 2 

0 0 1 1 
Interrupt Level 3 

I Send Status Byte to Channel 
I 
I 
I 
I 
I 
I 
I 
I 

Bit 0 Bit 1 

Keyboard 

MCU, Magnetic 
Character Reader, 
or Data RecOrder 

OBI 

Bit 2 Bit 3 Bit 4 Bit 6 Bit 6 Bit 7 

Disk drive 

BSCA/SOLC Printer 

I I ",-OBI I 

r-===9 f~==~1 --------------------------------------------------------------------------------------L_..J I 
PH070 I 

I 
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I/O Storage 

o 1 o 0 Modifier o W C 0 V REG2 

o 34 78 910111213 15 

The function of I/O storage is to transfer 1 byte 
of data between main/control storage and the I/O 
attachment. 

Modifier (Bits 4-7): Control fields for the I/O 
attachment. The field is transferred to the attach­
ment through the port. Bit 4 of this field is 
used in the CPU to select the high or low byte 
of control storage. When main storage is being 
accessed, bit 4 is not used by the CPU. 

Bit 8: Modifier to the op code (bits 0-3). Bit 
8 is a zero for I/O storage. 

W (Bit 9): Identifies the direction of the transfer. 
W = 0 causes a read from storage and a transfer 
to the I/O attachment, W = 1 causes a write to 
storage. 

C (Bit 10): Selects main storage or control storage. 
C = 0 selects main storage; C = 1 selects control 
storage. 

D (Bit 11): I ndicates whether the address in 
the LSR (specified by bits 13-15) are to be 
incremented (0 = 0) or decremented (0 = 1). 

V (Bit 12): Indicates the amount the address in 
the LSR (specified by bits 13-15) should be in­
cremented or decremented. If V = 0, the address 
in the selected LSR is not changed. If V = 1, 
the address in the selected LSR is decremented 
or incremented by one depending on the bit 
setting of the 0 field. 

REG2 (Bits 13-15): Selects one of the eight LSRs 
dedicated to the present operating level that con­
tains the storage address needed for the data 
transfer. The address in the specified LSR may be 
updated depending on bits 11 (0 field) and 12 
(V field). 

Condition Code 

Not affected. 

Bits 8-11 are sent to the port where they are 
decoded as one of the following commands: 

Load 
Sense 

This command is then sent to the attachment 
on the CBO. 

Bits 
4 8 9 101112 Mnemonic Description 

0 0 1 0 ~} WTCL I/O load to control 
1 0 1 0 WTCH storage increase R2 

by 1. 

0 0 a WTCL I/O load to control 
0 WTCH storage decrease R2 

by 1. 

0 0 0 ~} WTCL I/O load to control 
0 0 WTCH storage R2 (no change) 

0 0 0 0 ~} I/O storage from con-ROCL 
0 0 0 ROCH trol storage increase R2 

by 1. 

0 0 0 ~} ROCL I/O storage from con-
1 0 0 ROCH trol storage decrease R2 

by 1. 

0 ~} 0 0 0 ROCL I/O storage from con-
0 0 0 ROCH trol storage. R2 (no 

change). 

X 0 1 o 0 1 WTM I/O load to main storage, 
increase R2 by 1. 

X 0 1 0 1 1 WTM I/O load to main storage, 
decrease R2 by 1. 

X 0 1 1 1 1 WTM I/O load to main storage, 
no change to R2. 

X 0 0 0 0 1 ROM I/O storage from main 
storage, increase R2 by 1. 

X 0 0 0 1 1 ROM I/O store from main 
storage, decrease R2 by 1. 

X 0 0 000 ROM I/O store from main 
storage, no change to 
R2. 

.. 
Timing of CPU Functions TO T1 T2 T3 T3E - - T4 T5 T6 T6E TO 

Select LSR WRO PL040 ~. 
Select Storage Gate Low (from 
Storage gate high, 
SOR low, 
LSR low) PL030 
Select Storage Gate High (from Micro 

SOR high) PL030 
Instruction 

Clock SAR, X High, X Low PL010 • ---Fetch 

Advance Time PH010 

Select Storage Gate High/Low 
(from LSRhigh/low) PL040 

Select LSR 13, 14, 15 PL030 
H 

~, 

Clock X High, X Low, SAR PL010 • 
ALU (±1 or Pass) PL060 

ALU Gate High/Low (from ALU 
Ihigh/low) PL050 

(. 

H 
1.,-

Storage Cycle PN030 

Clock SOR (write trigger) PL020 

Select Storage Gate High (from SO R H 
f • 

high: 9=0; channel bus: 9=1) PL030 .,. 
Select Storage Gate Low (from 
channel bus: 9=1; low: 4,9=0 :, 
or 9,10=0; storage gate high: 
4,10=1; 9=0) PL030 

Write Storage High (4,9,10=1) ~, 

Write Storage Low (4=0,9= 1 or 9=1, 
10=0) PM070 

ALU Gate High/Low (from ALU ~, 
Ihigh/low) PL050 

Write LSR High/Low (write -. trigger/phase B) PM070 

Advance Time PH010 ~I 
I 

X = Not used. 
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Specific CPU Data Path 

Sequence of CPU Functions 

-------- ..... --­
I,.,...0oI. ...... -------

-I 
I 
I 

--- ---------~--.. ---

#lINSTR-36 

-.. -
--- -- ........ '-.---

No 

Write Main Storage 

END 



Select Attachment 
(Address, Modifier, and Command to Attachment) Send Data Byte To Attachment 

CPU I Channel I Attachment 
WRO Low 

I Port Data I I Device I 0000 I Buffer 
Address I I 

CPU l Channel I Att-achment 

I Port Dat~ I Buffer 
I Port Datal 

8 11 12 15 I Port Data I I 

: 
Bus Out I .. --

I '" 
I I 

Main or I .. Bus Out I ... 
Control I '" I ... 
Storage 

t I I 
I I 

I I LSR I I 
I I 
I CBO I ... 

I I Command I ,. 

I OP I Mod lolwlcltl R~GI: I 
Decode I 

I Bits 8-12 I 

t I I 

~: I 
I 

OP Mod owe 0 V REG I I 
0100 4 2 I I 

I I 

Assemble Ad- Select I/O Attachment; Send Command Send Data Byte to Attachment 
dress and Com- and Modifier to Attachment on CBO 
mand in and Port Data' Bus Out 
Channel 

CPU Clock PM015 T3 T3E 1 I I I { ( I I I I T4 T5 T6 T6EI 
( ( 

TO T.1 I I I I ) J I J I I I ) ) I I I 
I/O Instruction PM045 

Port Clock PH060 ~m3 C07 COF COE C06\)C07 COF COE C06 C12 C10 C18 C19 C13 C17 C1F C1E C16\ ~C17 C1F C1E C16 CO2 

SDR Low to Channel PL020 

SDR High to Channel PL020 

WRO Low to Channel PL030 
I I 

Device Address and Modifier ; -
Port Data Bus Out PH090 

Command to CBO PH 11 0 r-

Control Out PH040 
( ( I 

Strobe PH040 1 I 
) ) 

Service In PA020 
I 

Select LSR PL040 

Storage Cycle PN030 

Gate SDR to Channel PL020 
,-

Data to Port Data Bus OutPN090 I 

Service Out PH040 4 Advance Time PH010 
I I I 
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I/O Branch On Condition (JIO) 

10 0 1 Modifier I Page Address I 
o 3 4 7 8 15 

Mnemonic: JIO 

This instruction tests I/O conditions. If the 
condition tested is active, this instruction will 
cause a branch. If not, the next sequential 
instruction is executed. 

This op code (bits 0-3) is sent to the port where 
the bits are decoded as a jump I/O command. 
This command is then sent to the attachment 
on the CBO. 

Modifier (Bits 4-7): 4-bit control field for I/O 
devices. This field's usage is device dependent. 
The modifier field is transferred to the attachment 
through the port. 

Some of the modifier combinations are predefined 
to provide a common code for those conditions 
which are used by most I/O devices. The modifier 
usage (when applicable to a device) is defined as 
follows: 

Modifier Field Description 
Setting 
456 7 

0 0 0 0 Adapter check 
0 0 0 1 Adapter not ready 
0 0 0 Busy condition 1 
0 0 1 1 Busy condition 2 
0 0 0 Interrupt enabled 
0 0 1 Diagnostic true 
0 1 1 0 Diagnostic false 

o 1 1 '} through Available for device 

1 1 1 1 requirements 

Note: For further descriptions, 
see sections DISK-15, PTR-20, 
S-PTR-18, DISP-24, KBD-16, 
and 33FD-38. 

Page Address (Bits 8-15): 8·bit field to allow 
branching to one of 256 address only in control 
storage. The page address must be located on the 
same page boundaries as the I/O branch on condi­
tion. This field replaces the lower 8 bits of MAR 
if the I/O device indicates that the branch con­
dition is met. Port line 'CBI bit 4' is used to 
determine if the I/O condition is met. 

Condition Code 

No change. 

Timing of CPU Functions 

Select LSR WRO PL040 

Select Storage Gate Low (from 
storage gate high, 
SDR low, 
LSR low) PL030 

Select Storage Gate High (from 
SOR high) PL030 

Clock SAR, X High, XLow PLOlO 

Clock Storage Gate Check PL030 

Advance Time PH010 

Select Storage Gate Low (from SDR 
low-BOC met; LSR low-BOC not 

met) PL030 

Select LSR MAR PL040 

Select ALU Gate Low (from 
storage gate low) PL050 

Write LSR Low (BOC met) PM070 

Clock ALU Gate Check PM070 

Specific CPU Data Path 

TO Tl T2 

Micro 
I 

Instruction 
I 

Fetch 

T3 T3t: T4 T5 T6 

~ 
• -.J .J 

• .. 

T6E 

~ 

• 
.J 
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Sequence of CPU Functions 

Select Storage Gate 
Low (from storage 
gate high, SDR low, 
LSR low) 

END 



JIO (continued) 

WRO Low Port l Device I 00001 
Data 

Address Bus Com-
Attach-

Data Out--,- mand - Command ment 
Buffer 

Decode J10 

l OP J Modifier I ~~~ressl 

LSRs 
CBI 

(bit 4) 

Select I/O Attachment 
Assemble Send Command and 
Address and Modifier to Attachment 
Command in on CBO and Port Data 
Channel Out Send Byte to Attachment 

CPU Clock PM015 T3 T3E 1 I I I ( ( I I I I T4 T5 ,T6 T6EI r I I I ( I T T T 
I I I ) } ») TO T1 

I/O Instruction PM045 

Port Clock PH060 COO C09. C03 C07 COF COE ~o6))C07 COF COE C06 C12 C10 C18 C19 C13 C17 C1F C1E c'16\~17 C1F C1E C16 CO2 

SDR Low to Channel PL020 • SDR High to Channel PL020 • WRO Low to Channel PL030 
I 

Device Address and Modifier to 
Port Data Out PH090 

Command to CBO PH 11 0 

Control Out PH040 

Strobe PH040 ( ; ( ( 

J ) 
Service In PA020 

Select LSR PL040 

CBI Valid (bit 4) PH040 
r----
I 

Write LSR (BOC met) PM070 I.-t----t-t-t-( (-"i-~-- --1-. 
CBI 4 Valid to CPU PH040 r'" -

Select SDR (BOC met) PL020 
or LSR (BOC not met) PL040 

T I 

Service Out PH040 

-+ Advance Time PH010 
I I 
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IMPL 

IMPL (initial microprogram load) covers loads, 
displays, and testing that occur when the operator 
or CE presses LOAD. Loading is normally done 
from the disk; the 33FD CE diskette is available as 
a diagnostic device for the CE if the disk drive is 
not working. 

The tests run during the IMPL sequence check 
that the circuitry of the system is functioning 
properly. These tests are automatically per­
formed and, as long as no failures are detected, 
are unseen by the operator. If, however, the 
tests detect failures, then one or more of the 
following occurs: 

- The processor check lights come on, 
One or more event indicators will be on, or 

- An error message appears on the display screen. 

No mechanical portions of the I/O devices are 
tested with the exception of the fixed disk and 
the printer. To completely check the I/O devices, 
run the system tests which test the mechanical 
portions, the emulator, the SCP, and the I/O 
routines. 

I MPL Sequence (PN060) 

Pressing and releasing the LOAD key stal'tS the 
IMPL cycle and causes the LOAD indicator to 
come on. IMPL cycle along with 'ALU bit 4' . 
and 'write trigger' causes 'transfer complete' to 
be activated. 

IMPL Sequence 

Load Key Pressed OP010 

Phase A PM016 --I --t --I 

System Reset PN060 

(specia\) System ~eset PN060 {reset MOR to 0000) 

IMPL Cycle to I/O PN060 

IMPL (AND) ALU 4 (AND) WT TRIG PN060 
(4096 bytes transferred) 

Transfer Complete Latch. PN060 

Run Latch P JOSO 

BPe PH110 

LOAD Light PN060 

Data Transfer 

If BPC is not deactivated or a processor check occurs; the LOAD 
light stays on. 

. 

--I -I {( .. . 

. 1 I. , 

( t 
I I 

I 1 
I ) 

.1 1 
)) 

~. k-I --t -I ~ 

(reset MOR toOOOO) 

I 

. 
. 

. { { . I , 

Event Indicator Sequence 

The LOAD light and all 9 event indicator lights 
(high byte display on CE panel) are turned on 
when LOAD is pressed. When LOAD is released, 
the IMPL sequence starts and 2K words are trans­
ferred into control storage (from either 33FD or 
disk drive). At the same time, the LOAD light and 
all the event indicators turn off (these lights may 
flash intermittently). If IMPL is not completed 
successfully, the lights that represent the incom­
plete portion of IMPL turn back on and stay on . 
The MODE SELECTOR switch must be in the 
PROC RUN position for the event indicators to 
be displayed. 

Each event indicator is turned off and stays off 
as follows: 

1 P Adapter received the load signal and 
initiated action in response (SPC) . 

10 First cycle steal request received, data 
transfer has started (write trigger). 

1 1 Transfer of 4096 bytes of data was com­
pleted (ALU bit 4 AND write trigger). 

1 LOAD Data transfer completed with no data 
check (ALU bit 4 AND write trigger 

2 

3 

4 

5 

6 

7 

AND (not) processor check) . 
Branching and conditional branching 
routines complete. LSRs are cleared of 
bad parity. Reset occurs during routine 2. 
Load 1 complete. The loader is invoked 
to load the second 2K words of test. 
First micro instruction of load 2. This 
indicated that load 2 transferred cor­
rectly. Reset occurs during routine 36. 
First instruction of the control storage 
test (routine 64). Indicates all previous 
routines (36-63) ran correctly. 
Last instruction of control storage test 
(routine 64). Indicates the control 
storage test ran correctly. 
First instruction of IMPL load 3 (wrap 
test load). Indicates that load 1 and 
load 2 ran correctly and that the third 
load has started execution. 

1 Reset by hardware controls. The other lights 
are reset by micro instructions. 
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Disk IMPL Operation 

When LOAD is pressed, the IMPL sequence does 
three partial control store loads and then loads 
the system emulator and SCP portion from 
cyliner 0, track 1, sectors 1-26 which then takes 
control at location OAOO of control storage. 

The initial 2K words are loaded by hardware into 
control store location 0000-07FF. These words 
contain the following: 

Direct area(U DT data, addresses) 128 words 
CPU instruction test 
33FD/62GV loader 

1664 words 
256 words 

The second 2K words are loaded by the 62GV 
loader into locations 0800-0FFF. These words 
contain the following: 

Rest of CPU instruction test 
Main storage test 
Control storage test 
33FD/62GV loader 

1280 words 
256 words 
256 words 
256 words 

The third 3.5K words are loaded by the 62GV 
loader into location 0080-0E7F. These words 
contain the following: 

CRT wrap test 
Keyboard wrap test 
33FD wrap test 
62GV wrap test 
Printer wrap test 
Wrap test supervisor and CRT 

display routine 
Four sectors of CPU and port 

384 words 
256 words 
512 words 
512 words 
768 words 

512 words 

error recording data 512 words 
62GV loader (loads emulator 

and SCP into control storage) 128 words 

Disk IMPL Diagnostic Sequence 

0000 

0800 

Initial 
2K Word 
IMPL Load 

Direct Area 

Reset Event Indicator 2 

Micro Instruction Tests 

Reset Event Indicator 3 

33FD/62GV Loader 

Not Loaded at this Time 

First 16 Sectors Loaded 
from Track 0 Cylinder 0 

128 Words 

256 Words 

~ Execution 

OFOD 

Load of Second 
Half of Control Store 

Unaltered From 
Previous Load 

Reset Event Indicator 4 

'Rest of Micro 
Instruction Tests 

Main Storage Test 
Reset Event Indicator 5 
Control Storage Test 
Reset Event Indicator 6 

33FD/62GV Loader 

Second 16 Sectors Loaded 
from Track 0 Cylinder 0 

0000 

0080 

0200 

0300 

0500 

0700 

OAOO 

OCOO 

Star 

7 
ec ution 

OEOO 

OE80 
256 W ords 

Third Load of 
Control Store 

Direct Area 

CRT Wrap Test 

Keyboard Wrap Test 

33FD Wrap Test 

62GV Wrap Test 

Printer Wrap Test 

Reset Event Indicator 7 

Wrap Test Supervisor 
and CRT Routine plus 
Display Buffer 

4 Sectors of CPU/Channel 
Error: Becording 
Information 

62GV Loader 

Unaltered from 
Previous Load 

Last 28 Sectors Loaded 
from Track 0 Cylinder 0 

Fourth Load of 
Control Store 

0000r----------------, 
128 Words 

38 4 Words 

2 56 Words 

51 2 Words 

51 2 Words 

76 8 Words 

OAOO 

512 WO'1 
Start 
Execution 

/ 
2 Words 

V 0000 

Emulator and SCP 
(3.25K words) 

128 Words Unaltered from 
Previous Load 

First 26 Sectors Loaded 
from Track 1 Cylinder 0 
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33FD CE Diskette IMPL Operation 

The 33FD CE diskette IMPL consists of three (or 
optionally up to seven) partial control storage 
loads before the diagnostic control program is 
loaded from 33FD tracks 8 and 9 into control 
storage and given control at control storage loca­
tion 0000. 

The initial 2K words (track 0, special sector of 
4096 bytes) are loaded by hardware into control 
storage locations 0000-07FF. These words con­
tain the following: 

Direct area (UDT data, addresses) 128 words 
CPU instruction tests 
33FD/62GV loader 

1664 words 
256 words 

The second 2K words (track 1,8 sectors) are 
loaded by the 33FD loader. They are loaded 
into control storage locations 0800-0FFF. These 
words contain the following: 

Rest of CPU instruction tests 
Main storage test 
Control storage test 
33FD/62GV loader 

1280 words 
256 words 
256 words 
256 words 

The third 3.75K words (track 2 and seven sectors 
of track 3) are loaded by the 33FD loader. These 
words are loaded into control storage location 
0080-0F7F. These words contain the following: 

CRT wrap test 384 words 
Keyboard wrap test 256 words 
33FD wrap test 512 words 
62GV wrap test 512 words 
Printer wrap test 768 words 
Wrap test supervisor and CRT 
display routine and the 33FD 
loader which loads either 3K 
words of diagnostic control 
program or optional micro 
code tests from track 4, 5, 6, 
or 7 depending on the result 
of the CE option select 
routine. Rest of con­

trolstorage 

33FDIMPL Diagnostic Sequence 

0000 

OSOO 

Initial 
2K Word 
IMPL Load 

Direct Area 

Reset Event Indicator 2 

Micro Instruction Tests 

Reset Event Indicator 3 

33FD/62GV Loader 

Not Loaded at this Time 

Loaded from 33FD Track 
o (1 Sector of 2K Words) 

128 Words 

Start 
Execution 

0800 

OFOO 

Load of Second 
Half of 
Control Store 

Unaltered from Previous 
Load 

Reset Event Indicator 4 

Rest of Micro Instruction 
Tests 

Main Storage Test 
Reset Event Indicator 5 
Control Storage Test 
Reset Event Indicator 6 

33FD/62GV Loader 

Loaded from Track 1 (8 
Sectors of 128 Words Each) 

Star 

V 
t 

cu tion 

256 W ords 

0000 

OOSO 

0200 

0300 

0500 

0700 

OAOO 

OF80 

Third Load of Control 
Store 

Direct Area 

CRT Wrap Test 

Keyboard Wrap Test 

33FD Wrap Test 

62GV Wrap Test 

Printer Wrap Test 

Reset Event Indicator 1 

Wrap Test Supervisor and 
CRT Routine plus Display 
Buffer 

33FD Loader and 
CRT Messages 

Unaltered from 
Previous Load 

Loaded from Track 2 and 
seven Sectors of Track 3 

128W ords 0000 

0080 

348W ord s 

256W ord s· 

512W ord s 

512 Word s 

OR, t 
768W 

t 
ord 

tart 
:til 

V 
s 

512 Word s 

Fourth, Fifth, Sixth or Seventh 
Load of Control Store if CE 
Selects these Programs 
(Otherwise DCP is Loaded) 

Direct Area 128 Words 

Additional Micro 
Instruction Tests / 2KWords / , 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

\/ 
/ 

Loaded from Track 4, 5, 6, or 7 

0000 

acoo 

Fourth Control Store Load 
if CE does not Select Option 

3K Words of DCP (diag-
nostic Control program) 

Unaltered from 
Previous Load 

Loaded from Track 8 

3K Words 
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33FD IMPl, Timing 

The following charts show the sequence of events 
on a 33FD I MPL operation. 

Ground A2, K2, S12 (DK510). Grounding this 
pin prevents the reset of 'seek counter' and can be 
used anytime to hold the head on one track. 

Turn the MODE SELECTOR switch to INSN 
STEP. 

0 20 40 

I I I 
-Index DK520 l 
-IMPL cycle PN060 

-Block proc clock DK510 

+CRC generate pos all off. 

60 

I 
80 

I 

Track 0 DK420 j.J 2KWords 

+CRC generate pos all off. 
Track 41 DK420 

-Byte sync found DK220 

-Cycle steal request DK110 

-33 FD Sel Low addr and 
incr DK110 

+Storage function PM055 

+Write pulse low A PN030 

+Write pulse Hi PNQ30 

+Data 4 (ALU) PL060 

-Transfer complete PN060 

-Load indicator OP01 0 

+33 FD Standard read data 
DJ010 

+33FD Raw read data 
DX010 

+2F osc data window DJ020 

1 

1 Manually crank head .to track 4. 

Storage Cycle Function for 33FD IMPL 

Set STORE SEL to CTL and ADDR COMP 
to STOP. 

Jumper A 1 L2 S07 to ground (+ carry in) which 
causes all data to be loaded into control storage 
location 0000. 

Set ADDRESS/DATA switches to 0000. 

Sync scope (-) A2K2 P02 20 ms/div. 

Continue to press LOAD. 

100 120 140 160 180 200 

I I I I I I 
y 

I 
32p.s 

64p.s 

32p.s 

32P.s 

64p.s 

This will stop A 
data transfer. '-., 

y 

Jumper A2K2 S12 to ground, DK510. 

Set IMPL switch to DISKETTE. 

Sync scope (+) A 1 N2 J05 + storage function 100 nsf 
div, 2 V/div. 

+Storage function PM055 

+CSY trigger PNQ30 

+Write trigger PN030 

+150 ns trigger PN030 

-Write pulse hi PN030 

+Write pulse low A or B 
PN030 

+CSX 1 PN020 

0 100 200 300 400 500 600 700 800 900 1000 

I I I I I I I I I I I 

J\ 
_I ~--
-n~ .. -
__ I \.~_ 
______ J 

_----'I 
------J1 

~~ __ B~its~0~-~7~'P __________ __ 

\ 8;,,8·15,' 

\.--
-Cycle steal request DK110 _________ / 

+Any qit PP501 __________________ ~u~~.--------------
+Any bit PL050 

IMPL-4 

Sync scope (-) A2K2 U02 10 ~s/div DK220 

-Byte sync found DK220 

+33FD Standard read data 
DJ010 

o 10 20 

I I I 

F3 
r..----,A",' --......... 

I I I I I II 
AM 

30 40 

I I 
50 60 70 80 90 100 

I I I I I I 

FF ... 
r ~ r-
I I I I I I I I I 

Hi byte Low byte 
-Cycle steal request DK110 -------------------Ir-------.-

+Storage cycle request 
PH100 

+Storage function PM055 

+CSY trigger PN030 

I I. 
'00' is Loaded '- 'FF' is Loaded ~ 

-Select low address and incr ----------------...., r 
DK110 '--___ ----' 

+Write pulse low A PN030 

+Write pulse Hi PN030 

+Carry in PM050 

-Add comp sync PJ050 

'00' is written 'F F' is written 
into CS 0000 Low=:1 into CS 0000 LOW~ 

'00' is written =' 
into CS 0000 Hi ~ 

_______ M .... -A_R .......... Js_a_t...;O;...;O;...;O~O _____ ..." MAR is incremented : 

ho 0001 --------! 

Address compo switch 

Sync Scope I-l A 1J2D12 (-addr match) 10 p.s/div 

0000 -cL--------1 
Tail end of 
'FF' in addr '0000' B E A 3 

+~~~~oStandardreaddata 1TT1mTl1'IIT'IT~ 



saFO IMPL FlowChatt 

Set Sdk track re/Jistef 
and IIctiliate access 
lines to 33FD to $eek 
one trllck towerds 
track 0.' 

No 

Recalibrate­
Seek to Track 0 

Initiate a 
Read Operation 

See next page. 

e BitP 
Indicator 
OFF 

All Event 
.. Indicators 

1-----" ON L-----r----

Set 'seek command' 
latch. 
Gate set of 'seek track 

Set 'byte sync found' 
latch when 1 st data 
bit of AM byte is 
found. 

ResetsLSR 8 to 0, and 
PCR to equal 

load 
Indicator 
ON 

OK110 
OK220 

'IMPL to 33FO' gates 
read data buffer to OBI 
and removes reset from 
read data command 
latch. 

Sync field is all 
O's. All positions 
of 'CRC shift reg­
ister' will turn off. 

Note: Will stay in this 
loop until valid AM is 
found. 
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Bit 0 o Indicator 
OFF' 

No - - -I ALU Bits Counted to 4096 

Bit·1 
c:::::~~~=:::!,---e Indicator 

OFF 

See previous page. 

End IMPL 
Operation 

END 

Load e Indicator 
OFF 

_ - -Continues with branching and conditional 
branching routines. 

DK510 
Reset 'seek cOmmand' 
latch. 
Degate 'seek track' 
register. 

DK110 

Reset 'gate IMPL data 
latch and 'sel low adr 
& inc' trigger. 

IMPL·6 

DK220 
Reset 'read data com 
mand' latc;h, 'byte 
sync found' latch, 
and 'AM byte good' 
latch. 



. 1 

IMPL Error Indications 

If after pressing LOAD, the appropriate display 
does not appear within the designated time and 
the event indicators do not turn off, suspect a 
machine failure. First, check the setting of the 
CE panel switches and check that the diskette 
is properly inserted in the machine. 

Machine errors are of two types: 

1. Wrap test errors: The IMPL diagnostic 
wrap test detected an error in a device 
adapter. Usually the CRT can still be 
used to display the error as shown: 

1 2 3 4 
0 0 0 0 

XXXX XXXX XXX X XXXX XXXX 

19 Error 

If this display occurs or STOP comes on, 
the same information is in the machine 
main level registers WR1-WRS as well as 
in control storage locations 0017-001 B. 

2. Processor check: The IMPL diagnostic 
tests detected an error and forced a pro­
cessor check (check halt instruction). 
WR3(L) contains the failing routine num­
ber when the failure occurs in routine 12 
or above. Check the event indicators to 
determine when the failure occurred. Use 
the IMPL diagnostic listings and the error 
address to determine what specific function 
of the machine failed. 

S 

Summary of IMPL Diagnostic Options 

Address 
Switch 
Setting Function Invoked 

F100 Run keyboard diagnostic tests. 

F7XX Same function as option FFXX but 
no CRT display occurs. The contents 
of WR1-WRS indicate if any wrap 
test errors occurred. 

Faoo Load 33FD diagnostics when loading 
from the disk drive. 

F90X Load optional microcode test from 
X=4,5,S,7 track X of the IMPL basic diskette. 

FA01 Stop after execution of 2K words. 

FA02 Stop after execution of 4K words. 

FB01 Loop on first 2K words. 

FB02 Loop on first 4K words. 

FC01 Loop on first 2K words and bypass 
errors. 

FC02 Loop on first 4K words and bypass 
errors. 

FDXX Loop on routine XX. 

FEXX Loop on routine XX and bypass errors. 

FFXX Run only selected wrap tests indicated 
by bits on. 

Hex 
Value 

80 
40 
20 
10 
08 
04 
02 
01 
00 

33FD wrap test 
Not used 
Not used 
Not used 
CRTwrap test 
Keyboard wrap test 
Printer wrap test 
S2GV wrap test 
Bypasses all wrap tests and skips config­
uration sensitive CPU tests. Use this 
setting if CE diskette from another system 
with a different storage configuration is 
used. Also use this if additional storage 
is being added to the system and the CE 
diskette has not yet been reconfigured . 

"@id' IMPL·7 
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Error Handl ing 

System error handling detects circuit malfunctions 
and stops the system when necessary. Machine 
check interrupt (micro interrupt level 0) logs error 
information in control storage and retries inter­
mittent errors whenever possible. 

For the machine check interrupt routine functions 
to be successful, at least one of the following 
must be true: 

Detected error is intermittent, 
Detected error has disappeared when Mel 
routine uses the affected checking circuitry, 
or 
Detected error is solidbut the circuitry used 
during MCI routine does not require the bad 
circuitry. 

Machine check interrupt request is generated when 
an error is detected by the port or CPU hardware. 

The affect of these checks on the run latch is 
shown on CNSL-S. 

CPU Checks 

CPU checks are stored in the processor check 
byte (CPU error byte) register which can be 
sensed by I/O immediate. This instruction loads 
the contents of the processor check byte register 
into the specified work register so that the CPU 
check conditions may be interrogated. These 
checks can also be displayed in the left byte of 
the indicator lights on the CE panel by setting 
the mode switch to DPLY CHKS. 

Processor Check Byte 

MS 

Port Checks 

The following checks are detected by the port 
hardware. These checks are stored in the 
port check byte register and can be loaded in-
to a work register. These checks can also be 
displayed by the rightmost byte of the indi­
cator lights on the CE panel by setting the mode 
switch to DPLY CHKS. 

SDR MOR Stg 
P P Gate 

ALU CS 
Gate Invalid Invalid Micro 

Not Used Code 
Add r/SA R Chk Chk PChk P Chk Addr/SAR 

Chk Chk Check 

1 
SDR P Check (Light 0): The data read from ..... ~ ___ ---.!. Micro Code Check (Light 7): 6-second timer 
storage contains even parity. 

MOR PCheck (Light 1): The data contained in_-----....1 
the micro operation register contains even parity. 

Storage Gate P Check (Light 2): Even pariw was ... 4>----____ ----' 

detected on data: 

Read from SDRs. 
Read from LSRs. 
Coming from system bus in (port, status 1, 
status 2). 

ALU Gate P Check (Light 3) : ..... ________________ ...... 

Even parity was detected on data written 
into the LSRs, or 
Predicted parity of an ALU operation did 
not agree with the result. 

is not reset by micro instruction 'turn on GO 
latch'. If this timer is not reset within 6 
seconds, the system assumes that the micro­
program somehow branched into a microloop 
with no exit 

The system executes the instruction 'turn on 
GO latch' when entering the I fetch phase of 
a system instruction or when in a micro stop 
loop (operator pressed STOP or SYS INSN 
STEP is active). This action prevents the check 
from coming on. 

L-____ Invalid Main Storage Address/SAR Check (Light 5): 
Address loaded in SAR exceeds the maximum avail­
able main storage (main storage is addressed). 

Invalid Control Storage Address/SAR Check .... ~ ______ - _______ ---' 

(Light 4): Address loaded in SAR exceeds 
the maximum available control storage (con­
trol storage is addressed). 

Note: Lights 4 and 5, if both on, ind.icate SAR 
P check. 

".i.I'I." 

Port Check Byte 

DBO Invalid DEH Time CBI-DBI SYS Cycle 
P Device P Out Not Bus P Steal Invalid 

Chk Assgmt Chk Check Zero Chk Op Chk Port 

DBO P Check (Light 0): An I/O attachment 
detected a parity error on port data bus out 
during a transfer of commands or data. The 
attachment signals this error to the port and 
the port stores it. 

Invalid Device Assignment (Light 1): Port raises ___ ..... 

'control out' to address an I/O adapter and 
the attachment does not activate 'service in' 
within 5.4 p.s. This check can also occur if DBO 
has bad parity during 'control out' or the addressed 
device is not installed. 

OBI P Check (Light 2): Parity error detected_-____ --' 
by the port during the transfer of data from the 
I/O attachment to the CPU (and CBI bit 4 is not 
on). 

Timeout Check (Light 3): Attachment did not ________ -J 

deactivate 'service in' within 5.4 JlS after the rise 
of 'service out'. 

CBI-DBI Not Zero (Ught 4): OBI, CBI, 'service _-----------1 
in', and 'multidevice response' are not all 
deactivated at the end of the port I/O interchange. 
These lines are not checked during 62GV burst 
mode. 

System Bus P Check (Light 5): Parity error." .... _______________ ----J 

detected on the data sent from the CPU to the 
port when 'service out is active, or when data 
is sent to the 62GV during burst mode. 

Burst Mode Operation Check (Light 6): Any_----------------~ 
check was detected in the CPU or port while 
burst mode was in progress. 

Invalid Port (Ught 7): Bits 12-15 of WRO(L) were __________________ -' 

not 0000. 

In addition to these checks, information about 
the last port operation is stored in the port 
register. This register contains the device ad­
dress of the I/O attachment and the command 
(CBO bits) last executed by the channel. If 
any checks are present in the port register 
alteration of the port register is inhibited until 
the error is reset. See CHAN section in this 
manual for decode of device address and 
command bus out. 

Port Register 

Device Not Command 
Address Used Bus Out 

o 345 7 
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·ERR HDL-2 

Check Generation 

Inv I'd MS Add G ted a I r a r--
Address Check Bit C OR 
Clocked MOR P Chk (not) Parity Chk Run Sw -SDR P Check Tgr T3 0- G1 FL CPU Check Lth 

A ---ALU P Check Tgr CPU Checks 1 S (not) Disable Checks 
OR Machine Check Interrupt Lth ~ 

S FL Storage Gate P Check Tgr l G2 Channel Check 
Phase A ~ Phase A t?R PJ020 '-- A ~ 

R 7 sec Check A System Reset R Reset Machine Check Interrupt R 
i- PJ020 

System Reset '--

·P-"010· 

I Machine CheGklnterrupt Lth r-- L FF 
Invalid MS Addr Latch Re!!:y'Latch A - CD S Reg Invalid CS Addr Latcb L..- OR S -

Processor Check '-- S MO R P Check Latch Check Halt P 

Ir~ '--- S 
SDR P Check Latch CPU or PORT Check - rr C 

'----- S (not) Parity Check Run Switch R ALU P Check Latch 
S 

Stg Gate P Check Latch (not) Disable Checks 
S 

7s Check Cnt to 7 
7 sec Chk S 

1 Sec Clock Reg Rst Mach Chk Int or Sys Rst R See ERR HDL-1. C 
( 

PK009 • 
Reset Timeout 

R J Stage 3 Tgr Out 

CPU Working Lth 
Turn On CPU Working Lth 

S FL 
CPU Working Lth 

Reset CPU Working Lth 
R 

Go 
Turn On Go Latch 

S FL 
Go Latc h 

Turn Off Go Latch 
R Retry 

Turn On Retry fl020 
S FL 

Retry Latc h 

'--- R 
PJ010 

invalid Address 
SAR P Check I:l r-- Address Check Bit CSY Trigger 0 OR (invalid CS add 
SAR Bits 0-5 "'-

C -
r) 

~r--
1 
~OR A Card Select 24-32 --~ l-L 24 MS Jumper JA* Invalid MS Addr Gate Control Store Access i--=-I----

.~OR A 
~ T .. ~ * ~ I -

d 

o OR 
1---+---1 A t---..... OR 1----' 

PN040 



Check Halt 

Check halt is a microprocessor load micro 
instruction (BEA3) that is used to fill unused 
areas of storage. If, because of an error, the 
system branches to one of these unused locations, 
the check halt will cause the system to stop and 
the processor check (PROC CHK) light to come 
on. 

System Reset 

T4·T6 Status 2 Load 
Status Sel 2 

MOR Bits 12·15 

Wait Instruction 

DCD 

(not) n 
13 

(not) 13 

14 

15 

PJ040 

1 

I/O Service 
Request Lth 

FL 

S 

~ R ~~U 
c--- OR 

... 3 Check Halt - t--
~ 4 S FL 

S 

·6 ~ 
S 

~ R 
I 

_h._-

11:1:111.1' 

I/O Service Request Lth 

S FF 
Processor Check 

R 

PJ010 
Enable Interrupts Lth 
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Machine Check Interrupt Routine 

Machine check interrupt request is generated 
when an error is detected by the port or CPU 
hardware. Occurrence of MCI brings up 'machine 
'check interrupt' from the CPU to the port which 
stops all I/O functions. If machine check interrupt 
routine determines that no retry is possible, MCI 
issues a check halt instruction which creates Ii 
processor check. A processor check (or a manual 
stop from the CE panel) stops the CPU clock 
and raises 'T7' to the attachment which causes 
the attachment to deactivate the critical circuitry. 

Error Logging 

When a check is detected, Mel routine logs the 
following information in control storage: 

WRO main level 
Interface error byte/interface register 
CPU error byte/console status byte 
MAR interrupt level 1 
MAR interrupt level 2 
MAR interrupt level 3 
MAB main level 
MAR main level 
Instruction located at MAR-1 
Date 

Once this information is sailed in control storage, 
Mel routine branches to SCP which takes this 
information and logs it on one sector of the disk. 
Sectors 55-58 on cylinder 0, track 0 are reserved 
for logging information. Each time error infor­
mation is written on a sector, machine check coun­
ter in the direct area of control storage is incre-
mented by 1. This counter determines which sector _---1.-.--..... 
is to be used. These four sectors contain informa- Set Program Check 

tion about the last four errors detected. If, however, 
an error occurs while MCI is running, a processor 
check occurs and error logging is not completed. 

Set MAR 
to START 

Error Retry 

Errors that occur while the processor is executing 
any of the following are retried. 

I fetch of all system instructions. 

E phase of the following system instructions: 

ZAZ1 

MVXl 
Ll 

BCI 

JC1 

TBN 
TBF 
MVI 
Al 
ITCI 

EOI 
LA 
CLi I 

CLC 

The GO flag is checked by MCI to determine if 
retry is possible. 

Errors which are detected during the following 
are not retried: 

Any micro interrupt is in progress. 
The SCP is running. 
The system is in the E phase of the following 
instructions: 

SBN 
SVC 
LID 
TID 
SID 

I Indicates that error retry will be attempted 
only if the instruction has not gone far 
enough to alter the data in an operand. 
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Console 

I 

I 

I 
I 

I 
I 

/ 

I \ 
II \ 

I \ 
I \ 

I \ 
I \ 

I \ 
I \ 

I CE Control Panel \ 

r/~~~~~--~--------------~\ 
~ ~F 0 1 ~. ~ ~F 0 1 2 ~ ~F 0 1 2 ~ ~F 0 1 2 PROC RUN1 INSN STEP/ 

II 3 0 3 0 3 0 3 ~D:~If~~STOR 
c 4 C 4 C 4 C 4 .i'R~ERMAR 
8 5 B 5 B 5 B 5 -OPLYSTOR 

A. Q A 6 A 6 A 6 .INS I 

I 9 8 1 1 9 8 7 2 9 8 1 3 9 8 1 4, I "N'lrL fS 
~OISPLAY/DATA----l L' DPLY 

'-------APORESSIOATA SYS INSN STEP 
MODe SEI.ECTOR 

R~SH o 
PWR FORCE 

CHeC;K FAUI,. T 0'1.. Y et..Oell: IPI.. IMP!., STOR SEL ADD co~p 
"VI:" P.6I!V ON DISKETTE DISKETTE CTL STOP 

a 0 0 0 000 
STOP PRES OFF DISK DISK MAIN RUN 

eE Control Panel discussed on next page, 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
Operator Contr~1 Panel \ 

o 0 
KEYBD PROC 
ROY CHK 

ON S POWE~ 
OFF 

o 
TH 
CHK 

o 
PWR 
CHK 

.. 

Operator Control Panel 

Load Switch/Ught (LOAD) 

This key is pressed to start the initial program 
loadingi IMPL followed by IPL. 

The LOAP light turns on when the switch is 
pressed and remains on until the first 4096 
bytes of thElIMPL have been successfully 
loaded. 

Start Switch/Light (START) 

This micro instruction controlled switch is turned 
on at IPL time. It is turned off when one of the 
following occurs: 

1. STOP is pressed. 

2. Thl1 mode selector switch is in the SYS 
I NSN STEP position. 

3. An address compare stop occurs, 

When the STOP light is on, the microprogram is 
looping and interrogating the START switch. 
When START is pressed, the START light turns 
on and the STOP light turns off. Processing of 
the system instruction will then continue. 

Keyboard Ready Light (KEYBD ROY) 

This light is on whenever the keyboard is enabled 
and ready to operate. 

Pror.;essor Check Light (PROC CHK) 

This light is tl,.lrned on whenever an I,mrecoverable 
error is detected by the CPU. Whenever this occurs 
thl1 only way to restart is by initiating an IMPL 
viCii the I-OAD switch. 

Power On/Off Switch (POWER ON/OFF) 

This switch initiCiites a power on or power off 
sequence. As part of the power on sequence, 
a system reset is performed to initalize the 
system. At the completion of the power on 
sequence (approximately 35 seconds), the 
STOP light turns on. 

The contents of the registers and storage are 
destroyed during power off. 

Stop Switch (STOP) 

When this micro instruction controlled switch is 
pressed, the system is stopped at the end of the 
current system instruction and the STOP light 
is turned on. At the end of each system instruc­
tion, the stop switch is interrogated by the micro­
program and if the switch is active, the micropro-
gram loops in a stopped state. 

On power-up, this light turns on when the power­
up sequence has been completed. It turns off 
when LOAD is pressed. 

The STOP light is also turned on if the micro­
program is loaded and a main storage address 
compare stop occurs or the mode selector 
switch is placed in the SYS INSN STEP 
position. 

Power Check Light (PWR CHK) 

This light indicates that a check in the power 
system has occurred and that power has been 
removed. However, voltage necessary to dis­
play the check condition is still on. 

Thermal Check Light (TH CHK) 

This indicator is turned on whenever an over 
temperature condition is detected in the A gate, 
power supplies, or printer. Power is removed 
from the system when the thermal check occurs. 
After the thermal condition has gone away, 
system power may again be brought up. 

CNSL-1 



CE Control Panel 

F 0 1 F 0 1 . F 0 1 F 0 1 PROC-RUN1 

DE~ \ De~ 23 DE~ 23 DE~ 23 ~~\1#~~DR 
C 4 C 4 C 4 C 4 .~~~ER MAR 

S 6 B Ii B 6 B 6 -OPLYSTOR 
A 6 A 6 A 6 A 6 .INSN STEP! 

I 9 8 7 1 9 8 7 2 9 8, 7 3 9 8 7 DPL V CHKS 

INSN STEP! 
• DPLY LSR 

• ALTER STOR 
.ALTER MAR 

IRPT 

4 I . INSN STEPI 
L-DISPLAV/DATA--.J t· DPLVPCR 

L....------ADDRESS/DATA, ______ --l SVS INSN ST.P 

DPLVPWR CHK 
MODE SELECTOR 

G 
PWA FORCE 

CHECK FAUL.TDPLY CLOCK IPL IMPL. STORSEL AODCOMP "0 'OV 0 O,"'OTTE DISOnE Co SO' 
STOP PRES OFF 1:)151( DISK MAIN RUN 

MODE SELECTOR SWitch 

When this switch is moved from the PROC RUN 
pOSition, the CPU clock stops after execution of 
the current micro instruction. 

To restart the CPU, return the switch to PROC 
RUN and press CE START. The CPU starts 
at the micro instruction addressed by MAR. 

PROCRUN 

This is the normal position of the mode selector 
switch when the system is running. 

INSN STEP/DPL Y LSR 

With the mode selector switch in this position, 
each time the CE START switch is pressed, the 
next sequential micro instruction or branch is 
executed. In addition, the contents of a selected 
LSR are displayed. The LSR to be displayed is 
specified by the display switches 3 and 4. The 
values hex '00' through '1 F' selects LSRs 0 
through 31 respectively. 

CE START o • DPLY STOR 
.INSN STEP! 

DPLY CHKS 
·INSN STEP! 

t · DPLYPCR 

AL TER STOR (PM025) 

SYS INSN STEP 
MODE SELECTOR 

This position is used to alter the contents of 
main storage or control storage. It is used in 
conjunction with the STOR SEL switch, MAR, 
and the data switches. 

The STOR SEL switch controls Whether main 
storage or control storage will be accessed. MAR 
will contain the address of the location to be 
altered. 

If main storage is being addressed, the contents 
of data switches 3 and 4 are stored in the 
addressed location. If control storage is being 
addressed, the contents of switches 1, 2, 3, and 
4 are stored. Data switch settings are displayed 
in the display lights. 

Pressing CE START initiates the alter storage 
operation and causes a CPU cycle to occur. Dur­
ing this cycle the address in MAR is incremented 
by one. Thus it is possible to alter several seq­
uential positions of storage without entering a 
new address in MAR each time. 

Alter Storage Function 

TOT2 -
T4-T6 

Mode Sel Sw'X' Bit 1 
Mode Sel Sw 'X' Bit 2 
Mode Sel Sw 'X' Bit 3 

BPC 

T7 

Specific CPU'Data Flow for Alter Storage 

Processing Unit 

1 

15 ,----,----1 
15 EJ 15 

Control 
Storage 
12bvtesl 

I SAR 

OR 

A 

SDR ~ 

15 0 
00 

Addr 

=Ad=d='=SW==~ ~:p t===Co:::m=p =I> 

2S 

G1 

-B- 1G2 

Lg-R 

PM025 

Display 
High 
Byte 

1..!::::==DI'-,'5 Display Low Byte 

Sys Bus Out Low 

Sys Bus Out High 

a 7 a 8 

a 

t::}1~==w=3=2~LS=R=S~:d 
a 15 

..-
A 

DCD 

~ 

A 

'--

A 

CNSL-2 

Sys Bus Out Low 

15 

Channel S81 

A 
Write Stg Hi 

A 
Write Stg Lo 

Alter Storage 
Alter MAR 

Display Storage 



AL TER MAR IRPT 

This position of the mode selector switch allows 
the MAR for the current interrupt level to be 
altered. 

With the switch in this position, the 16 binary 
bits from the data switches 1, 2, 3, and 4 are 
entered into the current MAR when CE START 
is pressed. Data switch settings are displayed in 
the display lights. 

When altering this register for the display or 
alter function, note the initial contents of the 
register by displaying the contents and then 
writing it down. This register must be reinitial­
ized to its original value before restarting in the 
microprogram. 

Specific CPU Data Flow for ALTER MAR IRPT 

151 r--....,.---l h 

Control 
Storage 
(2 bytesl 

Main 
Storage 
11 byte) 

I SAR 

Addr Sw 

Event Ind 

Processing Unit 

15 EJ 
o MOR 

Addr 

Addr 
Comp 

Comp 

- -

Display 
High 
Byte 

Display Low Byte 

Sys Bus Out Low Sys Bus Out Low 

Sys Bus Out High 

o 15 

Channel 581 

DPLYSTOR 

This position is used to display the contents of 
SDR, or the contents of main storage or control 
storage. When displaying main storage or con­
trol storage, the switch is used in conjunction 
with the STOR SEL switch and MAR. 

Turning the mode selector switch to this position 
displays the current contents of SDR. 

To display the contents of a position of main 
storage or control storage: 

1. Set the data switches to the address to be 
displayed. 

2. Press ALTER MAR. 

3. Press CE START. This puts the address in 
WRO. 

4. 

5. 

Select main storage or control storage with 
the STOR SEL switch. 

Turn the mode selector switch to DPL Y 
STOR, then press CE START to initiate 
the operation. 

During the storage cycle, which is initiated by 
pressing CE START, the contents of storage 
are set into the SDR and displayed in the lights. 
MAR is incremented by one. Thus, sequential 
bytes can be displayed without setting a new 
address into MAR each time. 

When control storage is displayed, all 18 bits 
appear in the lights. When main storage is dis­
played, the 9 bits are displayed in the rightmost 
byte of the display lights. The leftmost byte is 
not significant (contains all bits on)·. 

See CNSL-4 for circuit details. 

Specific CPU nata Flow for Display.Storage 

15 r---r--.-1 

SAR 

Sys But Out High 

CK 1 

AddrSw1 &2 

AddrSw3&4 

Status 
1/0 Clocks 

15EJ 
o MOA 

Addr 

~A=dd='~SW==~~~:pF=co=m=p~ 

Display 
High 
Byte 

Display Low Byte 

Sys Bus Out Low Sys Bus Out Low 

15 

Channel S81 
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Display Circuits 

Status Sel 1 r--
(not) Status Function 0 ~ A 

Selector Gate a r-- r--

T (not) Status Card 2 ~ i '-- .....---- Selector Gate 1 OR A 

A U System Bus Out Bit a ,.L.....L '-- ~not) Status Func a '--

a a (not) Status Card 2 ,Lr-
Status Sel 2 Address Switch 1-2 Bit a 0 1~ (not) Status Func 1 

r--
PK021 

1'--- A Gate Status Byte High to OBI 
SO R PCheck Lth A 

1 0 Status Sel a 1.--

Flag/PCR Bit a Status Sel 1 
L...-- r--

1 1 t--
Status Sel 2 OR 

System Bus Out Bit 1 a 0 
L--

Address Switch 1-2 Bit 1 a 1 1 
-:---- Lr--MOR PCheck Lth i a 

Plus/PCR Bit 1 1 1 
EV 

P 
A 

Status 1 Bit 0-7 , P 

System Bus Out Bit 2 - Lr-a 0 I 
Address Switch 1-2 Bit 2 2 a 1 f-.-

,.-.-ORI-
Stg Gate PCheck Lth 1 0 ~ 

P bits to r--
A f---I 

Minus/PCR Bit 2 1 1 
System Bus Out Hi P be displayed. A 

Display Status Gate Hi ,Bit P 
I-.--

r-",--

System Bus Out Bit 3 a 0 (not) Status Function a r--
Address Switch 1-2 Bit3 a 1 2- (not) Status Function 1 A I--
ALU Gate P Check Lth ~not) Status Select a . ,---

1 0 ~atus Card2 Display Status Byte 1 OR 
Zero/PCR Bit 3 1 1 1not) 17 

A 

-
CPU Enable Hi Byte Display System Bus Out Bit 4 a 0 

Address Switch 1-2 Bit 4 a 4 r--

Invalid CS Address Latch 
1.f-.-

10 Display Event Indicators 
1 0 A 

Carry Log/PCR Bit 4 1 1 PK021 I-.--

System Bus Out Bit 5 a 0 
Lr--

A 
Address Switch 1-2 Bit 5 (j 1~ I--

Invalid MS Address Lth Event Indicators 0-7 L--

1 0 Display Hi Bits 0-7 
High Log/PCR Bit 5 1 1 A OR 

-Lamp Test r--

System Bus Out Bit 6 a 0 
I-.--

Address Switch 1-2 Bit 6 a 1~ 
Test to Gnd 1 0 ,........;.;;;; 
Low Log/PCR Bit 6 1 1 "-

r--
Event Indicator P A ~ Display Ev Ind OR St 1 Bit P 

System Bus Out Bit 7 System Bus In OR PCR not a OR 
OR 

a 0 f--
Address Switch 1-2 Bit 7 a 7 System Reset 

L--

1 f-.- A 
7 sec Chk Lth 1 0 
Equal Log/PCR Bit 7 1 1 r= 

\,--'-- System Bus Out 8-11 
PK011 

Lamp Test OR 
Display Bits 8-11 

I,--

PN010 
r--

System Bus Out 12-15, P OR 
Display Bits 12-15, P 

L--

PJ080 

-' - Processor Check Indicator 
Processor Check OR 

-PK015 



INSN STEP/DPL Y CHKS 

Various CPU and port errors that occur can be 
displayed via the CE panel lights. These errors 
are recorded in the CPU error byte and the 
port check byte. Set the mode selector switch 
to the DPl Y CHKS position to display these 
2 bytes; Each time CESTART is pressed, 
the next sequential micro instruction or branch 
is executed. 

CPU ERROR BYTE (left Byte) 

Bit Error Calise 

0 SOR parity Parity is incorrect in the 
check storage data register. 

MORparity Parity is incorrect in the 
check micro operation register. 

2 Storage gate Parity is incorrect at the out-
parity check put of the storage gate in the 

data flow. 

3 AlU gate Parity predicted does not 
parity check agree with the generated 

parity at the AlU gate. 

4 Invalid con- Indicates that control storage 
trol storage was being addressed outside 
addresslSAR its boundaries. 

5 Invalid main Indicates that main storage 
storage· add- was being addressed outside 
ress/SAR its boundaries. 

4 and SAR P che.ck Parity is incorrect in the stor-
5. age address register. 

6 Not used 

7 Microcode Indicates that the microprocess-
check or has been in a loop for.6 

seconds. 

PORT CHECK BYTE (Right Byte) 

Bit Error Calise 

0 DBO Incorrect parity has been 
parity check detected by an I/O attach-

ment on the 'data bus out'; . 

1 Invalid device I ndicates that the port has put 
assignment an address on the OBD but no 

response has been received 
from an atta.chment within the 
required time. (Port has 
raised 'control OUt' to address 
an attachment and the attach-
ment has not responded by 
activating 'service in' within 
5.4 J.!s.) This check can also 
occur if the OBO has in-
correct parity during the 
transmission of an address. 

2 OBI parity Incorrect parity has been 
check detected by the port during 

the transfer of data from an 
I/O attachment. 

3 Timeout The port has detected an error 
check in the normal port sequence. 

(This check occurs if an attach-
ment does not deacFivate 
'service in' within 5.4 J.!S 
after the rise of iservice ·out'.) 

4 CBI/DBI The I/O interface lines were not 
not zero cleared at the specified time. 

The I/O is.required to clear . 
CBI and OBI prior to deacti-
vating 'service out' duringT6 
after transferring a byte of 
data to or from an I/O device. 

5 System bus Inc.orrect parity has beendetec-
parity check ted on the data sent from the 

CPU to the port. The check 
is made while 'service out' is 
active; or incorrect parity has 
been detected on data being 
sent to the disk attachment 
during a burst mode operation. 

Bit Error Cause 

6 Cycle steal If any oftheCPU or port 
or burst errors listed under DPl Y CHKS 
mode oper- occurs during a cycle steal 
ation check operation, this bit will be 

turned ori. In addition, if any 
CPU or channel parity error 
is detected during a burst 
mode operation, this bit will 
be turned On. 

7 Invalid Bits 4-7 of WRO(l) were not 
port 0000. 

INSN STEP/DPL Y PCR 

With the mode selector switch in this pOSition, 
each timeCr: START is pressed, the next 
sequential. instruction is e)(ecuted~Also, the 
8 bits of the processor condition register are 
displayed in the leftmost byte of the display 
lights. The rightmost byte is noU/gnificarit. 

SYS INSNSTEP 

When the mode selector switch is turned to this 
position, the STOP light comes on. Each time 
START is pressed and released, one system in~ 
struction is executed. One exception to this is 
the supervisor call instruction (SVC) which is 

. not executed. 

If the CPU was running when the mode selector 
switch was moved to the SYS I NSN STEP 
position, CESTART must be pressed and released 
to complete the system instruction that was in 
progress. 

Ci\lSL·S 



./ Address-Data-Display Switches 

./ These swit~~es are used in conjunction with 
I several positions of the mode selector sWitch. 

Specific CPU Data Flow for Display Switches 

Processing Unit 

15 ,...---.-----1 
I They are used to enter addresses and data into 

l!::==!)f-l'5 
Display Low Byte 

SOA ~ 
Control 
Storage 
(2 bytes) 

15 EJ 15 

II main storage or control storage. In addition 
Sys Bus Out Low Sys Bus Out Low 

t------4;r===~==:::::;r====:==:t> they are used to address the LSRs. Their 
I 

I SAR 

15 8 o MOR 

AddrSw Addr 
Como 

Event Ind 

Add< 
Camp 

-

Display 
High 
Byte 

EJ1!:====;T=3=.;:-2 L-;;;:SR=' :n==;; 
15 

Channel S81 

I 
I 
I 

specific use is covered under the various 
positions of the mode selector switch. 

E ~F 0 1 2 E ~F a 1 2 E ~F 0 1 2 E ~F 0 1 2 PAQe RUN1 INSN STEP! 
.OPLYLSR 

o - 3 0 3 D 3 0 3 ~ .ALTERST" 
C 4 C 4 C 4 C 4 • ~~~ER AR 

B 5e 58 58 5 -OPL"STOR 
A 6 A 6 A 6 A 6 .INF STEP/ 

9 8 7 9 fI 7 2 9 8 7 3 9 8 7 4 _IN!:?" lTi~fS 

L-DISPLAV/DATA~ I l· a LV PCR 

~------ADDRESS/DATA MODE SEL~~~' RSN STH 

PWR fORCE 
CHECK FAULT OPL Y CLOCK Wl 
RUN PREV ON 

0 0 
STOP DISK 

PROC INTERRUPT Lights 

These lights indicate which interrupt level is 
currently in progress. The interrupt is indicated 
in the lights as follows: 

Pressing this switch causes the following to occur: 

1. The micro address register (MAR) is 
initialized to '0000'. 

Lights 

4 2 1 

X X X 

X 

X 
X X 

Interrupt Level 

Zero (Machine Check) 

One 

Two 
Three 
Main Level 

2. Present power fault conditions are transferred 
to previous power fault conditions and the 
present power fault condition latches are 
reset. 

3. The CPU timing circuitry is set to an initialized 
state. 

4. Error and status indicators are reset. 
5. The PCR is initialized to the equal condition. 

The RESET switch is also used to check for system 
bus in and the PCR bits remaining at the wrong 
state. If a bit is on, the P bit high is displayed while 
RESET is pressed. 

To restart the system, press CE START. To reload, 
press LOAD. 
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CE START Switch 

Pressing this switch causes execution of 
instructions to begin at the address specified 
by the current micro address register. 

LAMP TEST Switch 

Whenthis switch is pressed, all system lights 
are turned on unless they or their circuits are 
defective. 

DISPLAY INTENSITY Control 

This control adjusts the intensity of the 
CRT display. 

STOR SEL Switch 

This switch controls whether main storage or 
control storage is addressed on manual opera­
tions and adoress compare operations. 

When addressing main storage on a manual opera­
tion or address compare operation, the switch 
must be in the MAIN position. To address control 
storage on a manual operation or address compare 
operation, the switch must be in the CTL position. 



CHECK RUN/STOP Switch 

This switch controls whether the system runs or 
stops when a parity error occurs. 

When the switch is in the STOP position, the 
system stops at the end of the current micro­
instruction when a parity error occurs. When 
in the RUN position, the error is retained but 
the system continues to run. 

CLOCK Light 

This indicator is turned on by the run latch or 
the 'block processor clock' signal from an I/O 
device. 

PWR FAULT DPLY Switch and 
DPL Y PWR CHK Switch 

When a system power failure occurs, the power 
supply at fault and the type of failure are stored 
in latches. These latches are on the power 
sequence card and retain the information as 
long as the main line switch is kept on. These 
latches are known as the 'present power fault' 
latches. When RESET is pressed and the console 
power brought up (or on a power off sequence), 
the information recorded in the 'present power 
fault' latches i.s transferred to another set of 
latches known as the 'previous power fault' 
latches. Thus the reason for a current power 
failure and the reason for a preceding power 
failure can be stored in latches. The content of 
the power fault latches may be displayed even 
though console power is down. 

To display the 'present power faUlt' latches, the 
PWR FAULT DPLY switch must be in the PRES 
position when the DPLY PWR CHK switch 
is pressed. If the PWR FAULT DPLY switch is 
in the PREV position, the 'previous power fault' 
latches are displayed. 

FO, F01 FO, FO, PROCRUN1 

E q!j) 2 E q!j) 2 E q!j) 2 E q!j) 2 .~pl~s.1E:1 o 3 0 3 0 3 0 3 • ALTER STOR 

, .. ': • .. ' : • • • ': • • • , : ~ .,$"~~f 
C 4 C 4 C 4 C 4 • ~~ER MAR 

8 5 B 5 B 5 8 5 -OPLYSTOR 

I ~DISPLAY/DATA-----.J It' DPLY PeR 
ADDRESS/DATA SYS INSN STEP 

MODE SELECTOR 

RESET CESTART o o 
IPL IMPL STOR SEL ADO COMP DISPLAY 

OOS'OTTE OISOTTE 1) SO' 
~6='~ DISK 

The power fault conditions are displayed in the 
leftmost byte on the CE panel. The meaning of the 
specific bits is as follows: 

Bits a and 1 
01 
10 
11 

Bits 2 and 3 
01 
11 

Undervoltage 
Overvoltage 
Overvoltage 

Multilevel supply 
Dual-level supply 
Note 2 

Bits 4 through 7 

0000 - Note 1 
0001 - -4V at fault 
0010 - +5V at fault 
0011 - -5V at fault 
0100 - +6V at fault 
0101 - +8.5V at fault 
0110 - +12Vatfault 
0111 - -12V at fault 

Multilevel 
supply 

1000 - +24V at fault} Dual-level 
1001 - -24V at fault supply (Note 3) 
1111 - Plus and minus 24V dual-level 

supply failure or +5V, +8.5V 
and -12V failing in the multi­
level supply. 

Notes: 
1. If the voltage level being monitored is near 

the trip point of the respective monitoring 
circuit, bits a through 7 will indicate one of 
the following: 

0101 0000 - Undervoltage in multilevel 
supply 

0111 0000 - Undervoltage in dual-level 
supply 

10010000 - Overvoltage in multi­
level supply 

1011 0000 - Overvoltage in dual­
level supply 

2. A previous power fault indication of 1111 
1111 may be indicated when the mainline 
switch is switched from OFF to ON. 

3. If power is up when a short occurs in the 
+24 Vdc distribution, the fault indications 
will be as shown in the chart. If the short 
exists when power is brought up, an under­

. voltage indication will probably occur. 

IMPL-IPL Switches 

The IMPL and IPL switches select the IMPL 
(initial microprogram load) and IPL (initial 
program load) devices. The IMPL and IPL 
devices are the disk drive (disk) and the 33FD 
(diskette). 

During normal operations, both IMPL (control 
storage load) and IPL (main storage load) are 
from the disk drive. When LOAD is pressed, control 
storage is first loaded with system diagnostic 
tests from the IMPL device. After successful 
completion of these tests, the emulator and SCP 
(system control program) are loaded .. The micro­
program then loads main storage from the 
selected IPL device. 

IMPL Switch 

This switch selects the IMPL device. In the DISK 
position (normal position), IMPL is done from 
the disk drive when LOAD is pressed. In the DISK­
ETTE position, IMPL is done from the 33FD. 

IPL Switch 

The DISK position (normal position) of this switch 
selects the disk drive as the IPL device. In the DISK.­
ETTEposition, IPL is from the 33FD. 

FORCE CLOCK ON/OFF Switch 

This switch initiates continuous CPU cycles. 
With the mode selector switch in the ALTER 
STOR position, the contents of the data switches 
are transferred to consecutive main or control 
storage location (depends on STOR SEL switch 
setting) when FORCE CLOCK is turned ON. 
The system also operates in the check run mode; 
that is, a processor check will not stop the 
machine. The starting address is contained in 
MAR. Turning the switch to OFF terminates 
the operation. 
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ADD COMP STOP/RUN Switch 

This switch is used in conjunction with theSTOR 
SEL switch and the address switches. An address· 
compare sync signal (A-A1J2D12) is provided 
whenever. the address switches match an address 
in SAR. The STOR SELswitch determines if 
the sync occurs on a main storage or control 
storage address. 

If the switch is in.the RUN position, the system 
will continue after a compare occurs. 

If the switch is in the STOP position, the system 
will stop. The exact time the system will stop 
is determined by the following: 

If the address stop is on a main storage address, 
the emulator completes the system instruction 
being executed and then stops all system level 
operations with STOP light on. The system 
may be restarted by pressing the operator panel 
start key. 
An address compare on a control storageaddre$s 
stops the CPU clock after executing the micro 
instruction at that address. To restart, press 
CESTART.· 

If an address compare stop is made on a control 
storage address during the execution of a system 
I/O instruction, the results of the instruction are 
unpredictable. 

Circuit detail is shown at the right. 

Address Switch 1·2 Bit O~7 

Clock SAR and X Re Reg 
~~~~~~~--~--~~C 

System Bus Out Bits 0-7,P 
.. ............ ~~D 

Console Sw 3/4 Bits 8·15 

Reg 
C 

System Bus Out Bits 8.15, P 
.. ................ ~D 

... 

·CSY Trigger (Storage Cycle) 

Address Compare Low Byte 

PJ060 ImmMORBits 12·15 



Run Signal 

The circuits that set and reset the run latch are 
shown here. The switches that affect the run 
latch are described on the opposite page. Checks 
that reset the run latch (or inhibit the set) are 
described on ERR HDL-1. 

Processor Check 
Check Halt Decode 

Control Store SW 
Control Store Access 
Addr Comp Stop Sw 

Addr Comp Gated 

System Reset 

Intrp Reqto Run Lth 

(not) Single Cycle Lthd 

(not) CE Start Key Released 

CE Start Key Pressed 

System Reset 

Run Latch 

Xfer Com pit 

Wait Instructior 

CE Start Key Released 

Single Cycle Latched 

T3 AND Phase A 

(not) Function Sw Bit 0 

rA ,.... -

r--

CE Pressed 
Lth 

G FL 
S 

-
OR R 

i.....-

-
A 

-

-
OR 

@ ~ S Fl 

r--" R 
OR 

~ L...-r--

A "-

'--

I"""- L..-or--" 

A OR Run 

I......... 
0...- S FL Run Latch 

- R 

I OR 
,0...-

PJ050 
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Disk Drive 

I mounted permanent y 
d' k drive has one. 'tten and read 

Tho IBM "ted dl'k. Data" wn th, ,winging 
magnetic c?ak by heads attached to 0 9 1 or 13.7 

the dis h 32 5. , ' , 
!eam Th, dl,k d"yo " : • n th"y",m actuator. depending 0 

b tes of storage, mega y 

d I number. . 

mo e parate areas, 
d 'n two se /0 ' ircuitry is house I e 01 A2 board (I 

Th, d"~·~k ,ncio,ure and on t~ preampll!l" I, 
on the I he servo head outpu art of the head 
board). T he actuator arm. P h disk enclosure. ted on t . t d on t e :~:'on C'''UIt~t'~ n;:;~~':ctconIC C"~'" are 
The remainder 0 01A2 board (I/O boar , ted on the moun 

Channel 

r 
I 

------- - - -. -k-Art~hment -- -- _:015= __ , __ .----~ 

Attachment 
Control 

Write Data 

. d Data Standard Ize 

Write 
Clock 

Disk 
Control 
Circuits 

Read 
Clock 

------, 
- Disk I 

--,-, ~--diwrite-Circuits I 
I Rea _________________ _ 

Write Data 

Read/Write 
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Data Tracks 

Data heads record data on (and read data from) the 
data tracks. Each track is divided into 60 sectors. 
The data stored in one sector is called a record. 
Each record consists of 256 bytes; therefore, it is 
possible to store 15,360 bytes per track. The 
tracks that can be read without moving the actua­
tor are called a cylinder. 

The capacities of the various models are shown in 
the following chart: 

Disk Capacity in 
3.2 5.0 9.1 13.7 

Megabytes 

Number of Tracks 218 338 606 909 

Number of Cylinders 109 169 303 303 

Data Heads-
2 3 

Tracks per Cylinder 

Bytes per Sector -
256 

(record) 

Sectors (records) 
60 

per Track 

Because the disk is formatted into cylinders and 
sectors, each record on the disk has a definite 
address consisting of cylinder, head, and sector 
numbers. This address (part of the identification 
field) is recorded at the physical location of the 
record on the disk. 

Some areas of the disk are reserved; these areas 
are shown in the IBM System/32 Diagnostic User's 
Guide (PN 2547690). 

Cross Section of Disk 

Behind Home 

Data Tracks 
-ServOTracks -

Guard Band 

Landing Zone 

*13.7 megabytes only 

Servo Tracks 

The servo tracks of the disk contain prewritten 
patterns on the outer half of the disk. These 
patterns correspond to each data track location 
and consist of missing clock pulses and position 
pulses in a specific sequence. The 2.1 I1S clock 
pulses develop the 140 ns write clock pulses in 
the attachment. The position pulses keep the 
data heads over the specified track (see DISK-6). 

Specific combihations of clock and position 
pulses define either the beginning of a track (index 
pulse that indicates sector 00) or the beginning 
of sectors 01 through 59 (sector pulse). 

The servo tracks are used by the servo head to 
keep the data heads on track and to perform seek 
operations. 

Landing Zone (LZ) 

Because the heads touch the disk when it slows 
to less than 400 rpm, the heads are retracted to a 
landing zone to avoid destruction of data. No in­
formation is written in the landing zone. 

Guard Band (GB) 

Between the servo tracks and the lahding zone is 
the guard band. The guard band is a servo track 
area that contains clock and position pulses but 
no prewritten patterns. When the servo head is in 
the guard band position, the data heads are behind 
home (BH). 

Data Head 0 

Data Head 2* 

OISK-2 

Data Head 1 

Servo Head 



Sector Format 

Before writing in the data field, the 10 field .must 
be read to verify that the data is being written in 
the correct sector. The recovery time from the. 
write operation to the read operationis too long 
to allow writing of consecutive sectors because 
the microprogram requires time to set up the next 
operation. For this reason, the sectors are 
numbered: 00,30,01,31 ... 06,36,07,37, etc, 
as shown in the illustration. 

I 
I 
\ 
\ 
\ 

\ 

.",.. .- - - .............. 

~~~"';"'"""'"'I:""""'~- Data Tracks for Head 0 

\--r-..,.-,...-.DataTracks for Head 1 

60 Sectors On Each Track 

" ........ ~~~~~~~::;::;::l}:~;::;;::;;::;:::;;:;~;:~ Sector 06 Sector 36 Sector 07 Sector 37 
110 I Data 10 Data 10 I Data 10· Data ·1 
Recovery Rd Write Recovery Rd 
Time Time 

VFO·sync is 12 bytes of hex FF used to synchro­
nize the read clock with data bits from the disk. 

When the 12 V FO sync bytes are being written on 
the disk, the attachment forces 8 bytes of hex F F, 
and then cycle steals the other 4 bytes from a 10 
byte field of hex FFs in storage. 

Note: If a sector defect occurs within the 10 
region (VFO sync through the 10 field CRC), 
this VFO sync is extended 64 bytes (12 plus 64 
equals 76 bytes), and then the address of an 
alternate sector 1S written. 

10 field is 7 bytes as described below. 

Write I 

Flag Byte: ------------------..,...;.""'-......,;...,..-----~-----~ 

VFO 
Sync Sync 

,/ 
./ 

,/ 

3 

write. 

10 SWG 
VFO 

Sync Data Field· CRC 
Field IDS Sync - ~ ·1 -...... 

256 bytes ...... ...... 7 Bytes 
...... -

4 5 6 7 

Flag Cylinder Head Sector CRC 
Bits 

0-4 
5 
6-7 

Meaning 

Unassigned 
Data in sector might not be good 
00 Good primary sector 
10 Defective primary sector 
01 Good alternate sector 
11 Defective alternate sector 

Address Address Address 

The cylinder address is 2 bytes. -----_.;;.;.....--.:.--.:. __ ......".._-...~--'-----_-----:---------A 

Disk 
Capacity 

Cylinder 
Address 

Oto 108 
o to 168 
o to 302 

The heiiJdaddress is 1. byte, hex 000 for head 0, -----------,' 
hex 01 for head 1, or hex 02 for head 2. 

The. sector address is 1 byte, 0 to 59. 

Sync is 1 byte, hex OE. used to synchronize the 
bit ring. The bit dnggates the bits read from the 
disk into theseriali.:zer~deserializer to be·formed 
into recogniz<!blebytes. 

CRC(cyclicredundancycheck)is 2 bytes of 
check Charactersto verify that the data vilas 
read correctly hom thedata·fie.ld. 

Buffer 2>(8fr) is4 bytes (hex FF)·ofspace allowed 
after writing the data field CRC before switching 
the cirCIJtts back to read. 

Bfr 2 EWG 

3.2 Megabytes 
5.0 Megabytes 
9.1 Megabytes 
13.7 Megabytes o to 302 CRC(cycHc redundancy check) is 2 bytes of --------.:.----.;;.;.....------1 

check characters to verify that the data was read 
End write gap (EWG) is 2. bytes ofhexFF to·~..,...... ...... .;;.;........,.....-I 
allow time lo sWitch the circuits from write to 

correctly. from the 10 field. read. 
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Data Recording 

Data is read and written by data heads when the 
disk is spinning at 2964 rpm. When the disk is 
stationary, the heads are in the landing zone, and 
are in contact with the disk. To minimize head 
wear, the start and stop times of the disk are con­
trolled (high torque start motor when starting, 
motor brake. when stopping). 

During a write operation, a 0 or 1 bit is recorded 
by reversing the direction of the current in the 
coil, which reverses the flux direction in the pole 
piece and reverses the flux in the gap.' At the 
instant that the flux in the pole piece gap reverses, 
the direction of magnetization changes on the 
disk surface. Each reversal represents a recorded 
o or 1 bit. 

During a read operation, with the recording 
surface magnetized in one horizontal direction, 
constant flux flows and the coil registers no out­
put voltage. However, when a recorded bit 
(180 degrees horizontal flux reversal) passes 
the gap, the flux flowing through the ring and 
coil reverses and produces a voltage output 
pulse. 

Only data bits are written on the disk data 
tracks. For write operations the attachment 
uses clock pulses read from the servo tracks to 
develop the write clock. However, on read opera­
tions the read clock is developed from the VFO 
sync fields and from the data being read. 

The period of time during which a data bit may 
be written is known as a bit cell. A bit cell is 
140 ns long and is defined by the '1 F write 
clock' line: 

1 F Write Clock ..rlJU-uu-
~ 

Bit Cells 1- ns -I 

Writing 1-Bits 

. One bits are always written at the middle of a 
bit cell: 

Bit Cells' I I I I I 
1 1 1 1 

Write Data ~ 

Write Clirrent 

~---------n 11111111111111111I11111 
- Disk Rotation 

Write Current 

\ ... -.-~- -- -- -- -~ tl7777~777111117!1171 
- Disk Rotation 

Recorded Bit 

No Pulse 
(passing over constant field) 

Flux Reversal 

i(data bit) 

'6'----..- .... --t 1711711111111~/1117 
-Disk Rotation 

(flux reversal in gap) 

~- - -,,----- ---- ~ iZZZZZ'l:J7Z17117771111 
F R '-Disk Rotation 

lux eversal 
(data bit) 

Writing o-Bits 

With one exception, 0 bits are always written 
at the beginning of a bit cell: 

Bit Cells I I I I I 
o 000 0 

Write Data ~ 

The exception to writing 0 bits at the beginning 
of a bit cell is when the 0 bit immediately follows 
a 1 bit. In this case, no bit is actually written and 
the 0 bit is represented by the absence of change 
during its bit cell time: 

Bit Cells 
o 1 o 1 

Write Data 

o 

By writing X'88' both methods of writing 0 bits 
and the method of writing 1 bits can be illustrated: 

Bit Cells 

Write Data X '8B' 

The data to be written is transmitted to the 
write circuits mounted on the disk drive via the 
two 'data transmission lines' 11. For each 
transition on the 'data transmission lines' a 
o or 1 bit is written on disk. These transitions 
cause the current to be switched in the write 
head which results in a polarity change on the 
disk track. 

Reading Data Bits 

When data is read from the disk, the read clock 
is synchronized to the incoming data by the 
VFO sync field. This field consists of 12 bytes 
of 1 bits. The read clock output consists of two 
lines, '1F read clock' and '2F read clock'. 
Because the read clock has been synchronized by 
the 1 bits of the \/FO sync field, these lines may 
be used to define bit cell time: 

1 F Read Clock 

. 2F Read Clock 

Bit Cell 

I 

o 

1 FRead Ciock 

2F Read Clock 

Bit Cell 

Read Data X.'8B' 

Write Select 

-Data Trans Line Write 

11 Trigger 
+Data Trans Line 

.Select Head 1 

Select Head 2 

Read Select 
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Bits that occur on the read data line may be 
identified as O's or 1's depending on when they 
occur relative to the read clock times (or bit 
cell): 

The signals on the 'read data' lines II are signals 
shaped in the disk drive circuits mounted on the 
attachment gate. 

The variable frequency oscillator (VFO) 
driving the read clock constantly monitors 
the bits being read and varies its frequency. 
to keep the read clock and incoming data in 
sync. 

Write f- Data 
L-- Drive Heads r--

f- and 

W-
Read .Read Data 

Head Select II 
Matrix +Read Data 

r--



Seek Operation 

During a seek operation, the track following 
signal to the actuator driving circuits is overridden 
by signals from the seek controls. A seek is exe­
cuted by activating the drivers to move the actu­
ator at the correct velocity to the specified track. 
At the end of a seek, the seek lines to the drivers 
are deactivated; this allows the track following 
circuits to hold the actuator at the selected track. 

Seek control causes the actuator to leave track 
following mode, and accelerates the actuator 
over a specified number of tracks. Seek control 
then drives the actuator at a constant velocity 
until it is a specified number of tracks from the 
required destination. Then the actuator is decel­
erated and stops at the required destination. At 
this point, track following signals take control. 

Recalibrate Operation 

The recalibrate operation moves the heads across 
the tracks into the guard band area, then out to 
data track 0 (home). 

Recalibrate is initiated: 

1. During a normal power on sequence. 

2. When an invalid sector identifier (10) is 
read. 

3. After data unsafe is reset. 

Behind Home 

If the data heads attempt to seek a track that is 
farther in than track 0, the seek in command is 
dropped. When the heads stop, the actuator seeks 
to track 0 and home is indicated. 

Servo { 
Head 

Output 
Preamp I-

Actuator 

J 

Pivot 

Magnet 

I~Co;! I 

6 +24 Vdc.() .... 

I I 

,- --------- --l 
(track following 

Sign\,l 

In Coil .. 
Track Actuator Out Coil 
Following 

,--
Driving 

Circuit Circuit 

Seek Signals 
Override Track ---1_ Following Signals 

Seek 

I 
Control 

I I 
I L- ______________ .J 

Disk Drive Circuit on 01A2 (I/O board) 
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Servo Track Following 

Servo Head Correctly Aligned 

The direction of rotation shown is as seen from 
the read/write heads. Format of C and P pulses 
are prewritten around the servo tracks. The 
servo head is shown correctly aligned on a servo 
track. 

/ 
I 

/ 
/ 

~ 

/" 
./ 

'Servo Head 
Correctly Aligned 

C 

Signal at Servo Head when Correctly Aligned 

-.. ..... 

Servo Head Offset 

The servo control ensures that the position pulses 
are received at equal amplitudes. 

The servo control drives the head in the direction 
that increases the amplitude of the reduced 
position pulses (P1 or P2). The direction and 
degree of movement of the heads, to compensate 
for the error, is determined by the track being 
odd or even and the difference between the P1 
and P2 pulses. 

If the servo head moves off track, one position 
pulse is received at a reduced amplitude, and the 
other position pulse is received at an increased 
amplitude. 

Servo Head Offset (in direction) 

Out Direction C .. ~ 
P'\ _t _ - -1/2Track P1_ 

--- ~aoi 'Track P2 - -
~sef'lO 

~ ~ \-S -- ~e:o Tracl<--jr--., __ 

~----
- In Direction 

Signal at Servo Head 

c C 

.Servo Head Offset (out direction) 

~, 
{'IIo C P se.l P'\ _ -1/2 Track - __ 1 

~
eau _- -

Servo Tracl<--t--....... J..._ 
\P2 

'\ /2 Track-\ -
...,., - ServO Tracl<-1--__ _ 

~-------
Signal at Servo Head 

c c 

I. 

servo'b. I 
Head ~ 
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Servo Head Offset, Odd and Even Tracks 

During a seek operation, 'seek 2' drops onetrack 
before the required tra'ok.The serllo control then 
takes over and aligns the serv<> bead onto the 
correct track. 

The signal'even track' (+ for even, - fot odd) 
determines whether P1 or P2 15 selected tog3te 
the in or out dem<:>dulator;the demodulators 
keep the servo head moving in the direction of 
the seek, until the Position pul.sare the same 
amplitude. 

-

D ..... ' Servo ~H"d 

Even track, servo head off· 
set. Servo head signal. 

Odd track, servo head off· 
set. Servo head signal. 

~ ~ 
.C C. c c 

P1 minus P2 = Requ.ired 
servo headmo\leme.nt. 

When the seek is to an even 
track P1 is gated to the in 
demodulator, P2 is gated to 
the out demodulator. 

P1 minusP2 = Required 
servo head, move.;,ent. 

, '.' . 
When 'the $askilito an .odd 
track P1 is gated to the out 
demodulator, P2 is gated to 
the indemoduiatof. 



Head Positioning and Disk Layout 

One side of the disk is a data surface only. The 
other side is the servo surface and the additional 
data surface for the 13.7 data head. 

Data Tracks Data Tracks 
Data Tracks Servo Tracks 

13.7 Data Head 

LZ = Landing Zone 
BH = Behind Home 
GB = Guard Band 

Servo Surface and 13.7 Data Surface 

This side of the disk has: Servo tracks, a guard 
band used as an aid for locating track 0 (home), 
a landing zone for the servo head, and data 
tracks and landing zone for data head 2 on a 
13.7 megabyte file. 

Data Surface 

Servo Head 

Two data areas and two landing zones on this side 
of the disk. One data area and landing zone for 
data head 0, and one data area and landing zone 
for data head 1. No data is written in the landing 
zones. 

Track 
3.2 Megabytes- 108 / 
5.0 Megabytes _ 168 

9.1 or 13.7 Megabytes - 302 

P 
C 

Position pulse 
Clock pulse 

Data Head 
(on track) 

/ 

/ 
I 

I 

/ / I 

Servo Head 
(on track) 

t . lData Track 0 
~Data Track 1 

Track 
o 
o 
o 

Track 
108 
168 
302 

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

C P 

Missing Clock Pulse (and Position Pulses) 

Patterns of missing clock pulses decode into index 
pulses, sector pulses, or sector midpoints (activates 
the "data area" lihe). 

C P P C P PCP P 

_--.r---i-"""--I-":- C ___ Servo Track (data area) 

Direction 
~ o{ Disl< Motion 

I 

-Serv~ Track 0 
I 
I 
I 
I 
I 

- - - Servo Track (data area) 

- - - Servo Track (data area) 

- Servo Track (guard band) 

- Servo Track (guard band) 

- - - Servo Track (guard band) 

- - - Servo Track (guard band) 

Data Track-Servo Track Relationship 

Servo circuits determine data track positions 
by analyzing signals received from the odd and 
even servo tracks. 

Positioning the servo head directly over the 
border between two adjacent servo tracks, 
positions the data heads (mounted on a common 
carriage) over the corresponding data tracks. 

Servo Track -20 
Guard Band 

.Guard band is a normal servo track area that has 
no index pulse, sector pulse, or sector midpoint. 
The guard band is detected at the servo track that 
has no missing clock pulses; which in turn indiCates 
no data area pulses. The absence of data area 
pulses allows a 270 ps singleshot for 3.2 a,nd 5.0 
megabytes, or a 135 p.s for 9.1 and 13.7 megabytes 
to timeout, which indicates guard band. 

The guard band indicates that the data heads are 
behind home (data track 0). When guard band 
is detected, the attachment positions the data 
heads over track O. 

I.CISW 

P PCP P 

DISK·7 





· Read-Write-Scan-Data Destination 
IndexPulse~" .. ______________________________________________________________________ ~ ______________________________________________________ ~ .. ~ __ __ 

Sector Pulse ___ --J._L-._--II.-.. ___ ...... __ ...I ... ___ • ____ ... -.. ___ ...J.. •• • • • • • • 
27 57 28 58 29 59 Sector Number 00 30 01 31 02 32 ~ 03 L 26 56 

~~---~ -------~~:FORMAT ~. 

READ OR WRITE OR SCAN ~ 
_._----------- -------

Write ID 
DISK-18 

Read ID 
DISK-19 

Write Data 
DISK-20 

Read Data 
DISK-22 

Read Diagnostic 
DISK-22 

Read Verify 
DISK-22 

Scan 
Equal 

Data Low 

High 

DISK-24 

Sector ___ __ ' ___ -- --- --- -- ....... -

VFOSync 
ID 

S F C C H S 
Format I--

8 or 72 4 
11 I 5 

Flag 
Bytes 

12 bytes hex FF Fast Sync (sector or 
index pulse)--------6 

I I~ High Cylinder I 
I Ic Low Cylinder, 

76 bytes hex FF Fast Sync Extended 

Set Sta rt Latch ---JII-.F-

Sequence 
Counter -----..; 

Activate write select. Cycle 
steal hex FF from CPU 
storage, also force write hex 
FF. 

Read from disk searching for 
hex DE sync byte. 

I I H = Head 
Sector I 

- I I 
I Cycle steal hex DE II 
I from CPU storage. 
I Write hex DE on I 
I. disk. Preset CRC I 
to 1's. I 

S = 

Cycle steal I D 
from storage. 
Write I D on disk. 
Develop CRC in 
CRC register. 

md 
I Develop CRC in 
I CRC register. 

I Cycle steal I D into 
storage. 

I 
I 
I 
I 
I 

I I 
I Detect hex DE syncl Cycle steal I D 
I byte from disk. from storage and 

I Preset CRC reg to compare with I D 

11's. read from disk. 
Develop CRC in 

I CRC register. 

I 
I 
I 
I 
I 
I 
I 

VFO Sync 

12 

S 

1 

---------------
Data 

. 256 2 3 1 2 2 ,1 2 I L' L L ~tart Write Gap = hex FF 
I I D B~ffer = hex FF 

Data Field sync--W 

hex DE I 
Data Field Check Byte~--.J he~ FF I I J i End ~rite Gap hex FF 

,I D Field C~eck Bytes 

........ 

Write CRC 
register 
contents 
on disk. 

........ 

Read CRC 
from disk and 
compare with 
the CRC 
register. 

I 
I 
I 
I 
I 

End Op. 

Force write 
hex FF on disk. 
Turn off write 
select. 

I End Op. 

I 
I 
I 
I (not) Sector Hit: 
I End Op. 

Sector Hit: 
I Activate Write 

Force Write All hex F Fs. 
I Select. 

I 
I (not) Sector Hit: I 
I End Op. I 

Sector Hit: I 
I Continue. I 
I Prevent setti ng I 
I End Op (ignore 
I error). I 
I I 
I I 
I I 

I I (not) Sector Hit: 
I End Op. 
I Sector Hit: 

Continue. 
I 

I 
I 
I 
I 

Read from disk, searching 
for hex DE sync byte. 

I 

Force write 
hex DE to disk. 
Preset CRC 
to 1's. 

Read hex DE 
from disk. 
Preset CRC 

to 1's. 

Cycle steal data 
from storage. 
Write data on 
disk. Develop 
CRC in CRC 
register. 

Read data from 
disk. Cycle steal 
into storage. 
Develop CRC in 
CRC register. 

Read data from 
disk. Develop 
CRC in CRC 
register. 

Compare data from 
storage with data 
read from disk. Scan 
high disk data equal, 
low or high. 
Develop CRC in 
CRC register. 

I I 

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

"­
"-

Write CRC 
register 
contents 
onto disk. 

Read CRC 
from disk 
and compare 
with CRC 
register. 

'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Force write hex I 
I FFs. Turn off I 

write select. 
End Op. 

I 
I 
I 
I 
I 
I 
I 

Read hex FFs I 
r from disk. 

End Op. I 
I 
I 
I 
I 
I 
I 

DISK-9 
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Load Command - Control Load Command 

Channel I Select Attachment 
Sys Bus Out Low 

C====;:1 
8 ~X~ 11 
U .... .-.-- .. 
l~icr6 Inst~uc., 
, tlon Function I 
Field Decode 
=---~--..." I I"T :T ::i' ..... "'Y"" .., 

0T~-t~O 1+0~~ 

I 
I 
I 
I 
I 
I 
I 

0 1 
r1 0 0 Q1-~1,110J 
.... ..L. ~ ;;...L !. """""L - ..... 

PH 11 0 ~O!iiiiI"tijll~c~ L __ 
I 

I 
I 
I 

Data 
Buffer 
rr--, 1 

I II 
II " Port Oat 

Bus Out 
a I 

)------.).>1' I C-------,., 1=----

See ILINSTR-30 

II I 
II I 
Ll._-J 

PH070 

------ ...... -----

J 

I 
I 
I 
I 
I 
I 
I 

.J 

DA 
0-3 .... ,.. 

Read, Write, or Scan 

0 0 1 Read Data 
0 0 1 Read 10 

0 0 1 Read Diagnostic 
1 0 1 Read Verify 
0 0 1 1 Scan Equal 
0 1 1 Scan low 
1 0 1 Scan High 

.0 0 0 Write Data 
0 1 0 Write 10 

*For diagnostic purposes only - see next page. 
**13.7 megabyte file only. 

Device 
Address 
Hit 

DISK-9 

DISK-22 

DIS.K-19 

DISK-22 
DISK-22 

DISK-24 

DISK-24 
DISK-24 

DISK-20 
DISK-18 

.... 
CCB 

012 

100 
Load 

110 

Load 

Mod 

'II! ,. 4·7 

CCB 
(Latched) 

3 4 5 6 

0 0 1 0 
Set interrupt request 
DISK-64, 

0 0 1 1 
.Resetl nterrupt Request 
DISK-64 

0 1 1 0 
Enable Interrupt Re-
quest Control DISK-64 

1 0 0 1 
Load Data Buffer 
Register DISK-8 

1* 0 1 l' 

Enable Diagnostic 
Mode DISK-12 
1* 1 0 0 

Disable Diagnostic 
Mode'DISK-12 

1* 1 0 1 
Diagnostic Mode 
Control. DISK-12 
1 1 1 1 
Reset Checks (reset 
error conditions) 

'DISK-46 

o 0 
RdlWr/Scan Control 
DISK-9 DISK 18-25 

o (j 0 
Seek Control 
DISK-45 
o 0 
Command Byte 
DISK-9 DISK-18-25 

o 0 
Head Select 
DISK-68 

o 1 0 0 
Load # of Tracks - 1 
DlSK-45, 40, 

o o 
Seek 1 • Seek 2 
Counters DISK-45, 40 

o 1 1 0 
End of Operation 

I ~1J.!!!Ll)ata Byte to Attachment 
DBOO-7 

I 

Bit 0 Bit 1 Bit 2 Bit 3 

~ ,. 
DBO 

Bit4 Bit5 

Data Op End Sector Pulse 
DISK-64 DISK-64 

Data Buffer Register (Load the data buffer register with a byte from an LSR located in the CPU.) 

CSY Trigger 
DISK·12 

Disk Cycle Strobe 

Recalibrate 

DIS.K-45 

1 =Control Store for data 
O=Main Store for data. 

DISK-53 

Seek 1 Compare Value 
DISK-45,4O 

. Set Sector Pulse 
DISK-12 

L~d # of Tracks-1 

DISK-45,4O 

1 F Write Clock Toggle 1 F Read Clock Toggle 
DISK-12 DISK-12 

I ncrement Seek 
Counters DlSK-12 

Cycle steal low byte 
only (1 =set. O=reset). 

DISK-53 

9.1 or 13.7 megabyte 
file and 16t,tack or 
greater seek. 

(reset seek busy. file busy, R6, R7. 06. Q7 latches) 

Bit 6 

Index Pulse 
DISK-64 

Index Pulse 
DISK-12 

Select Head 2 
DISK-68** 

Seek 2 Count 

Bit 7 

Seek Op End 
DISK·64 

Set (1)/Reset (0) Read 
Data Bit Buffer 
DISK-12 

Select Head (0 =' head. 
0, 1 = head 1) DISK·68 

DISK-45,4O 

DISK·11 



Diagnostic Load 

Diagnostic Mode 

Enable diagnostic mode degates the main control 
lines between the channel and the attachment 
and between the attachment and the disk drive. 
Then, diagnostic mode control can simulate these 
.main control lines, which allows diagnostic pro­
grams to simulate all attachment operations. 

This is the diagnostic portion 
of the load command shown 
on DISK-11. 

.A 

1 0 1 1 
Enable Diagnostic 

100 Mode 

Load 
1 1 0 0 
Disable Diagnostic 
Mode 

1 1 0 1 - Diagnostic Mode I 
Control 

I 

DISK-12 

r revent norma settmg 0 t ese atc es . • 

-r: Allow normal setting of these latches. • 
• ~rogram step and simulate all read and write data 

I commands with the latches in diagnostic mode. 

p f h h 

I I I I I I , , t t t t 
CSY Trigger Set Sector Pulse 1 F Write Clock 1 F Read Clock Toggle I ncrement Seek Index Pulse Set (1 )/Reset (0) Read 

Toggle Counters Data Bit Buffer 



Sense.Command-Control Sense Command 

,Channel Select Attachment 

Sys Bus Out Low 

C::===,r\ 
8~¥"'11 
fMifro ~struc"1 
Ition Function I 
I F.ield Decode I t::---:::r ~--=I 
l-0IITil '4-~1.loI1i 
L1.l1J.«U ~L1 .. l}l1J 

PH110 0 I' 2 
J::.=. 

Data 
Buffer r - -, Port Data 

I 
1 , 
I 
I 
I , 
I 

CBO 

I 

,I 
I , 
1 
1 
I 
1 , L Bus Out 

l=====::t>, r = = = I. -, 
I I Port Oat 

. ___ J 1 ,,-Bus In 

~-- - -, 1("'" . , 
L_.J 
PH070 

See p.INSTR-30. 

*3.2 megabYte file only; Seek 
beyond track 108. 

**For diagnostic purpose only. 
***13.7 megabyte file only. 

a 1 
I 

1 , 
I 
I 
I 
I 
1 
1 
f 
1 , 
1 
I 
1 
1 
I , 
I 

DA Device 
0"3 .. Address ,. Hit 

~ 

eeB 

0 1 2 

Sense 
101 

Control 
Sense 

111 

Send Data Byte to Channel 

~ Mod 1 
4-7 

eeB 
(Latched) 

3 4 5 6 Bit 0 Bit 1 

0 0 0 0 Disk Not 
Status Byte 0 Ready 

01SK-15 01SK·65 

0 0 0 1 No-op Data Unsafe 
Status BYte 1 

01SK-15 01SK-65, OISK-38. 

0 0 1 0 Serdes Parity Check Write Check Trigger 
Status Byte 2 Trigger 

01SK-15 01SK~57 01SK-54 

0** 0 1 1 
Diagnostic Byte 

OISK-8 

0 1 1 0 
I nterrupt Condition 

01SK-64 

1 0 0 1 
Data Buffer 

01SK-8 

, 

, 

0** 0 0 1 
Diagnostic Sense 

OISK-45 

0** 0 1 0 
Diagnostic Sense 

0ISK-9. 0ISK-18-25 

0** 1 0 0 Serdes Bit 0 , Byte Counter Bit 4 
Diagnostic Sense 

OISK-S DtSK-8 OtSK-8 

0** 1 0 .1 (not) Seek 1 to File (not) Seek 2to File 
Diagnostic Sen.se (wrap) (wrap) 

OISK-45 OISK-45 01SK-45 

0** 1 1 0 Select UnSafe (head 
Diagnostic Sense select error) 

0ISK-28,38; 46 OISK·38 

0** 1 1 1 (not) File Guard Band Inot} File VFL (velociW 
Diagnostic Sense follow latch), 
0ISK-28, 34, 40,45 OISK-34 DlSK-40 

OBI 

Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 
SectorSvnc Check Off Track Error Latch CRC Check Trigger DBO Parity Check Write Data Echo Check Cycle Steal Overrun 
Latch Latch Trigger 

01SK-61 01SK-62 DISK-58 01SK~55 DiSK-59 OISK-56 

Invalid Seek* Adapter Check No Record Scan Equal (nod Scan Hit Latch PLO Out of Sync 
Found CMck (seek check) 

01SK·15 OIS,K-67 OISK-67 . OISK-63 

Channel Transfer Check Interrupt Time Out Head 2 Selected Head Selected 
Latch *** U) = helidO. 

OISK-60 OISK-64 1 = head 1) 

CRC Generate Position 
9~16 

01SK-8 

I nterrupt Time Out Op end enabled op end Sector Enabled - Index Enabled- Index Seek Op End 
latch. Sector Pulse Latch Pulse Latch. 

01SK-64 OI!;K.64 OISK-64 oISK-64 " , OISK-64 

Data Buffer Register (Transfer data buffer register contents to a LSR located in the CPU.) 
01SK-8 

Track Counter is 0 (not) Seek 1-TracksO (not) Seek 2 Counter '. 

" 

OISK-45 to 4. atO. 
. OISK~45 ." .0ISK-45 

OpEnd Latch SectorPulseJ •• atch Ori Track 

01SK-9 '0ISK~9 ' bISK~45··· 

Byte Counter Bit 256 Sequence Counter 3 Sequence Counter 6 Bit Ring 1 Cycle Steal Request Serial WrIte Data.to 
Trigger File 

0,ISK-8 DIS 1<-8 01SK-8 OISK-8 OISK"48, DISK-51, .' PISi<.26 

{not) Recalibrate Com- (not) Seek Outto File (not)Odd Track Destin- (notl Power on Delay Home 
. 

BehiridHome 
mand.to File (wrap) (wrap) ation to Fife (wrap) to File 

OISK-45 OISK-45 OISK·45 OISK-46 OISK-6$ , . 01SK-69 

Write Unsafe (write Brake Failure Servo Unsafe (servo Fast Sync to File 
error) .' 

error) eVFO fast sync) 
OISK·38 OISK-46 OISK-38 OlSK-28· 

Inot) Seiect Out Drive (not) Select I n Drive Linear Region . Read Sei~tI(not write 
(seek out) (seek in) . select) 

OISK-45 OISK-45 OISK-40 .DISK-~8 .. ' 

D1SK·13 



Sense Interrupt Level Status Command 

I 
I Select Attachment 

I 
Sys.!u~Ou:'Lowl ---_ ..... . 

8 {~ 11 I 
F.X=~...., I 
I ~ icro I nst~uc·1 I 
tlon Function 
I Field Decode I I 
I=::;::::T;F;.~ ~;::::,~ I 
.... O.J.., 1,.,L 'L.. !..r-L!!. J!. • ..!J I 

PH110 I . 011 2 

II C~O 

Data 
Buffer r--, 

L-:" -=..-= 

Port Data 
( ____ ~ I 1 Bus Out 
)----,,~ 1==== 

JI II Port Data. 

I 
I 
I 
I. 
I 
I 
1 
1 
I 

1 

! C- _ _ _ 4..B~~!:!. 
)-- ....... -1 I<..r---- I 

L_...J I 
PH070· 

I 
I 
I 

See ~INSTR.30: 1 
I 
I 

Disk Drive Command Ac,x:epted 
0 0 D 

Ii.. 
0 e. 

~ 1 
v 
i 

0 0 c 
0-3 .. 0 e 

0 H ,.. 
i 

3 1 t 
DG080 

Interrupt Request 
(interrupt level 1) 

DG210 

I 

I Send Status Byte to Channel 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 

Bit 0 Bit 1 
' ! 

Bit 2 

DISK-1. 

DBI 

Bit3 Bit4 . Bit5 Bit 6 Bit 7 

DISK 
DISK·641 

DG230 

./ 



Jump I/O Command 

Channel 

Sys Bus Out Low 
:==':;-1 

o ~~ 3 r=_·E Micro Instruc-, 
I tion Op Code , 
tp~9!._ . ___ .. 
l ~r.£1I1 i1--i~ .IJ i! 

PH110 0 i i 2 
~-

C Data 
Buffer 

1"-1 -I Port Data 
_ _ I I.!u!..!.n_ 

~- - ::.::II ,- - -
II, I.L-,. _ 
PH070 

See J,tINSTR-38. 

(to CPU) --------

I Select Attachment 

I Mod 4-7 , 
I + 
I OC~B2 
I 

I 

I I/O 

I Branch 

I 
on 
Condition 

BO 
I (JIO) , 

Device 
1 .. 011 Address 

DAO':; Hit 

I 
I 

I 

I 
I 

1.., CBI Bit4 

Error Conditions Diagram 

Write Data Echo· Check DISK-54 

DBO Parity Check Error DISK-55 

Cycle Steal Overrun Error DISK-56 

SERDI~S Parity Check Error DISK·57 

Cyclic Redundancy Check (CRC) DISK-58 

Write Check Error DISK-59 

Channel Transfer Check DISK-60 

Sector Sync Check Error DISK-61 

'OIj 

"" 
Off Track Check Error DISK-62 

CC.1i Condition Tested PLO Out of Sync DISK·63 Adapter Check 3 4 5 6 OR FL 
Adapter check/not ready Interrupt Timeout Check DISK-64 • Interrupt 1imeout o 0 0 0 S -file (not) File Ready DISK-65 

~. 

• DG210 0 0 0 1 (not) File ready S DISK-65 · 
0 1 o 0 Any interrupt enabled DISK-64 S 

0 1 , 1 Home DISK-a5 ' . S 

1 0 0 0 Seek complete DISK-65 • S 

1 1 1 1 Index pulse latch off DISK·65 I S · DG210 

1 0 1 0 Scan hit LA DISK-67 · S 
FL r--

1 0 1 1 Head 1 selected DISK-68 S 

1 1 0 1 Sector hit LA DISK-66 S 

1 0 0 1 Data unsafe DISK-65 S 

0 0 1 0 Seek busy DISK-68 S 

o 0 1 1 File busy DISK-68 S 

DG100 (force branch) 
0 1 9 1 Diagnostic true 

0 1 1 0 Diagnostic false ~ (should not branch) 

(branch condition true) 

DISK·15 
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Command Timing Charts 

CSO (valid) lommand 
II/I), • Load Command Control Load Command 

Port DBa (valid) Device Address and Modifier Data or Control Byte 
aUn 

The purpose of this command is: Control Out 

1. Start a seek operation, write operation, or Strobe 

a read operation. C1 I I 
C2 I I 

2. Transfer a data byte to the attachment. DG080 I I 
DG081 L1 I I 3. Perform CE (diagnostic) functions. 

Device Hit I I 
This timing chart shows the sequence of events Command Select 

I for the load command-control load command. 
See DISK·11. Data Sample 

I Service In 
i 

Service Out I 
CBO (valid) Command 

Sense Command-Control Sense Command 

Port DBa (valid) Device Address and Modifier - Interrupt Level 

The purpose of this command is to transfer a data I i I 
Control Out I I I byte, an error byte, a control byte, or a CE 

(diagnostic) byte from the attachment to the Strobe - I I I channel. These bytes are called sense bytes and 
C1 I ~ I I I I are transferred to the channel on the DBI. 

C2 I I : I I 
Sense Interrupt Level Status Command DG080 L1 I ~ ~ I I I I 

DG081 I I i .1 I I This command tests for an interrupt request from Device Hit I I I I I the disk attachment. If the disk attachment is 
Command Select I i I i I requesting an interrupt, OBI bit 7 is activated I 

to the CPU. Data Sample 

! 
I I I I I 

The timing chart shows the sequence of events Service In I I : I 
I 

I for the sense command-control sense command- Service Out I I sense interrupt level status command. See DISK-13 
\ Port DBI Sense byte to channel mterrupt level bit 7 to channel. 

and DISK·14 

Jump I/O Command 
CBO (valid) 

Port DBa (valid) 
The purpose of this command is to detect error Control Out 

I I 
conditions on main attachment and disk drive I I status conditions. If the condition tested for is Strobe I I I present, CBI bit 4 is activated to the channel. If C1 I 

I 
I I I 

: the condition tested for is not present, CBI bit 

: I I 4 is inactive. See DISK-15. C2 I I 
DG080 L1 I I I I DG081 I I I I I I Device Hit I I I I 

I I 
I I Command Select 

i 

I I I 
Data Sample ! I 

I i I : I Service In 

Service Out I I I I CBI Bit 4 i CB1 I 

DISK-17 



Write Identifier (10) 

Write ID 

The primary use of write ID is to rewrite an ID field when a defective sector has been detected. 
When a permanent error is encountered for a given sector, its ID field must be rewritten to indicate 
where the data has been relocated and to flag that sector as being defective. 

--e A control load command issues write ID. 

A control load command issues set start which 
gates the sequence counter. 

The next sector or index pulse starts the 
sequence counter, and write ID is executed. 

Control Load Command DISK·" 

• Set Start 

l-
I I I 
I I I I I I I~ 

R6 R7 06Q7 
~ l DG100 ~ J 

Sequence 
Counter 
(SC) 

o 1 ---.-. 1 0 --..... Write ID 

, Wait , 12 bytes hex F F, fast sync 
76 bytes hex F F, fast sync 

, :or I extended. 1 

1 ~nrdex 1 
Activate write select. 

, sector' Cycle steal hex FFs from 

, pulse.' CPU storage, also force 

1 \1 
write hex FFs. 

; 

See DISK·9 

, 
,/" .......... 

1 ./ .......... Cycle steal I D from 
, 

,/" .......... End operation. , Cycle steal hex OE 1 storage. Write ID 'Write CRcl Force write , from CPU storage. 
1 

on disk. Echo 1 register 1 hex FFs on disk. I 
Write hex OE on check I D (read back , 

1 
, contents , Turn off write 1 disk. Preset CRC to attachment) as it , to l's. 1 
\ on disk. 

\ 
select. 

1 is written. Develop --.., -- CRC in CRC register. \ 
, 

I r 
I DG010 Sector Pulse or Index Pulse ______ I..-___________ ..L...--...JI..-_____________________ -4~ - - -- 1 

-------
DG070 Write Clock 
DGOoO Byte Counter (BC) 
DG070 Bit Ring (B R) 

Write Clock 
o I· 0 ·1 2 3 4 5 6. 7 8 9 ABO 1 2 

--0--10707070.70707070707070707070 70 

SC4 BR2 I 
(SC2) 

3 4 5 6 7 8'1 
70 70 70 70 70 70 7 

______ .., 1 

I 
1 
1 

I 

, 
\ , 

Sector Pulse 

1 
Attachment 1 Disk Drive 

Servo 
Track 
Follow· 
ing 
Circuit 

! 
Clocks 

I , 
1 , 
I , , 
I , 
, 
I 
1 

Write Circuits DISK·26 

1 
I 

1 
~ 
1 
1 
1 CPU and 

Channel 

DG060 Reset Byte Counter 

DG010 Fast Syncl --~ ...... ----------~------------- I 

( \ 1 

Index \ 
Index Pulse Pulse , ,-

\ DG060 Block Processor Clock 

1-\ ---.. , DG060 Fixed Disk Burst Mode 

1 ' 
1 
1 
\ 

1 __________ -1 

DG050 Cycle Steal Request 

DG040 (load) SERDES 

DG040 Serial Write Data to File 

DG020 Write Select 

DG020 End Op 

DG090 CRC Set (to 1'5) 

\ I 
1 I 
1 I 
I L--

12 Bytes hex FF OE F { Transfer Data From Store (BR5) .) 

/ /1 ICH ICL'IH IS I I I 1 

BR7 __ 1 
1 I 

OE FCC H S I. . . I • • I • --I SC2 - Force 15 
'"",....-----.::=---..:~:.::....:-=---·II... _h_e_x_F..;.F_...1I..;.;o;.:E:...L.1 :...F __ C::....._.-;.:C:...--_..:H~_--=:.S...LI_--=:.CR;..:.C=-· _.....JI-=.. S~ ~o~ :..! ___ _ 

_~(S~C2) ________ ........ _ •• ________ _ 

SC4 llf a sector defect occurs within the 
10 region (VFO sync through CRC), 
the VFO fast sync is extended 64 
bytes. DG050 Transfer Data from Storage _____ -.1 •••••••••••••••••••••• 

SC2· BR6 

Sector 
1 Pulse - Read 

1 Data \ Pre· 

Trans. 1 
amp 

Write Clock 
Li[\) 1 

Data Fast Sync 
Sepa" I / I Write 

Write Data V , Driver 
(zeros) rator 

I r Write. , 
Head Select I 

1 

DISK-18 

Servo ~ 
Head 

Data 
Heads 

...,.... 
~ / 

I-
I--



Read Identifier (10) 

~ A control load command issues read 10. 

Read ID 

The primary use of read 10 is to bring the 10 
field over to the CPU so it can be examined. 
Normally tl'le 10 field is compared in the attach­
ment so the CPU never really gets its contents. 
But if the 10 search never results in a sector hit, 
the program may want to read the 10 field to 
determine why that particu1ar sector cannot be 
found. Therefore, read 10 transfers the contents 
of the ID field to the CPU . .. A control load command issues set s tart which 

'--

'---

gates the sequence counter. 

The next sector or index pulse starts 
sequence counter, and read ID is exe 

the 
cuted. 

Control Load CommandDISK-11 

~ •• 
~ t 

I 
I I 

R6 R7 

l ~ 
o 1 

., I I 
I I I I 

06 07 

J l 

SetS tart 

~ 
( 

equen 
Counter 
SC) 

• 0 "l D~100 

Read 10 

Attachment 

\ Wait for 1 Read from disk searching \Detect hex \ Read 10 from disk. Develop CRCin \ Read CRC from I End Op 
\ index or lforhex OE sync byte. \OEsync, CRC register. Cycle steal 10 into ~disk and compare I 
I sector I lbyte from ~ storage. IWit~ the CRC , 

I pulse. , IdiSk. Prese I register. 
CRC reg I 

I \ Ito 1's. , I' 
I I I' I' 
I I I' I r 

Servo 
Tra~ 

Follow­
ing 
Circuit 

DG010 Sector Pulse or Index Pulse 

DG070Bit Ring. (B R) 

• I I I I ~--~~B~c~~o~~~~~~~--~~----------------------------~--------~~i~-I 

DG060 Byte Counter (BC) ---I 
, DG070 (clock) -. CPU and .• 

Allow Write Drive Allow Read Drive ... 
I Sector Pulse Clocks 
L ... o~. Index 

Index Pulse Pulse 

Read CircuitsDlSK-28 

I 
I 
I ., 

I 
(not) Write 

Disk Drive 

Servo 
He.ad 

ChanDel' DG060 Reset Byte Counter , 
, DGO.10 Fast Sync * If ext fast sync LA is set, SC2 and fast sync I:lxpand to 64 bytes. , 

Sector 
Pulse Read;. _---1-----.­

I-- I· Read Clock 
·PH030 Fixed Disk Burst Mode Gated L=Fast Sync 

, DG050 Transfer Data to Storage Standardized 
Data ~DG~~~~~maOCk ~~~~~~~;;;;;;;;;;;;;;;555aii5i5iiiiiii55iEiii;~;;:~,,1W~~~, 

rDG050 Cycle Steal Request 
Data rator 

Sepa- . 
t-+Jo:-I---:--~ 

, , DG040 (load) Data Buffer Reg 

DG090 CRCSet (to 1 'sl 

DG020 End Op 

-sc-4 

~Ri • If Road ClOCk. 
. IlInsfer to Store~ i H • 

-

Head Select 

Read data is transferred from the : 
SERDES to the data buffer. I 

Pre­
amp 

Write 
Driver 

01SK·19 



Write Data A control load command issues write data. 

Write data transfers 256 bytes of data from CPU 
storage and writes the 256 bytes into the data 
field of a sector on the disk. 

A control load command issues set start which 
gates the sequence counter. The next sector 
or index pulse starts the sequence counter, and 
write data is executed. 

A control load command issues write data. 

. A control load command issues set start which 
gates the sequence counter. The next sector or 
index pulse starts the sequence counter, and 
write data is executed. 

Control Load Command DISK-" 

L-lrl=tl:J:~+:+=I=J:;(:t ___ S~e~t~S~t~a~rt_~_Sequence 
Counter 
(SC) 

Write Data 

, 
1 Wait for , 

index or 
'sector , 

Read from disk searching for 
hex OE sync byte. 

l Detect hex , 
, OE sync 1 

, byte from 1 
1 disk. Preset 1 
, CRC reg to 1 

l's. 
I , 
, I 

Attachment 

(See DISK-9.) 

Cycle steal I D from storage, and compare with I D 
read from disk. Develop CRC in CRC register. 

Read CRC from disk 
and compare with 
the CRC register. 

:6 :7 _DG_1_0_0 .... 0: ~ -, I, pulse (·.:!I 
DG010 Sector Pulse or Index Pulse _________ ~_L_ _____________________________________________ --------------.~. 

Read Clock I Write Clock 

-------, 
DG070 Clock c='*ite Clock Drives Bit Ring., 
DG060 Byte Counter (BC) ~ 0 1 2 3 7 
DG070 Bit Ring (BR) 1 0 7 0 7 I 

BC = 0 I 1--+1--2--+1--.3 
10123456110---·710 710 

I 4--+1--5~-+1--6--+1--7-~1----8~ 
710 ·710 7t0710 710 :- --71 

CPU and 
Channel 

, 
1 
I , 

DG060 Reset Byte Counter 

DG010 Fast Sync' 

1 _____ DG060 Block Processor Clock 

I--.;DG060 Fixed Disk Burst Mode , 
,_ DG050 Cycle Steal Request 

, DG040 (load) Serdes 

1 

1 , 
DG020 Write Select 

DG030 (Strobe the sync byte.) 

(lMPL) (Sector + Index) SC.=3 

8 Bytes -SC = 2 

I. WC ~101lS --I 

Set 
Transfer TR I"Req Flag 

C Hi C Lo Head Sector 
BR6 II I I 

______________________ ...!B:u:R!.!.7.Ir:..F ___ ..III~c~ __ ... IL.::c:...._ __ .I~H ___ .I.2..s ______________ -..,O 
------~--------------------------------------------------------~---G 

(SC4) (1FJ_11 I II II 

______ ...1 DG090 CRC Set (to l's) (Strobe) SC6 Read 1 F I I I I 1 I 1 I 1 1 1 I 1 I I I 
(Not Hit Error) 

(SC7) (BC';'B7 (BR7)i--- u
-DG020. End Op 

DG031 (Strobe the sector hit latch.) ______________________ ..:.(::.;SC~S:.!..).!!(R.!!D~1:.!.F.!:J)I...IILILlJIILJIl...-______________________ ~f 

DG050 Transfer Data from Storage _____ ------------1.!ID~C~om~pa~r!.e~SC~2~B09:8~ ••••••••••••••••••••• I: ...... ~1.DD~iS~k..§S~tr~o~be~ ____ ~ ___________ ___ 

DG040 Serial Write Data to Fil.e 

DISK-20 



Write Data (Continued) 

From facing 
page. 

Compare hit:i 
Activate 
write select. I 

I 
Force write all hexFFs. 

1 
I 
I 
I 

I Force write I 
hex OE to 

1 disk. Preset,! 
I CRC to 1's.1 

I I 
1 , 

1 1 , , 

(See DISK-9;) 

Data 

Cycle steal data from storage. Write 
data on disk. Echo check data (read 
back to attachment) as it is written. 

Attachment 

CRC 

Write CRC register 
contents onto disk. 

Res Bfr EWG 

Force write hex FFs. Turn 
off write select end op. 

--------------------------~--~----------~~s~------------------------------------------------I 

.....----...;.WriteClock------~--__________ ~ f-----------------------------_ .. +-11_-, 1 
-++3 +-+4 ++5++6++7++8-1 II 

• 
____ ........ L-__________________ ~~------------~--------------------- " 

I I, 

" 

" 
" f I 
: I 
, ,Sector Pulse 

I-Index Pulse , 
1 

------~----------------~------------------------~----------------~--------------~S~(--------------------------------------------------------------------------------------------------------I , 
_ BC2551-Dis~ Cycle Strobe : L 

SC7 + 8 + 9) = Foree 1 '5 SC 1 0 Gate Data From SID Gate CRC Data (SC13) = F9rce 1 '5. CI .. lllllllilliiiiilllli .. IIIIIILJF~o~roie~oE~ll:·:·~~~~~~~~~~~~~·:_=_~:I~~~::==========~·jl ____ ~::~S~C~1i2==~_jilili .. liilll ........ III---~---
I 

SC10-BR6 

1-

, , 
! Read Clock, 

Write Clock 

Fast Sync 

Write Data 
(zeros) 

Write 

Write Circuits DISK-26 

Disk Drive 

Servo J 
i 

Track I Servo .. ~ 
Follow- , 

Head 
ing , 
Circuit 

I 
I , 

Clocks 
Index 

, 
Data 

Pulse , Heads 
Sector I r- Read -----~ Pulse , Pre- / Data 

Trans. 
, amp 

Li~e;.? 
, 

Data 
Sepa- l--

t J I Write 
rator v I 

f---
Driver 

I 
I t 

L Head Select i 

DISK .. 21 



OISK-22 

Read Data or Read Diagnostic or 
Read Verify 

Read Data Read Diagnostic during the 10 search may not occur. If that 
is the case, the program can issue read diagnos­
tic, which causes a normal read operation by­
passing the ID search. This aUows the CPU 

Read Verify 

Read data reads 256 bytes of data from the data 
field of a sector on the disk, and transfers the 
256 bytes of data to CPU storage. to recover data that might otherwise be lost 

if the 10 field becomes defective. " 

:----e A control load command issues read data or read diagnostic 

NormaUy the data field of a particular record 
can only be read if there has been a sector hit 
during the 10 search. The hit indicates that 
the record looked for has bee"n found. But if 
an 10 field becomes defective after the data 
has been written, it is possible that a sector hit 

Read verify is used to double check the contents 
of the data field after it has been written. It 
simulates read data as far as the disk is concerned, 
but no data is transferred to the CPU. As the 
record is read, it is creating a CRC character and 
if there is no CRC check following the reading of 
the entire record, read verify is completed. or read verify. Attachment 

-4 A control load command issues set start which gates the 
sequence counter:~ the next sector or inde~ pulse starts the (See DISK-9.) 
sequence counter, and read data or read diagnostic or read 
verify is executed. 

Control Load Command DISK·" Set Start 
DG01() 
Sequence 
Counter 
(SC) 

---1 

CPU and 
Channel 

'~ 

I 

~ 

I 
I I 

R6 R7 
+ t 
o 0 
• t 
1 0 
t t 
1 1 

I I I 
I I 

DG100, 

j 
• 

Read Data 

I I "(not) SectorHit: 
I I End Op. 
1 I I Sector Hit: 
I·· I I Continue. I 

Wait for II Read from disk searching for Detect hex ,Cycle steal I D from storage, and compare with I Read CRC from :pr~~;;;- - - -;e: - ~ 
index or hex OE sync by·te. OE syn·c ID read from disk. Develop CRC in CRC register. 1 disk and compare End Op (Ignore (D' .) I 
sector I byte from with the CRC I error). lagnostlc 

. ·l, 1 I (not) Sector Hit: 
CRC reg to lEd Op I 
l's. I In. (Read Verify) 

I ~ Sector Hit: 

'f~7 r 
o 1~ . 
t t Read 
o 1 • Diagnostic 
t • 
o .1 "IRead Verify 

(Read Data) I 

pulse \1 dl·sk. Preset 1 I registe. r. 1-- - - - - - -- - J1 
I 1 1 I Continue. JI 

DG010 Sector Pulse orlndex Pulse------'.------------------------------------:----------------------- 6) r ----
( k) I. Read Clock .1 Write Clock A 

DG070 Cloc I Write Clock 1 - • : 
DG060 Byte Counter (BC) 0 . 1 2 3 ~ BC = 0 I 1 I 2· I 3 I 4 --+1-- 5 --+1--6 I 7 I 8 ----I-
DG070BitRing(BR) 1070707 ,071 10123456 zlO··· .. · .. ··710 710710 7lo 710 710 710· 21 A. 

SC=3 V 

QGQ60 RESET Byte Counter 
+ Fast Sync 
DG010 Fast Sync 

rEndOp) A 
8 Bytes-SC= 2' _ 

-----------DG060 Block Processor Clock 

----~ ...... L-~------~----------~------------~-G 
E_n~Q~}e , 

~~--'----~11:-=-=-=-=-==-=-:W:C~~~1:0~~:S=:==:=:.,I .......... ~~ ......................................................................... ~' -----'-----'----.. DG060 Fixed Disk Burst Mode 

.... --'---------IDG050 Cycle Steal Request 

DG040 (load) Serdes 

'DG030 (Strobe the sync byte) 

DG090 CRC Set (to l's) 
DG020 End Op 

Set Transfer TR C Hi C Lo Head Sector 
~ __________________________ IL~_R_~ __ FI_ag ____ ~B~R~5~.aF--------·~~--~BR~6~ •• C----~~.~H~------~S~----~--------------------------· 4!t 
__ ~ ___________________________________ ~B~R7~. ______ ~BR~7~. ____ ~B~R~7~.L-____ ~I ______ ~~.L-_________________________________ ~ 
______ ~----------------~(~SC~4~)(1~F~)--~I~I~I~I~I~I~I--------~~----~---------------------------------------------ct 

• 
Read I I I II 1 I 1 I 1 1 1 1 1 I 1 ". ' a I 

(Not Hit or Error) V I 
(SC7) (BC=8)(BR3) F - - - - - • 

DG031 (Strobe the sector hit latch) ____________________ -----'-'---------....:(S.:..C:..;5.:..;II:..;R.::..D...:,1....;F):...JI.J..I..L.I..L.1..L.1..L.1...L....J'--1-1 ..... 1 ..L1--I1_1L..1L..L..J111....1L... wllwlu1ull....· .L.I ..L.-J.1....11....11....11..L1..L.1..L1....J1...:.· ..... 1.L.1 ..... 1 IL...L.I.L.I ..... I.L.I _____________________ ,--

DG050 Transfer Data from Storage _______ JS~C:32!..!. B~C~5~+~N~o~t:.:··~W~ri!!!te:..!I!E!D~ ............................................... ~'"l..-~1b....!:D~is~k~S!!tr~ob~e~S~C~5~B~C4~ ____ ----------0 

Continued on 
faCing page. 



Read Data, Read Diagnostic or Read Verify 
(Continued) 

Read from disk, searching 
for hex OE sync byte. 

(See DISK-g.) 

(Read Data) Read data from disk. Cycle I 
steal data into storage. I 

I Develop CRC in CRC , 
Read hex I OE from (Read Diagnostic) register. I 

I disk. Preset L _______________ J 
I CRC to 1 'so I I 

I Read data from disk. 
I (Read Verify) I Develop CRC in CRC I 
" register.' 

Attachment 

Read CRC from 
disk and compare 
with CRC register. 

Read hex FFs from disk. 
End Op. 

:_ I I )~ I I} _, 

I e Write Clock 0 --------------'.\ \-( ----- Read Clock - • - - -, I 
9 ABC: 0 E F 10 1112 BC=--0-+--1---+I--2--+I----'lll~255 I 256 I 256+1-1--256+2--1-+3-1-+4-4-+5-1--+6-1-+7-4-+S-l I 

Fmm , ~ 1_07_~_7_P_P_P_ry_'0_.~_0_~_0_7_P_7_P_7_~_~~.0~~~lI0 __ 3_4_· __ 1_0 __ 3_4 __ 7_'0 __ 34 __ 7_'0~~~710 34 LO 34 ~O 34 7& 34 7,0 7~ 7~ LO 7P to 7,. I', L{ 
facing page. I f- SC 9 

Ie scs )) 

I Gr-------.... ----------~(J~ " 

'I- ~) " -I: u ,L 
W Transfer to 255 256 L _ I A Store BRO .1 • (\--____ ..... __ --..... ------________________ _ 

I VI) 
A • • ie I I I W- Load Data Buffer --------------------10-------' .. 14 ' \-) -----2.1115..,..4----2-5"-5 ---------------------

i 
SER 

Sector Pulse 
or 

Index Pulse 

Write Clock, 
Read Clock 

Fast Sync 
Sta r:!0ardizeo 
Data 

DES , 
,~ ~10R~d1F II I I III r(~-------------~--------_-V SC=10)J L Head Select 

I GD )~~------~I~I~I~I~I~I~II~I~I~II~I~I~I~I~I---------______ ___ 

:4D )~)-------------------------------------
I I ~~---------------~S~C~1!1-~B~Cl~~B~R~3~~ ............................ ~~~ .... L_~S~C~1~2U~C~S~Y~T~R~ ____________ _ 

lOuring read verify at sequence counter time, 
cycle steals are not requested. 

iii L4 fi 

} 

Read Circuits DISK-28 

l 
Disk Drive 

Servo I 
I Track I 

Foil ow- I 
Servo 

ing Head 

Circuit I 

l 
, 
I 

Clocks ( (not) Write I 
Index } I ! Pulse Data 

I Sector H~ds 

Pulse I r-- Read ........-~ "/ ! 
, Pre-

Data I amp 

Trans. 

li~~ I 
Data Write t-I ) I Sepa- Driver I---
rator -' I , 

, 
J 

DISK-23 



Scan Data 

CPU issues I/O control load specifying a scan 
data operation. 

CPU issues an I/O control load-set start which 
starts the sequence counter. Beginning at the 
next sector pulse, the scan operation is executed. 

Scan Data, Hi or Low, or Equal 

The contents of all or portions of the disk data 
field can be compared to a fixed data field in the 
CPU and the results indicated as being high or low 
or equal. 

The result of this operation is simply an indication 
of the comparison with neither the data on the 
disk or in the CPU being changed in any way. 

.-CPU issues I/O control load specifying a 
scan data operation. 

r--CPU issues an I/O control load-set start 
which starts the sequence counter. Begin­
ning ,atthe next sector pulse, the write 
ID operation is executed. 

Control Load Command DISK-t1 

• 

I I Li i 

R6 R7 

H 
Af 

------, 
I 

I J 

Set Start 

r------... Sequence 
Counter 
(SC) 

I 
I 

CPU and 1 

DG060 Reset Byte Counter 

DG010 Fast Sync 
Channel I 

I. -DG060 Block Processor Clock . 

1--------.~DG060 Fixed Disk Burst Mode 

J • DG050 Cycle Steal Request 

I 
1 

1 
I 
I 
1 
I 

DG040 (load) SERDES 

DG030 (Strobe the sync byte) 

DG090 CRC Set (to 1's) 

DG020 End Op 

(See DISK~~.) 
Formatr-------------------------~-------r------------~--~r_~~------------------_r----------------,--------r----~ 

index or 
sector 
pulse. 

10 

j.. 

° 

Read from disk searching for 
hex OE sync byte. 

Write Clock 
·1 

1 ? 7 
70 70 ? 071 

SC=3 

1 Detect hex I 
1 OE sync 

byte from 'I 
1 disk. Preset 1 
1 CRC reg to I 
11's. I 

1 1 
I 1 
1 1 
I 1 

I~ 
BC=O I 1 I 

Cycle steal 10 from storage, and compare 
with 10 read from disk. Develop CRC in 
CRC register. 

Read Clock 

2 I 3 I 4 I 
1012345671° ........ ·710 710 710 710 

5 

and compare with 
the CRC register. 

1 

1 Sector Hit: 
I Continue. 

I 
I 
I 
I 
1 
I 

________ ~I~· ____ ~W~C_~~1~0~~S------~JI .......... ~ .... ~ .... ~~ .... ~ ...................................... ~ 
Set CHi 'C Low Head Sector 

_________ ~_~T~m~n~ri~er~T~R~~~_R_e~g_FI~ag~. __ ~B~R~6~._=------~.~,~-~B~R~6~1I~-----.IIL------~~-------------------______ ~ 
F CHi CLaw S W 

----------------------------------------~·F~----~·C~--~B~R7~·C~----~I~H--------I------~------------------------c. 
SC6 - Read 1F 

________________________ ~IS=C~41~11~F~I=-.~I~I~I~I~ILIL1 ____________________ ~----------~(~~ro=b~el---~~lul~I~I~I~1~I~I~I ~I~I ~I ~I~I~I~I ________ ~ 
Preset 

I not hit error) • 
ISC71 IBC = 81 IBR31, i -- - -- 48 '. 

______ J 
DG031 (Strobe the sector hit latch) _________________________ I.:..;;,S_C5.:..;;,1..:.,IR_D_1_FI;.J.I...L1 ~I ~I.LI ~I ~I ~I ~I .ulll...-__ -__ -__ =-_-=-=-____ -__ =-_ -__ =l.L..L.1 .... 1 .... 1 ~I..LI ~I..LI ____ _ 

__________ ~~~~~~a~e~s~~~B~~_Jl .............................................. IlE~iS~k!St~ro~b~~-~C~5~-B~C~4~ ______________________ ~ DG050 Transfer Data from Storage - .-

DG031 Scan EQual Hit Latch CD 

I 

DISK-24 

Continued on 
facing page. 



Scan Data (Continued) 

From 
facing 
page. 

I 

I 

Read from disk, searching for 
hex DE sync byte. 

Attachment 

(See DISK-9.) 

I I 
I Read hex Compare data read from Develop CRein Read CRC from Read hex FFs from I 
, DE from , storage with data read CRC register. disk and compare disk. End Op. . .. I 
I disk. Preset I from disk. Scan hit disk with CRC register. I 
I CRC to 1's. I data equal, low, or high , 

I I {tested for by jump I/O I 
command). 

I , I 
4t~~----------~--~I----_'~--------~~~~----------~--------~--------------~1---I 
A . . WriteClock _I ... ,._-----_---__ ~(..,.(-----ReadClock-----------.:...---------'4{"---., I 
.., 9 ABC 0 E F 1011120 BC=--0--If---1 1 2----JI-..:...'-'-IJIf--- 255 1 256 1_ 256+1 1 256+2-+-+3-+-+4-+-+5-+-+6~+7--1-+8-4 
.07,0. 7.0 ~Q70·7.07.07.oi.(j7,O 710-.-0-010 34 7,0 34 10 34 7'O~ ~ 7,0 34 7,0 34 7,0 34 7,0 34 7,0 7& 7,0 7,0 7,0· 7,0 7, 'I 

I I 
~----------~.SC.9~--------------~~~ I , 

~~"".sg'8""L-~~------------------------~------------------------------------1 ' I 
............................. 1 ............................ --, I, 

0 
G 

- -
S~tor Pulse ) ~ . t I 

~------------------------~_I-_~\ LI,U. (Transfer 1 
sca BC12 i (~~6) store) • IIi' I· 4D IridellPulse 

...--------------....:.==.:.....-~DO~· --.. D~1--~D~2 ~ ~'!54 0255 .,' I 
f---______________________ ~B~R7~. _____ • ______ .y)~ • • I ' 
1-------------------.L....1 L-I1I-.r.1...J...1.L.J11 _________ --'----'lU I 1_ 

SC=10 J J SC'12 RD1F 

~~_---------~~ ........ L-----_-_-_-_--~(S~tr~ob~e~)~IUllIJIJIJIUIUIUI1III1111111IJL __________ ~ ______ ----

e 
0 
e 
e 

Write Clock, 
Read Clock 

Fast Sync 
StandarCllzeCl 

41 ~-----------~----------------~~~~------------------------------------S-~·t·or·· 
+ Index 

Data 

i I SERDES I 

G SC 10 BR6, l Head Select 
J 

CD 

Read Circuits DISK-28 

J 
Disk Drive 

Servo I 
Track : Servo -~ Follow-

Head 
ing 
Circuit I 

! I 
(r0tl Write! Clocks 

index ) 

I Pulse Data 
Sector I Heads 
Pulse 

I r-- Read 
/ ~ 

1 I Pre-
Data amp 
Trans. I 
L~!J I Data -Sepa- J) I Write 

Driver -. rator -;;;JT 

I 
I 
I , 
I 

··DtSK-25 



Write 

Write zeros (data bits) is gated, in the M FM 
encoder/shift register, by '1 F write clock' pulses 
to produce coded data. Both leading and trailing 
edges of the coded data pulses are defined in an 
edge clocking latch. Coded and defined data is 
transmitted, via the line driver and receiver, to 
the write data trigger. 

Write gate sets the write data trigger and the data 
is transmitted to the write drivers. 

Modified Frequency Modulation (MFM) 

MFM is the form in which data is recorded on 
the data tracks. 

Data is transmitted on the write zeros line; when 
the line is positive, a 1 is indicated and when 
the line is negative, a 0 is indicated. 

A two stage shift register and the MFM en­
coder shift the data bits by one 1 F clock cycle. 

1 F (005) 

Write Zeros (J12) 

{ Shift Reg 1, 

(B04) 

{ Shift Reg 2 

(G08) 

MFM Zeros 

Ones 

MFM Output GOg 

A 1 bit is transmitted during the second half 
of a 1 F clock cycle. A 0 bit is transmitted during 
the first half of a 1 F clock cycle, except when a 0 
immediately follows a 1 bit, in this case no bit is 
transmitted during the. 1 F clock cycle. 

MFM Encoding 

The diagram below shows the input, shifting, 
and encoding and writing of data (100100). 

One Head l!i!!;*. 
Selected J05 

r 

bata 
Heads 

~~~ -
Matrix -

WIB3 
J1?t GV260 

Head 
Select 

J04 Transitionsl 
D-W1A4D05 

~ - Write 
Driver ~ 

I~ Write Current On' 

1<'>08 • Write Current: D-W1A4D07 
Current 
§ource 

'---r--.,..J~ WriteSelect 

IB1~ 

A2F2 
A2G2 
DG010-DG500 

\,;onllnCIIIU~ 

Write 10 DISK-18 
or 

Write Data DISK-20 

(select head) 

IRd SellWr Sel 

~24V 

WrheZeros 

I (data) 
__________ ,.J 

( 2F Write 

) Clock 62GV-30 

Fast Sync 

1 F Write Clock 
I} 

DISK-38 

. Writet 

J12 
Shift Register 

,-
I I 

'LF 
G04 -E} 
J02 

005 

Ijll~ I -

J11 

010 
~ Line 

W1A5 
GV270 

Write 

E.!L Data Driver! ~ 

Trigger h LR_ec_e_iv_er,..j~ 
Data Transmission 

Line 

I 'L - , 1 uvo Write Gate 1 
J07 ~--------~~~~~~---, 

lTransitions 
Voltage at 005 during 'write' +4.5!5.5 volts dc with 
noise levels of 70 mV +5 mV ac. (This noise level is 
system dependent; the level given is an example from 
a standalone disk drive.) Because this line is active only 
during write mode, the line appears to be pulsing. 

:!write Current 
007 (write current 1 test point) measured differ­
entially with respect to -4V (D-W1A4B06) the 
voltage is within the range 0.99V to 1.24V. 

A2E2 

CAUTION 
Use extreme care when probing these points as 008 
is ground. 

Write Gate 2 A2D2 
GV280 

gil II D GV285 
GV290 

IB04 G08 IGOO IG()5 

Line 
IJog 

MFM ~ ~ Edge 
Encode Check 

Driver! J10 
t-- Receiver 

r- t--

2F 

(read 

~ 
Ii) -=-

1I= B~ 
Icircuits) I-- >--

/62GV-28 

/ Standardized Data 

/ 
Read Circuits (DISK-28) Echo Check 
10 during Write ID and Data during Write Data 

DISK-26 



Write 10 and Write Data WaveForms 

All wave forms use write gate-A2D2G05 as a sync 
point, with a times 10 grounded probe. The ampli­
tude of signals may vary from one machine to 
another. Two scope signals are shown on one 
picture in order to: 

- Show opposite polarities of signals. 
- Save space onpage. 

Write 10 

Pictures taken while running Friend test using the 
following commands and options: 

Write 10 
Sector 0 
Select head 0 
Restore original control field 
Loop on table 

This wave .form shows write gate. Write gate is 
active once during a write 10 command. '~ 

Chan 1 Write Gate D2G05 
Sync Internal- Write Gate D2G05 

Voltage: 0.1 V/div 
Time: 5.0 p.s/div 
DC Input 

Dial the delay time multiplier to zero, then slowly 
advance the multiplier to get this picture. \ 

Chan 1 Write Zeros D2J12 
Sync External - Write Gate D2G05 

Voltage: 0.2 V/div 
Time: Main sweep 20 p.s/div 

Delayed sweep 1.0p.s/div 
DC Input 

Sync External - Write Gate G05 

Voltage: 0.1 V/div 
Time: Main sweep 20 p.s/div 

Delayed sweep 1.0 p.s/div 
DC Input 

..... 
II I' 
~ ~ 

Chan 1 

02804 11 

Chan 1 D 
D2G08 

L 

J 

L 

J 

~ 3.2, 5.0, 9.1, or 13.7 megabytes 

J 

9.1 or 13.7 megabytes 3.2 or 5.0 megabytes 

III r I I 
or 

I I IliA I IV 1111 III 
IlU L U J U J/U II rlU IU 

9.1 or 13.7 megabytes 3.2 or 5.0 megabytes 

J IU J UU 1 or .l I 11111 IIDIU l 

UIlJ t UL J J J W IUVUU 

Write Data 

All of these wave forms of hex A were taken while 
writing hex A's while looping on the Friend test. 

9.1 or 13.7 megabytes, track 302 (hex 012E), sec­
tor 0, head O. 
5.0 megabytes, track 168 (hex 00A8), sector 0, 
head O. 
3.2 megabytes, track 108 (hex 006C) , sector 0, 
head O. 

Pictures taken while running Friend test using the 
following commands and options: 

Write data 
Sector 0 
Select head 0 
M/S data field 1 
Loop on table 
Set/dump data fields 
Preset M/S data field 1 
Enter hex AAAAs 

This wave form shows write gate. Write gate is­
active once during a write data command. 

Chan 1 Write Gate D2G05 

Sync Internal - Write Gate D2G05 D 1-t-t-t-t-t-+-+-+-+-1 

l Voltage: 0.1 Vldiv 
Time: 50 p.s/div 
DC Input 

Dial the delay time multiplier to zero, then I 
slowly advance the multiplier to get this 
picture .. 

Chan 1 Write Zeros D2J12 
Sync External ~ Write Gate D2G05 

Voltage: 0.2 V/div 
TIme: Main Sweep 50 p.s/div 

Delayed Sweep 0.5 p.s/div 
DC Input 

II 

hex 

I 

FFs hex 
OE 
Sync 
Byte 

1 I III I j 

111. 11.1\. nJl JI. IU\ 
IT n IT T IT l 

-

hex AAs written 
in data field. 

Chan 11 

02B04 II It F iV W rv nil rvI 

Chan 11 

D2G08 II f 1. I\J \J1 nIi nr U1J 

Sync External - Write Gate D2G05 

Voltage: 0.1 V/div 
Time: Main Sweep 50 JlS/div 

Delayed Sweep 0.5 p.s/div 
DC Input 

Chan 11 

02005 

Chan 11 

nJ I-L 
-

U1 ...1.. 
-

D2G09 II ~~~~~~!:!$:!.I~_ 

Sync External - Write Gate D2G05 

Voltage: 0.1 V/div 
Time: Main Sweep 50 JlS/div 

Delayed Sweep 0.5 p.s/div 
DC Input 

Chan 11 

D2J09 B Ill' M. M A III 

Chan 11 

iii D2J10 ,y, v rtf rn :' , 

Sync External - Write Gate D2G05 

Voltage: 0.1 V Idiv 
Time: Main Sweep 50 p.s/div 

Delayed Sweep 0.5 p.s/div 
DC Input 

ITwo wave forms shown on· one picture. 

III II CL 
-

• .-L -
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Read 

Read Circuits 

When 'read select' and 'head select' from the 
attachment are activated, raw data is read from 
the disk and preamplified. 

The raw data is amplified by a variable gain 
amplifier and filtered. Raw data signals are 
clipped and detected before being differentiated, 
squared, gated by the read gate, and fed into a 
line receiver. The detected raw data signal is 
integrated and fed back to control the variable 
gain amplifier. 

Read Clock and Divide-by· Two Counter 

The data separator card receives the raw data 
and feeds it into a line driver/receiver. The read 
clock, which runs at 14.22 MHz, is synchronized 
to the incoming data (see F(Jst Sync on this page). 

The basic clock runs at twice bit cell frequency 
(2F) and is locked to the average phase of all 
the incoming bits. The clock is halved to pro­
duce the 1 F clock (bit cell frequency) and from 
then on, the 1 F clock is in phase with the bit 
cell. 

Phase and frequency synchronization is main­
tained by a phase-locked loop to the read 
clock. 

Read Clock Control 

To lower the frequency of the clock (that is, 
delay the phase), the control voltage is reduced. 
To raise the clock frequency, the control vol­
tage is increased. Thus, to keep the clock locked 
to the data stream, the positive current source 
is turned on if the clock is behind phase with 
the data and the negative source is turned on if 
it runs in advance of the data. 

Data/Read Clock Sync 

Current control is obtained from the data early 
and data late pulses that are logically derived 
from the data. The data early and data late 
pulses derived from th~ data, control the read 
clock as follows: Each data bit sets the data SS 

and the phase latch whose output is compared 
(see Timings on the next page). This detects 
either early date, or late data (in respect to the 
read clock.2FI. Therefore, if data is late, the 
frequency ofthe read clock is decreased; if data 
is early the frequency of the read clock is 
increased. 

Data Latch and Standardized Data Latch 

Input to the data latch comes from the 2F 
clock, 1 F clock and the phase latch. The phase 
latch activates the standardized data latch. 
The standardized data (read data) is then gated 
to the SERDES. 

Fast Sync 

Fast sync is activated during the execution of all 
commands. For example, if a read ID command 
(62GV 19) is initiated, the VFO field of 1's (hex 
FF) is the first field read from disk. Fast sync 
is activated at the beginning of this field. After 
fast sync falls, the next VFO sync field bit 

Scope Grids 10 i1 12 13 14 .15 16 17 18 19 110 

Bit Cells I 
(GV285-2991 -' 

I II \I 
+2F Rd elk • A2D2D13 •• ••••• • I 1.1 II 

I II II ~'FRdClk 

A2D2D09 - 1-.1- -I 
+ Raw Data 

" A2D2G03 
I 
I 
I 

+ Phase Latch -
.1 
I 

J07 - MST 
Data SS • 

B10 + Inc 
VFO Freq...,..... 

010+ Dec 
VFOFreq-

, 
I 
I 
I 
I 
I 
I 

Ik 

II II .' 11.11 
III' 

.0 

I I II 
.1 - -11 Ii 

II II -, ... -" II • II 
II 1\ 

II 
II 

~ " II II 
II II 

(Clk (Clk (C 
Co rrect) late) Early) 

A2F2-A2G2 

1 Write ID - DISK·18 

Read ID .,.- DISK-19 

Write Data- DISK-20 

Read Data - Disk-22 

Read Diagnostic - DISK~22 

Read Verify - DISK·2.2 

Scan Data ~ DISK-24 

W1A4D04 
select head D-W1A4D02 W A4B12 

W1B3 .. jlJ • I,- Gnd GV260 

B09·1 AGC 
_"--Gnd 

~ L I 

[{ 
Head 

.0 B03 .....--
r-- Select 

Q~~ 
.... ~ IA 

I--
E!~ 

~ .......... ". 
~ I - I--- 009 ..... l-

Matrix Ifie~alll ... li- r--
Filter B09 Read Data - l- I- I 

L.- ·One J05 One Head Clipper 
L.--- Head Selected 

Selected 

G02 , J02 

bb 
D-W1A4D13II D-W1A4B10 

DG010-
Data Transmis~ion Line <-

DG500 ~ 

(select head) J06 IG03 J07 

~ 
S 

L- Line .---- Phase A 

II Driverl ~ !! Latch Clock 

~ Raw .... - Early 
'--- Receiver 

A2E2 Dllta 

Degate A 
DISK-38 j@~w~m -Rd Sel/Wr Sel 

for600 ns, 
Clock 

U06 
SS during fast I-- ~ Late 

neaatYVI m.Opl 
sync. 

~ Com-

FastSync II ~ 
, posite 

Sync 
~ (read 

I Data ss ~ I-- clock) H 
iRead 

Force the 
'- 1+2 11 . 

Icounter to .....-- IMHz +2 
[sv.ncto 1's Counter - r during fast 

1 F Read Clock Isvnc. 

"Wli Data 

I 
lLeft floatina. so always active. 

1F 

DISK·28 

causes the read clock to sync to these 1's. This 
must be done because the read clock cannot 
distinguish between 1's or D's. Therefore, by 
synchronizing the read clock to known 1's, the 
read clock detects 1's and D's properly for the 
remainder of the record (read I D command). 

W1A4D11 W1A5 

By GV270 

lD04 005 
(notl 
Write Gate 1 

Sum I- ..... N ~ 

L Line ~ !--
Sum r-..- Driverl 

l-...uJL Receiver !-

A2D2 
GV280 

~10 010 GV285 
GV290 

-

1m 
2F Data l_nanlJar' ~ Standardized 

1F 
Latch Data Latch Data 

L......- ~~:~cy H. J13 Current 
Switch Phase 

.' error 
Error 

(controll 
Voltage 

01 
002 



Read I D and Read Data Wave Forms 

All wave forms use the index pulse-A2E2D13 as 
a sync point, with a times 10 grounded probe. A 
scope hood may be needed to see signals. The 
amplitude of signals may vary from one machine to 
another. Two scope signals are shown on one picture 
in order to: 

- Show opposite polarities of signals. 
- Save space on this page. 

Read ID 

9.1 or 13.7 megabytes, track 302 (hex 012E), 
sector 0, head O. 
5.0 megabytes, track 168 (hex 00A8), sector 0, 
head O. 
3.2 megabytes, track 108 (hex 006C), sector 0, 
head O. 

Wave forms shown while running Friend test, 
scope loop option, read ID from CE Track (head 0, 
sector 0). 

5.0, 9.1, or 13.7 megabytes 
Chan 1 Fast Sync D2J02 
Sync + Internal Chan 1 

Voltage: 0.2 V/div 
Time: 5.0 ms/div 
AC Input 

I, T 
I 

IS 5.0, 9.1, or 13.7 megabytes 

Chan 1 Fast Sync D2J02 I--I----c-l----c-l----c-l----c~-I----c+-+-+____l 
Sync + I nternal Chan 1 

Voltage: 0.2 V/div m 
Time: Main Sweep 5.0 f.J.s/div 

Delayed Sweep 1 f.J.s/div 
Chan 2 Standardized Data D2 

9.1 or 13.7 megabyte track 302 5.1 megabytes track 168 

Read Data 

All of these wave forms of hex A were taken while 
looping on the Friend test and reading from the CE 
track (head 0, hex sector 1 E). Before these wave 
forms are scoped, all hex A's must be written (on 
the CE track) by using the Friend test. See 
DISK·27. 

This wave form shows fast sync. Fast sync 
is active twice during a read data command 

(see DISK·22). -----------nU 

Chan 1 Fast Sync 
Sync + Index Pulse 

Voltage: 0.2 V/div 
Time: 50 f.l.S/div 
DC Input 

D2J02 
E2D13 

r 
I 

II 

;---..;..., 
last 4 f.J.s of second fast sync pulse 
shown using delayed sweep. 

Chan 1 Fast Sync 
Sync + Index Pulse 

Voltage: 0.2 V /div 

D2J02 
E2D13 

Time: Main Sweep 50 f.J.s/div 
Delayed Sweep 2 f.l.S/div 

DC Input 

I 

i 

J.. --

i-L --

Chan 11 Wl A4D04 

Chan 11 Wl A4D02 

Sync + Index Pulse E2D13 

Voltage: 20 mv/div 
Time: Main Sweep 50 f.J.s/div 

Delayed Sweep 0.5 f.J.s/div 
AC Input 

Chan 11 W1A4D13 

Chan 11 W1A4Bl0 

Sync + Index Pulse E2D13 

Voltage: 50 mv/div 
Time: Main Sweep 50 f.J.s/div 

Delayed Sweep 0.5 f.J.s/div 
AC Input 

Chan 1 Error Voltage D2J13 

:IV IN 

~\ 1\/ 
v 

Fast sync shown jn relationship to standardized Chan 1 Standardized Data D2B03 1m 
data. Sync + Index Pulse E2D13 

m 1-+-+-+-+-4--+-11-+--+-1 
Chan 1 Standardized Data 

D2B03 

Sync + Index Pulse E2D13 

Voltage: 0.2 V/div 
Time: Main Sweep 50 f.J.s/div 

Delayed Sweep 2 f.J.s/div 
DC Input I 

Voltage: 0.2 V/div 
Time: Main Sweep 50f.J.s/div 

Delayed Sweep 0.5 f.J.s/div 
DC Input 

t 

v\ 'V ~I 

1\. 

1\1 \/\ [)I..: 
I' 

:\1 . 

V' 

1\/ 

• 
.I 

I 
I 
I 

L __ . Standardized Data (expanded) Move hexOE -----.. -~. 
to left before expanding. 

l May need card extender. 

" II 

'\ '"If 

II \I 1"1 
y , 

hex As read -
from data field 

t 

Chan 11 W1A4B12 II 

Chan 11 W1A4D11 II 
Sync + Index Pulse E2D13 

Voltage: 5 mv/div 
TIme: Main Sweep 50 f.J.s/div 

Delayed Sweep 0.5 f.J.s/div 
AC Input 

Chan 11 A2D2J09 

Chan 11 A2D2Jl0 
Sync + Index Pulse E2D13 

Voltage: 0.1 Vcm 
Time: Main Sweep 50 f.J.s/div 

Delayed Sweep 0.5 f.J.s/div 
DC Input 

Chan 1 D2D13 II 
Chan 1 D2J07 
Sync + Index Pulse E2D13 11 
Voltage: 0.1 V/div 
Time: Main Sweep 50 f.J.s/div 

Delayed Sweep 0.5 f.l.S/div 
DC Input 

Chan 1 D2Bl0 II 

Chan 1 D2010 
Sync + Index Pulse E2D13 

Voltage: 0.1 V/div 
Time: Main Sweep 50 f.J.S/div 

Delayed Sweep 0.5 f.J.S/div 
DC Input 

tv "" 

IV 

;" 

IYJI '" lUI 

v 1- ...... V ~ 

I,... k. L.-

f\/ ~u IUL IU iJU f\f ...L 
-

~\IIJ ~ WU lJU l\fU ~ rl 
-

.. .;:, ; .. " 'ill1 tID. 

In , v If W rrv llI] I.U IJ.. 
-

b.. --
- I 

tl -i I 
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Track Following 

Track following aligns the access heads on the track 
at the completion of each seek operation and main­
tains head/track alignment during read and write 
operations. 

The servo head reads a prewritten pattern that is 
aligned with each data track. The prewritten 
pattern is made up of position pulses (P1 and P2) 
and servo clock pulses (C) repeated around 

Sequences of missing clock pulses identify the 
index point, the start of each sector, and the 
tracks in the data area of the disk (see DISK-34). 

The relationship between some of the pulses 
used in the servo control is shown conceptually 
below. 

Compensating Resistors1 
-

Drive Coil 

Drive Coil Resisti;lnce Nominal 50n 
Important-Coils within 5n of each other. 

D-W1A1 
B04 

" 
002 

DISK-30 

" 
each servo track. (9.1 or 13.7 megabytes only) Servo ~- Preampli--8.7V 

A2A3 Head ~ fier o B~~ 
" 

+24V 

// 

(Attachment 
Board Connectorl 1-0121 -.......,--,... .... 

I .1 

I 013 I L.. __ :..J 

Phased Locked Oscillator 
Plug Pos. 

2 F Write Clock. I I • I I I I • II • I I II • I I •••• I • I I I •••• I I 
Divide by 2 Counter 
1 F Write Clock 

Position and Clock 
Pulses 

Servo Clock Pulses 

Counter 1 

Counter 2 

Counter 3 

Counter 4 

••••••••••••••••• 

u A~------------~A~.--------------ur--

• • - - ----The phased locked oscillator (PLO). operates at a frequency of 14.2 MHz and the output of the / 
'divide by 2 counter' has a frequency of 7.1 kHz. The 'servo clocks' pulse (every 32 PLO pulses) - - - - -..: 

/ 
/ 

/ 
/ 

/ 

/ 

005 B03 004 
_B04 

Variable -
- Gain Filter 

r-- Amplifier 

~ 11.2 

JI L. ~<!Phase 
Clock 

L...-
Detect 

~ Oscillator -

007 

r-

GD3, 

II 

In De­
modulator H 

r--'--__ ~ 

Ovt De" 
modulator -1 

r-

G04 

r--1ft Locked 

J10 .J05 l\. .J07 iJ04 

fa 
I' 

2F Write Clock 
Servo Clocks 

EI II II 
/'" M10 M03 J'.Q4 , ...... 

I a I Pl0 ::L.ookahlaadl--~ 
, ISOOns 

Selin Demod 

is used as a reference to keep the 1 F write clock in synchronization with the C pulses. Even Track ---'-- _0_04_--11 Even I +EV:;;;--· Phase 
I I Comp- Late -' Osc J1 -

Counter 
Early - Osc J13 -arator 

1 Factory selection of the resistors is required to match servo head and drive coil manufacturing tolerances. 

ti 
h;- Counter 3 G02 
~.~--44~C~o)lu~nt·er~4------~G=1:13~ 

-

~ 
'/ 

B03 

Error 
Amplifier 

,...;.A2E2 
GV150 

A2C2 
GV120 

011 

013 

-

1 F Write Clock 

I 
1 

II 
1 
1 

1 

----

" 

~ 
Compen-

:...;::;..;;..: 
sator 

Seek 2 

DISK-42 

r--

B07 

~rive 

Select 

lori~e 
In 

]~~ ...;;. .... ~ '-----_ .... 
2Seek not used during track 

following, Shown here only 
for cross reference. 

r.Cl4 Divide 
~by2 

r--
In 

r- Coil 
Driver 

""" 
Out 

-- Coil , Driver 

A2C4 
GV140 

~ 

III 

~ -

Retract (3-105) 

A2D2 
GV280 
GV285 
GV290 

Flip Latch 005 

1 F Write 
Clock 

ED 



Track Following Operation 

The servo track signal is amplified, filtered, 
and separated into two component signals 
(clock pulses and position pulses). These sig­
nals are then detected on the position detection 
and PLO analog card A2C2. If no servo clock 
pulses can be detected, see DISK-33. 

On the control and safety card, (A2E2) each 
detected servo clock pulse fires a 600 ns 
singleshot called the lookahead singleshot. 
This singleshot allows a phase comparison be­
tween the servo clock and the frequency divided 
write clock to be performed. 

The phase locked oscillator (PLO), the main 
component of the PLO loop, is controlled by 
the 'oscillate early' and 'oscillate late' signals. 
The PLO runs at 14.2 MHz. The output fre­
quency, the '2F write clock' (A2C2J10), is 
divided by two to provide the '1 F Write clock' 
(7.1 MHz). The '1 F write clock' is further 
divIded by 16 in a four·stage COunter to provide 
'select in demod' and 'select out demod'. These 
demodulatOr gates are synchronized with the 
servo pattern and switched so that one position 
pulse is gated to the 'in demodulator' and the 
other is gated to the 'out demodulator'. The 
polarity of even track (up for even and down for 
odd) is used to define which position pulse is 
~ated to Which demodulator ('select in' or 'select 
out'). 

When the polarity of the line is defined, it main­
tains this state until the next seek is initiated; this 
allows the error signal to be used to keep the head~ 
on the desired polarity and therefore the desired 
track. The position pulses, which produce the 
differential error signal, are peak detected on the 
position detection card and their sum is returned 
on the 'automatic gain control' (AGC) line to 
control the variable gain amplifier. 

The differential error signals are formed into a 
single sigrlal in the compensator and combined with 
current sense Signals from the drive transistors to 
power one or other of the coil drivers. The coil 
drivers move the actuator in the required direction 
to correct the position of the servo head over the 
selected track. 

Track Following Waveforms 

The following waveforms are obtainable if the 
servo operation is functioning correctly and 
the. head is positioned on a track. All pictures 
.wre taken with a times 10 probe. 

Chan 1 

Chan 1 C2BO!5EF--F-=¥-f-I¥l;-:.....!=\4..::::t.:=¥-=-=I 

Voltage: 10 mV/div 
Time: 1 p.s/div 
Trigger: External + E2P11 - Sector Pulse 
AC Input 

Chan 1 c2B0311 .. .A 

Chan 2 C200411 Iv 

Voltage: 10 mV/div 
Time: 1 p.s/div 

j.A. 

iY" 

,.) I-A ~ 
IV 

r\.. N' 1/\ ~ 

Trigger: External + E2P11, Chopped 
AC Input 

Chan 1 C2 

Chan 2 

Voltage: 20 mV/div 
Time: 1 p.s/div 
Trigger: External + E2P11, Chopped 
AC Input 

).A.... 
v 

~ tv--

~ L..-.. 
-v 

l/ ~ 

Chan 1 C2J02 fJ 

Voltage: 0.10V/div 
Time: 1 p.s/div 

f\ .A 
( 

J, V\. 
II. \1 
IV V 

Trigger: External + E2P11, Chopped 
AC Input 

Chan 1 . r.I 
E2P10· 

~ 
'--

Voltage: 0.2 V/div 
Time: 1.0 p.s/div 

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

Trigger: External + E2P11, Chopped 

l Ii\. I\. /I 
\ rr 
·V 

,. i...L --
'l 

DC Input 
May be distorted at beginning 
because PLO is syncing in. 

i'. 

Chan 1 02G04 
·ID 

Chan 2 02005 

II 
. Voltage: 0.2 "/div 

Time: 0.1 p.s/dlv 

h. 

;;1 

V VI rv V1 ~ 

I~\ 111 I 
J I \ t J 

Trigger: External + E2P11 , Chopped 
AC Input 

Chan 1 02005 m 
Chan 2 E2G13 

II 
Voltage: 0.2 V/div 
Time: 0.5 JJ.S/div 

In ~ll 

HV. /V.V 

IHI 1.'1 

uri IVVI ,vu :v 

Ir l 
J I 

Trigger: External + E2P11, Chopped 
AC Input 

.r I"" ~ ~ 

VI III n 
I I JII 

... 
ml rv IIVI ruv 

I 

ChanJ_II· 
C2G05 

Chan 2 .... 
C2J0911i1 

Voltage: 0.2 V/div 
Time: 0.5 p.s/div 
Trigger: Internal + Chanriel 1, Chopped 
AC Input 

Chan 1 E2M03 

III 
Chan 2 E2P04 

IDJ 

Voltage: O.S V/div 
Time: 0.6 IJ,s/div 

~ 

""'-

1/ 1 

L..... 
~ 1\ ~ 

Trigger: Internal + Channel 1, Chopped 
AC Input 

Chan 1 C2011 

Chan 2 C2013 

Voltage: 5 mV/dlv 
Time: 2 ms/div 
Trigger: Internal + Channel 1 
Vertical M()de~ Add, Invert chan 2 

". . 

Signal is inverted and therefore differential. 

1-1-

1-1. 
-

~ 

"\ 

Chan 2 C2J04 m 1--11-+-I--I-4-4--'-I-+-i--l 

Voltage: 10 mV/div 
Time: 0.2 ms/div 
Trigger: Internal + chan 1 
Vertical Mode: Add, Invert + chan 2 
Signal is inverted and therefore differential. 

Chan 1 C4B0311 

Voltage: 1 V/div 
Time: 1 ms/div 

,llJLL 
".,.. 

I ... l ... ~ ~.J.IIil.l 
IT "... , ~ 

Trigger: External + 04J13 - Speed Transducer 

DISK-31 



DISK·32 

This page is intentionally left blank. 



Simulated Servo Test Procedure 

The simulated servo generates an accurate on·track 
signal for use in finding fault conditions when the 

servo is not operating correctly. 

The simulated servo is operating correctly if 
the illustrated signals are obtained on the 
oscilloscope when probing the pins shown. 

The simulated servo is installed by unplugging 
the paddle card at D W1 B1 and installing seven 
jumpers on the 01A2 board. The jumpers are: 

(A2C2) B05 to (A2C2) B07 

(A2E2) G02 to (A2C4) G12 

(A2E2) G13 to (A2C4) J11 

(A2D4) D09 to (A2D4) D08 (ground) 

(A2E2) 509 to (A2E2) D08 (ground) 

(A2E2) P09 to (A2E2) P08 (ground) 

Use pin extender to probe jumpered lines. 

2F Write Clock 
14.2 MHz 

(PLO) 

A2D2 
GV280 

__ .... Divide By 2 1---- Counter 
(3-045) Flip Latch 005 

DISK·36 

Chan 1 

A2D2D05 

D 
II II-. V 

I0o.0o, ... "\l.I 

Voltage: 0.5 V/div 
Time: 0.1 J,LS/div 
Trigger: Internal channel 1 AC + 
DC Input 

Chan 1 II 
E2G13 

Chan 2 II 
E2G02 

(I""""" 

I 

Voltage: 0.5 V/div 
Time: 0.5 J,LS/div 

r b'-'-"' 

I 

Trigger: Internal channel 1 AC + 
DC Input 

t 
I 

1. LI 

t-
I""""" 

l 

tl 
-
II 

A2E2 
GV150 

A2C4 
GV140 

Simulated I-_J..;.07,;....-
11 

"';;"';":"'---1 Servo 

Chan 1 II 
C4J07 

111 

9.1 or 13.7 megabytes 

/' 1?1 1'1 
V 

.I I I 
N N ~I 

Variable Gain 
Amplifier 

Filter 

3.2 or 5.0 megabytes 

II 
/ ,I / 

./ I,J .6 

I II 

A2C2 
GV140 
GV120 

J02 

.. 

J 
7 Il I II If 

9.1 or 13.7 mlilgabytes 

~ i A IA AA ~ AA ~ ,A 

Chan 1 .. 
C2J02 .. 

-

Voltage: 0.1 V /div 
Time: 1 fJ.s/div 
Trigger: Internal channel 1 AC + 
DC Input 

3.2 or 5.0 megabytes 

Il --

Voltage: 0.1 V/div 
Time: 1 fJ.s/div 

II lA, .II 
III 
IV 

Trigger: Internal channel 1 AC + 
DC Input 

V\ .A ''"'- III 
HI 
tl 

~ 
II 
Y 

DISK-33 



Servo/Index and Sector Pulse, Data Area 
and Guard Band Detection 

\"" Servo tracks on this side of the disk identify 

\ the position of the data tracks on the other 
side of the disk. 

\ 
\ 
\ 
\ 
\ 

\ Guard Band 

\.~---

Servo 
Preamp 

Located on 
Servo Head 

./ 10f 60 sectors per track. 

~ S"tvO Track Format 
P S P S P S P S 
I I I I I I I I ~ 

\ 59 Sector Pulses = 1010100001 
per Track (S). 
60 midpOints per track, 5.0 megabytes 
180 midpoints per track, 9.1 or 13.7 megabytes 

'" 101 = 

1 I ndex Pulse 
per Track (I) 

Servo Clock 

Look Ahead 

Clock Latch 

Counter 4 

Counter 3 

'" 1010101010101 

A2C2 
GV120 

Servo 
Clock 
Detect 

Look­
t=~"=':"::";~::'::'::';;G.;":"':".:::...j ahead 

SS 600 ns 

Counter 3 ::~-"'-'-"-________ ...J 

DISK-36 
Counter 4 ::0;;' ...::J..:...ll~ ___ ~ ____ ---l 

Missing Clock 

Every servo clock pulse sets the look-ahead 
singieshot, which sets the clock latch. If there 
is no clock pulse, the clock latch is not set and 
'missing clocks' is activated. Missing clocks is 
decoded into a sector pulse, an index pulse, or a 
sector midpoint (no output). Any of these three 
activates the data area pulse. 

Missing Clocks r-~-~-------.l--------~ 

DISK·34 

C 

'------MC = Missing Clock Pulse. 

ss 

C C 

Identifies the start of all sectors other 
than sector 00. 
Identifies the start of sector 00. 

GV130 

Leaving the data area for 230 p.s· 
Indicates 'guard band' for 3.2 or 5.0 
megabytes. 

Leaving the data area for 135p.s 
indicates 'guard band' for 9.1 or 
13.7 megabytes. 



Index and Sector Pulse and Data Area WAve Forms .. 

All pictures taken with a times 10 probe. 

Chan 1 
C2B04 'D 

h rv r'- h III.. r-. 1,...1' tv V t'v tl 

Voltage: 10 mVidiv 
Time: 1 p.s/div 

--

Trigger: External + E2P11 ,Sector Pulse 
DC Input 

Chan 1 

E2Pl0 II 
h 
I 
L 

n 
III 

r-~l 

Voltage: 0.20 V Idiv 
Time: 1.0/.ls/div 

n t 

I I 
- ~I ~ P 1'- -

Trigger: External + E2P11 Sector Pulse 
DC Input 

Chan 1 
Eis02 11 

Voltage: 0.2 OV/div 
Time: 50/J.S/div 

-' 

Trigger: External + E2D13 
DC Input 

1-. 

n 
I LO-
--

.. 
0---

Chan 1 .. 
E2Pll iii 

Voltage: 0.2 OV Idiv 
Time: 50 p.s/div 
Trigger: External + E2D13 
DC Input 

Chan 1 .. 
E2D13 1:1 

Voltage: 0.20Vldiv 
Time: 50/J.S/div 
Trigger: External + E2Pl1 
DC Input 

• 

• 

f-L --

i-1--.-

Two additional midpoints on 9.1 and 13.7 megabyte files. 

'" J 
Chan 1 .. 
E2M04 1M 

• • 

Voltage: 50 mV/div 
Time: 50/J.S/div 
Trigger: External + E2D13 
DC Input 

'" • • 

1-1---

D1SK-35 



Phase Locked Oscillator (PLO) Synchronization 

The PLO synchronizes when each 3D-second 
PLO pulse is in phase with the servo clock pulse 
(DISK-3D). This synchronization is indicated 
when the trailing edge of the look-ahead single­
shot is in phase with the leading edge of 'counter 
3'. 

look-ahead SS--I-IIII!---
: (In phase) 

Counter 3 I ---
'Counter 3' is directly related to the PLO and the 
'look-ahead' singleshot is directly related to the 
'servo clocks' pulse. 

When the 'look-ahead singleshot' and 'counter 3' 
are out of time, the difference between them pro­
duces an 'oscillator early' or 'oscillator late' pulse. 
The width of this oscillator pulse is an indication 
of the difference between the 'look-ahead' single­
shot and 'counter 3' pulses. The early and late 
oscillator pulses are used as an input to adjust the 
PLO to synchronize with the servo clock pulses. 

Relationship of Pulses in the PLO Circuits 

Servo Signal 

Servo Clocks '------______ ~(l~ ____ _ 
look-ahead SS (600 nSII __ ~ ••• L ________ .l •• ~ __ _ 

Counter 3 

Counter 4 

asci lIator Late 

II 
II 
II 
II 
I I • ~ Oscillator Early 

Note: This is a simplified timing diagram. Oscil­
lator late and early pulses do not occur on con­
secutive servo clock pulses. 

II 
II 
II • 

DISK-36 

A2E2 
r-.. GV150 

Servo Clocks 
1:1;::iJ .. IJ .. I.I ... ~p~flmo~tf~r;:~:e:a:d~MPW;'t¥.W'Kllllilli%R4S~W8.A~tI~t~~~~ttJtl~~:2@ .. :I."':' .. :I .•. :I.:.'I.:I .. :! ... :I .. :.· ... :V~;. 

~ I::~:~:~::fl O;,;d, 

Missing Clocks D
DIISSKK_-3434 . ' .. :,lj.:.:,lj:.:Jj:.:,I!.:.~.:: S02 600 ns L..- Start L r-;::: ~:A"ator ~J:!..1!.!3=---;~~:l~\\\~\l~ -~!!~!Ii!!\~\!~!! J:::'o:::';g:::..j 14.2 MHz ~:::'-'-.'iIi~.~:.i.:~.i.:~:.:~.:[.::.:'---·~:~:.;'~II:~";:;"'::'~_~_~_t;_h_-, 

A2D2 
GV280 

Power On Delay::;;;;;:: U02 latch ,-- ~ f.- Oscillator f- Il~I:~~~~~t~fI)?fItf::~~f~~~t::~::t{{ 

I 
f- Early 

PlC ~ Run t-J.. 
Counter~ 

31---+-+-----~~~ 

(PLO Gate) 

Synchronization After Power On 

When power is applied to the system, the 'power 
on delay' line blocks 'PLO gate' until all voltages 
are established. When the 'power on delay' line 
drops, the 4ms kick singleshot operates on the 
access control and moves the heads out and a 
recalibration operation starts (see DISK-47). 

At the same time as the 4 ms kick singleshot 
operates, the 'PLO gate' is set and synchronization 
starts. As the access heads move out, the servo 
head is reading servo clock pulses and synchroniza­
tion takes place. 

Power On 

Power On Delay (3251 

rL-__ J~~4U_--~--------~~ 

4 m5 Kick SS 

--L-~II--I ------
PLO Gate 

look-ahead SS 
(600 nsl 

PlO Run 

Counter 3 

• -
••• 

1 F Write Clock 

PLO Out of Synchronization 

Two conditions cause the PLO to be out of 
synchronization with the servo clocks pulses: 

1. Loss of four or more servo clock pulses. 

2. A phase error of 90° or more, between 
the 'Iook-ahead'singleshotand 'counter 3'. 

If the PLO becomes unsychronizedduring normal 
operation, both demodulator gates are selected. 
This forces a zero position error signal to maintain 
the on track signal. 

If the PLO becomes unsynchronized during a 
write operation, a data unsafe condition occurs. 



Recalibrate 

The recafibrate operation moves the heads across 
the tracks to the guard band area (approximately 
track - 4), then out to settle on track zero (home). 

Recalibrate is initiated: 

1. When an invalid sector identifier (ID) is 
read. 

2. After 'data unsafe' is reset. 

3. During a normal power on sequence. 

During recalibration the heads move at low 
velocity as in a normal 1 or 2 track seek 
operation. 

When the recalibrate line is set, it switches on 
the 'recalibrate in' latch; 'seek 1 and 2' is forced 
and 'drive in' is selected. The heads are driven 
out towards the guard band area. 'Guard band' 
is active when the heads are behind home; 
'guard band' sets the 'behind home' latch, which 
sets 'recalibrate out', which selects out drive. 
When 'select out drive' is set, the heads are 
moved away from the spindle and out of the 
guard band area. (The two halves of the drive 
coil always operated in buck/boost.) As the 
heads move towards track zero, 'guard band' is 
reset, 'behind home' latch is reset, 'select out drive' 
is reset and 'home' is set. The heads are then 
positioned at track zero (home). 

I n a power on sequence the heads start from be­
hind home. Recalibrate is initiated by 'power 
on delay' and 'guard band'. Recal ibrate 

Recalibrate In 

Drive In 

Linear Region 

On Track 

Guard Band (not) 

Stop 

Behind Home 

Recalibrate Out 

Drive Out 

Home 

A2E2 
GV220 
GV230 

R~._. ~.ctO.O •• 

Power On Delad& U02 ~::~ c= :: ~ Access D12lilili select~~S:~~: 
R Control 

Too Fast DISK-41 ft 

Linear Region 

DISK-41 

Dl0 

Goa 
Stop 

G 5 

-

r-­
R 

Behind 
Home 
latch 

Recal 
Out 

~fflID~----------~----------+-r-~r;t~--~ 

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

B09 

~I~~~ 

Guard Band A2D4 
GV130 

Data Area Pulse 

*J02. +5V when heads in data area 
OV when heads in guard band. 

**270 IlS for 3.2 or 5.0 megabytes. 
1351ls for 9.1 and 13.7 megabytes. 

-
Seek 

- Complete I--

-

Home 

-In 

+ Out 

A2C4 
GV200 

r--

-
Velocity 
Store 
Register 

J09 ZtSeek Complete 

P13 

M09 

60 kHz for 3.2 or 5.0 megabytes 
12.0 kHz for9.1 or 13.7 megabytes 

Home 

DISK-42 

DISK-37 



Data Unsafe 

When the 'data unsafe' line is active, one or more 
of the following fault conditions exist: 

Fault Condition Latch 

Write selected and no write Write Error 11 
transitions detected. 

Write current source on but Write Error II 
not write selected. 

Write selected and more than Head Select 
one or no heads selected Error. 

Write selected and off track Servo Error II 
detected. 

Write selected and PLO not Servo Error" 
synchronized. 

Any data channel card in· No latch set,but 
correctly plugged or seated. data unsafe 

indicated II 
CAUTION 
Continuously pulsing of the 'DSF reset' line to 
attempt to clear an unsafe condition can cause 
data to be erased. During 'data unsafe' all read 
and Write operations are inhibited. 'Ready' is 
dropped and can only be reset by a recalibrate 
operation after data unsafe is cleared. 

DOS 

-----
\. 

..,.,~ 

Transitions U11 

OISK-26 
Write On 
SS 7 Jjs 

,...-
N f-

,.;.1=== 
Write Off 

f-
SS 3 Jjs 

N 

L....-

Write 
Current On U12 

DISK-26 

One Head 
U04 

Selected Head 
DISK-26 Select II 

Write U06 Error 

DISK-26 l 
(not) 
On Track II Servo 
DISK-41 010 

II Error 
PLO Out of Sync 

U09 DISK-36 

DSF Reset S04 

B08 J06 .J07 

) 

Provides dead zone foilowing 
change from read/write. 

Write On ! 
Write 

Write Gate ...--
Off Latch 

N 

8:-
rG~ 

I 

, 

505 507 

.Card Interlock Connections GV250 W1A5 

- B07 G07 

007 GOS 

----" A~ 
~ 

A 
II 

i....-

A2E2 
GV250 

Write 
Error 
Latch 

~U 
~ 

-
&-~ 

'---
OR 
Data 
Unsafe .-

U10 

A2D2 

W1B5 
Logic and 

poweicab'~ 

f-
012 012 B02 GOO 

SOS 

U07 

S10 

S12 

U05 

S13 

Read S.elect 
1<-28 DIS 

Write G ate 1 Disk-26 

WriteG ate 2 DISK-26 

Write Select D15K-26 

S 
5 

Data Unsafe 
DISK-65 

eleCt Unsafe 
ervo Unsafe 

DISK-38 



DSF (Disk) Ready 

DSF (.disk) ready is activated when the data 
heads are at the home (track zero) following 
a successful power up or recalibrate operation. 

Tile disk may become not ready or fail to become 
ready after powering up for the following reasons: 

1. A data unsafe condition exists, see DISK-3S; 
'Data unsafe' indicates that one or more of 
the three data unsafe latches in the file 
attachment was set, or that a card is incorrect· 
Iy plugged or seated. 

2. There is an electrical failure of the brake 
(see DISK-46). A brake failure is indicated 
if the brake coil becomes open or short 
circuited. The motor can override the brake, 
so the attachment removes ac power when 
there is a brake failur~. 

3. The disk is not up to the correct speed (see I 
OISK-46). If the disk does not reach the 
correct speed, the access arm is kept at the 
inner stop. If the disk loses speed after 
successfully powering up, the ready indica· 
tion drops. 

Note: The actuator is retracted during power on 
delay or if the disk speed is too slow. 

Chan 2 
A2D4J04II 
Chan 1 D 
A2D4J13 

Ii 
J 
1 

Voltage: 0.5 V/div 
Time: 5.0 ms/div 

I I 
I i 
1 1 

Trigger: Internal + Channel 1, Chopped 

DC Input 

1--'---
Il -

DISK-39 



Seek Operation 

3.2 or 5.0 Megabytes 

The 3.2 and 5.0 megabytes seek operations are 
identical except that when a 3.2 seek operation 
goes beyond track 108, an invalid seek indication 
causes an adapter check. 

Seek 1 and 2 are out of phase by an amount 
depending on the number of tracks to be crossed. 
Initially seek 1 and (not) seek 2 accelerates the 
actuator to a desired track-crossing velocity. 
Then seek 1 and seek 2 together gate access 

,velocity feedback to maintain the actuator 
at the desired velocity. (The desired velocity 
is derived, as a voltage level, from the digital 
output of the velocity store register.) Finally, 
(not) seek 1 and seek 2 decelerates the actuator 
to stop at the required track. 

When seek 2 is made inactive, track following 
mode is allowed to align the actuator heads on 
the new track and maintain head track align­
ment until the next seek operation. 

Control Load 
Command DISK·11 

• I 
Track Counter 

DISK-40 

3.2 or 5.0 Megabyte Disk 

1 or 2 3to 7 
8 or P.!I __ This value is the number of tracks desired to seek. The 
greater -u. track counter is actually set to this value -1. 

I--------,--+----t----t----.... This value equals the number of tracks that seek I 
I 1---11,..-- allows the actuator to accelerate before seek 2 is 

turned on. 
I 

I I I I 1 Seek 2 Counter o 3 

I I I I I I I 

Seek operations move the actuator heads (that is! 
servo head, data head 0, and data head 1). Move­
ment of the heads is controlled by the attachment 
specifying the direction of movement, whether 
the seek is to an even or odd number track, and 
activating seek 1 and seek 2. 

Initiate Seek by , 1-.. ______ .... Seek 1 Count o 4 
This value equals the number of tracks that seek 2 

r--ID-- decelerates the actuator after seek 1 is turned off. 
.Turning ~ ~e~ _, 

/ .. -----Actuator Velocity---....... 
Coast Park I 

I 

Se8kMode 
, 
• 

2 Track Seek Example 

I-__ .....,.,... ___ t-S_e_e_k . D:and seek. Seek II' - - - -- -Seek 
ACCELERATE: With VELOCITY FOLLOW: DECELERATE: With TRACK FOLLOW: 

D 
seek 1 on, and seek 2 With seek 1 and seek 
off, the actuator arm 2 on, acceleration 
is accelerated by sat-' ends. The desired 
urating with current 
either the in or out 
coil driver. depend­
ing upon the direc­
tion of the seek. 

During this time 
the desired velocity 
is being developed 
in the velocity 
store register. 

velocity (actual 
actuator velocity) is 
stored in the velocity 
store register. The 
desired velocity com­
pared with the hybrid 
velocity (sensed 
actual velocity) 
develops the too 
fast line, too fast and 
the velocity follow 
latch, control select 
in drive and select 
out drive which 
causes the actuator 
to move at a con­
stant velocity. 

seek 2 on and seek 1 
going off, the velocity' 
store register is reset, 
and its output falls to 
the captured velocity .. 
The hybrid velocity is 

When the actuator 
enters the linear 
region of the track 
seeked to, track 
following mode 
begins. The 

now greater than the actuator stays in 
desired velocity. Too' this mode until the 
fast is active and 
causes continuous 
selection of out drive 
for an in move and 
in drive for an out 
move. The arm there­
fore decelerates to, 
and then follows the 
captured velocity. 
The captured velocity 
is slow enough to 
allow the servo loop 
to capture the arm 
when it is no longer 
under the control of 
the seek logic. 

One track before the 
seek ends, seek 2 be­
comes inactive to 
allow the VFL to be 
reset by the next 
positive edge of lin­
ear region. When 
the VFL is reset, the 
servo loop controls 
the arm and locks it 
onto the track. Seek 
complete rises when 
on track has been up 
for 3.4 ms. 

next seek. 

- Seek II 

II Seek 2 Counter 
Value 

II Seek 1 Count Value 

&I Track Counter Value -:----+:-+--1--­

II -On Track 1 

IJ - Linear Region 1 

IJ Position ,and 
Error I 

111 
1m -Seek Complete 1 

II Desired Velocityl 
(captured velocity) 

II Hybrid Velocityl 

1m Too Fast l 

ISee DISK-42. 

---;=====~+ ' -. ,O.5V 
I I 
i --L----l I 

.-!/lV "-­
I 

-1lI1I11U1flI1I 

6 Track Seek Example 

: + 

!I t • I _~~ _____________ I I 

~ 2.5V "-... ..... -------,1 
~ '--• 

The seek 1 counter acts as a register (not stepped). 

17 Track Seek Example 

1 ~ 
Il...-.-----:-----I-----JI 

+ 
/ 1.5V 

, I 
• "'-..... ----...: 
~ 

4V 



Seek Operation 

9.1 or 13.7 Megabytes 

See the seek 
explanation 
on previous 
page. 

t 

Control Load Command DISK-11 

I 
1 I I 

nitiate seek by 
urning on seek 1. 

- SeekD 

- Seek II 

I I I 
I I 

'----

2 Track Seek Example 

• Seek 2 Counter Value-\t---;-.;---t---

'---------11: 'Seek 1 Count Value 

lI'iTrack Counter Value, --!-----!-.;::+--I---

iii -On Track! 

ai-linear Region! 

, II Position and 
Error l 

111 
1& -Seek Complete1 

I 
I 

I 
I 

Track Counter 

Seek 2 Counter 

Seek 1 Counter 

iii Desired Velocity! I : t 
(captured velocity)- I I • 0.5V 

~~:' 

9.1 or 13.7 Megabyte Disk 

1 to 5 6 to 15 16 or 
track seek track seek greater 

0 2 6 

0 3 5 

This value is the number of tracks to seek. The track 
counter is actually set to this value -1 for a one to 

-B- five track seek or a six to 15 track seek, and to 
this value -5 for a 16 or greater seek. 

This value equals the number of tracks that seek 1 
-11- allows the actuator to accelerate before seek 2 is 

turned on. 

-iii - This value equals the number of tracks that seek 2 
decelerates the actuator after seek 1 is turned off. 
The seek 1 counter acts as a register (not stepped). 

This bit is turned on only for a 9.1 or 13.7 mega­
k of 16 tracks br Qreater byte disk, when a see 

is desired. This bit tu rns on the '9MB speed con­
efore, after the track counter 
B speed control' causes the 
nt f-our more tracks before 
he disk. 

trol' (DG 402). Ther 
goes to zero, the '9M 
excess counter to cou 
turning off seek 2 to t 

6 Track Seek Example 17 Track Seek Example 

t 
O.8V 1.5V' 

• I I :l I I 

II Hybrid Velocity! ~ 
I 

~-~2.·5-V----------------~~---------~: 
~ '+ "--

! see DISK-42. 

nnnnnnnnnnnnn 1m, Toe,> Fast! ---IUUUUIUUUUUUU,"---

DISK-41 



Actuator Feedback During Seek 

Position Errorllandll 

As the actuator moves across the tracks, the 
position error signal from the servo heads changes 
from maximum (halfway between tracks) to 
minimum (on track) and back to maximum as each 
track is crossed. Signals derived from the error 
signal are: 

1. On Track II becomes active each time 
the head passes through a track alignment; 
the occurences of on track step the seek 2 
counter and track counter, for the setting/ 
resetting of seek 1 and seek 2. 

2. Linear RegionlJ becomes active when 
head/track alignment error is low enough 
to be corrected by track follow mode; at 
the end ota seek operation, the leading edge 
of the linear region pulse switches from 
seek mode to track following mode. 

3. Hybrid Velocity II is proportional to the 
rate of change of the error signal and thus 
to the speed of the actuator. I n other 
words, indicates the speed of the actuator. 

4. Too Fast lID active, during the velocity 
fed back controlled phase. If hybrid 
velocity is greater than desired velocity. 
(Desired velocity is set during acceleration 
to a value depending on the number of 
tracks to be crossed, >3 tracks, (3 to 7 
tracks] or >7 tracks.) The velocity follow 
latch gates too fast to select either in or 
out (depending respectively on access out 
or access in) to decelerate the access arm. 
(Equally [not] too fast allows the access 
arm to accelerate.) 

Desired Velocity II 
Desired velocity is set during seek acceleration to 
a value depending on the number of tracks to be 
crossed. The servo clock counter is allowed to 
step up the value in the velocity store register as 
long as acceleration continues. For example, be· 
cause of longer acceleration, a >7 track seek 
allows a greater value in the velocity store regis­
ter than a 3 to 7 track seek. Therefore, during 
the seek acceleration mode of a >7 track, seek 
the hybrid velocity (actual access velocity) is 
allowed to go higher until it compares with the 

higher velocity store value. Then too fast and 
VFL take control. 

Velocity Follow Latch (VFL) m 
This latch is set at the end of the accelerate 
phase by the 'seek 2' line. During this time, 
the select in drive and select out drive is con­
stantly switched by the too fast line gated by 
VFLto alternately select the coil drivers to 
control the speed of the actuator. 

Silencer 

Servo 
Coil 

Position Error In 
Position Error Out 

Drive 
Coil 

Cu rrent Sense Retract 

JOg Access 

Seek D---,Li£l~~:~~l".'-mD_0_9 _ _i Interlock D02 tt[~ 
Seek 1I ___ ~~.~~:~:~t'::.D.::.07':'--I p: 

Even Track ____ -:II:~~~;~! ... lD-0-4--i 1-_..:..P..:..l.=:3-.......;rtl:::::,;..~-
Out Direction ______ ~:;;.;;,;!Ij;!·:::~·~::-B-05-_I 1-_.:.P.::.07~_.;o_ 

~fWB09 :/r 

~ 
Guard Band 

DISK42 

Seek Complete 

- Ready 

+ Home 

+ On Track 



Seek Wave Forms 

Use CE Friend Test, + -Seek Option and 0006 Tracks 

/. 

'" 

~ 

I . All pictures taken with a times 10 probe. 

3.2 or 5.0 megabyte disk 

t 

I 

V "\ If fJ ~. "\ / 
......... /1\ '\ A / \.. 

A /' 

"-

1/ 
V 

I- "" I-
~ 

H 'I 11 
II I I 

-".. 

~ 

. Seek D A2E2D09-_ 

// --/ -Voltage: 0.5 V/div -

.-l 
Time: 1.0 ms/div 
Trigger: Internal - A2E2D09 --

JIll"'" 
T 

[~ 

/Seek • A2E2D07· _ .. 
/ . -

....... ---Voltage: 0.5 V/div -
Time: 1.0 ms/div 
Trigger: External - Seek 1 A2E2D09 --

.,.., 
......... Position Error Out A2D4D04.... . .. 

."... ....... ~ 
...... _ -Position Error In A2D4B04 __ .. ""'" 

r-,.! 
V\ 

-

I'... 

r 
I 

,-~. ~.,. 

/~ Voltage: 0.1 V/div 
Time: 1.0 ms/div 

~ 

--

,""" 
1--1-

-

Trigger: External - E2D09 
. Mode: Chopped 

........ Current Sense A2D4J10·....... .. 
....... . ..... -II;@ 

Voltage: 0.5 V/div 
Time: 1.0 ms/div 
Trigger: External - E2D09 

-

_Hybrid Velocity A2D4G10' - - • -- .. , Voltage: 0.1 V/div 

1--1---
__ -Linear Region A2D4D07_ _ In 

Voltage: 0.2 V/div -~ 

-L Time: 1.0 ms/div 
Trigger: External- E2D09 

.... 
" 

_ - - -On Track A2D4B07 - - --Il. 
/" -Desired Velocity A2D4Dl0 - -"\ 

~/ \ 
/ Voltage: 0.2 V/div 

,/I l Time: 1.0 ms/div m 
_ Trigger: External - E2D09 

\ 

9.1 or 13.7 megabyte disk 

l 

·1 

I I 

') ......... -r V"'\ IA r-. k-h 
~ 

:::::; ....... ''\.: 1'0 rv p f--v 

lr - V .M JA. ;...--- lM. IA .At 

r-.... '\ , ]N 'I'1'l 

"" -' "\ 

1.-- r n In til I-- III III I 

III I 
II T 

./ 

~ 1 
3.2 or 5.0 megabyte disk 

l 
9.1 or 13;7 megabyte disk 

l 

-L 

III III II Inn nrr n.n mn ...-
-L 
-

......... Too Fast A2D4B12-_ ......... .,.., ---E. 
Voltage: 0.5 V/div 
Time: 1.0 ms/div 
Trigger: External - E2D09 

-":-. ~ 

-~ -.L --

J 
--

-n r 
I~ 

__ - ·Velocity Follow Latch A2E2G09 DI 
Voltage: O.S V /div 
Time: 1.0 ms/div 

- I I 

D--- Trigger: External - E2D09 -

1-1---
......... , 

I 
I~ 

/Seek Complete A2E2J09 ......... 
....... ....... ....... ........ 

Voltage: 0.5 V/div 
Time: 2.0 ms/div 
Trigger: External - E2D09 

I'f:'I ... I 
l -- --

[~ 
-

".....In A2E2B12 ....... 

,/ --,/ --,/ ,OutA2E2D12-__ -.-........ ....... 
......... ~ --

"""-+-"flMq:::" Voltage: 0.5 V /div 
Time: 1.0 ms/div 

~ l --I-L 
- Trigger: External - E2D09 

. 

-L 

-,/ --- IftAIAftAftU '" ....... II 
I IUll'llUmVI III .... ....... 

i -.L 

,/ Drive In A2C4B03 ....... 
,/ .............. 

,/ ....... Drive Out A2C4B04, ....... , 
....... ,~~~~ 

....... Voltage: 2.0 V/div ' ....... 
Time: to mS/cJiv "1Iri1-0+00-+-.j.", 
Trigger: External - E2D09 

DISK-43 



CPU to Attachment Seek (Example) 

Microprogram 
Enters Seek Routine 

Test Cylinder Number 
to Determine if Seek 
is Required 

Determine Even/Odd 
Destination 

Set Even/Odd into 
Control Word 

Calculate Cylinder 
Number 
Displacement 

Complement 
Displacement 
if Negative 

Set Either In or Out 
Seek Direction into 
Control Word 

1 or 2 Track 
Seek 

Set Seek 1-2 
Control Word 
to X'OO' 

I 

CPU Microprogram 

A 

3.2 or 
5.1 Megabyte 

Capacity 

Yes 

Test 
Seek Length 

I 

No 

3-7 Track 8 Track or 

Seek Greater 
Seek 

I I 
Seek 1-2 Set Seek 
Control 1-2 Control 
Word Word to 
to X'11' X'43' 

.~ + 

~ 
I/O Control 
Load Byte 5 

Seek 1-2 
Control Word 

.. 
I/O Control 
Load Byte 4 

Number of Tracks ~ 
to Seek 

~ 

I/O Control 
Load Byte 1 

u.. 
Seek Control 

t 

I Store New I Cylinder Number 
-t 

110 Load 
Enable Seek Op 
End Interrupt 

Request 

(:) 

9.1 or 13.7 Megabyte Capacity 

Test 
Seek y 

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

1 to 5 
Track 
Seek 

6 to 15 
Track 
Seek 

16 or 
Greater 
Track 
Seek 

Disk Attachment 

I Disk Drive 

I 
I 
I 
I 
I 
I 

Control Load ~ Co!)'!11l8!,d DISK-11 I 

DISK-44 

(head select 13.7) I 
~~~~~/~~~----------------~I----~ 

I 

Port DBO 

Load Command "l1li ,. DISK-11 
I 11 
I I I 
I I 

CBI4 

I 

Seek Op 
End Enabled 

Jump I/O 
Command _ w 

DISK-15 ,..,~r+"~--, 
o I--

Any 
Adapter 
Check 

Velocity' Coil 

I 
Mead _Select 

Write 
Driver 

Read 
Pre- 1-1--
amp I--

Servo 
I .Coils 

Control, I-- compen-rO('~ ir~~ve_r-;:===:t::I:I:n:~~ 
~ Access I--- sator CQiI lOut <>( 
r - D.!lVer . C>\ 
,- Control I- L-r--..l-,:Qj lJu.!itC-j----7-..::..;:~ 

Retract t 
Recal 

L... and 
Enter 
Home 

~ Velocity 
Store 
Seek I-
Complete 

I nterrupt Request Seek Complete 
~-----------+--------~--~~-------X-~~~~==------~_----------~~ 



Recalibrate and Seek Out (Example) 

Recalibrate: A recalibrate positions the moving 
heads over track O. 

Seek: This example shows a 3.2 or 5.0 megabyte 
five track seek. The seek 1 track counter is 
loaded with a value of 4 that indicates how many 
tracks to seek minus 1. (I n this example, seek 
5 tracks.) 

The seek 2 counter is loaded with a value that 
indicates how many tracks past the first track 
see ked that the seek 2 FL is set. 

The seek 1 compare reg is loaded with a value 
that indicates how many tracks before the 
last track see ked that the seek 1 FL is reset. 
Indicates when the servo is over a data track 
(on track). 

The seek odd/even track FF is set on when a 
seek to an odd track is desired. It is set off 
when a seek to an even track is desired. 

The 'seek out direction' FF is set on when a 
seek toward the outer edge of the disk (higher 
track number) is desired. It is set off when a 
seek toward the inner edge of the disk (lower 
track number) is desired. 

The seek 1 FL and the seek 2 FL control the 
servo arm velocity. 

Control Load Command DISK-11 

... 

I I I I 
I I I 

Control Load Command DISK-11 

I 
I I I I 

Control Load Command DISK-11 

Recalibrate 

Program DC Reset S FL 

I (recalibrate) 

Home 
S 

R 

Recalibrate to File 
(timing chart on DISK-37) 

DG220 

5-1=4 Seek 1 /1 I k 
" 

4 3 2 1 
Track 

\ Counter / I t 
DG220 \ 

I 
/ 

/ .. ______ tlseek 2 

Counter 

DG210 

~\ 
\ 

\ 
\ 

o 

" \ / / 
\ I , 
\ \ I 

\ 
\ 
I 
/ 

/ 

0 I 
) 

, 
I 
I 
I 
I 
I 
I 
I 
I 
I , 

Seek 1 I '- 1.... I 

I 
I 
I 
I 
f 
I 
I ~~--~lI~~~:::!::::~ .. J-........ ~ompar.cl------------4-----r------~~--~----------------~ 

Reg } / \ Decrement I 
ack .... ___ '*'.~;--.)./~ •• L_-.l •• \~\r-+I---1 •• ,~_--1s.eiie.kliiciio.u.nt.e.r • .- f- "':;n2!: 

Control Load Command DISK-1; 

I. 

I I I 
I I I I I 

FF DG230 

Seek ,....... Odd/ I 
Even / 
Track / 
FF DG230 / 
Seek / 
In/Out 

/ Direc-
tion I 

DG2001 

Velocity 

I / \ J '\ I ,-
I I r 
I I I J/ \' 

-
...... 

Control, 
Access 
Control 

I 
/ 

/ 
/ 

/ 
, 

/ t 
I / 

/ \ 

\ Seek Odd (track) 

I I I , , 
I 

/ 
1rRetract 

/ I 
I I I 
I.~l.~+­ "'" 

Recal 

/ Seek Out (direction --
-- -t _1._1-
I -'. 

and 
Enter 
Home 

• 
Velocity 
Store, 

I I 
I I 
I I 
I I 

S FL I 
Seek 1 1-__ •••••••••• IIIi. __ -f. ___________ .§S~ee~k~1~ _____ ..J I 

I '\. 
, Seek 

Complete 

\ I I 
\ I I 

DG200 , \ I 
FL 1 _______ '_,~ ................. \.Il' ______ ~Se~e~k~2________ I 
Seek 21- .- J 

1 
I 
I 
I 
I 

~3 m~ Head Settling I 
Time r 

__ '--_______________________ :::Se:.::e:;.:k..::C:.::o:.:.:m..:!p:.:..:le::.::t::...e __ -...\~\.~ -.J.liiiiiir _.- - -

Disk Drive 

Servo 
I j-. 

Coil Coils 
Driver 

I In ~ 
I- Com pen- In 

sator Coil I 

Driver 
I Out ~. 

Out I 
t I 

I 
I Servo 

Track I Servo 1 Follow-
ing I Head 
Circuits I 

I 
I 

.. I 
I 
I 

DISK-45 



Power On/Off 

The power on switch and K1 activate the dc 
power supplies a . 
The brake coil circuit II allows K2 to pick, and 
the disk drive motor" . to start. If the brake 
coil circuit indicates a brake failure, which indi­
cates the brake is on, K2 cannot pick. This 
prevents ac to the drive motor. 

The '5-second channel power on reset' linelfJ 
holds the 32 second counterll reset. After5 
seconds, the 32 second counter starts to run. All 
during this time, 'power on delay' II is active. 
At the end of the 32 second delay the P LO II 
synchronizes to the servo clock pulses. 

During power on delay, the retract II line 
holds the actuator against the inner (spindle) 
stop. 

At the end of the power on delay, the 4 ms kick 
SS II starts the actuator outward movement, 
then seek 1 and seek 2 II continue the move­
ment. Detecting data area deactivates guard 
band •. The outward seek is dropped and 
the actuator stops the data heads over track 
zero; and home and file ready. is activated. 

The disk heads which are mounted on the 
actuator, fly above the disk as the disk comes 
up to speed. If the disk speed drops to approx­
imately 1800 rRm, the speed OK latchlD is 
reset and the disk drive goes not ready. Then the 
actuator arm is retractedlD against the inner 
(spindle) stop. This ensures that the heads land 
over the landing zone. 

During an power down conditions the actuator 
arm is retracted against the inner (spindle) stop 
by the +24 Vdc power supplyliJ. Amagnetic 
catch holds the actuator in the retracted position. 

Console 
Power On 
Switch 

--~ 

AC Injll,lt 

Load Command DISK-11 

Control Load Command DISK-11 

DC 

(no) Brake Failure 

II 
(32 second) Power On Delay 

OR 1-----. 

(reset checks) 
OR 

(program dc reset) 

Attachment 
Error 

N 

and 
PLO 

Servo 
Velocity 
Control 

OR 

Settled on Track 

Select 
InlOut 1---+--------:-1"--1 
Drive 

GV140 
Retract 

.---t Driver 

GV140 

4ms 
Kick 
SS 

Guard Band 

____ GV160 

GV210 

Attach­
ment 
Reset 

File Ready (to chan)' 

Speed 

Enter 
Home 

GV220 

Seek 1 
Seek 2 

GV210 

DISK-46 

A 

GV220 

Recal 
Out 



Power On and Seek Home 

Multilevel DC Voltages (K1) 

-24 Vdc 

+24 Vdc (Brake and servo~ L 
Retract the actuator against the inner (spindle) 
stop. 

AC (K2 - Motor AC) L\. _________________ _ 
IF 304 Chan Power on Reset 

f.iV110 Power on Delay 

GV140 Retract 

GV220 Behind Home 

GV160 PLO Gate 

GV150 PLO Run 

GV160 PLO Out of Sync 

GV130 Guard Band 

GV200 Settled on Track 

GV230 Seek Complete (to attachment). 

GV220 Enter Home 

GV220 Recal Out 

GV210 Out 

GV210 Seek 1 

GV210 Seek 2 

GV230 Velocity FOllow Latch 

GV200 On Track 

GV200 Too Fast 

GV200 Linear Region 

GV1604 ms Kick 5S 

GV230 Select Out Drive 

GV220 Home 

GV210 Ready 

Approx 5 seconds 

3.4 ms 

Seek out of guard band and 
settle on track zero. 

Takes approx 200 p.s for PLO to sync in. 

Goes active when on track for about 3.4 ms. 

ng power down or emergency power off, all 
power is removed simultaneously. The power off 
sequence is so arranged, however, that the -24 Vdc 
line has dropped before any other voltage begins 
to drop. This insures that no write operations 
can occur during power down. 

Stays active until the first seek after finding 
home. 

DISK-47 



CYCLE STEAL 

Cycle Steal-CSY Early from CPU Storage 

During a disk read or write operation execution, 
data is transferred to or from CPU storage. This 
data is transferred in burst mode. That is, the 
block processor clock (BPC) line from the disk 
drive to the CPU has control of the CPU in such 
a way that no instructions are started until the 
BPC signal goes inactive. When BPC is active, 
cycle steals are not granted to any other device. 

----1 

CPU 

I (CPU Cycle) r--62GV Disk Block Proc Clock DG060 

I ' FD Burst Mode Gated DG060 

I 
r-'62GV Cycle Steal Request DG050 

'---CSY Trigger (early) DG060 

1 
\----Disk Cycle Strobe (early) DG050 

(DBO valid) DG040 

(bit ring count) DG070 

(reset) CS Request DG050 

o 200 ns 400 600 800 1000 1200 1400 1600 

e ofCSY 

This Clk and appropriate byte count 
resets 

1 

~ 
1 

1 
1 

I 
I 
1 

1 

I 
t 

Data Flow Example 

62GV Burst Mode Gated 

Transfer Data Fr Store 

• As byte III is being transferred from the 
DBO to the data buffer the previous byte 
II is being serialized to the 62GV. 

• Bit ring 7 indicates the SERDES has been 
shifted to the 62GV. The data buffer 
(byte II ) is now transferred to the 
SERDES. 

CPU 
Storage 

7 

I 

DBO 

Gate DBO 
to Data Bfr 

t------X , 
Data Buffer 

7 .. 
SERDES 

DISK-48 

Attachment 

OP 

Bit 817-S!1ift-0 -1 -2 
Ring 0-7 I 

,Serial Write Data (to disk)1 

'-----, 
1800 2000 2200 12400 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 

I 

~'III 

7 

(reset xfer data from storage) DG050 -+-----------------:.::I.3!o..,;::-------______________ -..L ___________ .l.-_____________________ ....1-__ 

(increment CBI Bit 0) DG051 

___ 1-- (gate CBI bits to channel) DG051 

Strobe 



Cycle Steal-CSY Late from CPU Storage 

During a disk read or write operation execution, 
data is transferred to or from the CPU storage. 
This data is transferred in burst mode. That is, 
'disk block processor clock' line from the disk 
drive to the CPU has control and no instructions 
are started until 'disk block processor clock' goes 
inactive. During this time, cycle steals are not 
granted to any other devices. 

.- -, (CPU cycle) 

o 200 ns 400 .600 800 1000 1200 1400 1600 1800 2000 

See data flow on 
previous page. 

2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 

I . 
r-62GV Disk Block Proc Clock - •••• ~.~~ •••••••••••••••••••••••••••••••••••••••••••••...................... 

f DG060 
I-FDBurstModeGared;~~~.O-~--~jI"." ••• " ••• " •••••••••••••••............................................... 

r- 62GV Cycle Steal Request 
I DG~O 
rCSY Trigger (late) DG060 

l-Disk Cycle Strobe (late) 
I DG050 
I (DBO valid) DG040 

CPU I (bit ring count) DG070 
I 
I I (reset) CS Req DG050 

I 
I 
( 

" 
(reset xfer data from store) 

DG050 
I 

~ 
Window to Reset 

CS ReQuest Rise ofCSY 

This Clk and appropriate byte count 
resets Xfer from Store. 

Fall of Disk 
Cycle Strobe 

~ 
Reset Window for 

CS ReQuest 

I (increment CBI bit 0) DG051...,..._~---: __ --'---:--:--_________ -L-_________ ---l ___________________ -'--_...I-__________ .L-__________ _ 

_ -,lIgate CBI bits to channel) 
DG051 

I.iL4. DISK-49 



Cycle Steal-CSY Early to CPU Storage 

During execution of a disk read or write opera­
tion, data is transferred to or from G_p_U storage. 
This data is transferred in burst mode. That is, 
The '62GV disk block processor clock' line from 
the disk drive to the CPU has control of the CPU 
and no instructions are started until '62GV disk 
block processor' goes inactive. When 62GV is 
active, cycle steals are not granted to any other 
device. 

A byte is completed in the SERDES a then 
transferred to the data buffer. 

The byte is gated into CPU storage. 13 

- -l (CPU cycle) 

o 200 ns 400 600 800 1000 1200 1400 1600 1800 

CPU 

CSY Trigger 
I Storage 

62GV Burst Mode Gated 

Xfer Data to Store 

Bit 
Ring 

2000 2200 2400 '2600 2800 3000 3200 

~ 

A t----.... 

07 

3400 3600 3800 

DISK.50 

Attachment 

Standardized Data (from disk) 

4000 4200 4400 4600 4800 

L, 62GV Disk Block Proc CIOCk~."~ ••••••••••••••••••••••••••••••••••••• _ ••••••••••••••••••••••••••••••• 

DG060 ~ __ ~~ ...... Ii ...................................................................................................................... 11 

CPU 

~62GV Burst Mode Gated -

, DG060 _____ ,L~~ ...... ~~----------------~~]I ................................ ~~---------~~2ZQ] .............................. .. r 62GV Cycle Steal Request 
DG050 

r-CSY rrigger (early) DG060 ---I-~--L~~=-=--A~ ••• ~~----.t--------'------::~ •••• L-----I~ •••• ~-~\---__________ --:::;:~ •••• L--

r Disk Cycle Strobe (early) 
, DG050 

r(gate data to DBI) DG040 --~:::::=-•• !I 
(bit ring count) DG070 

~ 

S t CS R Reset Window e equest-
on Bit Ring 7 

~ 

Reset Window 

(reset)CS Req DG050-~----------------~~~----------------------------------~------------------~~--------------________________________ ~ __________ _ 

(reset xfer data to store) 
DG050 

Fall of CSY 

resets xfer to store. 
Fall of Disk Cycle Strobe (increment CBI bit 0) 

DG051 
__ J- (gate CBI bits to channel) ___ ~~ii ••• iii •• IIIIIIIIIIIIIL _______ _:__---... II •• IIIIIIIIIIII.IIIIIIIIIIIIII.IIIIIIII.L __________ -.JIIIIII.IIIIIIIIIIIIIIII. 

DG051 



Cycle Steal-CSY Late to CPU Storage 

During execution of a disk read or write opera­
tion, data is transferred to or from CPU storage. 
This data is transferred in burst mode. That is, 
ther '62GV disk block processor clock' line from 
the disk drive to the CPU has control of the CPU 
and. no instructions are started until '62GV disk 
block processor' goes inactive. When disk is active, 
cycle steals are not granted to any other device. 

o 200 ns 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 

See data flow on 
previous page. 

2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 

- -I (CPU cycle) 

J-62GV Disk Block Proc Clock ~ •• 11111 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
I DG060 -I I-wc = 10 Ils 
r62GV Burst Mode Gated ~_~~ •• illlIIiI ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DG060 

'-62GV Cycle Steal Request -----+-r:::::!~!!!~!~~!!!~~~!~!!1-:-----'--~---I DG050 .500 ns .500--

~CSY Trigger(late)DG060 .---...,-'-f~+-------,,---...I ••• I+-~--+--•••• }------.!\---....:-.----.;.......~-•••• -.-.:...---I-~ ••• IIL-.,.-----t---'------....: 
LI Disk Cycle Strobe (late) 

,DG050 
~(gate data to UBI) DG040 --.t~ ••••••••••• 

OBI Strobed by 
Chan at Rise of CSY 

CPU : (bit ring count) DG070 --'r--L-.-g:;~~~~ __________ :;;;. ~!:::. C=:!;;::::.;-..::~._:.::;,;~~~~~~=~~::!:;::=;-:!....-L~-1..~....L.~.r::.-~=::;::::::~=~:!...:..J-.::!-'-....:::...-L.:!-..L....:..!......:=:::::::::_::~~~::::-.L.::......J......:::..-L.;::......t:::.;..!.-L....:~---:.-1.,_ 
I Reset Window 

I for CS Request ~ Rise of CSY 

I (reset) CS Req DG050 .f---_____ _.,._--_.,._---L..-------'"'"--..L....:.-----------"-------"------L--------""'--~c:::-~ _ _.,._~----..;.....;----__ -
I 
I 
I 
I (reset xfer data to store) 

I DG050 , 
I (increment DBlbit 0) 

Fall of CSY 

This clk and appropriate byte oount 
resetsxfer from store. Fall of Disk 

Cycle Strobe 

I DG051 (disk burst mode) 
___ j(gate CBI bits to channel) :--_--=~ ••• III.III •••••••••••••••••••••• L _____ ,--______ ~ ••••••••••••••••••••• L _________ ,--~ 

DGD51 

L .. CiS,. DISK-51 



INITIAL MICROPROGRAM LOAD (lMPL) 

IMPL 

Operator Control Panel 

ON 6 POWER 
OFF 

LOAD t--

Velocity 
Control, 
Access 
Control 

• ._------,. ___ - ..... System Reset DG200 
I . 

A ;(IMPL Cycle DG070 ~ (4096 cycle:steal requests)' 

CE Control Panel 

DE~F 0 1 \ DE~F 0
1 

\ DE~F 0
1 

23 DE~F 01 \ 

C 4C 4C 4C 4 

B 6B 6B 6B 6 
A 6A 6A 6A 6 

1 Index Pulse DG060 ·----1 r-
1 Sector Pulse DG060 _.::.58::.J. __ .::;29:::.J.--=5:;:.9 __ ....:0:.:0:...-...::::3~0 •• ~O:.!.J1.-...;3~1~.L...!:0:!:2 •• L-..J,l, '1-\ ---=-14...:..J. __ -:.;44..:..,. __ 1.:..,:5:....1. __ 4.:.,::5:....1._..:..16;:...____ _ _ _ _ 1 I r - Home 

I~~~~~~D~OO ~~~~~---_--------------------------- I'll I (?C ----1'- I Velocity 
I Behind Home DG200 ---) 1 ... - - - ..!- '-- - Store, 

98 7 98 7 2 9873 98 7 

I 1 L-oISPLAY/OATA~ I 
. ADDRESS/OATA--------'. 

I Start Sequence -Counter at 1 DG010 1-1. (lMPL) (home) ,(seek complete) (BPC) (sector pulse) " I Seek 
Index SC1 L Complet 

1 (Ady to SC2)l DG010 ________ .aJ...1 . ..:!:Y:::.....----.J.~2:__..J.R!:!:3~:::!::....:·(!.:..:IM.:.::P:...::L:!.).!:(B~P...:::C~») {\--____ .~16=_________ l_ = == = = = 
L _~~~q~u~e~n~ce~C~o~un~t:e~r~!~~~~~~~~~~~~~~~~~·.I~~~~~~~~.~(I~M~P~L~)~SC13)~)~ctm~lser RESET o 4095 = 16 Sectors of 56 Bytes I Disk Block Processor Clock r_ 

~(C~y~C~le~S~~~a~IS~)~D~G~0~60~-----------~~·~2-5-5-2~5_6 ... ~5_11_5_1_2~ ____ ~ 
PWR FORce I" -

CHECK FAULTOPLYCLOCK IPL IMPL (Ad SC 1'1...>.14) DG010' •• ( ) ( ) ( R~ PROY 0 DIS"if' DISOTTE I y .F __ ---,. ______ --I_ ... ___ ...J ___ ---.J.----I,[, I, • ..5' IMPL SC13 sector pulse) 

STOP PRES OFF DISK OISK _____ ---' I (Ady SC 14 ~ 1) DG01 0 ____ ~ ______ .L..._ __ --I.L_ __ __...J. _ ___I.( CL...-_ .. LScs:::::--:.(I_M .... P_L....:.)....:(_S_C_14....:)_(:....B_C_b_i_t ..:.,.8:.....) 
I ) ) 

I 
I 
I 
I 
I 
I 
I 
I 

lOata transfers operate like read data or read diagnostic 
operations. Sactor hit is forced. 

Data Bfr Reg 
7 OP 

Standardized 
Data 

SERDES 
87--Shift-1 0-1-2 

Data 
Sepa­
rator 

Follow­
ing 
~ircuits 

Clocks 
Index 
Pulse 
Sector 
P.ulse 

t 

Write 
Driver 

Read 
Pre­
amp 

Read Circuits DISK-43 
t 

DISK·52 

Servo 
Coils 

Servo 
Head 

In 

Out 

Data 
Heads 



COMMAND BUS IN (CSO 

Before any read or write operations between the 
CPU and disk are executed, a control load command 
sets the desired OBI control information into the 
attachment. This control information selects and 
holds the desired CBI configuration needed and 
sends it back to the CPU, therefore controlling 
data and addressing (as indicated below) between 
the CPU and attachment during subsequent read or 
write operations. 

Command Bus In 

Bits ° 1 
3 4 

I I 
° ° II ° 1 

I I 
1 ° 
II 
1 1 

° I 
1 

5 

Cycle steal data to CPU -
no increment to MAR. 

Cycle steal data from CPU -
no increment to MAR. 

Cycle steal data to CPU -
increment MAR. 

Cycle steal data from CPU -
increment MAR. 

Cycle steal LSR ° (WR 4 interrupt level·') 
select - data field address. 

Cycle steal LSR 1 (WR 5- interrupt level-1) 
select - 10 field address. 

Select control store during cycle steals/ 
Indicates to the CPU not to check parity 
of OBI during a sense command/jump 
I/O condition met. 

Data bus out parity check. See 
DISK-55. 

Attachment 

Control store select for 1.0 transfer. 

I 
I 
I 
I 
I 
1 

r------+---I Control. store select for data transfer. ~--... 

.... ~~~!~ ... p.o.rt.D.B.O .. ~ 
Control Load 
Command DISK-11 . 

IMPL 

Disk Cycle Strobe 

J 
I 
I 
I 
1 
1 
1.-'----
I Parity Error 

See DISK-55 
I L..---.-_---' 

I 
I 
1 
I 
I 
I 
I 
1 
1 
I 

Steal Burst 

CBIO+1+3,O,1,3,4 

Set FF on before cycle steal. Low 
byte only during control store data 
transfer. 

Set FF on before control store 10 
transfer. 

FF on for first IMPL cycle steal, off 
for the second, on for the third, etc. 

FF on for first ID byte transferred, 
off for the second, on for the third, 
etc. 

FF on for first data byte transferreL. 
off for the second, on for the third, 
etc. 

G1:B 
1G2:C 

2S:0 

G3:F 
3S:G 

C:I 
CO:J 

~ SG:L 
SCO:M 

6G:O 
6CO:P 

~R:R 

~___!--__ I Active during the write 10 command. ~ ___ --.J 

Active when main store is desired 
for data transfer. 

"Low byte address desired every 
cycle steal during data transfer. 

Active when 
for I 0 transfer. 

Active when any command, (read 
or write) requests data from CPU 
to attachment. 

Active during cycle steal between 
CPU and attachment. 

f----------------------CBIBit4-----

FF 

OGOS1 

OGOS1 

Mode 

B A 
C 
o 
E 

OGOS1 

OGOS1 

====="- CBI Bit 3---­

------CBIO-----.... 

AfORL 
~U CB I Bits 0 + 1 + 3 

OGOS1 

DISK-53 



ERROR CONDITIONS 

Write Data Echo Check 

A bit written to the line driver/receiver fails to 
appear as a bit read from the read circuits 2 
bit times later. 

A write data echo check error condition can 
be detected when one of the following read 
or write operations is executing. 

As each 10 or data byte is read from CPU storage, 
it goes to tlJe DBO to data buffer register, to the 
SERDES 11. The contents of the SERDES is 
shifted out of position 0 a bit at a time and sent 
to the data head II and written on the disk. Also, 
as the contents of the SERDES is shifted out of 
position 0, it is shifted a bit at a time through the 
SERDES to position -2 &. 

r---------- See DISK-9. 

Sequence Counter 5 
Control load 
Command DISK-11 

I I I I I I 

R Byte 6 7 Q Byte 6 7 

Read cycle steal 10 from CPU 
storage Write lOon disk 

o 1 1 0 Write lOX 

11 

Read cycle steal data from CPU 
storage Write data on disk 

00 1 0 Write Data ----f------------X 

Sense Command DISK-13 

CBI Bit4 
(to CPU) 

Jump I/O Command 
DISK-15 

Sequence Counter 11 

Sequence Counter 5 

By the time a bit written on the disk is shifted 
into position -2, the bit should appear as a bit 
read from the line driver/receiver. The position 
-2 bit is compared to the read bit m. If 
bits written do not compare with the bits read, 
the write data echo check FF is turned on II 

Port Data Out 

1 
I Data Buffer Register I I 

I 
Disk Drive 

7 0 P 

DG040 I 

r-___ ~r_----S-t-an-d-a-ro-i-z-ed-D-a-ta-(-f-ro-m-d-is-k-)-_~!r_-;Read I Circuits 

~~. I -'-
Write 

4 817 -;"~f~~101-11-2JII : 

Raw Driver 
Data 

T DG040 1 -r- I 
Serial Write Data to File (disk) Line 

r-----~-------+---I '---+-~-------"""':--'--"t--I-~Driver/ 

Write Data 
Echo Check 

-r-"""-- S~ift SERDES and CRC 
C m OE 1---'-------...... G1 

"--- 1G2 

~U 
L..... ____ -j 

r---I2CD 

5--R 

FF II 

-

DG030 
Write Select 

I Receiver 

I 
I 
I 
I 
I 

GV260-290 

J 

DISK-54 

Data Head 



DBO Parity Check 

Pick or drop bit(s) during transfer of data bytes 
or a micro instruction on the DBO. 

A DBO parity error condition can be detected 
when the following micro instructions, read or 
write operations, 10 or data bytes are being 
transferred from channel to the attachment. 

Detect a DBO parity error if a bit is picked or 
dropped while a byte is being transferred over 
the DBO from the channel to the attachment. 
The DBO should be odd parity. _____ _ 

1 CBI Bit 5 

I 

r.iI 

IA 
L~ 

DG080 
I I Strobe 

~ 
DBO 7 

~9""""""~"·~~(C~o·n~t·ro·l·l·o·ad"""""""""""" 
I Tcommand[nSK-11 

DBO I CBO .. -

The DBO is checked for correct parity under two 
conditions: 

1. 

2. 

When a micro instruction is sent to the 
attachment 11 , the DBO is checked for 
correct odd parity. I f even parity is 
detected EI , CBI bit 5 is activated rt 
During the execution of the read or write 
data operations iii ,data is transferred 
by cycle steal II from CPU storage to) 
the attachment II. If even parity is 
detected II , DBO parity check latch 
is activated III. 

Check 
Set P Reg -3---.J I P' 

Even 
II Ck Latch 

FF SetP D 
DBO 
Parity 
Check 
Latch 

Sense Command DISK-13 

Parity 

DG04°1 
I/O Micro Instructions - - - - - -- r -- - - - -

I 
I 

I I I I I I 
DBO Even Parity 

.------iC1 
,----;1G2 

~--------~----------------------~~------42D 

R : +11 
I Data Buffer Register! 

7 opl 
I DG040 

1: ______________ ------------------D~"i~Sk--C~y-CI-e-S-tr-o-b-e----------+_--__ --______________ ~~~ 
I 
I 

r---------------- See DISK-9 

Read Cycle Steal 10 
from CPU Storage 

Read Cycle Steal Data 
from CPU Storage 
(write) 

Read Cycle Steal Data 
from CPU Storage 

., (compare) ,,, 

EndOp lth 
or DC'Reset 

Cycle 
Steal 

I Transfer Data 
from Storage 

Ck latch * f II 't 
1------4 S 61' i G1 j 1S 

DG020 

DISK-55 



Cycle Steal Overrun Check 

Data is being transferred from the channel to the 
data buffer at the same time the data buffer is 
being transferred to the SERDES; or data is being 
transferred from the data buffer to the channel 
at the same time the SERDES is being transferred 
to thF! data buffer. 

A cycle steal overrun check error condition can 
be detected when anyone of the following read 
or write operations is transferri ng 10 or data 
~ or !Q the CPU storage. 

\ ' 
\ '-------------------, : 
Control Load I I 
Command DISK-11 I I 

: I 

r- See DISK-9 ---, 

I---ID Field---t 

F S 

I I I See DISK-9 ;- _. ~ - - -Sequence Counter- - - - --5 

I I Sequence Countev' 
J I I I 

R Byte 6 7 Q Byte 6 7 \l 2" 3 4 5/ 11 
o 1 1 0 Write I D 'Fr \Fr Fr Fr- __ _ 

o 1 0 1 Read I D '- - -

o 0 1 0 Write Data 

o 0 

1 0 

1 1 

o 0 

o 1 

1 0 

o 1 Read Data 

o 1 Read Diagnostic 

o 1 Read Verify 

1 1 

1 1 

1 1 

CBI Bit 4 

Scan Equal J 
Scan Low 

Scan High 

Transfer Data from Storage 

j DBO 

I 
~--"rI-X 

DISK-56 

Error Detection 

Example 1: During write ID, the head select 
byte II requested is strobed iii into the data 
buffer register II , then the data buffer register 
is transferred to the SERDES and m and II . 
Now, if the head select byte is strobed into the 
data buffer registera,t the same time as the data 
buffer register is transferred to the SE R DES, a 
cycle steal overrun is detected II . 

Example 2: During read 10, the cylinder select 
byte is gated from the SERDES to the data buffer 
register m . A cycle steal is requested m. The 
cylinder select byte is strobed to the channel 
Now, if the cylinder select byte is being transferred 
from the SERDES to the data buffer register at the 
same time as the data buffer register is being trans­
ferred to the channel, a cycle steal overrun is 
detected 13 . 

Write 
Driver 



SERDES Parity Check 

Pick or drop bit(s) during ID or data transfer. 

A SERDES panty check error condition can be 
detected when one of the four following read 
or write operations are executing~ 

,..... During the transfer of each byte, detect a dropped - Load a byte from the DBO into the data buffer 

Control Load 
Command DISK-11 

I I I I 
I I II I I 

Q 
-

R Byte 6 7 Byte 6 
o 1 1 
o 0 1 
o 1 0 
o 0 0 

7 
0 
0 
1 
1 

I See DISK-9 

Sequence Counter 5 11 

I I 
Read cycle steal I D from CPU 
storage, test for a SERDES '" 

>---------------------~--------. parity check, and write the / 
ID on disk. 

I 
I 

I 
1 
I 

! (from CPU) 110.. 

Read cycle steal data from CPU _ 

Write ID 
Write Data 

J storage, test for a SERDES 
_______________________ " parity check and write the data 

Read ID - on disk. 

Read Data I 
I... (to CPU) 

I'" 1 
Read I D from disk, test for a I 1 

or picked up bit between the data buffer register, register 11 . Place the P bit 11 or II into'the 
and write data (to disk). SERDES parity counter. Load the data buffer 

register into the SERDES II. As each bit is . 
shifted out of the SERDES position 0 to the 
disk, the SERDES parity counter is comple­
mented II . When the byte is completely 
written to the disk, the SERDES parity counter 
should be off. If the SERDES parity counter 

DBO 

•• 

is on when the byte is completely written, the 
SERDES parity check is turned on II . 

SERDES Parity 
Counter 
(1 position) 

I 
I 
I 

~~ -.{ ~~2 : 
2S SERDES I 

: S G3 Parity I 

FF 
Data Buffer Register 

7 o P 

-
1 Check 

3S I 

{~5 ~ ~ FF I 

P 1 GT 2G3 OE (not, P) I 

DBI 

DG040 
~--------~----~N 

Dis~ Drive 

Serdes parity check, and cycle __ --------+---------..!I---IL-------..... 
steal the I D to CPU storage. 

18 =8--- s ~~ r----e----- ~~2 1----- II 

PG r--4---~ l G7 3CD DG030 
II 7R R I Read 
r-______ tr __________________ ~ __ ----------~D~G~O~3~1~--~S~t~an~d~a~r~d~iz~ed~D~a~~~(f~ro~m~d~is~k~)~------L-I~----J Preamp 

Sense Command DISK-13 

CBI Bit 4 
(to CPU) 

Jump I/O 
Command 
DISK-15 

Read data from disk, test for 
a parity check, and cycle steal -
the data to CPU storage. 

1 ~~ 1 

I I II I ! I Serial Write Data to Field (disk) 1 

8 7 -=-~~~E~ 0 -1 -2 I 
I 

+DG0401 I ........... ~----~ I 

'---- During the transfer of each byte, detect a 
dropped or picked up bit between the stand­
ardized data (from disk) to the DBI. 

Preset the SERDES parity counter on m. As 
each bit is read from the disk, the SERDES parity 
counter is complemented m . Also these bits or 
(no) bits are placed in position 8 of the SERDES 
m and shifted. 

When the complete byte (less P bit) is shifted into I 
the SERDES, it is transferred to the data buffer 
register a . I 

I 
1 
I 
I 

If the SERDES parity counter is now on, the data 
buffer register parity bit is turned on D . The 
byte in the data buffer is transferred over the DBI 
to store. AP bit is generated II if required. If 
the P bit generated does not compare with the P 
bit in the data buffer register, the SERDES parity 
check is turned on D . 

GV260 ~. 

Write 
Driver 

Data Head 
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Cyclic Redundancy Check (CRC) 

Pick or drop bit(s) during any data transfer be­
tween the attachment and the disk. 

A cyclic redundancy check (CRC) error condition 
can be detected when one of the following read 
or write operations are executing. 

Control Load 
1-1-1-1-1-:-i1-:-1Hf=t-=-l Command DISK-11 

I I I 
I 1 

DBO 

-----------------------------------~~J 
I ~~ 
I I Data Buffer Register 1 
, 7 0 pi 
, DG040 

,.... OBI .~ 
~--------____________________ .......... ----~X~------~~ . "" , 

DISK-58 

Test that the CRC register contents compare 
equal to the CRC read from disk. 

During sequence counter 5 II or 11 II , as 10 
or data is read from the disk, the CRC is developed 
in the CRC register II. During sequence counter 
6 or 12, as the CRC is read from the disk into 
SERDES position all and shifted, the CRC 
register is also shifted 11 . SERDES position a 
and CRC position 16 are compared bit for bit 
II . If they do not compare equal during sequence 

counter 611 or 121D ' a CRe check error condi­
tion is detected I . 

CRC Check 

I-l Ir--
, , Not Write 10 I C A"OR 

,......,.- CRC L 3~~====~~G1 FF 
Shift SERDES II 

~~ ____ _L~ ________ ~I 

Byte 6 7 Q Byte'6 7 '.-----------------1---- See 62GV-9 
L.. 

o 1 o 1 Read ID 

0 0 1 0 Write Data 

0 0 0 1 Read Data 

1 0 0 1 Read Diagnostic 

1 1 0 1 Read Verify 

0 0 1 1 Scan Equal 

0 1 1 1 Scan Low 

1 0 1 1 Scan High 

Sense Command DISK·13 

CBI Bit 4 (to CPU) 

5 
Read 10 from disk. 

-Develop CRC in CRC 
register. (Write cycle 
steal the 10 to CPU 
storage.) 

Read cycle steal 10 
from CPU storage 
and compare with 
10 read from disk. 
Develop CRC in 
CRC register. 

jump I/O 
Command 
DISK·15 

I 

Sequence Counter 
6 r 11 

Read CRC from disk 
and compare with Read data from disk. 
CRC register. Write cycle steal into 

CPU storage. Develop 
CRC in CRC register. 
Read data from disk. 
Develop CRC in CRC 
register. 
Read data from disk. 
Read cycle steal data 
from CPU storage. 
Develop CRC in CRC 

" 
register. . 

,s-a::.:n.:;:d:..,;C:.,:R;,.:.;C=--._----I1 S 

s~R~e_se~t~ ___ ~--~R 
gheck 
Triggers 

12 

r-~---""'--I OE Dl·d 0 II 
VI e N E 

r-~ L F1 

L-~~~~------~~--~-~~--~~F211 
(not write command) F3 

3:------. 

DG020 

DG020 

Disk Drive 

Read CRC from disk 
and compare with Cycle 1 .. ., 
CRC register. Steal I-

r1!l7 SERDES ro-' 
Shift_ 

Standardized Data (from disk) Read 

Data Head 

I---- T DG040 n 

Shift SERDES and CRC 



Write Check 

Current is supplied (write current on) to the data 
heads when it should not be. 

A write check error condition can be detected 
when one of the following write operations are 
executing. 

Control Load Command DISK-11 

Detect a write check if write current is applied to 
the data heac!,s other than the proper time during 
a write operation. 

Write current is checked in three ways: 

1. During a write data operation when the 
sync byte is being written, write current 
on should be active. If not, a write check 
is detected II. 

Write Current On 

Write Check 

FF 

2. During a write operation a-byte, bit 6 must 
be active III and a-byte, bit 7 must be in­
active,lI indicating a write operation. If 
not, a write check is detected. 

3. If 'write current on' is active, a write opera­
tion and the correct a-byte bit must be 
active II or a write check is detected. In 
other words; write current on becomes: 
active other than the proper time during 
a write 10 or write data command. 

I 

Q 
R Byte 6 7 Byte 6 

0,1 1 

(06) 

~N G1 J Write Check Trigger (degate head select) 
1 G2 II r 3 ...._-------.::""-----.:::'-------'---1--1 N 

N 2G3 
(sequence counter 10) 
~1~--------~--4------3S 

Sequencer, ---- See 62GV-9 -~----'I 

Counter 2 7 10 
7 I' ~ \--~ -..,,;..----'~ \-~ ----.;~......,I 
o Write 10--1 

(07) 

Write Select Write 
!;lead Select, Current 

I 
I 
I 
I 

00 1 0 

I 
(activate 
write select) 

I 

I 

(force write 
hex OE to disk) 

I t 
Write Data'" -1--1- - _,J 

I 

(activate write 
selec]) 

..... ---G4 
(06) N 4S 

------G5 
(07) 5S 

'------C 

.---~4-----~~.CD 
~~~--~----CD 

I 

II 

1\--___ -.a..'W-ri-te-D-at ... a ... Write 
J I Driver 

I 
I 
I 
I 
I 

GV260 

Diode Matrix 

1 

I 
I 
I I Disk Drive 

Sense Command DISK-13 

CBI Bit 4 
(to CPU) 

J , 
Q Byte Bit 6 
a Bvte Bit 7 

Jump I/O 
Command 
DISK-15 

Write Select (to file) .~~----~ N CD 

_-f.----__ , R 

DGOtiU 
Reset Check Triggers 

Data Heads 

.:\, 
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Channel Transfer Check 

Any CPU or channel check occurringduring 
cycle steal data transfer from or to the 
attachment. 
A channel transfer check error condition can 
be detected when anyone of the following 
read or write operations are transferring 10 
or data from or to CPU storage. 

,.~ ~~~~ ...... -.~-------
Control Load -"":'""" - -- -...- - -1 I 
Command DltK·11 . I I 

~ Byte 6 i 0 Bytel6 

0 1 1 

0 1 0 

0 0 
; 

1 

0 0 0 

1 0 0 

1 1 0 

0 0 1 

0 1 1 

1 0 1 

Sense Command DISK·13 

CBI Bit4 

(to CPU) 

7 

0 

1 

0 

1 

1 

1 

1 

1 

1 

I 
I 
I 
'" 
" 

Write 10 

Read 10 

Write Data 

Read Data 

Read Diagnostic Data 

. Read Verify 
. \ 

Scan Equal I 
Scan Low 

Scan High 
I 

Jump 1/0 
Command 
DISK·15 

I 
I 
I " 

" 

I See e2GV~9 . , 

. 

Sequence Counter 

" ~ 3 4 5 
.~. . < 

" - f'r~, From 

.' , 
From From 

" ,; ; 

· .......... -- .. To 

From 

From 

From 

From 

From 

I 

11 

From 

To 

To 

From 

Test that a CPU or channel check does not occur 
while the disk atta.chment is in cycle steal burst 
mode. 

DBO 

I 
I 
I 
I 
I 
I 

Cycle .. 
Steal' 

I 

I 
OBI 

When a data operation is executing, disk burst 
mode 11 is active, and cycle steals" transfer 
data between CPU storage and the attachment. 
During this time, if a CPU or channel check 
occurs II , a channel transfer check is detected 
II. 

I Reg I 

Transfer Error Gated II 1 I 
'~~--------~~----------------~----------------------~G1 

" : 62GV Burst Mode Gated"" II_".-----------------------t 1 S 
i m:Channel Transfer Check Latch 

~,~_----..... .+~~~~~~~~~ ..... ---JI .. 

I 
I 

00020 
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Sector Sync Check 

A false sync byte hex OE is detected. 

A sector sync check error condition can be 
detected when one of the following read or 
write operations is executing. 

Control LOad 
Command DISK·11 

I 

Detect a sector sync check if a bit is picked or 
dropped while searching for or reading the sync 
byte. A sync byte is detected by comparing the 
bit ring with sync byte. 

VFO hex FFs ,II are read from the disk through 
SERDES pOSition 8. The first zero bit iii , 
should indicate a hex OE sync ~e is being 
detected and starts the bit ring" . The bit ring 
is exclusive ORed with the hex OE sync byteS. 
If they do not compare I the sector sync check 
FF is turned on. 

Disk Drive 

Standardized Data (from diSk_) ___ -i-___ --I Read 

Preamp 

[ 
R Byte 6 7 Q Byte 6 7 

o 1 0 1 Read 10 

o 0 1 0 Write Data 

o 0 0 1 ReadData 

1 0 0 1 Read 
Diagnostic 

1 1 0 1 Read Verif) 

o 0 . 1 1 Scan Equal 

o 1 1 1 Scan Low 

1 0 1 1 Scan High 

Sense Command DISK-13 . 

CBI Bit 4 

(to CPU) 

2 I 

VFO Sync x'FF's. 

Read from disk 
searching for the 
hex OE sync byte. 

Jump I/O ~ommand 
DISK-15 

LfS:::::Jr-----

3 

See 62GV·9. 

Sequence Counter 

S 
Detect hex OE 
sync byte 
from disk. 

4 
,", 

---

VFO sync hex FFs 
Read from disk searching 
,for the hex OE sync byte. 

S 
fiJetect hex '. 
,OE sync byte 
from disk. 

10 
-roo-

II Sync Byte 
VFO Sync I hex OE 
~~ 

• Bit 1 J 11t 11 
RingO 1 2 3 4.5 6 7 

-
SERDES 

Serdes Bit 8 ,........., 
Bit Ring 4, 5, 6 OE 10;;;;; 

,-I 
DG030 

Sector 
Sync 
Check 

\-1:..;F_R:..;e::.::a:.=d~C:;.o;lo:;.;;c:;.;.;k'----i G 1 FF 
.I 

~~----~4-----i1G2' L-_S_e~q_ue_n_re~._C_o_u_nt_e_r_1_0 ______ ~_~S~e~q~ue~n~c.e~C~0:.=u~h~te~r~1~O_+-T_~2S 

C 1'-:--7.;1 G3 
L-__ Se_q_ue_n_re __ o~u~nt_e_r_4 __ ~ ________ ~ ______________________ ~ _________ ~~~ __ ~ ___ S~e~q~u~en~c:;.;;e~c:;.;;0~u~n~te.r_4~·;3S 

'----
DG030 

: 
(A *OR acting 
'asOE) 

GV260 

Data Head 
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Off Track Check 

The disk drive servo arm moves off track during 
execution of a data operation. 

An off track check error condition can be detected 
when any of the following read or write operations 
are executing. 

Control Load Command DISK-11 

R Byte a 7 Q Byte 6 7 

0 1 0 Write. 10 
0 1 0 1 Read 10 
0 0 1 0 Write Data 
o 0 0 1 Read Data 

0 0 1 Read Diagnostic 
1 1 0 1 Read Verify 
0 0 1 1 Scan Equal 
0 1 1 1 Scan Low 

0 1 1 Scan High 

TT 
Sense Command DISK-13 

During the execution of a read or write operation 
either Q byte bit allis active or Q byte bit 7 II 
is active. If the servo goes off track II ' an off 
track error is detected·" . 

Off Track 
error 

II Q Byte Bit 7 FF 
G1 
1S 

II Q Byte Bit 6 
G211 
2S 

R 

DG110 

Jump I/O 
Command 
DISK-15 

CBI Bit 4 
(to CPU) 

DISK-62 

Disk Drive 

Servo 

Coil I 
Coils 

(not) On track " Driver In ! 
I-- Compen-Velocity In : Control f-- sator Coil 

Driver I Out ~ 
Out I GV140 

GV200 GV120 I 
2 I 

Servo I 
Track I Servo 1 Follow- I Head 
ing I GV120 
Circuits I 
GV120 I 

I 
I . 



PLO Out of Sync 

This line becomes active when there is a loss of 
four or more servo clock pulses, or a 90° phase 
error. See DISK-36 

CBI Bit4 

(to CPU) 

Sense Command DISK-13 

Jump I/O 
Command 
DISK-15 

Check Reg 

! Reg 

.------I-'S 
! 

U~ 
. X 

DG020 

PLO Out of Sync (seek check) 

PLO Out of Sync 

Co! I 
Com pen- 'PrP~E!! 
sator 

Servo 
Track 

GV120 

Disk Drille 

GV140 

Follows t------4-..:...;.:.=-.-;.;;; 
Circuits 

GV120 
Clocks 
Index 
Pulse 
Sector 
Pulse 

GV160 
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Interrupt Timeout Check 

An expected interrupt request is not generated 

An interrupt timeout check error condition is 
detected when an expected interrupt is not 
generated. 

Detect that an interrupt request is not generated 
within 1.55 after the interrupt is enabled. 

There are seven ways an interrupt request is gener· 
ated, II through •. Using iii as an example, op 
end is enabled ID by the I/O load micro instruc­
tion. A read or write operation is issued to the 
attachment. When the operation is completed, the 
op end latch is set a ,which causes an interrupt 
request. If the interrupt request line becomes 
active within 1.5 seconds after interrupts are 
enabled, the interrupt timeout latch is not set II. 
If the interrupt request line becomes active more 
than 1.5 seconds after interrupts are enabled, the 
count 2 FFI turns on the interrupt timeout 
error latch to indicate that it took too long 
to complete the read or write operation that was 
issued. 

Sense Command DISK-13 

OISK-64 

I. Interrupt Request - (OBI bit 7) 

(to CPU) I 
X- Sense Interrupt Level Command 

Load Command DISK-11 

I I It 

Interrupt Request 
I \ 

I I I I A level 1 interrupt occurs when 
the disk drive requires service. 

Any Interrupt Enabled 

(interrupt request) 

{ 
Gl FL 
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• r--- Command 
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JUMP I/O CONDITIONS 

Five jump I/O conditions are shown on this 
diagram. 

(File) Home II 

Seek Complete iii 

Index Pulse II 

File Ready II 

Data Unsafe II 

CBI Bit4 

(to CPU) 

II Home: An active level on this line indicates 
that the moving heads are positioned over 
home (track zero). Home is only active at the 
end of a power-up cycle or after a recalibrate 
(not during normal seeks to track zero). An 
access error which forces the moveable heads 
into the guard band resu.lts in automatic recali­
bration to track zero and an active level on the 
'home' line. 

lI'Index Pulse: One pulse (2.25 J1.s nominal) 
...--------1 appears on this line for every revolution of the 

disk. 

Jump I/O 
Command 
DISK-15 

IIData Unsafe: The 62GV circuits monitor cer­
tain conditions during write operations. The 
'data unsafe' line switches to an up (active) level 
if an unsafe condition occurs. While the 'data 
unsafe' line is active, all write and seek opera­
tions are inhibited, the heads are deselected, arid 
the 'ready' line is deactivated. Recovery from 
'data unsafe' is by 'file reset'. Recalibrate by 
activating 'recalibrate' line; this makes the file 
ready. 

CAUTION 
Do not continually reset 'data unsafe'. Going 
unsafe can erase data, thus continual resetting 
may cause extensive data loss. 

II Seek Complete: When the servo head has 
settled over a track following a seek command, 
the line goes to a down level. All further seek 
commands are inhibited until the line returns 
to an up level. When the moving heads are 
positioned over a track for longer than 3 ms,_ 
'seek complete' becomes an active level. 'Seek 
complete' becomes inactive when 'seek l' 
becomes active. 

Home 

'-------.... Phase 
compare 

Seek Complete and 
I~~--~---------Idemod 

select, 
Phase 
lock 
oscillator, 
access 

Disk Drive 

Servo ....----. Servo 

J-___ ---4~Position 1----+--IServo Head 

"""'-----1 Detect Preamp J---;;;J--l 
and PLO . (located) 

1 , , , , , , 
r A202 
I 1...1 

, 1 , i 1 
PLO"':'o~1 1 r--'--""--. 

interlocks, 
.-____________________ I_n ... d .... ex ...... P..;.u.;.;ls..;.e _____ --IVElIOCity 

II File Ready: Following a power-on sequence, this 
line goes to an active level and remains so unless 
by either a data unsafe condition, a drop in 
disk speed below 1000 rpm; an active level on 
the 'brake failure' line, or power off. 

Following power up, the 62GV should not be 
used for read operations until one minute after 
'file ready' becomes active, and for write opera­
tions until two minutes after 'file ready' be­
comes active. 'File ready' indicates only that: 
... The disk is up to speed. 

The moving heads are positioned over track 
O. 

Unless this time is allowed, data errors may 
occur due to lack of temperature stabilization. 

If 'file ready' is reset by a 'data unsafe' condition. 
'data unsafe' must be reset and recalibrate per­
formed to activate 'file ready'. Read/write 
operations may begin immediately in this case. 

Data Unsafe 

File Ready 

, , - -I 1 Campen-

1 1 sator 
I--__ --=---I;~ Coil ServQ In 

store. 

1-___ -'-...... Drivers 
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, I I 
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Control, i--__ -+----~--~ , , , , Inter­
locks, 
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shots , I 

Y--r' -t' ___ ,A2D4 

rator 

A2D2 Trans Cable 
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Select Head 0 

Speed Pulses 
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Jump I/O Conditions (Continued) 

The sector hit jump 1/0 condition is tested on 
this diagram. 

Sector hitl1means the CPU ID field and the 
disk 10 field compare equal. A sector hit is 
searched for during the following read or write 
data operations. 

Control Load 
Command DISK-11 

When a data operation is started, 'set start' II 
turns on the 'sector hit' latch II. During 
sequence counter 5, 10 fields are compared ID 
for equal. If the 10 fields compare equal, the 
sector hit latch stays on. If the 10 fields do not 
compare equal, the sector hit latch is reset II . 

I I I I I I I 
.-----~--See DISK·9. 

R Byte 
6 7 

o 0 
o 0 

o 

1 1 
o 0 
0 1 
1 0 

Q Byte 

Sequence 
Counter 1 

6 7 ~T-----'l~ 
1 0 Write Data II 
o Read Data 
o Read 1 

Diagnostic 
o 1 Read Verify 

1 Scan Equal 
1 1 Scan Low 
1 1 Scan High 

I 
I 
I 
I 
I 
1 

Set 
Start 

Jump I/O 
Command 
DISK-15 

CBI Bit4 
(to CPU) 

5 

I ~ 
Cycle steal I D from CPU I 
storage and compare with I 
10 read from disk. 1 

__ ----. ___ 1 

(SERDES bit 8, 0) 

Set Start II 

(sequence counter 6) 

Data Equal 

OE 

11""'--'(0) II • 
(8) 

DG031 

3 

DISK·66 

Sector Hit 

~~~S~e~t~~~a~rt~L~a~re~h~ _____ sIIFL 
1 F Read Clock 

(not) Data E ual 
(not)lmpl 2G3 

~ -(no error condition) 3R 

(Sequence Counter 7) G4 
If 

4R } 

Sector Hit Latch 11 

DG031 



Jump I/O Conditions (Continued) 

Scan hit 13 means, the equal condition, the low 
condition, or the high condition (CPU data field 
being compared to the disk data field) is met. 
A scan hit is searched for during the following 
scan data operations. 

Control Load Command DlSK-11 

R Byte 6 7 Q Byte 6 7 

0 0 1 1 
0 1 1 1 ~ 

1 0 1 1 
-r--,-

Jump I/O 
Command 
DISK-15 

r--

CBI Bit 4 
(to CPU) 

During sequence counter 5 of a scan data operation, 
the scan equal hit latch iii is turned on. During 
sequence counter 11, read data from disk is 
compared iii to read data from CPU storage. If 
the data is unequal, the scan equal hit latch is 
reset (I . If the data is equal, the scan equal hit 
latch is not reset, and scan hit m is detected. 

During a scan low data operation, if data from the 
disk compares low to the data from CPU storage, 
scan hit is detected. 

During a scan high data operation, if data from 
the disk compares high to the data from CPU 
storage, scan hit is detected II . 

If a hex FF is detected from CPU storage, scan 
mask detect m latch prevents a compare for 
that byte time. - Also, if the 'not mask' latch m 
is not turned on during a scan data command, it 
indicates that CPU storage compared data is all 
hex FFs, therefore, the scan equal hit latch is 
reset at the end of data compare II . 

See DISK-9 

~ \-(, --5-~) \-) __ se....:~.....;.~e_n_ce_c~<?~ul,....nt_er_1_2_~\ ~ 
-r- T -'F-

Scan Equal 
Scan Low 
Scan High 

Command Bit R6 

" II.. / Command Bit R7 
"I11III ,~ 

Scan Function 
Scan Equal 

Scan Mask Hit 
Detect Scan Function 

(,L G1 
Sequence Counter 5 11 Gate Data Buffer toS/D FF 1S 

II C Sequence Counter 11 
Data Buffer Register hex FF 

CD - ( 1 F read clock 
2G3 

OCD 

1 
5 

(scan hi) 

2 (scan 10) 
6 

4 

DG030 

Scan Equal 
Hit LA G2 ( ) (not) Scan Mask Det. 

)- 3-e- N 3G4 iii R (not) Compare II - I ( Data Equal • 
r--- ) Scan Function 4G5 

Not Mask 5G6 
l..- N 6R 

r-==- G1E,L Sequential Counter .12 
~ III G7 flJ N r- 1S f----- N 7R 

Co-- i......- DG031 
J R 

DG031 
II.. 

~ 

(scan hi) 
(scan 10) 
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Lo Equal 

A*OR 
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I 

( Read Clocl~ .....-
) 

3- N • SERDES Bit S L--
Scan Hit Latch 13 

(not).SERDES 
( Bit 0 Scan Hit 

,. 
-

l- S FL II r (disk) I-- r Hi Equal - R 
A*OR r 

DG030 DG030 
~. 

( Read Clock 
) 

I--

SERDES BitO 
.(not)SERDES . BitS-- .~ .. 
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DISK-68 

Jump I/O Conditions (Continued) 

Three jump I/O conditions are shown below: 

Head Select 11 
Disk Drive 

File Busy II 

Seek Busy " Head Select 2 ------------------------------ 13.7 megabyte files require an 
additional head select line. I 

I 
I 
I 
I 

Control Load Command DISK-11 

Head Select II 
(set) File Busy 

This latch is set on when a read or 
write operation is issued and 
stays on during execution of the 
operation. This latch is reset by 
'end op reset' or 'program dc reset' 
when the operation is complete. 

DG110 
r-- End of Op- Reset or Program DC Reset 
OR~~~~~~~~~~~~~~~--------------------~ 

(set) Seek Busy '----
This latch is set on when a seek 

R 
DG110 

operation is issued, and stays on Seek Busy 

CBI Bit4 
(to CPU) 

Jump I/O 
Command 
DISK-15 

during execution of the seek. .-.... _.;'----~;;::IS FL 
This latch is reset by 'end op reset', r 1--_-, 

or 'program dc reset' when the 
seek is complete. 

I 
&I 

R 
DG110 

Head Select 
Decode 

Head Select 1 

I L....f:;l (not head select) Head Select 0 I 

~~----------~--------------------~~-------+I----------I 
DG401 I 

If no head or 
two heads are 
selected when 
'write data' is 
active, a 'data 
unsafe' condition 
occurs. 

DG100 

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

Write /[] 
Driver I--..... +-. _ 

Data-

Read 1-<"'1-
Preamp f--

Hear/s 

-----One Head 
GV260 Selected 



INPUT/OUTPUT AND SENSE LINES 

Output Bus Lines (see DISK·8) 

Line 

Standardized Data 

Read Clock 1 F 

Data Unsafe 

Write Unsafe 

Select Unsafe 

Servo Unsafe 

Write Clock 1 F 

DSF Ready 

Index Pulse 

Home 

Behind Home 

Guard Band 

Seek Complete 

On Track 

Speed Pulses 

Brake Failure 

Indicatas!Purpose 

Carries data read from the disk and echoes 
data being written. 

Failure condition. 

Unsafe condition. 

Unsafe .condition. 

Unsafe condition. 

Pulse is used as a reference during 'write'. 

The DSF is ready to be used. 

Indicates track starting point. 

Heads are at cylinder O. 

Heads are between. track 0 and the 
landing zone. 

Access heads are in the guard band. 

Access head is at the correCt track after 
a 'seek'. 

The access heads are at a data track. 

Used to calculate disk speed. 

Electrical failure of the drive motor 
, brake. 

Cause/Conditions 

Pulse is deriVed from the rea.d oscillator; 

Brought up by: . 'write error', 'head select error', 
'servo error', or incorrectly pi ugged card. 

Caused by 'write selected' and no write c;urrent or 
by 'write not selected' and 'write current'. 

Caused by iI. write se.lection where more than one 
headar no head'S seJecte!!!. . 

Caused by 'write' being selected .when .the IICCess 
heads are .off tracl< or the PLO is out of sync. 

Derived from the phase locked oscillator (PLO). 

1. The disk is up to speed, 
2. The access heads are. at cylinder ;l;ero(PWRUP). 
3. No 'data unsafe' condition. 
4. No electrical failure in the drive motorbrake. 

Active once per revolution; 

Only active after: 
1. Power up. 
2. Recalibration. 
3. An .access that forces the heads irito the guard 

band. 

Active once per revolution·of the disk. 

Input Bus Lines (see DISK·8) 

Line Indicates/Purpose Cause/Conditions 

ReadlWrite Operation Always active. 

Fast Sync Gates continuous ones to the read clock to 
achieve fast synchronization with read data. 

Write Selects read (inactive) or write (active). 

Select Head 3.2, 5.0 and 9.1 megabyte files use two 
head select lines. An additional 
line is used'for 13.7 megabyte files. 

Write Zeros Carries the data to be written on the disk: 
up for 0, down for 1. 

DSF Reset Resets latches in the DSF during power up 
or a reset after an unsafe condition. 

Power On Delay A power up or down is in operation. Permits disk to achieve speed before any actions 
can occur. 

Seek 1 } 
Seek 2 

Control the start and end of accessing. 

Out Direction Controls the direction of seeks: active 
for out, inactive for in. 

Even Track Directs the access heads to,an even· 
numbered track when active, an odd· 
numbered track when inactive. 

Recalibrate Moves the access heads to cylinder O. After power on delay or access error. 

Sense Lines Used with MAPs (see DISK-8) 

Line Indicates/Purpose Cause/Conditions 

PLO Out of Sync PLO is not synchronized to the servo 
clock pulses. 

Select Out Drive Actuator is driven away from the spindle. 

Select In Drive Actuator is driven toward the spindle. 

VFL (velocity follow Actuator has reached its normal velocity. Used after an initial acceleration period. 
latch) 

linear Region Servo head is over a track. Derived from the error signal which is generated 
when the access arm moves across a track. 

Sector Pulse Beginning of each sector. Derived from the servo track. Sector 0 uses the 
index pulse. 

Too Fast Slows the arm during access. A composite signal from desired and actual access 
arm velocity. 
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33FD Diskette Drive and Attachment 

The IBM 33 FD diskette drive and attachment are 
mounted in the system. The 33FD microprogram, 
located in the CPU, and the 33FD attachment con­
trol the 33FD diskette drive. The 33FD diskette 
drive seeks, writes on, or reads from data tracks on 
a removable diskette. 

In order to read or write on the data tracks, the 
diskette drive has a continuously turning spindle 
that turns the diskette. A solenoid loaded read/ 
write head that is positioned by a stepper motor 
driven leadscrew reads or writes the data tracks. 

Only one side of the diskette is used for recording. 
There are 75 primary data tracks and two alter­
nate data tracks per diskette. Commands from 
the channel initiate the read, write, and seek 
operations in addition to performing various 
control functions. The records on each track 
are referenced from an index hole in the diskette. 

Channel 

~ 
33FD Attachment 

Attachment 
Controls 

Write Circuits 

Read 
Circuits 

- - - - - - - -~-;::-::.:: .. r-----t 

--------------~----------I 

Data 
Separator 

Write 
Drivers 

Read 
Amplifiers 

33FD Diskette Drive 

Diskette 

D __ I _---a I 
• 

1 
1 

.-_1 

33FD·1 



Diskette Format 

There are 77 tracks on the diskette surface; a 
track being a circular path on the surface of the 
diskette. The tracks are numbered 00 through 
76. Track 00 is the outside track and track 76 
is the inside track. Of the 77 tracks, only 74 
tracks are data tracks. Track 00 is a label track 
and tracks 75 and 76 are reserved as alternates 
to be used in place of tracks that become de­
fective. Some diskettes thatare interchanged with 
other systems may contain only,73 data tracks; 
track 74 not being used. 

Each track is divided into either 8 or 26 sectors. 
The content of each sectOr is described in the 
illustrations on this page. 

The data stored in one sector is called a record. 
When the tracks are divided into 8 sectors, each 
record contains 512 bytes; when divided into 26 
sectors, each record, contains 128 bytes. Thus, 
diskettes that contain 74 data tracks and are 
divided into 8 sectors per track have a capacity 
of 303,104 bytes of data; those divided into 
26 sectors have a capacity of 246,272 bytes of 
data. 

In some diagnostic programs only one sector is 
written on a track. Each sector contains 4096 
bytes of data. 

,,--.;::--- ........ 
/' ........ 

/ " 
/ " /1 ,-__ One Sector 

/ 
. __ ,.--Track 00 

The formula for record length is 128 x 2n where 
n can be 0, 1,2, 3,4, or 5. Thus record lengths 
can be 128,256,512, 1024,2048, or 4096 bytes 
long. The value of n is recorded in the record 
length byte. 

Because the diskette is fo~mafted into tracks 
and sectors, each record on the diskette has a 
definite address consisting of a track and record 
address. The record address is tttcoraed at the 
records physical location on the diskette. 

Each sync field contains 6 
bytes of zeros. This field is re­
quired to synchronize the 
attachment circuitry to the 
information being read from 
the diskette. 

I----

A 
Ga p1 Sync M ID Field 

Field 1 

3 

C 
R 
C 

4 

Gap 2 

Diskettes that contain prerecorded record addresses 
are known as initialized diskettes. Initialized disk­
ettes contain an 10 field for each record. Each 
record consists of two parts; the first part con­
tains identification information and the second 
part contains data. 

1 
A 

Sync 
M Data Field 

Field 2 

1--128 or 512 Bytes for Data --~. 

f \\\\\\\~~_Ji\-Track 76 

I I 

,--H/2 
AM1 is always a hex FE and TA 

identifies the information that r d 
a d 

RA R L 
e d e e 
c d c n 

Gap 2 contains 
11 ones 

L....-AM2 is either a hex FB or F8. 
Hex FB identifies the informa­
tion that follows as being a data 
field and hex F8 identifies the 
field that follows as being a con­
trol field. The first byte of the 
control field can be a 0 or F: 

follows as being the 10 field. c r o r o g 

\ I k e r e r t 
s d s d h 

\ I 
\ / 
\ I 

" O~ / "07 / 
'........ ,,/' 

.................. __ ........ ."".,.". 

b = aeleted record. 
F = defective record. 

s s 

Hex 00 thro ~h4~ t 
I 

Always h ex 00. 
N Record 

Hex 01 through 1A. Length 

0 128 

26 Sector Diskette 
2 512 

33F[)-2 

Gap 1 consists of a variable number of zeros 
or ones; the number being dependent on the 
diskette speed. The last gap before index 
consists of zeros; the rest of the gaps consist 
of ones. 

._-
C 
R Gap 1 

Sync 

C 
Field ---

The eRe (cyclic redundancy check) bytes are 
generated in the eRe shift register during a 
write operation. The structure of the two bytes 
is dependent on the bit structures of the two 
fields following the respective sync fields. The 
check bytes are constructed again in the eRe 
shift register from the same fields being read 
during a read operation. These check bytes 
generated during the read operation must equal 
the CRC bytes generated during the write oper­
ation. When equal, the record has been correctly 
read. 



Read/Write Circuit Principles 

Writing 

During a write operation, a clock or 1 bit is 
recorded by reversing the direction of the current 
in the coil, which reverses the flux direction in 
the pole piece and reverses the flux in the gap. 
At the instant that the flux in the pole piece gap 
reverses, the direction of magnetization changes 
on the diskette surface. Each reversal represents 
a recorded clock or 1 bit. 

Reading 

During a read operation, with the recording surface 
magnetized in one horizontal direction, constant 
flux flows and the coil registers no· output voltage. 
However, when a recorded bit (180 degrees hori­
zontal flux reversal) passes the gap, the flux flowing 
through the ring and coil also reverses and produces 
a voltage output pulse. 

U::::::U-- Write Current 

v ............. ~ .... ~ ...... ~ ... :7l 
illllllllllllllllllllll 

- Rotation 

Write Current 

\-- -~-----~ (1IIIIlf'~11111111111111 
-Rotation 

Recorded Bit 

Read/ 
No Pulse 

Controls 

'Gated wt current gate' 11 is active during a write 
operation. This line allows current to flow through 
the read/write head iii and also degates the read 
circuits. When write gate is inactive, the write 
circuits are deconditioned and the read circuits 
are conditioned to read. 

'Gated tunnel erase' m is also active during a write 
operation. This causes the edges of the data track 
to be erased. The edges are erased to provide a 
gap between tracks and to ensure that old data 
is completely erased. 

'33FD low wt current' II is under microprogram 
control and is active from logical track 42 on up 
to 76. When this line is active, the current through 
the write head is reduced. 

(passing over constant field) 
Flux Reversal 

~ (data b;t! 

Pulst: 
(flux in reversal in gap) 

From 

~~~~" ..... -..-... .............. ~ I I Illll:IZZI I 11111 / I 71 
. -Rotation 

Flux Reversal 
(clock or 1 bit) 

33FD 
Attach-
ment 

33FD W' D rite ata II 
Gated Wt Current Gate II Write 

Gated Tunnel Erase II and 
Erase 

33FD Low Wt Current II Drivers 

Bit 
Cells H~ 
33FD C .C 0 C 0 C C 0 C 0 C 
Write Data 

33FD Raw C 1 C 0 C 0 C 1 C 0 C 0 C 

Read Data I I I I I I I I I 

The above 1001 0011 represents a hex 93. 

Data Representation 

For each transition of the '33FD write data' line 
II a clock bit or a 1 bit is written on the 

diskette. The absence of a change between clock 
bits represents a zero or a no-bit. Transitions of 
the write data line cause the current to be switched 
in the read/write head which results in a polarity 
change on the diskette track. Thus a polarity 
change on the diskette represents a clock bit or 
a 1 bit. The period of time from one clock bit 
to the next clock bit is known as a bit cell and 
is a nominal 4 JJ.s in length. Data bits are written 
in the middle of the data cell. ' 

By comparison, bits represented on the 'write 
data' line as transitions are represented on the 
'33FD raw read data' line II ,when read, as 
positive pulses with a nominal width of 150 ns. 
The separation of clock bits and data during a 
read operation takes place in the VFO card in 
the 33FD attachment circuits. 

Read/ Read 
Write Ampli-

33FD Raw Read Data 

Head fiers 

To 33FD 
Attachment 

1 C C • 
1 C 1 C 
I I I I 
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33FD Data Flo~ 
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Seek Operations 

The 33FD seek operations are: 

- Normal: Seek from present known track to a 
specified destination track. 

- Recalibrate: Seek from the present location 
(might be unknown) to track zero. 

- Overlap: This seek is used when dumping the 
62GV onto the 33FD diskettes. 

In all three cases, the microprogram controls the 
operation. The microprogram must know the 
track location of the head before starting the 
operation (except for recalibration), and also know 
the destination track. Seek commands that move 
the head one track per command are issued until 
the destination is reached or the operation is 
terminated. 

The recalibration operation is necessary when the 
track location of the head is unknown. The 33FD 
microprogram sets up a seek of 76 tracks. Because 
there are only 77 tracks on the diskette, this is 
just enough to drive the head to track zero 
from any location. After arriving at track zero, 
the access mechanism comes against a final stop 
and even though seek commands continue to be 
issued, the head remains at track zero. 

The overlap seek is one track seek and starts just 
after index time. The operation is terminated after 
one revolution of the diskette, at the next index 
time. During the time this seek is in progress, data 
can be gathered from the 62GV and if available, 
is written during the next revolution of the diskette. 

33FD Microprogram - ....: 

'Seek to Next Track' 
Command. (33FD-29) - - -

33FD Microprogram - - - -

33FD Microprogram---

33FD Microprogram - - -

Turn off the '33FD enable' latch 
with a disconnect command 
(33FD-17). 

Normal Seek' 

in Register 

Seek to Next 

End Seek 

No 

Recalibrate 

Set Registers 
for a 76 
Track Seek 

33FD Microprogram 

'Seek One Track' Command 
(33FD-28) . 

Next Index Pulse - - -

33FD-6 

Operation 



Seek Data Flow 
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Read Operation 

The accompanying flowchart describes the read­
ing of one sector from the diskette. As each byte is 
read one micro instruction is required to transfer 
each' byte from the attachment to the channel. The 
data flow for the read operation is shown on the 
next page. 

After the reading of bytes has started, the micro­
program must take the bytes at a nominal rate of 
1 byte every 32 p.s. A failure to take the bytes 
fast enough causes a read overrun. 

The major control in the attachment that defines 
the read operation is the 'read data command' latch. 
This latch is on twice to read one sector (assuming 
_a good I D field and data field); once to find and 
read the ID field, and once to find and read the data 
field. In both cases the 'read data command' latch 
remains on until the CRC bytes are read. 

The read. clock and read bit ring synchronize the 
attachment to the data being read. The read clock 
runs continously except in diagnostic step mode. 
The read bit ring however only runs from the time 
an AM byte is found until after the CRC bytes have 
been read. 

The 'byte sync found' latch turns on when the 
first data bit of the AM is read. This latch remains 
on until the 'read data command' latch is reset. 
or until the attachment has determined the byte 
being read is not a valid AM. 

Valid AMs are hex Fa, FB, or FE without read 
clock pulses at bit ring 2, 3, and 4 time. The 
attachment considers an invalid AM as one that: 

1. Is missing data bits 1,2,3, or 4. 

2. Is missing a clock bit at bit ring 1, 5, 6, or 
7 time. 

3. Has a clock pulse at bit ring 2, 3, or 4 time. 

The first data byte following a control AM can be 
either a D or a F: 

D = Deleted record 
F = Defective record 

Read 

~~~~~~~rr~~~--~~~dT~------~~----------r~r---~~~~rSynC-

Gap 1 -LE.!!!sUJ:l~~J.J~-:--' ',:..G_ap_ . ..:.-2_..L!~.2....J~L..-_-:-___ D_a_ta_Fli_el_d-:-__ ...4.T...L-_______ E!!:IL 
-- I 

1 I I 
I I I 

'-----,:::::::::::::~O·- I 
See FindlD Operation on 33FD-12. ____________________ .... --:-...L---",_1. ____ J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I 
I I 
I I 

I 
I 
I 
I 
I 
I The 'search for AM byte' command (33FD-30) 

- initiates the operation -by turning on the 'read - ________ _ 
data command' latch. 

Six bytes of zeros in the sync field allow the bit 
synchronization; bits read from the diskette can 
be identified as clock bits or data bits. After 
reading the 6 bytes of zeros, all positionsofthe 
CRe shift register will be off. 

. ;; 

The first data bit of the AM byte turns on the ;"; 
'byte sync found' latch and allows the bit ring /"/ 
to start. This gives byte synchronization; data; . 
bits can then be identified asa particular data 
bit (0 through 7). 

I 
I· .. 
I 
I 

_ . .-- ___________ '~ ...... ~,-J I 
I 
I 

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

A check is made in the attachment to determine 
whether the AM byte read is any valid AM byte. 
If not, the 'byte sync found' latch is reset, and 
the attachment looks for the next AM. ,,; 

;; 
,,; L-~~~~~~ 

,," " .. 
The AM byte is sent to the channel using the """" 
'sense data byte' command (33FD-34l. 

r 
I 
I 

No 

Invalid Control 
Field 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
r 

The 33FD microprogram determineswhether the I 
AM is a control AM, data AM, or neither (Table 1). _----~ 
If a control AM, the first byte of the data field I 
is sent to the channel using the 'sense data byte' I No 

r----J 

I 
I 
I 
I 
I 
I 
I 
I 
I 

command (33FO-34). 

The data field and CRC bytes are sent to the 
channel using the 'sense data byte' command '_"" 
(33FD-34). CRC data is accumulated. .. ............ ~ 

Note: The CRC bytes are allowed to go to the CPU 
but are not used there. 

The attachment portion of the read operation is . 
terminated by issuing a 'reset sectorop' command 
(33FO-41). This resets the 'read data command' 
latch. 

I 
I 
I -;.....;.--'---...... ___ .-.-_~ _, _________________ ..J 

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

r-------1 
I 
I 
r 

..J 

Table 1 

AM 

Fa 

FB 

FE 

Explanation 

Field that follows is a control field. 

Field that follows is a data field. 

Field that follows is an ID field. 



Read Data Flow 
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Write Operation 

The accompanying flow chart describes the writing 
of one sector on the diskette. The structure of the 
fields written are controlled by the 33FD micro­
program to the extent that one I/O micro instruc­
tion is required for each byte written. The micro­
program also controls the required delays. The 
data flow for the write operation is shown on the 
next page. 

After the writing of bytes has started, the micro­
programs must supply bytes fast enough so they 
may be written every 32 p.s. A failure to provide 
bytes fast enough results in a write overrun. 

The major control in the attachment that defines 
the write operation is 'write gate'. This remains 
active from the time the first sync byte is written 
until after the last CRC byte is written. The 
write clock and write bit ring runs as long as 
'write gate' is active. 

Verification of the write operation is accom­
plished by reading the record that was written 
and comparing it to the original data. 

A C A C 
Gap 1 

Sync ID Sync 
Field 

M 
Field 

R Gap 2 M Data Field R 
Field 

See Find /D Operation on 33F D-12. 

33FD microprogram. -----_______________________ _ 

Write 6 bytes of zeros using the 'write data 
byte' command (33FD-23). See note 1. 

Write hex FB or F8 using the 'write AM byte' 
command (33FD-23). CRC data is accumulated.--------

Erase gate is not set until this time due to the 
erase head being offset from the write head. 
This makes erase effective when some point -----------

in gap 2 is under the erase head. The 'set erase 
gate' command is used (33FD-40). 

Write 

..... _-----.... 

....... _----.------' 

Write 128 data bytes using the 'write data byte' -------
command (33FD-23), CRC data is accumulated. Io----T'"----' 

Write two CRC bytes from the CRC shift .---------
register using 'write CRC byte' command (33FD-26). 

This delay ensures that the two CRC bytes are 
written, Two zeros are sent to the attachment but ------
are not written (note 2). .....---.----..... 

33FD microprogram. Three additional clock _________ _ 

pulses are written after last CRC byte. 

Terminate the write sector operation using the 
'reset sector op' command (33FO-41). ---------

The delay is in 33FD microprogram. The reset 
is by the 'reset erase gate' command (33FD-41). --------

Operation 

Delay-Then 
Turn Off Erase 
Gate 

1 c-
I 
I 
I 
I 
I 
I 
I 
I 
I __________ J 

2 

I 

_____ . __________ J 

C 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I __ ----___________________ . __ J 

Notes; 
1, The switch from reading to writing occurs when 

the first sync byte is written. 
2. Zeros must be sent to prevent a wrong CRC from 

being written. The output of the serializer is 
ORed with data from the CRC shift register; there­
fore, the serializer output must be zeros. 

Gap 1 
Sync 
Field 
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Write Data Flow 

I 
I 
I 
I OBI 

~' 

I Port Asm 
"1lIII' 

lOBI 

j4-9. 
I ~ I 
I 
I 

DK110 

Sense 

OBI 
Reg, 
I~ I I A~ ~. S~ .. Co",,"," 

~X-
Read Read 

Data Data 

Buffer ....... __ l1li Oeser-
."'l1lI ializer 

Reg 

DK120 DK130 DK210 DK210 

........ -x--...... I IMPL 

512 J1,s Clock 

Ready 

~~ ______ R_ea_d_D_a_taT-__________ ~ 

I-- A ~ 
AM Detect 

lOK2201 

Read Clock 
and 

Bit Ring 

DK230 

Clock 
Data 

OJ010-
DJ020 

Index 

.. 33FD-11 



Find 10 Operation 

Find 10 operations: 

- Synchronize the read clock and read bit ring 
with the bits being read from the diskette. 
Find an 10 field. 
Comparison of 10 field being searched for and 
the one found is made by the 33FO microprogram. 

The accompanying flowchart describes the find 10· 
operation. This operation can be started with the 
heads at any position on the diskette. The opera­
tion continues reading from the diskette until a 
valid AM is found Or until the microprogram has 
determined the 10 being searched for is not on 
the cylinder being read. 

The major controls in the attachment that define 
the find 10 operation are the 'read data command' 
latch (OK220) and the 'byte sync found' latch. 
The 'read data command' latch remains on until 
the last CRC byte of the 10 field has been read. 
The 'byte sync found' latch turns on when the 
first data bit of the AM is read. This latch stays 
on until the 'read data command' latch is reset or 
until the attachment has determined the byte being 
read is not a valid AM. 

Valid AMs are hex F8, FB, or FE without read 
clock pulses at bit ring 2, 3, and 4 times (Table 1). 
The attachment considers an invalid AM as one 
that: 

Is missing data bits 1, 2, 3, or 4. 
Is missing a clock bit at bit ring 1, 5, 6, or 7 
times. 

- Has a clock pulse at bit ring 2,3, or 4 times. 

The controls for the find 10 operation are on 
OK220. 

The 'search for AM byte' command (33FO-30) 
initiates the operation by turning on the 'read 
data command' latch. 

.... 

Six bytes of zeros in the sync field allow for bit 
synchronization; bits read from the diskette can 
be identified as clock bits or data bits. After 
reading the 6 bytes of zeros, all positions of the 
CRC shift register will be off. 

The first data bit of the AM byte turns on the 
'byte sync found' latch and allows the bit ring 
to start. This gives byte synchronization; data 
bits read from the diskette can be identified as 
a particular data bit (0 through 7). 

A check is made in the attachment to determine 
whether the AM byte read is any valid AM byte. 
If not, the 'byte sync found' latch is reset and 
and the attachment looks for the next AM. 

.... .... ...... .... 

.. .. 
................. , 

The AM byte is sent to the channel using the .~ .. --.. ---­
'sense data byte' command (33FO-34). 

The 33FO microprogram determines whether 
the AM is an 10 AM. 

.... .... ..... ..... .... 

................ 

... ... 

.... .... , ........ 
.................... 

--.----- ---------------­

Find 10 

The 10 field and the CRC bytes are sent to the 
channel using the 'sense data byte' command 
(33FO-34). CRC data is accumulated. 

....... _-...... ............................. :::==:::J===~ -.......... -....... Read CRC Bytes 
The attachments portion of the find 10 operation 

is terminated by issuing a 'reset sector op' ------- ----------------
command (33FO-41). This resets the 'read data L-_;;':"'';'';'' ___ OJ 

command' latch. 

,._. 

33FO microprogram. 
.--------------------------~ 

Reset the '33FO enable' latch by issuing a 
'disconnect' command (33FO-17). 

, , ,. 
I , , 
I , 
.L .. 

- - - _ .. ----r"l""l----.C=:-r------""'l 
Sync M 10 R Gap 1 Gap 2 
Field 1 Field C -.. -.- .. ---.--..-..---r--...... -------1 

I 

-----------
I 
I 
I 
I ___________ 1 

_____________ ..J 

-------- ...... -------' 

Table 1 

AM Explanation 

F8 Field that follows is a control field. 

FB Field that follows is a data field. 

FE Field that follows is an 10 field. 
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Find 10 Data Flow 

Seek Seek ~ 
----... Controls~ 

... ----.-.---------., I 'I I 6-7 .... 

II CBO I...... I P' I "I ___ .3---,. I/O !command I 
I . Channel t---IIItDecode I Control Lines Control.S I 

I I DK05o:. I I I ... "" DK01 0- DK060 

DK510 

Seek 
Track 
Reg 

DK510 

- Access 
___ .ir...TraCkS 

,. Decode 

DK510 

Write 

Access li nes 

Write 

Ready 
Con-
trois 

DK520 .,' 

Write 

Ready 
Counter 

512 JlsClo(;k 

Index 
A&B 
Decode £ 

... O-K-S-30-· ... ·· '--O-K5-2-0 ...J 

Write 

Index 
Counter 

D~530 

I 
I 
I 
I 
I 
r 
I 
I 
I 
I 
I 
I 
1 

Port DBa DK030 I DBa I I 9--..... ______ ~ ........ 1IIt... suffer ... _ .... 

~---------~----~ ~-
lilt.. Serial- ... Serial-,. izer ,. izer 

I 

f 
Data 
Tgr 

Write Data 1 

1 

1 

File Control Card 

I 
I 
I 
I 1 jls Clock 2 Jls 
~~--------------_4~ Osc 

I 
Channel t 

1 
I 

DK310 

Test I . CBI 

~ Condition , .4-----1 .1 Tru~ 
Active 

I CBI Bit4 

I DK120 

DK310 

Write 
~ ___ ... Clock 

'and 
Bit Ring 

DK320 

JIOCmd 

Test Condition 

,.-- Buffer r-"" 

1 '- Index.SS~-----.---, 

I 1 
\ .' r --·-.,. -\-~----!I 

'1 "-~~~:r ~I'-"l I • I' Driver I 
I ····1 I I 

~ .• ';----. ---... -----------~.. I. .... wriit~.·.· -I., --+~l 
,~, CRC -.-ill .. ' CR .. c .. ' ' .,' .. _;- __ •• .ilia... I I 

~-------~-. ',' . . I , I ," O. I"r--- Read ~---r--- I 
, X-~~'~ ~ .. " I ~ I 

I Read I DK410- DK420 ' I DX010 I I ' 
I DK420 I I I 
I R~d I I I 

DK310 DK310 WriteCRC DK3l0 . 

Write 

I I I I .~ _____________ - _______ J I I I 

I I I Sense I I 
II fF=- I L____I II I, OBI I, OBi Sense I ,I 

Port Asm ~. Reg Asm ..L Sense Condition ·1 
I l OBI....... I I 

..... Read Read 
I ;+-9 • ..;-X- Data Data r-- Read Data Deta I I 
: : ~ '~ ."ff~ ~ ~; ~ ~~ AM':'" _ ~;- RowR,,",o... : : 

I I ~DK220t .' I I 
DK110 DK120 DK130 DK2l0 DK2l 0 Read Clock 1 

I I DJ010" I" 
I' --,-- and I I X IMPL Bit Ring Clock DJ020 ' , I 

I . ,~ .D~ ~, '. . I 
.I.------------------------~------.---------.------ .. ---_________________________ . ___ _ I . . '. . 

33FO-13 



Write 10 Operation 

The accompanying flow chart describes the write 
ID operation. This operation is used to initialize 
a diskette. During this operation either 26 or 8 
sectors may be set up. The data field is 128 or 512 
bytes long respectively. During the initialization 
process each data field is written with the same 
data supplied by the user program. The data flow 
for the write I D operation is the same as for the 
write operation and is shown on the next paqe. 

Write ID is controlled entirely by the microprogram 
After writing has started, the microprogram must 
supply bytes fast enough so they may be written 
every 32 JlS. A failure to provide bytes fast 
enough results in a write overrun. 

The major control in the attachment that defines 
the write ID operation is 'write gate'. This remains 
active from the time the first bytes are written 
until the last 2 bytes of zeros are written. The 
write clock and write bit ring will run as long as 
'write !late' is active. 

Table 1 

AM 
'(hex) 

Explanation 

F8 Field that follows is a control field. 

FB Field that follows is a data field. 

FE Field that follows is an I D field. 

Index 
(' 

1st Record 

Gap2 Data Field 

33PD·14 

2nd Record 

Gap 1 

I , 1 I-----~---

I I 'I I ~======_-= .. --- I I rr7--- '--~--'--- ~ - -
,-,-: ___ L_ --'-- ~. Illi 
, " I 

---.~ ./ 

J10'indexpulseoff' ~" 
command (33FD-40) .. ~ 

'Write data byte' command (33FD-23). (The 
content of the 2 bytes can vary but are over­
written with zeros the next time index is 
passed.) 

'Set erase gate' command (33FD-40). 

-... -

Write ID , 

No 

No 

Yes 

, ' 
I ' 

I 
I 

, 
, 
I , 

, 
, 
, 
, 

Write hex FFs using the 'write data byte' 
command (33FD-23). 

_r---I~e/ _I 

Write 6 bytes of zeros using 'write data byte' 
command (33FD-23). 

'Write AM byte' command (33FD-23). See ______ _ 

, 
, 

-~I , 

-~: 
Table 1. 

'Write data byte' command (33FD-23). 
__ J

1 

Write two CRC bytes from the CRC shift regi­
ster using the 'write CRC byte' command 
(33FD-26). 

, 
--~ 

I 
, , ' 
I' : , 

., 'Ill 
__ I I' 

11 hex FFs are written for the gap and 6 bytes 
_ '- _ of zeros for the sync field using the 'write data 

...... ...;:;.:..;.;.;;..;...;,;;.;.:;:..----' byte' command (33FD-23). 

'Write AM byte' command (33FD·23). See ---- Table 1. 

'I 1_' ____ --I.-----..L.---~--_ 
I ; I 

'Write data byte' command (33FD-23). 

, , 
----1 

Reset Write ID 
Operation 

Write two CRC bytes from theCRC shift regi­
ster using the 'write CRC byte' command 
(33FD-26). 

1--___ 27 bytes when writing 26 sectors per track. 
57 bytes when writing 8 sectors per track. 

~---- 26 or 8. 

-- - 'Write data byte' command (33FD-23). 

No 
J10 'index pulse off' command (33FD-40). 

1---- 'Write data byte' command (33FD-23). 

1 ____ Terminate the write ID operation using the 
'reset sector op' command (33FD·41). 

Delay-then turn The delay of 544 JlSis in the microprogram. 
off erase gate. --- The reset is by the 'reset erase gate' command 

'--------..1 (33FD-41). 



Write 10 Data Flow 
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DK530 DK520 

~~ ______ R_ea_d_D_a_~T-__________ ~ 

- A + 
Data 
Separate Raw Read Data _ _ I 

AM Detect 

lDK220t 

Clock 
Data 

and Osc +--------------------~I-'--..... 
Control 

DJ010-
DJ020 

.. 

I 
I 
I 

33FO-15 



Load Command 

Channel 

c -----.. ----.1 
8. ~11 
11- &-, 

Micro I nstruc- I 

I tion Function I 
L£ield Decode I 
- ::;=::;: ?T ::J J :;:: :;::; ~ 
U> ....i... 0..l. 0..1. '2J L 1..J...0..1...D J 

PH110 0 i I 2 

~-= 

Data 
Buffer 
-1 

)---'--__ ..J' 
(------." 

See J,tINSTR-30 

I 
I Port 

l=!?Q.. 
I 
t 

_J 
.PH070 

Select Attachment 

I 
I ... 
I 

CCB I 
I 
I 0 1 2 
I 1 0 6 
1 

CBO , I/O 

I 
I 

.Load 

I 
I 
I DA 
I 0-3 .. 

Device 
Address 

1 
..,.. 

Hit 

Mod 

"'" 
~ 4·7 

tCB 

3 4 5 6 
0 0 
Disconnect 

0 .0 

33FD-17 

0 0 0 1 
Connect 

33FD-17 

I 

Send Data Byte to Attachment 
DBO 0-7 

Bit 0 dit 1 

1 1 

Bit 2 Bit 3 

0 1 

33FD-16 

~ ~ 

DBO 

Bit 4 Bit 5 Bit 6 Bit 7 



Load Command (Continued) 

Modifier DBO 
DBO 4,5,6,7 Data 

(Hex) Bits 

0000 (0) 

0001 (1) 0,1,3 

DBO (valid) 

CBO (valid) 

Control Out 

Modifier Reg 

Gated Strobe 

Control Out or Service Out 
Seq Done 

Service In 

Service Out 

Strobe Count 1/2 

Strobe Count 2/3 

33FD Cmd Accept 

Command Select 

Data Sample 

I/O Cycle Latch 

Command Sample 

Command 

Disconnect 

Connect 

DK030 

DK010 

DK010 

DK020 

DK030 

DK030 

DK010 

DK020 

DK020 

DK040 

DK040 

I Command I 
Setup 

Action Taken 

Reset the '33FD enable' latch. 

Sets the '33FD enable' latch. This latch must be on for the 33FD to perform 
any function. 

Execute 
Command 

0 

-

Feald 
Page Timing 

DK040 0 
DK040 

0 

lEnding I 
Sequence 

33FD-17 



Sense Command 

Channel 

I 
I 
I 
I 
I 
I 
I 

OJ 

Data 
Buffer 

rr - -, Port 

)- ____ ..1\>11 L _D';:O_ 
(-----" II r ---

II I Port 
II I DBI 

l... - - -.:J ,<'1....-----=-
~--- -II 1'1"'"----

I 
I 
I 
I 
I 
I 
I 
I 
j 
I 
I 
J 

U_..J I 
PH070 I 

1 

I 

See JlINSTR-30 

Select Attachment 

• 
CCB 

012 
1 0 1 

Sense 

DA 
0-3 Device 

. It.. 
Address ,.. 
Hit 

33FD-18 

Send Data Byte to Channel 

~ Mod I 
4-7 

CCB OBI 

3 4 5 6 Bit 0 Bit 1 Bit 2 Bit3 Bit4 Bit5 Bit 6 Bit 7 

0 1 0 0 
Sense Device Select '33FD Enabled' 

33FD-19 Latch is on 



Sense Command (Continued) 

Modifier DBI 
DBO 4,5,6,7 Data 

(Hex) Bit 

0100 (4) 5 

CBO (valid) 

DBO (valid) 

Control Out 

Modifier Reg 

Gated Strobe 

Strobe Count 1/2 

Strobe Count 2/3 

Control Out or 
Service Out Seq Done 

Service In 

Service Out 

33 F D Cmd Accept 

Command Select 

Data Sample 

I/O Cycle Latch 

Sense 33FD Enable 
Bit 5 

DBI (valid) 

Command 

Sense device 
select. 

I Com- I 
mand 
Setup 

DK030 

DK010 

DK030 

DK030 

DK010 

DK020 

DK010 

DK020 

DK020 

DK040 

DK040 

DK110 

Action Taken 

Senses status of '33FD enable' latch. 
the channel. 

If latch is on, DBI 5 bit will be sent to 

0 

Send Sense Byte 
to Channel 

AlD 
Page 

DK040 

Timing 

0 

Ending 
Sequence 

33FD-19 



Control Load Command 

Channel 

C:====;;l 
8 ~y~ 11 
I I 
fII!L ...... -- ..... 

I ~icro Inst~uc-I 

I 
tlon Function I 

Fi!!!E!~e 
R""""",""":9 
.... 1...L0.J...'LL Q... 
PH110 

Data 
Buffer rr-..., 

II I 
II I Port 

.. DBO )------ ... '>11 L- ---' 
{------" 1---

See #lINSTR-29. 

II I 

II I 
li._.J 

PH070 

Select Attachment 

I 

I 

I • 
I CeB 

I 

I o 1 2 
I 

I 
I 

I 

I 

I 

I 
I 

I DA 
Device 

0-3 .... 
Address ,. 
Hit 

110 

I 

Mod 

"III 
,. 4-7 

eeB 

3 4 5 6 
0 0 U 0 
Write Data Byte 

33FD-~3 
0 0 0 1 
Write AM Byte 

33FD-23 

0 0 1 1 

Write CRC Byte 
33FD-26 

0 1 0 0 
Seek One Track 

33FD-28 
0 1 0 1 
Set 33FD Working 

33FD-22 
0 1 1 0 
Seek to Next Track 

33FD-29 
o 1 1 1 
Search for AM Byte 

.33F[)~O 
*1 0 0 0 
CE Start Index Pulse 

33FD-22 

*1 0 1 0 
CE I ndex Counter 
Advance 33FD-22 

*1 0 1 1 
CE Ready Counter 
Ad'vClII.:e 33FD-22 

*1 1 0 0 
CE Set IMPL Counter 
Gate 33FD-22 

*1 1 1 0 
Enable CE Step 
Mode 33FD-22 

1*1 1 1 1 
Enable CE Wrap Mode 

33FD-22 

33 F 0·20 

Send Data Byte to Attachment 

DBO 0-7 
I 

I 
"III ,. 
DBO 

Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 

Data 

Hex F8, FB or FE 

Hex 00 

( 
Access Control Bits 

Access Control Bits 

-. ~v---'-- --
V-

DBO 33FD Access Lines 
Bits 

6 7 3/0 0/1 1/2 2/3 

V 
0 0 X X ---- -:c 

0 1 X X 

/~ 1 0 X X 

1 X X 

* For diagnostic use. X = Active .-' 

, 



Control Load Command (Continued) 

The main purposes of the 10Cl command are to: 

- Initiate a write operation, seek operation, or a 
read operation. 

- Transfer a data byte to the attachment. 
- Perform CE (diagnostic) functions. 

AlilOCl commands make a data byte available to 
the attachment. However, in some cases the data 
byte has no significance and is not used. 

The timing chart on this page shows the sequence 
of events for the 10Cl command. The details of 
the individual commands (specified by the 
modifier) are covered on the following pages. 
References will be made to this page for the 
interface sequences. 

DBO (valid) 

CBO (valid) 

Control Out 

Set Modifier Reg 

Gated Strobe 

Control Out or 
Service Out Seq Done 

Service In 

33FD Cmd Accepted 

Command Select 

Service Out 

Strobe Count 1/2 

Strobe Count 2/3 

Data Sample 

I/O Cycle latch 

Command Sample 

*See 33FD-22 

I Com- J 
mand 
Setup 

o K030 

DK010 

DK010 

o K020 

DK010 

o K020 

o K030 

DK030 

DK020 

DK040 

DK040 

Initiate or Execute Command 

*jl 

lEnding I 
. Sequence 

33FD·21 



Control Load Command (Continued) 

Modifier DBO DBO 
4,5,6,7 Data 
(Hex) .Bits 

0000 (0) 
0001 (1) 
0011 (3) 
0100 (4) 
0110 (6) 
0111 (7) 

0101 (5) Not 
used 

1000 (8) Not 
used 

1010 (A) Not 
used 

1011 (B) Not 
used 

1100 (C) Not 
used 

1110 (E) Not 
used 

1111 (F) Not 
used 

Command 

Write data byte 
Write AM byte 
Write CRC byte 
Seek one track 
Seek to next track 
Search for AM byte 

Set 33FD working 

CE start index pulse2 

CE index counter advance2 

CEready counter advance2 

CE set IMPL counter gatel 

Enable CE step mode2 

Enable CE wrap mode2 

1 Refer to 33FO.10. 
2For diagnostic use. 

33FD·22 ,.' 

Action Taken ALO Timing1 

These control load command~ ara covered in detail on the following 
pages. 

Sets the '33FD working' latch; the status of the latch can be checked DK060 0 
by the IOCS command. 

Turns on the'CE mode index' latch. This latch is used to simulate an DK520 0 
index pulse. The latch is reset by a 'reset sectorop' command. 

Generates an advance pulse to the index counter. This command will DK520 e 
cause the index counter to advance one position. DK530 

Advances the ready counter by 1. DK530 0 

Turns on the 'CE IMPL' latch. This will allow the IMPL counter to step, DK510 0 
the head to load, and the 'read data command' latch to turn on. Refer to 
,IMPL Operation for the sequence of IMPL events. 

Turns on the 'step' latch. This latch degates 'write gate' and 'gated tunnel DK060 0 
erase'. It also degates '33FD standard read data' (DK210), '33FD 
standard read clock' (DK230), '1 f.J,S chan osc' (DK310), '33FDindexSS' 
i (DI<520), and 'chan S12 ns osc'(DK530). 

Turns on the 'wrap'latch. This latch degates 'write gate' and 'gated tunnel DK060 0 
erase'. In addition, data instead of being written on diskette is gated into 
the data separator to be read (DJ020). 



Write Data Byte and Write AM Byte 

Attachment receives 'write data byte' or 'write 
AM byte' command. 
Data byte or AM byte is received on the DBO 
and setin the DBO buffer. 
The byte is transferred to the serializer and 
then written on the diskette along with the 
clock bits. 
The 'write AM byte' command drops three of 
the clock bits. 

The control load command is received on the CBO 
and remains there until after the data byte to be 
written is received by the attachment. The device 
address and modifier are received on the DBO. 
The modifier is set in the modifier register and 
used later in conjunction with the 10Cl command 
to set the 'write gate'. Write gate remains on for 
the entire write operation after which it is reset 
by a 'reset sector op' instruction. 

The data byte is received on the DBO and into 
the DBO buffer. At the same time 'write gate' 
is set and the write clock and bit ring are started. 
The write bit ring has been held reset to 6 by not 
'write gate'. At bit ring-7 and clock 3 the data byte 
is transferred to the serializer. 

Note: 'Write gate' is on if bytes have already been 
written. 

Bits are gated sequentially from the serializer, ORed 
with clock bits and sent to the '33FD write data' 
trigger. Each shift on the input to the trigger 
causes it to flip which in turn causes the current 
through the write head to change direction. 

The three clock bits that are missing when the 
AM byte is written are used later during a read 
operation for byte synchronization. 

The data and AM bits are also sent to the CRC 
shift register (33FD-49). 

.1/0 Control load Commanu 
Data Sample 
Command Select 
33FD Enabled 
Write Buffer Emptv 

Port DBO 
Channel X 

Clock 3 

Bit Ring 7 A 

A 1------. 

DBO Buffer 

o 

2 

X -
4 

.5 

6 

7 

DK310 

Write 
Serializer 

Buffer 

0 

t---

1 
t---

2 

t---

3 

t---

4 

t-----

5 

I"-"'-
6 

I----'-

7 

W 

W 

W 

~ 

~ 

I-J 

W 

Write Bit Ring 0-7 

0 

1 

2 

3 

4 

5 

6 

7 

Write 
Serializer 

A 

~ 

A 
~ 

A 
~ 

A 

(accumulate CRC) 

Write Trigger Write Gate --2p.s Osc A 

~ OR J ~L1~ 
FF 

A 
Clock Bits 

.--
I--- '---

DK310 
A 
~ 

A 
~ 

A 

CRC Reg 
Position 16 

I ~ 
I 
I I ) I 0 

--I "'--I 
I 
I 

33FD-23 



Write Data Byte and Write AM Byte 
(Continued) 

This chart illustrates the setting of the 'write data 
byte' and 'write AM byte' controls and the transfer 
of the byte to the DBO buffer. 

The serializing and writing of the byte is illustrated 
in the chart on the next page. 

DBO (valid) 

CBO (valid) 

Control Out 

Gated Strobe DK010 

Control Out or 
Service Out Seq Done DK010 

Service In o K020 

Service Out 

Strobe Count 1/2 o K030 

Strobe Count 2/3 o K030 

33FD Cmd Accepted DK010 

Modifier Register DK030 

Command Select DK020 

Data Sample o K020 

I/O Cycle Latch DK040 

Command Sample DK040 

Write Gate DK060 

Clock Data to DBO Buffer 
DK320· 

Data Byte in DBO Reg DK310 

DBO Buffer Full 

Notes: 
1. 'Command sample' and 'gated strobe' pulses are 

delaYed if the DBO buffer has not transferred 
the preceding byte to the serializer. 

2. 'Write gate' stays active until a 'reset sector op' 
command is received. 

3. Data stays in theDBO register until the next 
byte is received. 

33FD-24 

- --- - - --
.. 

(N:ote 1) 

(Note ~t 

.~t 

J 



Write Data Byte and Write AM Byte (Continued) 

This chart illustrates the serializing and writing 
of the data byte and the AM byte that has 
previosuly been transferred to the DBO buffer. 
'Write gate' is repeated from the preceding timing 
chart as a point of reference. 

Write Gate DK060 -2 Jl.S Osc DK310 

Write Clock DK320 

Write Bit Ring DK320 

DBO Buffer, Full DK320 ___ r - - Buffer ruled with -;;xt'd.;t; byte:- - - - - - - - - - -,_ 

Clock Data to Write Serializer DK320 t-_________ '"--_________________ ~N-e-xt-d-a-t-a-b...:.y-te-t~o ~~e~ __ !.S"" 1_ 

Data Byte in Write Serializer DK310 

Serial Write Bit DK310 

33FD Write Data Trigger DK310 

33FD Write Data (to write head) DK010 

Clock Data to Write Serializer DK320 

Data Byte in Write Serializer DK310 

(not) Write Bit Ring 1·3 DK310 

Serial Write Bit DK310 

33FD Write Data Trigger DK310 

Write CRC Gen Time Latch DK410 

(example 1001 0011) 

C 

Hex FB 
(example 1111 1011) 

* 

o 0 
C o C 0 C 

* Allows CRC shift register to 
accumulate CRC bytes. 

o 0 
C o C 0 

Three missing clock bits. 

Write Data Byte 

03 

* +Write Gate 
~~~~~~----------~E1 

Write AM Byte 

o 
• • G 

• 

Serial Write Bit 

Write Clock 2·3 

Write Clock 0·1 

2 JlS Osc 

33FD Write Data Tgr 

1* 

33FD Write Data Trigger 

o 
e 
e 

Active to write data bits. 

2·3 active to write clock bits and 0-1 active 
to write data bits. 

Inactive during 'write data byte' command. 
Allows data bits and clock bits to be written. 

o When active causes three clock bits to be 
dropped during the 'write AM byte' command. 

Cit Always active when writing. 

DK310 33FD Write 
Data 

t-----------G2 FF • 

2Jl.S 
Osc 

o 0 

2T 

* 

• 
• ••••• ••• 
C C 0 C 0 C 1 C 

*Gate to trigger remains act iva long 
enough for clock bits to be written 
at these times. 

• 

33FD·25 



Write CRC Byte 

This command initiates the following sequence 
of events: 

- Attachment receives two 'write CRC byte' 
commands. 

- CRC shift register is advanced and each time 
position 16 is turned on, a CRC bit will be 
written on the diskette. 
A 'reset sector op' command follows the last 
'write CRC byte' command if this is the last 
sector to be written. 

The initiation of the 'write CRC byte' command 
is the same as for the 'write data byte' command. 
The data byte on the DBO (must be zero) is set 
into the DBO register. Just as in a 'write data byte' 
command, the contents of the DBO buffer is 
sent to the serializer. The output of the serializer 
is ORed with the CRC register position 16. 
Therefore, the DBO byte must be zero so the 
correct CRC byte will be written. 

Two 'write CRC byte' commands must be sent 
in order to write all 16 bits (2 bytes) of the CRC 
character. 

A 2 byte delay to !lllow the CRC bytes to be 
written is !lccomplished by sending 2 bytes of 
zeros to the attachment using the 'write data 
byte' command. These two comamnds pl!lce !l 
zero in the DBO buffer !lnd in the serializer. A 
'reset sector op' comm!lnd follows !lnd resets 
'write g!lte'. However, before resetting 'write 
g!lte' three extr!l clock bits !lre written. This 
ensures correct re!lding of the l!lst CRC bit. 

I/O Control Load Command 
Data Sample 

Command Select 

Clock 3 

Bit Ring 7 

33FD Enabled A ~----. 
Write Buffer Empty 

DBO Buffer 

o 

2 

Port DBO 
Channel X 

1 4 

I 
I 5 

I 
I 6 

I 
I 

7 

I DK310 

I 

Seri!llizer 

0 

I--

1 ~ 
I--

2 ~ 
t--

:3 ~ 
X - t--

4 ~ 
f---

5 W 
t--

6 W 
t--

7 f.-J 

Write Bit Ring 0-7 

33FD-26 

0 A (!lccumul!lte CRC) 

f---

1 A 

f-- I 33FD -
2 A Write Trigger I 

Write G!lte I f--- -
A 

21ls Osc 
A I I 0 

3 
~ 

I-- OR r-LJ- FF I "--4 A 
Clock Bits OR I r-

I-- "-- I DK310 

5 A I 
f---

6 A 

f---

7 A 

CRC Register 
Position 16 



Write CRC Byte (Continued) 

See the 'write data byte' timing chart (33FD-24) 
for the initiation of this command. As a point 
of reference, the zero is set into the DBO buffer at 
this time as the last data byte is bein!1 written. ----I 

Write Gate 

2/J.s Osc 

Write Clock 

Write Bit Ring 

Clock Data to Write Serializer 

Write CRC Byte 

Write CRC Gen Timing Latch 

Shift CRC Reg 

CRC.(16) (example) 

33,FD Write Data Trg 

OK060 

DK310, 

DK320 

DK320 

DK320 

DK320 

DK410 

OK420 

DK310 

OK310 

, 
I --"1 __ Write Last' 
I Data Byte 

I I I 

I Write Firn CRC Byte , I Write Second CRe Byte I 
I I I 

Write These Extra Clock Bits---

I • ••• L ••••••••••••••• ~ •••• i\\ ••• ~ ••••• .:. • I 

31011 12131011 I 2131011 121 31 0 11 1213101112131011121310111 213101112131011 1213 101 1 1213101112131011121310 1 ~,~ 13101 1 1 213101 1 12131 0 11 1213101 1 12131 0 1112 "31 

I 6 1 7 I 0 I 1 I 2 I' 3 I 4 1',5 I 6 1,7 ,I 0 I 1 I ~~ I 7 I 0 I 1 1 2 I 6 I 

: • j} • 

~ , 0 

f 
0 0 

f 
0 n 0 5 o _C C 

*Reset by a 'reset sector op' command. 

33FD·27 



Seek One Track 

This command initiates the following sequence of 
events: 

Attachment receives a 'seek one track' command. 
Control information to move the head to the 
next track is received on the DBO. 
The read/write head is loaded. 
The head is moved one track by rotating the 
stepper motor 90 degrees. 
The operation is completed by the time the next 
index pulse occurs. 

This operation differs from the 'seek to next track' 
command in the following respects: 

- lhe command is initiated by the 33FD microprogram 
just after index time. 

- The command causes the read/write head to load. 
- The operation is reset by the next index pulse. 

A single 'seek one track' command can only move 
the read/write head one track. The 33FD micro­
program must know where the head is and send 
the correct data byte to move the head one track. 
However, only bits 6 and 7 on the DBO are used 
to control the access lines to the 33FD disk drive 
(see chart on this page). 

The initiation of the operation is the standard 
sequence for the control load command. At 
command sample time the attachment sets the 
'overlap 1 track seek' latch and data bits 6 and 7 
are set in the track address register. As a result 
the head is loaded, the 'seek command' latch 
turned on and the output of the track address 
register selects the proper 33FD access lines to 
move the head one track. A 'disconnect' command 
activates the reset to the 'seek command' latch. 
However the set overrides the reset and the latch 
remains on until the 'overlap 1 track seek' latch 
is reset. 

At the next 'index pulse A' time, the operation is 
ended by resetting the 'overlap 1 track seek' latch. 
The minimum time between index pulses is slightly 
over the 150 ms required to do a seek of one track. 

Refer to ALD DK510. 

See the control load timing chart (33FD-21) for the 
initiation of this command. 'Command sample' is 
used as the point of reference. 

Command Sample DK040 

Overlap 1 Track Seek DK510 

Set Head Load DK060 

Activate Head Load Mag DK010 

Seek Command Latch DK510 

Seek Track Reg DK510 

Activate 33FD Access Track 
Lines (See Chart) DK510 

Drive Stepper Motor DK101 

I ndex Phase A DK520 

Move Head 
to Track - 0 1 

DBO Bits ~ ~ 0 0 
0 1 

Access rro Lines 0/1 
Energized 1/2 

2/3 

X 
X X 

X 

( ( 

t" .r 
! " 

i i 

~ ~ 

~ '( 

I I 

~ 

( I 
) J 

Access Chart" 

2 3 4 5 6 

1 1 0 1 
0 1 0 1 0 

X X 
X X 

X X X 
X X X 1 

---- -----
* 
----------

-
74 75 76 

1 1 0 
0 1 0 

X X 

X 
X 

X X 

*If 33FD has beeh enabled by this time, 
the head remains loaded. 

33FD·28 



Seek to Next Track 

This command initiates the following sequence 
of events: 

Attachment receives a 'seek to next track' 
command. 
Control information to move the head to the 
next track is received on the DBa. 
The read/write head is moved one track by 
rotating the stepper motor 90 degrees. 

A single 'seek to next track' command can only 
move the read/write head one track in either 
direction. The 33FD microprogram must know 
where the head is and place the proper data byte on 
the DBa. Only bits 6 and 7 on the DBa are 
required to control the access lines to the 33FD 
disk drive. 

The initiation of the operation is the standard 
sequence for the 10Cl command. At command 
sample time, the attachment sets the 'seek com­
mand' latch and data bits 6 and 7 are set in the 
track address register. The output of the track 
address register selects the proper 33FD access 
lines to move the head one track. 

If the head is to be moved more than one track, 
the 33FD microprogram issues another 'seek to 
next track' command after 50 ms. After the last 
seek has been issued, the microprogram waits 
150 ms and then resets the seek by issu ing a 
'disconnect' command. 

The disconnect resets the '33FD enabled' latch 
which in turn resets the 'seek latch' and ends 
the seek operation. 

Refer to AlD DK510. 

The 'seek to next track' commands are initiated 
by the control load sequence (33FD-21). 'Data 
sample' and 'command sample' may be used as 
a point of reference to continue on this chart. 

I First Seek 

I .. 
I 

33FD Enable DK040 

Data Sample DK020 

Command Sample DK040 

Seek Command latch DK510 

Set Seek Track Reg DK510 

Activate 33FD Access Trk 
Lines (See Chart) DK510 

Drive Stepper Motor DK010 

Access Chart 
Move Head 
to Track -

DBa Bits 

Access 
Lines 
Energized 

{ 6 
7 

{ 
3/0. 0/1 
1/2 
2/3 

0 

0 
0 

X 
X 

Example: Moving Head from 
Track 2 to Track 6 

3/0 

1 2 

0 1 
1 0 

X 
X X 

X 

50ms 

3 

1 
1 

X 

X 

1 
.1 .. 

! ~ I 
)~ 

I 

4 5 6 

0 0 1 
0 1 0 

X 
X X 

X X 
X 

Second Seek 

150 ms* 

~ r 

~~ 

P 

74 75 

1 1 
0 1 

X 

X 
X X 

I 

~ Reset by a dis-l5 connect command. 

,f Degates seek 
track reg. 

76 

0 
0 

X 
X 

*50 ms to seek and 100 ms for 
seek mechanism to stabilize. 

0/1 --,---~-LJ-•• l-~~=-----.----
1/2 _________ !-~----__ ..... 
2/3 _____ --=:~~~-+-~~~---L--
leadscrew Rotation 

33FD-29 



Search for AM Byte 

This command initiates the following sequence of 
events: 

Attachment receives 'search for AM byte' 
command. 
This command initiates a read operation by 
turning on the 'read data command' latch. 
Attachment searches for a sync field and an 
AM byt~. 
The data separator, read clock, and read bit 
ring are· synchronized. 
AM byte is deserialized and placed in the 'read 
data buffer'. 

The 'search for AM byte' command is lIsed to 
initiate the reading of the I D field or the data 
field of a record. It causes the bytes being read 
to move through the deserializer and into the 
'read data buffer'. The 'sense data byte' command 
is then required to transfer each byte of data to 
the channel. 

The initiation of this command is the standard 
sequence for the 'control load' command (33FD·2l). 
At command sample time the 'read data command' 
latch is set and the search for a sync field is started. 
After 16 consecutive zeros are read, it is assumed 
to be a sync field. Sixteen zeros fed to the CRC 
circuits turn all positions of the 'CRC shift register' 
off (33FD·49). 

The search then continues for the first data bit of 
the AM (address mark). This bit will turn on the 
'byte sync found' latch and allow the read bit ring 
to start running. In addition, the 'CRC shift register' 
is initialized for reading by turning all positions of 
the 'CRC shift register' on. 

If a valid AM is found, the 'byte sync found' latch 
is left on and reading of subsequent data continues. 
If a val id AM is not found, the 'byte sync found' 
latch is turned off and the attachment looks for 
another sync field. 

After the AM byte is read into the deserializer it is 
transferred to the 'read data buffer'. A 'sense data 
byte' command is then required to gate this byte 
into the 'OBI· register' and on to the channel. 

Normal synchronization between the diskette and 
the data separator is accomplished by synchroniz· 
ing to the clock bits. However, during bit ring 2, 3, 
and 4 time when reading the AM, there are no 
clock bits and the data separator is synchronized to 
the data bits. This is accomplished by activating 
the 'sync DS on data bits' line. 

33FD 

I 
I 0 I n Raw Read Data Data 
I Separator 

DK010 I 
I 

DJ010 

Cl 

Bl·B7 

Standard Read Data 

I Standard Rd Clock 

Read CO·C3 

= Clock 
and BO·B7 
Bit Ring 

DK230 

CRC Gen Pos All Off 

.Read Data.Cmd 

(not valid AM) 

..--

Read Data 
Deserializer 

0 
r--

1 C3 

A I-- r-- B7 
2 

L..-- -
3 

X-
4 

----
5 

r--
6 

r--
7 

Gen Rd 
Parity 

FF r---
Set on 
at Cl·BO 

QK210 
Byte Sync 

- Found 
'--

FL A -

~~ 
OR 

DK220 

Read Data 
Buffer 

0 
t--

1 
A I--

2 
I--

3 
X - 4 

I--

5 
I--

6 
t--

7 

P 

DK210 

Hex Decode 00 

I/O Control Sense 

Co mmand Sample 

I/O Instruction Cycle 

OBI Register 

0 
r--

1 
I--

2 

DK130 
I--

3 
X· X· 

4 
-
5 

1-
6 

I--
7 

I--
P 

OK 

A 

IMPL 
DK110 

. -
X Port 

"-Data In 
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I 
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Search for AM Byte (Continued) 

See the 'control load' timing chart (33FD·21) 
for the initiation of this command. 'Command 
sample' is the point 9f reference between the 
two charts. 

Command Sample 

Read Data Command 

Find Bit Sync On 0 

DK040 

DK220 

DK220 

Start 

I Read 
Op 

Synchronize -I 
Synchronize 
Read Bit Ring 

~ ~ _____ Read AM Byte _____ -+ __ 
(Note 1) 

Continue Reading Until Read 
Data Command is Reset 

1 
) 
.. ---.. ll---------------11. ___ .J!(N~ot!:.1e2L) 

~ 
2 3 4 5 7 

33F D Standard Read Data DJ010 __ rL _ jl_ ~ (\_) ...,.-------~(d\----...,.....-----,fII-----I.L....----II....--I---.---~-.. '---__ ~ ~ __________ , 

33FDStandardRead Clock 

Read Clock (0123) 

Buffered Read Clock 

Read Bit Ring 

Zeros Found (CRC gen all 
positions Off) 

Byte Sync Found 

Sync DS on Data Bits 

Read Data Deserializer Reset 

Set Read Data Buffer 

Set CRC for Read QP 

DJ101 

DK230 

DK220 

DK230 

DK420 

DK220 

DK220 

DK210 

DK210 

DK230 

J,-_n_..J"_~~. • • • r ( 
I • " I . I' I I' ) J 

-I __ L_L--S ~3 0-- 3 0-3 0-- 3 0- () 

-T~J-L....rL1 ~ ~ ~ 
;. ( 0 

( ~ j j 

r ( n ) j 

~ .~ ) 

~( ) ~ ( ) 

_..J'_ .... ":.._rq ~ • • • I'f ) 

( ~ ) 
( t 
) ) 

~ .. ~ . ~ ~ 

0 2 3 I 4 5 6 7 

• • • 

0 1 r ( 0 I 2 0 
) J 

11 
~ ~ 

I r ~ ) 

~ ~ 
~ ( ) 

Notes: 
1.AM byte example is FB. 
2. Read operation is ended by a reset sector op 

command. 
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Control Sense 

Channel 

Data 
Buffer rr - -, Port 

1 L DBO 
)-----"> 1 --(----",11 r--

II 1 Port 

)----11 I<,,--_DB~ 
<----11 l-.r---

1l_..J 
PH070 

See J,tINSTR·30. 

1 Select Attachment 

I 
1 
1 -. 
1 

1 
1 
1 0 1 2 

I 
1 

I 
I 
1 
1 
1 
1 
1 
1 DA 

1 0-3 Device -... 
Address 

I 
,.. 

Hit 
I 
1 

I 

* For diagnostic 
use. 

" Mod 4-7 

3 4 5 6 
0 0 0 0 
Data Byte 33FD-34 

0 0 0 1 
Error Byte 1 

33FD-34 

0 0 1 0 
Error Byte 2 

33FD-34 

0 0 1 1* 
33FD Control 

33FD-34 

0 1 0 0* 
Read Control 

33FD-35 

0 1 0 1* 
Write Control 

33FD-35 

0 1 1 0* 
Bit Rings 33FD-35 

0 1 1 1* 
Counters & CRC 

33FD-36 

1 0 0 0* 
CE Write Clock Ad-
vance 33FD·36 

1 0 0 1* 
CE Standard Read 
Data Pulse 33 F 0·36 

1 0 1 0* 
CE Standard Read 
Clock 33FD·36 

1 0 1 1* 
CE 8F Read Clock 

33FD·36 

1 1 0 0* 
Sense for Hex 00 

33FD·36 

1 1 0 1* 
Set OBI Reg to Hex 
FF 33FD·36 

1 1 1 0* 
Set OBI Reg to Hex 
OF 33FD-36 

1 1 1 1* 
Set OBI Reg to Hex 
FO 33FD-36 

33 F 0·32 

1 Send Data Byte to Channel 

1 
I 
1 

DBI 

BitO Bit 1 Bit 2 Bit3 Bit4 Bit 5 Bit 6 Bit 7 

Data Bits 

33FD Fast Not Ready End of Cylinder Missing Record Read Overrun Write Overrun Write Parity Check 

33FD42 33FD42 33FD45 33FD43 33FD43 33FD43 

Write or Erase Missing Erase Gate 
Gate Unsafe 33FD44 33FD I/O Working 

33FD44 

Head Load Low Write Current Write Current Gate Gated Tunnel Erase Track 3 or 0 Track 0 or 1 Track 1 or 2 Track 2 or 3 

Write Data Data Wrap Mode Find Bit Sync on Sync on Data Bits AM Byte Good Read Clock C1-C2 Read Clock C2-C3 
Zeros 

CE Wrap Data Write AM WriteCRC Write Clock 1 Write Clock 2 

Read Bit Ring 14 Read Bit Ring 2-5 Read Bit Ring 3-6 Read Bit Ring 4-7 Write Bit Ring 14 Write Bit Ring 2-5 Write Bit Ring 3-6 Write Bit Ring 4-7 

IMPL Counter Index Counter 8 Ready Counter hot 
CRC not Zero CRC not Divide CRC Reg Position 1 CRC Reg Position 16 

not 81 170, 032 J.lS 

Hex 00 

Hex FF 

Hex OF 

Hex FO 



Control Sense (Continued) 

The control sense command transfers a data byte, 
an error byte, or a byte of attachment control 
information to the channel. However, some 
commands are sent to perform CE (diagnostic) 
functions such as simulating a 'standard read data 
pulse' or setting a specific value in the DBI register. 
All control sense commands return a sense byte 
to the channel. In some cases it is only a hex 0 
with no real significance other than indicating the 
OBI register is reset to O. 

The timing chart on this page shows the sequence 
of events for the control sense command. The 
chart is referenced from the following control 
sense pages. 

CBO (valid) 

DBO (valid) 

Control Out 

Modifier Register DK030 

Gated Strobe DK010 

33FD Command Accept DK010 

Strobe Count 1/2 DK030 

Strobe Count 2/3 DK030 

Command Select DK020 

Data Sample DK020 

I/O Cycle Latch DK040 

Command Sample DK040 

DBI Register DK120 

DBI (valid) DK110 

Control Out or Service Out 

Seq Done DK010 

Service In DK020 

Service Out 

W/O Parity (CBI Bit 4) DK110 

I como, 
mand 
Setup 

Assemble Sense Byte or 
Execute CE Command 

Send Sense Byte 
to Channel 

- - - -
0* (Note 2) 

(Note 1) 

--8* 

Notes: 
1. Parity is not generated unless a data byte is 

being sent to the channel (DBO modifier 
hex 0) and the 33FD is enabled. The CBI 
bit 4 line is active if parity is not generated. 

2. 'Command sample' and 'gated strobe' pulses 
are delayed if the read data buffer does not 
contain the next data byte for a sense data 
byte command (DBO modifier hex 0). 

*See 33FD-34, 35, and 36 

lEnding , 
Sequence, 

-

-

33FD-33 



33 F 0·34 

Control Sense (Continued) 

Modifier 
DBO DBI 
4,5,6,7 Data 
(Hex) Bits Command Action Taken ALD Timing 

0000 (0) 0-7, P Sense Data Byte Transfers contents of the read data buffer (DK21 0) to the DBI register and on to the DK120 0 
DBI bit lines to the channel. DK110 • Signals channel that data byte is available. 

.. 
,. 

0001 (1) Sense Error Byte 1 Transfers 1 byte of error informatiorii.\ft)'the channel. DK110 

0 Error bits are gated through selector blocks on DK130 DK130 

o J and set in DBI register on DK120. From here the byte I 33FD fast 
I 

DK520 
1 goes through a selector block and on to the DBI on 33FD not ready DK520 

~( DK110 (note): End of cylinder I DK610 
3 Missing record I DK610 
4 Read overrun I DK610 
6 I Write Overrun 

I 
DK610 

7 Serial write parity check DK610 
Signals that error byte is available. e 

0010 (2) Sense Error Byte 2 Same as for error byte 1. Bit 6 is not an error condition DK110 0&. but is an indication the head is loaded or the working DK130 
is not on. 

0 ( Write or erase gate unsafe DK610 
1 Missing erase gate I DK610 

6/ \ 33FD I/O working DK110 

0011 (3) Sense 33FD Control l Transfers 1 byte of control information to the DK110 0 
channel. Each bit tells the status of a specific 33FD DK130 

~ ) 
control line (note). Bits are gated throu!jh selector 

( 
Head load DK060 

block (DK130), to DBI register (DK120), and to Low write current I DK060 

~( 
DBI (DK110). Write current gate I DK060 

Gated tunnel erase 
I 

DK060 

4( ) Access track 3/0 DK510 
5 Access track 0/1 I DK510 

6 I I Access track 1/2 I DK510 
7 Access track 2/3 I DK510 

Signals channel byte is available. e 
I For diagnostic use. 

Note: Parity not generated. 



Control Sense (Continued) 
Modifier 
DBO OBI 
4,5,6,7 Data 
(Hex) Bits Command Action Taken ALD Timing 

-

0100 (4) Sense Read Control l Transfers 1 byte of control information to the DK110 0 
channel. Each bit tells the status of a specific control DK130 

0 line (note). Bits are gated through selector (DK130), / Write data I DK310 
1 to OBI register (DK120), and to OBI (DK110). Data wrap mode DK060 
2 , , F=ind bit sync on zeros I DK220 
3 Sync on data bits I DK220 

4 t , AM byte good I DK220 
6 Read clock Cl-C2 I DK230 
7 \ Read clock C2-C3 DK230 

Signals channel byte is available. • 0101 (5) Sense Write Control l Same as read control (note). DKll0 0&0 
DK130 

1 J ~ 
CE wrap data 

J 
DK310 

4 ( Write AM command 
I 

DK060 
5 

I 
Write CRC command DK060 

;~ Write clock C1-C2 I DK320 
Write clock C2-C3 I DK320 

0110 (6) Sense Bit Rings1 Transfers 1 byte of read bit ring and write bit ring DK110 0 information tothe channel. Each bit tells the status DK130 

~ i 
of a specific read or write bitting line (note). Bits Aead bit ring 1-4 DK230 
are gated through selector (DK130), to OBI register Read bit ring 2-6 I DK230 

2 f (DK·120.) ·and to OBI (DK110). , Read bit ring 3-6 I DK230 .. 
3 Read bit ring 4-7 

I 
DK230 

41 I Write bit ring 14 DK320 
5 , Write bit ring 2-5 I DK320 
7 1 \ Write bit ring 4-7 DK320 

Signals channel byte is available. e 
1 For diagnostic use. 

Note: Parity not generated. 

.. 33FO-35 



33 F 0.36 

Control Sense (Continued) 
Modifier 
DBO OBI 
4,5,6,7 Data 
(Hex) Bits Command Action Taken ALO Timing 

0111 (7) Sense Counters and Transfers one byte of counter and CRC information OK110 0 
CRCI to the channel. Each bit tells the status of a specific I DK130 

1 counter line or CRC Ime (note). Bits are gated IMPL counter not 81 OK510 
2 J through selector (DK130). to OBI register (DK120) Index counter 8 I OK530 
3 and to OBI (DKll0) (note). Ready counter not I ) 170,032 JJ.s I OK520 
4 CRC not zero DK520 
5 ) CRC not divide I DK420 

~ J I 
CRC register position 1 I DK410 
CRC register position 16 DK420 

Signals channel byte is available. 0 
1000 (8) Hex 0 CE Write Clock Advances the write clock two positions. Also resets OBI register to zero and sends DK320 0 Advancel hex 0 to the channel (note). DK120 

DK110 

1001 (9) Hex 0 CE Standard Read Generates a gated standard read data pulse. Also resets OBI register to zero and DK210 0 
Data Pulsel sends hex 0 to the channel (note). DK120 

0 DK110 

1010 (A) HexO CE Standard Read Generates a gated standard read clock pulse. Also resets the OBI register to zero OK230 0 
Clockl and sends hex 0 to the channel (note). DK120 

OK110 0 
1011 (B) Hex 0 CE 8F Read Clock 1 Advances the read clock one position. Also resets the OBI register to zero and DK230 0 

sends hex 0 to the channel (note). DK120 

0 DK110 

1100 (C) Hex 0 Sense for Hex 001 Resets the OBI register to zero and sends hex 0 to the channel (note). DK120 8 DK110 

1101 (D) Hex FF Set OBI Register to Sets the OBI register to hex FF. Then sends hex FF to the channel (note). DK120 8 Hex FFI DK110 

1110 (E) Hex OF Set OBI Register to Sets the OBI register to hex OF, then sends hex OF to the channel (note). DK120 
Hex OF I DKll0 

1111 (F) Hex FO Set OBI Register to Sets the OBI register to hex FO, then sends hex FO to the channel (note). OK120 
Hex FOI DK110 

1 For diagnostic use. 

Note: Parity not generated. 
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Jump I/O 

Channel 

I 
I 
I , 

===~~ I a v 3 I 
fM~o Instruc1 I 
J tion Op Code I I 
bPecode. . d. r 
, 0"10"'1'1 ~o-r-l:::;::i~ , 
I..,...; ..L.,; :..&.. :...L:.oJ . \.. :...L. ..J... .J 

PHll0 ~-" ~ I 

Select Attachment 

Mod 4-7 

II CBO I 
LL! .:..:iI_,,_" , 

Data I 
Buffer I rr--, 

II I Port I DA Device 
)~ ___ II L ..QBO _ .-J, .... O.-3 .. , Address 
(0---11 r----r Hit 

II I 1 ~--' 
u..._...J 

PH07Q 1 
I 
1 

1 

o 1 2 3 

a 

a 

a 

a 

(JIO) a 

all 
0 

0 

a 

4 5 6 
Condition Tested 

a o o 33FD not Ready or 33FD Error 

0 a AM not Found 

0 a CRC not Zero 

0 Index Pulse Off 

1 a a No-op (will not branch) 

a Jump I/O True - Test 1 

a Jump I/O True - Test 2 

Jump I/O True - Test 3 

(to CPU)' ' __ C~B:::.:I~Bi;;.t...;.4 __ -t __ -;-______ 'i' ----------1-- I (condition true) 

1 0 0 a Set Load Head Latch 

See III NST-38. 1 a a 1 Set Low Write Current 

1 0 1 0 Set Erase Gate 

1 0 1 1 Set 10 Orientation 

all 
1 1 0 0 Reset Error Status 

1 1 a 1 No-op 

1 1 1 0 Reset Erase Gate 

1 1 1 1 Reset Sector Op 

33FD40 

33FD-40 

33FD-40 

33FD40 

33FD40 

33FD40 

33FD40 

33FD40 

33FD40 

33FD40 

33F041 

33FD41 

33F041 

33FO-41 

33FD41 

JIO 
True 
Seleet 

BRTrUI 

JumpJ/O 

No lOlitrl"lction Oycle 

. Oommal'l~fSample 

DK120 

33FO·38. 

JIOTrueReQ 

C, A*OR 

C~ 
03 



Jump I/O (Continued) 

The jump I/O command is divided into two parts: 

1; Part 1 commands have modifiers of hex 0 
through hex 7. 

2. Part 2 commands have modifiers of hex a 
through hex F. 

The commands that fall within the first part test 
the attachment for Ii specific condition; If the 
conditi()n is true, a positive response is sent to 
the CPU by activating the cal bit 4 line. In 
this attachment the cel bit 4 line is called 
'33FD C Stg/W-O P/Br'*. It is so named to indicate 
multiple usage. 

Each command that falls within the second part 
performs a specific function such as setting or 
resetting a latch. No jump test is made for this 
group. An explanation of these commands is ()n 
the following page. 

*33FOcontrol storage (without paritY/branch). 

ceo (valid) 

oeo (valid) 

Control Out 

Modifier Register 

Gated Strobe 

33FO Cmd Accept 

Strobe Count 1/2 

Strobe Count 2/3 

Command Select 

OataSample 

I/O Cycle Latch 

Command Sample 

JIO Condition True 

J:3ranch(CBlbit 4) 

Control Out or 
Service Out Seq Done 

Service In 

Service Out 

*See 33F0-40, and 41 

Com-

I ~.and I 
~tup Execute Command 

o K030 

OK010 - - - -OK010 

·OK030 

OK030 

DK020 

o K020 

OK040 
* 

OK040 

OK120 
(notel 

OK110 
(notel 

OK010 

OK020 -*e 

Note: These lines can only be activated by the 
JIO commands that have a modifier of hex 0 
through hex 7. 

lEnding I 
Sequence 

-

33FD·39 



33FD.40.·· 

Jump I/O (Continued) 
. 

.. 
Modifier .. 

OB04, CBI Bit 
5,6,7 Note 1 Condition Tested Action Taken 

... 

ALP .. Timing 
(Hex) 

.. 

0000(0) 4 33FO not ready or Tests for the.following conditions and ihny of the listed DK120 0 
33FOerror. conditions are found, the CBI bit4 wiHbe sentto the CPU. 

Conditions tested: Not ready 01(520 
Running fast .OK520·. 
Read Overrun OK610 
Serial'write parity check OK610 
Write overrun. OK610 
Missing erase gate OK610 
Write or erase gate unsafe OK610 
Missing record DK619 
End of c::ylinder [)K610 

0001 (1) 4 AM not found Tests the AM byte good latch. If the latch is off, CBI bit DK120 0 
.4 is sent to the CPU. , 

0010(2) 4 CRC not zero Tests the test CRC gen 0 latch. ·If the latch is off, cel DK'120 0 
bit 4 is sent to the CPU. .. 

0011 (3) 4 Index pulse off Tests the 33FO index singleshot. If singleshot is off, DK120 0 
CBI.bit 4 is sent to the CPU. 

0100(4) Noop Will perform normal channel sequence fQr JIO. No test OK120 e 
is made and CBI bit 4 is not sent to the CPU . 

.. 

0 0101(5) 4 Jump I/O true test 1 This is a diagnostic test. It tests the ability at JIO true DK120 
latch to be set by; read overrun, AM not found, or CRC 
not zero. .. 

0110(6) 4 Jump 1!0true test 2 This is a diagnostic test. It tests the ability ofthe JIO DK120 0 
true latch to be set by; write overrun orserial write 
parity check. 

0111 (7) 4 Jump I/O true test 3 This is a diagnostic test. It tests the ability of the JIO OK120 0 
true latch to be set; not ready, running.fast,write or 
erase gate unsafe, missing eraSe gate, missing record, end 
of cylinder, or index off. 

1000(8) Set load head latch Sets the head load latch and energizes the head load magnet. OK060 0 
OK010 

.. 

1001 (9) Set low write current Sets the low .current latch and decreases the current through DK060 e 
the write head. OKO.10 

1010(A) Set erase gate Sets the erase latch and energizes the erase coil driver. OK610 0 



Jump I/O (Continued) 

Modifier 
OB04 CBI 
567 Data 
(Hex) Bit Condition Tested Action Taken ALO ~iming 

1011(B) SetlD orientation Sets I D orientation latch. This latch degates the set of OK610 e 
missing record, and gates the sent of end of cylinder. 

1100(C) Reset error status Resets the following conditions by activating error resets. OK610 e 
Condition reset: Not ready-(turns on ready latch) OK520 

Running fast-(resets latch) OK620 
Read overrun-(resets latch) DK610 
Serial write parity oheck (resets latch) Ok610 
Write overrun (resets latch) OK610 
Missing erase gate (resets latch) 01<610 
Write or erase gate unsafe{resets latch) DK610 
Missing record (resets latch) 01<610 
End of cylinder (resets latch) 01<610 

1101 (D) No op Performs the normal channel sequence for JIO but no tests 
are made and no latches are set or reset. 

1110{E) Reset erase gate Resets the erase latch and deenergizes the erase coil driver. 01<060 e 
bK010 

1111{F) Reset sector op Ends a write operation by resetting the write gate latCh and 

8 the write CRC latch. OK060 

Ends a read operation by resetting the read data command 
latch. DI<.220 0 
Resets the CE mode index latch. OK520 0 

33FD·41 



Error Conditions 

The jump 1/0 command with a modifier of hex 0 
(33FD·38) is used to detect a 'not ready' condition 
or an 'error' condition. The control sense command 
is then required to determine the specific error 
(33FD·32). 

Refer to ALD DK120. 

33FD Running Fast 

A 33FD running fast error occurs when the diskette 
is turning so fast that index pulses occur more often 
then every 161,792 ps. 

The 'before index time' latch is turned on by the 
'index, phase 8' line. If the index counter has not 
cou nted to 161,792 ps by the ti me the next' index 
phase A' pulse occurs, the '33FO running fast' 
latch is turned on. 

33FD Not Ready 

A 33FD not ready condition occurs when the 
diskette is turning so slowly that index pulses occur 
farther apart than every 172,032 ps. 

The ready counter is reset by the 'index, phase B' 
line. It is then allowed to advance. If the counter 
has not been reset again before it reaches 172,032 
ps, the '33FD running' latch and the '33FD ready' 
latch is turned off. 

Index Phase Counter Lines 

(from index counter) 

Index rime Cnt Lines 

(from ready counter) 

Index Phase Counter Lines 

(from index counter) 

Index Time Cnt Lines 

(from ready counter) 

Index A & B 

4 DCD 

2 5 

1 7 

Index A & B 

4 DCD 

2 '5 

1 7 

33FO·42 

I ndex Phase A 

Index Phase 8 33FD Running 

Before Index Fast 

Time G1 FL 

Index Time Cnt S FL 1S 
161,792 JJ.S R 

I A R 

Reset Error 

DK520 

33FD Ready Index Phase A Reset Error 
S FL 

33FDRunning 

Index Time Cnt S FL N R 
172,032 ps 

I A R 

DK520 



Read Overrun 

A read overrun occurs when another byte of data 
is ready to be set into the read data buffer and 
the channel has not taken the previous byte soon 
enough. 

The contents of the read data deserializer is trans­
ferred to the read data buffer at 137-C3 time. 
If the contents of the. read data buffer has not 
been set into the 0131 re'glster by 137-C2 time the 
'read overn.i l1.' lC;ltch)s set. 

Write Overrun 

A write overrun occurs when the attachment is 
ready to write another byte on diskette and the 
channel has not sent another byte soon enough. 

The contents of the DBO buffer register is trans· 
ferred to the write serializer register at B7-C3 
time. If the channel has not responded in time 
with another byte, the 'DBO buffer full' latch is 
not set and at B7·C2 time the 'write overrun' 
latch is set. 

Write Parity Check 

A write parity check occurs when an even number 
of bits is detected while writing a byte on diskette. 

The data bits being written and the P·bit position 
of the DBO buffer are sent to the 'serial write 
parity' trigger. If the total number of bits are 
even the trigger will be off, and at B7·C2 time 
the 'write parity chk' latch will be set. 

. Transfers contents of read 
data buffer to DI3I register. Read Overrun 

Read Clocks (C2·C3) G1 FL Read Buffer 
Empty Read Bit Ring (B·7) 

1G2 Command Sample 
Gl 

, 

FL N 2S I/O Control Sense 
G2 Error Reset R 

CBO Modifier Decode Hex 0 2S 
Read Clocks (C3) 

<33 
Read Sit Ring (B7) 3R DK610 

DK230 

Write Overrun 

C 

Command Sample ;-- Write Clocks (C2·C3) FL 

I/O Control Load . I A 
Gl 

N DBO Buffer Full 
Write Bit Ring (B·7) 

iG2 
BO Modifier Decode Hex 0, 1,2 or 3,* 

G1 FL 1 N 2S L 
S 

Error Reset R 

R DK610 

DK320 

Write Clocks' (C3lr--

Write Bit Ring (B7) A Clock Data to Write Serializer 

-
Write Clocks (C2 C3) . - Write 

Write Bit Ring (B7) Parity Check 

Clock Data to Write Serializer A S FL 
N 

Serial Write paritr "-- Error Reset R 

Write Buffer, Bit P 
C FFN 

P D 
DK610 Serial Write Bit, WO Clk/AM 

~1 
Write Clocks (C1·C2) 

P ~T 

33FD-43 



Write or Erase Gate Unsafe and Missing Erase Gate 

These checks occur if write or erase current is not 
active when it should be. They also detect if write 
current is active when it should' ,not be. 

These checks occur if write or erase current is not 
active during a write operation. The circuits also 
detect if write current is active when a write opera­
tion is not in progress. 

Due to the erase head being offset from the write 
head, 'erase gate' and 'write gate' are not turned 
on at the same time. The relative times are shown 
in the accompanying timing chart. 

'Write gate' callses the write clocks and bit ring to 
run and will activate 'gated write current gate'. 

, Erase gate' activates 'tunnel erase gate' and 
'gated tunnel erase'. As pointed out in the error 
explanations, it is significant that due to circuit 
delays, 'gated wt current gt' becomes active 
slightly after 'tunnel erase gate'. 

Write Bit Ring (B4-B!) 

Gated Tunnel Erase 

Gated Wt Current Gt 

Find Bit Sync on 0 

33FD Enabled 

N 

N 

Wt/Ers Gate 
Delayed 

S FL R 

G1 
1R 

Tunnel Erase Gate 

Write Time 

S FL 

R 

R 

Error-Reset 

DK610 

Missing 
Erase Gate 

G1 FL 

1S 

R 

Wt/Ers Gate 
Unsafe 

Gl FL 

15 

R 

Error Condition 

'Gated wt current 
gt' missing at a . 

'Gated tunnel 
erase' is missing 
from a to m. 
'Gated wt current 
gt'is active atm. 

'Gated tunnel 
erase' stays active 
after m. 

Write Gate 

Erase Gate 

33FD Enabled 

Explanation 

'Write time' latch does not turn on at end of B4-B7 
time, 'WT/ERS gate delayed' turns on causing the 
'WT/ERS gate unsafe' latch to turn on. In addition 
because 'gated tunnel erase' comes up slightly after 
'tunnel erase gate' the 'WT/ERS gate delayed' is 
held reset for this slight period of time and 'missing 
erase gate' latch is also turned on. 

'WT/ERS gate delayed' latch is reset and the 'missing 
erase gate' latch is turned on. 

'WT IE RS gate delayed' is not reset. At m when the 
33FD is disabled, the 'write time' latch is forced off 
and the 'WT/ERS gate unsafe' latch is turned on. 

'WT IE RS gate delayed' is not reset_ At II when the 
33FD is disabled, the 'write time' latch is forced off 
and the 'WT/ERS gate unsafe' latch is turned on. 

11 (I [I m 
I I I I I 
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Missing Record 

A missing record error occurs when the record 
being searched for has not been found by the time 
two index pulses have been sensed. 

A find ID operation is initiated by the 'search 
for AM byte' command. At the start of the search 
'find bit sync on 0' is activated and the 'search 
for record' latch turns on removing the set to 
the 'inhibit missing record' latch. The next 'index 
phase B' turns the 'inhibit missing record' latch 
off providing a set gate for the 'missing record' 
latch. 

After an ID field has been found, the 33FD is 
disabled resetting the 'search for record' latch and 
turning on the 'inhibit missing record' latch, 
thus degating the 'missing record' latch. 

If the search for an I D field has not been success· 
ful, the next 'index, phase A' sets the missing 
record' latch. 

Search for 
Record 

Find Bit Sync on 0 ----...,------11 5 FL 

33FD Enabled R 

Inhibit 
Missing 
Record 

5 FL 

R 

Missing 
Record 

~-""Gl FL 
...----II1G 

.----11'>5 

R 

Index, Phase B ___ ~ ______________ .......l 
DK610 

(not) ID Orientation-------l 

I ndex, Phase A 

Error Reset 
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Data Separator 

Separate data pulses from clock pulses. 

The data separator oscillators have been synchronized I r 1 ,us 

with '33F D raw read data' from disk. Asa result, 
data pulses occur when the 'data window line is 

SF Oscillator OJ020 • • • • • • • •• • • • • • • • active and clock pulses occur when 'data window is 
inactive. 4F Phase 1 OJ020 • • • • • • • • 
Refer to ALD OJOlO and OJ020. 4F Phase 2 OJ020 • • • • • • • • 

Data Window DJ020 

33FD Raw Read Oata OJ010 I I I I I I I 
Sel Raw Read Data DX010 I I I I I I I 

Separated Oata Latch OJ010 I I I 

} Latched Data OJ010 Example Data 1101 

33FD Stand Read Data OJ010 • • • 
Separated Clock Latch OJ010 I I I I 

Latched Clock OJ010 

33FD Standard Read Clock OJ010 • • • 



Index Counter 

The index counter' provides timing pulses that are 
used during the time the index singleshot is active. 
The counter is reset to zero and reset held until the 
index 55 is activated. Advance pulses then advance 
the counter until the count reaches eight. At this 
point the advan(:e pulses are stopped and the counter 
remains at eight until the index 55 turns off. The 

'counter is then reset to zero. 

I,f the index pulse does not last until the counter 
reaches foUr"the pulse is not considered a valid 
index pulse and the counter is reset. 

Gated 2 IlS Osc DK310 • 
Advance Index Counter DK520 • 
Reset Index Counter DK520 

33FD Index 55 DX010 

Index Counter OK530 0 

Index Phase Counter, Pos 1 OK530 

Index Phase Counter. Pos 2 OK530 

Index Phase Counter, Pas 4 DK530 

I ndex Phase Counter, Pos 8 DK530 

Index Phase A OK520 

Index Phase B OK520 

1 

Ready Counter 

The ready counter is a binary ,counter used to 
check the rotational speed of the 33FD. Itis 
reset every time an index pulse is sensed. Between 
index pulses it is allowed to advance with each 
'chan 512 nsosc' pulse. 

The output of the counter is sent to the speed 
check control circuits where it can be determined 
if the diskette is running too fast or too slow 
(33FD-42). 

Refer to ALD DK530. 

• • • • • • • • • • • • 
2 4 

• 

8 

The 'IMPLcounter' seNes twoful1ctioi'!,during' 
I MPL. 'It counts the number of one track seeks, 
(80) and controls the bits being set in the '$ .. k ' 
track register'. The cQunterhne$lttto1t1nd 
during thelMPL operatiQnadvances .teaC::b'J~.~, ", 
phaseB'time., ", " " 

Refer to ALO OK530. 

• • • • • • .. 
(( 0 

f1 

51 
Sf 

I i 
,fJ 

Sf 

. ", ', ... 



Write Clock and Write Bit Ring 

Provides clock timings for write operations. 

The advance of the write clock and write bit ring 
is controlled by 'write gate'. The write clock 
steps with both the rise and fall of the 'gated 2 jJ.S 

osc' line any time 'write gate' is active. The write 
bit ring is reset to 6 when 'write gate' is inactive. 

2 JJ.S Osc 

Write Gate 

Write Clock 

-I t- 2p.s 

•••••••••••••••• 
101112131011121310111213101112\310\1 1213\011 \213\ 0 \1 12131011 \213\ 

Write Bit Ring ~_6"-----'_--'-7_ ....... _0~-J._-'-_-'----=2=----L._..::3:..........J..._....:.4_-L..._.:::.5_..J 

Clock Data to • Write Serializer ________ L.-__________ ~ __________ _ 

Read Clock and Read Bit Ring 

Provides clock timings for read operations. 

The read clock runs continuously except when in 
diagnostic step mode. However, the read bit ring 
only runs after the AM byte has been found when 
reading. After the first data bit of the AM byte 
is found, the 'byte sync found' latch is turned on 
allowing the read bit ring to step. Byte synchroniza-

. tion is obtained becuase the first data bit of an AM 
byte is always a 0 bit. 

Refer to ALD DK220. 

4F Phase 1 • • • • • 
4F Phase 2 • • • • • • 

• • • • • • • • • • • 
• • • • • I • I • • • 

33FD Standard Rd Clk __ • ____ ---.L---.... ---___ • _______ .L-__ ...... ____ .L.-__ .... _____ _ 
Read Clock 1 3 1 0 11 121 31011 1 213101 1 1 21310 11 121 3 1 0 11 121 3 10 11 121310 1 1 12 13 10 11 121 

Byte Sync Found 

Read Bit Ring o 2 3 4 5 6 7 
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CRC Shift Register 

Used to check the reading of data. 
Used to generate two CRC bytes when writing. 
Used to identify sync fields. 

When reading or writing, the CRC shift register 
functions as three separate shift registers con~ 
nected by exclusive OR circuits. When the CRC 
shift register is used to identify sync fields, 
the bottom legs of the connecting exclusive DRs 
are never active and funcitonally the three 
registers now become a single 16 position 
shift register. 

Shift CRC Register 

A sync field consists of 6 bytes of clock bits (no 
data bits). Consequently AND blockOis never 
made when reading a sync field. After reading 16 
clock bits of a sync field all positions of the shift 
register will be off regardless of their status at 
the start. The first data bit in the AM following 
the sync field will turn on the 'byte sync found' 
latch. 

rB---G"0 Serial Read Data Buffer 
Reg 

16.~ L-~. '--- p> 

Byte Sync Found A I--

Write Data I-- OR >C Xl 
I >C 

Write CRC Gen Time A r-- X2 ....... e X3 

DK410 X4 
X5 

o Used to identify a sync field. 

• Used when reading. e Used when writing. 

1-

2~ 

3~ 

When reading or writing., the shift register must 
be considered as consisting of the three previously 
mentioned parts. The shifting of bits from one 
part to the next, or from the last back to the first 
is controlled by the exclusive DRs. For example, 
position X6 can turn on with the shift pulse when 
position X5 is on or the 'divide' line is active; 
position X6 will not turn on if neither or both 
inputs to the exclusive OR are active. 

4,11 
5 II '-- p> 

Reg 

.....-
5 

OE - >0 X6 -6-

L...- X7 -7 --4 

X8 -8 -4 

X9 -9 
Xl0 -10 
Xl1 -11 

DK420 X12 -12 Reg 
'-- p> 

12-
X13 (Divide) OE 1->0 

L...-
X14 
X15 
X16 

1-13-..... ..--
1-14~ 

-15 .... 
'-16~ 

Read Data Command 

~ 

'-1 
~2 

~3 

t-4 
~5 

~ 
..-7 
t-a 
t-9 
t-l 
~1 

t-l 
t-1 
t-l 
~1 

~1 

o 
1 
2 
3 
4 
5 
6 

CRC Gen Byte Sync 
All Pos Found 
Off G1 FL 

A t-~~ .......... lG2 
25 

OK220 Test CRC 
Gen 0 

Read Clock 3 r-G- 1..;;.;;..;.;.....;F;..,L--rI----

1...-------11 G2 
__ ~--R~ea~d;..,B;..,i_t~R;..,in~g~O~~2G3 

L-~~--------________ _43S 
DK420 

DK420 
Gated Standar d Read Data 

1 
To write -6 trigger circuits. 
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Printer 

This belt printer is permanently mounted in the 
system. Data is sent to the print hammers. The 
print hammers push the paper to be printed 
against a continuously turning type belt and 
printing takes place. 

Circuitry Location 

The printer circuitry is housed in two separate 
areas: in and on the printer, and on the 01-A2 
board (I/O board)_ 

The 50, 100, and 155Iine-per-minute printers 
share common theory information. However, due 
to extensive electrical and mechanical differences 
in the 285 line-per-minute printer, a separate 
subsection has been written for its theory. This 
subsection begins on PTR-51. 

Channel 
" 

...... ...... ...... ...... 
...... ...... ...... ...... ...... 

,~--------~----------------------~-------------------~ Printer Attachment, 

Print Hmr Hmr 

Buffttr Select Fire 

~ ~ ,~ ....L 

~~B~:f mpar 

I 

1 
Print Belt Scan 
Cycle - Sync -- Reg 
Control Control 

Sequence 
Control 

.. Carriage ..... 
Control 

...... ...... ...... 
...... ...... ...... ...... ...... ...... 

t 

r-------

~ 

...... ...... 
... , 

Printer 

Type belt Print 

and Print D~ivers and 

Ribbon Hammers 

Paper Carriage 
Clamp Control 

PTR·1 
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CPU! Attachment/Printer Operation 

Printer operati()n is controlled by the micro­
program commands in the CPU. The commands 
are: 

LOAD 
CONTROL LOAD 
SENSE 
CONTROL SENSE 
JUMP I/O 

Interrupts if enabled occur at the completion of a 
printed line, a carriage function, or when the 
elapsed time counter re~ches zero. The next com­
mand is then initiated. 

Data Area 

Output data flow to the printer is from a 132-
byte I/O area in main storage, called the line 
printer data area. Beginning at the leftmost byte, 
this data area in main storage corresponds charac­
ter for character to the print line beginning at 
print position one. 

Belt Image Area 

A character set image is defined as the sequence 
of print characters as they appear on the tYpe 
belt. Before printer operations begin, a given 
character set size must be provided and the image 
must be loaded into the belt image area of con­
trol store. For reference by the printer mi.cro­
code, the belt image is then transferredto main 
storage location; 

Three character sets are available: 48,64, arid 96. 
The 48-character set is: 

A-Z 0-9 $,. + - * / % @ # & I 

The 64-character set consi!;ts of the above 
48 characters plus the special characters: 

( ) = _: ; II ? d > < I ! ..., \ 

The 96-character set includes all characters in the 
48-character set, the lowercase alphabetic char­
acters, pi us. the following special characters:" 

CPU and Channel 

1---- ---------1 
i I Dot. A'ea I I 

: I !~~~ Image : 

-_._-------'.-..----
MaIn Storage 

Data 
Translation 

M 
I 
C 
R 
o 
C 
o o 

E 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PortDBO 

Forms Control 

Forms movement is also controlled by the printer 
microprogram. Forms length must first be defined 
by the program located in control storage. The 
printer must also be initialized to a linewithin 
that forms length. The maximum length of forms 
is 84 lines. 

The fOr'mslength and current print-line values 
(destination print line when the carriage is 
moving) are maintained by the printer micro­
program. 

End of Operation Interrupts 

Any operation initiated by the printer micro­
program results in an interrupt at the end of the 
operation. These interrupts are processed by the 
microprogram. Any checks ·that occurred during 
the exe.cution of the completed operation are 
handled immediately to prevent loss of the check 
status. 

Print 
Buffer 

Attachment 

Equal 

Scan 
Register 

Hammer Select 
and Fire 

Attachment Operation 

A print buffer is located in the attachment. It 
permits overlap of line printing and carriage spacing 
with other I/O device operations and CPU execution. 

The data in the pr.int buffer is compared to the 
value olthe scan register. Ifthey are equal, the 
corresponding hammer is selected and fired. 

The data area, located in main storage, containing 
the print line is not changed by printing. This 
leaves the complete print line available fOr error 
recovery procedures (ERP). 

The following keyboard functions are provided 
for operator control of the printer: 

Belt 
Position 
Counter 

Carriage restore 
New line (space one line) 
Reset line cOunter to 1 (tells the system the 
form is on line 1). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PSS 

Line Printer 

To Ha,mmers 

-

When the printer function keys are used, all pending 
check conditions are reset prior to executing the 

. function. Also an interrupt occurs at completion 
of the function, thus initiating any pending oper­
ations (commands). 

Display of check or not ready conditions, and 
'. recovery procedures are provided by the display 
screen. Operator response is always through the 
keyboard. 

50,100, and 155 Ipm PTR·3 



Theory of Printing 
(50, 100, and 1551pm) 

The belt printer has 66 hammers, one hammer 
for each two print positions. Therefore, to print 
one line of 132 positions, each hammer is fired 
twice. The print operation is separated into 
these functions: 

- Subscans: A subscan is the time required to 
option every tenth print position to every 
fourth belt position. Five subscans make one 
print scan. 
Print scan: A print scan is the time required 
to option one character to all odd print 
positions or all even print positions. 

- Print line: A print line is 48 odd print scans 
and 48 even print scans for a 48-character 
set 1 (standard). That is, every character...on 
the set is optioned to every print position. 

Each print position can print only one character 
per print line (when the print position is optioned 
and the character specified forthat position is 
equal to the character aligned at that position). 

During a subscan, the hammers selected for 
firing are buffered in the attachment, and 
they are gang-fired at the start of the next 
subscan. Odd or even print scans are stopped 
early if all optioned hammers are fired. 

To synchronize the type belt to the attachment, 
two types of pulses are required-a home pulse 
and the subscan pulses. 

The home pulse is generated from the type belt 
by the transducer a sensing the missing timing 
mark 111 that identifies the home position. The 
home pulse occurs one subscan before the first 
character of each character set is aligned to print 
in position 1. Sensing the first home pulse 
initiates a continuing check of the synchronism 
of the home pulse with the belt position counter. 

lThe subscan pulses are generated by the trans­
ducer. Detecting the 64-character set takes 64 
odd print scans and 64 even print scans. Two 
subscan pulses are developed from each timing 
mark. 

m 

II 

m 

Stepper Motor 

Print 
Position 

Gamm,n 
Type 
Belt 

II Transducer 

Drive Belt 

Print Belt 
Release 

2 3 4 5 6 7 89 1 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 111 113 115 117 

50,100, and 1551pm PTR-4 
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Theory of Printing 
(50, 100, and 155Ipm)-Continued 

When synchronism is verified (sensing a second 
home pulse) printing can start. 

Because the printer has a continuously moving 
type belt, the attachment must determine when 
to fire a hammer to print the specified character. 
Using the illustration a as a reference, observe 
the relationship between the moving type belt 
and the hammer positions. This shows the char­
acter A aligned with hammer 1 in print position 1. 

Print oPtioning can start when a character is 
aligned with print position 1. The belt position 
counter keeps track of what character is aligned 
to print in print position 1. This value is set into 
the scan register at the beginning of each print 
scan. During the first hammer option cycle, the 
character specified for position 1 is compared to 
the character aligned at position 1. During this 
first subscan, every tenth position (1, 11, 21, 31, 
41, etc) is compared with its respectively aligned 
character (every fourth belt character). If the 
character specified and the character al igned 
compare equal, the hammer is fired at the begin­
ning of the next subscan m . This sequence, 
starting at print position 1, is called subscan 1. 

Print 
Hammer 

Print 
Position 

1 ~1 Print SS2 
Scan SS3 
Odd SS4 

SS5 

Print 
Position 

1 
SS1 

Print SS2 
Scan SS3 
Even SS4 

SS5 

At the end of subscan 1, the type belt movement 
aligns the character B with print position 3 and 
hammer 2, as shown in the illustration m. Print 
optioning now continues with print position 3 
and proceeds through every tenth print position 
until the character aligned with print position 
123 is optioned. This sequence, starting with 
print position 3, is called subscan 2. 

Belt movement has now aligned the character C 
with print position 5, as shown in the illustration 
II . Print optioning continues for every tenth 
position until the character aligned with print 
position 125 is OPtioned. This sequence, starting 
with print position 5, is called subscan 3. 

Subscans 4 and 5 follow the same pattern 
(illustration II and DJ). Subscan 4 starts 
optioning with print position 7 and every tenth 
position through print position 127. Subscan 5 
starts optioning with print position 9 and every 
tenth position through print position 129. These 
five subscans make the first odd print scan. 

During this first odd print scan, each of the odd 
print positions was optioned to print one character, 
but only those hammers are fired that had the 
aligned character compare equally with the 
specified character, 

morO 

/8 
Hammer optioned (every 10th print position) 
Hammer optioned and compare equal 

F Hammer fired (fired on subscan after compare equal) 

The first print scan started with character A 
aligned at print position 1. Now, the character 
B is aligned with print position 1 and the second 
print scan is started. 

After the second five subscans, all odd positions 
are now optioned to print a second character. 
To option the 46 remaining characters to each odd 
print position, 46 more odd print scans are taken. 

Hammers are fired for the optioned print positions 
that compare equal on each succeeding subscan. To 
reduce the hammer power requirements, only· five 
hammers are allowed to fire on one subscan. If 
more than five optioned print positions compare 
equal, optioning starts again with 48 new print 
scans. Scanning starts again at print position 1 and 
positions not printed are optioned again. 

After the 48 odd print scans, there is a delay (18 
dummy subscans) to allow the hammers to fire and 
settle. Then the even positions are scanned start­
ing with print position 2 and every tenth position 
through print position 132 on subscan 1. Subscan 
2 starts with print position 4 and every tenth 
position through print position 124. Subscan 3 
starts with print position 6 and every tenth position 
through print position 126; subscan 4 starts with 
print position 8 and every tenth position through 
print position 128; subscan 5 starts with print 
position 10 and every tenth position through 
print position 130. This sequence continues through 
48 even print scans to option every character on 
the type belt to every even print position. An 
additional print scan (49) is taken to fire hammers 
selected during subscan 5 of print scan 48. 

i:til:' 
50,100, and 155 'pm PTR-5 



Attachment and Printer Dataflow 
(50, 100, and 155 Ipm) 

I 
Channel I 

I 
I 

Attachment Hammer Fire Lines 1-66 
Y8 r-----,"--___ ...;..::-:--_--1 Hmr., 

1-__ "'"""'"Y,.::4,....· _--,--1 Fire, 
Hmr Y2 

~----' -----t Control "\ Select Yl 

" 
------------~'I~~'~. ~ 

I\::J ........... .-.~~~·rr-l 
__ L.. 

Print 
Buffer 
(132 x 9) '--_---. 

rr-~ 

..... Subscan 1- • 

':scan/BuffJ 
... \ ~ompare "j. 

Scan Reg 

~ Belt r--- G 0 

. 

Home Pulse 
PSS Pulse" 

" 
I 

............... --~ Sync _ .... ~: ... 
------,1-------+--+--.-J-i~~:...-.--..-t_-~r_-~---1 Control 

SBAR '~ u.. 

Clock Strobe 

Write Select 

--.. - .... ICmd 
Load Buffer 

en'" U. c. Q5 
~- XUo.. cn~"iiU 

"00"0 E g...= ..= 
J:wa:Ia:I 

Compare 
Hit 

7 

Subscan 1 Belt up to speed 
Subscan 3 

Subscan 5 

End of Subscan 
Start Print Decode~~~~~ _______ ~ 
Print Coming I I Se~se 

'-----' Most control lines 

OBI and buses in this 
.. --~-~-~ Assem- ~x- attachment can 

bier be sensed. 

c ~ o ;:, 
a.a:1 
E ~ 
CIJ .-- ... uo.. 

Print 
Cycle Control 

Load Scan Reg 

I-.2:P~re:!:p~a~re:...:P~r:!t~C~o~n~tr~o:.:.I_-'-__ -i Speed 

l....-.!:H~m~r~D~ut::.!y:...:C::::.y!.:c:::.le:..:L::..:im.:..:. :..:it~ __ .., Control 

Belt Go 

Activate Paper Clamp " sequencE[=====-~--~~___:-----------------~----~~S~t~oP~R~ib:.:b=o~n~~ __ ~~ Control , 

50, 100, and 155 Ipm PTR-6 

Printer 

Paper 
Activate Paper Clamp Clamp. L---,-__ ----__ ----<p--___:----, 

Drivers 

Carriage Carriage 
Carriage.Go Motor 1-0- Motor L---------t---, 

Control ,. Drive 

Carriage Advance Pulses 

1"'~~H~a~m~m_er_F'iilriie·iiLiiiin.e.s.l.-6.6 ___ ~Hammer i---
Drivers 

V Upper 
Paper 
Clamp 

@'1~" ~.~ YI .. ~\ 
.. / /",' / Carriage 
:'- i'\.,"'~; Motor, Type Type L-----------~-r~~ 1\.,-_B~e:::.l.::...t .:::G:.:::o __ ----t Belt Belt • ,,~ ... ' 

Type Belt Motor ~;#. (not) Degate to tYpe Motor r- Motor - _'- Ii ~ Tractors (2) 
{~b~e~lt~m!!o~t~o::..r--;lt--_-I Control Drivers 2\ · 
1 (not used) 1 ; ~ : 

L_~l'r~_:.\/.~~ ,~ . 

~~ 1"-' ~ LtfEJ ,Lower 

'" \l~Paper 
~ "VClamp 

+5Vdc 

Driver 

Ribbon-" ____ ~~~~~~' 0 ~ \.,-...:S~t~o!::.p..:.R;..:..ib::.:b:.:o:.:.n~_---iSolenoilll- I. ~~~ 
Carriage Go r Home U ___________ .:...-_ _'___'__ ___ .,.--__ ~-::------.::~==...::..:~---~, ,'-JHt!oQ!m~e!P~u~s~e ____ _"_ __ ~--j Print Position 

Carriage r-..'-JP~S~S~Pu~l~se~_.....;..._~---'-----'""__1 Scan Timing L ____ ----_-----.-->.~ Control Carriage Advance pUlses, ",-_B~e~l!.t ~UE.p..!to~sp~e~e~d~ ________ ~ Control Marks 

I mpres" I----,----i __ --l 
\..'--'I~Mc:.:P...::S:::S:..__-----:---t sion 

Control 1..' _--~------------...,.....,.-I 
ss 



Print Operation 
(60, 100, and 
1551pm) 

No 

stART 

Set Character 
Set Size 

Load Type Belt 
Image Area 

Load Print 
Data Area 

Issue 'print coming' 
1. Set odd scan. 
2. Energize paper 

damps. 
3. Start ribbon. 
4. Stan: type belt. 

Advance 
SBAR 

No 

No 

Yes 

Select Hammer 

Blank Buffer 

Yes 

Odd Reset Buffer to 
Eveh (staring 
address) 

Yes 

Yes 

No 

Yes 

Yes 

Carriage Go 

, .3.:1 

See Carriage Operation 
in this section. 
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Load Command 

Channel 

SyS Bus Out Low 

=-=--=- -,' 
8 ~vl,. 11 

r---- -, 
I ~icro Inst~uc-I 

I tlon Function I 
Field Decode 

F .;..- ;= T. =f (:: - ::::;: ~ 
~ .L0 -L 0-L <J...J --L -C[ ~ ~ 
PH110 0 II 2 

Data 
Buffer 
rr-l 

G::- CB 

II I 
" I Port DB _____ t\11 t--

-----v>4 r' 
II I 
II I 
LL_J 

PH070 

See J.,L1NSTR-30. 

*Diagnostic usage only. 
**Not permitted when busy. 

Select Attachment 

I 
I 
I + 
I CCB 
I 

I 0 1 2 
I 
I 1 0 0 

oj 
I 
I 
I 
I 

1 DA 

0 1 0-3 110. Device 

r Address 

I Hit 

I 
I 
I 
I 
I 
I 
I 

50,100, and 1551pm PTR-8 

Send Data Byte to Attachment 

I DB007 -

Mod I 
4-7 .... II" I "iI II" 

CCB Oao 

3 4 5 6 Bit 0 Bit 1 Bit 2 Bit3 Bit4 Bit 5 Bit6 Bit 7 

0 0 1 0 
Set I nterrupt Request 

0 0 1 1 
Reset Interrupt 
Request 

0 1 1 0 Elapsed Time 
I nterrupt Request Print Busy Off Carriage Busy Off Counter 
Control 

1 0 0 1 
Print Buffer** Data to Pri nt Buffer 

1 0 1 1 
Enable Diagnostic 
Mode* 

1 1 0 0 
Disable Diagnostic 
Mode* 

1 1 0 1 
Diagnostic Mode 2 fJs Osc Subscan Home Motor Up to Speed Coil 1 Current Coil 2 Current Coil 3 Current 
Control Byte* 

1 1 1 1 
Check Reset 



Load Command (Continued) 

00001 
00005 

CBO (valid) 

Port DBO (valid) 

Control Out 

Strobe 

C1 

C2 

L1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service .. Out 

Modifier 
Port DBO 
4,5,6,7 
(Hex) 

0010(2) 

0011(3) 

0110(6) 

1001 (9) 

1011(B) 

1100(C) 

1101(D) 

1111(F) 

Port 
DBO 
Bit Command 

Set Interrupt Request 

Reset I nterrupt Request 

3 Interrupt Request 
Control 

4 

7 

0-7 Print Buffer 

Enable Diagnostic Mode 

Disable Diagnostic Mode 

0 Diagnostic Mode Control 
1 Byte 

2 
4 
5 
6 
7 

Check Reset 

FEALO 
Action Taken Page Timing 

Sets the micro interrupt request latch which initiates an interrupt. 00270 0 
Resets the micro interrupt request latch. 00270 0 
Turns on the interrupt print op end latch which allows the micro interrupt 
request latch to be turned on when print busy latch turns off. 00270 

Turns on the interrupt carriage op end latch which allows the micro interrupt 

0 request latch to be turned on when the carriage busy latch turns off. 00270 

Turns on the interrupt elapsed 0 latch which allows the micro interrupt request 
latch to be turned on when the elapsed time counter reaches O. 00270 

Used to load the print buffer with the data on port DBO. 00180 0 
Turns on the diagnostic mode latch which is used to substitute test signals for 0 actual signals (such as type belt emitter pulses). 00200 

Resets the diagnostic mode latch (see above). 00200 0 
Allows port DBO 0 bit to step the clocking triggers instead of the 1 p.s osc. 00170 
Allows port DBO 1 pulse to be used to generate the subscan pulses instead of 
the raw PSS pulses. 00200 
Uses port DBO 2 to represent home pulse rather than the actual home pulse. 00210 0 Substitutes the port DBO 4 bit for the motor up to speed line. 00260 
Uses port DBO 5 in place ofthe coil 1.currentline. 00090 
Uses port DBO 6 in place of the coil 2 current line. 00090 
Uses port DBO 7 in place of the coil 3 current line. 

Resets all pending checks and brings up printer reset. 00090 0 

iii:. 
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Control load Command 

Channel 

$v. Bus Out LOw 
~ ............ ., . __ .,. 

8 ~Xl,. 11 
~.-----.., I Micro I nstruo-j 

I ti~n Function I 
FIeld Decode 

Ff'~ ~ To'-F 1TiT ~ L:.J...::..L:.J...:J L...L-..L~ 
PH110 0 II 2 

l=.=-

Data 
Buffer 
rr-l 
II I 
II I Port 

DBO ...... - ___ .).11 1":"-'--
-- ................. j;,)1 r--. ....... 

II I 
II I 
lL ....... J 

PH070 

See ~INSTR-30. 

·Diagnostic usage only. 
UNot p&rmltted when busy. 

.uHalf Line Space Feature only. 

Select Attachment 

I 
I ... I 
I CCB 
I 
I 0 1 2 
I 

1 1 0 
I 
I CBO 

I 
I 
I 
I 4-7 

I 
I DA 
I 0-3 ... Device 

r Address 
Hit 

Mod 
4-7 

~ ,., 

CCB 

3 4 5 6 

0 0 0 0 
Diagnostic Adapter 
Control * 

0 0 0 1 
Character Set Size 

0 0 1 0 
Diagnostic Hammer 
Control* 

0 1 0 0 
Enable Adapter 

0 1 0 1 
Disable Adapter 

1 0 0 0 
Reset Scan Buffer 
Address** 

1 0 0 1 
Print and Space 
Conttol 

1 0 1 0 
Special Functions 

1 0 1 1 
Carriage Space Counter 

1 1 0 0 
Diagnostic Carriage 
Control * 

1 1 0 1 
Elapsed Time Counter / 

~4\ 

i/·..!'/'· 

Bit 1 

0 

0 

1 

1 

PTR·10 

Send Data Byte to Attachment 
I DB007 -
I 
I ... ,. 

DBO 

Bit 0 Bit 1 Bit2 Bit 3 Bit 4 BitS Bit6 Bit 7 

Select Odd Scans Select Even Scans Reset Hammer Force Motor Turn Motor On Drop24V to Printer Reset Raet CE Latch 
l\IIatrix Up-to-Speed Hammers 

Character Set Size Code 

Hammer Select Latch 
Y8 Y4 Y2, Y1 

Start printing~lJ )\' 
Disable Forms Jam Enable Forms Jam 

Enable EOF Detect Disable EOF Detect '. Print Coming 
Detect Detect 

.Ii' Set Diagnostic Print Reset Diagnostic 
Start Timer Set Carriage Reset Carriage 

Busy Print Busy Reverse*** Reverse*** 

il'"~ 'Set Space Counter Value 

ill 
Activate Paper Deactivate Paper End Carriage Space 

Carriage Go Carriage Stop 
Clamp Clamp Time 

l 
Set Elapsed Time Counter Value 

I I I I I I I 

Bit 2 

0 48-Character Set 

1 64-Character Set 

0 96-Character Set 

1 128·Character Set (Katakana) 



Control Load Command (Continued) 

00001 
00005 

CBO (valid) 

Port OBO (vali~) 

Control Out 

Strobe 

Cl 

Service In 

Service Out 

Modifier 
PortOBO 
4,5,6,7 
(Hex) 

0000(0) 

0001 (1) 

0010(2) 

0100(4) 

0101(5) 

1000(8) 

1001(9) 

1010(A) 

Port 
OBO 
Bit Command 

0 Diagnostic Adapter 
1 Control 
2 
3 
4 
5 
6 
7 

0-1 Character Set Size 

4-7 Diagnostic Hammer 
Control 

Enable Adapter 

Disable Adapter 

Reset Scan Buffer Address 

0 Print and Space Cycle 
1 Control 
2 
3 
6 
7 

1 Special Functions 
2 
3 
4 
5 

FEALD 
Action Taken Page Timing 

Turns on the odd scans latch. 00110 
Sets the odd scans latch off. 00110 
Turns on the hammer matrix reset latch which resets the hammer fire circuitry. 00210 
Turns on the belt start complete latch which brings up motor up-to-speed. 00220 e Tumson the belt go latch which allows the print belt motor to start up. 00220 
Sets the coil check counter to a,setting coil check on. 00090 
Turns on the printer reset latch. 00090 
Turns off the CE latch. The latch is turned on by attaching the input (set) to a 
desired test point. 00250 

Depending on the condition of these 2 bits (on or off) the character set size is set e in latches 0 and 1 (00 =48, 01 = 64, 10 = 96, 11 = 128). 00190 

Allows the hammer select control value to be. set to fire a certain hammer. 00290 e 
Turns off the adapter reset latch. 00090 0 
Turns oh the adapter reset latch. 00090 0 
Resets the SBAR to O. 00110 0 
Turns on the start printing latch which initiates the printing sequence. 00110 
Turns on the EOF enabled latch. 00210 
Resets the EOF enabled latch. 00210 e Set odd (scan) latch,paper clamp, print belt go and ribbon go. 00220 
Holds system sense byte 0, bit 0 off to prevent forms jam from being detected. 00210 
Allows forms jam to be detected. 00210 

Turns on the diagnostic print busy latch. 00310 
Turns off the diagnostic print busy latch. 00310 e 
Enables the elapsed time counter to be stepped by the 1 ms oscillator. 00300 
Initiates a half line space openiilon. FJ10l 
Resets a half line space operation. FJ10l 

1&.:. 50,100, and 1551pm PTR-11 
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Control load Command (Continued) 

CBO (valid) 

Port OBO (valid) 

Control Out 

Strobe 

C1 

oaotn C2 

Device-Hit 

Command Select 

Da~aSampfe 

Service In 

Service OtJt 

Modifier 
Port OBO 
4,5,6,7 
(Hex) 

1011 (B) 

f100(C) 

1101 (D) 

Port 
OBO 
Bit 

0-7 

1 
2 
3 
4 
5 

0-7 

FEALO 

Command Action Taken Page Timing 

Carriage Space Counter Used to load the space counter with the data on port OBO. 00100 .. 
Diagnostic Carriage Turns on the carriage go latch and the carriage busy latch (starting carriage motion). 0080 e 
Control Turns off the carriage go latch. 0080 

Turns on the activate clamp latch. 00230 
Turns on the reset clamp active latch. 00230 
Turns off the space time latch which ends a carriage operation. 0080 

Elapsed Time Counter Used to load the elapsed time counter with the data port OBO. 00300 e 

.&.:1 50, 100, and 155 Ipm PTR-13 



Sense Command-Control Sense 
Command (50,100, and 155lpm) 

Channel 

Sys Bus Out Low 

===;=~ 11 _. -, 
1 ~icro Inst~uc-I 
I tlon Function 

~~~~-' ----
~E~Io:}-PI~-=rQ 
L! 12 0.J..O .JL} ..1.1-1 !J 

PH110 0 II 
U:.=. 

2 

CB 01 

Data 
Buffer 

,..---, Port 

1 lOBO -----">1 F---- .. --~ --
1 1 Port 
I lOBI 

-- --...:::1 .<1---
---- I 1"---

L_J 
PH070 

See J,tINSTR-30, 

* Diagnostic usage only. 

**Not permitted when busy. 

I 
I 
1 
I 
1 
1 
1 

i 
1 
I 

1 
1 

t 
I 
I 
I 
1 

Select Attachment 

4-7 

DA. 
0-3 .... 

,.. 

Sense 

Oevice 
Address 
Hit 

Control 
Sense 

+ ." Mod 4~7 1 

CCB CCB 

0 1 2 3 4 5 6 

1 0 1 0 0 0 0 
System Sense Byte 0 

0 0 0 .1 
System Sense Byte 1 

0 1 1 0 
I nterrupt Condition 

1 0 0 1" 
Print Buffer 

1 0 1 1* 
Diagnostic Sense 
hex 00 

1 1 0 0* 
Diagnostic Sense 
hex 55 

1 1 0 1 .. 
Diagnostic Sense 
hex AA . 

1 1 1 0" 
Diagnostic Sense 
hex. FE 

111 0 o o 
Diagnostic Clamp 
Status 

o o 1 
Diagnostic Inputs 

0" 

o o 1 "" 
Belt Position 

o o 0" 
Diagnostic Wrap 

o o .. 
Diagnostic Wrap 

o 0* 
Diagnostic Wrap 

o 1* 
Diagnostic Sense Byte 

1 

Send Data Byte to Channel 

Bit 0 

Forms Jam Check 

Coil 1 Parity Odd 

Belt Go 

Paper Clamp 

Stop Ribbon 

1 ms Ose Off 

Bit 1 

Belt Speed Check 

Coil 2 Parity Odd 

Carriage Advance 
P·ulses 

Carriage Go 

Hammer Select 
Strobe 

Prepare Print 
Control 

131 ms Osc 

Bit 2 

Carriage Sync Check 

Coil 3 Parity Odd 

CE Latch 

Printer Reset 

Hammer Matrix 
Reset 

Adapter Reset 

System Reset Off 

OBI 

Bit 3 Bit 4 

End of Forms Throat Open 

Emitter Cheek Buffer Data Check 

PI-int Busy Off Carriage Busy Off 

Clamp On Clamp Off 

Home Belt Motion 

Hammer Power On 

Subsean 5 Subsean 4 

Hammer Duty Cycle 
Power Fault Limit Off 

Bit 5 

Coil Current Check 

Hammer Parity CheCk 

Hammer Select Latch Feedback 

Subsean3 

Coil Current Check 

Impression Single~hot 

50,100, and 155 Ipm PTR·14 

Bit 6 

Belt Sync Check 

Print Subscan 
Emitter 

Subsean 2 

:Bit7 

Cover Open 

Elapsed Time Counter 

Subsean 1 



Sense Command-Control Sense Command 
(50, 100, and 155 Ipm)-Continued 

00001 
00005 

CBO (valid) 

Port DBa (valid) 

Control Out 

Strobe 

C1 

C2 

L1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

Port OBI 

Modifier 
Port DBa 
4,5,6,7 
(Hex) 

OOOO(O) 

0001 (1) 

0110(6} 

1001(9} 

1011(B} 

1100(C} 

1101(O} 

1110(E} 

Port 
OBO 
Bit 

0 
1 
2 
3 
4 
5 
6 
7 

0 
1 
2 
3 
4 
5 

3 
4 
5 

0·7 

0-7 

0-7 

0-7 

0-7 

Command 

System Sense Byte 0 
(senses the condition of 
checks and interlocks). 

System Sense Byte 1 

I nterrupt Condition 

Print Buffer 

Diagnostic Sense hex 00 

Diagnostic Sense hex 55 

Diagnostic Sense hex AA 

Diagnostic Sense hex FE 

FEALD 
Action Taken Page Timing 

Forms jam check. 00210 0 
Belt speed check. 00220 

Carriage sync check. 00080 
End of forms (EOF). 00210 

Throat closed. 22320 

Coil (current) check. 00090 

Belt sync check. 00190 

Cover closed. .00220 

Senses the condition of the coil 1 line. 00090 0 
Senses the condition of the coil 2 line. 00090 

Senses the condition of the coil 3 line. 00090 
Senses the condition of the emitter check latch. 00260 
Senses the condition of the buffer data check latch. 00170 
Senses the condition of the hammer parity check latch. 00100 

Sets port OBI bit 3 when the print busy latch is off. 00110 0 
Sets port OBI bit 4 when the carriage busy latch is off. 00080 
Sets port OBI bit 5 when the 'elapsed time counter is zero' line is active. 00300 

Gates the output of the print buffer to the channel on port OBI. 00180 0 
Gates hex 00 to the channel on port OBI to check for no bits on. 00050, 0 

00060 

Gates hex 55 to the channel on port DB I to check for alternate bits on. 00050, 0 
00060 

Gates hex AA to the channel on port OBI to check opposite bits from 55. 00050, 0 
00060 

Gates hex FE to the channel on port OBI to check for parity bit on. 00050, 0 
00060 

- 5Q, 100, and 155 Ipm PTR-15 
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Sense Command-Control Sense Command 
(50, 100, and 155 Ipm)-Continued 

00001 
00005 

CBO (valid) 

Port DBO (valid) 

Control Out 

Strobe 

C1 

C2 

L1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

Port OBI 

Modifier 
Port DBO 
4,5,6,7 
(Hex) 

0001 (1) 

0010(2) 

0011 (3) 

0100(4) 

0101 (5) 

0110(6) 

0111 (7) 

Port 
DBO 
Bit Command 

3 Diagnostic Clamp Status 
4 

1 Diagnostic Inputs 
2 
3 
4 
6 

0-7 Belt Position 

0 Diagnostic Wrap 
1 
2 
3 
4·7 

0 Diagnostic Wrap 
1 
2 
3-7 

0 Diagnostic Wrap 
1 
2 
5 

0 Diagnostic Sense Byte 
1 
2 
3 
4 
5 

FEALO 
Action Taken Page Timing 

Turns on port OBI bit 3 if the clamp on latch is on. 00240 • Turns on port OBI bit 4 if the clamp off latch is on. 00240 

Turns on port OBI bit 1 when the carriage advance line is active. ZZ580 • Turns on port OBI bit 2 if the CE latch is on. 00250 
Turns on port OBI bit 3 when the home line is active. 00210 
Turns on port OBI bit 4 when the belt motion line is active. ZZ580 
Turns on port OBI bit 6 when the print subscan line is active. 00200 

Sends value of the belt position counter through the scan key to the channel on • port OBI. 00200 

Turns on port OBI bit 0 when the belt go latch is on. 00220 • Turns on port OBI bit 1 when the carriage go latch is on. 00080 
Turns on port OBI bit 2 if the printer reset latch is on. 00090 
Turns on port OBI bit 3 when the hammer fault line is active. 00090 
Sends the Y hammer select line values to the channel on port data in. 00290 

Turns on port OBI bit 0 when the clamp latch is on. 00240 • Turns on port OBI bit 1 when the hammer select strobe line is active. 00140 
Turns on port OBI bit 2 when the hammer matrix reset line is active. 00210 
Turns on corresponding port OBI bits when the subscan lines 5-1 are active. 00200 

Turns on port OBI bit 0 when the stop ribbon line is active. 00220 • Turns on port OBI bit 1 if the prepare print control latch is on. 00110 
Turns on port OBI bit 2 if the adapter reset latch is on. 00090 
Turns on port OBI bit 5 if the coil (current) check counter output is active. 00090 

Turns on port OBI bit 0 when the 1 ms oscillator output is active. PJ070 • Turns on port OBI bit 1 when the 131 ms oscillator output is active. PJ070 
Turns on port OBI bit 2 when the system reset line is active. PN060 
Turns on port OBI bit 3 when the power fault line is active. 00050 
Turns on port OBI bit 4 when the hammer duty cycle limit line is active. DT010 
Turns on port OBI bit 5 when the impression singleshot is active. ZZ580 

- 50, 100, and 155 Ipm PTR·17 



Sense Interrupt Level Status Command 

Sys Bus Out Low 
===:::;r 

II 
8 ~x~ 11 

r:;- -, 
1 ~icro Inst~uc-I 
tlon Function 

I· Field Decode I 
F:-- r--or-~ c::: ;:::: :;:= =l 
t..£ [! L2 .J.1 N .L0 -1. !..l 
PH110 I, 

o IL_2 
'---

Data 
Buffer .--, 

I Port 
I lOBO 

'----j.~ 1---
}-----Vl ---

1 

I 
1 
I 
I 
1 
I 
I 

CBO 
J 

I 
I 
I 
1 
I 
I 
I 

:j 
1 

0-3 

Select Attachment Send Status Byte to Channel 

I 
1 

Command Accepted 
0 

0 0 OBI 
... 0 e , 
,.. v 

1 i 
2 - BitO Bit 1 Bit2 Bit 3 

c 

~ 
0 e 
0 H Interrupt Request 
1 i (interrupt level 2) Keyboard 1 BSCA/SDLC1 Printer 

0 t I I ~~~ jl 00001 ) 

F~-~ ~~~-~:-------------------------------------------------)-------) 
D0020 

00050 

L_.J 
PH070 

See J,LINSTR-30. 

IThe keyboard and BSCA/SDLC are also shown on this page because the keyboard, BSCA/SDLC, and the printer 
are on the same interrupt level. 
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Bit4 Bit 5 Bit 6 Bit 7 



Sense Interrupt Level Status Command 
(Continued) 

00001 
00005 

CBO (valid) 

Port DBO (valid) 

Control Out 

Strobe 

C1 

C2 

L1 

Device Hit 

Command Selec::t 

Data Sample 

Service In 

Service Out 

Port OBI 

Modifier 
PortQBO. 

0010(2) 

Port OBI 
Inter-
rupt FEAL!) 
Bit Command' Action Taken Page .Timing 

3 Sense Interrupt Level If an interrupt request is pending, port data in bit 3 (interrupt request) is sent to CPU. 00050 0 
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Jump 1/0 Command 

Channel 

Sys Bus Out Low =-=-=--_. -, , 
o ~x~ 3 
~ - .. ., 
I Micro I nstruc-I 

I tion Op Code I 
Decode 
Fr: rT" 1=-::::;: ~ 
t..912 ..L'..L '!...J--L ~ ~ ~ 

PH110 0 Ii 2 
1.=.= 

Data 
Butter rr-l 

II I 
II I dl Port DB 

F==-==--==- ~ 
II I 
II I 
lL_J 

PH070 

See pINSTR-38. 

(to CPU) 

I 

I 

I 

I 

I 

I 

I 

I 
CBO 

I 
I 

I 

I 

I 

01 
I 

I 

I 

I 

J 
I 
I 

I 

I 

---------- • 

Select Attachment 

Mod 4-7 

• CCB 
012 

4-7 

o 1 1 

DAQ-3 . Ii.. Device 
,. Address 

Hit 

CBI Bit4 

3 4 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

1 1 

"" 
,. 

CCB 
5 6 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

Condition Tested 

Adapter Check 

Not Ready 

Carriage Busy 

Print Busy 

I nterrupt Enabled 

Diagnostic True l 

Diagnostic False l 

Reserved 

Elapsed Time Counter Busy 

Motor Not UpTo Speed 

Even Scans Selected 

Subscan Reset On 

Reserved 

Reserved 

Reserved 

Reserved 

(condition true)~ 

. ~ 

I 

1 

1 , , 

1 Diagnostic usage only. 

50,100, and 1551pm PTR·20 

Forms jam 
Belt speed check 
Carriage sync check 
Coil current check 
Belt sync check 
Emitter check 
Buffer data check 
Hammer parity check 

End of forms 
Throat open 
Cover open 



Jump I/O Command (Continued) 

00001 
00005 

CBO (valid) 

Port DBO (valid) 

Control Out 

Strobe 

Cl 

C2 

Ll 

Device Hit 

Command Select 

Data Sample 

Setvice In 

Service Out 

CBI 

Modifier 
Port DBO 
4,5,6,7 
(Hex) 

0000(0) 

0001(1) 

0010(2) 

0011 (3) 

0100(4) 

0101 (5) 

0110(6) 

1000(8) 

1001(9) 

1010(A) 

1011 (B) 

Command 

Adapter Check 

Not Ready 

Carriage Busy 

Print Busy 

Interrupt Enabled 

Diagnostic True 

Diagnostic False 

Elapsed Time Counter 
Busy 

Motor Not Up To Speed 

Even Scans Selected 

Subsean Reset On 

FEALD 
Action Taken Page Timing 

Turns on CBI bit 4 if any of the indicated check conditions are active. 00070 0 
Turns on CBI bit 4 if any of the indicated interlock conditions are active. 00070 0 
Allows a branch (CBI bit 4 on) if the carriage busy latch is on. 00080 0 
Allows a branch (CBI bit 4 on) if the print busy line is active. 00110 0 
Branches if one or more of the following latches are on: 00270 0 
- Interrupt print op end. 
- Interrupt carriage op end. 
- Interrupt elapsed O. 

Turns on CBI bit 4 to check that the bit actually turns on when expected. 00070 0 
Turns on no latches to be sure that the CBI bit 4 does not turn on except when 0 tested conditions are met. 00070 

Turns on CBI bit 4 when the elapsed time counter 0 line is inactive. 00300 0 
Branches when the motor up-to-speed line is inactive. 00260 ,0 
Branches when the odd latch (odd scans) is on. 00110 0 
Branches if the subscan reset latch is on. 00200 0 
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Paper Clamps 00240 

There are two clamps in the printer. The upper 
paper clamp, although it clamps the paper, is used 
for noise suppression only. When the clamp 
solenoid is energized, it closes the air gap the 
paper passes through. This reduces the noise 
level at the back of the printer by dampening 
the paper noise. 

The second paper clamp (lower) is just below the 
print line. The purpose of this clamp is to pre· 
vent horizontal skewing of the paper. The type 
belt is continuously turning and has a tendency 
to pull the paper along with it. Since there are 
no feed rolls in the lower portion of the printer, 
the paper clamp is necessary to hold the paper 
in position. 

o For diagnostic purposes, the activate clamp 
command a is issued to turn on the paper clamps. 
This command sets the 'activate clamp' latch 
(00240) which turns on the paper clamp solenoids. 
The 'activate clamp' latch also resets the 'clamp off' 
latch and gates the 'clamp on' latch to be set by 
the paper clamp timer. The 'clamp on' latch is 
set after the paper clamp timer has counted 15 MS. 

A similar operation is used to turn the clamps off. 
A deactivate clamp command iii resets the 
'activate clamp' latch. This in turn resets the 
'clamp on' latch and gates the 'clamp off' latch to 
be set by the paper clamp timer. The 'clamp off' 
latch is set after the paper clamp timer has 
counted 11 MS. 

The 'clamp on' and 'clamp off' latches signal that 
enough time has elapsed to complete their 
respective operations. There is no check to see 
if the clamp solenoids are actually energized or 
not. 

The 'clamp on' and 'clamp off' latches can be 
sensed II . 
o During a normal print operation, 10CL print 
coming active II activates the paper clamps and 
'print busy' going inactive " turns off the paper 
clamp. 

The above timing chart applies to both diagnostic 
and normal clamp control. 

o Diagnostics 
Control Load Command PTR·l0 .--. 

I II ,... 

~ II 
>--

I ---

- - - - - - - - - - - - -Activate PaperClamp:..::::..:==-=:..:::::.:=-••••••••••• , •••• ~----------,---
Deactivate Paper Clamp 

- -- - - - - - - - - - - f --=--ciampofT-•• -.~ _________ · ~ __ ~+~ _____ ..-I ••••• 
I 

1'""'"--
____ J 

r- f----

Control Sense Ii 
Command PTR·14 - I 1 

I I I 
1 I 1 

I I I 

II I I I I I I I I I 

Control Load Command PTR·l0 

I 

- t - - -
I I I 1 I I 

Load Command PTR·8 

t--

l=l 
I I I I I I 

I--

I 
I 

Clamp On 

Cnt to K 
(paper clamp timer) 

00240 

10Cl Print Coming 

, 
t 

1. Activate Clamp 00240 
(paper clamp) 

00220 2. (type) Belt Go 
3. (start ribbon) 00220 

4. Odd latch 00110 
(odd scans) 

00140 
I 

load Print Bfr 

00110 

Start Printing 
(allows printing of 
data after the paper 
clamp is on.) 

00100 

..., Load Carr Space Ctr 

I 

Jlms 

~ 00240 

'Clam pan' 
ter 10Cl>-,N~0_-I 
oming) 

15 ms af 
print c 

~ 
'Prepare P 
Prints the 
Data 

l 

'Print 

rint Ctrl' 
Line of 

00110 

00110 

Yes 
Busy' 

No 

'Reset 
~_ .... 00230 

Clamp 
Acti ve' 

,~ :-:---::--.... 00240 
Activate Reset the' 

Clamp'la tch 

! 
'Pa 

Clamp No 
(11 ms 

Yes 

t 
Carriag 

00080 
e-G~o-""'I 

! 
Print Complete 
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Type Belt Start and Run 
(50, 100, and 155 Ipm) 

The type belt is directly driven by a stepper motor 
mounted under the left pulley. The right pulley 
has a release lever mounted on it to remove ten­
sion from the type belt. When the release lever is 
operated, the type belt can be removed. 

After POR, the count to 90 (ramp counted runs 
continuously. When belt go is activated, there 
is a delay of 533 ms. Then belt drive A and belt 
drive B are turned on for 382 ms which locks 
the motor. After the 382 ms motor locks, the 
first count of 1 turns on the ramp latch which 
allows the belt advance pulse to shift the shift 
register. The output of the shift register causes 
the type belt stepper motor to start accelerating. 

The first three drive pulses are 135 Hz, the next 
four at 270 Hz, five at 405 Hz, etc. This ramp­
ing sequence continues until a count of 90 is 
reached. At the fall of count 90, the run latch 
is set. The run latch blocks the ramp drive pulses 
and allows the shift register to be driven by 1080 
Hz (run frequency). The type belt stepper motor 
is now up to full operating speed and remains 
at this speed until belt go is deactivated. 

Note: Dual ramping card values are 70 percent of 
the values shown, until '-Belt Motion' is active. 

Control Load Command PTR-10 

-
--

I I I I I I I 

Control Sense Command PTR·14 

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

I I I 

(1-90) Ramp Counter: Cnt to 90 

7.4 ms 

3.7 ms 

Belt Advance 
Shift Reg 

Belt Drive A 

Belt Drive B 
Be.lt Drive B 

Platen--.... 

Hammers 

Drive Belt 

I ""'"'------------------1.255sec 
(run speed) 

(ramp counter) 8-13 --l­
I 

After the rise of belt go, 
there is a delay of 533 ms 
maximum. Then belt 
drive A and belt drive B 
are turned on for 382 ms 
and lock the motor. The 

___ ..;..=:B.;;.el:..:.t.,:G:..;o:...-_____ ---I advance pulses then start 
and the motor starts to 

B 

B 

(ramp) FL 

(run) FL 
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Type Belt Sync Timing 

After the type belt has reached an up-to-speed 
condition, the sensing of the timing marks on 
the type belt is started. The first home pulse 
after up-to-speed turns off subscan reset and 
allows the BPC (belt position counter) and the 
subscan counter to start stepping. This syn­
chronizes the stepping of the BPC and the sub­
scan counter. When subscan 1 comes up, the 
belt sync enabled latch is turned on. The next 
PSS pulse after subscan 1 increments the BPC. 

The BPC and the subscan counter are synchronized 
with each other by the home pulse. Once the home 
pulse has been received, the BPC and the subscan 

Initiating the Belt Sync Timing Sequence 

OQ260 Motor Up to Speed __ -1 ••••••••••••••••••••••••••••••••••••• 
OQ210 Home 

OQ200 Subscan Reset 

OQ200 Subscan 1 

(belt sync enabled) 

(incr BPC 1) 

(sample BPC) 

counter are allowed to continue stepping. Syn- PSS 
chronism continues to be verified by the home 
pulse. If a home pulse occurs when not expected 
or fails to occur when expected, the belt sync check 
is set. 

The print buffer contains PFN (print fire numbers) 
that indicate the print scan on which a position 
is printed. The BPC contains the number of the 
current print scan and the subscan counter selects 
the hammers to be optioned within each print 
scan. In this manner, the characters to be printed 
are synchronized with the characters on the type 
belt. 

OQ190 

Type Belt Sync Timing 

Home 

Print Subscan 

Subscan 1 

Subscan 2 

Subscan 3 

Subscan 4 

Subscan 5 

(incr BPC l ) 

(sample BPC) 

HomeExpected------~_~~~~ •• __ ............. it~--1==~N~ojr~es~et[i[f~hQom~e~nQot[tffih~er~e~.==~~~~::~-
I 

(reset BPC) 

(home expected reset window) _____________________ ~I--___ ..,-----------------------

{homeallo~dwindow) _________________________ ~~~ ••• ~~-----------------------__ ~ 
~ampleho~eexpected) ____________ ----~l~~~~~·~.~~~----______ ~ 
lBPC = Belt Position Counter 

Sync check if I_I 
home outside 
this window 

Sync check if 'home 
expected' is still active. 

Load Command PTR-8 

Control Load Command PTR-10 -
t--
t--

I I I I 

Control Sense Command PTR-14 

I I I I I 

- I 
I I 

1 I I I I 
I I 

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

Jump I/O Command PTR-20 

-
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Ribbon Drive/Type Belt 
Transducer (50, 100, and 155 Ipm) 

Ribbon Drive 

The ribbon is driven by a belt mounted on the 
type belt drive pulley. The drive mechanism also 
includes a solenoid-driven clutch to disengage the 
drive from the ribbon when no printing is taking 
place. The disengaging of the clutch prevents 
smudging of the paper while the printer is idle. 
This is under control of the printer control card, 
and happens five seconds after the last print 
command. 

Drive Belt 

The ribbon is a continuous 1/2 inch wide fabric 
ribbon contained in a cartridge mounted on the 
front of the printer. The ribbon is fed into the 
left side of this cartridge and pulled out the right 
side (as viewed from the front of the machine). 

Transducer 

Emitter 
Lead 2 

Type Belt 

Belt 
Emitter 
Lead 1 

Type Belt Transducer 

The type belt transducer detects the raised timing 
marks on the type belt. These marks are con­
verted to emitter pulses in the transducer and 
sent to the control card. The control card uses 
these pulses to generate the home pulse, subscan 
pulses, and the' belt up-to-speed signal. The 
home pulse and subscan pulses are used to syn­
chronize the mechanical and electrical portions 
of the print operation. The belt up-to-speed 
signal is sent to the attachment to indicate that 
the type belt is up to operating speed. 

, 
, , , , 
I , 
, 
1 ____ _ 

Printer Attachment 

~-- Home -----....,J , ,--
....-----. Print Subscan , , ',­

~_lli--Decode 
'---'-----=-1--1 

Circuits 
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Missing Timing Mark 

Subscan 1 
Subscan 2 
Subscan 3 
Subscan 4 

____ .. ________ L--+ _________ ~-__I I"'--------~----

Subscan 5 

(belt) Motor up 
to Speed DQ200 

___ -------.-I-~----------'_-~ I---L---------'-­
Scan 1 



Print Buffer Load OQ180 
(50, 100, and 155 Ipm) 

The print buffer is loaded by a print buffer load 
command, 1 byte per command. The data is in the 
form of PFN (print fire numbers) rather than 
actual print image data. The flowchart at the 
right shows how the value of the PFN is determined, 

Prior to loading the buffer the SBAR is reset to 
zero by a reset scan buffer address control load 
command. Issuing of the print buffer load command 
gates the DBa data to the print buffer. It also brings 
up the 'incr bfr adr' lines; which steps the SBAR, 
and 'write select' line which gates data into the 
print buffer when it is active, The print buffer 
load command ANDed with 'data sample' brings 
up 'ram clock strobe' which sets the data into the 
print buffer. 

The SBAR is then incremented to the next print 
buffer position (as shown below). If that position 
is to be written, another print buffer load command 
must be issued to load it. 

Load Command PTR-8 

r-

i i I I I I 

r-

'!II ,. 
Print 

Control Out 

Service Out 

Command Select 

Data Sample 

CPU, Microprogram, 
Channel and Attachment 

1 Print data area located in main store. This ••••• 
area beginning at the leftmost byte corres- •• ' 
ponds character for character to the print 
line beginning at print position one. 

Data Area .' .. ' 

Belt Image 
Area 

Translation 
~--------..... Table 

• • 
• • • 

.. ' •••• 

3 The translation table converts the character 
to be printed to its corresponding belt posi· 
tion number. The belt position number is 
the physical location of the character on 

•••• the type belt. To determine the position .' •••• number, counting is started with the first .' 
•••• character after home and then counted .' 

••••• right to left . 

(4) (3) (2) 

.' 2 The sequence of print characters as they 
Home 

Print Buffer Timing for Load Command 

Channel Timing 

\ / 

) \ 

appear on the print belt. 

BP Belt Position 
PP Print Position 
PFN Print Fire Number 

) 

No 

Yes 

Subtract 4 
from BP 

Subtract 10 
1-----. from PP 

4 The print fire number is equal to the calcu-PFN=BP 
-($S-l ) •••••• ~ lated belt position minus the subsean (on 

••••••••• which the character is printed) minus 1. The 

Print Buffer 

5 The print buffer contains the sorteq print 
fire numbers (PFN). They are sorted into 
the sequence in which they are addressed. 

Print Buffer 

o 
1 
2 
3 

etc. 

PP 

1 
11 
21 
31 

'0. 
0 •••• 0 •• t BP number used here is either the actual BP 

from the translation table (if PP is 10 or less) 
or the BP derived from the no loop (if PP is 
11 or greater). 

If the last digit of PP = 1 or 2 subscan = 1 
30r4 2 
5 or 6 3 
7 or 8 4 
9 or 0 5 

Sense Command PTR-14 Buffer 

J i 
I I I I I 
I I 

~~ 
I I 

f I \ P,;n, Buff"T;m;ng 
I 1 Wdte 5<>1", \.11.2 • 

\ 
p.sl' 

Ram Clock Strobe 

( 

- \ 
-
r- D 

Incr Bfr Adr 
I 0180 I 

I 
I 

Hammer select 
latches increments 
on this edge. 

\ 
\ 
\ 
\ 

Buffer Address 
increments on 
thiS edge. 
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Print Buffer Read OQ180 
(50, 100, and 155 Ipm) 

To start reading from the print buffer, a start 
printing command must be issued and write 
select must be inactive (indicating read select 
active). The 'ram clock strobe' line is used to 
read Qut the data. 

The data is then compared with the value of the 
scan register and checked for equal or not equal. 
If not equal, SBAR is incremented to the next 
buffer position and the abOve sequence is repeated. 
If equal, 'hammer select strobe' and 'write select' 
are activated. 'Hammer select strobe' fires the 
hammer being addressed and 'write select' allows 
a hex FF to be written, blanking the buffer 
position being addressed.SBAR is then 
incremented to the next buffer position. 

When the end of odd scans (hex 41) is reached, 
the output of the nonblank found latch is checked. 
If it was set by a valid buffer character, SBAR 
is reset to the starting address (hex 00) of the odd 
position of the buffer. If the nonblank found 
latch was not set (no valid characters in the 
buffer), SBAR is set to hex 42 to start addressing 
the even scans. The even portion is addressed in 
the same manner as the odd (shown at the right). 
When the end of the buffer is reached and the 
nonblank found latch is off, the end of superscan 
is set. 

Control Load Command PTR-10 Sense Control Sense Command PTR-14 

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

I I I 
I I I -I I 

I I 
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Rese~ to 42 

.Reset to 00 

----~---.,..-..~-~--------- ....... - ........... _-_.---------------
E_ Scans (PP & HMRx2) I Odd Scans (PP - HMRx2) -1) 

__ SSI. __ 
___ SS2 ___ __ .SS3 ___ __ SS4 __ 

ADR'"-'lPT_HMR ADR_DPT _HMR ADR_DPT _HMR ADR.DPT _HMR 

00 1 1 OE 1 2 18 1 3 28 1 4 
01 2 6 OF 2 7 lC 2 8 29 2 9 
02 3 11 10 3 12 1D 3 13 2A 3 14 
03 4 16 11 4 17 IE 4 16 28 4 19 
04 5 21 12 5 22 IF 5 23 2C 5 24 
05 6 26 13 6 27 20 6 28 2D 6 29 
06 7 31 14 7 32 21 7 33, 2E 7 34 
07 8' 36 15 8 37 22 8 38 2F 8 39 
08 9 41 16 9 42 23 9 43 30 9 44 
09 10 46 17 10 47 24 10 48 31 10 49 
OA 11 51 18 11 52 25 11 53 32 11 54 
08 12 66 19 12 57 26 12 66 33 12 59 
OC 13 61 lA 13 62 27 13 63 34 13 64 
OD 14 56 

---------- ......... -----

Typical Cycles During Hammer Optioning 

I-Cycle in Which a Compare Occurs 

Clock Phases .. I 0 1 1 1 2 1 3 1 4 1 5 1 6 1 

RAM Strobe 

Compare Hit Latch 

Nonblank Found 

Hammer Select Strobe 

Incr Buffer Address 

Write Select 

Sample Buffer Parity 

Incr Hammer Count 

Incr Hammer Select 

(I ncr buffer address is 
the active line used.) 

. .f 
ThiS Edge , , 1 

This Edge 

Odd 

7 "'1" 0 

__SS6. __ __ SSI __ __SS2 ___ ._.SS3 ___ __ SS4 __ __ SS5 __ I 
ADR.DPT _HMR ADR_OPT_HMR ADR_OPT _HMR ADR_OPT _HMR ADR_OPT _HMR ADR_OPT _HMR 

I 35 1 5 42 1 1 50 1 2 5D 1 3 6A 1 4 77 1 5 
36 2 10 43 2 6 51 2 7 5E 2 8 68 2 9 78 2 10 

I 37 3 15 44 3 11 52 3 12 5F 3 13 6C 3 14 79 3 15 
38 4 20 45 4 16 53 4 , 17 60 4 18 6D 4 19 7A 4 20 
39 5 25 46 5 21 54 5 22 61 5 23 6E 5 24 78 5 25 

I 3A 6 30 47 6 26 55 6 27 62 6 28 6F 6 29 7C 6 30 
38 7 35 48 7 31 56 7 32 63 7 33 70 7 34 7D 7 35 
3C 8 40 49 8 36 57 8 37 64 8 38 71 8 39 7E 8 40 I 3D 9 45 4A II 41 58 9 42 65 9 43 72 9 44 7F 9 45 
3E 10 50 48 10 46 59 10 47 56 10 48 13 10 49 80 10 50 
3F 11 55 4C 11 51 5A 11 52 67 11 53 74 11 54 81 11 55 I 40 12 60 4D 12 56 58 12 57 68 12 66 75 12 59 82 12 60 
41 13 65 4E 13 61 5C 13 62 69 13 63 76 13 64 83 13 65 

I 4f 14 66 

- -Print Buffer- - - - -'- - - - - - - - -- ----' 

Set Even 

Even 

Print Complete 

Edge 



Hammer Selection and Firing 
(50, 100, and 155 Ipm) 

During subsean 1, the Y lines are stepped from 
1 to 14 to address all the hammer latches in 
reg1. During subscan 2, the Y lines are stepped 
from 1 to 13 to address all the h!!mmer latches 
in reg2. This sequence continues through sub­
scan 5. If any optioned hammers are to be 
fired (scan/buffer equal) they are set into the 
hammer latches by the 'hammer select strobe' 
line. 

Once a hammer has been set to fire, it is actually 
fired by the fire pulses. These pulses occur one 
subscan after the hammer latch registers have 
been set, that is, a hammer set on subscan 1 is 
fired on subscan 2. The fire pulses are set by 

, the subscan pulse and reset after two impression 
singleshot pulses. If the impression singleshot 
does not become active, the fire pulse stays on 
until the coil current check is activated. The 
setting of the impression singleshot determines 
the duration of the fire pulse. 

Hammer Fire Pulse Timing 

Typieal Usage 

Impression Singleshot ~ 

Hammer Matrix Reset 

Hammer Select Strobe 

Register f 
latches may 

Subsean 
Subscan 
Subsea'n 
Subsean 
SlihsGan 

1 
2" - ,;.. 
3,.. 
4~ 
5 

y 8,.,. 
~n y 
y 
y 
_2~ 

1 

,s 

'--

Reset is applied to 

Fire 5 
Fire hammer Fin'! 4 
pulse generation Fire 3 

and reset. Fire 2 
Fire 1 

,(register reset) 

Reg(s) 
(hammer 
latch 
registers) 

I-- R(1) (reg 1) 

I-- R(2) (reg 2) 
I-- R(3) (reg 3) 
I-- R(4) (reg 4) 
'--- R(5) (reg 5) 

DC Reset 

Y decode and 
rElgi ster set. 

OR010-DR050' 

Repeat as before. 

Hammer 
Coil I· .... Ori,.,(., 

,.1 Fire Hammer (1,6,11, etc.) 
I 

Fire Hamme((2, 7, 12, etc.) ,..X I 

~ 
~ Fire Hammer (3,8, 13, etc.) 

X '", I 

~ 

.Fire H~mer(4,9,14, etc.} 
X I 

, 

Fire Hamm~ (5,10;15, etc;) 
X I 

, 

register 1 latches. 
1~,~~e_s_e_t' __ ~'~I~'~ ____________ ~~~~~~' ______________ ~.~1~4 __ ------____ ~ ________ ~~ ZZ410·Z2430 

o 
~ 

70 115 

t 

• 

... 

-

;:;. 

Hammer 
Coils 
!:Z450 
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Hammer Selection and Firing 
(50, 100, and 155 Ipm) - Continued 

Hammer Latch Select (50, 100, and 155 Ipm) 

The individual hammer latch within each register 
is selected by decoding the value ofY lines (value 
1 to 14 for register 1 and 1 to 13 for registers 2 
to 5). 

Register Select (50, 100, and 1551pm) 

Each register is selected by its corresponding 
subscan line (subscan 1 to 5). 

Hammer Select Strobe (50, 100, and 155 Ipm) 

If the scan/buffer compare results is in equal 
condition, 'hammer select strobe' is activated and 
sets the particular hammer latch being selected. 

--1 

,. .. 

--.{ 

V8 

V4 

Y2 

Vl 

SSl 

SS2 

SS3 

SS4 

SS5 

Decode 

mer Select Ham 
Strobe 

-

• 
-I 

r 
-L 

L 

, -, 
-I 
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Control Load Command PTR-S 

I 
I_ I I I I I 

I I I I I 

t--
t--

I I I I I I I 
JI 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 1 6 1 11 1 16 
1 

21 
1 

26 
1 

31 
1 

36 
1 

41 
1 

46 
1 

51 1 56 1 61 1 661 

Register 1 OR010 
Sense -
Control Sense Command PTR-14 

2 1 112 1 171 22 1 27 1 32 1 37 1 42 1 47 1 52 1 57 1 62 1 7 
I I -

j 
Register 2 0 R020 

r-
r-
r-

3 I 8 I 13 I 18 I 23 I 28 I 33 I 38 I 43 I 48 I 53 I 58 I 63 1 
Register 3 D R030 

4 1 9 1 14 1 19 1 24 1 29 1 34 1 39 1 44 1 49 1 54 1 59 1 64 I 

Register 4 0 R040 

5 1 10 1 15 1 20 1 25· 1 30 1 35 1 40 1 45 1 50 1 55 1 60 1 65 1 
Register 5 0 R040 



Hammer Settling and Type Belt 
Synchronization (50, 100, and 1551pm) 

The four main objectives of this diagram are to 
show what takas place between the odd and even 
print scans (48-character set shown). 

1. Band g show the relationship between 
the first character alignment for the last 
odd print scan, and the first character 
'alignment for the first even print scan. 

2. B and Ii show that hammers optioned 
in the last two subscans of print scan 48, 
are actually firing (if selected) during the 
first two subscans of the next print scan 
(beginning at hammer settling time). 

3. m shows the changing of the subscan counter 
selected output (5 time decoded to 2 time, 1 
to 3, 2 to 4, etc). Therefore when the subscan 
counter selected output is 1, the character F 
is aligned to print. 

4. II Hammer settling time is the time which 
allows the hammers fired during the odd 
print scans to settle down (quit bouncing) 
in preparation for firing during the even 
print scans. 

00110 Prepare Print Control 

Print Scans 1st 

00200 Subscan Counter 234 

00200 Selected Subscans 234 5 

00160 Print Scan Counter 
o 

00150 I ncr Scan Counter 

OQ130 Incr Spare Scans 

00110 Odd Latch (odd scans) 

00130 Initiate Scanning 

5 

Hammers L-__ ~ __ L-__ =2 __ -L __ ~3 __ ~ __ ~4~ __ L-~5~ __ L-~6~~L-__ ~7 __ -L __ ~8 __ --L 

-

Print 
Positions 

The character A is optioned to print during this first 
subscan of the last odd print scan (any character could 
be aligned at this time). Oecoded subscan 

counter output :-t 
1 

Hammers set here 

-
48th 

• 
• 

are 

• 
• 

-------- • fired here. ------------------------------------, 

m 

-

Synchronize decoded subscan counter output ---------------, 
with the type belt for even print scans. 

Hammer settl ing time. --------------------, 

.. The character F is optioned to print during this 
first subscan of the first even print scan. 

I 
1st 2nd 

2 

3 

4 

5 

2 

3 

4 

5/2 

234 5 2 345 234 5 234 5 2 3 4 5 \ 

234 5 2 3 

47 

\ 
5 234 2 \ 

\ 
\ 
\ 
\ 

(even scans) 

Print scan counter low order position four on indicates first 
even print scan can start. For example, for a 48-character set 
the scan counter equals 52 (hex 34 = 0 0 1 1 0 1 0 0 ). 

position four on --.J 

\ 
\ 
\ 
I 
\ 
\ 
\ 
\ 

3 

4 

5 

1 st 

\ 

" 2nd 
........ --

*Subscans 2-5 not shown. 
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Printer Speed Control 

The speed of printing is controlled by the value 
of a 12 position binary counter (cnt to 4096). The 
value decoded from the counter determines how 
long 'hammer duty cycle limit' is active. 

The 'hammer duty cycle limit' line holds UP 'print 
busy' to the channel thus limiting the printing 
speed. 

Load Command PTR-8 

-
II _ I II 

-

Sense -
Control Sense Command PTR-14 

I 
I ----

I I 
I I 
I I 

I I I - I I I 
I - I I 

Adapter Reset S FL 

Prepare Print Cntl 
R 

DT010 

(cnt to 4096) Decode1 

1 ms Osc _A-0 Reg A +1 

'--

R 
DT010 

DT010 

N 

lThe value decoded from the counter determines the 
speed of printing. The values used are: 

1164 ms for 50 Ipm 
560 ms for 100 Ipm 
344 ms for 1551pm 
168ms for 2851pm 

50" 100, and 155 Ipm PTR-32 

r---
OR Hammer Duty Cycl e Limit 

---. DT010 
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Carriage Operation (50, 100, and 155 Ipm) 

The printer uses a stepper motor driven pin feed 
carriage. The carriage uses a vertical spacing of 
6 lines per inch. 

The carriage advance pulses, generated from the 
606 Hz oscillator drive the carriage shift register. 
The shift register provides the A and B drive lines 
for the c:arriage stepper motor. The start pulse 
brings up 'inhibit detent' which gates the car­
riage drive lines to the stepper motor. 

The number of lines to be spaced must be loaded 
by a carriage space counter control load command 
and to initiate a carriage operation. The number 
of stepper motor steps is equal to 8N-2 where N 
is the number of lines to be spaced. The space 
counter is then decremented until the 'steps 2' 

The keyboard functions that control the carriage 
are: 

Carriage restore 
New line (space one line) 
Reset line counter to 1 (tells the system the form 

is on line 1) 

Carr iage Detent 

n the carriage is not spacing the 1080 Hz line Whe 
(app 
driv 
108 
Bd 

roximately 1 ms) gates the A, A, Band B 
e lines to the print carriage motor. Because the 
o Hz line is oscillating, it gates the A,A, B, and 
rive lines half the time, which allows half 

curr 
the 

ent through the stepper motor. This provides 
carriage electrical detent. 

Note 
the v 

: Dual ramping card values are 70 percent of 
alues shown until '-Belt Motion' is active. 

of 24 Vdc or power on reset removes the Loss 
dete nt. 

Control Load Command PTR-10 

line is activated (meaning two more stepper motor 
advances left). 'Steps 2' resets 'carriage go' which 
turns off the run latch and sets the stop latch. The 
stop latch gates two more carriage advance pulses 
to the stepper motor. The last carriage advance 
pulse (carriage feedback pulse) brings up the line 

'steps 0' which resets the 'space time' latch, ending 
the carriage operation. 

I Attachment 

Jump I/O Command PTR-20 

J 
1 - Sense -

~ 

~ 

~ 
ed These two lines us 

for diagnostic test ing. 

Control Sense Command PTR-14 

I I 
I I T 
I I I -II I I 
I I J 

IOCl Carr Space Counter 
(space after print) 

t-- S Fl 

I I I I 
I 

R fA.."" 
6~~:p Off OR 

DQ100 ) 

IOCl Carriage Go 1 B;SY Fl 

Carriage Busy 
~t-- S 

R 

DQ080 
Cnt to U W 8 Dec to 0 

~ +1 I.-- G1 
-1 (step) L:.-L 

DQ100 (space 

count) ~~I 

.DQ100 

Carriage 
Go ~ 

S Fl 
l:Pa~rlStop 

R 

r--- R 

DQ080 
Space 
Time 

S Fl 
Steps 2 

Steps 0 
R 

DQOOO 

+ 
Carr 
Sync 
Check 

DQOOO 

(approx. 1.7 ms) 606 Hz ---:=I~--,Ia....,----I ""'7"'= ... I_.LI_.LI_.LI_ .... I_ ...... IL-...IIIL-....JIL--....JIL--____ 1 _ 
-i 1_1.7ms 

Negative 606 Hz 

Carriage Go 

Start FF 

Start Pulse 

Inh Detent 

Run Latch 

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

I ~ J 
I , ) / I 

: d I / 
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Half Line Space Operation 
(50, 100, and 155 Ipm) 

The half line space print feature permits indexing 
of the printer one half space above or below the 
normal print line. This spacing is used for super­
scripting or subscripting a character on the print 
belt. 

The half line space print feature supplies the 
printer attachment with eight carriage advance 
pulses when only four carriage advance pulses are 
sent by the prin~eJ to the carriage advance shift 
register. During the half line space operation, when 
the first carriage advance pulse is received by the 
half index card, five fast (64 J,Ls) carriage advance 
pulses are generated from the 4 J,Ls clock and sent 
to the printer attachment before the second car­
riage advance pulse is received from the printer. 
When the second pulse is received from the printer, 
it is passed unaltered to the printer attachment. 
This pulse becomes the sixth carriage advance 
pulse to the printer attachment and carriage go 
is dropped. The deceleration function begins and 
the third and fourth carriage advance pulses from 
the printer are received by the printer attachment. 
These are the seventh and eighth pulses in the 
carriage line position counter (count to eight). 
Because the printer attachment has received eight 
pulses in the carriage line position counter, the 
acceleration and deceleration timing of a full index 
is retained and forms jam and carriage sync checking 
are pe rfo rmed. 

A half index is initiated by setting the carriage 
reverse bit (bit 4) in a control load command 
(IOCl) with a modifier of A. Half index mode 
is reset by bit 5 of the command and the half index 
feature card is reset by bit 5 of the command, 
dropping carriage go, or resetting the printer 
attachment. 

Half index complete (for diagnostics only not 
shown) indicates that the five fast pulses to the printer 
attachment have been generated and the completion 
of the index operation is under control of the 
carriage advance digital control in the printer. 

Control load Command PTR-l0 

Attachment 

r-
r- IOCl Carr Space Counter 

(space after print) 

~ 
~ S Fl 

Carriage 
...- Go 1 

P I A* 

/~ 
R aper OR 

Clamp Off 

b~~rlStop 
S Fl 

00100 ) <; 

R 1 Busy 
IOCL Carriage Go 

S Fl - r-- R These two lines used 
Carriage Busy for diagnostic testing. 

4~ S 00080 
Space 
Time R 

FlH 00080 S 
Steps 2 Cnt to J 'd7 8 Dec to 0 

4~ +1 '-- Gl Steps 0 
-1 (step) -=-L R 

00100 (space 
00080 

count) ~'I 
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00100 t Feature I 
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R 
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Input/Output lines (50, 100, and 155 Ipm) 

A = from attachment 
P = from printer 

POR/Printer Reset (A) 

POR/printer reset line is initiated during the power 
up sequence to reset the printer circuits to their 
starting condition. It is also activated if a carriage 
sync check is detected. 

Close (+24V) Contactor (A) 

Close contactor must be activated to switch the 
+24V into the printer. This line is deactivated when 
a hammer parity check is sensed to protect the 
hammer coils. 

Belt Go (A) 

Belt go is activated to start the belt oscillator. 
The belt oscillator furnishes pulses to run the 
type belt drive circuits. 

Belt Motion (P) 

The belt motion signal is active when the tYpe 
belt reaches operating speed. It becomes inactive 
when the belt speed decreases to approximately 
10 per cent below the operating speed. The home 
pulse and the subscan pulses become active when 
the belt is up to speed. 

PSS (Subscanl (P) 

The PSS pulses are generated from the raised 
timing marks on the tYpe belt. The subscan pulses 
synchronize the print controls between the attach­
ment and the printer. When the home pulse is 
detected, a dummy pulse is generated because of 
the missing timing mark. 

IMPSS (Impression Singleshotl (P) 

IMPSS is added to the hammer fire pulse to control 
the time the hammers are fired for different forms 
thickness. This signal is activated when the subscan 
pulse goes inactive (halfway into a subscan) and 
remains active 235 J1.s to 435 J1.s depending on the 
setting of the forms thickness control. 

Fire Hammer (A) 

Fire hammer lines are activated to fire the 
corresponding print hammers (fire hammer 1 = 
print hammer 1, etc). 

50,100, and 155 Ipm PTR-36 

ZZ570 POR/Printer Reset 

ZZ582 Close (24V) Contactor 

ZZ570 Belt Go 
1-oo1----1.0s max. ---.~I 

ZZ58 Belt Motion 

ZZ580 PSS (subscan) ••••••••• 
00200 Subscan 1 

OQ200 Subscan 2 

OR010 Fire Hammer (1-66) 

OR020 Fire Hammer (2-62) 



Activate Paper Clamps (A) 

This signal energizes the upper and lower paper 
clamps. It is deactivated during a spacing opera­
tion and when the printer is idle. 

Home Pulse (P) 

On the type belt there is a double space between 
two of the timing marks. This space (missing 
timing mark)-generates the home pulse that 
signals the start of the type set on the type belt. 
The home pulse is used to synchronize the type 
belt and the belt position counter. 

Hammer Check 1-22 (alsel 23-44 and 45-66) (P) 

The hammer chec~ lines determine that in each 
group an odd number of hammers is on (when 
active). They are used as input for the hammer 
parity check and the coil current check. 

Carriage Go (A) 

This line activates the carriage advance digital 
control circuits. These circuits furnish pulses 
to run the carriage drive circuits. 

Stop Ribbon (A) 

The stop ribbon line is activated if the printer is 
idle for five seconds. When the signal is activated, 
the ribbon stops moving to prevent smudging the 
paper. 

Carriage Advance (PI 

The carriage go line activates the carriage advance 
digital control circuits. These circuits generate 
the carriage advance pulses. Each carriage advance 
pulse advances a shift register which advances the 
print carriage motor by one increment (eight incre­
ments per line). Therefore, eight carriage advance 
pulses decrement the space count once per line. 
When the space count goes to zero the carriage 
operation is complete, which resets carriage go. 
The carriage advance pulse is also used for carriage 
sync check detection. 

Printer Thermal Switch (P) 

This line signals that the temperature in the printer 
circuitry is too high. It indicates a thermal check 
in case of overheating. The switch opens at 145°F, 
±5° F (63°C ± 3°C). 

Cover Closed Switch (P) 

The cover must be closed to make the printer 
ready. 

Forms Sensed Switch (PI 

This line indicates to the attachment whether or 
not there are forms in the printer. 

Throat Closed Switch (P) 

This line sends the condition of the casting throat 
interlock switch to the attachment. It must show 
a throat closed condition to make the printer 
ready. 

Switch Assemblies 

CAUTION 
These are electronic switches and do not have 
conventional switch contacts. A high current 
source (test light or ohm meter) will permanently 
damage the switch. 

There are two types of switches: 

1. Normally ON, red plunger. The south pole 

2. 

of a permanent magnet is positioned over an 
integrated circuit thus holding the output 
stage on. Pressing the switch plunger moves 
the permanent magnet, placing the north pole 
over the integrated circuit and the output turns 
off. The plunger is returned to the normal 
state by a return spring. 

Normally OFF, black plunger. The north 
pole of a permanent magnet is positioned 
over an integrated circuit thus holding the 
output stage off. Pressing the switch plunger 
moves the permanent magnet, placing the 
south pole over the integrated circuit and 
the output turns on. The plunger is returned 
to the normal state by a return spring. 

Pin 4 + 5 Vdc (input) 

Pin 2 Ground (input) 
+5Vdc 

560 ohm 
Pin 1 ~t------ (output) 
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Attachment Dataflow 
(50, 100, and 155 Ipm) 

Chann el 

Port 
DBa 
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Attachment Functional Units 
(50, 100, and 156 Ipm) 

Printer Command Decode 00020, 030, 040 111 
The printer command decode selects the various 
I/O device operations by decoding the values of 
OBO and CBO sent to the attachment. The 
values and their meanings ate: 

I/O load 
I/O control load 
I/O sense 
I/O control sense 
I/O jump 

Space Counter 00100 II 

The space counter is a 7 position binary counter. 
The number of lines to be spaced or skipped is set 
into the space counter by the micrprogram. The 
counter is then decremented by one for each line 
spaced until it reaches O. This brings up the 'steps 
A' line which resets the space time latch and stops 
the carriage operation. 

Scan Counter 00160 1'1 

The scan counter is a B position binary counter used 
to count the number of print scans taken to deter­
mine when to end the print scans. The output is 
decoded into 49 or 65 depending on the character 
set size being used. 

Clocking Triggers 00170 m 
The clocking trigger pulses are generated by a 4 
position binary counter. These pulses provide 
the basic timing used during a print operation. 

There are four basic timing pulses generated 
(trigger A, B, C, and D). The clock pulses 5, 6, 
and 7 are generated by ANDing certain conditions 
of the clocking triggers. 

Clock Time I :BI B1C Ictllol tBI :cl c6ol101 
I 21ls0sc 

Trigger A 

Trigger B 

Trigger C 

Trigger 0 

Storage Boffer Address Register (SBAR) OQ180 II 

The SBAR is an a position binary counter used to 
sequentially address the print buffer. See PTR·28 
for the addressing sequence. 

Belt Position Counter (BPC) 00200 II 

The BPC is an 8 position binary counter which 
maintains a count of the character position 
currently aligned with print position one. 

The output of the counter is used as an input 
to the scan register and the home detection 
circuits. 

Paper Clamp Timer 00240 II 
The paper clamp timer is a 4 position binary 
counter used to signal the condition of the 
paper clamps to the attachment. 

The paper clamp should be on 15 ms after it is 
told to turn on by the microprogram. rhere is 
no feedback to insure that the clamp is actually 
on. The clamp is considered to be on when the 
timer has timed 15 ms. When it reaches 15 ms 
the timer turns on the clamp on latch. 

Similarly, when the clamp is told to turn off, 
it should be off after 11 ms. When the timer 
reaches 11 rns it turns on the clamp off latch. 

Hammer Select Control 00290 II 

The hammer select control is a 4 position binary 
counter used to generate the hammer select lines 
(VB, V 4, Y2, and V1). These hammer select 
lines, in conjunction with the sUbscan lines (SS1, 
2,3,4, and 5) determine which hammer will be 
optioned to fire at any given time. The hammer 
select lines provide an Input to the hammer fire 
control, where hammer oPtioning takes place. 

Elapsed rime Counter 00300 II 

The elapsed time counter is a 10 pOSition binary 
counter used to generate an interrupt after a 
selected time delay. The selected delay is loaded 
by an I/O control load micro instruction. rhe 
counter is then decremented by. one until it 
reaches O. This brings up the 'elapsed time 
counter is A' line which sets the interrUPt. 

Hammer Fire Control (50, 100, and 155 Ipm) 13 

The combination of hammer select lines (VB, 4, 2, 
1) and the subscan lines (SS1, 2, 3, 4,5) selects 
which hammers are optioned: 

Hammer Select Lines + Subsean ... Hammer 

1 
2 
3 
1 
2 
3 

1 
2 
2 
2 

11 
21 

2 
12 
~2 

rhe hammer select strobe line becomes active when 
the optioned hammer is to be fired. On the follow­
ing subscan, the hammer that was set to fire is fired 
by the fire 1, 2, 3,4, or 5 pulse. 

Printer Speed Control D 

The speed of printing is controlled by the value of 
a 12 POSition binary counter. The value decoded 
from the counter determines how long 'hammer 
duty cycle limit' is active: 

1164 ms for 50 Ipm 
564 ms for 100 'pm 
364 ms for 155 'pm 

The 'hammer duty cycle limit' line holds up 'print 
busy' to the channel thus limiting the printing 
speed. 

1 "these keys al$o refer to PTR·38. 

Load Command PTR-8 Control Load Command PTR·10 

J 
f-

I' _ I ~ .. - ---f-

Sense -
Control Sense Command PTR-14 Jump I/O Command PTR·20 

·~"--II 

i;S'~i 
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Attachment Functional Units 
(50, 100, and 155 Ipm) - Continued 

, 1 

Print Buffer 00180 II 

The print buffer consists of a 128 x 9 bit RAM 
(random access module) and an auxiliary 4 x 9 
bit RAM. The two combine to make up the 132 
positions for the entire print line. The print 
buffer contains PFN (print fire numbers) arranged 
in the sequence in which they are optioned: 

Print Buffer Print Position 

00 01 
01 11 
02 21 
03 31 

See PTR-28 for buffer arrangement and PTR-27 
to determine the value of the PFN. 

The PFN is compared to the contents of the scan 
register. When a match occurs, the print position 
being addressed is fired. This buffer position is 
then blanked by writing a hex FF into it. 

Scan Register 00200 111 

The scan register is used as a holding register for 
the value of the BPC. It is set on subscan one' 
held through subscan five of each print scan. 

The output of the scan register is used in the scant 
buffer compare to determine when to print a 
given print position. 

Scan/Buffer Compare 00280 111 

This circuit is used to compare the contents of 
the scan register with the contents of the print 
buffer. The data is checked for an equal compare 
and also for a blank (all positions printed) con­
dition. The nonblank found latch is reset at the 
beginning of each print scan. It is set when any 
PFN is found in the print buffer. If no PFN 
is found by the end of the print scan, the non­
blank found latch remains reset and this sets 
the early end of superscan latch. 

1 These keys also refer to PTR-38. 
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Scan Reg Bit 0 
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Scan Reg Bit 1 

Buffer Data Out Bit 2 
Scan Reg Bit 2 

Buffer Data Out Bit 3 
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Buffer Data Out Bit 5 
Scan Reg Bit 5 

Buffer Data Out Bit 6 
Scan Reg Bit 6 

Buffer Data Out Bit 7 
Scan Reg Bit 7 
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Printer Functional Units and Dataflow 
(50, 100, and 155 Ipm) 

11 Type Belt Motor and Drive 

The 'belt go' signal from the attachment starts 
the type belt motor. The motor accelerates in 
increments up to running speed and maintains 
this speed as long as 'belt go' is active. 'Belt 
up to speed' becomes active a maximum of one 
second after 'belt go' is activated. 

II Home Pulse and Print-Subsean Pulse 
Generation 

These pulses, generated as the timing marks on 
the type belt pass a transducer tip, are valid 
only when the type belt is up to, speed. Home 
pulses (one between each complete character 
set) are generated by sensing a missing timing 
mark on the belt. When the belt is up to speed, 
the continuing home pulses verify that the 
attachment is in sync ~ith the printer. If the 
printer is not in sync with the attachment, a 
belt sync check is indicated. 

Print subscan pulses are produced by the timing 
marks on the belt and by an electronically 
inserted pulse between each mark. 

&I Forms Thickness Control 

The forms thickness control mechanically 
adjusts the print unit forward or back for 
,different form thicknesses. The control also 
adjusts a potentiometer for varying the dura­
tion of the singleshot hammer-fire pulse. As 
the print unit is adjusted for thicker forms, 
the pulse duration is increased. 

m Ribbon Drive 

When the ribbon solenoid is deenergized, a 
clutch engages to drive the ribbon. The ribbon 
begins to move when printing starts (or during 
the completion of the first line printed) and 
continues to move only during printing. After 
printing stops, the ribbon continues to move 
until the solenoid is energized to disengage the 
clutch. 

II Paper Clamps 

The upper paper clamp consists of one magnet 
and a clamp bar. The lower paper clamp con­
sists of two solenoids and a clamp bar. Both 
clamps are activated by the attachment clamp 
holding the paper during printing. 

II Firing the Hammers 

Each hammer spans two print positions. For 
each print line, a hammer is addressed to 
print twice; first for printing the odd print 
position, then for the even print position. 
Hammer firing is controlled by the attachment 
with the timing provided by the printer. 

llearriage Spacing 

When a print line is complete, the attachment 
releases the paper clamps. The forms can now 
be advanced. To advance the forms, the 
attachment activates 'carriage go'. The printer 
electronics then generates 'carriage advance' 
pulses which control the carriage motor. The 
attachment counts the advance pulses and de­
activates 'carriage go' on the sixth step. 
Deactivating 'carriage go' initiates two stop 
pulses for a total of eight stepper motor 
pulses. This moves the paper 1/6 inch 
(4.22mm). 

The printer is ready for the next print line cycle. 
If printing is continuous, steps m through II 
are repeated. 

Printer 
To PTR-38 
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Error Conditions (50, 100, and 155 Ipm) 

The jump I/O command (see PTR-20) detects 
either the adapter check or not ready condition. 
A sense command is then required to determine 
the specific error. See Sense Command on 

PTR-14. 

Jump I/O Command PTR-20 

Unprintable Character 

One or more of the characters requested to be 
printed were not in the print image. Unprint-
able character is checked entirely by the micro­
program. There is not hardware checking involved. 
Setting of this check is a programmer option. 

Forms Jam 

Belt Speed Check 
Carriage Sync Check 

Coil Current Check 
Belt Sync Check 

Emitter Check 
Data Check (print buffer) 

Hammer Parity Check 

Cover Closed Switch 

Throat Closed Switch 

No Forms Switch (EOF) 

Data Sam 

JIO Adapter 

JIO Not Rea 

(PTR 44) 

(PTR 44) 

(PTR 45) 
(PTR 46) 

(PTR 47) 
(PTR 48) 

(PTR 48) 
(PTR 49) 

(PTR 50) 

(PTR 50) 

(PTR 50) 

Sel 

pie G1 
Check G2 
dy G3 

~ 

OR 
2 1 

2 

2 

2 

2 

2 
2 
2 

3 3 

3 

3 

i--

00070 00070 

I/O Condition True (CBI 4) 
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SO, 100, and 1551pm PTR·44 

Forms Jam Check/Belt 
Speed Check (50, 100, and 1551pm) 

Forms Jam Check 

The forms jam check indicates that the carriage 
tractor was told to move, but no paper motion 
occurred. A light emitting diode detects the 
time between holes in the paper. If no hole is 
detected in eight lines, the forms jam is set. 

Note: The light emitting diode is infrared so you 
cannot see the light. 

Control Sense Command PTR-14, 

~t=J.. 

'--

--

Printer Reset 
Carriage Adv 

Belt Speed Check 

This check indicates that either the belt has failed 
to get into motion within two seconds after the 
start time or the printer belt motion is lost after 
having reached an up-to-speed condition. Motion 
is considered lost if there is a 25 per cent loss in 
operating velocity. The speed is determined by 
measuring the time between timing marks on the 
print belt. 
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Belt Speed Check 



Carriage Sync Check 

Two conditions may set this check: 

o If a carriage feedback pulse (carriage advance 
pulse) occurs when no carriage motion has 
been initiated. 

e If a carriage feedback pulse fails to occur 
within 8 ms, during carriage space time. 

Sense Command PTR-14 -
l-
I--
I--

Space Time 

Fl 

1---4II~---S 

00080 
00080 

Carriage Feedback 

Enable 
Time.r 

F.l 

'-----II S 

oooso 

• •• 

1 ms Osc 
~~~~-----~~---~~~+1 

16 

00080 

tOl Check Reset 

Adapter Reset 

00080 

Fl 
'---__ S 

....--..;,.-R 

00080 

• 

CarrjageSync Check 

50, 100, and 155 rpm PTR-45 



Coil Current Check (50, 100, and 155 Ipm) 

An 8 ms timer (cnt to 8) is started when hammer 
select strobe sets a hammer latch. Coil parity odd, 
coil 2 parity odd, and coil 3 parity odd lines are 
monitored for the possibility of a hammer being 
on longer than 8 ms. If this condition is detected, 
power is dropped to the printer and coil, current 
check is set. The Status of the coil 1 parity odd, 
coil 2 parity and coil 3 parity odd lines is saved in 
their respective latches. This is because the coil 
check line being active degates the reset of the 
latches. 

Note: If an even number of hammers, on one 
hammer driver card, are on (longer than 8 msl, 
the coil current check is not set. This is because 
the hammer and odd lines are only active for an 
odd condition within anyone of the three card 
positions. 

Sense Command PTR-14 

I 

-=~ 

l-
I--
I-

H ammer _Printer_ 
Driver 
23E-2~F Card Pos 23E 

~ 

I Hamme 
Driver 
23C-2!30 

....... 

J Hamme 
Driver 
23A-23 B 

I 
""'-

1 

= 00 = = - -...... --
Jt T 

Card Pos 23C 

= 00 = -- ... -.... -I..-

li J 
Card Pos 23A 

~ 00 
~ I-
~b ..... -.... 

M T 
ZZ440 

Hammers 1.-22 Odd 

Fl 10l Oiag Ctrl Byte 
Gl 10l Coil 1 Current 

~ 
1S 

I-- 1R 

Hammers 23-44 Odd 

Fl 

IOl Coil 2 Current I-- Gt 

lGJ-
1S 

I-- 1R 

Hammers 45-66 Odd 

10l Coil 3 Current '--- G1 

10 
1$ 

1R 

00090 

Oia!! Mode latch 
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(coil 1 parity odd) 

2A*0 Fl 

r-G-r ....- G1 Coil 1 Parity Odd 
1$ 

~ 1 1R 

(coil 2 parity odd) 
2A*O FL 

r-GJ-r ...- G1 Coil 2 Parity odd 
1$ 

l§ I 
lR 

(coil 3 parity odd) 
2A*0 

~* .-- G1 Fl Coil 3 Parity Odd 
1S 

~ I 
1R 

00090 
00090 

N 

.- C~8 L-..- OR 
*A ..- S8: 

+1 

1 8 
Coil Check (coil c 

1 msec Osc i 
urrent check) 

L-
fA:- 00090 

R 
Hammer Select Strobe OR L--

System Rst :. 00090 
I 

10Cl Disable * 
I 

10l Check Rst t 
L-
00090 

IOCl Drop 24V Relay 



Belt Sync Check 

This check can be set by three possible conditions: 

o If a home pulse occurs when not expected.IOC l Character Set Size 

o If a home pulse fails to occur when expected. 

e The bit ring generating the five subscan pulses 
. is continuously monitored for an abnormal 

condition. Normal is one, and only one pulse· 
on at any time. 

The timing for the home pulse is determined by 
counting the number of print scans. This count 
is compared with the character set size (only one 
home pulse per character set). 

Sense Command PTR-14 -
f--
f--
f--

IO~l. ~har Set SizeO 

~ 
IOCl CharSet Size 1 

4J 
Belt Pos 4 
Belt Pps 5 

Belt Pos 6 

Belt Pos 7 

(not).SSl 

(not) SS2 

(not) SS3 

(not) SS4 

(not) SS5 

0 

G1 Fl 
lS 

R 

1 

'-- G1 Fl 
lS 

R 

001~0 

Home 

N 

G;l 

Home 
Expected 

N A*' 
OR 

r0- I-- 48 

.* 
'--

64 
r--

* 

~ f-- 96 

~ 

* 
J92 

00190 

A* 

OR 
.* 

--." I,.. 

-- *' 
r;l 

*.' 

r;1 
I ,,' 

0- OQ190 

Belt Sync 
Chk Enabled Fl 

SSl S 

00190 

Missing 

• • • rT-:'l • 

Home Expected 
~ 

Fl ~e 
SS2 A 

S SSl A 
Print Subscan PSS I--

~* i.--
SS5 

00190 
R 

.- 00190 

Fl 
Sl 

Belt Sync Chk 
S2 

Home Allowed S3 

Fl 
Unexpected 

R1 .--

rtB 
~ 

L-

FF !-,-- A A ..--- R2 S I- Print Subscan .$ 10- IR~ 
SS5 

~·i.--O 
00190 P .R i.--e 00190 

00190 

OQ190 

Extra 

I I .I~I • Adapt Reset 

IOl Check Reset 
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Emitter Check/Data Check 

Emitter Check 
Sense Command PT R"'I 4 ' 

Once the print belt motor has reached an up-to­
speed condition, the print subscan line is monitored 
to verify that it is oscillating. If no change occurs 
during any 2 ms period, the emitter check is set. 
This check supplements the belt sync check which 
cannot detect a broken or stopped belt. 

Data Check 

Parity is maintained on the data in the print buffer. 
If invalid parity is detected during a print cycle, 
this data check is set. 

--
-

Diag Mode 

4s 
~-----""S1 

rOCl Force Mtr Up to Spd S2 

Fl 

00220 

Fl 
rOl Diag Ctrl 
___ ~-----IIG1 

IOl Motor Up to Speed 1S 

Belt Start Complete 00260 

I I -

2A*0 

00260 

Print Subscans 

Adapter Reset 

00260 

R 
1 ms Osc 

C 2 

00260 Adapter Reset 
tOl Check Reset 

Print Buffer Busy 
N 

Diag Mode latch 

Fl tOl Diag Ctrl 
IOl 2 iJ.S Osc 

G1 

Ltt 1S 

00170 

FF 
l/.ls Osc 

T ~ 

- R1 
Adapter Reset 

R2 

00170 

Buffer Data Out 0 ODD 
Buffer Data Out 1 
Buffer Data Out 2 

From Buffer Data Out 3 
Print ( Buffer Data Out 4 

Buffer Buffer Data Out 5 
Buffer Data Out 6 
Buffer Data Out 7 

\ Buffer Data Out P 

00280 

G1Fl Emitter Check 
lG2 

2S 

R1 
R2 

00260 

2A*0 

Parity Valid 

Count 
to 16 

R 

C 

1 
2 

4 
8 

N 
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~ 
B 

C 0-~ 

I--- Gl Fl Data Check 1G2 
2G3 

Hammer Option Time 
3S 

Adapter Reset R1 
tOl Check Reset R2 

00170 



Hammer Parity Check 
(50, 100, and 155 Ipm) 

An odd/even count of the hammer select strobe 
pulses is kept track of by the two position odd/ 
even count register. The outpU1: of this register 
indicates whether an odd or even number of 
hammers have been selected to fire (one hammer 
select strobe pulse for each hammer selected). 
The hammer odd line is active for each hammer 
odd card that indicates an odd number of ham­
mers are being fired. The odd/even count 
register is compared to the status of the three 
hammer odd lines during each print subscan 
pulse. If a mismatch occurs the hammer parity 
check latch is set. 

Sense Command PTR-14 

I -
,.--
I--
f--

.,int Su"'cao (Odd/'7 ~"") 
Hammer Select Strobe ,T FL [NI G1 Reg L N G1Reg 

1------.......,---1' 0 1----..-- 0 

00260 1 R GJ- r---+--a I R 
Motor Up to Speed -N OR 00260 

r---., Odd Hammer 
- ODD Parity 

Adapter Reset !-_ .. __ "':::':=:::::"'-.J --- 00260 
___ Printer __ • 

Card Pas 23E 

Hammertl= 
Driver := 
1-22 '== -

---... 
ODD 

Card Pas 23Cr--_--. 

Hammer{;= 
0 " I-

nver ~== 
23-44 ,~ 

Card Pas 23A 

Hammer\== 

Driver ~= 
45-66 ,== ,-

ZZ4JO 

ODD 

ODD 

ZZ440 

I Hammers 1-22 Odd 

Diag Mode Ltch 

I 
I 
I 
• 
I 
I 
I 

IOL Diag Ctrl Byte 

IOL Coil 1 Current 

Hammers 23-44 Odd 

FL 
G1 
1S 

FL 

IOL Coil 2 Current4~ 'G1 
1S 

• Hammers 45-66 Odd • I 
I 

FL 

IOL Coil 3 Current - G1 
1S 

00090 

2A*0 

~r 
2A*0 

00090 

Print Subscan -.;..;..;;.:.;.;...;:==:..----1 

I--

Coil'--
Coil 2 ODD 
Coil 3 

00100 

1o---_G1 FL 
Motor Up to Speed A t------------N· 1S 

-
00100 IOL Check Reset 

Adapter Reset 
R1 
R2 

N ~--__ ------------.J 

Hammer Parity Chk 
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End of Forms/Cover Closed/Throat 
Closed (50, 100, and 155 Ipm) 

End of Forms (EOF) 

End of forms is checked on the first line printed 
of each new form. If no forms is indicated by the 
no forms switch, the printer will go not ready. 

Sense Command PTR·14 

I--
I--
I--

-

I 
I 
I 
I 

1 -

No Forms Switch I 
ZZ320 I 

; 
I 
I 

Adapter Reset 

IOCl Enable EOF 

IOCL Oisable EOF 

Fl 
S1 
S2 

R 

00210 

Cover Closed 

The printer is not ready if the cover is open. 

Throat Closed 

The printer is not ready if the throat is not 
closed on the paper path. 

Close 

I 
Open 

,..--..-, 
A EOF (end of form) 

00210 

Oover Closed Switch 
ZZ320 

Throat Closed Switch 
ZZ320 

I 
I 
I 
I 
I 
I 
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IOCl Print Coming 
~~----~~~S Fl 

JOCl Turn MtrOn S L-..:::B:.:;.el:..:,t...;:G;.;;;o __ _ 

R 
R 

~ '-------1t----+---. R --.... 00220 

F Ribbon not Stop I....-___ S 

00220 

Belt not Ready 

00220 
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CPU! Attachment/Printer Operation 

Printer operation is controlled by the micro­
program commands in the CPU. The commands 
are: 

LOAD 
CONTROL LOAD 
SENSE 
CONTROL SENSE 
JUMP I/O 

I nterrupts if enabled occur at the completion of a 
printed line, a carriage function, or when the 
elapsed time counter reaches zero. The next com­
mand is then initiated. 

Data Area 

Output data flow to the printer is from a 132-
byte I/O area in main storage, called the line 
printer data area. Beginning at the leftmost byte, 
this data area in main storage corresponds charac­
ter for character to the print line beginning at 
print position one. 

Belt I mage Area 

A character set image is defined as the sequence 
of print characters as they appear on the type 
belt. Before printer operations begin, a given 
character set size must be provided and the image 
must be loaded into the belt image area of con­
trol store. For reference by the printer micro­
code, the belt image is then transferred to main 
storage location. 

Three character sets are available: 48, 64, and 96. 
The 48-character set is: 

A-Z 0-9 $,. + - * / % @ # & ' 

The 64-character set consists of the above 
48 characters plus the special characters: 

()= :;"?rt><I!i\ 

The 96-character set includes all characters in the 
48-character set, the lowercase alphabetic char­
acters, plus the following special characters: 

[]!% :"+2~o±¢();y,?=®§3£' 

CPU and Channel 

1---- ---------1 
: I Dot' A", I I 

L ______ J_E~~:e ___ : 
Main Storage 

Data 
Translation 

M 
I 
C 
R 
o 
C 
o 
D 
E 

Port DBO 

Forms Control 

Forms movement is also controlled by the printer 
microprogram. Forms length must first be defined 
by the program located in control storage. The 
printer must also be initialized to a line within 

that forms length. The maximum length of forms 
is 84 lines. 

The forms length and current print line values 
(destination prin.t line when the carriage is 
moving) are maiptained by the printer micro­
program. 

End of Operation Interrupts 

Any operation initiate~ by the printer micro­
program results in an interrupt at the end of the 
operation. These interrupts are processed by the 
microprogram. Any checks that occurred during 
the execution of the completed operation are 
handled immediately to prevent loss of the check 

status. 

Print 
Buffer 

Attachment 

Equal 

Scan 
Register 

Hammer Select 
and Fire 

Attachment Operation 

The data in the print buffer is compared to the 
value of the scan register. If they are equal, the 
corresponding hammer is selected and fired. 

the print line is not changed by printing. This' 
leaves the complete print line available for error 
recovery procedures (ERP). 

The following keyboard functions are provided 
for operator control of the printer: 

Belt 
Position 
Counter 

Reset line counter to 1 
form is on line 1.) 

PSS 

To Hammers 



Theory of Printing (285Ipm) 

The belt printerhas132 hammers, one hammer 
foreacb print position. The print operation is 
separated into these functions: 

Subscails: A su.bseanis the time required to 
option every fifth print position to every 
other belt position. Fivesubscans make one 
print sean. 

- Print scan: . A print sean j~ the time required 
to oPtion one character to all print positions. 

- Priritline: A print .Iineis 48 print scans for 
. a 48-characterset1 (standard). That is, every . 
character on the set is optioned to every print 
position.· 

Each print position can print only one character 
per print line (when the print position is optioned 
and the character specified for thatpositi.on is 
equal to the character aligned at that position). 

During a subsean, the hammers selected for 
firing are buffered in the attachment, and 
they are gang-fired cit the start of .the next 
subscan. Print seans are stopped early if aU 
oPtioned hammets are fired. 

To synchronize the type belt to the attachment, 
two types of pulses are required-a home pulse 
and the subsean pulses. 

The home pulse is generated from the type belt 
by the transducer. sensing the missing timing 
mark II that identifies the home position~ The 
home pulse occurs one subsean before the first 
character of each character set is aligned to print 
in position 1. Sensing the first home pulse 
initiates a continuing check of the synchronism 
of the home pulse with the belt position counter. 

IThe subscan pulses are generated by the trans­
ducer. Detecting the 64-<:haracter set takes 64 print 
scanS; detecting the 96-character set takes 96 print 
scans. Two. subscan pulses are developed from each 
timing mark. 

m 
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.11 Transducer 
Print Belt 
Retease 

Stepper Motor 

Print (Hammer) 
PositiQn 1 2 

Drive Belt 

D E 
-----';Selt Motion 

GY~ 
. '. ". '. SUbscan1 .. ~ 

. . . . 

Belt A" B . c·· D' E .' F "'G HI' . . + 
. 

.. ' . . ~~~2 

GY~ Belt 

G~ 
. .~ ... e_~_e _____ . .,...'. _'. _B_.---."-. __ G ___ '_D ____ ' ...:~:.:e;.:..:lt:..:M:":'O:;.t:.::~o:::.:n.:........._· -:--G_·_._.-H--___ I ___ +_· _....;.... _. -I 

Subscan 4 . . ' 

G~ Belt 

Subsean 5 

111113 115117 119121123125127129131 

LloLSeLJF ) 

~ 
I ...... .. ) 

~ 
) 



Theory of Printing (285Ipm)-Continued 

When synchronism is verified (sensing a second 
home pulse) printing can start. 

Because the printer has a continuously moving 
type belt, the attachment must determine when 
to fire a hammer to print the specified character. 
Using the illustration II as a reference, observe 
the relationship between the moving type belt 
and the hammer positions. This shows the char­
acter A aligned with hammer 1 in print position 1. 

Print optioning can start when a character is 
aligned with print position 1. The belt position 
counter keeps track of what character is aligned 
to print in print position 1. This value is set into 
the scan register at the be6inning of each print 
scan. During the first hammer option cycle, the 
character specified for position 1 is compared to 
the character aligned at position 1. During this 
first subscan, every fifth position (1, 6, 11, 16, 
21, etc) is compared with its respectively aligned 
character (every other belt character). If the 
character specified and the character aligned 
compare equal, the hammer is fired at the begin­
ning of the next subscan II . This sequence, 
starting at print position 1 ,is called subscan 1. 

At the end of subscan 1, the type belt movement 
aligns the character B with print pOSition 3 as 
shown in the illustration II . Print optioning now 
continues with print position 3 and proceeds 
through every fifth print position until the 
character aligned with print position 128 is 
optioned. This sequence, starting with print 
position 3, is called subscan 2. 

Belt movement has now aligned the character C 
with print position 5, as shown in the illustration 
II . Print optioning continues for every fifth 
position until the character aligned with print 
position 130 is optioned. This sequence, starting 
with print position 5, is called subscan 3. 

Subscans 4 and 5 follow the same pattern 
(illustration II and m ). Subscan 4 starts 
optioning with print position 2 and every fifth 
position through print position 132. Subscan 5 
starts optioning with print position 4 and every 
fifth position through print pOSition 129. These 
five subscans make the first print scan. 

Duringthis first print scan, each of the print 
positions was optioned to print one character, 
but only those hammers are fired that had the 
aligned character compare equally with the 
specified character. 

The first print scan started with character A 
aligned at print position 1. Now, the character 
B is aligned With print position 1 and the second 
print scan is started. 

After the second five subscans. all pOSitions are 
now optioned to print a secohd character. To 
option the 46 remaining characters to each print 
positiOr'l, 46 more print scans are taken. 

Hammers are fired for the optioned print pOSitiOns 
that compare equal on each succeeding sUbsean. To 
reduce the hammer power requirements, only five 
hammers are allowed to fire on one subscan. If 
more than five optiol'led print positions compare 
equal, optioning starU again with 48 new print 
scans. Scanning starts again at print position 1 and 
positions not printed are opti()l'led again. 

After the 48 print scans, an additional print sClln 
(49) is taken to fire hammers seltlcted during 
subsean 5 of print scan 48. 

Print (Hammer) 
D II II II II II IJ ID1 II ............. Position II II 

I~ I SS1 !Ill 0 181 0 

552 !Ill F 0 0 F 181 

SS3 F 0 !Ill 0 F 181 

SS4 0 0 F 181 0 F lID 

SS5 !Ill 0 

f 
F 181 0 F 

alor 0 Hammer optioned (every 5th position) 
!Ill Hammer optioned and compare equal 
F Hammer fired (fired on subscan after compare equal) 

• ....,.. PTR·66 



Attachment and Printer Dataflow (285Ipm) 
Attachment 

Y16 

Y8 
1-----Y-4--~ Hmr 

Hammer Fire Lines 1·132 

Hmr 1---~Y:;-;:2;---~ Fire "_ 
Select 1--------+1 Controll--_________ ---<~'\ 

Y1 
"-

I-------------~"-
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Printer 

.... 

~ ~~~~~~~~~~~;;;;;;;~~;;Ifi • .;~~~~~~I-----..~ ~ Activate Paper Clamp J Subscan lob .--

Paper 
Clamp 
Drivers 

_ L.. 

Print 
Buffer 
(132 x 9) 1+----, \ scan/BUffle 

\compare 

.....Belt 
............... --~Sync 

SBAR ~----+-+---1h+-+-+---_t---t---T-- Control .g 

..... 0: 
~<C 
CIlOJ 

Clock Strobe 
0: en 

Write Select 

Load Buffer 
--... - ..... 'Cmd Start Print 

Decode~~~---------~ 
Print Coming 

0: '" c: <C n:I 
OJ c.J 
en en 
.... 'C 
c.J 'C c: 0 

Print 

... u.. 
u. ..... en X ~ (ij II ... ;:J ... E r::r -J: W OJ 

Compare 
Hit 

t--- Most control lines 
I Sense 

Cycle Control 

DBI and buses in this 

"--~-.. -~ Assem- ~x- attachment can 
bier 

be sensed. 

c: ~ o ;:J 
0. OJ 

E 1: 
n:I .­- ... 
(JQ.. 

~equencE 
~ontrol 1------

(J 
Q.. ... -OJ 

Subscan 1 

Subscan 3 

Subscan 5 
End of Subscan 

Load Scan Reg 

I-....:...P:..::re:,!:p:=.a:..::re:...:P....:r..:.t ..::C;..:o.:..;n..:;tr;..:o_1 ----"I Speed 

Hmr Duty Cycle Limit Control 
~~--~-~------, 

Scan Reg 

~G o~ 

~ I 
I 

7J 

Home Pulse 
PSS Pulse .... 

Belt up to speed 

Belt Go 

Activate Paper Clamp "-

Stop Ribbon 

Carriage Carriage 
~"--=C=.:ar~r:.:ia:;!.ge=_=G;..:o __ __I Motor 1-0- Motor 

Control Drive 

" Carriage Advance Pulses 

III.. Hammer Fire Lin~s 1-132 Hammer 

~-------------~ Drivers r----

1'10. Belt Go Type Type 

Belt Belt 
(not) Degate to type 

Motor I-- Motor t--
{ belt motor 

Control Drivers 
I (not used) 1 

Type Belt Motor ..,;.,,' 

~~ ~~ 

Upper 
~ Pape 

Clamp 

Tractors (2) 

+5 Vdc 

Ly~~ l 
'----7t \~ LrffL-~~;~r 

'" l ~pJ Clamp 

~ "0 

'-....!.!:~.::....:....::.:.::::.-.------------, Print 
'-~~~~------------"1Scan 

~~ 
~~Home 

Position 

'-....:::::::..::...::::.r::.....:::....::.!:..::..:...:. _________ -, Control 1-------' 
Timing 
Marks 



Print Operation 
(2851pm) 

No 

Set Character 
Set Size 

Load Type Belt 

Image Area 

Load Print 

Data Area 

Issue 'print coming' 
1. Set odd scan. 
2. Energize paper 

clamps. 
3. Start ribbon. 
4. Start type belt. 

Issue 'Start Pri nt' 

Advance 
SBAR 

No 

No 

No 

Yes 

Yes 

Yes 
Select Hammer 

Blank Buffer 

No 

Yes 

Yes 

Yes 

Yes 

Carriage Go 

Carriage Op 

End 

III 

See Carriage Operation 
in this section. 
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Load Command 

Channel 

Sys Bus Out Low 
=-=----=- -,1 

8 "'vl,. 11 
r-- - ., 
I ~icro Inst~uc-I 

I tlon Function I 
Field Decode 

F ;::: :;= .. 1 c: - ::;: ~ 
L2 L°.l°-L°..J-L Q" ~ ~ 
PH110 0 II 2 

L=~ 

Data 
Buffer 
rr-l 
II I 

====-tJ1 ~ortDB 
II I 
II I 
lL_J 
PH070 

See pINSTR-30. 

*Diagnostic usage only. 
**Not permitted when busy. 

Select Attachment 

I 
I 
I ..." 
I eeB 
I 
I 0 1 2 
I 
I 1 0 0 

oj 

I 
I 
I 
I 
I DA 

0 1 0-3 ... Device 
Address " I Hit 

I 
I 
I 
I 
I 
I 
I 

I 

Send Data Byte to Attachment 

I DB007 . 
Mod I 
4-7 ~ 

,.. I ~ 
, 

,I 

ceB 080 
I 

3 4 5 6 Bit 0 Bit 1 81t2 Bit 3 Bit 4 lit IS Bit .. lilt 1 
I, 

0 0 1 0 
Set I nterrupt Request 

0 0 1 1 
Reset Interrupt 
Request -
0 1 1 0 EllIIOsed Timll 
I nterrupt Request Print Busy Off C.rriage SUIY Off CWi'lter 
Control I 

1 0 0 1 
Print Buffer* * Olltl.i to Print Buffer 

' , 

1 0 1 1 
Enable Diagnostic 
Mode* 

1 1 0 0 
Disable Diagnostic 
Mode* 

I 

1 1 0 1 
Diagnostic Mode 2 /J.s Osc Subscan Home !VIeltor Up to Speild eOIl , ClJrrent Coli 2 C:lJrritnt Coil 3 Current 
Control Byte* 

~ 
I 

1 1 1 1 
Check Reset 

" 



Load Command (Continued) 

00001 
00005 

CBO (valid) 

Port OBO (valid) 

~ontrol Out 

Strobe 

Cl 

C2 

L1 

Device Hit 

Service. Out 

Modifier 
Port OBD 
4,5,6,7 
(Hex) 

0010(2) 

0011 (3) 

0110(6) 

1001(9) 

1011(B) 

1100(C) 

1101 (0) 

, 

l111(F) 

I 

Port 
DBO 
Bit Command 

Set I nterrupt Request 

Reset I nterrupt Request 

3 I nterrupt Request 
Control 

4 
.. 

7 

0-7 Print Buffer 

Enable Diagnostic Mode 

Disable Diagnostic Mode 

0 . Diagnostic Mode Control 
1 Byte 

2 
4 
5 
6 
7 

Check Reset 

FEALO 
Action Taken Page Timing 

Sets the micro interrupt request latch which initiates an interrupt. 00270 0 
Resets the micro interrupt request latch. 00270 • .. 

Turns onthe interrupt printop endlatch which l'lilows the micro interrupt 
request latch to be turned on when print busy latch turns off. 00270 

Turns on the interrupt carriage op end latch which allows the micro interrupt e request latch to be turned on when the carriage busy latch turns off. 00270 

Turns on the interrupt elapsed 0 latch which allows the micro interruptrequest: 
latch to be turned on when the elapsed time counter reaches O. 00270 

Used to load the print buffer with the data On port DBO. 00180 
.. e .. 

... 

Turns on the diagnostic mode latch which is used to substitute test signalsfor 0 actual signals (such.as type belt emitter pulses). 00200 

Resets the diagnostic mode latch(see above). 00200 0 
Al.lows port OeO 0 bit to step the c/ockingtriggers instead ofthe 1 JJ.S osc. 001.70 
Allows port OBO 1 .pulse to be used to generate the subscan pulses instead of 
the raw PSSpuises. 00200 
Uses port DB02to represent /:lome pulse rather than the actual home pulse. 00210 e Substitutes the port DBO 4 bit .for the motor up to speed Hne. 00260 
Uses pOrt OBO 5 in plaCe of the coi.' 1 current line.·· 00090 
Uses portDe06 in place of the coil 2 current line. 00090 
Uses port OBO 7 in place of the coil 3 current line. 

Resets all pending cheeks and brings up printer reset. 00090 0 
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Control Load Command 

Channel 

Sys Bus Out Low 

I 
I 
I 
'I 

=-=--=-,' I 
8 ~X~ 11 I 
~ - ., I 
I ~icro I nst~uc-I 

I tlon Function I 
Field Decode I I 

F,'o'oTo'~i"11~ I 
~L.J...:..L:J L:J~::J 

Select Attachment 

PH110 0 If 2 I 
'-= -==~ .... ~C .. BO .... _ 

Data 
Buffer 
rr-l 4-7 

II I 
II I Port DA 

----~~I ~BO --~ .... O-3 ... 4Add -----v" --
II : 
lL_J 

PH070 

See IlINSTR-30. 

*Diagnostic usage only. 
**Not permitted when busy. 

***Half Line Space Feature only. 

CCB 

0 1 2 

0 

CCB 

3 4 5 

0 0 0 
Diagnostic, Adapter 
Control * 

0 0 0 
Character Set Size 

0 0 
Diagnostic Hammer 
Control * 

o o 
Enable Adapter 

o o 
Disable Adapter 

o 0 
Reset SCan Buffer 
Address** 

o 0 
Print and Space 
Control 

6 

0 

0 

o 

o 

o 0 
Special Functions 

o 
Carriage Space Counter 

o 0 
Diagnostic Carriage 
Control * 

o 
Elapsed Time Counter 

.'./ 

Bit 1 

0 

0 

1 

1 

Send Data Byte to Attachment 
DBO 0-7 . 

Bit 0 Bit 1 

Select Odd Scans Select Even SCans 

Bit 2 

. Reset Hammer 
Matrix 

Character Set Size Code 

Bit 2 

a 
1 

a 
1 

Enable EOFDetect 

Set Diagnostic Print 
Busy 

Carriage Go 

48-Character Set 

64-Character Set 

96-Character, Set 

128-Character Set (Katakana) 

Disablp. EOF Detect 

Reset Diagnostic 
Print Busy 

Carriage Stop 

Print Coming 

Start Timer 

Space Counter Value 

Activate Paper 
Clamp 



Control Load Command (Continued) CBO (valid) 

Port DBO (valid) 

Control Out 

Strobe 

C1 

D0001 ~C2~ ____________ ~~~ _________________________________________________ ~""""""" ________ __ 
D0005 

Device Hit 

Command Select 

Service In 

Service Out 

Modifier 
Port DBO 
4,5,6,7 
(Hex) 

0000(0) 

0001 (1) 

0010(2) 

0100(4) 

0101 (5) 

1000(8) 

1001 (9) 

1010(A) 

Port 
DBO 
Bit Command 

0 Diagnostic Adapter 
1 Control 
2 
3 
4 
5 
6 
7 

0-1 Character Set Size 

4-7 Diagnostic Hammer 
Control 

Enable Adapter 

Disable Adapter 

Reset Scan Buffer Address 

0 Print and Space Cycle 
1 Control 
2 
3 
6 
7 

1 Special Functions 
2 
3 
4 
5 

FEALD 
Action Taken Page Timing 

Turns on the odd scans latch. D0110 
Sets the odd scans latch off. 00110 
Turns on the hammer matrix reset latch which resets the hammer fire circuitry. D0210 
Turns on the belt start complete latch which brings up motor up-to-speed. D0220 • Turns on the belt go latch which allows the print belt motor to start up. D0220 
Sets the coil check counter to 8, setting coil check on. D0090 
Turns on the printer reset latch. D0090 
Turns off the CE latch. The latch is tumed on by attaching the input (set) to a 
desired test point. D0250 

Depending on the condition of these 2 bits (on or off) the character set size is set • in latches 0 and 1 (00 = 48, 01 = 64, 10 = 96,11 = 128). D0190 

Allows the hammer select control value to be set to fire a certain hammer. D0290 • 
Turns off the adapter reset latch. D0090 .. 
Turns on the adapter reset latch. D0090 .. 
Resets the SBAR to O. 00110 .. 
Turns on the start printing latch which initiates the printing sequence. D0110 
Turns on the EOF enabled latch. D0210 
Resets the EOF enabled latch. D0210 • Set odd (scan) latch, paper clamp, print belt go and ribbon go. D0220 
Holds system sense byte 0, bit 0 off to prevent forms jam from being detected. D0210 
Allows forms jam to be detected. D0210 

Turns on the diagnostic print busy latch. D0310 
Turns off the diagnostic print busy latch. DQ310 • Enables the elapsed time counter to be stepped by the 1 ms oscillator. D0300 

Initiates a half line space operation. FJ10l 

Resets a half line space operation. FJ101 

285 Ipm PTR-61 



285 Ipm PTR-62 

This page is intentionally left blank. 



Control Load Command (Continued) 

CBO (valid) 

Port DBO (valid) 

Control Out 

Strobe 

C~lt===============t:::db:===============================================~~~~~:::::::::'IIIIIIII========== DOOOl ~2 

D0005 ~L~l __ ~ ____ ~ ____ ~ .... ~ __________________________________________________ -===================iI"""~====== 
Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

Modifier 
Port DBO 
4,5,6,7 
(Hex) 

1011(B) 

1100(C) 

1101(D) 

Port 
DBO 
Bit Command 

0-7 Carriage Space Counter 

1 Diagnostic Carriage 
2 Control 
3 
4 
5 

0-7 Elapsed Time Counter 

8 

FEALD 

Action Taken Page Timing 

Used to load the space counter with the data on port DBO. D0100 e 
Turns on the carriage go latch and the r.arriage busy latch (starting carriage motion). D080 e 
Turns off the carriage go latch. D080 

Turns on the activate clamp latch. D0230 

Turns on the reset clamp active latch. D0230 

Turns off the space time latch which ends a carriage operation. D080 

Used to load the elapsed time counter with the data port DBO. D0300 e 
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Sense Command-Control Sense Command (285 Ipm) 

Channel 

Sys Bus Out Low 

==s=A 
X 11 -- , I Micro I nstruc- 1 

, tion Function 
Field Decode I '------ ----
~D~ro~~I~~G 
L2. 12 1.9 J..D _fL1 J.1...J. !..J 

PH110 0 II 2 
L!::.-=. 

CB 01 

Data 
Buffer 

.-- -.., Port 

I I DBO 
-----"'>1 F------V-I 

I I Port 
I I DBI 

- - - - -=:J .<1-
---- I I" 

L_J 
PH070 

See J-IINSTR-30. 

*Diagnostic usage only. 

**Not permitted when busy. 

I 
I 
I 
I 
I 
I 
I 

i 
I 
I 

Select Attachment 

Sense 

4-7 

DA 
0-3 ... Device 

Address ,.. 
Hit 

Control 
Sense 

+ 
CCB 

0 1 2 

1 0 1 

1 1 1 

l Mod 
4-7 I 

CCB 

3 4 5 6 

0 0 0 0 
System Sense Byte 0 

0 0 0 1 
System Sense Byte 1 

0 1 1 0 
Interrupt Condition 

1 0 0 1*" 

Pri nt Buffer 

1 0 1 1 * 
Diagnostic Sense 
hex 00 

1 1 0 0* 
Diagnostic Sense 
hex 55 

1 1 0 1 .. 

Diagnostic Sense 
hex AA 

1 1 1 0" 
Diagnostic Sense 
hex FE 

0 0 0 
Diagnostic Clamp 
Status 

0 0 o· 
Diagnostic Inputs 

0 0 1 **' 
Belt Position 

0 0 0" 
Diagnostic Wrap 

0 0 
.. 

Diagnostic Wrap 

0 0" 
Diagnostic Wrap 

0 1 .. 

Diagnostic- Sense Byte 

2851pm PTR-64 

Send Data Byte to Channel 

OBI 

Bit 0 Bit 1 Bit 2 Bit3 Bit 4 Bit5 Bit 6 Bit 7 

Forms Jam Check Belt Speed Check Carriage Sync Check End of Forms Throat Open Coil Current Check Belt Sync Check Cover Open 

Coil 1 Parity Odd Coil 2 Parity Odd Coil 3 Parity Odd Emitter Check Buffer Data Check Hammer Parity Check 

Print Busy Off Carriage Busy Off Elapsed Time Counter 

Clamp On Clamp Off 

Carriage Advance Print Subscan 
Pulses CE Latch Home Belt Motion Emitter 

Belt Go Carriage Go Printer Reset Hammer Power On 
Hammer Select Latch Feedback 

Hammer Select Hammer Matrix 
Paper Clamp Strobe 1 Reset Subsean 5 Subsean 4 Subsean 3 Subsean 2 Subsean 1 

Prepare Print MCU Half MCU Half Hammer Select 
Stop Ribbon Control Adapter Reset Index Complete Index Mode Coil Current Check Strobe 2 

Hammer Duty Cycle 
1 ms Ose Off 131 ms Ose System Reset Off Power Fault Limit Off Impression Singleshot 



Sense Command-Control Sense Command 
(285 Ipm) - Continued 

00001 
00005 

CBO (valid) 

Port DBa (valid) 

Control Out 

Strobe 

Cl 

C2 

L1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

Port OBI 

Modifier 
Port DBa Port 
4,5,6,7 DBa 
(Hex) Bit 

0000(0) 0 
1 
2 
3 
4 
5 
6 
7 

0001 (1) 0 
1 
2 
3 
4 
5 

0110(6) 3 
4 
5 

1001 (9) 0-7 

1011(B) 0-7 

1100(C) 0-7 

1101(0) 0-7 

1110(E) 0-7 

i 
I 

I 
I 

; I 

I 

I 

Command 

System Sense Byte 0 
(senses the condition of 
checks and interlocks). 

System Sense Byte 1 

Interrupt Condition 

Print Buffer 

Diagnostic Sense hex 00 

Diagnostic Sense hex 55 

Diagnostic Sense hex AA 

Diagnostic Sense hex FE 

I I I 
I I 
I r T 

I T I 

I 1 
1 I 

: ~ I I 
! I 

I 

i 

FEALD 
Action Taken Page Timing 

Forms jam check. 00210 • Belt speed check. 00220 

Carriage sync check. 00080 
End of forms (EOF). 00210 

Throat closed. ZZ320 

Coil (current) check. 00090 
Belt sync check. 00190 

Cover closed. 00220 

Senses the condition of the coil 1 line. 00090 • Senses the condition of the coil 2 line. 00090 

Senses the condition of the coil 3 line. 00090 
Senses the condition of the emitter check latch. 00260 
Senses the condition of the buffer data check latch. 00170 
Senses the condition of the hammer parity check latch. 00100 

Sets port OBI bit 3 when the print busy latch is off. 00110 • Sets port OBI bit 4 when the carriage busy latch is off. 00080 
Sets port OBI bit 5 when the 'elapsed time counter is zero' line is active. 00300 

Gates the output of the print buffer to the channel on port OBI. 00180 • 
Gates hex 00 to the channel on port OBI to check for no bits on. 00050, • 00060 

Gates hex 55 to the channel on port OBI to check for alternate bits on. 00050, • 00060 

Gates hex AA to the channel on port OBI to check opposite bits from 55. 00050, • 00060 

Gates hex FE to the channel on port OBI to check for parity bit on. 00050, • 00060 
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Sense Command-Control Sense Command 
(285 Ipm)- Continued 

00001 
00005 

CBO (valid) 

Port OBO (valid) 

Control Out 

Strobe 

C1 
C2 

L1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

Port OBI 

Modifier 
Port OBO 
4,5,6,7 
(Hex) 

0001(1) 

0010(2) 

0011 (3) 

0100(4) 

0101(5) 

0110(6) 

0111(7) 

Port 
OBO 
Bit Command 

3 Diagnostic Clamp Status 
4 

1 Diagnostic Inputs 
2 
3 
4 
6 

0-7 Belt Position 

0 Diagnostic Wrap 
1 
2 
3 
4-7 

0 Diagnostic Wrap 
1 
2 
3-7 

0 Diagnostic Wrap 
1 
2 
5 

0 Diagnostic Sense Byte 
1 
2 
3 
4 
5 

I 
I 

) 

Action Taken 

Turns on port OBI bit 3 if the clamp on latch is on. 
Turns on port OBI bit 4 if the cl&mp off latch is on. 

I 
I 

TUrns on port OBI bit 1 when the carriage advance line is active. 
Turns on port OBI bit 2 if the CE latch is on. 
Turns on port OBI bit 3 when the home line is active. 
Turns on port OBI bit 4 when the belt motion line is active. 
Turns on port OBI bit 6 when the print subscan line is active. 

Sends value of the belt position coun'.:er through the scan key to the channel on 
port OBI. 

Turns on port OBI bit 0 when thebelt go latch is on. 
Turns on port OBI bit .1 when the carriage go latch is on. 
Turns on port OBI bit 2 if the printer reset latch is on. 
Turns on port OBI bit 3 when the hammer fault line is active. 
Sends the Y hammer select line. values to the channel on port data in. 

Turns on port OBI bit 0 when the clamp latch is on. 
Turns on port OBI bit 1 when the hammer select strobe line is active. 
Turns on port OBI bit 2 when the hammer m<\trix reset line is active. 
Turns on corresponding port OBI bits when the subsean lines 5-1 are active. 

Turns on port OBI bit 0 when the stop ribbon line is active. 
Turns on port OBI bit 1 if the prepare print control latch is on. 
Turns on port OBI bit 2 if the adapter reset latch is on. 
Turns on port OBI bit 5 if the coil (current) check counter output is active. 

Turns on port OBI bit 0 when the 1 ms oscillator output is active. 
Turns on port OBI bit 1 when the 131 ms oscillator output is active. 
TUrns on port OBI bit 2 when the system reset line is active. 
Turns on port OBI bit 3 when the power fault line is active. 
Turns on port OBI bit 4 when the hammer duty cycle limit line is active. 
Turns on port OBI bit 5 when the impression singleshot is active. 

FEALO 
Page Timing 

00240 0 
00240 

ZZ581 0 
002sb 
00210 
ZZ681 
00200 

0 
00200 

00220 0 
00080 
00090 
00090 
00290 

00240 0 
00140 
00210 
00200 

00220 0 
00110 
00090 
00090 

PJ070 0 
PJ070 
PN060 
00050 
DT010 
ZZ581 
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Sense I nterrupt Level Status Command 

Sys Bus ~u:~ ... ~~w 
----,1 

II 
8 ~ ~ 11 

X 
C, ~icro Inst~uc-I 
tlon FunctIOn, 

, Field Decode 

f7 r. r--:r--:f c:: r= ;= "1 
~ L2 ~ ~ N .l...0-l!-1 
PH110 II 

o IL_2 

Data 
Buffer 
r --, Port 
, I DBa 

'-----"\1 I - --)-----",1 ---, , 
I 

'
Port 
OBI 

~-=--=-~ ~;....-
L_-.J 
PH070 

See MINSTR-30_ 

, 
I 
I , 
I , 
I 
I 

CBO 
J 

I , 

Select Attachment Send Status Byte to Channel 

, 
, 

Command Accepted 
I 0 

0 0 OBI , _I/o.. 0 e , ,.. v 
1 i , 2 - Bit 0 Bit 1 Bit 2 Bit 3 

c 

I 0 e 

::J 
0-3 0 H Interrupt Request 

1 i (interrupt level 2) Keyboard) BSCA/SOLC) Printer , 
0 t ~ 

00020 
'00001 ) J ) 

~j--------------------------~------(----, , 
I , 
, 
, 
, 
I 
I 
I 
I 
I 
I 
I 

IThe keyboard and BSCA/SDLC are also shown on this page because the keyboard, BSCA/SDLC, and the printer 
are on the same interrupt level. 

00050 
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Sense Interrupt Level Status Command 
(Continued) 

kid AUg II biAl;: 

CBO (valid) 

Port DBO (valid) 

Control Out 

Strobe i 
I C1 

00001 
C2 

00005 ~L1L-____________ ~ __ i-__ ~ ______ t-______ Jl"""L-____ ~ ____ """"~ ____________ ~ __ ~ __ ~ __ __ 
Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

Port OBI 

Port OBI 
Modifier Inter-

Port DBO rupt FEAlD 
Bit Command Action Taken Page Timing 

0010(2) 3 Sense Interrupt Level If an interrupt request is pending. port data in bit 3 (jnterruptrequest) is sent to CPU. 00050 0 

285 Ipm PTR-69 



Jump I/O Command 

Channel 

Sys Bus Out Low =-=--:::.... -,1 
o ~vl;. 3 

r-- -., 
I Micro Instruc-I 

I tion Op Code I 
Decode 

F r= ;= T , 1= ;-r :::;: =j 
~ ~ .L 1..L 1..J--L ~ ~ 2J 

PH110 0 II 2 

I.!::-

Data 
Buffer 

rr-l 
II I 
I: I Port DB F-=--=--=-d ~ 
II I 
II I 
lL_J 

PH070 

See l.dNSTR-38. 

I 
I 
I 

I 
I 
I 
I 
I 

CBO 

I 
I 
I 
1 

I 

0 1 

I 

I 

I 

I 
~ 
I 
I 

I 

1 

I 

I 

1 

I 

1 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

(to CPU) ---------_I. 

4-7 

DAO-3 

Select Attachment 

Mod 4-7 

± 
CCB 

012 

o 1 1 

..... Devi.ce 
,.. Address 

Hit 

CBI Bit4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

'" 
,.. 

CCB 
4 5 6 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Condition Tested 

Adapter Check 

Not Ready 

Carriage Busy 

Print Busy 

Interrupt Enabled 

Diagnostic True! 

Diagnostic False! 

Reserved 

Elapsed Time Counter BusY 

Motor Not Up To Speed 

Even Scans Selected 

Subsean Reset On 

Reserved 

Reserved 

Reserved 

Reserved 

(condition true)..J 

~ 

I 

, 
l 

1 Diagnostic usage only. 

285 Ipm PTR· 70 

Forms jam 
Belt speed check 
Carriage sync check 
Coil current check 
Belt sync check 
Emitter check 
Buffer data check 
Hammer parity check 

End of forms 
Throat open 
Cover open 



Jump 1/0 Command (Continued) 

00001 
D0005 

CBO (valid) 

Port DBO (valid) 

Control Out, 

Strobe 

Cl 

C2 

L1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

CBI 

Modifier 
Port DBO 
4,5,6,7 
(Hex) 

0000(0) 

0001 (1) 

0010(2) 

0011 (3) 

0100(4 ) 

0101 (5) 

0110(6) 

1000(8) 

1001 (9) 

1010(A) 

1011(B) 

Command 

Adapter Check 

Not Ready 

Carriage Busy 

Print Busy 

Interrupt Enabled 

Diagnostic True 

Diagnostic False 

Elapsed Time Counter 
Busy 

Motor Not Up To Speed 

Even Scans Selected 

$ubscan Reset On 

FEALD 
Action Taken Page Timing 

Turns on CBI bit 4 if any of the indicated check conditions are active. D0070 0 
Turns on CBI bit 4 if any of the indicated interlock conditions are active. D0070 0 
Allows a branch (CBI bit 4 on) if the carriage busy latch is on. D0080 0 
Allows a branch (CB I bit 4 on) if the print busy I ine is active. 00110 0 
Branches if one or more of the following latches are on: D0270 0 
- Interrupt print op end. 
- Interrupt carriage op end. 
- Interrupt elapsed O. 

Turns on CBI bit 4 to check that the bit actually turns on when expected. D0070 0 
Turns on no latches to be sure that the CBI bit 4 does not turn on except when 0 tested conditions are met. D0070 

Turns on CBI bit 4 when the elapsed time counter 0 line is inactive. D0300 0 
Branches when the motor up-to-speed line is inactive. D0260 0 
Branches when the odd latch (odd scans) is on. DOll 0 0 
Branches if the subscan reset latch is on. D0200 0 
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Paper Clamps OQ240 

There are two clamps in the printer. The upper 
paper clamp, although it clamps the paper, is used 
for noise suppression only. When the clamp 
solenoid is energized, it closes the air gap the 
paper passes through. This reduces the noise 
level at the back of the printer by dampening 
the paper noise. 

The second paper clamp (lower) is just below the 
print line. The purpose of this clamp is to pre· 
vent horizontal skewing of the paper. The type 
belt is continuously turning and has a tendency 
to pull the paper along with it. Since there are 
no feed rolls in the lower portion of the printer, 
the paper clamp is necessary to hold the paper 
in position. 

o For diagnostic purposes, the activate clamP 
command a is issued to turn on the paper clamps. 
This command sets the 'activate clamp' latch 
(00240) which turns on the paper clamp solenoids. 
The 'activate clamp' latch also resets the 'clamp off' 
latch and gates the 'clamp on' latch to be set by 
the paper clamp timer. The 'clamp on' latch is 
set after the paper clamp timer has counted 15 MS. 

A similar operation is used to turn the clamps off. 
A deactivate clamp command iii resets the 
'activate clamp' latch. This in turn resets the 
'clamp on' latch and gates the 'clamp off' latch to 
be set by the paper clamp timer. The 'clamp off' 
latch is set after the paper clamp timer has 
counted 11 MS, 

The 'clamp on' and 'clamp off' latches signal that 
enough time has elapsed to complete their 
respective operations. There is no check to see 
if the clamp solenoids are actually energized or 
not. 

The 'clamp on' and 'clamp off' latches can be 
sensed II 
e During a normal print operation, IOCl print 
coming active m activates the paper clamps and 
'print busy' going inactive II turns off the paper 
clamp. 

The above timing chart applies to both diagnostic 
and normal clamp control. 

o Diagnostics 
Control Load Command PTR-60 ... -. 

I I - ... 
t-- I-t--

I 
.~ 

- - - - - - - - - - - - -ACtiviitepaperClamp::..::=-===-==-==-=.···········. ' •• II~------------
Deactivate Paper Clamp 

- - - - - - - - - -- - - - r -=--=--=-c~mpoff-•• -.~ ___ -= ___ . ______ ---; -,L.~-----~ ••••• 
I 

___ .. ___ J 

Control Sense 
Command 

I I 

-

Control Load Command PTR-60 

I i 
1.-

i--

I I--- -
I I I I I 

Load Command PTR-58 

I--

tw. I I I I 

I--

Clamp On 

Cnt to K 
(paper clamp timer) 

00240 

15 ms 

IOCl Print Com~n~ 

1-
1 Activate Clamp 

(paper clamp) 
2. (type) Belt Go 
3. (start ribbon) 
4. g~d latch 

(; d scans) 

00140 

load Print Bfr 

00110 

C'+ 'L Printing 
I (allows printing of 
idata after the paper 
~Iamp is on.) 

001Q( 
I 
~Iload Carr Space Ctl 

11 ms 

00240 

after ~I 
No 

nt comi 

Yes 00110 
'Prepare Print Ctrl' 
Prints the Line of 
Data 

00240 00110 
00220 
00220 Yes 
00110 'Print Busy' 

No 
00230 

'Reset Clamp 
Active' 

00240 
Reset the' Activate 
Clamp' latch 

00240 
'Paper 

Clamp Off' No 
(11 ms delay 

Yes 

~ 00080 
Carriage Go 

Print Complete 
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Type Belt Start and Run (285 Ipm) 

The tYpe belt is directly driven by a stepper motor 
mounted under the left pulley. The right pulley 
has a release lever mounted on it to remove ten­
sion from the type belt. When the release lever is 
operated, the type belt can be removed. 

After POR, the count to 90 (ramp counter) runs 
continuously. When belt go is activated, there 
is a delay of 533 ms. Then belt drive A and belt 
drive B are turned on for 382 ms which locks 
the motor. After the 382 ms motor locks, the 
first count of 1 turns on the ramp latch which 
allows the belt advance pulse to shift the shift 
register. The output of the shift register causes 
the type belt stepper motor to start accelerating. 

The first three drive pulses are 135 Hz, the next 
four at 270 Hz, five at 405 Hz, etc. This ramp­
ing sequence continues until a count of 90 is 
reached. At the fall of count 90, the run latch 
is set. The run latch blocks the ramp drive pulses 
and allows the shift register to be driven by 1080 
Hz (run frequency). The type belt stepper motor 
is now up to full operating speed and remains 
at this speed until belt go is deactivated. 

Note: Dual ramping card values are 70 percent of 
the values shown, until '-Belt Motion' is active. 

Control Load Command PTR-60 

-
r-
I--

I I I I I 

Control Sense Command PTR-64 

I I I I T 
I I I r I 
I I I I I -I I I I I 
I I I I I 
I I I I I 
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POR/Pri (1-90) Ramp Counter: Cnt to 90 

7.4 ms 

3.7 ms 

A* 

(2 X SP) 
OR 

Hammers 

2.47 ms 
(3 XSP) Platen--.... 

1.85 ms 
(4 X SP) 

1.47 ms 
(5 X SP) 

Transducer 

1.23 ms 
(6 X SP) Shift Reg 

1.06 ms 
7 X SP) 

Belt Go 

0.925 ms! 

~---IR 

After the rise of belt go, 
there is a delay of 533 ms 
maximum. Then belt 
drive A and belt drive B 
are turned on for 382 ms 
and lock the motor. The 

Belt Go advance pulses then start 
-----~~~~------~ and the motor starts to run. 

Belt Advance 

(run speed) 

A 

B 

B 

'----'I R 
.----'17 

(ramp) FL 

(run) FL 

Type Belt 

Belt Drive A 
Belt Drive A Ri:b~V~ 
Belt Drive B 
Belt Drive B 

Motor 

Clutch 

Drive Belt 

~I'----------------- 1.255 sec--

8-13-1-

I 

t----------~~ J"111'11 
~---" ___ ---"'--...J--"'~~~ )1 • 
~~~~~~~~~)I. 
t--~"----L...-.-a......-+--a......~L....1119 , • I 

ro-------------------"'"+""----.......... ---J • • I 

~s= 



Type Belt Sync Timing 

After the type belt has reached an up-to-speed 
condition, the sensing of the timing marks on 
the type belt is started. The first home pulse 
after up-to-speed turns off subscan reset and 
allows the BPe (belt position counter) and the 
subscan counter to start stepping. This syn­
chronizes the stepping of the BPe and the sub­
scan counter. When subscan 1 comes up, the 
belt sync enabled latch is turned on. The next 
PSS pulse after subscan 1 increments the BPe. 

The BPe and the subscan counter are synchronized 
with each other by the home pulse. Once the home 
pulse has been received, the BPe and the subscan 
counter are allowed to continue stepping. Syn­
chronism continues to be verified by the home 
pulse. If a home pulse occurs when not expected 
or fails to occur when expected, the belt sync check 
is set. 

The print buffer contains PFN (print fire numbers) 
that indicate the print scan on which a position 
is printed. The BPe contains the number of the 
current print scan and the subscan counter selects 
the hammers to be optioned within each print 
scan. In this manner, the characters to be printed 
are synchronized with the characters on the type 
belt. 

Initiating the Belt Sync Timing Sequence 

00260 Motor Up to Speed --•• i( ill ••••••••••••••••••••••••••• 
00210 Home ~ ~ ~ 1st home following 'up to spet:d'. 

00200 Subscan Reset ,~ J -4.~,-,...-----------.-.-.. .:..-____________ --:-____ _ 
~~~n1 lILl'~j •••• ----.------~ ••• L-~-

: 11· ' '-. .. .. (belt sync enabled) -------~J ~ . .!I ~ 

(incr BPe 1) ~ ~ I 
(sample BPe) ~ ~ I 

____ ~~ •• L-~ __ ~~~ .. L_~~--~L_ __ • PSS 

00190 

Type Belt Sync Timing 

Home 

Print Subsean 

Subscan 1 

Subscan 2 

Subscan 3 

Subscan 4 

Subscan 5 

(incr BPe l ) 

(sample BPe) 

Home Expected _______ 1-__ ~ .. II .. II .. IIIIIIIIIIIIIIIIII .. II .. ~~--1::·~N~olr~e~~tLi[fbh~om~eEn~otUtffih~er~e:.:·:~::_:~::~-
(reset BPe) 

(home expected reset window) ------------'---------------.:..-.-ll----... -.,-------------------------~ 

~bme~~wedwindow)~ ____________________ ~ ____ ~_~IIIIII~~--------------------~-t ,_ 
(sample home expected) --------------:----il.====;;:{J---------------­

Sync check if I_I Sync check if 'home 
home outside expected' is still active. 
this window lBPC = Belt Position Counter 

Load Command PTR-58 

Control Load Command PTR-SO 

I -
l-
I-

I I I I 1 I 

Control Sense Command PTR-64 

I II I ::r 
_II 1 
I I I I I 
I I 

I I I I 1 
I I I I J J 

Jump I/O Command PTR-70 

-
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Ribbon Drive/Type Belt 
Transducer (285Ipril) 

Ribbon Drive 

The ribbon is driven by a belt mounted on the 
type belt drive pulley. The drive mechanism also 
includes a solenoid-driven clutch to disengage the 
drive from the ribbon when no printing is taking 
place. The disengaging of the clutch prevents 
smudging of the paper while the printer is idle. 
This is under control of the printer control card, 
and happens five seconds after the last print 
command. 

Drive Belt 

The ribbon is a continuous 1/2 inch wide fabric 
ribbon contained in a cartridge mounted on the 
front of the printer. The ribbon is fed into the 
left side of this cartridge and pulled out the right 
side (as viewed from the front of the machine). 

Transducer Type Belt 

Detects 

Type Belt Transducer 

The type belt transducer detects the raised timing 
marks on the type belt. These ma oks are con­
verted to emitter pulses in the trarsducer and 

l 

sent to the control card. The control card uses 
these pulses to generate the home pulse, subscan 
pulses, and the' belt UP"to-speed signal. The 
home pulse and subscan pulses are t.I~ to syn­
chronize the mechanical and electrical portions 
of the print operation. The belt up-to-speed 
signal is sent to the attachment to Indicate that 
the type belt is up to operating speed. 

Printer Attachment 

I 
I 
I 
I 
I 
I 
1 
I 1 ____ _ 

2851pm PTR·76 

Missing Timing Mark 

Ckts 1----....--1 1+--- Home 
1 
1-

Emitter 
Lead 2 

Belt 
Emitter 
Lead 1 

r----..... Print Subscan , 1 1,-
Decode 

~--"":""::~I--I 
Circuits 

Subscan 1 
Subscan 2 
Subscan 3 
Subscan 4 

Subscan 5 

(belt) Motor up 
to Speed DQ200 

~ I Ij __ _ 
_ -- -- -- --------'_--_-+ _______ L-_~---_4 P'"L.----------I-----
----- __ ~ ______ ~_~---------.... ~-~ ~ __ L-______ ~"" 

Scan 1 



Print Buffer Load OQ180 (285Ipm) 

The print buffer is loaded by a print buffer load 
command, 1 byte per !:ommand. The data is in the 
form of PFN (print fire numbers) rather than 
actual print image data. The flowchart at the 
right shows how the value of the PFN is determined., 

Prior to loading the buffer the SBAR is reset to 
zero by a reset scan buffer address control load 
command. Issuing of the print buffer load command 
gates the DBO data to the print buffer. It also brings 
up the 'incr bfr adr' lines; which steps the SBAR, 
and 'write select' line which gates data into the 
print buffer when it is active. The print buffer 
load command ANDed with 'data sample' brings 
up 'ram clock strobe' which sets the data into the 
print buffer. 

The SBAR is then incremented to the next print 
buffer position (as shown below). If that position 
is to be written, another print buffer load command 
must be issued to load it. 

Load Command PTR-58 

1--1 

I I I I I I 

-

~ ~ 

Print 

Sense Command PTR-64 Buffer 

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

.oiIIII ... -
-

Control aut 

Service Out 

Command Select 

Data Sample 

CPU, Microprogram, 
Channel and Attachment 

1 
Data Area •••• 

Print data area located in n ain store. This •• ••• .....---..,..------' 
area beginning at the leftmost byte corres- •••• 

ponds character for character to the print 
line beginning at print poshion one. 

• • • • 

Belt Image 
Ar(;!a 

• • • 

Translation 
I----------~ Table 

•••• •• 

3 The translation table converts the character 
to be printed to its corresponding belt posi­
tion number. The belt position number is 
the physical location of the character on 

• •••• the type belt. To determine the position 
•••••• number, counting is started with the first 

•• •••• character after home and then counted 
••••••• right to left. 

2 The sequence of print characters as they 
Home 

Print Buffer Timing for Load Command 

Channel Timing 

J 

) \ 

appear on the print belt. 

BP Belt Position 
PP Print Position 
PFN Print Fire Number 

( I I 

} 

( 

>-N:.;:o:"'--_I Subtract 2 
from BP 

Yes 

Subtract 5 
from PP 

PFN=BP 4 The print fire number is equal to the calcu-
-(SS-1) ••••••• lated belt position minus the subsean (on 

..... -....,.--....... ••••••••••• which the character is printed) minus 1. The 

Print Buffer 

5 The print buffer contains the sorted print 
fire numbers (PFN). They are sorted into 
the sequence in which,they are addressed. 

Print Buffer 

o 
1 

2 
3 

etc. 

PP 

1 
6 

11 
16 

• ••••• • ••• BP number used here is either the actual BP 

from the translation table (if PP is 5 or less) 
or the BP derived from the no loop (if PP is 
6 or greater). 

If the last digit of PP = 1 or 6 subscan = 1 
30r8 2 
50rO 3 
2 or 7 4 
40rg 5 

- D \ 

'
Ram, Clock Strobe \ \ 

IncrBfrAdr ~ _____ ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"IL ____ 
0180 / \ 

\ 
\ / 

Hammer select 
latches increments 
on this edge. 

Buffer Address 
increments on 
this edge. 

285 Ipm PTR-77 



Print Buffer Read OQ180 (285 Ipm) 

To start reading from the print buffer, a start 
printing command must be issued and write 
select must be inactive (indicating read select 
active). The 'ram clock strobe' line is used to 
read out the data. 

The data is then compared with the value of the 
scan register and checked for equal or not equal. 
If not equal, SBAR is incremented to the next 
buffer position and the above sequence is repeated 
If equal, 'hammer select strobe' and 'write select' 
are activated. 'Hammer select strobe' fires the 
hammer being addressed and 'write select' allows 
a hex FF to be written, blanking the buffer 
position being addressed. SBAR is then 
incremented to the next buffer position. 

When the end of the scan is reached (hex 83), 
the nonblank found latch is checked. If it was 
set by a valid buffer character, SBAR is reset 
to the starting address (hex 00) of the buffer. 
If the non blank found latch was not set (no 
valid characters in the buffer), the end of 
superscan is set. 

Control Load Command PTR·60 Sense Control Sense Command PTR·64 

I I -
I--
I-- I--T 

I-
f--

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

I I I I -I I I I I I 

Typical Cycles During Hammer Optioning 

Clock Phases -----.. ~I· 0 I 
RAM Strobe 

Compare Hit Latch 

Nonblank Found 

Hammer Select Strobe 

Incr Buffer Address 

Write Select 

Sample Buffer Parity 

Incr Hammer Count 

I ncr Hammer Select 

(I ncr buffer address is 
the active line used.) 

This Edge: 

2851pm PTR-78 

Start Printing 

Reset to 00 

Used to Blank 
/ the Buffer. 

~hiS Edge 

This Edge· 

I 
I 

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

I 
--551--

AOR 

00 
01 

OPT 

1 
2 

HMR 

1 
6 

--552--

ADR 

lB 
lC 

OPT 

1 
2 

HMR 

3 
8 

13 02 3 11 10 

I 03 4 16 lE 
04 5 21 1 F 
05 6 26 20 

3 
4 
5 
6 
7 
8 

18 
23 
28 
33 06 7 31 21 

08 9 41 23 9 
38 
43 I 07 8 36 22 

09 10 46 24 10 48 

I OA 11 51 25 11 53 
08 12 56 26 12 58 
OC 13 61 27 13 63 

I 00 14 66 28 14 68 
OE 15 71 29 15 73 
OF 16 76 2A 16 78 
10 17 81 28 17 83 I 11 18 86 2C 18 88 
12 19 91 20 19 93 
13 20 96 2E 20 98 I 14 21 101 2F 21 103 
15 22 106 30 22 108 
16 23 111 31 23 113 

I 17 24 116 32 24 118 
18 25 121 33 25 123 
19 26 126 34 26 128 

L1A __ 27 __ 13_1 _____ ~ __ 

Print Buffer I 
-- SS3 -- -- SS4 -- -- 5S5 --

ADR OPT HMR ADR OPT HMR ADR OPT HMR I 
35 1 5 4 F 1 2 6A 1 4 
36 2 10 50 2 7 6B 2 9 
37 
38 
39 
3A 
38 
3C 
30 
3E 
3F 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
48 
4C 
40 
4E 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 

51 
52 
53 
54 
55 
56 
57 
58 
59 
5A 
58 
5C 
50 
5E 
5F 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

3 12 6C 3 14 I 
4 17 60 4 19 
5 22 6E 5 24 
6 27 6F 6 29 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Yes 

!~ ~! : !! I 
47 
52 
57 
62 
67 
72 
77 
82 
87 
92 
97 

102 
107 
112 
117 
122 
127 
132 

73 
74 
75 
76 
77 
78 
79 
7A 
7B 
7C 
70 
7E 
7F 
80 
81 
82 
83 

No 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

49 
54 
59 
64 
69 
74 
79 
84 
89 
94 
99 

104 
109 
114 
119 
124 
129 

I 
I 
I 
I 
I 

_-.J 

Print Complete 

ReSets at next scan. 



- -- - -
Hammer Selection and Firing (285 Ipm) 

During subscans 1 and 4, the Y lines are stepped 
from 1 to 27 to address all the hammer latches in 
regs 1 and 4 respectively. During subscans 2, 3, and 
5, the Y lines are stepped from 1 to 26 to address 
all the hammer lattches in regs 2, 3, and 5 respec­
tively. If any optioned hammers are to be fired 
(scan/buffer equal), they are set into the hammer 
latches by the 'hammer select strobe' line. 

Once a hammer has been set to fire, it is actually 
fired by the fire pulses. These pulses occur one 
subscan after the hammer latch registers have 
been set, that is, a hammer set on subscan 1 is 
fired on subscan 2. The fire pulses are set by 
the subscan pulse and reset after two impression 
singleshot pulses. If the impression singleshot 

does not become active, the fire pulse stays on 
until the coil current check is activated. The 
setting of the impression singleshot determines 
the duration of the fire pulse. 

Hammer Select Strobe 

Y16 

Y16 

Hammer Fire Pulse Timin 

Typical Usage 

Print Subsean 

Subsean 1 
(set regi ster 1 ) 

Subscan 2 
(set register 2) 

Subscan 3 
(set register 3) 

Subscan 4 
(set register 4) 

Subscan 5 

'"' 
~ 

g 

(set register 5) -Impression Singleshot 

(fire register 1 ) 

(fire register 2) 

(fire register 3) 

(fire register 4) 

(fire register 5) 

Impression Singleshot 

Hammer Matrix Reset 

IA Hammer Select Strobe 1 (1-66) 

A 
Hammer Select Strobe 2 (67-132) 

Subscan 1 
L=: 

Subscan 2;;.. 
Subscan 3 n. 
Subscan 4 ~ 
Subscan 5 

Y8'" 
Y4'" 
Y2~ 

Yl 

Register 1 Register 1 latches 
Reset is applied to 

latches may are gated to the 

be set. print hammers. .FIJ, 
register 1 latches. .. • , --

0 690J,l.s 
~ t 

0' 
7] 1200-1450 J,l.S 

t1~ 
7/1 

1Z1 

ZJ 

Fire 5 
Fire hammer Fire 4 
pulse generation Fire 3 

Fire 2 and reset. Fire 1 

(register reset) 

Reg(s) 
(hammer 
latch 
registers) 

f-- R(1 ) (reg 1) 

f-- R(2) (reg 2) 

f-- R(3) (reg 3) 
f-- R(4) (reg 4) 
'--- R(5) (reg 5) 

DC Reset 

Y decode and 
register set. 

DR011-DR051 
or 

DS011-DS051 

Repeat as before. 

• 

II 

Hammer 
Coil I Driver(s) 

~l Fire Hammer (1, 6,11, etc.) 
I 

Fire Hammer (3,8, 13, etc.) 

~ 

Hammer 
Coils 
ZZ451 

~X I 

~ ... Fire Hammer (5,10,15, etc.) 
X I 

=-
Fire Hammer (2, 7, 12, etc.) 

X I 

Fire Hammer (4,9, 14, etc.). 

X I 
~ 

ZZ411-ZZ431 -

• 
ill 

~ 

• 
ZJ 
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Hammer Selection and Firing 
(285 Ipm) - Continued 

Hammer Latch Select (285 Ipm) 

The individual hammer latch within each register 
is selected by decoding the value of Y lines (value 
1 to 27 for registers 1 and 4, and 1 to 26 for 
registers 2, 3, and 5). 

Register Select (285 Ipm) 

Each register is selected by its corresponding 
subscan line (subscan 1 to 5). 

Hammer Select Strobe (285 Ipm) 

If the scan/buffer compare results is in equal 
condition, 'hammer select strobe' is activated and 
sets the particular hammer latch being selected. 

_.j ~: Ir------------~ 

Y2 

Y1 

-

=t 

Decode 

I --I 

SS1 

SS2 

I I 
I ~11 2 3 4 5 6 7 8 9 10 11 12 13 14 I 
I ~I 1 1 6 1 11 1 16 1 21 1 26 L:t1er 1 ~:O!O 41 1 46 1 51 1 56 1 61 1 66 II 
I I I 
~ 2 1 7 1 12 1 17 1 22 1 27 1 32 37 1 42 1 47 1 52 1 57 1 62 1 

I I I I 
Register 2 D R020 

I I 
~ 3 1 8 1 13 1 18 _I 23 1 28 1 33 38 1 43 1 48 1 53 1 58 1 63 I I 

I I 
Register 3 DR030 

I I ~ 4 1 9 1 14 1 12 1 24 1 29 1 34 39 1 44 1 49 1 54 1 59 1 64 1 I 

I Register 4 D R040 I 

SS3 

SS4 

I I I ~I 5 1 10 1 15 1 20 1 25 1 30 1 35 40 1 45 1 50 1 55 1 60 1 65 I SS5 

L f--- ________ Register 5:: _______ ~ 

A1 R2 card 

Y16 
N 

Hammer Select Strobe 

A 

IA 

285 Ipm PTR-80 

ir-------------, -

j Y:=t 
Decode 

Y4 

Y~-t-Y1 

I 
I ~11 2 3 4 5 

SS1 

I ~I 71 1 76 1 81 1 86 1 91 

I 
SS2 ~ 68 1 73 1 78 1 83 1 88 I 

I I 
SS3 

I ~ 70 1 75 1 80 1 85 1 90 

I 
I 
~ 67 1 72 1 77 1 82 1 87 

SS4 

I 

I 
J 

6 7 8 9 10 11 

96 1101 1106 111 11161121 

Register 1 DS010 

93 1 98 1 103 108 j 1131118 

Register 2 DS020 

95 11001105 11011151120 

Register 3 DS030 

92 1 97 1102 10711121117 

Register 4 DS040 

12 13 

1261131 

1231128 

125 1130 

1221127 

14 

1321 

I 
I 
I 

SS5 

L_ ~I 69 1 74 1 79 1 84 1 89 94 1 99 1104 10911141119 1241 1291 

Register 5 DS040 

f------ -- -- -- --- --- --

I 
I 
I 
I 
I 
I 
I 
I 
I 
~ 

A1S2 card 

Hammer Select 
Sense -

Strobe 1 
Control Load Command PTR-58 Control Sense Command PTR-64 

I 

- I 
I I I 
I I J 

Hammer Select 
Strobe 2 I--

I-- r-

I--
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Printer Speed Control 

The speed of printing is controlled by the value 
of a 12 position binary counter (cnt to 4096). The 
value decoded from the counter determines how 
long 'hammer duty cycle limit' is active. 

The 'hammer duty cycle limit' line holds up 'print 
busy' to the channel thus limiting the printing 

speed. 

Load Command PTR·58 

~ 

I I III I I I 

....-

Sense -
Control Sense Command PTR·64 

I I ---
-

I I 
T T 
I I 

I I - I I 
I I - I 

Adapter Reset S FL 

Prepare Print Cntl 
R 

DT010 

(cnt to 4096) Decodel 

1 ms Osc r-A~ 
Reg r-

+1 A 

i.....- ----
R 

DT010 

DT010 

N 

lThe value decoded from the counter determines the 
speed of printing. The values used are: 

1164 ms for 50 Ipm 
560 ms for 100 Ipm 
344 ms for 155 Ipm 
168 ms for 2851pm 

285 Ipm PTR·82 

I"'"'-

OR Hammer Duty Cycl e Limit 

~ 

DT010 



carriage Operation (285 Ipm) 

The printer uses a stepper motor driven pin feed 
carriage. The carriage uses a vertical spacing of 
6 lines per inch. 

The carriage advance pulses, generated from the 
606 Hz oscillator drive the carriage shift register. 

, The shift register provides the A andB drive lines 
for the carriage stepper motor. The start pulse 
brings up 'inhibit detent' which gates the car· 
riage drive lines to the stepper motor. 

The number of lines to be spaced must be loaded 
by a carriage space counter control load command 
and to initiate a carriage operation. The nurnber 
of stepper motor steps is equal to 8N-2 where N 
is the number of lines to be spaced. Thespace 
counter is then decremented until the 'steps 2' 
line is activated (meaning two lTiore stepper motor 
advances left). 'Steps 2' resets 'carriage, go' which 
turns off the run latch and sets the stop latch. The 
stop latch gates two more carriage advance pulses 
to the stepper motor. The last carriage advance 
pulse (carriage feedback pulse) brings up the line 
'steps O'which resets the 'space time' latch, ending 
the carriage operatron. 

The keyboard functions that control the carriage 
are: 

Carriage restore 
New line (space one line) 
Reset line counter to 1 (tells the system the form 

is on line 1) 

Carriage Detent 

When the carriage is not spaCing the 1080 Hz line 
(approximately 1 ms)gates,the A, A, Band 13 
drive lines to the print carriage motor. Because the 
1080 Hz line is oscillating, it gates the A, A, B, and 
B drive lines (half the time, which allows half 
current through the stepper motor. This provides 
the carriage electrical detent. 

Note: Dual ramping c~rd values are 70 percent of 
the values shown until '-Belt Motion' is active. 

Loss of 24 Vdcor power on reset removes the 
detent 

Control Load Command PTR·6() 

IOCL Carr Space Counter 

~$:$=t=~$:*:t=t=r-""1 (space after print) 
j.;. FL 

Jump I/O Command PTR·70 These two lines used ..,..--'----..:)-06 
for diagnostic testing. 

I I 
I I - IOCL 

Sense -

Attachment 

Control Sense Command PTR·64 Carriage Busy 

Cotto 
8 

00100 

C.drriage 
Go 

S FL 

R 

R 

00080 
Space 

S FL 

R 

carr 
Sync 
,Check 

(approx.1.7· ms) 606 Hz I I ,I I I I I I I I I I I 
---1 J-1.7ms 

Negative 606Hz I I I I I I I I I I I I I 
Carriage Go 

Start F!=' 

Start Pulse 

Inh Detent 

Run Latch 

Run Pulse 

Stop Latch 

GateFF 

Stop Pulse 
, 3.36ms max I I 

1.68 msmin I-I 

---_IL---.. -.. ___ A -- -- -- _* ___ JII_L~~_...;J) -- -- --'A 

-- ____ ......... II. ____ ~JI ........ _______ B ----
,~~IL-____ -J-.. ~---..... 

\ Printer 

(detent signal), 
............. _.-+ ___ -.,.,.;......1 Carriage 

advance 
606 Hz digital 

I conttol. 

I 
I 
I 
I ZZ511 

I 
I 
I 
I 
I. 

Adv 

1080Hz (1 nisI 

Reg 
'--~ 

ZZ521 

2851pm PTR-83 



Half Line Space Op.eration (285Ipm) 

The half line space print feature permits indexing 
of the printer one half space above or below the 
normal print line. This spacing is used for super­
scripting or subscripting a character on the print 
belt. 

The half line space print feature supplies the 
printer attachment with eight carriage advance 
pulses when only four carriage advance pulses are 
sent by the prin~e.r to the carriage advance shift 
register. During the half line space operation, when 

. the first carriage advance pulse is received by the 
half index card, five fast (64~) carriage advance 
pulses are generated from the 4 ~ clock and sent 
to the printer attachment before the second car­
riage advance pulse is received from the printer. 
When the second pulse is received from the printer, 
it is passed unaltered to the printer attachment. 
This pulse becomes·the sixth carriage advance 
pulse to the printer attachment and carriage go 
is dropped. The deceleration function begins and 
the third and fourth carriage advance pulses from 
the printer are received by the.printer attachment. 
These are the seventh and eighth pulses in the 
carriage line position counter (count to eight). 
Because the printer attachment has received eight 
pulses in the carriage line position counter, the 
acceleration and deceleration timing of a full index 
is retained and forms jam and carriage sync checking 
are performed. 

A half index is initiated by setting the carriage 
reverse bit (bit 4) in a control load command 
(JOCl) with a modifier of A. Half index mode 
is reset by bit 5 of the command and the half index 
feature card is reset by bit 5 of the command, 
dropping carriage go, or resetting the printer 
attachment. 

Half index complete (for diagnostics only not 
shown) indicates that the five fast pulses to the printer 
attachment have been generated and the completion 
of the index operation is under control of the 
carriage advance digital control in the printer. 

Control load Command PTR·60 

Attachment 

Carriage 
Go 

~-... -:-=~-_S FL 

L-14--~-----~~==:±====~==~-4~~~R 

for diagnostic testing. 

+1 

00100 

carriage 
Reverse 
Lateh 

~--------------..... ------~----~S 
~----------__ ----__ ----------~R 

R 
carriage Busy 

Space 

~-~~-----~.R 

carriage 

285 Ipm PTR-84 

(approx .. 1.7 ms) 606 Hz I 
--t 

Negative 606 Hz I 
Carriage Go 

Start FF 

Start Pulse 

Inh Detent 

Run latch 

Carriage Rev 

Stop latch 

Carriage Adv Out 

Stop Pulse 
3.36 ms max I I 
1.68 msmin 

I 

I I I 
l_l.7ms 
I I I 

1---1 
I 

I I 
I· 2.55 

I I. 2.55 
ms ms 

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

I 
-I-

3.4 
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,--------------- --- -

Input/Output Lines (285Ipm) 

A = from attachment 
P = from printer 

POR/Printer Reset (A) 

POR/printer reset line is initiated during the poWer 
up sequence to reset the printer circuits to their 
starting condition. It is also activated if a carriage 
sync check is detected. 

Close (+24V) Contactor (A) 

Close contactor must be activated to switch the 
+24V into the printer. This line is deactivated when 
a hammer parity check is sensed to protect the 
hammer coils. 

Belt Go (A) 

Belt go is activated to start the belt oscillator. 
The belt oscillator furnishes pulses to run the 
type belt drive circuits. 

Belt Motion (P) 

The belt motion signal is active when the type 
belt reaches operating speed. It becomes inactive 
when the belt speed decreases to approximately 
10 per cent below the operating speed. The home 
pulse and the subscan pulses become active when 
the belt is up to speed. 

PSS (Subsean) (P) 

The PSS pulses are generated from the raised 
timing marks on the type belt. The subscan pulses 
synchronize the print controls between the attach­
ment and the printer. When the home pulse is 
detected, a dummy pulse is generated because of 
the missing timing mark. 

IMPSS (Impression Singleshot) (P) 

IMPSS is added to the hammer fire pulse to control 
the time the hammers are fired for different forms 
thickness., This signal'isacfivated when the subscan 
pulse goes inactive (halfway into a subscai'l) and 
remains active 140 Jl.S to 423 IlS depending on the 
setting of the forms thickneli$ control. 

Fire Hammer (A) 

Fire hammer lines are activated to fire the 
corresponding print hammers (fire hammer 1= 
print hammer 1, etc). 

ZZ571 POR/Printer Reset 

ZZ583 Close (24V) Contactor 

ZZ571 Belt Go 

ZZ581 Belt Motion 

ZZ581 PSS(subscan) 

OQ200 Subscan 1 

00200 Subscan 2 

285 Ipm PTR-86 

... 1-to----1.0s max. -, -.....;..;..~I 
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OR011 Fire Hammers (1-66) A 

OR021 Fire Hammers (3-63) 1 



Activate Paper Clamps (A) 

This signal energizes the upper and lower paper 
clamps. It is deactivated during a spacing opera­
tion and when the printer is idle. 

Home Pulse (P) 

On the type belt there is a double space between 
two of the timing marks. This space (missing 
timing mark) generates the home pulse that 
signals the start of the type set on the type belt. 
The home pulse is used to synchronize the type 
belt and the belt position counter. 

Hammer Check 1-44,45-88,89-132 (P) 

The hammer check lines determine that in each 
group an odd number of hammers is on (when 
active). They are used as input for the hammer 
parity check and the coil current check. 

Carriage Go (A) 

This line activates the carriage advance digital 
control circuits. These circuits furnish pulses 
to run the carriage drive circuits. 

Stop Ribbon (A) 

The stop ribbon line is activated if the printer is 
idle for five seconds. When the signal is activated, 
the ribbon stops moving to prevent smudging the 
paper. 

Carriage Advance (P) 

The carriage go line activates the carriage advance 
digital control circuits. These circuits generate 
the carriage advance pulses. Each carriage advance 
pulse advances a shift register which advances the 
print carriage motor by one increment (eight incre­
ments per line). Therefore, eight carriage advance 
pulses decrement the space count once per line. 
When the space count goes to zero the carriage 
operation is complete, which resets carriage go. 
The carriage advance pulse is also used for carriage 
sync check detection. 

Printer Thermal Switch (P) 

This line signals that the temperature in the printer 
circuitry is too high. It indicates a thermal check 
in case of overheating. The switch opens at 145°F. 
±5°F (63°C ± 3°C). 

Cover Closed Switch (P) 

The cover must be closed to make the printer 
ready. 

Forms Sensed Switch (P) 

This line indicates to the attachment whether or 
not there are forms in the printer. 

Throat Closed Switch (P) 

This line sends the condition of the casting throat 
interlock switch to the attachment. It must show 
a throat closed condition to make the printer 
ready. 

Switch Assemblies 

CAUTION 
These are electronic switches and do not have 
conventional switch contacts. A high current 
source (test light or ohm meter) will permanently 
damage the switch. 

There are two types of switches: 

1. Normally ON, red plunger. The south pole 

2. 

of a permanent magnet is positioned over an 
integrated circuit thus holding the output 
stage on. Pressing the switch plunger moves 
the permanent magnet, placing the north pole 
over the integrated circuit and the output turns 
off. The plunger is returned to the normal 
state by a return spring. 

Normally OFF, black plunger. The north 
pole of a permanent magnet is positioned 
over an integrated circuit thus holding the 
output stage off. Pressing the switch plunger 
moves the permanent magnet, placing the 
south pole over the integrated circuit and 
the output turns on. The plunger is returned 
to the normal state by a return spring. 

Pin 4 + 5 Vdc {input) 

Pin 2 Ground (input) 

1+5 Vdc 
560 ohm 

Pin 1 --e------- (output) 
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Attachment Dataflow (285Ipm) Attachment 
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Attachment Functional Units (285 Ipm) 

Printer Command Decode 00020, 030, 040 II 1 

The printer command decode selects the various 
I/O device operations by decoding the values of 
OBO and CBO sent to the attachment. The 
values and their meanings are: 

I/O load 
I/O control load 
I/O sense 
I/O control sens.e 
I/O jump 

Space Counter 00100 D 

The space counter is a 7 position binary counter. 
The number of lines to be spaced or skipped is set 
il')to the space counter by the microprogram. The 
counter is then decremented by one for each line 
spaced until it reaches O. This brings up.the 'steps 
0' line which resets the space time latch and stops 
the carriage operation. 

Scan Counter 00160 II 

The scan counter is a 8 position binary counter used 
to count the number of print scans taken to deter­
mine whim to end the print scans. The output is 
decoded into 49 or 65 depending on the character 
set size being used. 

Clocking Triggers 00170 II 

The clocking trigger pulses are generated by a 4 
PQsition binary counter. These pulses provide 
the basi.c timing used during a print operation. 

There are four basic timing pulses generated 
(trigger A, B, C, and D). The clock pulses 5, 6, 
and 7.are generated by ANDing certain conditions 
of the clocking triggers. 

Clock Time I 0 I 1 ./ 2 /. 31 4 I 5./ 6 I 7 I 
AS Be: cO AD AB BC CO AD 

I 
Trigger A 

Trigger B 

Trigger C 

Trigger 0 

Storage Buffer Address Register (SBAR) 00180 II 

The SBAR is an 8 position binary counter used to 
sequentially address the print buffer. See PTR-28 
for the addressing sequence. 

Belt Position Counter (BPC) 00200 II 

The BPC is an 8 position binary counter which 
maintains a count of the character position 
currently aligned with print position one. 

The output of the counter is used as an input 
to the scan register and the home detection 
circuits. 

Paper Clamp Timer 00240 &1 

The paper clamp timer is a 4 position binary 
counter used to signal the condition of the 
paper clamps to the attachment. 

The paper clamp should be on 15 msafter it is 
told to turn on by the microprogram. There is 
no feedback to insure that the clamp is actually 
on. The clamp is considered to be on when the 
timerhas timed 15 ms. When it reaches 15 ms 
the timer turns on the clamp on latch. 

Similarly. when the clamp is told to turn off. 
it should be off after 11 ms. When the timer 
reaches 11 ms it turns on the clamp off latch. 

Hammer Select Control 00290Bl 

The hammer select control is a 4 position binary 
counter used to generate the hammer select lines 
(Y8. Y4. Y2. and Y1), These hammer select 
lines, in conjunction with the subscan lin,es (SS1. 
2. 3, 4. and 51 determine which hammer will be 
optioned to fire at any given time. The hammer 
select lines provide an input to the hammer fire 
control, where hammer optioning takes place. 

Elapsed Time Counter 00300 II 

The elapsed time counter is a 10 position binary 
counter used to generate an interrupt after a 
selected time delay. The selected delay is loaded 
by an I/O control load micro instruction. The 
counter is then decremented by one until it 
reaches O. This brings up the 'elapsed time 
counter is 0' line which sets the interrupt. 

Hammer Fire Control (285 Ipm) II 

The combination of hammer select lines (Y16. 8.4. 
2.1) and the subscan lines (SS1. 2.3,4. 51 selects 
which hammers are optioned: 

Hammer Select Lines + Subsean = Hammer 

Y1 1 
Y2 1 6 
Y1. Y2 1 11 
Y1 2 3 
Y2 2 8 
Y1. Y2 2 13 

The hammer select strobe line becomes active when 
the optioned hammer is to be fired. On the follow­
ing subscan, the hammer that was set to fire is fired 
by the fire 1.2.3.4. or 5 pulse. 

Printer Speed Control II 
The speed of printing is controlled by the value of 
a 12 position binary counter. The 'Jalue decoded 
from the counter determines how long 'hammer 
duty cycle limit' is active: 

1164 ms for 50lpm 
564 ms for 100 Ipm 
364 ms for 1551pm 
168 ms for 285 Ipm 

The 'hammer duty cycle limit' line holds up 'print 
busy' to the channel thus limiting the printing 
speed. 

1 These keys also refer to PTR-sa. 

Load Command PTR-58 Control Load Command PTR·60 

J 
i--

I -- ~ j 
... 

~ - ---

Sense-
Control Sense Command PTR·64 Jump I/O Command PTR·70 

~.--. 
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Attachment Functional Units 
(285 Ipm) - Continued 

1 
Print Buffer 0018011 

The print buffer consists of a128 x 9 bit RAM 
(random access module) and an auxiliary 4 x 9 
bit RAM. The two combine to make up the 132 
positions for the entire print line. The print 
buffer contains PFN (print fire numbers) arranged 
in the sequence in which they are optioned: 

Print Buffer Print Position 

00 01 
01 6 
02 11 
03 16 

See PTR-28 for buffer arrangement and PTR-27 
to determine the value of the PFN. 

The PFN is compared to the contents of the scan 
register. When a match occurs, the print position 
being addressed is fired. This buffer position is 
then blanked by writing a hex FF into it. 

Scan Register 00200 III 1 

The scan register is used as a holding register for 
the value of the BPC. It is set on subscan one 
held through subscan five of each print scan. 

The output of the scan register is used in the scanl 
buffer compare to determine when to print a 
given print position. 

Scan/Buffer Compare 00280 111 

This circuit is used to compare the contents of 
the scan register with the contents of the print 
buffer. The data is checked for an equal compare 
and also for a blank (all positions printed) con­
dition. The non blank found latch is reset at the 
beginning of each print scan. Itis set when any 
PFN is found in the print buffer. If no PFN 
is found by the end of the print scan, the non­
blank found latch remains reset and this sets 
the early end of superscan latch. 

1 These keys also refer to PTR-88. 

Buffer Data Out Bit 0 'SA Scan Reg Bit 0 

Buffer Data Out Bit 1 
t*O 
f 

Scan Reg Bit 1 

Buffer Data Out Bit 2 r 
Scan Reg Bit 2 I 
Buffer Data Out Bit 3 1-
Scan Reg Bit 3 

Buffer Data Out Bit 4 } 
Scan Reg Bit 4 1 
Buffer Data Out Bit 5 l 
Scan Reg Bit 5 I 
Buffer Data Out Bit 6 ! i 
Scan Reg Bit 6 1 
Buffer Data Out Bit 7 r 
Scan Reg Bit 7 I 

L 
D0280 

........ 
D0280 

Equal 

Load Command PTR·58 

f-

f-

I I I J 

Last Subscan Cyele 

Trigger C 

Subscan 5 

Nonblank L....-_. G1 FL 
t=ound _T_ri.:;gge,,--r~D ___ --i N 1---" 1 G2 
~ 

Buffer is FF r;1 FLI-____________ -I N 1-____ 2S 

Hammer Option Time~ ~~2 
Trigger B 2G3 Print Buffer Busy r;l R 

Trig~r C 0- 3S Clock 6 ~ R 

.;:;.SC;;.;;a;.;.;n..;.R.:.;:e;;;.;se;;.;;t ______ .. G1 D0150 
irigger 0 
~=---------~~--.1R 
Print Buffer Busy 0- R 

-D0140 
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Printer Functional Units and Dataflow 
(285Ipm) 

II Type Belt Motor and Drive 

The 'belt go' signal from the attachment starts 
the tYpe belt motor. The motor accelerates in 
increments up to running speed and maintains 
this speed as long as 'belt go' is active. 'Belt 
up to speed' becomes active a maximum of one 
second after 'belt go' is activated. 

IJ Home Pulse and Print-Subsean Pulse 
Generation 

These pulses, generated as the timing marks on 
the tYpe belt pass a transducer tip, are valid 
only when the tYpe belt is up to. speed. Home 
pulses (one between each complete character 
set) are generated by sensing a missing timing 
mark on the belt. When the be't is up to speed, 
the continuing homepu'ses verify that the 
attachment is in sync with the printer. If the 
printer is not in sync with the attachment, a 
belt sync check is indicated. 

Print subscan pulses are produced by the timing 
marks on the belt and by an electronically 
inserted pulse between each mark. 

• Forms Thickness Colitrol 

The forms thickness control mechanically 
adjusts the print unit forward or back for 
different form thicknesses. The control also 
adjusts a potentiometer for varying the dura­
tion of the singleshot hammer·fire pulse. As 
the print unit is adjusted for thicker forms, 
the pulse duration is increased. 

ID Ribbon Drive 

When the ribbon solenoid is deenergized, a 
clutch engages to drive the ribbon. The ribbon 
begins to move when printing starts (or during 
the completion of the first line printed) and 
continues to move only during printing. After 
printing stops, the ribbon continues. to move 
until the solenoid is energized to disengage the 
clutch. 

I Paper Clamps 

The upper paper clamp consists of a magnet 
and a clamp bar. The lower paper clamp con­
sists of a solenoid and a clamp bar. Both 
clamps are activated by the attachment clamp 
holding the paper during printing; 

I Firing the Hammers 

There is one hammer for eac,", print position. 
Hammer firing is controlled by the attachment 
with the timing provided by the printer; 

I1Carriage Spacing 

When a print line is complete, the attachment 
releases the paper clamps.· The forms can now 
be advanced. To advance the forms, the 
attachment activates 'carriage gO'. Thf;! printer 
electronics then generates 'carriage advance' 
pulses which control the carriage motor. The 
attachment counts the advance pulses and de·· 
activates 'carriage go' on the sixth step. 
Deactivating 'carr.iagego'initjates tWo stop 
pulses for a total of eight stepper motor 
pulses; This moves the paper 1/6 inch 
(4.22 mm). 

The printer is ready for the next print line cycle, 
If printing is continuoLls, steps IDthrough II 
are repeated. 

Printer 
To PTR·sa 

Paper 
,-_A~c_ti_va_t_e_P_a.;..p_e_r __ C_'8 . ..:.m_p:'-''''-'''';''_--'--I Clamp 

Advance Pulses 

Type 
Belt 
Motor 
Control 

+5Vdc 

Driver 

. Drivers 

Carriage 
Motor 
Drive 

Type 
Belt 
Motor 
Drivers 

'-"':';:'~:':::"':"'::::'=---------'-----'Print 

~~~~~---~-~-~~--~---~Scan 

........ ..-.!::.::...::...::!:..:.::..:!:.:.::.~--.;.....,----~--1Control 

IMPSS· 

III 

Timing 
Marks 

Upper 

Tractors (2) 

Position 
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Error Conditions (285 Ipm) 

The jump I/O command (see PTR-70) detects 
either the adapter check or not ready condition. 
A sense command is then required to determine 
the specific row. See Sense Command on 
PTR-64. 

Jump I/O Command PTR-70 

Unprintable Character 

One or more of the characters requested to be 
printed were not in the print image. Unprint-
able character is checked entirely by the micro­
program. There is not hardware checking involved. 
Setting of this check is a programmer option. 

I/O Condition True (CBI 4) 

285 Ipm PTR-93 



Forms Jam Check/Belt Speed 
Check (285 Ipm) 

Forms Jam Check 

The forms jam check indicates that the carriage 
tractor was told to move, but no paper motion 
occurred. A light emitting diode detects the 
time between holes in the paper. If no hole is 
detected in eight lines, the forms jam is set. 

Note: The light emitting diode is infrared so you 
cannot see the light. 

Control Sense Command PTR-64 

r-~ 

10----
~ 

Printer Reset 
Carriage Adv 

Belt Speed Check 

This check indicates that either the belt has failed 
to get into motion within two seconds after the 
start time or the printer belt motion is lost after 
having reached an up-to-speed condition. Motion 
is considered lost if there is a 25 per cent loss in 
operating velocity. The speed is determined by 
measuring the time between timing marks on the 
print belt. 
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Carriage Sync Check 

Two conditions may set this check: 

o If a carriage feedback pulse (carriage advance 
pulse) occurs when no carriage motion has 
been initiated. 

e If a carriage feedback pulse fails to occur 
within 8 ms, during carriage space time. 

Sense Command PTR-64 -
r--
r--
r--

Space After Print 

Space Time 

Fl 

Paper Clamp Off A* J..----<a-----S 
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III 

• 

Carriage Sync Check 
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Coil Current Check (285 Ipm) 

An 8 ms timer (cnt to 8) is started when hammer 
select strobe sets a hammer latch. Coil parity odd, 
coil 2 parity odd, and coil 3 parity odd lines are 
monitored for the possibility of a hammer being 
on longer than 8 ms. If this condition is detected, 
power is dropped to the printer and coil, current 
check is set. The status of the coil 1 parity odd, 
coil 2 parity and coil 3 parity odd lines is saved in 
their respective latches. This is because the coil 
check line being active degates the reset of the 
latches. 

Note: If an even number of hammers, on one 
hammer driver card, are on (longer than 8 ms), 
the coil current check is not set. This is because 
the hammer and odd lines are only active for an 
odd condition within anyone of the three card 
positions. 

Sense Command PTR·64 
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Belt Sync Check 

This check can be set by three possible conditions: 

o If a home pulse occurs when not expected. IOC L Character Set Size 

e If a home pulse fails to occur when expected. 

o The bit ring generating the five subscan pulses 
is continuously monitored for an abnormal 
condition. Normal is one, and only one pulse 
on at any time. 

The timing for the home pulse is determined by 
counting the number of print scans. This count 
is compared with the character set size (only one 
home pulse per character set). 

Sense Command PTR·64 -
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A* 

OR 

* 

* 

r;J'l 

* 

r N 1 
[ 

" 

0- 00190 

Belt Sync 
Chk Enabled FL 

SSl S 

00190 

c 

Missing 

• • _ (fD -
I-

Home Expected 
r--

FL ~e 
SS2 A S SSl A 
Print Subsea" PSS I---

~* L--

SS5 
00190 

R 

..-- 00190 

FL 
Sl 

Belt Sync Chk 
S2 

Home Allowed $3 
Unexpect-ed 

FL L-- R1 -- flG 
~ 

FF '--- A A ...-- R2 
S. I-- Print Subscan ,S I-- iR3 

SS5 0 00190 P R .--
L.-.... e 00190 

00190 

00190 

Extra 

I I Ie)- • Adapt Reset 

IOL Check Reset 
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Emitter Check/Data Check 

Emitter Check 
Sense Command PTR-64 

Once the print belt motor has reached an up-to­
speed condition, the print subscan line is monitored 
to verify that it is oscillating. If no change occurs 
during any 2 ms period, the emitter check is set. 
This check supplements the belt sync check which 
cannot detect a broken or stopped belt. 

Data Check 

Parity is maintained on the data in the print buffer. 
If invalid parity is detected during a print cycle, 
this data check is set. 

l-
I--
I-

Diag Mode 

45 -------11 S1 
IOCL Force Mtr Up to Spd S2 

FL 

00220 

IOL Diag Ctrl ----=------.1 G1 
IOL Motor Up to Speed 1S 

FL 

Belt Start Complete 00260 

I I -

2A*0 

00260 

Print Subscans 
P OR 

Adapter Reset 

00260 

R 
1 ms Osc 

C 2 

00260 Adapter Reset 
IOL Check Reset 

Print Buffer Busy 
N 

Diag Mode Latch 

• 
IOL Diag Ctrl FL 

G1 
IOL 2 !is Osc * 1S N 

00170 

FF 
1 !is Osc 

T I--

'--- R1 
Adapter Reset 

R2 

00170 

Buffer Data Out 0 ODD 

I Buffer Data Out 1 
Buffer Data Out 2 

From ) Buffer Data Out 3 
Buffer Data Out 4 Print 

Buffer ) Buffer Data Out 5 
Buffer Data Out 6 
Buffer Data Out 7 

Buffer Data Out P 

00280 

G1 FL Emitter Check 
1G2 

2S 

R1 
R2 

00260 

2A*0 

Parity Valid 

Count 
to 16 

R 

C 

1 
2 

4 
8 

N 

~ 
B 

C -0 ~ 

'--

Hammer Option Time 

Adapter Reset 

IOL Check Reset 
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Hammer Parity Check (285Ipm) 

An odd/even count of the hammer select strobe 
pulses is kept track of by the two position odd/ 
even count register. The output of this register 
indicates whether an odd or even number of 
hammers have been selected to fire (one hammer 
select strobe pulse for each hammer selected). 
The hammer odd line. is active for each hammer 
odd card that indicates an odd number of ham­
mers are being fired. The odd/even count 
register is compared to the status of the three 
hammer odd lines during each print subsean 
pulse. If a mismatch occurs the hammer parity 
check latch is set. 

Sense Command PtR-64 

I I -
-
I--
I--

Hamme r 

Driver 

Card t 8138 

Hamme r 

Driver --Card 

1 A138 

Hammer 

.:::::1 00 
:::::; -
I 

f= 00 

~ 

t 
=00 
= Driver -

Odd Hammers 
143 Odd Count 

T 
I--

~I". 

T -
Even Hammers 

,.... 2·44 Odd ~unt 

(odd/even count register) 

~p~rin~t~s_u~~~c_a~n~ ______ ~ ______ ~/~ ~ . 

Hammer Select Strobe .T FL [NI G1 Reg L N G1 Reg 

J----'------,---I 0 .I---1It---1. 0 

00260 ~ R r'--....... R 
Motor Up to Speed 8-- I 
----~--~--~. ORt-___ -. __ ~D~0=2~6~0~ 
Adapter Reset 

ODD -

- DQ260 

EO 

c8a1r3dD T -: =e.:;-;L.-__ l-,.,'" Odd Hammers _ J=t J 45·87 Odd Count EO 

Even Hammers 

Hammer .....----,.::::::1 .. r-O-D---'~·88 Odd Count = I Driver -
... - ..... ::;-=:;- --

Card T 1=t T 
A 130 . ~ • J=L Odd Hammers .- EO 

Hamme r 
Driver 

-L.. 

Card 

1 813F 

Hammer· 

f= 00 
~ 
I--

i 
=00 
= -

89·131 Odd 
Count 

-
"I",. 

T E.en Hamme" 
90·132 Odd 
Count 

Print Subscan -
~~~~~--~~ 

Odd Hammer 
Parity ---

'---.:G1 FL Driver 

Card 
A13F 1··IJ Motor Up to Speed I--------------------------N 1S 

.10...-

00100 10L Check Reset 

Adapter Reset 
R1 
R2 

N r----------------------' 

Hammer Parity Chk 
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End of Forms/Cover Closed/Throat 
Closed (285 Ipm) 

End of Forms (EOF) 

End of forms is checked on the first line printed 
of each new form. If no forms·is indicated by the 
no forms switch, the printer will go not ready. 

Sense Command PTR-64 

r-
r--
r-

-

I 
I 
I 
I 

.-

~~.;.;.;,;;..;:=;..:.;......,-:I 
I 
I 

ZZ321 

I 
I 
I 

Adapter Reset 

10Cl Enable EOF 

10Cl Disable EOF 

Fl 
S1 
S2 

R 

00210 

Cover Closed 

The printer is not ready if the cover is open. 

Throat Closed 

The printer is not ready if the throat is not 
closed on the paper path. 

Close 

I 
--\ 
\ 

\ 

Open 

A EOF (end of form) 

0Q210 

285 Ipm PTR-100 

10Cl Print Coming 
S 

10Cl Turn Mtr On FL 
,s Belt Go 

R 
R 
R 
R 
R 

Cover Closed Switch. 00220 
ZZ321 

F Ribbon not Stop S 

R 
R 
R 

Throat Closed Switch 
R 
R 

ZZ321 

I 00220 

I 
I 
I Belt not Ready 
I 
I 

00220 



Display Screen 

The display screen attachment occupies the same 
card as the keyboard attachment. !3qth attach­
ments use the same: 

- CBO (command bus out) 
- DBO (port data bus out) 

-(;-BI (command bus in) 
- OBI (port data bus in) 

Only one of these attachmen'ts uses the lines 
at any time. Which attachment uses the. lines . 
is determined by the device address in WRO(L) 
which is subsequently placed on the DBO lines 
0-3. 

The display screen attachment has five main 
functions: 

1. 

2. 

3. 

I nterface with the channel to execute the 
micro instructions. 

Accept 240 bytes of data from the channel 
DBOand store it in the RAM (random access 
memory) buffer. 

Incr-ement the display address register to 
sequentially display the 240 characters em 
the display screen. 

4. Control display of the 240 characters by 
controlling the video, wiggle, horizontal, 
and vertical interface lines to the CRT. Up 
to forty characters per Une are displayed on 
six lines. 

5. Load and sense the RAM buffer, the LSAR 
(load/sense address register), and the DAR 
(display address register) and send the data 
to the channel. 

The channel: 

1. Places decoded micro instruction data on 
CB00-2, device address on DBO 0-3, and 
micro instruction modifier data on DBO 
4-7. 

2. Activates 'cqntrQI out' to indicate that a 
command is on the channel. 

Each attachment checks the address; if it is the 
display screen address, the attachment activates 
'CRT command select' so that the display screen 
can accept the command. 

If the command is sense, ~Ol')trol sense, or jump, 
data from the LSAR, data fromthe DAR, data 
from the RAM buffer, or the status of various 
latches is placed on the OBI lines. The attach­
ment brings up 'service in' to indicate to the 
channel that the data is on OBI. The channel 
accepts the data and responds with 'service out' 
to indicate that the data was received. The 
attachment then drops 'CRT command select' 
and completes communication with the channel. 

If the command is sense interrupt level status 
byte, the attachment does not accept the. 
command but bril')gs up 'service'in' and 'multi­
device response' to indicate to the channel that 
the command was detected and not accepted. 

If the command is load or control load, the 
attachment again checks the device address and 
raises 'CRT command select'. The attachment 
sets or resets latches per the command and 
responds with 'service in' to indicate that the 
command was accepted. The channel responds 
with 'service out' to indicate. tha.t the data on 
DBO is now valid. The attachment .then activates 
the 'data sample' which gates data on the DBO 
to the load/sense address register, the display 
address register, or.to additional latches. The 
attachment drops 'CRT -command select' to 
terminate communications with the channel. 

Whenever. data is on DBO, the attachment 
checks for odd parity. If the parity is not odd, 
the attachment activates CBI 5 to indicate that 
the data is bad. 

Attactiment Functions 

1. The attachment interfaces with the channel 
to execute the micro instructions as 
follows: 

.;... Accepts 'control out' to establish 
communication. 

- Recognizes and accepts the .address of 
0100."' Decodes CBcho determine what 
micro instruction is being sent al)d accepts. 
only valid micro instructions: . 

- Decodes DBO 4-7 (modifier bits) to 
determine the conditions to be established. 

- Raises 'service in' to indicate that the 
command has been accepted. 

2. 

3. 

The attachment accepts 240 bytes of data 
(one byte at a time) from DBO and stores 
each byte in the RAM buffer as determined 
by the LSAR: 

An I/O load of the LSAR gates the 
address data from DBO to the LSAR. 
This address is used to control the des­
tination of the 240 bytes of character 
data being loaded into the RAM buffer. 

- An I/O load of 'load buffer' gates the 
'bfr data set' and presents a character 
of data from DBO to the RAM buffer. 
This command conditions 'bfr read/write' 
·to write condition so that "the buffer 
will store the character at clock buffer 
time (DISP-5). The RAM buffer cannot 
be loaded when a character to be dis­
played is being read from the RAM 
buffer. Therefore, 'bfr read/write' is 
switched to write only during 10L 'load 
bfr' and not during R R9 time CC3~42. 
An I/O sense of sense buffer senses a 
character addressed by the LSAR. The 
RAM buffer cannot be sensed during 
R R9 of the CC3-42 since DAR is fetch­
ing the character to be displayed. 

After the RAM buffer has been loaded 
with the 240 characters to be displayed: 

'Bfr read/write' is placed in read mode. 
If a load buffer command is in operation, 
the line will switch to write mode dur­
ing load buffer time but not during R R9 
time of CC3-42. 

- 'Clock bfr' is active at BR0-1O time dur-
iing RR9 time.of CC3-42. 'Clock bfr', 
along with 'bfr read/write' conditions 
the RAM buffer to r,eac;l out the character 
at the address designated by the display 
address register and decode circuitry. 
The character from the RAM buffer is 
loaded into the character register at 
BR7 of RR9 time during CC3-42. 
During BR7 time of RR9 and CC3-42, 
the next character to be displayed is 
fetched from RAM thJ;oug~ DAR and 
placed in the .character register. The 
first character is displayed during 
RRO-6 of CC3-4 1 time and the last 
character is displayed during RR0-6 time 
of CC2. 

At BRO-1O time of RR8 time of CC3-42 
the DAR is incremented by one to 
locate the next character. 

Viewer Assembly 

. Mirror 
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The character is presented to the char­
acter generator and decoded for each 
wiggle 0-6 of the character. One wiggle 
at a time of the charact~r is presented 
to the video asse~bler. The video assem­
bler serializes the 9 bits of data so 
that video is gated to the display screen 
at BR2-10 time along with a correspond­
ing character generator output bit. BRO 
is gated to the display screen if the cursor 
bit is active. 
Characters are displayed during CC2-41 
and RROthrough 6. At RRS during 
CCj-42 time, after a character has been 
displayed, the DAR is incremented by one 
so that the RAM buffer is addressed 
to read out the next character at RR9 
during CC3-42. At RR9 and BR7 
during CC3-42 time the character is 
set into the character register. This 
character is then available to the char­
acter generator to control 'video' to 
display the next character. 

- This operation continues for 40 charac­
ters; then vertical control shifts the 
beam to the next line and the next 40 
characters are displayed. AfteraH six 
lines are displayed, the counters are 
reset and the display starts over. Any 
new chat:acters loaded into the buffer 
are displayed. 

4. The attachment controls the Video, wiggle, 
horizontal, and vertical interface lines to the 
display screen to control displaying of 
the 240 characters (0ISP-6). 

Video Line: 'Video CRT' is sent to the 
display screen to control an amplifier 
~hich increases or decreases the inten­
sity of the beam and creates spots or 
blanks on the display screen. The 2.25 
MHz clock increments 'bit ring count to 
16' to produce bit ring pulses that are 
on for 444 ns. Each 'on' increments 
the bit ring which counts from 0 through 
15. (The counter resets to 15 during 
a reset condition.) BRO gates the cursor 
bit, BR1 time is blank, and BR2-10 
gates character generator lines 1 through 
9 to the video line to brighten the 11 
possible spots on the vertical sweep of 
the wiggle. BRll-t5 are used for retrace 
t,lme to,retur.n the spot to the base line. 

Wiggle Sweep: The wiggle sweep signal 
is sent to a ,coilin the CRT to mov~ the 
beam up and down the height ofa char­
acter. The wiggle sweep signal is active' 
and sweeps up during BRO-l0and is in­
active and sweeps down during BR11-15. 
Each character has 10 wiggles which 'are 
counted by the ROS ring register (RRO. 
RRa), The first seven wiggles display the 
characters;the last three wiggles are used 
for spacing between characters. TheROS 
ring register is incremented by the 
bit ~ing register at BR11 time. AtRR7 
ti~e, the ROS ring increments the ch~r­
acter. The wiggle line is active from 
CCO through CC42 ann inactive from 
CC42 through CC53. 

- HorizontalLine: The horizontal line, 
when active, conditions a coil in the 
CRT to move the beam to the right at 
a constant sp,eed for a 42 character 
line. The first two character positions 
are used for beam speed up time, then 
40 characters are displayed. When the 
horiztontal line is inactive, the beam 
sweeps to the left at a constant speed 
for 12 character times (CC42-53) for 
retrace. The character count register 
(CCO-53) conditions the horizontal 
line. 
Vertical Line: The 'vert 1', 'vert 2' and 
'vert 4' lines increment the beam to the 
six possible display lines. The line 
counter (LCO-LC5) is incremented at 
CC42 time so that the beam goes to 
the next line during retrace. The 
'vert 1', i vert 2', and 'vertA' lines are 
decoded to determine which of the six 
lines is required. When all three lines 
are 'inactive, display line 1 is selected. 

The line counter increments from 0 
through 5 and then back toO to start 
over and refresh the display. 

5. The attachment senses the status of the 
LSAR, DAR, and the control latches. 

At sense the LSAR command causes 
the address in the LSARto be placed 
on OBI •. (This cannot be done during 
display time, BR0-100f RR9 during 
CC3-42.) 

, . ' 

At BR0-10 time of RRa during CC3-42, 
the addreSS is re,adfrom DAR arid placed 
~mOBI .. 
The contrpl,latches are sensed, by 
appropriate sense commands and the 
data placed onDBL (seethe appropriate 
sense command charts, 0ISP-30, -32. 

.Vertic:allnput 
Display oMOgO 
Line vert Vert Vert 

1 2. 4 
, . 

1 0 0 ,0 
" 

... 2 1 0 0 

3 0 1 0 

4 1 1 0 

5 0 0 1 

6 1 .,·0 1 

1 :;: Line Active 
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Data Flow CBO 7 
Micro Instruction 

8 
Command 

DBO 
Decode 

Data Sample 
L--~ 

SNS Micro Instruction 
A ~ 

0~ DAR Valid Micro Instruction 
~ 

I/O Load Micro InstructiQn A, OR 

I--

RR9 A -Wiggle 
"--

I/O Load Micro Instruction -S 

DBO S A 
Display Address 

I/O Inc DAR Microinstruction '-- ~ Register 1.---

OR A 10-
Reg 

~ I--
Reset DAR Micro Instruction ,.--

A OR 
RAM Load Micro Instruction 

DM070 i--
~ 

RAM Sense Micro Instruction A I--

Load/Sense i...--
..... r--

Address Register 
Load ,LSAR Micro Instruction A 

I/OJnc LsAR Micro Instruction I.-
FL 

From Chann el Reset LSAR Micro Instruction 

r--- DM070 

A 
Buffer Read/Wri~e 

I/O Load Micro Instruction 
~ 

Controls, 

Diaa CRT Status / 

SNS Micro Instruction 

OBI to Port 

Freq 9MHz r-- DM090 

Osc Divider IBit Ring 1 ,Decode +4 OR 
IBRO-15 r Diagnostic Clock rl.-micro instruction DMOSO OM080 l 

CC3-42 and ~ROS Ring 1 RRO-6 

SYnc Latch - RRO-9 J 
I A 

RRS 
lChar Ctr 1 i-- Decode 
CCO-53 J , 

RR9 and BR7 and, 
CC~42 and Sync I Line Ctr 1 

LCO-5 I 
Sync Latch 

RAM 
Buffer 
240 Bytes 

L..- CD 

Data Character 

Addr Register 

+Read ..-
A Reg 

-Write' L....-

DMOSO 
DMOSO 

OBI 
Assemble 

bM100 

BR2-10, 

BRO 
BR0-11 

CC2-41 

CCO-41 

Character 
Generator 

ROS 

Cursor ~ 

r-i 
DMOSO 

OBI 

I -

~ 

Video 
Assembler, -

A -- 'OR 

-A 

DM090 

-
Video 

Wiggle 

Horizontal 

Vertical (3) 

To 
Display 
Screen 
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DISP-4 

LSAR/DAR, RAM Buffer, Character 
Generator 

Char Gen Addr Bit 1 
Char Gen Addr Bit 2 
Char Gen Addr Bit 9 - -- Sync AND CC3-42 IOCS LD/SNS Addr Rejl OR LD/SNS Addr Reg A LD/SNS RR9 A r- Addr Reg Sel BR7 

r---_ Cnt to 256 ____ 

'---G Reg G Sel Reset IOCL Inc LD/SNS Addr R~g 
+1 

LD/SNS Addr Reg 0-7 
IOCL Reset LD/SNS Addr ReA * R 
IOL LD/SNS Addr Reg 

G Sel 
Dim!ay Addr Reg 0-7 

Bfr Addr 
Decode Bfr - Char Gen Char Gen Bfr DBO 0-7 8 8 8_ 8 DCD M Reg Char Reg Addr Decode 512x9ROS DM070 DM070 DM070 

OR 60 G 
""- DCD M Reg Reg -- 255 

Clock Bfr 00 C Char Gen C '-- G ~ 

Bits 1-9 
DM070 511 

IOL Load Bfr 
Bfr Read/Write, 

AW RR9 r-- OR 

La-
Bfr Data 
Bit 2-7 6 6 

Wiggle A 
'"jjT;p Addr AR Sync (CC3-42) Dspl Addr Reg '""--

DM080 DM080 Cnt to 240 Reg Sel IOCL Inc Display Addr Reg r--
Reg ! Sel 

DM080 
FF 

Wiggle r-- OR +1 

C Cursor Bit 
A Sync (CC3-42) L..-.-

Bfr Data IOCL Rst Display AddrReg L..-.- 8 
Bit 0-7 Bfr Data Bit 1 

R 
N CD 

DM070 DM070 

Sync AN D CC3-42 r-- A*OR 
RR9 - A 

OR 
Bfr Data B its 0-7 

RRO '""--

CRT Data Sam..£le '--

r--
IOL Load Bfr 

OR 
IOCS SNS Bfr 

IOL Load Bfr 
Bfr Data Sel - * .JG RR9 ,.-

! Sel Wiggle A 
Sync (CC3-42) 

Wiggle -
DBO 0-7 

DM080 

DM080 IOL Load Bfr r-- I OR t---r--fr IOCS SNS B 

~S~y~nc~(C~C~3~-4~2~) ______________________ ~ A ~----~S:-FF~LI 
RR8 

A*OR 

RRO 

Reset R 
Jump Invalid Bfr LD/SNS 0 CBI 4 

Jump Diag True * 

Jump Diag False * 



Loading Address in Address Register and 
1 Byte of Data in RAM Buffer 

. Load LD/SNS Addr Reg Command 

Load.L.D/SNS Addr R~g 

DBO (Address Data) 

Load LO/SNS Addr Reg 

Sync AND CC3-42 

RR9ANO RRO 

BR 

LoadBfr 

LD/SNS Ad~r Reg Sel 

DBO (character data for buffer) 

Bfr ReadlWrite 

Data Sample 

: 

(BRO-l0 AND CC3-42) AND (RR9 OR RRO) 

Clock Bfr 

Invalid Bfr Lth 

I H 

I $ .. 

I ~L ., 

r: 

Load Bfr Command 
(Not During Bfr Read Out) 

I 

L 

I 

"'''' 
I 
I 

." 
I 

4.6tls Max 
J 

I 
I 
I 

.L. 
I 
I 
I I 
I 
I 
I Read I 
L Write 

1,2 tls 
J 

i 
I 
I 

J 

I 
I 

L 
I 

1 . 
...i. 

L 

J 

l 

i 
I 
I 
L 

Load Bfr Command 
(During Bfr Read Out) 

I.J 

I 
i 
I . 
IBl:lll 

f I 
1 
I 

,~ I 
I' 

:~ I 
I 
I 

I I 
I I 

~ I I 
I I 
I I 
I I 
I I 
I I 
I I 

RR9 

BRO 

I I 
I 
I 
I 
I 

I I 
I 
I 

1--' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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

I 
I 

J L I 

i i 
I 
I 

J 
i l 
I 
I 

l' 
rr--, 

I 
I 
I 

J 

RRO 

I 

BRll 

I I 

I 

I 
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Character Display 

Oscillator 

2.25 
MHz 

DMOSO 

Not Diagnostic 
Mode 

Buffer Out Bit 1 

t-------I A 

Bit Ring 
Count 
to 16 (}15) 

t-----I+1 

Cursor 

1 
2 
4 

8 

DCD 

Character 
Generator 

DM080 

2 
3 
4 
5 
6 
7 

8 
9 

Wiggle 
Count 
to 10 (0·9) 

o 

DM090 

+1 

9 

Wiggle 

R 

FL 

Video 
CRT 

Character 
Count 
to 54 

1----1+1 

o 

53 

Wiggle 
Coil 

Horizontal 
(}41 

FL. 

Count to 6 
+1 1 Vertical 1 

2 ertical2 

' .... 
,/1 

4 Verti~al3 

,'- 1 
~r-----~ 1 

I...... 1 

Intensity 
Amplifier 

Spot 

Vertical 
Coil 

1 ......... 1 
I ... ", 
1 
1 
1 
1 
1 
1 

I 
1 

Character 2 

10 Wiggles per Character 

\RR7 

Cursor 

1--
~----------

Horizontal 
Coil 

Character 3 

10 Wiggles per Ch.~racter 

RR6 RR7 
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Bit Ring, ROS Ring. Character Counter. and 
Line Counter Relationships 

2.25 MHz Oscillator 

~.44/.' ... 
•••• 

15.0 Bit Ring Count to 16 (BRO-15) 
--...:----..........,~_'_="-=-~--=-:=__---+_,..._,r__T__,..__r_..;..:,__.__""T'"""_r_ ........... ...__'_r__1r__"'1r_'_r......;..,"'"'T'_.;.-.,.---.;.... ~. - - "_._. 

Resets to 15 

ROS Ring Count to 10 (RRO-9) 
Resets toO 

o 1 

Character Count Count to 54 (CCO-53) o 

o .10 o 1.0 o 10 o 
BR 0·10 Latch 

RR.o·6 Latch o 

Not in Time Relation$hip 
'" . - :) '.' CCO-41 latch o 

2 
CC241 Latch '"I' 

3 
CC3-42 Latch 

444 nsf Bit Ring 
x 16 Bit Rings per ROS Ring 
~Jls/ ROSRing . 
x '10 ROSRings per Character 

7l JJ.s/ Character 
x 54 Characters per line. 

3.~.3 mi./ Line 
x 6 Lines per Frame 

23 ms/ Frame=- Approximately 43 Frames p!lrSecond Refresh Rate 

6 7 8 9 o 

3 o 

'10 

6 o 

.41 41 o 

.. 2 41 0 

42 ... ~ 42 3, 
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DISP·8 

Wiggle, Horizontal, Vertical c antra s Diag Mode to SNS 

Diag BitRing i\;. , ",:" 
" 

'" BR7 

ModE! Count to 16 ~ Fl BRQ-lO 
W[gg!e to SNS 

IOL Set Diag Mode Fl Reg I\. I BRD OR*A 
S ~ S - Cl ~ iOl Rst Diag Mode ~ ,+1 BR 0'-15 ROS Ring I :-- C2 Wiggle Rl '\ Count tolD BRH R Diag Mode 0~ 01 System, Reset R2 ...- B ~ BRll Reg RR 0'-9 DM09O. toSNS RR-O, 1,2,8,9 
OM09O' DMQ9D +1 

"'\ CCQ-41 
."" 

" 'Reset , KctD S FL" "Horizontal to SNS 

R RR 0'-6 
DM09Q ~ RRQ Fl ,~C42 

10 
S R 

" 

2.25 MHz ClqckQsc ~ RR7 R DMD9Q A* 
Diag Clock OR Char Cnt ~CC2 

CC2-4..1 r-- Horizontal 
DM09D Fl A Count to 54 - S 

@~ 
IOCl2 'Set 1nc Char Ctr SFl ~ +1 

CCD:53 ","CC42 R 
+1 

IOCL3 Reset Inc Char Ctr " "\ DMD9D 
R GC3-42 

System Reset r-- DMD9Q ","CC3 
FL . Sync AND (CC3-42) 

OR Reset Reset R S r--

Reset Adpt e DM09Q ·A 
0....- 0 ","CC43 R r-

Display OM 090 '--- Reset 
Start Display SFl Display ,e Sync 

Erase Display ~. 
CCQ r-- SFl 0-4 

Rl Video Display A* J.-e O~ OR ~ Reset Rl 
R2 Assembler -
DM090 A*OR -~U IOCl Erase R2 

~BRQ _A ,,. Display 
DM09Q 

Cursor Bit Vert Ctr 

~BR2 * Count to 6 -""'--

Char Gen 1-9' CGl I Reg Diag Mode to SNS 
""'--

~BR3 t CC42 +1 i Vert 1 

I\..CG2 J IOCl Inc Line Ctr +1 2 Vert 2 
~BR4 ~ Reset R 4 Vert 4 

r-....CG3 DMD9Q 
~BR5 t 

r-....CG4 

I\..CG5 
~BR6 t 

Video SNS I ~ 

~BR7 * 
Sync A 

~CG6 CC2-41 r--
,BR8 * RRD-6 A Video CRT 

'CG7 Diag Mode to SNS 

" BR9 * '. Display -
~CG8 I 

* 
""--

BR1Q Odd/Even 
CG9 FF 

,DM09Q Odd/Even Video - T 

Erase Display R 
'DM09D 



Sync, Video, Wiggle, Horizontal 

o 1 2 34 5JO. f'T' •••• ----­

~--~~--~~~----------------------~-------------------111 

~~~---~-------------------------=-=-----.---
53 

1 3 ~O 3 
CCO~53 

o 

Sync AND CC3:4;! 

o 
~CC!::..:0!:!t.,.11,~2:...:. •.• ~.53!L~--________ ~ ••• I11111 ........... .------

Horizontal (CCO:4 H 

0 1 2 7 0 "I 0 ------
I 

Video I I 
0 111 

RRO 

15 0 11 
BRO·15 

Wiggle 

~2':..;;;.25~M.:...;.Hz::...O~sc=-=--· _________ ~_--.JIIL·· •• u.LI.u.lIJr - - - - -

DISP·9 



DISP·10 

Display Buffer 

Sync AND CC2-42 ' 
CC2 CC3 

RRO RR6 RR7 RR8 RR9 
RRO-9 

BRO-15 ..... , I I I I I I I I I I I I I I I I I I I I I I I I 
11. o 11 15 

I I 1 I I I I I I I I I I I I I I : i 
o 11 

Character Gen 1-9 

cursor~ 
First Wiggle i;.cursor 

Last Wiggle I 
( of Character ( of Character I 

.~ 
I I 

I I I 
Video 

I I I 
I I I Increment Display Addr Reg 

I I I 
Buffer Read Out Time 

I 
I ~ J 
I I 

Set Bfr Char Reg with Data from Bfr 

I I 
Display Addr Reg Sel I 

; 

I 
I ! 

Clock Buffer 



I/O Instruction Interface 
Service In 

G1 FL 
Strobe OR*A SI LS Command Control Out 

1S Service In 
CBO (not) 0 A (not) Strobe 

G2 * >--
CBO (not) 1 (not) C2, SILS 

2G3 CB02 
C2 

3S .--

G5 
Service Out 

5R 

A*OR 1R 
~ 3G4 Service Out 

(not) CRT Device Hit 
CO/SO 4R CB01 

SEQ Done System Reset 
R N 

... '0- S FL 
L1 - DMOO3 

'---
System Reset + 

R1 
Control Out OE N R2 CRT 

Command Select 
DMOO1 

3G1 FL 
Strobe Strobe 

1S CRT Command Select 
CTR C1 

3G2 +1 
CB02 Device Hit 

-G- R 2S 
(not) Kbd Device Hit 

G3 
DMOO5 

(not) CRT Device Hit 
R A*OR / Service Out 
R 

DMOO3 

Data Sample 

* C1 
G1 FL 

rB-
L- CRT Data Sample 

1S A 

C2 
G2 

~. 
(not) Strobe 

,2R -
(not) CRT Device Hit roo-- N 

R 

DMOO3 
DMOO1 

C2 

C1 

DISP-11 



DISP·12 

Control Sense Command 
DBO 

Control Out 

Service Out 

n:: • Strobe 

C1 Cnt 1 , 

C2 Cnt 2 
I I i 

Device Hit I: I 
L1 Cnt 3 

Service In 

Command Select 

Data Sample 

OBI. lZlZ/ZlJ 

Modifier 
DBO OBI 
4,5,6,7 Data FSL 
(Hex) Bit Command Action Taken Page Timing 

0 Adapter Status 0 Conditions OBI selector to put status data on the OBI lines. DM110 

0 Vert 1 Turns on OBI bit 0 if 'vert l' line is active. DM090 0 
1 Vert 2 Turns on OBI bit 1 if 'vert 2' line is active. DM090 0 

1 Adapter Status 1 Conditions OBI selector to put status data on the OBI lines. DM090 0 
0 Vert 4 Turns on OBI bit 0 if 'vert 4' line is active. DM090 0 
1 Video Turns on OBI bit 1 if 'video sense' line is active. DM090 0 

2 Adapter Status 2 . Conditions the OBI selector to put status data on the OBI lines. DM110 0 
0 Diagnostic Mode Turns on OBI bit 0 if 'diagnostic mode' latch is set. DM090 0 
1 Odd/Even Video Turns on OBI bit 1 if 'odd/even' latch is on which indicates odd count. DM090 0 

3 Adapter Status 3 Conditions OBI selector to put status data on the OBI lines. DM090 0 
0 Horizontal Turns on OBI bit Oif 'horizontal sense' is active. DM090 0 
1 Wiggle Turns on OBI bit 1 if 'wiggle sense'.is active. DM090 0 



-
Load, Control Load Timing 

CBO (valid) 

Control Out 

Strobe 

C1 

C2 

L1 

Device Hit 

Kybd Command Select 

Data Sample 

Service In 

Service Out 

DBO Modifier Reg 

Control Sel. 

DBOSel 

Load LSAR 

Load Bfr 

Clock Bfr 

CBI4 Mne active) 
, . -'1 

CBI5 (line active) 

OBI (valid) 

CBI (valid) 

VZZU/, 

VlZZZ1, 

I 
I 

. VIIIII, 

PIIIII; 

'lZZZZII/J v77!lIZZ/ 

I 
I 
i 

1.2ps 

I/ZZZZZZZZZZZZZZZZZZZZZ0WZZZZZl/ZZZZZZZZZZZZI 

IZZIIIIIZ/ZZIZZIZIZIIIZZIIZIIZZIZZIZZIIIZIIIZIA 

I 
I 

I 
I 
I 

IlIZlllZlZZlZlJ 

'1IIlZZIlJ 

DISP·13 



Load Command 

Channel 

System Bus Out 
=----.-,1 

8 ~v~ 11 
r-. , 
I ~Icro Inst~uc-I 

I tlon Function I 
Field Decode 

F r= rT:;' t: ~ ~ =j 
LE lE.J..O --L0.J --L !...L. ~ EJ 

PH110 0 Ii 2 

Data 
Buffer 

rr-l 

~-=­
CB 

I 
I 

I 

I 

I 

I 

I 

I 
01 
I 
I 
I 

II I II Port Oat 

1= - - - -" II I 13 us Out 

1 
al 

----,,)1 F 
II I 
II I 
LL_J 
PH070 

SeeJ,,dNSTR-30. 

Notes: 
1. Data out to buffer per address in 

load/sense address register. 
2. Issue only when in diagnostic 

mode. 

1 

1 

1 

1 

I 
f 

Sj!lec:t· Attachment 

... 
GCB 

012 

4-7 

DA 
0-3 .. Device 

.'" Address 
Hit 

100 

DISP-14 

I, 
Send Data Byte to Attachment 
DBO 0-7 

Mod I 
"'II 

,.4-7 I "II P-

CCB 
DBO 

3 4 5 6 Bit 0 Bit 1 Bit 2 Bit 3 Bit4 Bit 5 Bit6 Bit 7 

rNote 1 

1 0 0 1 [I 
Load Bfr 

Data 
I I I I I I I 

1 0 1 0 I J I .I I I I 

Load LD/SNS Addr Address Data 
Reg 

1 0 1 1 
Set Diag Mode ..... f--Note 2 

1 1 0 0 
Reset Diag Mode ,.... f-Note 2 

1 1 0 1 
Diag Clock .-- -Note 2 

-



Load Command 

Modifier 
DBO 
4,5,6,7 
(Hex) 

9 

A 

B 

C 

D 

DBO P77WlIZZIOIJ 
Control Out 

Service· Out 

~ ~~ro~b~e~ ______ ~.,~t». 
C1 Cnt 1 

C2Cnt~ I 
L1Cnt 3 

Device Hit 

Service In 
CMDSelect 

Data Sample. 

DBO 
Data 
Bit 

., 

0~7 

0-7 

Command 

Data Out Buffer 

Buffer Address Out 

Set Diagnostic Model 

Reset Diagnostic Model 

Diagnostic Clockl , 

. 

I Use only when In 

diagnostic mode. 

• • • ,. 
i ! 

FSL 
Action Taken Location· Timing 

1. Activates 'clock bft', which increments the buffer. 

2. Sets 'DAR invalid'iatch at RROorRR9 time when 'sync AND CC3-42' 
is active. DM070 

3. Activates 'bfr read/write', which causes the buffer to store the data 
supplied on the DBO lines. 

4. Causes data from the DBO lines to be put in the buffer. 

1- Causes data from the oeo to be put in the load/sense address register. DM070 

2. Conditions the. load/sense address register to accept data. 

Sets diagnostic mode latch. DM090 0 
Resets diagnostic mode latch. DM090 0 
Increments count to 16 register to provide controlled stepping of the 'video', ,0 'ihorizontal;, 'vertical', and 'wiggle' lines so they can be sensed. DM090 

. 

DISP-15 



Control Load Command 

Channel 

System Bus Out Low =-=--_.,' 
8 . ~vl,. 11 

I":'":: - ., 
I ~icro Inst~uc-I 

I tlon Function I 
Field Decode 

F r: -r: T:=t t: T :::;: :==t 
L! .L0.L0 ~ °"J--L ~ !J 2..J 

o ij 2 
I.=:-

Data 
Buffer 

rr-l 

CB 

I 

I 

I 
I 
I 
I 
I 
I 

-' 01 

I 
I 
I 

II I 
II I PortDat 

= == == == -t~ I ~us Out 

I 
al 

..l 

II I 
II I 
LL_J 

I 
I 
I 

PH070 I 
See IlINSTR-30. I 

I 
I 
I 

Notes: I 
1. Used only when in the diagnosti c I 

mode. I 
2. Blanks video only and does not 

alter data in the buffer. I 

I 
I 
I 
I 

I 
I 
I 

I 
l 
I 
I 
I 
I 
I 

Select Attachment 

+ 
CCB 

012 

4-7 

DA 
Device 0-3 .... 

" 
Address 
Hit 

110 

DISP·16 

Send Data Byte to Attachment 
DB007 I -

Mod 
. 
I 4-7 

~ .,.. "'I 

"'" 
CCB DBO 

3 4 5 6 Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 . Bit 6 Elit 7 

0 0 0 0 INC LD/SNS INC Display Adr Reset LD/SNS Reset Display Adr 
Adapter Cntrl Adr Reg Reg Adr Reg Reg 

0 ° 0 1 
I'-- Note 1 Inc Line Cntr 

0 0 1 0 -Note 1 
Set Inc Char Ctr 

0 0 1 1 
Reset I nc Char Ctr 

I--Note 1 

0 1 0 0 
Reset Adapt 

0 1 0 1 
Start Display 

0 1 1 0 
--Note 2 

Erase Display 



Control Load Command 

Modifier 
DBO 
4,5,6,7 ' 
(Hex) 

0 

1 

2 

3 

5 
,',,' 

6 

DBO 

Control Out 

Service Out 
Strobe 
C1 Cnt 1 

C2 Cnt 2 

L1 Cnt 3 

Device Hit 

Service In 
Command Select 

,Data Sample 

[ZZMzzllll/a 

• I 

DBO 
Data 
Bit Command 

", -" 
Adapter Control 

0 Increment Load/Sense 
Address Register 

1 Increment Display Address 
Register 

2 Reset Load/Sense Address 
,Register 

3 Reset Display Address 
Register 

Increment line'Counter 

Set Increment Character 
,Counter 

Reset I nc.rement Character 
Counter 

", 

Start Display 

Erase Display 

•• 

FSL 
Action Taken Location 

Conditions DBO selector to accept command data. DM110 

Increments the load/sense address register which addresses the characters 
into the RAM buffer for loading the character register. DM070 

Increments the display address register which addresses thecharactei"$ in " 
the RAM buffer for display of any of 240 characters. DM070 

" 

Resets the load/sense address register. DM070 

Resets the display address register. DM070 

Increments line counter to advance to the nextdisplay line. DM090 

Sets 'increment character counter'latch which increments the character 
counter. This command is used only when in the diagnostic mode (must 
issue a reset increment character counter after a set increment character 
counter. DM090 

Resets 'increment character counter' latch. This command is used only 
when in the diagnostic mode. DM090 

" 

Sets the 'start display' latch. The 'start display' latch AND CCO sets the 
'sync' latch which activates the 'video' line. DM090 

, Resets 'display' hitch so 'I/ideo' line is not active~ only blanksvideo,does ", 

not alter data in the buffer. DM090 

DISP·17 



Timing for Sense, Control Sense, 
and Jump Commands 

CBO -(valid) -

OBO (valid) 

Control Out 

Strobe 

Cl 

C2 

L1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

. DBO Modifier Reg 

Control Select 

DBO Select 

OBI Select 

. OBI Register 

CBI 4 (Hne active) 

CBI 5 (line active)· 

OBI (valid) 

CBI (valid)' 

VZZOI 

I 
i 

I 

.. PIIZZZZZOll 

vllZZllllZZZ 

I 
! 

I 

ZIIZlZZZ]-

I 
I 

- IIZI177I1, 

: 
I 
I 

I 

ZlIlllZZZlIlIlIZZlZZI 

IIZ01lllZZll11 
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 

_dzmZw/ZZI 

zlIzoomoa-

DISP·18 



Sense Command 

Channel 

Sys Bus Out Low :-::.... -- ...,1 ' 
8 ~~ 11 

X .-----..., 
I~icro Inst~uc- 1 

I
tlon Function 1 
Field Decode F ,. :;= :;= , r:: -, :::;: =f 

t.2,l.1 -L0...L ~--L!T ~!J 
101 

PH110 0 i i 2 
L=.&P 

1 
1 

1 
1 

1 

1 
1 

Data 
Buffer 
r-l Port Da ta 1 

t I I Bus Ou -----">1 1- __ -----1- I It::" __ 
1 

1 : Port Da 
I Bus In 

ta 1 

f----...J 1<. it.-_ r---, 1-.(--
l __ J 
'PH070 

See #!INSTR-30. 

Note: Must branch on invalid load or 
sense after sense buffer command to 
see if command was executed correctly 

I 
I 
1 
1 

1 
1 

1 

I 

Select Attachment 

4-] 

DA 

0-3 ~ Device 

~ Address 
Hit 

1 Send Data Byte to Channel 

1 Mod 
1 

"" 
4-7 

"'I ,.. 1 

CCB CCB OBI 

012 3 4 5 6 Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 

1 0 1 

i Note 

1 ° 0 1 II 
Sns Bfr 

Sensed Buffer Data 

,~ 

DISP·19 



DISP-20 

Sense Command 

DBO 

Control Out 

Service Out 

~ • : • I • 

II 
I I I I I . 

I I I I 
I I i. 

Strobe 

C1 Cnt 1 

C2 tnt 2 

L 1 Cnt 3 

Device Hit 

Service In 

Command Select I 
Data Sample 

DBI '7Z7777i1 

Modifier 
DBO OBI 
4,5,6,7 Data FSL 
(Hex) Bit Command Action Taken Page Timing 

9 0-7 Sense Buffer Conditions 'clock bfr' which allows data to be read out of the 240 x 9 RAM 
buffer at data sample time and loaded into the DBI assembler. Data is put on 
the DBI lines, 'clock bfr' will not come up if the command is given while data 
is changing in the buffer at (RRO OR RR9) and (CC3.42 AND sync) time. If 
buffer data is changing while sense buffer command is being executed, the 
'invalid load/sense' latch is set. A sense buffer command must be followed with 
a jump on invalid load/sense command to determine if the sense buffer com-

O mand was executed. DM070 



Control Sense Command 

Channel 

SyS Bus Out Low 

=-=---=--,1 
8 ~ ~ 11 v 
r------, 
I ~icro Inst~uc-I 
I tlon FunctIon I 

Field Decode 
F~ '-T =t J;:-::::;: ~ 
L.] .L] J.. () -L O ... r-L iT !..l.!J 

PH110 0 II 2 
l!::-

I 
I 
I 
I 
I 
I 
I 
I 
J 

eB 01 

Data 
Buffer r-, Port Oat 

I l!:us Out 
'F----")f ----Vi r 

I 
I 
I 
I 
I 
I 

a I 
I 
I 

, I Port Da ta I 

Select Attachment 

4-7 

DA 

0-3 ... Device 
,. Address 

Hit 

I I Bus In (_. ___ =1 (1. __ L 
r----'I 1"­

L_..J 
PH070 

See III NSTR-30. 

*Used only in diagnostic mode. 

I 

I 

Mod 

~ 
4-7 

"" 
,. 

CCB CCB 

012 3 4 5 6 

0 0 0 0 
Adapt Status 0* 

0 0 0 1 
Adapt Status 1 * 

0 0 1 0 
Adapt Status 2* 

0 0 1 1 
Adapt Status 3* 

0 1 0 0 
SNS LD/SNS Addr 
Reg* 

0 1 0 1 
SNS Disp Addr 
Reg* 

111 

S d Data Byte to Channel en 

I 
I 

OBI 

BitO Bit 1 Bit2 Bit 3 Bit4 BitS Bit 6 Bit 7 

Vert 1 Vert 2 

Vert 4 Video CRT 

Diag Mode Odd/Even 

Horizontal Wiggle 

LD/SNS Adr LD/SNS Adr LD/SNS Adr LD/SNS Adr LD/SNS Adr LD/SNS Adr LD/SNS Adr LD/SNS Adr 
Reg 7 Reg 6 Reg 5 Reg 4 Reg 3 Reg 2 Reg 1 Reg 0 

Display Adr Display Adr Display Adr Display Adr Display Adr· Display Adr Display Adr Display Adr 
Reg 0 Reg 1 Reg 2 Reg3 Reg4 Reg 5 Reg 6 Reg 7 

~ 

. , 
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DISP·22 

Control Sense Command 

DBO • ... 
Control Out 

Service Out II 
Strobe n....rLfL.fl In 

I I I I 

C1 Cnt 1 I I I 

I I': C2 Cnt 2 I I I I 

L1 Cnt 3 I n In I 
Device Hit I :8 1 

I I 
I 

Service In II 
Command Select I I 

I 
Data Sample I 

OBI 

Modifier 
DB04567 OBI FSL 
Hex Data Bit Command Action Taken Page Timing 

0 Adapter Status 0 Conditions OBI selector to put status data on the OBI 
lines. DM110 

0 Vert 1 Turns on OBI bit 0 if 'vert l' line is active. DM090 8 
1 Vert 2 Turns on OBI bit 1 if 'vert 2' line is active. DM090 8 

1 Adapter Status 1 Conditions OBI selector to put status data on the OBI 
lines. DM090 8 

0 Vert 4 Turns on OBI bit 0 if 'vert 4' line is active. DM090 8 
1 Video Turns on OBI bit 1 if 'video sense' line is active. DM090 8 

2 Adapter Status 2 Conditions the OBI selector to put status data on the 
OBI lines. DM110 0 

0 Diagnostic Mode Turns on OBI bit 0 if 'diagnostic mode' latch is set. DM090 0 
1 Odd/Even Video Turns on DBO bit 1 if 'odd/even' latch is on which 

indicates odd count. DM090 0 
3 Adapter Status 3 Conditions OBI selector to put status data on the 

0 OBI lines. DM090 

0 Horizontal Turns on OBI bit 0 if 'horizontal sense' is active. DM090 0 
1 Wiggle Turns on OBI bit 1 if 'wiggle sense' is active. DM090 8 



Modifier 
DBO 
4,5,6,7 
Hex 

4 

5 

OBO 

Control· Out 

Service Out 

PIlI • 
I I 

Stro~ 

C1 Cnt 1 

C2 Cnt 2 I I 
l1 Cnt 3 I I 

I • Device Hit 

Service In 

Command Select . 

Data Sample· 

OBI 

OBI 
Data 
Bit Command 

0-7 Sense Load/Sense Address 

0-7 

Register 

Sense Display Address 
Register* 

* Issue only when 'sync' 
latch is not set. 

-- ,-
II 

I II 
II 

!. I 
I 

77777771 

FSL 
Action Taken Page Timing 

1. Conditions the OBI selector to put address stored in the load/sense 

·0 address register on OBI. DM100 

2. Conditions the load/sense address register select to provide data (the 

0 . address stored in the load/sense address register) to the DBlselector. DM070 

Conditions the OBI selector to put the address stored in the display address 
register on OBI. The address is moved from t!:1edisplay address register to 

0 the OBI selector by the display address register selector. DM100 
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Jump I/O Command 

Channel 

Sys Bus Out Low 

=-----" 
o ~xt,. 3 
1"'""'"-_ ... .., 
I Micro Instruc-, 

, tion Function, 
Field Decode 

F;=,- T 1 t:-::::;: =i 
LJllE ..L1..L 1....J--L q} !..l.!.J 

PH110 0 Ii 2 

Data 
Buffer 
rr-l 

~ 
CBO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I II I 

" Port Da . II I Bus Out 
ta I 

F=-=-=-.=t ~ 
II I 
II I 
LL_J 

I 

I 

PH070 

See ttl NSTR-38. 

*Used only in diagnostic mode. 

(To CPU) ....------....--- .. 

Select Attachment 
Mod 4·7 

+ 
CCB 

012 3 

0 

0 

4·7 0 

I/O 
Branch 0 

... Device On 

DA 0·3 ,.. Address Condi-
Hit tion 0 

(JIO) 

011 
0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

CBI Bit 4 

DISP·24 

... .,. 

CCB Condition Tested 

4 5 6 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1* Jump Diag False 

1 1 0* Jump Diag True 

1 1 1 

0 0 0 Jump Invalid Bfr 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Condition True -



Jump I/O Command 

DBO 

Control Out 

Service Out 

Command Select 

Data Sample 

OBI 
I I 

.-.//...,./,.,,/...,../Z ..... l 

Modifier 
DBO OBI 
4,5,6,7 Data FSL 
Hex Bit Command Action Taken Page Timing 

5 Diagnostic Jump False Diagnosticcommand that does not activate CBI. bit 4. DM070 

6 Diagnostic Jump True Diagnostic command to activate OBI bit 4 to test the ability of CBlbit 4 
0 to switch. DM070 .. 

8 Jump Invalid Buffer Used with 'invalid load/sense' latch (and if 'load/sense' latch is set) to 
activate CBI bit 4. 'Invalid load/sense' latch is set with (RROor RR9) 

0 AND CC342 AND a load buffer or sense buffer command. DM070 
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eBI 4 Function 

During a jump invalid buffer load/sense command, 
CBI 4 is active when 'invalid' latch has been set. 
'Invalid' latch is set when an attempt has been 
made to load or sense the buffer dUring the time 
the buffer Is in a read mode to read a new charac­
ter to the character register to satisfy the display. 
This tells the CPU that the data was not loaded 
properly. 

During a diagnostic jump true command, CBI 4 
goes active and during a diagnostic jump false 
command, CBI 4 stays inactive. This is for diag­
nostic purposes to guarantee that the line will 
switch from active to inactive. 

Sync AN 0 CC3-42 

Load Bfr ,..--

SNS Bfr OR 

10..-. 

RR9 

RRO 

Reset 

Jump Invalid Bfr LO/SNS Op 

Jump Oiag False 

Jump Oiag True 

r---~ 

OR 
l....-

DISP·26 

Invalid 
,..-- FL 

A A*OR 
S CB 14 (jump ~ondition met) 

R1 ~*\ ----' . 

-El- R2 I 

} ToChann~ 



Keyboard Attachment 

The keyboard attachment occupies the same card 
as the display screen attachment. Both attach­
ments use the same: 

CBO (command bus out) 
DBO (port data bus out) 
CBI (command bus in) 
OBI (port data bus in) 

Only one oUhese attachments uses the lines at 
any time. Which attachment uses the lines is 
determined by the address in WRO(l) which is 
subsequently placed on the DBO lines 0-3. 

The keyboard attachment has four main 
operations: 

1. Interface with the channel to execute the 
micro instructions. 

2. 

3. 

4_ 

Store data from the keyboard unit in the 
keyboard register. 

Send data to the channel. 

Control the keyboard unit. 

The channel: 

1. Places decoded micro instruction data on 
CBO 0-2, device address on DBO 0-3, and 
micro instruction modifier oata on DBO 4-7. 

2. Activates 'control out' to indicate that a 
command is on the channel .. 

Each attachment checks the address; if it is the 
keyboard attachment address, the attachment 
activates 'kbd command select'so that the key­
board attachment can accept the command. 

If the command is sense, control sense, or sense 
interrupt level status byte, data from the key. 
board register or the status of the latches is placed 
on the OBI lines. The jump command places data 
on CBI 4. The attachment brings up 'service 
in' to indicate to the channel that the data 
is on OBI (CBI for jump command). The 
channel accepts the data and responds with 
'service out' to indicate that the data was 
received. The attachment then drops 'kbd 
command select' and completes communica-
tion with the channel. 

If the command is a load or control load, the 
attachment again checks the device address and 
raises 'kbd command select'. The attachment 
sets or resets latches per the command and 
responds with 'service in' to indicate that the 
command was accepted. The channel responds 
with 'service out' to indicate that the data on 
DBO is now valid. The attachment then 
activates 'data sample' which gates data on DBO 
to additional latches or to the keybo~rd data 
register. Upon the fall of 'service out' the 
attachment deactivates 'kbd command select' 
to terminate communication with the channel. 

Whenever data is on DBO, the attachment checks 
for odd parity. If parity is not odd, the attach­
ment activates CBI 5 to indicate that the data 
is bad. 

Attachment Functions 

1. The attachment interfaces with the channel 
to. execute the proper micro instructions as 
follows: 

2. 

Accepts the channel out lines to establish 
communication with the channel. 
Recognizes and accepts the keyboard 
attachment address ot'0001. 
Decodes the CBO lines to determine 
what micro instructions are being sent 
to the channel. 
Accepts only valid micro instructions. 
Decodes DBO 4-7 micro instruction 
modifier bits to determine conditions 
to be established. 
Indicates to the channel by raising 
'service in' that the command has been 
accepted. 

The attachment stores data from the key­
board as follows: 

- Pressing a key on the keyboard unit 
activates 'keyboard gate'and sets the 
data gate latch (providing the diagnostic 
mode latch is not set). 
'Kybd gate not diag' gates the data from 
the keystroke into the keyboard data 
register so that the data can be sensed 
later. 

3. 

Kybd gate not diag' sets the micro interrupt 4. 
request latch if the keyboard micro· interrupt 
enable latch is set. 
The micro interrupt request latch is 
sensed with a sense interrupt level status 
byte command to determine that data 
is ready to be transferred to the channel. 

The attachment sends data to the channel 
as follows: 

Data is supplied to the channel through 
the data buffer to the channel OBI. 
The data is gated through OBI select by 
one of the nine gates created by decoding 
the modifier of an lOS, 10CS, or SllSB 
command. 
The data comes from one of the following 
sources: 
a. Keyboard data register: this data is 

collected from the keyboard unit. 
Each time data is sensed from the 
keyboard data register, the keyboard 
data register and the data gate latch 
are reset. Also, the overrun latch is 
tested. If overrun is set, data is dis­
carded and an error condition is 
indicated. 

b. Sensing the latches: these latches are 
set or reset by previous commands or 
by conditions detected in the attach­
ment. 

c. Diagnostic sense micro instructions 
gating certain established configura­
tions to OBI. This data is for 
diagnostics. 

The attachment controls the keyboard unit 
to: 

Allow the clicker to fire when the 
keyboard is ·disabled. (The 'error' line to the 
keyboard degates the clicker.) An 10Cl 
command sets the fire clicker latch. This 
latch, along with the 16.384 ms oscil-
lator line from the CPU, provides a pulse 
on the 'clicker' line to the keyboard unit 
so that it can emit a click. 
Resets the keyboard. An 10Cl command 
sets or resets the keyboard reset latch. 
(A 'system reset' also resets the keyboard.) 
A keyboard reset latch being set or 'system 
reset' sets 'kybd device rst' to the key­
board unit. 
Enable the keyboard clicker and degate the 
'error' line to the keyboard. 

KBO-1 



KBO-2 

Kevboard Attachment Data Flow 

16.32 J.IS Oscillator 
A Busy Tone (to fire keyboard clicked 

10Cl Fire Clicker ump n errun 
~ 

on Itlon rue 
OR 

Overrun 

J I/O 0 Ov Jump I/O C d·· T 

Data 10l Set Overrun Latch 
Gate OR 

Jump Condition (to channell 

10l Set Data Gate Latch .--- Fl 
~ A L...-- Jump I/O ,ulrpt Enable A 

Keyboard Gate (from keyboard) A 
OR FF 

I>!< ..-- &~ 
R1 - N R2 DM050 r--

R1 
10l Reset Data Gate !---- DM050 

R2 ,ulrpt 
DM050 Enable 

10l Reset Overrun 10l Enable ,ulrpt 
S Fl f-----4 

Reset Latch 
Keyboard 

OR Ready Latch 10l Disable ,ulntr 
'IOCl Set Enable Keyboard Fl 

R1 

I 
S ,ulrpt 

0-
R2 Request 

Latch 
OR 

DM050 10l Set ,ulrpt Request 
OR FF 

10Cl Reset EnClble Keyboard A 

k DM050 

Keyboard 

Data Register 
Keyboard Data A 8 Reg 

10l Reset ,ulrpt Request 

OR 
R1 

11" R2 

Diagnostic "-
Mode Latch 

A DM050 
Keyboard Ready 

10l Set Diagnostic Mode Fl 
Data Sample !to indicator on operator panel) 

S ~ 

~ DM030 DM030 

System Reset 
R1 Error to Keyboard (degates cl ickerl N 

10l Reset Diagnostic Mode R2 
DM030 

DBI DM050 
10l load Keyboard Data Register 0 

Assembler 

B ..----
CCB 7 Decode 

laL ! 8 A DBI {to cha nnell 8 
10Cl 8 
lOS 
10CS ,ulnstr 

JIO 
SllSB 2 

"----

DMc540 
DBO 8 lOS or 10CS 

DM020 
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Keyboard to CPU Data Transfer and Indicators 

(from Kybd Gate 
keybQard) 

FL Set Diag Mode 
S 

Reset Diag Mode 
Rl 

System Reset R2 

r---
Data 
Gate 

A 

B~ 
L.--------------~S~y~st~e~m~R~e~s~et~-----4I1~l 

:..:R.::,:st:..,:D::a:;.:t:.a ..:G:;,:a.::.;.te:...-___ .. R2 

FL 

Kybd Data 
Sel 

t-- G1 

~K~y~bd~D~ev~i~ce __ R_es_et ___ _1IR3 

Data Sample SEL 
--------------~G1 

A w-
.:sy:..;s:.:te:::m.:.:..,;.R..:e~se:--:t __ ......... _--,Jr 
IOL Reset Overrun 

Sense KyIJd Data Register 

Status 0 
Status 1 

SI LS Command 

Jump Overrun 
CBI4 

Overrun 

S FL L~------------~~~~----4~ 
Kybd Rdy Latch 

Rl 
R2 

DM050 
OBI Sel 

G1 
G2 
G3 
G4 

Kybd Ready Indicator S~e~t~E~n~ab~l~e~K~y~b~d ____________ .S FL~'-~----------------:"'-~E:rr=o:r:tO~K:y~bd~ 
(degates clicker) 

NI------~ 
Rl 

System Reset 
R2 

IOCL Reset Enable Kybd 
R3 

OBI Reg 
Kybd Command Select G1 

1 1 

SNS Kybd Data Reg 1G2 2 n 
~ ____ ~~S~ L-__ ~--------~ r R1 

Data Bus In Bit 0-7, P 
~K~y;b;d~D~a;ta~ ............. 0.-7""";-"1 

Reset Kybd Data Reg 

~Irpt Request 

FL r-plrpt A 
Enable 

Enable plrpt FL J--
S System Reset 

Rl 
R1 IOL Reset 

I.,drpt Request R2 R2 

Disable plrpt 

DM050 DM050 
Reset Latch 

FL n S -
Set Kybd Reset 

Reset Kybd Reset 
R1 OR 

..... R2 J~ T 
FL 

C 

{

System Reset 

g;~ 
16.38 ms Oscillator 

A 
R FL 

Fire Clicker 
S 

J 2 

3 

3 

4 

DM040 

Odd 
............... Parity 

Gen 

I--

plrpt Request (to CPU) 

Kybd Device Reset (to keyboard) 

Busy Tone to Kybd (fires clicker) 
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I/O Instructions 

Load, Control Load Timing 

CBO (valid) rZZlzz, 71ZZlZZZZZZZZZZlllZZZZZZ111 
DBO (valid) rzzzzD /11/111/11111/1111111111111111111111111111111111111111lIZ ZIIIIIIIIIIIIIIIIIIIZ/~ 

. 
Control Out 

Strobe 

C1 

C2 

L1 

Device Hit 

Kybd Command Select 

Data Sample 

Service In 

Service Out 

DBa Modifier Reg 

Control Sel 

DBa Sel 

OBI Sel 

OBI Reg 

CBI 4 (line active) 

CBI 5 (line active) 

OBI (valid) PIZZZZ ZZZIIZZZZIZZZ/IZZIZZIOZZZZIZZZIII/IZ/ZZZZIi1 
CBI (valid) Pizz//, IZlZZZZO//I//IZZZZ//ZZZZZ//ZZZZlI7Zl//I7//11 

KBD-5 
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Load Command 

Channel 

~- --, 
I Micro Instruc-I 

I tion Function I 
Field Decode 
~---, I=-:::;.~ . ~ r:.o IOIO.J--L iI~ ~ 

PHll0 0 II 2 
l=-

Data 
Buffer 

rr-l 

CBO 

II I 
II I Port Data 

-----"'11 ~~O~ - - - - .,,>1 r-- -.-
II I 

II I 
LL_J 

PH070 

See JlINSTR-30. 

*Used only in diagnostic mode. 

Select Attachment 

I 

I ... 
I CCB 
I 

I 012 
I 
I 

I 

I 
I 

I 
I 4-7 

I DA 

I 0-3_ ... Device 

I 
,. Address 

Hit 

100 

I 
I 

Mod 
"'III '" 4-7 

CCB 

3 4 5 6 

0 0 1 0 
Set Jllrpt Request* 

0 0 1 1 
Reset Jllrpt Request 

0 1 1 0 

Irpt Request Control 

1 0 0 1 
Load K ybd Data 
Reg* 

1 0 1 1 
Set Diag Mode* 

1 1 0 0 
Reset Diag Mode* 

1 1 0 1 
Diag Mode Control* 

I 

I 

• 

Send Data Byte to Attachment 
DBO 0-7 

BitO Bit 1 

Enable/Disable 
Jllrpt Request 

Bit 2 Bit 3 

Data 

Set Overrun 

KBO-6 

~ ,. 
DBO 

Bit 4 Bit 5 Bit 6 Bit 7 

• 

Reset Overrun Set Data Gate Reset Data Gate 



Load Command 

Modifier 
DBO DBO 
4,5,6,7 Data 
Hex Bit 

2 

3 

6 1 

0 

9 0-7 

B 

C 

D 

3 

4 

5 

6 

$.6,2, ,]$ iji4ii\i\#; \iN ",Nt a;;n A "Q";;"'14.,1 #iUXMiiY\.iQUnmAbi"" 44 I. 4 \ 4 MUM::: $iI, 

ZZZZZ/l ~D~BO~~~==~IIJZlVil7.I.ZZ.Z.Z.J~==========~V 
£ontrolOut iiiiiiiiiiiiiii~================ 
Service Out --t--------G 
Strobe 

C1 Cnt 1 

C2 Cnt 2 

L 1 Cnt 3 
Device Hit 
Service In 
Cmd Select 

Data Sample 

Command 

Set Micro Interrupt 
Request 

Reset Micro Interrupt 
Request 

Enable Interrupt Request 

Disable Interrupt Request 

Load Keyboard Data 
Register 

Set Diagnostic Mode 

Reset Diagnostic Mode 

Diagnostic Mode Control 

Set Overrun 

Reset Overrun 

Set Data Gate Latch 

Resets Data Gate Latch 

Action Taken 

Sets micro interrupt request latch. 

Resets micro interrupt request latch. 

Sets enable interrupt request latch. 

Resets enable interrupt request latch. 

Conditions DBO select to enter data from DBO to the keyboard select. 

Sets <'diagnostic mode' latch. 

Resets 'diagnostic mode' latch. 

Controls diagnostic mode. 

Sets 'overrun' latch. 

Resets 'overrun' latch. 

Sets 'data gate' latch. 

Resets 'data gate' latch. 

,$UttS &&A ( \ it 4J a g;;U£u,;. 

FSL 
Location Timing 

DM050 0 

DM050 0 

DM050 • 
DM050 e 
DM020 e 
DM030 0 
DM030 0 
DM030 

DM050 • 
DM050 e 
DM050 e 
DM050 e 

KBD·7 



Control Load Command 

Channel 

==:::::=.1 
B. ~~ 11 

1M iCrO Insffii'c':1 
Ition Function I 
I Field Decoded 
t= ;=: :;:::: :;:: F ;;:= T. =t 
U J.il.J....0 ..L. 0 J-L 1...L..1..L9 J 

PH110 • ,I 
o II 2 

Data 
Buffer 

L-L:..-

rr- -, Port Data 

II L Bus Out 

~--===~II r == = 
1\ I 
1\ I 
1\ I 
IL-j 

PH070 

See tllNSTR 30. 

Select Attachment 

+ 
CCB 

012 

110 

ICBO 

I 

I 
I 
I 
I 
I 4-7 
I 
I DA 

Device 
I 0-3 ... 

Address 

I 
,.. 

Hit 

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

KBD-8 

I Send Data Byte to Attachment 
I DBa 0-7 

~ 
Mod I ~ 4-7 

, 

CCB DBa 

3 4 5 6 Bit 0 Bit 1 Bit2 Bit 3 Bit4 Bit 5 Bit6 Bit7 

0 0 0 0 Set Enable Kybd Reset Enable Kybd Reset Kybd Data Reset Overrun Reset Data Gate Set Kybd Reset Reset Kybd Reset 
Misc Control Reg Latch Latch 

0 0 0 1 
Fire Clicker 

~ 



Control Load COmmand 

DBO vl;&IZZZZIII VI ZZIZZ/J 
Control Out 

Service Out 

Strobe 

C1 Cnt 1 

C2 Cnt 2 

L1 Cnt 3 

Device Hit 

Service In 

Command Select 

Data Sample 

Modifier 
DBO DBO 
4,5,6,7 Data FSL 
Hex Bit Command Action Taken Location Timing 

0 Adapter Control 

0 Enable Keyboard Sets 'enable keyboard' latch. DM050 .. 
1 Disable Keyboard Resets 'enable keyboard' latch. DM050 G 
2 Reset Data Register Resets keyboard data register. DM030 G 
3 Reset Overrun Latch Resets 'overrun' latch. DM050 e 
4 Reset Data Gate Latch Resets 'data gate' latch. DM050 • 
6 Set Reset Latch Sets 'keyboard reset' latch. DM050 e 
7 Reset Reset Latch Resets 'keyboard reset' latch. DM050 • 

1 Fire Clicker Sets 'fire clickElr' latch (fires clicker once each time issued). DMOSO 0 
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Sense, Control Sense, Jump I/O and SILSBTiming 

CBO (valid) VIOi 

DBO (valid) rlZZlz 
Control Out 

Strobe 

C1 

C2 

1,.1 

Device Hit 

Command Select 

Data Sample 

Service In 

Service Out 

. DBO Modifier Reg 

ControlSel 

OBI Sel 

OBI Reg 

CBI4 (line active) 

CBI 5 (line activei 

OBI "(valid) 

CBI (valid) 

ZZZZZZ7IJ rzZZZZZZl 
I 

I 

. VlZWIUZI 

V7Z777ZIZ// 

777/777/777I1ZII77) 

'i/zZZZlzalh 

, 
ZlllfJ77Illlll 

?zmzzzzzm 
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Channel Stllect Attachment 

iCBO 

I 
I 
I 
I 
I 

Data 
Buffer 

["''' ....... .., Port Data 

,I.; I L Bus Out }-oII.iio&oIiwIio~OIIIiIiI~> ..... __ (-_ ... _-,.. I r - ...... - l.l I DA Device 
. -3, Address 

I Hit 
I I Port Data 

J r A Bus In 
) .. IiIIIIiIIIIIIII .... ...... .(..- • ....w.'IOiIIIi.~ ... (A---l , ......... _--

I __ J 
PH070 

SIll J,tINStR·30. 

NOtll$t 

1. Keyboard ready indicator on 
and clicker enabled. 

2. Used only in diagnosti(l mode. 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 

.... 
CCB 

012 

101 

KBO-12 

Send Data Byte to Channel 

'" Mod 
I 

4-7 

CCB OBI 

3 4 5 6 BitO Bit 1 Bit2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 

0 0 0 0 Overrun 
Adapter Status 0 

0 0 0 1 Data Gate Diag Mode Kybd Enable I--Note 1 
Adapter Status 1 

1 0 0 1 
' SNS Kybd Data Data in from Kybd 
Reg 

1 0 1 1/ .... Note 2 
'Diag hex 00 Data hex 00 
Command I 
1 1 0 0./ I- Note 2 I 
Diag hex 55 Data rex 55 
Command 

1 1 0 1./ Note 2 I 
Diag hex AA Data ~ex AA 
Command 
1 1 1 0 Note 2 I 
Diaghex FE /" Data hex FE 
Command 

I 



Sense Command 
DBO 4_; __________ ~~~~ ________________________ _ 

Control Out 

Service Out 

Strobe 

Service In 

iJ • • • 
I I 
I I 
I I • I 

I,. 
C1 Cnt 1 

C2 Cnt 2 

L1 Gnt3 

Device Hit 

Command Select i 
Data Sample I 

OBI ?ZZllll 

Modifier 
DBO OBI 
4,5,6,7 Data FSL 
Hex Bit Command Action Taken Page Timing 

0 0 Overrun Conditions the OBI select to provide a 0 bit when the 'overrun' latch is set. DM040 0 
1 Adapter Status 1 Conditions the OBI select to provide bits on the OBI lines to check status of DM040 

the 'data gate', 'diagnostic mode', and 'keyboard enable' latches. 

0 Data Gate Turns on OBI bit 0 if the 'data gate' latch is set. DM050 • 
1 Diagnostic Mode Turns on OBI bit 1 if the 'diagnostic mode' latch is set. DM050 • 
2 Keyboard Enable Turns on OBI bit 2 if the 'keyboard enable' latch is set. DM050 0 

9 0-7 Data in from Keyboard Conditions the OBI select to provide data bits on the OBI lines. Data is taken DM040 • from the keyboard register. 

., 
00 0 B Diag hex 00 Conditions the OBI select to provide bits to OBI. DM040 

C 55 Diag hex 55 Data is generatec! in the attachments for all four commands (one at a time). All 
0 AA Diag hex AA, OBI lines 0-7 are checked for switching, shorts to ground, shorts to voltage, 
E FE Diag hex FE , shorts between lines, and opens. 
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Control Sense Comlhand 

Channel Select Attachment 

=-==0(1 
8 ~," 11 

l'MiCro TtlstruC-l 
I tion Function I 
I Field Decoded' ' == r. :;= ::::r F ::;= =r. =f 11 ...J.,.L.0_J..o .. r-LL.. h..1.J 

PH110 01 II 2 

f1...::-.: 

I 
1 
1 
1 
I 
I 
I 
l 
I 
!CBO 

I 
I 
I 
I 
I 

Data 
Buffer 

I 4-7 

r -.., Port Data I 
).....---...I')IL ~s...Q.u!.-_ 
(-----" 1 r - - -,-

I 
I 

I I I Port Data 

.J I. Bus In )___ (4...: ___ _ 

<---, 1...----­
L_..J 

PH070 

See ILl NSTA-30 . 

I 
I--
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

DA 
0-3 ... 

,'" 

Devi'ce 
Address 
Hit 

KBD·14 

Send Data Byte to Channel .. , Mod 
4-7 

I 

CCB CCB 
OBI 

012 3 4 5 6 
Bit 0, Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 

1 1 1 ° 0 0 0 ILl rpt Enabled 
SNS ILlrpt Enable 



Control Sen .. 90mmand 

DBO 

Control Out 

Service Out 

Strobe 

L1 Cnt 3 

~ • • • r' i I i I 
I I i I 
I I I 

C1 Cnt 1 

C2 Cnt 2 

I Ii Device Hit 

Service In 

Command Select I 
Data Sample 

OBI 1/1/1/1 

Modifier 
DBO OBI 
4,5,6,7 Data FSL 
t:lex Bit Command Action Taken Page Timing 

a 2 Adapter Status 2 Provides a 2 bit on OBI lines if 'keyboard enable' latch is set. OMaSa 0 

1£':111 KBD-15 



Jump I/O Command 

Channel I Select Attachment 

I 
I 

====~I 
. 0 ~X'" ·3 

I 
I 
I (Micro i'iiStruc:-"\ 

Ition Op Code I 
IDecode d I 
c: :;:; :;:: ::;: F :=;= ~ ~ 
LQ .J..9 .. L..1..:.L.1.rL '!J.. 1.J.,.1 J 

PH110· 0 ij2 

I 
I 
I 

. ILCB 01 
L::: -=-

Data 
Buffer 

I 
I 

I 
I 
I 

I 

r- -, Port Data 
I 

I 
)...., __ --' ~usO~ 
(---l 1---

II 

I I 
I I 
L_-' 
PH070 

:::;j 
I 
I 

I 

I 

I 
I 
I 
I 

See ILl NSTR-38_ I 
I 

I 
I 

1 
I 

I 

I 
I 
I 
I 
I 

I 
I (To CPU) ..... -._--_ ...... __ . -, .. 

Mod 4-7 .. 
CCB 

01 2 

I/O 
Branch 
On 
Condi-
tion 

(JIO) 

011 
4·7 

g~.;. Dev.ice ... 
Address 

"" Hit 

CBI Bit 4 

KBD-16 

, 
CCB Condition Tested 3 4 5 6 

0 0 0 0 Jump Overrun 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 Jump ILlrpt Enable 

0 1 0 1 DiagJump True 

0 1 1 0 Diag Jump False 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 ... 

1 1 1 1 

(Condition True) I 



Jump I/O Command 

DSO 'III. W 
Control Out 

Service Out 

Strobe 

C1 Cnt 1 

C2 Cnt 2 

L1 Cnt 3 

Device Hit 

Service In 

Command Select 

Data Sample 

DSI '1111. '/177& 

Modifier 
DBO OBI 
4,6,6,7 Data FSL 
Hex Bit Command Action Taken Page Timing 

0 Jump Overrun Activates CSI bit 4 if 'overrun' latch has been set. DM050 0 
4 Jump Micro Interrupt Activates eSI 4 if th~ 'micro interrupt' latch has been set. DM050 0 
5 Diagnostic Jun1p True Activates eSI 4. This is used in diagnostics to guarantee the line will go active. DM050 0 
6 Diagnostic Jump False Does not activate eSI 4. This is used in diagnostics to guarantee the line will go DM050 

inactive. 
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Sense Interrupt Level Status BYte Command 
1 Select Attachment 
1 . 

Channel 1 
1 
1 

c 8 - J.J 11 1 

rMiCro i'Ostruc"l : 
1 tion Function 1 1 
I Field Decode..J 

~5~~1}{0~Cillj .11 

PH110 
o I' 2 1 

l L __ =.:fIIICiiiiiBO~· .... _ .. 

1 
1 
1 

1 
1 

Data I 
Buffer 1 4-7 

r - -, Port Data =.~ ) ___ ~ 1 L Bus Out 

(---""'>1 i === 
1 I Port Data 1 

l-==J I<J~~- __ -L.... (- 1 I..,-----r--
L_..J I PH070 1 

See IlINSTR-30. 

1 
1 

-,. 
CCB 

012 

001 

" Mod . 4-7 

CCB 

3 4 5 

001 
SILS . 
Command 

6 

o 

1 

Send Data Byte to Channel 

BitO Bit 1 

Illrpt 
Request 

Bit 2 Bit 3 

KBD·18 

OBI 

Bit 4 Bit 5 Bit 6 Bit 7 



Sense Interrupt Level Status Byte Command 

DBO 

Control Out 

Service Out 

• 'r Strobe 

C1 Cnt 1 

C2 Cnt 2 

L1 Cnt 3 

Device Hit 

Service In 

Command Select 

Data Sample 
I 
r-1'O"""Zr-Tjj"",j OBI 

Modifier 
DBO OBI 
4,5,6,7 Data FSL 

Hex Bit Command Action Taken Page Timing 

2 1 Sense Interrupt Level Conditions OBI selector to put the status of the micro interrupt request latch DM040 0 
Status Byte on the OBI lines. 
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SILSB Command and (not) Keyboard 
Interrupt Level 

A sense interrupt level status byte command and 
not keyboard interrupt level occurs when the 
microprogram issues the sense interrupt level 
status byte command with other than 0010 on 
DBO 0-3. At 'strobe' time after 'control out', 
the keyboard and display screen attachments 
will analyze GBO 0-2 and if this is 001 (SI LSB 
command), the attachment will respond by 
activating 'service in' and 'multi device response' 
lines immediately. These lines stay active until 
'strobe' time after the channel brings up 'service 
out'. Because 'multi device response' is plus 
when active it can be ORed with other attach­
ments in the channel such that the channel knows 
that all attachments have responded. 

CBO (valid) WIll 

DBO (valid) razzl, 

Control Out 

Strobe 

Service In 

Service Out 

Multi Device Response 

SI LSB Command 

Parity Invalid (if applicable) 

CBI VZM 

KBD·20 

07711111 

VWI/J VIOIII, /ZZZ/ZlI1 
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CBI 4 Function 

'Kybd gate' is active when a key is pressed on 
the keyboard. The first key pressed sets the 
'data gate' latch. If the data is not accepted 
by the CPU and the 'data gate' latch is not 
reset prior to a second key being pressed, 
the 'overrun' latch sets. When a jump overrun 
command is issued,CBI 4 goes active indicating 
to the channel that there is an overrun condition. 

The other three conditions which affect CBI 4 
are diagnostic checking conditions: 

A jump diagnostic true command activates 
CBI4. 
A jump diagnostic false command does not 
activate CB I 4. 
A jump micro interrupt enable activates CBI 
4 if' J.Linterrupt enable' latch has been setwith 
an enable/disable micro interrupt enable IOL 
command. 

Kybd Gate 
Kybd Gate Not Diag 

slit Overrun 
Overrun 

S FL 
~~~--~----~~--~S IOL Reset Overrun Latch 

~IO~C~L~R~e~s-et~O~v~er-r~u-n~~--"R 

~K:~bd~~R~e:::s:::e~t~L~a'::'t!:::c~h~~-=--=--=--_-_-: = 
(not) Diag Latch 

Data Gate Latch 
Data 
Gate 

Set Data Gate S F L 
~~~~~~--------~S 

IOL Reset Data Gate 
-:O;:~:-;:;:---;:~"""';;~a~te-L:-a~t~ch:--" R 
~~~~~~--~~~~R 

Kybd Reset Latch 
--''---.........;;......;;;.;;.;;..-----~ R 

Enable/Disable J.Llrpt 

DM050 
J.Llrpt Enable 

FL 

----~--------------~~----S 

R 

DM050 

DB I Assembler 

Jump Diag True A * 
-------------------------'OR 

Overrun 

Jump Overrun 

J.Llrpt Enabled 

Jump J.Llrpt Enabled 

. Diag Jump False 

* 

* CBI4 
t----------------} To Channel 
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Error Conditions 

Keying Errors 

Keying errors occur when a second key has been 
pressed and the data from the first key has not 
been accepted by the CPU. 'Kybd gate' is pulsed 
when a key is pressed on the keyboard. The 
first key pressed sets the 'data gate' latch. If the 
data was not accepted by the CPU, and the 'data 
gate' latch has not been reset prior to a second key 
being pressed, the 'overrun' latch sets. The 'overrun' 
latch also resets the 'KYBD ready' latch which turns 
off the keyboard ready indicator light on the oper­
ator console and deactivates the clicker in the key­
board for all keys except PAGE/LINE, PRINT/ 
RESET, ERROR RESET, and INQUIRY. Every 
time data is sensed from the key!;loard register, 
the 'overrun' latch is tested with either a sense or 
jump overrun command. After testing the 'over-
run latch' (regardless of whether it was set or 
reset) the 'overrun' latch, keyboard register, and 
'data gate' latch are reset. If the 'overrun' latch 
was set, the data was ignored and an error condi­
tion exists. 

(Pulsed when a Kybd Gate A 
key is pressed) -

Not Diag Latch 

Error Recovery 

The keyboard operator must press the reset key 
on the keYboard. The microprogram checks to see 
if RESET has been pressed, and if ithas been, 
then the microprograrj'l issues an I/O control load 
command set enable keyboard which causes the 
keyboard ready light to turn onand the clicker 
to be ready. Themicroprogram then issues an 
I/O Control load command of fire clicker to create 
an audible click in the keyboard. The operator 
must then reenter the bad data. 

Se~ Overrun 
Overrun 

S FL 

Kybd Gate Not Diag 

,....-:__=:----:---:--... S 
Rst Overrun Latch 
-==-=~.;;.;.;..~=;..;..;........,..-.... R 
Rst Overrun 
~;.",;;.;~--:---.. R 
Kybd Rst 
......:....------'-~ R A 

KYBD Ready 
S FL 

Overrun 
....... ~---------~---.;R;..,;.eset~;;,;.E;..,..ha-b,.....le-K-Y-B-D-· .------...,........ R1 

·~~~~~~~----~~R2 

.:.;K;.;.Y.;B:.;;:D;....:or;;.....;:;S;..;.Y,.;;;S.,..;.R..;.;;e~se_t...,..-_~ ___ R3 

.KYBD Enabled 

Error 

OR 
KYBD Ready Indicator 

---11'-=="""-""-----..... ' DB I 
Overrun 

~--------------~--------------------~------------------~----~~------------------------------------------------~SEL 

DM100 

DM030 Data Gate Latch 
-D-M-' .... 05 ... 0 .... A* 

OR Data Gate 
G FL 

Set Data Gate 
~~----------IS 
~R:.:st:....:D:.:a:..:ta=-=G=a.::te=---____ ---1 R 1 
Rst Data Gate Latch 
--~----_--~R2 

;;,;K;.Ly.;:.bd::., . ..:.;R;.::;.es::..;:e;.::;.t .=La::.t;;.;;c;;.;.h ___ ----I R ~ 

DM050 

DM050 

Jump On verrun 
Il-Irpt Enabled * 
Jump On 1l,lrpt Enabled 
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Serial Printer 

INTRODUCTION 

The IBM System/32 can be ordered with either a 
serial printer or a belt printer. 

The serial printer is available in four models: 

120 cps (characters per second) bidirectional 
80 cps bidirectional 
40 cps bidirectional 
40 cps unidirectional 

The two models of the 40 cps printer are identical. 
The attachment circuitry controls whether they 
print only left to right, or in both directions. 

Serial printer theory of operation is model and 
EC level dependent. In this section, theory 
differences will be listed under the following 
headings: 

• 40/80 cps 

• 40/80 cps - 120 compatible 

• 120 cps 

To determine whether your 40 or 80 cps printer 
is 120 compatible, see plug chart page A Y039, in 
the field service logics. 

Characters are printed by selectively energizing any 
of seven print wire magnets as the print head is 
moved along the print line by a stepper motor. An 
eighth print wire magnet is used for underscore. 

The attachment for the serial printer is contained 
on two cards located at A2R2 and A2Q2. The 
cards contain a 1/2K by 9 RAM (random access 
memory) and a 1K by 18 ROS (read only storage). 

RAM is reloaded each IMPL with variable data such 
as print head home position, print emitter timings, 
print head motor timings, and eight characters that 
change for the different character sets (U.S./WTC/ASCII). 
The eight changeable characters are stored in a wire image. 

ROS stores information that does not change. The 56 
characters that are common to all U.S., WTC, and 
ASCII character sets and the Katakana character set 
are stored in ROS. 

Before printing, the microprogram loads the image of 
each line (132 positions in EBCDIC) into the data 
buffer. The data buffer is the first 132 positions of 
RAM. The tabs, which represent the location of the 
first and last significant characters of each line, are 
also loaded into RAM before printing. 

Forms movement is also controlled by the micro­
program. Forms are moved by the forms stepper 
".otor, which is geared to the platen. When the forms 
are moved, the forms emitter sends pulses to the 
attachment to update the forms line/print time 
counter, which is used to advance the stepper motor. 

Attachment and Serial Printer Data Flow 

---------------------~ 
Channel 

r-------------------
Attachment Serial Printer 

6~b 

ri°Jt ... I 

~ 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

... 
... 

. Buffer 

FL 

0-7 

Buffer 

F-C 
0-7 ...-

DBO 

Select RAM 

Address 

MAR 

Reg 
I--...... Address ~ 0-7 .,... Control -

LOllie r--

~ 

Address 

Select ROS 

_MPXJK Bus 

Data Flow (Buffer Load and Line Print) 

RAM .. .. Data 
Buffer 

A - .. 

Print 
ROS Data 

A Print I 
~ Wi.re FL Data .. La... Image A 1-8 

Olaracter 
.,... 

1-8 , -Sets I 
I 
I 
I 

Line Print Operation I 

'!iila 

, 
Wire 
Magnet 
Drivers 
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PRINT OPERATION FLOW CHART 

START 

Load ram 
data buffer 

Send tabs 
to RAM 

Sense Head 
Position Counter 

Calculate 
direction of 
nearest tab 
to the head 
(unidire~tional 

printer moves 
head to left 
tab) 

- lOS and Modifier of 6 

- -264 10L Commands (132 x 2) 

__ PUt into positions 254 and 255 
IJsing 4 IOL commands 

- - 10CS and Modifier of 1 

- lOS and Modifier of 6 

Note: Data buffer can be loaded 
while forms are still moving. 

Issue 
print start 
and 
print right 

No 

/ 
/ 

I1IOCL and Modifier of 9 

/1 
/ \ 

Issue 
print start 
and 
print left 

Note: Microprogramming is no 
Yes I' I r-----L--..::.-..::...::-:..:;- - onger !nvo ved until 'print op end' 

latch has been set and the 'microprogram 
Start head interrUPt request' latch set. 

motor toward 
closest tab 

(unidirectional 
printer moves 
head to left 
tab) 

Stop head 
motor and 
allow 50 ms 
settle time 

Turnaround Sequence 

Fetch motor 
timings and 
start motor in 
CMD direction 

Start emitter 
event counter 

Increment 
Emitter 
Column 
Counter 

AccesS 
Data Buffer 

Set bits 3-7 
from RAM 
into 0-4 
of MAR 

Set ECCO-2 
into bits 5-7 
of MAR 

BidirectiOnal printer assumes lett-to-right 
direction and head position to the left of the 
the tab 

~ Unidirectional printer must print left-to­
right 

- -EEC counts O-F each emitter pulse 

- - ECC counts 0-9 

Head position counter 
- - determines which 

position is accessed 

Bits 0-2 from RAM control 
-~ROS paging and byte selection 

- - Binary Values of 0-7 

Use MAR to 
access ROS 

Fire wires as 
determined by 
active bits in 
ROS byte 

Increment 
Head 
Position 
Counter 

Finish this 
character and 
initiate motor 
stop sequence 

'Print op end' 
latch sets 
'micro interrupt 
request' latch 

Read out ROS 
control byte 
and decode 
bits 0 and 1 

I 
I 
I 
I 
I 
I 
I 
1 ___ -

o 1 
o 0 - Valid 
o = WTC/ASCII 
1 = Invalid 
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THEORY OF PRINTING 

To print a line, four things are done: 

1. load the data buffer (microprogram operation). 

2. Position the print head (attachment operation). 

3. Print the data from the buffer (attachment 
operation). 

4. Move the forms to a new line (both micro­
program and attachment). Forms movement 
is not a part of the printing operation, but is 
described because the system programmer 
usually issues SIO instructions to print and 
then space. 

Loading The Data Buffer 

Two 10l commands are needed to transfer one 
character from the CPU to the data buffer in RAM. 
The firstlOl command sets a buffer address into 
the attachment MAR (memory address register). 
The second command loads the addressed buffer 
position with the EBCDIC code of the character to 
be printed. 

MicroprQgramming loads the data buffer by using 
264 10L commands (132 x 2). It is necessary to 
load all 132 positions, regardless of the length of 
the line to be printed to clear clOy residual data 
from the previous line. If no character is to be 
printed from the addressed RAM location, a blank 
(hex 40) is loaded. 

Positioning The Print Head 

In preparation for printing a line, the system pro­
grammer sets up an area of main storage in the CPU 
that is referred to as the data buffer. This is not 
the same data buffer that is part of RAM, but it is 
the area from which the RAM buffer is loaded. 
Once the RAM data buffer is loaded, the two areas 
contain identical data. 

When control is passed to the printer microprogram, 
it scans the main storage data buffer to locate the 
first position that is not a blank. A value of three 
is subtracted from that position, which becomes 
the left tab. The lefttab is then loaded into RAM 
location 255 (hex FF). 

Then the main storage data buffer is scanned in the 
opposite direction to locate the position of the last 
significant character of the line to be printed. 
Three is added to that position. That value be­
comes the right tab and is loaded into RAM 
location 254 (hex FE). 

The microprogram now senses the attachment to 
determine the position of the print head. If the 
head position counter contains a value less than 
the value of the left tab, the microprogram sends 
an 10CL command to the attachment to start 
print and print right (left to right). 

If the value of the right tab is less than the value 
in the head position counter, the attachment is 
commanded to start print and print left (right to 
left). 

Note: The unidirectional printer always prints 
from left-to-right beginning at the left tab. If it 
is commanded to print right-to-Ieft (print left), the 
command is ignored by the attachment and no 
printer action occurs. 

If the head is in the area to be printed, the value in 
the head position counter is equal to or greater 
than the value of the left tab and less than or equal 
to the value of the right tab. The microprogram 
computes which tab is nearer to the present head 
position. Based upon that computation, the attach­
ment is told to start print and either print right or 
print left. 

Note: From here on, the attachment is independent 
of the microprogram until the 'print op end' latch 
causes the attachment to request an interrupt. 

Assuming the print head is in the area to be printed 
and the attachment is told to print right, the head 
must be moved left past the left tab, stopped, 
allowed to settle, started in a left to right direction, 
and be at printing speed by the time the first char­

acter is read out of the RAM data buffer. The 
reason for subtracting three from the location of 
the first significant character in a line less than 
132 print positions is to allow the print head to 
come up to speed after turning around and before 
printing the first character of the line. 

Positioning of the print head is controlled by the 
value in the head position counter and the value of the 
left tab, which is brought out of RAM and stored in a 
1 byte buffer. The head is moved left until the 
value in the head position counter equals the value 
of the left tab. At that time, the head is stopped 
and allowed to settle for 50 ms. After the settle 
time, the print head stepper motor is started going 
right, and continues to move until the head position 
value equals the right tab value. The head is stopped, 
and another 50 ms settle time occurs before the end 
of the print operation. 

When the print head is at the right edge of the left 
margin (LM), the head position counter contains a 
value of hex 00. When the head moves into the left 
margin, the value goes from hex 00 to FF, FE, FD, 
or FC depending upon how far into the left margin 
the head moves. The counter value is increased as 
the head moves to the right. 

Printing The Data From The Buffer 

The data buffer is the first 132 positions of RAM. 
ROS contains the wire image of the U.S., WTC/ASCII, 
and Katakana character sets. RAM contains the wire 
image of the eight changeable U.S., ASCII and World 
Trade special characters. 

Eight bytesllare needed to store the wire image of 
each character It. The first byte of the eight 
is the control byte. The two high order bits of the 
control byte indicate whether the character is a 
changeable U.S., ASCII, World Trade special 
character, or invalid II. 
Data to be printed is loaded into the RAM data 
buffer (in EBCDIC) by the microprogram before 
the printing operation. During printing, RAM is 
accessed to determine which character to print. 
Assume the character from RAM is an A, which is 
hex C1 11. ROS is then accessed eight times as the 
print head moves through the first print position 
of the line. As the head moves through that print 
position, the print wire magnets are fired as deter­
mined by the bits that are on in the eight ROS 
bytesm· 

RAM is accessed again for the second character. 
For example, assume the letter 0, which is hex C4. 
ROS is then accessed eight more times (as the head 
moves through the second print position) to deter­
mine which print wire magnets to fire. 

If the character is a changeable U.S., ASCII, or 
World Trade special character, RAM must be 
accessed eight times to print the wire image. 
(See ROS Addressing in this section.) 

Control information for the·attachment is loaded 
into RAM beginning at the following fixed 
locations: 

Location 

208 
242 
249 
254 

Description 

Print head motor timings 
Print emitter timings 
Print head home position 
Right and left tabs 

The attachment can access RAM for control informa­
tion during printing except when it is accessing the 
EBCDIC character from RAM or the wire image 
from either RAM or ROS. Control information for 
print head home position is used only during a 
head restore operation. (See Head Restore in this 
section.) 
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RAM 

'C1' 'C4' 

Data 
Buffer 

Control Byte 

Bits __ 0-+-__ 

o O=Valid 
o 1 = WTC or ASCII 

1 = Invalid 

II 

ROS 

I T---
I 
I 
I 
I 

0 
1 
2 

Bits 3 
4 
5 
6 
7 

0 
1 
2 

Bits 3 
4 
5 
6 
7 

ROS 
Bytes 

1 2 345 6 7 8 
I 

I 
I 
I 
I 

1 
} Hex Codes 0 2 4 842 

o E 0 8 0 8 0 E 

"Control Byte 

a 

1 

0 
o ~ ~ ~ ~ ~ ~ ~ } Hex Codes 

\ 
Control Byte 

51 
51 

102 

Print 
Wires 

1 • • 
2 • • 
3 • • 
4 • • .. 5 Ii • • • 

o 

l' 
2 

3 

6 • 
7 • 
8 

U.S. 
Special 
Characters 

Hex Codes 
40 to 7F 

U.S. 
Alpha 
and 
Numeric 

Hex Codes 
CO to FF 

o .. 
Low Bvte 

• • • 
II 

ROS 
1024 Positions 
0-17 Bits 

Katakana 
and 
Special 
Characters 

Hex Codes 
40 to 7F 

Katakana 

Hex Codes 
80 to BF 

II' 9 10 .. 
High Byte 

• Katakana Mode Selects 
ROS High Bvte. 

• • o 
• • 
• • 
• • • • 
• • • • 

223 

32 0 

.. 17 

131 

-I 

RAM 
512 Bytes 
0·9 Bits 

A 

208 
I B m I C I 

256 
F 

G 

A. Print Data Buffer 
0·131 .. 132 Positions 

B. IMPL Motor Timings 
208-221 .. 14 Positions 

C. IMPL Emitter Timin9s 
242·248 .. 7 Positions 

D. Print Head Home Position 
249·249 .. 1 Position 

E. Right and Left Tab Locations 
254·255 .. 2 position 

1 28 

I 
10( H: 255 

319 

511 

F. IMPL WTC/ASCII Special Character Images 
256-319" 64 Positions 

G. Reserved 
320-511 .. 192 Positions 

ROS and RAM Layouts 
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Print Motor Drive 

The print head stepper motor is driven by four lines 
Trom the attachment: 'prt drv A', 'prt drv not A', 
'ptt drv B', and 'pn drv not 8'. 

When the head Is starting, printing/spacing, stopping, 
or settlino- only twO of the four drive lines are active at 
anyone time. When the head is stopped for a length 
of time that is greater than the settling time, none of 
the four drive lines is active. 

Each time the phase (status) of the four lines is 
changed, two degrees of motor rotation results. The 
length of time that the lines stay in each phase is 
controlled by the IMPL motor timings that are 
stored in RAM locations 208-221. 

The contents of these 14 RAM locations are divided 
into three groups of intervals: 

At RAM 
Location Decimal Value 

40/80 40/80 cps -
cps 120 Compatible 

Start 208 73 72 
Intervals 209 91 90 

210 82 81 
211 63 62 

Up-to-speed 212 52 51 
Intervals 213 52 51 

214 52 51 
215 52 52 
216 52 52 
217 52 52 
218 52 52 
219 52 52 

Stop 220 63 62 
Intervals 221 110 109 

Settling Intervals 

The settling intervals are not stored in RAM. They 
are created by using a 1.02 ms oscillator to increment 
the 'settle!interval' counter. When the counter 
reaches 49 (50 ms), the settling interval is over. 

If characters are to be printed after the settle interval, 
the interval is called a start settle interval. Start settle , 
intervals activate two of the drive lines (in the same 
configuration as the preceding stop settle interval) for 
50 ms. This ensures that the two activated drive 
lines are holding the stepper motor and drive belt 
steady when the next start interval is initiated. 

If no characters are to be printed after the settle 
interval, the interval is called a stop settle interval. 
Only after a stop settle interval are the four drive 
lines deactivated. 

120 
cps 

72 
91 
81 
48 

31 ~ 39 
48 Slow Rates 
44 (120 cps only) 

44 

35 f Up to Speed 
35 
35 

(120 cps only) 

109 
62 

Note: The interval time values for 40 and 80 cps machines are the same because 
the print head speed difference is achieved mechanically. Because the speed differ-
ence in the 120 cps is achieved electrically, the interval time values are different. 

Settle/Interval 
1.02 Oscillator' Counter 

+1 ~tart Settling Interval 

49 

Print· 
Settle 

S FL 

R 

Holds two stepper motor drive lines 
active for elect(ical detent of motor. 

Start Intervals 

After a 50 ms start settle interval, the motor event 
counter is used to access RAM for an IMPL motor 
time. The motor time is set into the motor elapse 
counter, and the motor event counter is incremented 
by one. A 64IJ.s oscillator is used to decrement the 
motor elapse counter. When this counter gets down 
to one, the stepper motor drive line phase is changed, 
which causes two degrees ot motor rotation, and 
the next sequential position of RAM is read out into 
the motor elapse counter, 

MAR RAM 

Forced On r- 128 
x- 64 

- 32 

x- 16 ~ 208 

I 8 221 
r---- .f 

2 

1 

2nd Tab Value 

0 

7 

Up-to-speed Intervals 

This se.quence repeats until the event counter reaches 
hex B or the print head reaches the second tab. If 
the print head has not reached the tab by the time the 
counter reaches hex 8, advance pulses to tne event 
counter are blocked and the same position of RAM is 
accessed repeatedly and read out into the motor 
elapse counter until the head pOSition counter equals 
the tab. A stop sequence is initiated when the head 
reaches the tab. 
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Stop Intervals 

When the tab and the head position counter compare 
equal, the motor event counter is forced to hex C 
and the first of two stop settle times is accessed from 
RAM and loaded into the motor elapse counter. 

The motor elapse counter is again decremented by the 
641J.S oscillator, and when the counter gets to one, 
the second stop time is accessed from RAM and loaded 
into the motor elapse counter. 

The motor event counter is incremented to hex E and 
when the motor elapse counter reaches one, the 
settle/interval counter begins to time the 50 ms stop 
settle time. 

Switch the phase of 
stepper motor drive lines 

,Motor Motor 
Elapse Event 

641J.S Oscillator Counter - Counter 
r-- 0, -1 A 0 +1 

Motor Event 
Counter < B -0 128 

64 - -
I 32 -..,.. 

16 A I-- Force 

8 Motor Event ,C 
4 Counter>B 
2 

111 -
7 1 F II 

. Head 
Position 

, Counter 

9-132 0 

C 
0 
m = p 
a 

I 132 

I 
r 
e 

Note: Compare equal forces the first 
stop interval to be read out of RAM. 
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Underscore Head restore operations can be started in three ways: 

The EBCDIC code for an underscore is hex 60. ROS 1. 
contains a wire image of the underscore at location 
360-367. 

If the system programmer wants to underscore some 
characters of a print line, he must issue an 510 instruc­
tion to print the line, then issue another 510 instruction 
to underscore the characters that are to be emphasized. 2. 

Head Restore 

A head restore operation causes the head to move 
left into the left margin and stop where the head 
retract ramp moves the head away from the paper. 
Restoring the head prevents ribbon ink from bleeding 
on the paper and makes paper insertion easier. 

When the head is restored, it is said to be unloaded, 
at print head home, retracted, or in the forms 
loading/unloading position. 

As the head moves left through the right edge of the 
left margin, the head position counter is forced to 
hex 00 for recalibration. As the head moves farther 
left into the left margin, every tenth emitter pulse 
decrements the position counter to hex FF, FE, FO, 
etc. 

If the head is not in the left margin when the restore 
operation is begun, it is started going left. The print 
head home position value is read out of RAM and 
compared to the head position counter during each 
emitter time. When they compare equal, the head is 
stopped and allowed to settle for 50 ms. 

If the head is in the left margin when the restore 
operation is begun, it is started going right until 
the 'left margin' line is no longer active. It is then 
stopped, allowed to settle for 50 ms, and started 
going left. The operation from this point on is 
explained in the previous paragraph. 

3. 

The print motor elapse counter is used to time 
a two minute interval after each I/O micro 
instruction is executed. If no micro instruc­
tions are received by the attachment within 
two minutes, the attachment restores the 
print head. 

If the microprogram issues a check reset • 
command to the serial printer, the print 
head is restored by the attachment. 

Ifthe microprogram issues a restore head 
command to the serial printer, the print 
head is restored by the attachment. 
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FORMS OPERATION FLOWCHART 

No 

Test for 
Printer 
Busy 

Forms Control 
10CLCMD-
Modifier of X'B'-
and Number of Lines, 
plus 1 on DBO 

Forms Control 
10CLCMD­
Modifier of X'C', 
and DBO-1 on = 
'Forms Go' 

Set Forms Busy 
and Decrement Line 
Counter - 1 

Advance forms 
stepper motor 

1M, , 1.1$ ;;a:&'-'iA'd: 

Yes 

~ 
Number of Lines 
Set into Forms 
Line/Print Time 
Counter 

Decrement (-1) 
Forms Line/Print 
Time Counter 

Forms Motor 
Stop Sequence 
(50 ms Settle) 

Reset Forms 
Busy 

Attachment 
Raises 'Interrupt 
Request'to 
CPU 

CPU branches to 
interrupt handling 
routine 

CPU sends 81 LS CMD 
'to determine which 
device is requesting 
: an interrupt 

No 

Attachment raises 
DBI-3 to identify 
itself to CPU 

CPU branches 
back to the 
interrupted 
instruction 
stream 

CPU goes to 
interrupt handler 
and processes the 
level 2 interrupt 

Handler issues sense 
I/O CMD, (lOS with 
MOD X'O') to evaluate 
the operation_ 

CPU goes to 
next sequential 
instruction in 
interrupted 
instruction stream 

END 

forms operation 

Yes 

CPU queues 
the request until 
it completes 
processing the 
the current 
system instruction 

CPU branches 
to error handling 
routine. 

No 

Moving The Forms 

After the line is printed, the attachment requests 
an interrupt and the microprogram branches to an 
interrupt handling routine to evaluate the print 
operation_ If there were no errors, the micropro­
gram issues an 10Cl command with a modifier for 
forms control_ 

The system programmer must tell the attachment 
how many lines to space or which line to skip to 
before telling it togo. This is done with a system 
SIO instruction that causes the microprogram to 
issue an 10Cl command to the attachment. The 
10Cl has a modifier of hex C that tells the attach­
ment to set the line r.ount plus one that is on the DBO 
into the forms line/print time counter. The micro­
program then issues another 10Cl command to 
bring up the 'forms go' line in the attachment to 
start the forms stepper motor. 

As the forms emitter disk rotates, forms emitter 
pulses are sent to the forms emitter counter in the 
attachment. The forms emitter counter is a binary 
counter that counts from 0 to 15. Its output is 
decoded so that at each emitter count of 15 
(16 emitter pulses), the forms line/print time 
counter is decreased by one. 

When the forms line/print time counter reaches 
zero, a 1 ms stop interval and 50 ms settle interval 
occur, the 'forms busy' latch is reset, the 'carriage 
op end'iatch is set, and the attachment raises the 
'interrupt request' line to the port (channel). 
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COMMANDS 

Seven microprogram cOmmands control all serial 
printer operations and communicate the statiJs of 
the printer to the microprogram. 

Load Command 

I/O Load (IOU 

(I/O Storage [WTM) 

System Bus Out 
----, ---, 

I I 
8 .. ,} 

• 11 
.-- ---, 
IMicro Instruc-, 
hion Functionl 
IField Decode I 

Channel 

~ 'T 0' ,;f~t'L-.F,T ift~, L1 ~ ~ __ ~ Jr-L1 .L_L.:::J 
PH110 0 I 'I 2 

I 
II 
I L CBQ 

Data L __ _ ::r-
Buffer rr--; 

II 1 II I Port Data 

e- - -- - _ ...... J I ~us2.u.!.. 
... ----..... 11 r---

II I 
II 1 
Ll __ J 
PH070 

See JIINSTR-30. 

See JIINSTR-35 for 
I/O Storage-WTM. 

I 
I 
I 

--' 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4-7 

DA 
0-3 .... 

I/O Load 
I/O Control Load 
I/O Sense 
I/O Control Sense 
Jump I/O 
Sense Interrupt 

Level Status 
I/O Storage 

Sel~ct Attachment 

.~ 

CCB 

0 1 2 

Device 
Address 
Hit 

100 
Load 

10L 
10CL 

lOS 
10CS 
JIO 

SILS 

Mod 
, 4-7 

i 
1 

CCB 

3 4 5 6 

o 0 1 0 
Set I nterrupt Requ~st 

o 0 1 1 
~eset Interrupt Request 

0 1 o 1 
Special Diagnostic 
Control' . 

0 1 1 0 
I nterruptRequest 
Control 

1 o 0 1 
Memory Load 

1 0 1 0 

Load MAR 

1 0 1 1 
Enable Diagnostic Mode 

1 1 o 0 
Disable Diagnostic 
Mode 

1 1 o 1 
Diagnostic Mode. 
Control Byte 

1 1 1 0 
Diagnostic Mode 
Control Byte 

1 1 1 1 

Check Reset 

"'Not used in 120 cps attachment. 

I/O storage, lOt andlOCL commands control 
printing and forms movement; the other com­
n'lands evaluate previous operations. 

Send Data Byte to Attachment 
D8007 -

Bit 0 Bit 1 Bit 2 

},mmedlate 

~ r 

DBO 

Bit 3 Bit4 Bit5 Bit6 

Bit 0 - Prevents motor elapse counter from being loaded to 121 when 'clock stepping' in diagnostic mode- - (Blocks 2 minute head restore) 

Forms Busy. Print ausy 
Off Off 

- Loads DBO byte int.o the addressed RAM location -

- Loads DBO byte into the Memory Address Register -

- Sets diagnostic mode and invokes disable motors -

Immediate 

- - Resets diagnostic mode -

Diagnostic Control Print Emitter Print Emitter Diagnostic Base PriniEmitter Diagnostic Clock 
Mode El E2 Control * Oscillator E3 64Jls 

Forms Forms Wire. 
Emitter B Emitter A Check 

Immediate - Includes serial printer reset and restores print head and enables motors -

S-PTR-10 

Bit 7 

Left 
Margin 



IOL (Continued) 

Modifier: 
Port DBO Port 
4,5,6,7 DBO FEALD 
. (Hex) Bit Commal1d Action Page 

0010 (2) - Set Interrupt Request Sets the 'micro interrupt request' latch on, which initiates an interrupt FR141,241 

0011 (3) - Reset Interrupt Request Resets the 'micro interrupt request' latch. FR 141,241 

0101 (5) - Special Diagnostic Control Prevents a set to motQr elapse counter so that the head doesn't restore at 2 minutes. FR127,227 

0110 (6) 2 Interrupt Request Control Turns on the 'print op end' latch when print busy falls which allows the. 
'micro interrl!pt request'.latch .to turn on. FR 141 ,'241 

3 Turns on the 'carriage op end' latch when forms busy falls which allows the 'micro 
interrupt latch' to turn on. FR141,241 

1001 (9) 0-7 Memory Load Loads the DBO byte to the RAM position as determined by MAR. F0070 

1010 (A) 0-7 Load MAR Loads the Memory Address Register (-DBO bits 0-7) F0014 

1011 (B) - Enable Diagnostic Mode Se" tho dh,"no";. lateho. to .;mulato actual ';Ilnal Un .. and Inyok. 'd;'abl. mow.'"} {,R120, 220 
FR131,231 

1100 (C) - Disable Diagnostic Mode Resets the diagnostic latches. FR145,245 

1101 (D) 0 Diagnostic Mode Control Allows DBO bit 0 to set/reset diagnostic control mode. FR156,256 • 1 Byte Allows DBO bit 1 to set/reset the diagnostic print emitter 1 latch. FR156,256 
2 Allows DBO bit 2 to set/reset the diagnostic print emitter 2 latch. FR156,256 
3 Allows DBO bit 3 to set/reset allow diagnostic control. * FR156,256 
4 Allows DBO bit 4 (multiplex-4) to flip-.flop the base oscillator. FR131,230 
5 Allows DBO bit 5 (multiplex-5) to set the diagnostic print emitter 3 latch. FR156,256 
6 Allows DBO bit 6 to pulse the 64 fJ.s clock. FR145,245 
7 Allows DBO bit 7 (multiplex-7) to set the left margin latch. FR120,220 

1110(E) 1 Diagnostic Mode Control Allows DBO 1 bit to bring up forms emitter B. FR145,245 
2 Byte (2) Allows DBO 2 bit to bring up forms emitter A. FR145,245 
4 Allows DBO 4 bit to set wire check. FR141,241 

1111 (F) - Check Reset Resets all pending checks, restores the head, and brings up 'printer reset'. FR150,250 

I *Not used in 120 cps attachment. 
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Control Load Command 

I/O Control load nOCl) 

System Bus Out 
~--..., ---, 

Channel 

t I ..... 
8 V 11 
.... ----, 
IMicro Instruc-, 
hion Functionl 
I Field Decode I 
F"T :-t.::'r.:9L-F. T"-:' LI ~ '2.J.!12 JI LI.L L..2 J 

PH110 o 

Data 
Buffer 
rr--' 
'I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I ,.. 
I 
I 

II I Port Oat 

("" -- -_ ...... JI ~~2.u.!.. 
1.. - - --~"II r---

a I 

• 
II I 
II I 
LL __ J 
PH070 

See J,LINSTR-30. 

Select Attachment 

~ 

CCB 

4-7 
o 1 2 

DA 
0-3 .. Device 

Address ... 
Hit 

110 
Control 
Load 

Mod I 
4-7 I 

CCB 

3 456 

o 0 0 0 
Diagnostic Adapter 
Control 

000 1 
Diagnostic Wire 
Control 

o 1 o 0 

} 
Enable Adapter 

o 1 o 1 

Disable Adapter 

1 000 
Buffer Pagel 
Byte Selection 

1 001 
Print Cycle Control 

1 0 1 0 

1 0 1 1 
Load Forms 
Line Counter 

1 1 o 0 
Diagnostic Forms 
Control 

1 1 o 1 
Head Position 
Counter 

*The unidirectional printer attachment ignores this bit on an IOel command with a modifier of 9 (FQ020). 

Send Data Byte to Attachment 
DBOO-7 

BitO Bit 1 

Set Kana Mode 
(FR131.231) 

Wire Wire 
latch 1 latch 2 

Immediate 

Bit 2 

-Reset Kana Mode 
(FR131.231) 

Wire 
Latch 3 

- Invokes adapter and serial printer resets -

Page Select Page Select Ram (O)/ROS (1) 
High Low Select 

Disable Unprintable Enable Unprintable 
Start Print Character Detection 

Character Detection (FR131.231) 

- Reserved -

- Loaded with number of lines plus 1 -

Forms Go 

Test Test 
Decrement Increment 

S·PTR·12 

, , 

DBO 

Bit 3 Bit4 Bit 5 Bit 6 Bit 7 

Sets Memory Data 
Disable Motors 

Check latch On 

Wire Wire Wire Wire Wire 
Latch 4 Latch 5 Latch 6 Latch 7 Latch 8 

Select Low (O)/High 
(1) ROS Byte 

Restore Head (not Print Right Print Left* 
when forms busy) (FRl14) (FRl14) 

Set 120 cps Mode Reset 120 cps Mode 
(FR 160,260) (FR 160,260) 

Enable EOF Disable EOF Reserved for Forms Reserved for Forms 
Detact Detect Jam Disable Jam Enable 

End Test 
Mode 



IOCl (Continued) 

Modifier: 
CCB Port Command Action FEAlO 

3,4,5,6 DBO Page 

(Hex) Bit 

0000 (0) 1 Diagnostic Adapter Allows DBD bit 1 to set Kana mode latch. FR131,231 
2 Control (+IDCl Byte 0) Allows DBD bit 2 to reset Kana mode latch. FR 131,231 
3 Allows DBD bit 3 to set the disable motors la~ch. FR145,245 
4 Allows DBD bit 4 to set the memory data-check latch. FR131,231 

0001 (1) 0-7 Diagnostic Wire Control Allows DBD bits 0-7 to pass through the JK selector and become direct data input F0060 
from the microprogram to the wire latches. 

0100 (4) - IDCl Enable Adapter Resets !!1ll: system/adapter reset latch. FR143,243 

0101 (5) - IDCl Disable Adapter Sets the system/adapter reset latch. FR143,243 

1000 (8) 0 Buffer Page/Byte Allows DBD bit 0 to select high page. F0010 
1 Selection Allows DBD bit 1 to select low page. F0010 
2 DBD bit 2 off selects RAM. DBD bit 2 on selects RDS. F0010 
3 DBD bit 3 off selects low RDS byte. DBO bit 3 on selects high ROS byte. F0010 

1001 (9) 0 Print Cycle Control Allows DBD bit 0 to enable start print. FR123,223 
1 (+IDCl Byte 9) Allows DBD bit 1 to disable unprintable character detection. FR131,231 
2 Allows DBD bit 2 to enable unprintable character detection. FR131,231 
3 Allows DBD bit 3 to restore the print head when then carriage is not busy. FR123,223 
6 Allows DBD bit 6 to set print direction to the right and allow print (FR114). FR123,223 
7 Allows DBD bit 7 to set print direction to the left (reset print direction right) and FR123,223 

allow print (FR114).* 

1010 (A) 5 Sets 120 cps mode. FR260 
6 Resets 120 cps mode. FR260 

1011 (B) 0-7 load Forms Line Counter loads the forms line/print time counter with the number of lines plus 1. FR130, 230 
(+IDCl Line Count) 

1100 (C) 1 Diagnostic Forms Control Allows DBD bit 1 to set forms go and reset Kana mode. FR143,243 
3 (+IDCl Byte C) Allows DBO bit 3 to set the end of forms enable latch. FR143,243 
4 Allows DBD bit 4 to reset the end of forms enable latch. FR143,243 
6 Reserved. 
7 Reserved. 

1101 (D) 0 Head Position Counter Allows DBD bit 0 to set the test mode latch and the diagnostic decrement counter. FR110,210 
1 (+Diagnostic Test Mode) Allows DBD bit 1 to set the test mode latch and the diagnostic increment counter~ FR110,210 
7 Allows DBD bit 7 to reset the test mode latch. FR110,210 

*The unidirectional printer attachment ignores this bit on an ICOL command with a modifier of 9 (FQ020). 
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Sense Command 

I/O Sense (lOS) 

System Bus Out 

11 
r..-----"'1 
'Micro Instruc-, 
hion Functionl 
I Field Decode I 

Channel 

~;:fT O~~L-F,TOj~ 
~ ...L !...1_~ JI L' .L _L.:J 

PH110 0 t i 2 
I I 

I 
I 
I 
I 
I 
I 
I 
I : L£.B£ L __ _ ::r-

Data 
Buffer iT - -,Port Data 

r-- __ ,. ... 11 ~~2.u!.. 

I 
I 
I 

... -----..... 11 1----
II 'Port Oat 
II r Bus In 

a I 
,....----"""11 1 ... "- __ 
}... - -~ -.. I"r--

II I ll. __ J 
·PH070 

See ~INSTR-30. 

I 
1 

Select Attachment 

~ 

CCB 

4-7 
012 

101 

DA Sense 

0-3 .. Device 
Address .. 
Hit 

Mod , ~4-7 

CCB 

3 4 5 6 

o 0 0 0 
Sense Byte 0 

000 1 
Sense Byte 1 

o 1 1 0 
Interrupt Condition 

1 001 
Memory Sense 

1 010 
Sense MAR 

1 o 1 1 
X'OO' 

Diagnostic Sense 

1 1 0 0 
X'55' 

Diagnostic Sense 

1 1 o 1 
X'AA' 

Diagnostic Sense 

1 1 1 0 
X'FE' 

Diagnostic Sense 

S·PTR·14 

Send Data Byte to Channel OBI 

I 
I 
I 

OBI 

BitO Bit 1 Bit 2 Bit 3 Bit4 Bit5 Bit6 Bit7 

Forms Hung Horizontal Forms Runaway End of Check 
(FR149,249) Check* \. Check Forms 

Serial Printer Wire k\ 
Memory Print Emitter Unprintable 

Not Ready Check . Data Check too Fast** Character 

\ Forms Print , 
Busy Off Busy Off , 

~ 

\ 
\ 
\ 
\ 
\ , 

r\ , 
*Includes: Emitters out of order **120 cps and 120 cps 

Emitters too fast compatible attachments 
Print head hung only_ 
Memory data check 
Unprintable character 
Printer not ready 

• 



lOS (Continued) 

.... 

Modifier: Port 
Port DBO OBI 
4,5,6,7 Bit FEALD 
(Hex) Command Bit Action Page 

0000 (0) 0 Sense Byte 0 The forms motor nung latch is set on if forms emitter pulses aren't received for l25ms FR149,249 
when 'forms go' is active. 

1 Sets any check dot to OBI 1. Any check refers to the last print operation and sets the FR143,243 
horizontal check latch. Any of the following conditions may set this bit: 
- Emitters out of order (sampled from the head direction latch). FRll0,210 
- Emitters too fast (set by the emitters too fast check latch). FR132,232 
- Print head hung (set by the print head hung latch). FRll0,210 
-' Unprintable character (set by the invalid character latch because of an undefined 

character). FR131,231 
- Printer not ready (developed by sampling the +10.8 and +24 voltages. It is also 

forced by wire check). 
- Memory data check (developed from memory data check latch). FR131,231 

2 Sets forms runaway latch if the time needed to move 127 lines is exceeded. FR149., 249 
3 Sets end·of forms latch ifthe end oHorms switch senses the absence of forms. FR143,243 

... 

0001 (1) 0 Sense Byte 1 Serial printer hot ready isa resultof testing the printer ready line. WK 120 
1 A wire check indicatestnat a print wire magnet was energized too long. It also forces 

byte 1 bit O. FR141,241 
4 Note: These 5 bits A memory data ~heck indicates that an out of parity byte was read out of ROSor RAM: FR131,231 
5 also set bit 1 of Print emitter too fast indicates that the print head is moving too fast for proper 

byte 0 on. synchronization. FR131,231 
6 An unprintable character check indi~tes a character was requested but not defined 

(invalid· character). FR131,231 

0110 (6) 2 Interrupt Condition Reflects the status of the forms busy go latch. FR147 
3 . (+IOS Byte 6) ... Reflects the status of the print busy latch. FR1?6,226 

1001 (9) - Memory Sense Gatesdata from RAM or ROS to the OBI. FR131,231 
(+IOS Byte~) 

1010 (A) - Sense MAR Gates the value in MAR to the OBI. FQ012 

1011 (B) Diagnostic Sense Gates a hex 00 onto the OBI for diagnostic purposes; 
(+lOS Byte B) 

. 

1100 (C) Diagnostic. Sense Gates a hex 55 onto the OBI for diagnostic purposes: FR151,251 
(+IOS Force 55) FR152,252 

FR153,253· 
1101 (D) Diagnostic Sense Gates ahexAA onto the OBI for diagnostic purposes. FR154,254 

(+105 Force AA) FR155,255 

1110 IE) Diagnostic Sense Gates a hex FE.onto the OBI for diagnostic purposes. 
(+IOSForce FE) 

S-PTR-15 



Control Sense Command 

1/0 Control Sense (lOCS) 

Channel 

System Bus Out 
----, ---, 

• I ... .. 
8 V 11 r-----, 
IMicro Instrucl 
/tion Functionl 
I Field Decode I 
F =r :-y-=,=: :=tL-F.r :-t-::, 
LJ J.. ~ E..J.!» Jli] l.!..a2 J 

PH110 o 

Data 
Buffer 

I 
I 
I 
I 
I 
I 
I 
I 
~ 
I 

rr - -JPort Data 

JI .Bus Out 

I . I 
r-----I', I .... ---
L ____ • .. I r---

II 1 Port Oat 
II I Bus In 

-----..... 1 Ic:' .... --l---__ j 'r--
II I 

.L 

a I 
I 
I 

ll __ J 
PH070 

See J,LINSTR-30. 

Select Attachment 

9 
CCB 

4-7 
0 1 2 

DA 
0-3 .. Device 

Address ... 
Hit 

111 

Control 
Sense 

l 
Mod I 

~ ~4-7 I 

CCB 

3 4 5 6 

000 0 

Diagnostic Sense Bits 

000 1 

Head Position Counter 

o 0 1 0 

Diagnostic Inputs 

0 1 o 0 

Diagnostic Wrap 

0 1 0 1 

Diagnostic Wrap 

0 1 1 1 

Diagnostic Sense Mod 1 

1 o 0 1 

Diagnostic Sense Mod 1 

1 0 1 0 

Diagnostic Sense Mod ~ 

1 0 1 1 
Diagnostic Sense 

1 1 o 0 

Diagnostic Sense 

1 1 0 1 
Diagnostic Sense 

1 1 1 0 
Diagnostic Sense Mod :3 

1 1 1 1 

Diagnostic Sense Mod :3 

S·PTR·16 

Send Data Byte to Channel OBI 0-7 

OBI 

Bit 0 Bit 1 Bit 2 Bit 3 Bit4 Bit 5 Bit6 Bit 7 

Print Right Emitter Interval Emitter Interval 
Selected Latch A Latch B 

1 2 4 8 16 32 64 128 

Forms Forms Left Margin 
Emitter A Emitter B Switch 

Wire 1 . Wire 2 Wire 3 Wire 4 Wire 5 Wire 6 Wire 7 Wire 8 

Forms Forms Serial Printer Print Base Print 
Drive A Drive B Reset Drive A Oscillator Drive B 

Emitter Event Emitter Event Emhter Event Emitter Event Start 
Counter 8 Counter 4 Counter 2 Counter 1 Trigger Set 

JK Multiplex JK Multiplex JK Multiplex JK Multiplex Emitter Column Emitter Column Emitter Column Emitter Column 
DBO Bit4 DBO Bit 5 DBO Bit6 DBO Bit 7 Counter (ECC) 4 Counter (ECC) 3 Counter (ECC) 2 Counter (ECC) 1 

Motor Elapse Motor Elapse Motor Elapse Motor Elapse 
Counter 8 Counter 4 Counter 2 Counter 1 

- rettlell n~erval Counter- Motor Elapse Motor Elapse Motor Elapse Motor Elapse 
Low 3 Low 2 I Low 1 Counter 128 Counter 64 Counter 32 Counter 16 

Settle/Interval Counter Motor Event Motor Event Motor Event Motor Event 
High 6 High 5 High 4 Counter 8 Counter 4 Counter 2 Counter 1 

Forms Emitter Forms Emitter Forms Emitter Forms Emitter Head Compare Head Compare Head Compare 
Counter 3 Counter 2 Counter 1 Counter 0 Low Equal High 

Forms Line/Print Time Counter 
4 I 3 I 2 I 1 

Forms Line/Print Time Counter 

8 7 6 5 

• 



IOCS (Continued) 

Modifier: Port Command Action FEALD 
Port DBO OBI Page 
4,5,6,7 Bit 
(Hex) 

0000 (0) 4 Diagnostic Sense Bits Print right selected 
{Th'" signals a .. "to<! to tho OBI 10' diagnostic p",poses. 

FR154,254 
6 (+ Control Sense Byte 0) Emitter interval Latch A FR155,255 
7 Emitter interval Latch B FR155,255 

0001 (1) 0-7 IOCS Head Position This command gates the value of the head position counter onto the OBI. FR 112,212 
Counter 

0010 (2) a Diagnostic Inputs Fo,m"mltto, A { FR145,245 
1 (+ IOCS Byte 2) Forms emitter B These signals are gated to the OBI for diagnostic purposes. FR145,245 
7 Left margin switch WK 120 

0100 (4) 0-7 Diagnostic Wrap Wire wrap data (1-8) used to test the print latches without actually printing. FR143,243 

0101 (5) 0,2 Diagnostic Sense Fonns <WI" A. Fams d,l" B 1 FR145,245 
4 Serial printer reset FR112,212 
5 Print drive A These signals are gated to the OBI for diagnostic FR157,257 
6 Base oscillator purposes. FR156,256 
7 Print drive B FR157,257 

0111 (7) 0-3 Diagnostic Sense Mod 1 Sense emitter event counter (bit 0 = 8, bit 1 = 4, bit 2 = 2, bit 1 = 1 = 8 JlS clock). FR114,214 
4 Sense start trigger set. FR114,214 

1001 (9) 0-3 Diagnostic Sense Mod 1 Gate multiplex JK bits 4-7 onto OBI bits 0-3 F0060 
4-7 (+ SNS Emitter Column Gate the emitter column counter onto OBI 4-7. FR112,212 

Counter) 
1010 (A) 4-7 Diagnostic Sense Mod 2 Gates the results of the motor elapse counter (8,4,2, 1) onto the OBI. FR127,227 

(+ Control Sense Byte A) 

1011 (B) 1-3 Diagnostic Sense Gates the settle/interval counter onto the OBI (Jaw) FR145,245 
4-7 (+ IOCS Sense Byte B/ Gates the results of the motor elapse; counter (128, 64, 32, 16) onto the DB I. FR127,227 

Settle/Interval Low) 
1100 (C) 1-3 Diagnostic Sense Gates the settle/interval counter onto the OBI (high). FR145,245 

4-7 (+ IOCS Sense Byte C/ 
Settle/Interval High) Gates the results of the motor event counter onto the OBI. FR123,223 

1101 (D) 0-3 Diagnostic Sense Gates the results of the forms emitter counte~ onto the DBI FR143,243 
5-7 (+ IOCS Sense Byte D) Gates head compare low (bit 5), equal (bit 6) and high (bit 7) onto the DBI FR112,212 

1110 (E) 4-7 Diagnostic Sense Mod 3 Gates forms line/print time counter (low) onto the DBI FR130,230 

1111 (F) 4-7 Diagnostic Sense Mod 3 Gates forms line/print time counter (high) onto the DBI. FR130,230 

S-PTR-17 



Jump Command 

Jump I/O (JIO) 

System Bus Out 
----, ---, 

I I 
8 Y,7 11 

• ...-----, 
IMicro Instruc-I 
hion Functionl 
I Field Decode I 

Channel 

F~ ~==;= 'LF.=r ,~., 
LO -L <It 1. L! JI LO .L !...~ J 

PH110 0: i 2 

I I 

I 
I 
I 
I 
I 
I 
I 
I I L£.B,Q 

Data L __ _ ::p-
Buffer 
rr--' 
: I 1 

I 
I 

II 1 Port Oat 

~ __ -_ ..... JI ~~Qu!.. 
a I 

1- - - --""11 r---
II 1 I 
II 1 LL __ J 

PH070 

I 
I 

See J1INSTR-30. 

(To CPU) ----------- • 

Select Attachment 

~ 

CCB 

4-7 
o 1 2 

DA 
0-3 .. Device 

Address ... 
Hit 

I/O 
Branch 
On 
Condi-
tion 

(JIO) 

011 

CBI Bit4 

Mod 
1 "4-7 

CCB 

3 4 5 6 

o 0 0 0 

000 1 

0 0 1 0 

0 0 1 1 

o 1 o 0 

o 1 0 1 

0 1 1 0 

01 1 1 

1 000 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 o 1 

1 1 1 0 

1 1 1 1 

Condition Tested 

Adapter Check 

Not Ready 

Forms Busy 

Print Busy 

Interrupt Enabled 

Diagnostic True 

Diagnostic False 

Reserved 

Katakana Character Set 
Not Installed 

120 cps card is 
installed 

Single Forms/Ledger 
Card Mode 

120 cps mode (attachment 
is in 120 cps mode) 

40 cps Unidirectional 
Printer Attached 

Serial Printer 
Attached 

Condition True ~ ~ 

,II. 

-- i--

Forms Hung 
Hori;zontal Check 
Forms Runaway 
Memory Data Check 
Unprintable Character Check 
Wire Check 

End of Forms 
Printer Not Ready 
Wire Check 

S·PTR·1a 



Sense Intertupt Level Status Byte (SI LSB) 

System Bus Out ---.., ---, • I .... 
8 \I 11 • ,.-.- ---, 
IMicro Instruc-, 

Chanrlel 

!tion Functionl 
I Field Decode I 
F:9 ~=r. '"1L..-.F.: T -:= .... :-; 
LP.J. !..l.2.L! JIa2 J..Q.aJJ 

PH110 0 i I 2 
I I 

I L9..Bg L ___ _ 

Data 
Buffer 

a IT - -,Port Oat 

J' ,Bus Out r- --- .......... ~, ........ _ .. 
J.. - - --..... 1' r---

a 

I 
DA 
0-3 

Select Attachment 
Send Status Byte to the Channel OBI 0-7 

Command 
Accepted OBI 

·~I 
0 0 
0 e 
~ v 

0 i Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 BitS Bit 6 Bit 7 
0 

c 
e 

0 
... 1 H 001 0 

i Keyboard l BSCA/SDLC t 
"'3 

0 t I nterrupt Level 2 Printer 

II , Port Oat " 
II I Bus In ) 

~----~, ~~--~ ...................................... -...... ~-........ -................................ ... J,.. - ___ .,J ,,. -- .... .:JI 
II I LL __ J 

PH070 

See ~INSTR-30_ 

lThe keyboard end BSCAlSDLC are also shown on this page because the keyboard, BSCA/SDLC, and the printer are on the same interrupt level. 
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ATTACHMENT FUNCTIONAL UNITS 
(40/80 cps only) 

Print Emitter 

The print emitter a sends a pulse to the attachment 
for each 1/10 inch (0.254 mm) of print head move­
ment. Print head direction determines the sequence 
of emitter pulses. 1, 2, 3, 1 equals left to right and 
3, 2, 1, 3 equals right to left. The sequence is. 
monitored by the 'emitter history' latch (FR110). 
Emitter pulses are used by the attachment to deter­
mine head position, head direction, and when to 
fire the print wire magnets. 

Left Margin 

The number of print emitter 1,2, and 3 
pulses depends on how far the print head 
is into the left margin. 

Printing can begin at the first 
Print emitter 3 pulse after the fall 
of Left margin line. 

--i I-- 0.030 Inch (0.76 mm) 
I I Print Emitter 1 ~ ____________ ...L __ ..L. __ ~-4_...L __ ...L __ ~ 

I 
I. I 0.010 Inch (0.25 mm) 
I I 

~intEmitter2ti----~~-------~--~-~~~-...L--~-~ 
I I 
,. I 0.010 Inch (0.25 mm) 

~int Emitter 3 t~-----------I·------'---'-.r-'---' __ -LI~I-4} 
I I 

--I t-- 0.010 Inch (0.25 mm) 

Print Head Moving Left to Right 

Print Emitter Event Counter (FR114) 

Each print emitter pulse starts the emitter event 
counter iii. It counts from hex 0 to F each time it 
is started and then stops at F. The following functions 
are performed at the indicated decodes of the event 
counter: 

Emitter Pulse ___ --1 ••••••••••••• ( 

Event Coun", O.cod" • 1 2 3 4 5.~ T .. O E F cD 

• - Event counter starts with the rise of any print 
emitter pulse. 

e - If emitter is not still active, resets the event 
counter and waits for a longer emitter pulse. 

e - Samples previous head direction and starts 
printing sequence. 

CD Compares prllvious and present hllad directions. 

• Increases or decreases the emitter column 
counter. 

o - Sets latches with present head direction and 
samples if emitter pulse is still active. 

CD - Resets event counter and waits for next 
emitter to start the event counter again. 

40/80 cps S-PTR-20 

Emitter Column Counter [ECC] (FR112) 

The ECC (emitter column counter) iii counts print 
emitter pulses from the serial printer, divides each 
print position into 10 equal parts; and sets MAR 

. bits 5, 6, and 7 for RAM or ROS addressing. It 
also updates the print head position counter when 
the head is in the space between print positions. 

I Three models of the serial printer are bidirectional, 
consequently, the operation of the ECC is not the 
same for printing left to right as for printing right 
to left. 

Printing Left to Right 

The ECC counts up from 0 to 9 and then starts 
over again at zero. An emitter pulse occurs 
for each 1/100 inch (0.254 mm) of head move­
ment. Each emitter pulse advances the ECC so 
that it counts from 0 to 9 for each 1/10 
inch (2.54 mm) of print head movement. Each 
print position on the line is 1/10 inch and the ECC 
divides each position into 10 increments of time 
and distance. 

As the head moves to the right through a print 
position, print wire magnets may 'be fired on ECC 
counts 2 through 8. ECC counts 9, 0, and 1 
become the column space (space between char­
acters). When the count steps from 9 to 0, the 
print head position counter is increased by one. 

Printing Right to Left (Bidirectional Only) 

The ECC counts down from 9 to 0 and then starts 
over at nine. Print wire magnets can be fired on 
ECC counts 6 through O. ECC counts of 9, 8, 
and 7 become the co.lumn space. When the count 
steps from 0 to 9, the value in the head position 
counter is decreased by one. 

ECC 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

.. XXXXXXX 

.X X X X X X X 



As shown in the preceding diagram, there is a three 
ECC count difference in the positioning of a char­
acter that is printed right and then printed left. 
This difference is compensated for in the turnaround 
sequence. Assume that the head printed the first 
character going right and then stopped moving with 
a count of 4 in the emitter column counter. 

ECC 0 23456 7 890 1 234 5 • X X X X X X X Head 
stops 
here 

If the next character is to be printed going left, a 
value of 3 is subtracted from the ECC when the head 
changes direction. 

ECC 0 1 234 5 6 7 8 9 012 
3 ~5 .. XXXXXXX Head 

stops • XXXXXXX 

ol ECC 7 8 901 234 5 6 7 8 9 

If the first character had been printed going left and 
the second was to be' printed going right, a value of 
3 would have been added to the ECC when the head 
changed direction. 

Print Right A 

Emitter Event ~ r---
Counter Decade B 

~ A 

Print Left 

Print Head Position Counter (FR112) 

The position of the print head on the print line is 
indicated by an eight position binary counter called 
the print head position counter II . The micro­
program can sense the contents of the counter by 
using an IDCS command with a modifier of hex 01. 

When print head motion is left to right, the contents 
of the head position counter is increased by one for 
every tenth emitter column counter pulse. The head 
position counter value is decreased in a similar 
manner when head motion is from right to left. 
When the head is at the right edge of the left margin, 
the value in the counter is hex 00. 

As the head moves left into the left margin, the 
counter goes from 00 to FF, FE, FD, to FC. Because 
these values are much larger than decimal 131, the 
attachment can determine if the head is in the left 
margin or to the right of print position 131. 

When the Fx value in the counter turns on the two 
high order bits, the 'buffer 6/7' latch is set to indicate 
that the head is in the left margin. When the two 
high order bits are on, that value is at least 192. 
Because it is impossible to move the head to the 
right as far as print position 192, it is assumed that 
the head is left of (or inside) the left margin. 

0,. 

tmitters 11 
Emitter Event Counter II 

Emitter Column Counter II 

Head Position Counter iii 

.. 255 
o • "9 Carry 

+1 +1 
Head Position 

ECC Counter 
-J Borrow -1 

Counter Relationships 

1. Each print emitter pulse starts the print emitter 
event counter. 

2. Print emitter event counter counts O-F and 
advances the emitter column counter at 
hex B time. 

3. Emitter column oounter supplies MAR 
bits 5, 6, and 7 for RDS accessing of the wire 
image of the character. 

4. Head position counter is stepped when the 
emitter column counter goes from 9 to O. 
Head position counter supplies the RAM 
address for the EBCD IC character to be 
printed . 
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Memory Address Register (FQ014) 

MAR is an eight bit register that is used to address 
either RAM or ROS. An eight bit register can only 
address 256 positions (0-255) or one page of storage. 
A set of latches (controlled by the attachment or 
an 10CL command) is used to select either RAM 
or ROS and the correct RAM/ROS page. 

RAM has 512 positiOns and is divided into two pages 
of 256 bytes each. ROS has 1024 positions and is 
divided into four pages of 256 byteS each. 

When loading the data buffer in RAM, the correct 
RAM/ROS page is selected by the microprogram 
and then MAR is set to each buffer address by the 
microprogram before transferring each I:BCO Ie 
character to the buffer. During printing, the head 
position counter setS an address into MAR for RAM 
accessing of the data buffer to get the EBCDIC code 
of the' character to be printed. 

Settle/Interval Counter (FR145) 

A six position binary counter times the following 
functions: 

1. The 50 ms start and stop settling times for 
the print head stepper motor, and the 50 ms 
stop settling time for the forms stepper motor. 

2. The ·1 ms stop interval for the forms stepper 
motor. 

3. The 125 ms timeout for the print head hung 
check. 

4. The 125 ms timeout for the forms hung check. 

6. The 6 to '1 second timeout for the forms 
runaway check. 

The rate of advancing the settle/interval counter is 
determined by the operation that is being performed. 

Print Motor Event Counter (FR123) 

This counter is a four position binary counter. It 
is used to ac::cess RAM for IMPL motor times while 
the print head stepper motor is in start, up-to-speed, 
and stOP intervals. 

The motor event counter starts with a value of zero. 
When the stepper motor is using start or up-to-speed 
intervals, advance pulses are allowed to increment 
the counter until it reaches a count of hex B. As 
long as the head is moving, the event counter is held 
at a count of hex B. When a stop sequence is initiated, 
the event counter is forced to hex C and then 
advanced to hex E. In other words, the counter is 
advanced by one up to hex B as long as RAM is 
being accessed for motor times, the print head 
stepper motor drive line phases are being switched, 
and a stop interval is not being initiated. 

The motor event counter is reset to zero when the 
stop settle interval is ended. See Print Motor Drive 
in this section for information about motor intervals. 

Print Motor Elapse Counter (FR127) 

This is an eight position binary counter. It controls 
the length of time that the four stepper motor drive 
lines (A, not A, B, not B) are held in any given 
phase. 

When the print head is moving, the 14 IMPL motor 
times are read out of RAM one at a time and set 
into the print motor elapse counter. The value in 
the counter is decremented by a 64 JJ.S oscillator. 
When the counter reaches a value of one, two 
functions are performed: 

1. The phase of the four stepper motor drive 
lines is changed to cause motor rotation. 
(The length of time that the drive lines are 
held in a given phase is the function of the 
value of the motor timings that are set into 
RAM at IMPL time.) 

2. The print motor event counter is advanced. 
(See Print Motor Drille in this section for 
print operations.) 

The 'print motor elapse counter is also used t() time 
the two minute interval for head restoring. 

After the execution of each I/O micro instruction, 
the counter is set with a value of 121. An oscillator 
begins to decrement that value. If the counter value 
reaches one before another I/O micro instruction is 
received by the attachment, the attachment restores 
the head to print head home pOSition. (See Head 
Restore in this section.) 

1. 

Forms Emitter Counter (FR143) 

The forms emitter counter II is a four pOSition 
binary counter. It is advanced by each forms 
emitter pulse. Each til'ne the 8 latch of the counter 
is turned off (counter goes from F to 0), a value of 
one is subtraCted from the fOrms line/print time 
counter. 

Forms Line/Print Time Counter (FR130) 

The forms line/print time counter II is an eight 
position binary counter. It is a multipurpose 
counter that is shared by forms and printing 
operations. In either case, a value is set into the 
counter and then reduced to provide a specific 
sequence of events or amount of time. 

Forms Emitter 

r::orms Go 

40/80 cps S-PTR-22 

Forms Operation 

When the forms line/print time counter is used for 
a forms operation, the number of lines plus one to 
be spaced is set into the counter before the 
'forms go' line is activated. 'Forms go' starts the 
stepper motor and decre~es the counter by one. 
Stepper motor rotation causes forms emitter pulses 
to advance the forms emitter counter. The sixteeth 
emitter pulse (one line was spaced) turns off the 
8 latch in the forms emitter counter. Each time the 
8 latch goes off, the forms line/print time counter 
is decremented by one. When the counter value -
gets to zero, forms go is deactivated and stops the 
stepper motor and emitter pulses. After a 50 ms 
settle time, none of the stepper motor drive lines 
is active. 

-1 

pOR 

I 
P 

+1 

Advance 
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Motor 



Print Operation· 

The forms line/print time counter is used during a 
print operation to perform the following functions 
(see Storage Accessing-Print Timing Chart): 

1. Delay the firing of print wire magnets until 
the latest print emitter pulse is checked for 
proper sequence and duration. 

2. Control the length of time (one vertical row 
of dots) that print wire magnets are energized. 

3. Monitor the frequency of print emitter 
pulses (emitters too fast check). 

4. Time the readout of RAM and ROS for the 
configuration of print wire magnets to be 
fired during the next wire fire time (after 
the next emitter pulse is received from the 
printer). 

During printing operations, this counter is used as 
a timer. Itis set with some value and decremented 
to one. The time that elapses is determined by the 

value set into the counter. A 16 JlS clock 
decrements the counter for the three IMPL emitter 
times. 

The values of the IMPL emitter times are not the 
same for the 40 and 80 cps bidirectional printers 
because of speed differences. However, the IMPL 
emitter times are the same for both 40 cps printer 
models. 

Print 
Emitter Pulse 

Forms Line/Print Time 
Counter (decreased by 

·Storage Accessing";';Print Timing Chart 

89 ABC of 

16 JlS oscillator pulses) t 
Access RAM 
242 for 

,.t ' ' 
Access RAM 
243 for, 
'Wire Fire' 
Value 

These values are 'Diy Time' 
stored in RAM Value 
area called fj40) = 40 cps . (24)= 4,0 cps , 
'IMPL emitter times'-.. ·i.J2) =80 cps 

Delay Time: Delays wire firing until emitter pulse has been 
checked for proper duration and sequence. 

Wire Fire Time: Allows selected print wire magnets to be 
fired as determined during previouS' too 
fast time. 

(24) = 80 cps 

Emitters Too Fast Time: (1) Sets 'emitters too fast' check if 
next emitter occurs before the 
end of too fast time. 

(2) Allows two (or three, if WTC 
special character) RAM/ROS 
accesses to deterrn In:e wh ich 
print wire magnets are to be fired 
during the next Wire fire time. 

'Emitters Too, 
Fast'. Value 

(6) = 40 cps 
(16) = 80 cps 

1 I 
J. I 

image data (if WTC 
special character) 

Access ROS for control 
character or wire image 

f 

I 

L..;...--AccessRAMfor EBCDIC 
character from the data 
buffer 0-131 
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ATTACHMENT FUNCTIONAL UNITS 
(40/80 cps - 120 compatible only) 

Print Emitter 

The print emitter II sends a pulse to the attachment 
for each 1/10 inch (0.254 mm) of print head move­
ment. Print head direction determines the sequence 
of emitter pulses. 1,2,"3, 1 equals left to right and 
3, 2, 1, 3 equals right to left. The sequence is 
monitored by the 'emitter hiStory' latch (FR2101. 
Emitter pulses are used by the attachment to deter­
mine head position~ head direction, and when to 
fire the print wire magnets. 

Left Margin 

The number of print emitter 1,2, and 3 
pulses depends on how fat the print head 
is into the left margin. 

Printing can begin at the first 
Print emitter 3 pulse after the fa" 
of Left margin line. 

--t I-- 0.030 Inch (0.76 mm) 

~intEmitter1t1"~----------~------~----~-----L~~-L----jl~---iI~ 
I I 

. ~ I.. I 0.010 Inch (0.25 mm) 

~intEmitter2ti--------~~--------------~----~---+~~--~----jl---1I-J 
I 'I I 

--I I" I 0.010 Inch (0.25 mm) 
~intEmitter3r~----------------~II----------~--~~--~-i'----~'-----i'-11~i 

I I 
--i 1+-0.010 Inch (0.25 mm) 

Print Head Moving Left to Right 

Print Emitter Event Counter (FR214) 

Each print emitter pulse starts the emitter event 
counter II. It counts from hex 0 to F each time it 
is started and then stops at F. The following functions 
are performed at the indicated decodes of the event 
counter: 

Emitter Pulse ____ •••••••••••••• (~ , 
Event Cou"ter Decodes o 1 234 567 8 9 ABC D E F 

.. GeeGO. 

o Event counter starts with the rise of any print 
emitter pulse. 

e If emitter is not still active, resets the event 
counter and waits for a longer emitter pulse. 

e -Samples previous head direction and starts 
printing sequence. 

CD Compares previous and present head directions. 

G Increases or decreases the emitter column 
counter . 

• - Sets latches with present head direction and 
samples if emitter pulse is still active. 

CD Resets event counter and waits for next 
emitter to start the event counter again. 

40/80 cps - 120 Compatible S-PTR-24 

Emitter Column Counter [ECC] (FR212) 

The ECC (emitter column counter). counts print 
emitter pulses from the serial printer, divides each 
print position into 10 equal parts, and sets MAR 
bits 5,6, and 7 for RAM or ROS addressing. It 
also updates the prillt head position counter when 
the head is in the space between print positions. 

Three models of the serial printer are bidirectional, 
consequently, the operation of the ECC is not the 
same for printi!'lg left to right as for printing right 
to left. 

Printing Left to Right 

The ECC counts up from 0 to 9 and then starts 
over again at zero. An emitter pulse o~curs 
for each 1/100 inch (0.254 mm) of head move­
ment. Each emitter pulse advances the ECC so 
that it counts from 0 to 9 for each 1/10 
inch (2.54 mm) of print head movement. Each 
print position on the line is 1/10 inch and the ECC 
divides each position into 10 increments ohime 
and distance. 

As the head moves to the right through a print 
position, print wire magnets may be fired on ECC 
counts 1 through 7, ECC counts 8, 9 and 0 
become the column space (space between char­
acters). When the count steps from 9 to 0, the 
print head position counter is increased by one. 

Printing Right to Left (Bidirectional Only) 

The ECC counts down from 9 to 0 and then starts 
over at nine. Print wire magnets can be fired on 
ECC counts 7 through 1. ECC counts of 0, 9 
and 8 become the column space. When the count 
steps from 0 to 9, the value in the head position 
counter is decreased by One. 

ECC 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

.. XXXXXXX 

.XXXXXXX 



As shown in the preceding diagram, there is a one 
ECC count difference in the positioning of a char­
acter that is printed right and then printed left. 
This difference is compensated for in the turnaround 
sequence. Assume that the head printed the first 
character going right and then stopped moving with 
.a count of 4 in the emitter column counter. 

ECC 0 1 2 3 4 5 6 7 8 9 0 1 2 3 ~ 5 

.. X X X X X X X Head 
stops 
here 

If the next character is to be printed going left, a 
value of 1 is subtracted from the ECC when the head 
changes direction. 

ECC 0 1 234 567 8 901 2 
3 ~5 

• XXXXXXX Head 
stops • XXXXXXX J ECC o 1 234 567 890 1 

If the first character was to be printed going left 
and the second was to be printed going right, a 
value of 1 would be added to the ECC when the 
head changed direction. 

Print Right A 

Emitter Event - -
Counter Decode B 

- A 

Print Left 

*, , Ii $ alik j iAutSS£iN 

Print Head Position Counter (FR212) 

The position of the print head on the print line is 
indicated by an eight position binary counter called 
the print head position counter II. The micro­
program can sense the contents of the counter by 
using an IDCS command with a modifier of hex 01 . 

When print head motion is left to right, the contents 
of the head position counter is increased by one for 
every tenth emitter column counter pulse. The head 
position counter value is decreased in a similar 
manner when head motion is from right to left. 
When the head is at the right edge of the left margin, 
the value in the counter is hex 00. 

As the head moves left into the left margin, the 
counter goes from 00 to FF, FE, FD, to FC. Because 
these values are much larger than decimal 131, the 
attachment can determine if the head is in the left 
margin or to the right of print position 131. 

When the Fx value in the counter turns on the two 
high order bits, the 'buffer 6/7' latch is set to indicate 
that the head is in the left margin. When the two 
high order bits are on, that value is at least 192. 
Because it is impossible to move the head to the 
right as far as print position 192, it is assumed that 
the head is left of (or inside) the left margin. 

0·. 

Emitters 11 
Emitter Event Counter II 

Emitter Column Counter. 

Head Position Counter 11 

.. 255 
0- -9 

Carry 
+1 +1 

Head Position 
ECC 

Counter 
-1 Borrow -1 

Counter Relationships 

1. Each print emitter pulse starts the print emitter 
event counter. 

2. Print emitter event counter counts O-F and 
advances the emitter column counter at 
hex B time. 

3. Emitter column counter supplies MAR 

4. 

bits 5, 6, and 7 for RDS accessing of the wire 
image of the character. 

Head position counter is stepped when the 
emitter column counter goes from 9 toO. 
Head position counter supplies the RAM 
address for the EBCDIC character to be 
printed . 
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Memory Address Register (FOO14) 

MAR is an eight bit register that is used to address 
either RAM or ROS. An eight bit register can only 
address 256 positions (0-255) or one page of storage. 
A set of latches (controlled by the attachment or 
an 10CLcommand) is used to select either RAM 
or ROS and the correct RAM/ROS page. 

RAM has 512 positions aOd is divided into two pages 
of 256 bytes each. ROS has 1024 positions and is 
divided into four pages of 256 bytes each. 

When loading the data buffer in RAM, the correct 
RAM/ROS page is selected by the microprogram· 
and then MAR is set to each buffer address by the 
microprogram before transferring each EBCD IC 
character to the buffer. During printing, the head 
position counter sets an address into MAR for RAM 
accessing of the data buffer to get the EBCDIC code 
of the character to be printed. 

Settle/Interval Counter (FR245) 

A six position binary counter times the following 
functions: 

1. 

2. 

3. 

The 50 ms start and stop settling times for 
the print head stepper motor, and the 50 ms 
stop settling time for the forms stepper motor. 

The 1 ms stop interval for the forms stepper 
motor. 

The 125 ms timeout for the print head hung 
check. 

4. The 125 ms timeout for the forms hung check. 

5. The 6 to 7 second timeout for the forms 
runaway check. 

The rate of advancing the settle/interval counter is 
determined by the operation that is being performed. 

Print Motor Event Counter (FR223) 

This counter is a four position binary counter, It 
is used to access RAM for lMPL motor times while 
the print head stepper motor is in start, up-to-speed, 
and stop intervals. 

The motor event counter starts with a value of zero. 
When the stepper motor is using start or up-to-speed 
intervals, advance pulses are allowed to increment 
the counter until it reaches a count of hex B. As 
long as the head is moving, the event counter is held 
at a count of hex B. When a stop sequence is initiated, 
the event counter is forced to hex C and then 
advanced to hex E. In other words, the counter is 
advanced by one up to hex B as long as RAM is 
being accessed for motor times, the print head 
stepper.motor drive line phases are being switched, 
and a stop interval is not being initiated. 

The motor event counter is reset to zero when the 
stop settle interval is ended. See Print Motor Drive 
in this section for information about motor intervals. 

Print Motor Elapse Counter (FR227) 

This. is an eight position binary counter. It controls 
the length of time that the four stepper motor drive 
lines (A, not A, B, not B) are held in any given 
phase. 

When the print head ismoving, the 14 IMPL motor 
times are read out of RAM one at a time and set 
into the print motor elapse counter. The value in 
the counter is decremented by a 64 IlS oscillator. 
When the counter reaches a value of one, two 
functions are performed: 

1. The phase of the four stepper motor drive 
lines is changed to cause motor rotation. 
(The length of time that the drive lines are 
held ina given phase is the function of the 
value of the motor timings that are set into 
RAM at IMPL time.) 

2. The print motor event counter is advanced. 
(See Print Motor Drive in this section for 
print operations.) 

The print motor elapse counter is also used to time 
the two minute interval for head restoring. 

After the execution ofeach I/O micro instruction, 
the counter is set with a value of 121. An oscillator 
begins to decrement that value. If the counter value 
reaches one before another I/O micro instruction is 
received by the attachment, the attachment restores 
the head to print head home position. (See Head 
Restore in this section.) 

Forms Emitter Counter (FR243) 

The forms emitter counter 11 is a four position 
binary counter. It is advanced by each forms 
emitter pulse. Each time the 8 latch of the counter 
is turned off (counter goes from F to 0), a value of 
one i~ subtracted from the forms line/print time 
counter. 

Forms Line/Print Time Counter ( FR230) 

The forms line/print time counter II is an eight 
position binary counter. It is a multipurpose 
counter that is shared by forms and printing 
operations. In either case, a value is set into the 
counter and then reduced to provide a specific 
sequence of events or amount of time. 
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Forms Operation 

When the forms line/print time counter is used for 
a forms operation,. the numbtlrof lines plus one to 
be spaced is set into the counter before the 
'forms go' line is activated. 'Forms go' starts the 
stepper motor and decreases the counter by one. 
Stepper motor rotation causes forms emitter pulses 
to advance the forms emitter counter. The sixteeth 
emitter pulse (one line was spaced) turns off the 
8 latch in the forms emitter counter. Each time the 
8 latch goes off, the forms line/print time counter 
is decremented by one. When the counter value 
gets to zero, forms go is deactivated and stops the 
stepper motor and emitter pulses. After a 50 ms 
settle time, nOne of the stepper motor drive lines 
is active. 

+1 
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Forms Line/Print Time Counter 
128 64 32 16 8 4 2 

Not Zero AND 

Forms Emitter 
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Print Operation 

The forms line/print time counter is used during a 
print operation to perform the following functions 
(see Storage Accessing-Print Timing Chart): 

1. DelilY the firing of print wire magnets until 
the latest prInt emitter pulse is checked for 
proper sequence and duration. 

2. Control the length of time (one vertical row 
of dots) that print wire magnets are energized. 

3. Monitor the frequency of print emitter 
pulses (emitters too fast check). 

4. Time the readout of RAM and ROS for the 
configuration of print wire magnets to be 
fired during the next wire fire time (after 
the next emitter pulse is received from the 
printer). 

During printing operations, this counter is used as 
a timer. It is set with some value and decremented 
to ona. The time that elapses is determined by 
the value set into the counter. A 16p.s clock 
decrements the counter for the three IMPL emitter 
times. 

Storage Accassing-Print Timing Chart 

Print 
Emitter Pulse 

89ABcof 

Forms Line/Print Time 
Counter (decreased by 
16p.s oscillator pulses) 

242 for 
These values are 'Diy Time' 
stored in RAM Value 
area called r 42 
'IMPL emitter times'---1 06 

»):02;;;.&..1 .;.01';"'&'~ __ --4f 02 01 04 03 ,1 Q21 011 
Time Wire Too Fast~ 

//t Fire t Time 

I Access RAM Access RAM 
/ 243 for 244 for 

I 'Wire Fire' 
\ Value 

\ 02 
\ \, 02 

'Emitters Too 
Fast'Value 

04 
37 

" "'­"'-.... '-
~ -.........-----

"-.... ---

J 

Delay Time: (1) Delays wire firing until emitter pulse has 
been checked for proper duration and 

" --"'-. 

"\ ' .......... " \ . sequence. 

(2) Allows two (or three, if WTC special 
character) RAM/ROS accesses to deter-
mine which print wire magnets are to be 
fired during the next wire fire time. 

Wire Fire Time: Allows selected print wire magnets to be 
fired as determined during previous too 
fast time. 

~Sl 71 6151413121' I 
LAc""' R.AM fo' w;" 

image data (if WTC 
special character) 

Access ROS for control 
character or wire image 

f 

I 

Emitters Too Fast Time: Sets 'emitters too fast' check if 
next emitter occurs before the 
end of too fast time. 

'----Access RAM for EBCDIC 
character from the data 
buffer 0-131 

r 
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ATTACHMENT FUNCTIONAL UNITS 
(120 cps printer only) 

Print Emitter 

The print emitter a sends a pulse to the attachment 
for each 1/10 inch (0.254 mm) of print head move· 
ment. Print head direction determines the sequence 
of emitter pulses. 1, 2, 3, 1 equals left to right and 
3, 2, 1, 3 equals right to left. The sequence is 
monitored by the 'emitter history' latch (FR210). 
Emitter pulses are used by the attachment to deter· 
mine head position, head direction, and when to 
fire the print wire magnets. 

Left Margin 

The number of print emitter 1,2, and 3 
pulses depends on how far the print head 
is into the left mar,gin. 

Printing can begin at the first 
Print emitter 3 pulse after the fall 
of Left margin line. 

--i I-- 0.030 Inch (0.76 mm) 
J I 

Print Emitter 1 t-! ____________ --I~_......JL __ ~_+-...l..---..L--...L...) 
I 

I. I 0.010 Inch (0.25 mm) 
I J 

~intEmitter2 ti------.. ~------------~~---L---_7~~--~---~--~~ 
I I 
,. I 0.010 Inch (0.25 mm) 

Print Emitter 3 ft' _____________ •• _____ ---I~_......JL__+-L----.L.---...II~I!..4~ 
I I 

--i t-- 0.010 Inch (0.25 mm) 

Print Head Moving Left to Right 

Print Emitter Event Counter (FR214) 

Each print emitter pulse starts the emitter event 
counter II. It counts from hex a to F each time it 
is started and then stops at F. The following functions 
are performed at the indicated decodes of the event 
counter: 

Emitter Pulse ( 
I 

Event Counter Decodes 0 1 2 3 4 5 6 7 8 9 ABC D E F ...J.. 

o Gee GO " 

G 

e 
G 

• 

Event counter starts with the rise of any print 
emitter pulse. 

If emitter is not still active, resets the event 
counter and waits for a longer emitter pulse. 

Samples previous head direction and starts 
printing sequence; 

Compares previous and present head directions. 

Increases or decreases the emitter column 
counter. 

Sets latches with present head direction and 
samples if emitter pulse is still active. 

e - Resets event counter and waits for next 
emitter to start the event counter again. 
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Emitter Column Counter [ECC] (FR212) 

The ECC (emitter column counter) (I cOCJnts print 
emitter pulses from the serial printer, divides each 
print position into 10 equal parts, and sets MAR 
bits 5,6, and 7 for RAM or ROS addressing. It 
also updates the print head position counter when 
the head is in the space between print positions. 

Printing Left to Right 

The ECC counts up from a to 9 and then starts 
over again at zero. An emitter pulse occurs 
for each 1/100 inch (0.254 mm) of head move­
ment. Each emitter pulse advances the ECC so 
that it counts from 0 to 9 for each 1/10 
inch (2.54 mm) of print head movement. Each 
print position on the line is 1/10 inch and the EGIC 
divides each position into 10 increments of time 
and distance. 

As the head moves to the right through a print 
position, print wire magnets may be fired on ECC 
counts 1 through 7. ECC counts 8, 9, and 0 
become the column space (space between char­
acters). When the count steps from 9 to 0, the 
print head position counter is increased by one. 

Printing Right to Left (Bidirectional Only) 

The ECC counts down from 9 to 0 and then starts 
over at nine. Print wire magnets can be fired on 
ECC counts 7 through 1. ECC counts of 0, 9, 
and 8 become the column space. When the count 
steps from 0 to 9, the value in the head position 
counter is decreased by one. 

ECC 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

~ X X X X X X X 

~ X X X X X X X 

\. 



As shown in the preceding diagram, there is a two 
ECC count difference in the positioning of a char­
acter that is printed right and then printed left. 
This difference is compensated for in the turnaround 
sequence. Assume that the head printed the first 
character going right and then stopped moving with 
a count of 4 in the emitter column counter. 

ECC 0 234567890123~5 

X X X X X X X H~d 

stops 
here 

If the next character is to be printed going left, a 
value of 2 is subtracted from the ECC when the head 
changes direction. 

ECC 0 234 5 6 7 8 9 012 
3 ~5 .. X X X X X X X Head 

• stops 
X X X X X X X l 

ECC 8 9 o 1 234 567 890 1 2 

If the first character was printed going left and 
the second was to be printed going right, a value of 
2 would be added to the ECC when the head 
changed direction. 

Print Right A 

Emitter Event 
;-----

Counter Decode B 

L......- A 

Print Left 

~ 

Print Head Position Counter (FR212) 

The position of the print head on the print line is 
indicated by an eight position binary counter called 
the print head position counter m . The micro­
program can sense the COf)tents of the counter by 
using an IOCS command with a modifier of hex 01. 

When print head motion is left to right, the contents 
of the head position counter is increased by one for 
every tenth emitter column counter pulse. The head 
position counter value is decreased in a similar 
manner when head motion is from right to left. 
When the head is at the right edge of the left margin, 
the value in the counter is hex 00. 

As the head moves left into the left margin, the 
counter goes from 00 to FF, FE, FD, to FC. Because 
these values are much larger than decimal 131, the 
attachment can determine if the head is in the left 
margin or to the right of print position 131. 

When the Fx value in the counter turns on the two 
high order bits, the 'buffer 617' latch is set to indicate 
that the head is in the left margin. When the two 
high order bits are on, that value is at least 192. 
Because it is impossible to move the head to the 
right as far as print position 192, it is assumed that 
the head is left of (or inside) the left margin. 

Emitters 11 
Emitter Event Counter II 

Emitter Column Counter II 

Head Position Counter m 

0·~'-~------~·~255 
0- ·9 

Carry 
+1 +1 

Head Position 
ECC 

Counter 
-1 Borrow -1 

Counter Relationships 

1. Each print emitter pulse starts the print emitter 
event counter. 

2. 

3. 

4. 

Print emitter event counter counts O-F and 
advances the emitter column counter at 
hex B time. 

Emitter column counter supplies MAR 
bits 5, 6, and 7 for ROS accessing of the wire 
image of the character. 

Head position counter is stepped when the 
emitter column counter goes from 9 to O. 
Head position counter supplies the RAM 
address for the EBCDIC character to be 
printed . 

23 

• • • • • • • • • • • • • • • • • • 

• 

• 

Print Emitters - -, 

Emitter Event Counter~--'7"'i .-------, 

...B ... F Q ... B .. F lQ .. B ... F 

Emitter Column Counter 

9 o 

Counter S-----
23 
--

24 25 

• • • • • • • • • • • • • • • • • • • • 

1 

• 

Head Direction 

" 
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Memory Address Register (FQ014) 

MAR is an eight bit register that is used to address 
either RAM or ROS. An eight bit register can only 
address 256 positions (0·255) or one page of storage. 
A set of latches (controlled by the attachment or 
an'IOCl command) is used to select either RAM 
or ROS and the correct RAM/ROS page. 

RAM has 512 positions and is divided into two pages 
of 256 bytes each. ROS has 1024 positions and is 
divided into four pages of 256 bytes each. 

When loading the data buffer·in RAM. the correct 
RAM/ROS page is selected by the microprogram 
and then MAR is set to each buffer address by the 
microprogrllm before transferring ea.ch EBCDIC 
character to the buffer. During printing. the head 
position counter sets an address into MAR for RAM 
accessing of the data buffer to get the EBCDIC cQde 
of the character to be printed. 

Settle/Interval Counter (FR245) 

A six position binary counter times the following 
functions: 

1. The 50 ms start and stop settling times for 

2. 

3. 

the print head stepper motor. and the 50 ms 
stop settling time for the forms stepper motor. 

The 1 ms stop interval for the forms stepper 
motor. 

The 125 ms timeout for the print head hung 
check. 

4. The 125 ms timeout for the forms hung check. 

5. The 6 to 7 second timeout for the forms 
runaway check. 

The rate of advancing the settle/interval counter is 
determined by the operation that is being performed. 

Print Motor Event Counter (FR223) 

This counter is a four position binary counter. It 
is used to access RAM for IMPL motor times wI'lile 
the print head stepper motor is in start, up·tQ·speed, 
and stop intervals. 

The motor event counter starts with a valIJe of zero. 
When the stepper motor is using start or up·to-speed 
intervals, advance pulses are allowed to increment 
the counter until it reaches a count of hex B. As 
long as the head is moving, the event counter is held 
at a count of hex B. When a stop sequence is initiated, 
the event counter is forced to hex C and then 
advanced to hex E. In other words, the counter is 
advanced by one up to hex B as long as RAM is 
being accessed for motor times, the print head 
stepper motor drive line phases are being switched, 
and a stop interval is not being initiated. 

The motor event counter is reset to zero when the 
stop settle interval is ended. See Print Motor Drive 
in this section for information about motor intervals. 

Print Motor Elapse Counter (FR227) 

This is an eight position binary counter. It controls 
the length of time that the four stepper motor drive 
lines (A, not A, B, not B) are held in any given 
phase. 

When the print head is moving, the 14 IMPL motor 
times are read out of RAM one at a time and set 
into the print motor elapse counter. The value in 
the counter is decremented by a 64 p.s oscillator. 
When the counter reaches a value of one, two 
functions are performed: 

1. The phase of the four stepper motor drive 
lines is changed to cause motor rotation. 
(The length of time that the drive lines are 
held in a given phase is the function of the 
value of the motor timings that are set into 
RAM at IMPL time.) 

2. The print motor event counter is advanced. 
(See Print Motor Drive in this section for 
print operations.) 

The print motor elapse counter is also used to time 
the two minute interval for head restoring. 

After the execution of each I/O micro instruction. 
the counter is set with a value of 121. An oscillator 
begins to decrement that value. If the counter value 
reaches one before another I/O micro instruction is 
received by the attachment, the attachment restores 
the head to print head home position. (See Head 
Restore in this section.) 

Forms Emitter Counter (FR243) 

The forms emitter counter II is a four position 
binary counter. It is advanced by each forms 
emitter pulse. Each time the 8 latch of the counter 
is turned off (counter goes from F to 0), a value of 
one is subtracted from the forms line/print time 
counter. 

Forms Line/Print Time Counter (FR230) 

The forms line/print time counter li'I.is an eight 
position binary counter. It is a multipurpose 
counter that is shared by forms and printing 
operations. In either case, a value is set into the 
counter and then reduced to provide a specific 
sequence of events or amount of time. 
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Form~ Operation 

When the forms line/print time counter is used for 
a forms operation, the number of lines plus one to 
be spaced is set into the counter before the 
'forms go' line is activated. 'Forms go' starts the 
stepper motor and decreases the counter by one. 
Stepper motor rotation causes forms emitter pulses 
to advance the forms emitter counter. The sixteeth 
emitter pulse (one line was spaced) turns off the 
8 latch in the forms emitter counter. Each time the 
8 latch goes off. the forms line/print time counter 
is decremented by one. When ,the counter value 
gets to zero, forms go is deactivated and stops the 
stepper motor and emitter pulses. After a 50 ms 
settle time, none of the stepper motor drive lines 
is active. 

CPU Port~ ______ -+ ________________ ~ +1 

Forms Line/Print Time Counter 
64 32 16 8 4 2 

Not Zero AND 

Forms Emitter 

Forms Go 

-1 

1 . 

pOR 

I 
P 

II 

Advance 
Forms Stepper 
Motor 



Print Operation 

The forms line/print time counter is used during a 
print operation to perform the following functions 
(see Storage Accessing-Print Timing Chart): 

1. Delay the firing of print wire magnets until 
the latest print emitter pulse is checked for 
proper sequence and duration. 

2. Control the length of time (one vertical row 
of dots) that print wire magnets are energized. 

3. Monitor the frequency of print emitter 
pulses (emitters too fast check). 

4. Time the readout of RAM and ROS for the 
configuration of print wire magnets to be 
fired during the next wire fire time (after 
the next emitter pulse is receil/ed from the 
printer). 

During printing operations, this counter is used as 
a timer. It is set with some value and decremented 
tp one. The time that elapses is determined by 
the value set into the counter. A 161LS clock 
decrements the counter for the three IMPL emitter 
times. 

The values of the IMPL emitter times are not the 
same for the three models of bldrectional printers, 
because of speed differences. However, the IMPL 
emitter times are the same for both 40 cps printer 
models. 

Print 
Emitter Pulse 

Forms Line/Print Time 
Counter (decreased by 

Storage Accessing-Print Timing Chart 

9 A a c 0 f 

16 15 ,12 11 I 
~~D~e-la~y~~~f-~~~~-+~W~i-re~F~i~re~T~im-e-+~T~o~o~Fa~st~ 

16ILs oscillator pulses) t" ""- .......... / /t t 
Access fiAM ".\ I Access RAM Access RAM 
242 for I 243 for 244 for 

These values are 'Diy Time' \ I Wire Fire' 'Emitters Too 
stored in RAM Value \ Value Fast'Value 

area called . . r 13 \ \.2 16 
'IMPL emitter times'---L "" \. "'-

"'-.... """'-._--
........... --.............. -- ....... 

I I 
J I 

Delay Time: (1) Delays wire firing until emitter pulse has 
been checked for proper duration and 

." --" 
"\ ',,-

sequence. 

(2) Allows two (or three, if WTC special 
character) RAM/ROS accesses to deter· 
mine which print wire magnets are to be 
fired during the next wire fire time. 

Wire Fire Time: Allows selected print wire magnets to be 
fired as determined during previous too 
fast time. 

\ " 
~Sl 11 61514131211 I 

LAc"''' RAM for w;re 
image data (if WTC 
special character) 

Access ROS for control 
character or wire image 

f 

J 

Emitters Too Fast Time: Sets 'emitters too fast' check if 
next emitter occurs before the 
end of too fast time. 

'----Access. RAM for EBCDIC 
character from the data 
buffer 0·131 
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ROS ADDRESSING 

The 56 characters that are the same for U.S., WTC, 
and ASCII character sets are stored in ROS. The 
other eight characters are stored in RAM. For 
these eight characters, ROS contains addresses for 
'RAM accesses to get the wire image of the eight 
changeable special characters. 

Each wire image in ROS uses 8 bytes. The first 
byte of each image is the control byte that denotes 
whether the character is valid, invalid, or one of the 
eight changeable special characters. The next seven 
consecutive bytes store the wire image of the char­
acter (or the RAM address of the wire image of the 
special characters). 

As shown in the illustration, ROS is divided into 
four parts called pages • . Each page contains 256 
addresses. Pagi ng is controlled by bits 0, 1, and 2 of 
the EBCDIC byte that is read out of RAM data 
buffer •. 

Bit 0 Bit 1 Bit 2 Addresses 

0 0 0-255 
0 1 256-511 

0 512-767 
768-1023 

To print a character in print position 1, RAM is 
accessed at the first position of the data buffer, and 
an EBCDIC character is set into the RAM data 
register. Bits 0, 1, and 2 of the character are 
decoded to determine which page of ROS contains 
the wire image of the EBCDIC character. 

On the same access, MAR is f~rced to the ROS 
address of the controrbyte of the wire image of the 
character to be printed. Bits 3-7 of the RAM data 
register are set into positions 0-4 of MAR iii. 
Positions 5-7 of MAR are set to the value of 000 
from the emitter column counter II. Essentially, 
bits 0-4 of MAR determine the amount of displace­
ment into the ROS page, and bits 5-7 determine 
which of the 8 bytes of the wire image to read 
out. 

For example, to print the letter D in print position 1, 
hex C4 was loaded into the first position of the data 
buffer in RAM. When this byte is read out of the 
buffer while printing, bits 0, 1, and 5 (hex C4) are 
set on in the RAM data register. Because bits 0 and 
1 are on and bit 2 is off, the wire image for the 
letter D is stored somewhere in the 512·767 address 
range of ROS &1. Bits 0-4 of MAR are set to 
00100 from positions 3-7 of the RAM data register 
because bit 5 was on in the data register. 

RAM 

'C4' 

On this first of eight ROS accesses, the emitter 
column counter value is 000. This counter value 
is set into positions &-7 of MAR. In binary, the 
MAR cont~nts (00100000) add up to 32. When 
32 is added to the paging value of 512, the address 
of the Control byte of the letter o becomes ROS 
location 544. 

~AM Data 
Register 

0 

1 

2 

0 0 

B • 
2 2 

I-- 3 3 

4 

5 

6 MAR 
3 

7 
7 0 

Emitter 
Event 
Counter 

I 1 

2 
Emitters 0 

""UlJ"'L +1 

1~ 
ECC - 3 

2 

1 
~. 0 F 

(step) 1 

2 

• 
o 

7' 
2 

o 

3 

4 

5 

6 

7 

0 

2 

The emitter column counter value is stepped up by 
1 each time a printheaq emitter pulse is received. 
The value 001 is forced into positions 5-7 of MAR 
on the next emitter pulse and the MAR address is 
now at 545. This second ROS access is the first 
that could contain wire image data because the 
first byte isthe control byte. As subsequent 
emitter pulses advance the emitter column counter, 
its value is forced into positions 5-7 of MAR, and 
co n$8cutiVfl. ROS positions are accessed until the 
en~irfl wire image ohhe letter Dis printed. 

O,1,an'd2 

O,1,and 2 

O,1,and 2 

oH 
DH 
LJ~ ...... 

i f ... 

DH 
RDS 
Data Register 

o 

2 

4 

6 
7 

RDS 

0-255 

256-511 

512-767 

768-1023 
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Each position of ROS is 2 bytes wide (1 K x 18 
module). When a position of ROS is accessed, 16 
significant bits can be read out into the ROS data 
register. Either the high or low byte can be gated 
out of the data register II . Bit 1 of the EBCDIC 
character that is read out of RAM determines 
whether the high or low byte is gated out of ROS. 
If bit 1 is on, the low byte (U.S.) is used; if the bit 
is off, the high byte (Katakana) is used. 

0 

15 

0 

15 

0 

15 

0 

15 

2 

I 
3 

4 
Select Low Byte D 8 

~~~O~1-; ~ ..... ~ ..... ~~ 15 

8 

6 
12 

15 

Note: 'Katakana mode' selects high 
byte and 'not Kana mode' selects 
low byte (U.S.). 

7 

8 



WTC/ASCII/U.S. Special Character Addressing 

ROS contains the wire images of the U.S., WTC, and 
ASCII characters that do not change. There are 
eight EBCDIC codes that can represent various 
graphic symbols depending upon which language is 
being used. 

At IMPL time, the wire images of the eight symbols 
that are unique to the language specified by the user 
are loaded into RAM. When one of the eight 
EBCDIC codes is loaded into the data buffer to be 
printed, RAM is accessed for the EBCDIC code and 
ROS is accessed for the control character that 
denotes WTC/ASCII/U.S. changeable special 
character. This sets a latch called WTC/ ASCII' 
that stays on for the entire character. 

When the WTC/ASCII' latch is on, ROS data is 
used with the value in the emitter column counter 
to develop the ~AM address of the wire image of 
the special.character. 

ROS 

Page Selection 

ECC 

m 

A 

RAM 

Print 
Data 
Latches 

6 

7 
8 
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INPUT/OUTPUT LINES 

Forms Orive A. A, B, B Serial Printer Service Out Attachment Port ---. 
(Channel) Control Out · 

Strobe Print Head Drive A, A, B, B 
• 

Command Out -
Print Wire Data1-B ........ System Reset 

· 
Clocks (4) 

Serial Printer Reset 
Port OBO 0-7 and P to Left Margin . 
Command Bus Out O. 1 and 2 .. Wire Check 

Port OBI 0-7 - Serial Printer Ready ... 
... 

CBI 4 (Condition True) End of Forms. Switch 

CBI 5 (OBO Parity C~eck) 
~ 

Single forms/ledger card mode switch 
Service In ,... 

Forms Emitter A and B 
I/O Working ~ 

Micro Interrupt Request Ptint Emitter 1, 2and3 

Multidevice Response 



ERROR CONDITIONS 

Microprogramming checks a print or forms operation 
by issuing lOS commands to the attachment after the 
print or forms operation is complete. If al)Y of the 
eight check conditions occurred during the print or 
forms operation, the attachment sets bits on in 
sense bytes 0/1 to communicate which checks occurred 
(see lOS command under Commands in this section). 

The following is a list of the meanings of the bits in 
sense bytes 0 and 1: 

Byte 0, Bit a :..... Forms Hung Check 

This check monitors the forms emitter lines any 
time the 'forms go' line is active. If the emitter 
pulses do not occur within 125 ms of each other, 
the forms hung check is set on. 

Byte 0, Bit 1 - Horizontal Check 

This check indicates that an error occurred in the 
last print operation (as opposed to a forms operation). 
It can be set on by the following error conditions: 

Emitters Out Of Order 

When the head is going to the right, the sequence of 
emitters should be 1, 2, 3, 1. When the head is going 
to the left, the sequence should be 3, 2, 1,3. If 
the emitter sequence is not valid for the defined 
head direction, this error Cbndition turns on the 
horizontal check. 

Print Head Hung 

If the print head stepper motor is being told to go 
and there are no print head emitter pulses for 125 ms 
from the pri nter, print head hung is set on. 

Emitters Too Fast 

This error condition indicates that the print head is 
being moved across the line too fast for proper 
synchronization for print alignment. 

Memory Data Check 

This condition indicates that an even parity byte was 
read out of ROS or RAM. 

Unprintable Character Check 

This condition indicates that a character was requested 
for printing that was not in the defined character set. 
The condition occurs when the position of ROS that 
is addressed is coded as an invalid character by its 
control byte. A check will occur only if unprintable 
character check has been enabled by bit 0 of the 
flag byte in the lOB. If the check has not been 
enabled, a blank (space) will be printed. 

Printer Not Ready 

The printer is not ready any time the +10.8 volt 
supply is undervoltage, +24 volt supply is under­
voltage or overvoltage, or when a wire check occurs. 
(Wire check is described later in this topic.) 

Byte 0, Bit 2 - Forms Runaway Check 

This check monitors the time from when the 
'forms go' line becomes active until the forms 
line/print time counter gets to zero. If this time 
exceeds the time needed to move 127 lines, the 
forms runaway check is set on. 

Byte 0, Bit 3 - End of Forms 

End of forms is set when the end-of-forms switch 
senseS the absence of forms if the platen pressure 
rolls are not engaged. 

Byte 1, Bit a - Printer Not Ready 

See horizontal check. 

Byte 1, Bit 1 - Wire Check 

A wire check indicates that a print wire magnet 
was energized too long (more than 1.6 ms). This 
check forces a microcode delay of 250 ms, unless 
the system has BSC or SO LC. If the condition 
causing the wire check goes away, the 'wire check' 
latch stays on until a check reset command is sent 
to the attachment. The ready comes on as soon as 
the condition that caused the wire check goes 
away. 

Byte 1, Bit 4 - Memory Data Check 

See horizontal check. 

Byte 1, Bit 5 - Emitter Too Fast Check 

See horizontal check. 

Byte 1, Bit 6 - Unprintable Character Check 

See horizontal Check. 

Any bit that is turned on in byte 1 forces a horizontal 
check (byte 0, bit 1). The microprogram can issue 
an lOS command with a modifier of hex 0 and deter­
mine that a horizontal check has occurred; then 
an lOS command with a hex 1 modifier can further 
define the cause of the horizontal check. 
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INDEX 

11 
actuator feed back DISK-42 
ADDR COMP STOP/RUN switch CNSL-9 
ADDRESS/DATA/D.ISPLAY switches CNSL-7 
address register DISP-5 
address register, memory (MAR) 

40/80 cps S-PTR-22 
40/80 cps - 120 compatible S-PTR-26 
120 cps S-PTR 30 

addressing, ROS S-PRT-32 
ALTER MAR IRPT CNSL-3 
ALTER STOR CNSL-2 
ALU CPU-4, INTR-3 
AM not found, JIO 33FD-38, -40 
arithmetic logical unit INTR-3 
attachment and printer data flow S-PTR-1 
attachment functional units 

40/80 cps S-PTR-20 
40/80 cps - 120 compatible S-PTR-24 
120 cps S-PTR-28 

attachment functions KBD-1 
display screen D (SP-1 

II 
behind home DISK-5 
belt 

position counter 
50, 100, and 155 Ipm printer PTR-4, -39 
285 Ipm printer PTR-54, -89 

speed check 
50, 100, and 155 Ipm printer PTR-44 
285 Ipm printer PTR-94 

sync check 
50,100, and 1551pm printer PTR-47 
285 Ipm printer PTR-97 

sync timing 
50,100, and 1551pm printer PTR-25, -31 
285 Ipm printer PTR-75, -81 

bit ringDISP-7, DISK-8 
read 33FD-48, DISK-19, -22, -23 
write. 33FD-48, DISK-20, -21 

blast condition CHAN-6 
branch JlINSTR-4 
branch (stop condition) JlINSTR-5 
branch and link JlINSTR-6 
branch on condition JlINSTR-7 
braQch on condition (stop condition) JlINSTR-8 
bus lines DISK~69 

cards, CPU CPU-1 
carriage 

operation 
50, 100, and 155 Ipm printer PTR-33 
285 Ipm printer PTR-83 

spacing 
50,100, and 1551pm printer PTR-33 
285 Ipm printer PTR-83 

sync check 
50, 100, and 155 Ipm printer PTR-45 
285 Ipm printer PTR·95 

carry in CPU-4 
CB I bit descriptions CHAN-9 
CBI 4 functions DISP-26, KBD-21 
CBO CHAN-7 
CE 

control panel CNSL-1 
IMPLcounter 33FD-20, -22 
index counter advance 33FD-20, -22 
ready counter advance 33FD-20, -22 
standard read clock· 33FD-32, -36 
standard read data pulse 33FD-32, -36 
start index pulse 33FD-20, -22 
START switch CNSL-7 
write clock advance. 33FD-32, -36 
8F read clock 33FD·32, -36 

character check, unprintable S-PTR-35 
character counter DISP-7 
character display DISP-6 
character generator DISP-4 
channel CHAN-l 

definition INTR-2 
interfaces CHAN-l 

check byte, processor ERR HDL-l 
check bytes, port I:RR HDL-1 
CHECK RUN/STOP switch CNSL~9 
checks I:RR HDL-2 

CPU ERR HDL·l 
port I:RR HDt-l, CHAN-10 

circuit location DISK-' 
clock 

read 33FO-48,DISK-4 
write 33FD-48, DISK-4 

CLOCK light CNSL-9 
clock pulses DISK-4,-7 
clock triggers 

50, 100, and 155 Ipm printer PTR-39 
285 Ipm printer PTR-89 

clocks 
I/O CPU-12 
PCR CPU-8 
port CHAN-4 
storage CPU-12 
system CPU-12 

coil current check 
50, 100, and 155 Ipm printer PTR-46 
285 Ipm printer PTR·96 

command 
control load DISP-16, KBD·8, PTR·l0, ·60, 33FD-20, 

D.lSK-l1,S-PTR-12 
controlsense DISP·21, KBD-15, PTR.14, -64, 
33FD-32, DISK-13, S-PTR·16 

jumpl/O DISP':Z4, KBD-16, PTR-20, -70, 
33FD·38, OISK-15, S·PTR-18: 

load DISP-14, KBD-6, PTR-8, -58, 
33FD-14, DISK-11, S·PTR·10 

sense DISP-12:, KBD-12, PTR·14, -64, 
33FD-18, DISK:13, S-PTR-14 

sense interrupt level status byte KBP·1S, 
PTR-18, ·68, DISK·14,S-PTR-19 

command bus in (CBI) CHAN-9, DISK·53 
command bus out CHAN-7 
command decode 

50, 100, an(l155 Ipm printer PTR-39 
285 Ipm printer PTR·89 

command timing charts DISK-17 
compare immediate JlINSTR·16 
connect 33FD-16, -17 
console CNSL-l 
control byte, ROS S-PTR-5 
control load command DISP-16, KBD·8, 

33FD-20, DISK-11, PTR-l0, ·13, -60, S·PTR·12 
control load timing DISP·13, KBP-S, PTR-11,-61 
control out CHAN-7 
control panel 

CE CNSL-l 
operator CNSL-1 

control sense command DISP-21, KBO·14, 
33FD-32, DISK-13, PTR-14, -17, -64, ·67, S-PTR-16 

control sense timing DISP-18, PTR-16, -66, PISK-17 
control storage CPU-l0, INTR-3 

direct area CPU-l1 
control, horizontalDISP·8 
controls 

port CHAN·7 
vertical DISP-8 
wiggle DISP-8 

counter 
IMPL 33FD-47 
index 33FD·47 
relationsh ips 

40/80 cps S-PTR-21 
40/80 cps - 120 compatible S-PTR-25 
120 cps S-PTR-29 

cover closed 
50, 100, and 1551pm printer PTR·50 
285 Ipm printer PTR·l00 

CPU 
cards CPU·" 
checks ERR HDL-l 
data flow CPU·2 
dltfault conditions CPU-2 
error byte CNSL·6 
functional·units CPU·l, INTR-3 

CRCcheckD ISK-58 
CRC not zero, JIO 33FP-38, -40 
CRC shift register 33FD-39 
cycle steal 

from CPU PISK-48,-49 
overrun check DISK-56 
to CPU DISK-50, ·51 

cyclic redundancy check (CRC) DISK-58 

• data area waveforms DISK-35 
data buffer S-PTR·4 
data check 

50, 100, and 155 Ipm printer PTR-48 
2851pm printer PTR-98 

data check, memory S·PTR·35 
data flow 33FD·5,DISK-S 

attachment 
50, 100, and 155 Ipm printer PTR·38 
285 Ipm printer PTR-88 

card CPU·1 
CPU CPU-2 
disk OISK-8 
diskette 33FO-5 
qisplay screen attachment OISP-3 
find 10 33FO·13 
keyboard attachment KBO-22 
port.. CHAN·2 

data flow (continued) 
printer 

50,100, and 1551pm printer PTA-41 
285 Ipm printer PTR·91 

printer and attachment 
50, 100, and 165 Ipm printer PTA·6 
285 Ipm printer PTA-56 

read 33FP-9 
seek 33FO·7 
serial printer S-PTA·1 
system INTR·5 
write 33FP-11 
write 10 33Fp·15 

data head DISK·4 
data recording DISK-4 
data representation 33FD-3 
data separator 33Fp·46 
data surface DISK-7 
data unsafe DISK·36, -65 
default conditions CPU·2 
description, general INTR-l 
desired velocity DISK·42 
diagnostic mode DISK·12 
direct area, control storage CPU·11 
disconnect 33FD-16, ·17 
disk drive 

capacity DISK·1,.3 
format 0 ISK·2, ·3, ·9 
ready DISK·39 
support CHAN-9 

di$k IMPL diagnostic sequence IMPI.,·2 
disk IMPL operation IMPL·2 
diskette format 33FD.2 
display CNSL~4 

display buffer 0 ISP·1 0 
DISPLAY INTENSITY control CNSl·7 
display screen DISP·1 
DPL Y PWR CHK switch CNSL-9 
DPL Y STOA CNSL·3 

I 
echo check DISK·54 
elapse counter, print motor 

40/80 cps S-PTR·22 
40/80 cps - 120 compatible S·PTA·26 
120 cps S·PTA·30 

INDEX·1 



elapsed time counter 
50,100, and 1551pm printer PRT·39 
285 Ipm printer PTA·89 

emitter 
check 

50, 100, and 155 Ipm printer PTR48 
285 Ipm printer PTR·98 

column counter (ECC) 
40/80 cps S-PTR·20 
40/80 cps - 120 compatible $·PTR·24 
120 cps S·PTR·28 

counter, forms 
40/80 cps &PTA·22 
40/80 cps - 120 compatible S·PTR·26 
120 cps S·PTR·30 

event counter, pl'int 
40/80 cps S-PTR·20 
40/80 cps - 120 compatible S·PTR·24 
120 cps S·PTR·28 

print 
40/80 cps S·PTR·20 
40/80 cps - 120 compatible $-PTR·24 
120 cps S-PTR·28 

emitters out of order S-PTR·35 
emitters too fast check S·PTR·35 
enable CE step mode 33FD·20, ·22 
enable CE wrap mode 33FD-20, ·22 
end of forms 

serial printer S-PTR·35 
50, 100, and 155 Ipm printer PTR·50 
285 Ipm printer PTR·100 

erase gate 
missing 33F044 
reset 33FD·38, ·41 
set 33FD·38, ·40 
unsafe 33FD·44 

error conditions KBD·22, PTR·43, ·49, ·93, ·99, 
33FD·42, DISK·54, ·64, S·PTR·35 

error handling ERR HDL·1 
error history table INTR·6 
error JIO PTR·43, ·93, :33FD·38, 40, DISK·15 
error logging ERR HDL·4, INTR·6 
error retry ERR HDL·4, INTR·6 
error status, reset 33FD·38, ·41 
event counter, print motor 

40/80 cps S·PTR·22 
40/80 cps ~ 120 compatible S·PTR·26 
120 cps S·PTR·30 

event indicator sequence IMPL·1 

II 
fast sync DISK·28 
file busy DISK·68 
file ready DISK·65 
find 10 data flow 33FD·13 
find 10 operation 33FO-12 
fixed disk support, channel CHAN·9 
flowchart 

forms operation S·PTR·9 
print operation 

serial printer S-PTR·3 
50,100, and 1551pm printer PTR·7 
285 Ipm printer PTR·57 

force clock on CNSL·9 
format, 33FD diskette 33FD·2 
format, disk DISK·3, ·9 
forms emitter counter 

40/80 cps S-PTR-22 
40/80 cps - 120 compatible S·PTR·26 
120 cps S·PTR·30 

forms hung check S·PTR·35 
forms jam check 

50, 100, and 155 Ipm printer PTR·44 
285 Ipm printer PTR·94 

forms line/print time counter 
40/80 cps S.PTR-22 
40/80 cps - 120 compatible S·PTR·26 
120 cps S·PTR·30 

forms loading/unloading position (of the 
print head) S-PTR-8 

forms moving S·PTR-9 
forms operation flowchart S·PTR·9 
forms runaway check S·PTR·35 
forms thickness control 

50,100, and 155 Ipm printer PTR-41 
285 Ipm printer PTR·91 

functional units 
40/80 cps S-PTR-20 
40/80 cps - 120 compatible S-PTR·24 
120 cps S·PTR·28 

functional units, CPU CPU·4, INTR·3 

• general description INTR-1 
guard band DISK·2,·7 

II 
half index (half line space) 

50, 100, and 155 Ipm printer PTR-34 
285 Ipm printer PTR·84 

half line space operation 
50, 100, and 165 Ipm printer PTR·34 
285 Ipm printer PTR-84 

hammer fire control 
50,100, and 155 Ipm printer PTR·39 
285 Ipm printer PTR·89 

hammer firing 
50,100, and 1551pm printer PTR4,.·29, -30, 41 
285 Ipm printer PTR·54, ·79, ·80, ·91 

hammer parity check 
50, 100, and 1551pm printer PTR·49 
285 Ipm printer PTR·99 

hammer select control 
50, 100, and 155 Ipm printer PTR·39 
285 Ipm printer PTR·89 

hammer selection 
50,100, and 1551pm printer PTR·29,30 
2851pm printer PTR·79,80 

hammer settling PTR·31 
head hung check, print S-PTR·35 
head position counter, print 

40/80 cps S·PTR·21 
40/80 cps - 120 compatible S·PTR·25 
120 cps S-PTR·29 

head restore S-PTR·8 
head retract, print (head restore) S-PTR·8 
head select DISK-3, -68 
hex branch ~INSTR·26 
hex move ~INSTR·27 

home DISK·65 
home pulse 

50, 100, and 155 Ipm printer PTR4, ·41 
285 Ipm printer PTR·54,91 

horizontal 01Sp·9 
horizontal check S·PTR-35 
horizontal controls DISp·8 
horizontal line 01SP·2 

• 
I/O 

branch on condition ~INSTR·38, ·39 
clocks CPU-12 
immediate ~INSTR·29, ·30 
instruction interface 01SP·11 
instructions CHAN·8 

I/O (continued) 
lines 

serial printer S·PTR·34 
50, 100, and 155 Ipm printer PTR·37 
285 Ipm printer PTR·87 

load ~INSTR- 31 
sense ~INSTR·32 
storage ~INSTA·35 

10 orientation, set 33FO·38, ·41 
identification field (10) DISK·3 
immediate ~INSTA·15 
IMPL IMPL·1,DISK·52 

counter 331=0·47 
error indications IMPl·4 
sequenee IMPL·1 

IMPL·IPl switches CNSL·9 
index counter 33FD·47 
index detection 01SK·34 
index pulse DISK·S6 
index pulse off, JIO 33FD·38,40 
index pulse waveforms DISK·3S 
index half (half line space) 

50,100, and 1651pm printer PTR·34 
285 Ipm printer PTR·84 

indicators, keyboard KBD·4 
initial system checkout INTR·e 
INSN ~TEP/DPL Y CHKS CNSl·6 
INSN STEP/DPL Y LSR CNSL-2 
INSN STEP/OPL Y PCR CNSL·6 
interrupt 

interface ~I RPT-2 
levels description ~IRPT·1 
timeout check 01SK·64 

interrupts DISK·64 
intllrvals 

settling S-PTR·6 
start S~PTR·6 

stop S·PTR·6 
up·to·speed S·PTR·6 

introduction 
disk drive DISK·1 
printer PTR·1 
serial printer S·PTR·1 
33FD 33FD·1 

INDEX·2 

II 
jump I/O 

command DISP·24, KBD·16, PTR·20, -21, ·70, -71, 

II 

33FD·38, DISK·15, S-PTR-18 
conditions DISK·65, ·66, ·67, ·68 
error 33FD·38, 40 
error conditions PTR·43, ·93 
not ready 33FD·38, ·40 
timing DISP·18, KBD-11 
true test 1 33FD·38, ·40 
true test 2 33FO·38, ·40 
true test 3 33F 0-38, ·40 

keyboard attachment KBO-1 
keyboard indicators KBD·4 
keyboard ready light CNSL-1 
keyboard to CPU data transfer KBD-4 

• LAMP TEST switch CNSL·7 
landing zone DISK·2 
level 0 ~I RPT-2 
levels 1, 2, and 3 ~I RPT·2 
light 

CLOCK CNSL·9 
KBD ROY CNSL·1 
PROC CHK CNSl-1 
PWR CHK CNSL·1 
START CNSL·1 
TH CHK CNSL·1 

lights, PROC INTERRUPT CNSL-7 
line counter DISP·7 
load command DISP·14, KBD-6, PTR-8, -58, 
33FD·14, DISK·11, S·PTR·10 

load head latch, set 33FD-38, ·40 
lOAD switch CNSL·1 
load timing 0ISP-13, KBD·S 
loading the data buffer S-PTR-4 
local storage registers CPU·5, INTR·3 
locations 01SK-70 
logical/arithmetic 1 ~INSTR-9 
logical/arithmetic 2 ~INSTR·12 
low write turrent, set 33FO·38, -40 
LSAR/DAR DISP·4 
lSR 

addressing CPU·5 
selection CHAN-12 
stack INTR-3 

LSRs CPU·5, INTR-3 



MAS I NTR-3, -4, CPU-5 
machine check interrupt IlIRPT-2 
machine check interrupt routine ERR HDL-4 
main storage CPU-l0, INTR-3 
MAR INTR-3, -4, CPU-5, S-PTR-22, -26, -30 
MCI routine ERR HDL-4 
memory data check S-PTR·35 
micro address backup INTR·3,-4 
micro address register INTR·3, ·4, CPU-5 
micro instruction fetch IlINSTR·3 
micro instructionslllNSTR·l 
micro interrupts IlIRPT·l,INTR·4 
micro operation register CPU-5, I NTR-3 
microlisting IlINSTR-2 
microprogram INTR-2 
microroutines INTR-2, IlINSTR-2 
missing clock pulses DISK-7 
missing erase gate 33FD-44 
missing record 33FD-45 
mnemonics IlINSTR-3 
mode selector switch CNSL-2 
MOR CPU-5,INTR-3 
motor drive, print S-PTR-6 
motor elapse counter 

40/80 cps S-PTR-22 
40/80 cps - 120 compatible S·PTR-26 
120 cps S-PTR-30 

motor event counter 
40/80 cps S-PTR-22 
40/80 cps - 120 compatible S·PTR-26 
120 cps S-PTR-30 

move LSR IlINSTR-25 
moving the forms S-PTR-9 

II 
not ready 33FD-42 
not ready check, printer S-PTR-35 
not ready, JIO PTR-20, -70, 33FD·38, -40, DISK-15 

• off track check DISK·62 
operator control panel CNSL-l 
overlap 1 track seek 33FO·6 
overrun 

check DISK-56 
read 33FD-43 
write 33FD-43 

• paper clamp timer 
50, 100, and 155 Ipm printer PTR-39 
285 Ipm printer PTR-89 

paper clamps 
50, 100, and 155 Ipm printer PTR-23,41 
285 Ipm printer PTR-73, ~91 

parity check DISK-55, -57 
write 33FD-43 

parity checking 
CPU CPU-2, INTR-5 
I/O INTR-5 

parity generation 
CPU INTR-5 
I/O INTR·5 

parity predict, CPU CPU-4 
parity, port CHAN-3 
PCR CPU-8, INTR-3 
PCR clocks CPU-8-
phase locked oscillator (PLO) DISK-36 
PLO out of sync DISK-63 
port CHAN-l 

check byte CNSL-6 
checks CHAN·l0, ERR HDL-l 
clocks CHAN-4 
controls CHAN· 7 
data flow CHAN-2 
parity CHAN-3 

position counter, print head 
40/80 cps S-PTR-21 
40/80 cps- 120comp!ltible S-PTR-25 
120 cps S-PTR-29 

positioning the print head S·PTR-4 
posting interrupt requests III RPT-2 
power check light CNSL-l 
power on/off DISK-46 

switch CNSL-l 
print 

buffer 
50, 100, and 155 Ipm printer PTR-40 
285 Ipm printer PTR-90 

emitter 
40/80 cps S·PTR-20 
40/80 cps - 120 compatible S·PTR-24 
120 cps S-PTR-28 

emitter event counter 
40/80 cps S-PTR-20 
40/80 cps - 120 compatible S-PTR-24 
,120 cps S·PTR-28 

line 
50, 100, and 155 Ipm printer PTR-4 
285 Ipm printer PTR-54 

load 
50, 100, and 155 tpm printer PTR-27 
2851pm printer PTR-77 

prin.t(c()ntinued) . 
operation 

40/80 cps ~PTR·23 
40/80cps- 120 compatible . S-PTR-27 
120 cpsS:PTR~31 . 

operation flowchart ' ' 
serial printer S-PTR·3· 
50,100; and 1551pm printer PTR~7 
28!$lpm printer PTR-57 

read 
50, 100, and 1551pm printer PTR-28 
285,Ipm printer PTR~78 

scan 
, 50, 100, and 1551pm printer PTR·4 
285 Ipm printer PTR-54 

time/forms line counter, 
40/80. cps· S·PTR-22 
40/80 cps -120compatible S-PTR~26 
120 cps S-PTR.30 

timing 
40/80 cpsS~PTR·23 
40180 cps -120compatible S.PTR-27 
120 cps S-PTR.30 

print head 
home S-PTR~8. 

hung chedk S-PTR·35 
position counter 

40/80 cps S-PTR-21 
40/80 cps -120compatible S-PTR~25 
120 cps S-PTR.29 

positioning S-PTR.4 
retract (head restore).S;,PTR·a .. 

print motor 
elapse counter ' 

40/80 cpsS-PTR·22 
40/80 cps -120compatibleS~PTR-26 

. 120 cps S-PTR~30 

eventcountet ' ... "'. ..• . 
40180 epsS-PT·R.22 
40/BOcps-120 compatible ·,S-PTR~26 
120 CPS S-PTR-30 

printer 
data flow,serialS-PTR.1 . 
error conditions S-PTR'35 
forms hungclleck S·PTR.35. 
horizontal check ··S·PTR~36, 
1I0tioes S-.PTR·34· 
not ready check'" S-PTR.35 . 
operation 

50; 100, and 155lpmprinterPTR-28 
2851pm printerPTR-78 

theory S-PTR4 

printer (continued) 
timing relationships 

40180 cps S-PTR-21 
40/80 cps..,. 120 compatible S·PTR-25 
120 cps, S~PTR-29 

printing the data fro!T1 the buffer S-PTR-4 
printing theory 

50, 100, and 1551pm printer PTR·4,·5 
285 Ipmprinter PTR~54, -55 

PROC INTERRUPT lights CNSL·7 
PROC RUN CNSL~2 

process condition register INTR-3, CPU·S, -11 
processing un it CPU·l 
processor 

cMck byte ERR HDL-1 
check light CNSL-1 

PWR FAU LT DPL Y switch CNSI..-9 

D 
RAMand ROS layouts S·PTR·5 
RAMbuffer . DISP-4 
read OISK·28 

bit rihg33FQ-48 
clock OISK·28,33FD·48 
data DISK·4, -9, -22, ·23 
data flolN 33FD·9 
diagnostic DISK·9, ~23, -24 
identifier (to) DISK-9, ·19 
operation 33FD-8 
overrun 33FD·43 
verify DISK-9, ·22, -23 
waveforms 0 ISK-29 

read/write circuit principles 33FO·S 
read, write scan data OISK·9 
reading 33FD~3 

reealibrate33FD·S, DISK-5, -37 
recalibrate and seek (example) DISK-45 
register 

CRC shift 33FD-49 
microad.dress CPU·5, INTR-3 
micrp address backup CPU·5, 'INTR·3 

. micro operatipn CPU·f),INTR-3 
process condition' CPU~8,1 NTR-3 
storage address ·,CPU-5, INTR-3 
storage data CPU-5 

registers 
local storage ' CPU~5,' INTR-3 
X CPU-5, INTR.3 
YCPU-5i INTR·3 

reSElt erase gate . 33FD-38, 41 
reset error status 33FD-38,-41 

reset sector op 33FD-3S,-41 
RESeT switch CNSL-7 
ribbon drive 

50, 100, and 1551pm printer PTR-26, .41 
285 Ipm printer PTR·7S, ·91 

ROS addressing S-PTR-32 
ROS and RAM layouts S·PTR·5 
ROS ring DISp·7 
run latch CNSL-8 
runaway check, forms S·PTR·35 
running fast 33FD·42 

• SAR CPU-5, INTR·3 
SAR decoding CPU·5 
scan counter 

50,100, and 155 Ipm printer PTR·39 
2851pm printer PTR·89 

scan data DISK-9, -24, .2S 
scan hit latch DISK·67 
scan register 

50,100, and 15SIpm printer PTR·4O 
285 Ipm printer PTR·90 

scanlbuffer compare 
50,100, and 155 Ipm printer PTR·4Q 
2851pm printer PTR·90 

5DR CPU·5, INTR·3 
search for AM byte 33FD·20,·30 
sector 

detectionDISK·34 
format DISK-3,·9 
hit latch DI5K·S6 
op, reset 33FD-38,-41 
pulse waveforms DISK·3S 
synccheck OISK~61 

seek 33FO-6,DISK·5 
busy DI5K·S8 
complete D1SK·65 
data flolN 33FD-7 
example D15K-44 
one track 33FD-20, ~28 
operation DISK·5 
operations 33FO·6 
to next track 33FD-20, ·29 
waveforms D15K-43 
5.0 megabyteDISK~40 
9.1 megabyte D15K·41 



sense 
bit rings 33FD-32, -35 
command KBD-12, DISP-19, PTR-14, -15, -64, -65, 

33FD-18, DISK-13, S-PTR-14 
counters and CRC 33FD-32, -36 
data byte 33F 0-32, -34 
device select 33FD-18, -19 
error byte 1 33FD-32, -34 
error byte 2 33FD-32, -34 
for hex '00' 33FD-32, -36 
lines DISK-69 

sense interrupt 
level command PTR-18, -19, DISK-14, S-PTR-19 

status byte KBD-19 
status command #LINSTR-32 

sense read control 33FD-32, -35 
sense timing DISP-18, KBD-11 
sense write control 33FD-32, -35 
sense 33FD control 33FD-32, -34 
sequence counter DISK-9, -18, -25 
serdes parity check DISK-57 
serial printer data flow S-PTR-1 
service out CHAN-7 
service request CPU-13 
servo head DISK-6,-7 
servo test procedure DISK-33 
servo track DISK-2, -6, -7 
set 

OBI req to hex 'FF' 33FD-32, -36 
OBI req to hex 'FO' 33FD-32, -36 
OBI req to hex 'OF' 33FD-32, -36 
erase gate 33FD-38, -40 
ID orientation 33FD-41 , -48 
load head latch 33FD-38, -40 
low write current 33FD-38,-40 
off #LINSTR-20 
on #LINSTR-19 
33FD working 33FD-20, -22 

settle intervals S-PTR-6 
settle/interval counter 

40/80 cps S-PTR-22 
40/80 cps - 120 compatible S-PTR-26 
120 cps S-PTR-30 

shift register, CRC 33FD-49 
SILSB timing KBD-11 
simulated servo test DISK-33 
space counter 

50, 100, and 155 Ipm printer PTR-39 
285 Ipm printer PTR-89 

space operation, halfline 
50, 100, and 155 Ipm printer PTR-34 
285 Ipm printer PTR-84 

special character addressing WTC/ASCII S-PTR-33 
speed control 

50,100, and 1551pm printer PTR-32, -39 
285 Ipm printer PTR-82,-89 

start intervals S-PTR-6 
START switch/light CNSL-1 
start write gap DISK-3 
status 1 card CPU-1 
status 2 card CPU-1 
stop intervals S-PTR-6 
STOP switch CNSL-1 
STOR SEL switch CNSL-7 
storage 

address register CPU-5, INTR-4 
buffer address register 

50, 100, and 155 Ipm printer PTR-39 
285 Ipm printer PTR-89 

clocks CPU-12 
control card CPU-10,INTR-3 
data register CPU-5, INTR-3 
direct read #LINSTR-23 
direct write #LINSTR-24 
gates CPU-6 
main CPU-10,INTR-3 
read #LINSTR-21 
write #LINSTR-22 

storage accessing-print timing chart 
40/80 cps S-PTR-23 
40/80 cps - 120 compatible S-PTR-27 
120 cps S-PTR-31 

strobe CHAN-7 
subscan pulse 

50,100, and 155 Ipm printer PTR-4,-41 
285 Ipm printer PTR-54, -91 

subtract immediate #LINSTR-17 
switch 

ADDR COMP STOP/RUN CNSL-9 
CE START CNSL-7 
CHECK RUN/STOP CNSL-9 
DPL Y PWR CHK CNSL-9 
LAMP TEST CNSL-7 
LOAD CNSL-1 
MODE SELECTOR CNSL-2 
POWER ON/OFF CNSL-1 
PWR FAULT DPL Y CNSL-9 
RESET CNSL-7 
START CNSL-1 
STOP CNSL-1 
STOR SEL CNSL-7 

switch assemblies 
50,100, and 1551pm printer PTR-39 
285 Ipm printer PTR-89 

switches,IMPL-IPL CNSL-9 
sync DISP-9,.DISK-3 
sync check 

disk DISK-61 
carriage 

50,100, and 155 Ipm printer PTR-45 
285 Ipm printer PTR-95 

belt 
50, 100, and 155 Ipm printer PTR-47 
285 Ipm printer PTR-97 

SYS INSN STEP CNSL-6 
system 

o 

checking INTR-5 
checkout, initial INTR-6 
clocks CPU-12 
control card CPU-1 
data flow INTR-5 
description I NTR-1 
reset CPU-13 

test mask #LINSTR-18 
theory of printing 

serial printer S-PTR-4 
50, 100, and 155 Ipm printer PTR-4,-5 
285 Ipm printer PTR-54, -55 

throat closed 
50, 100, and 155 Ipm printer PTR-50 
2851pm printer PTR-100 

timeout 
check DISK-64 
conditions CHAN-11 

timing 
control sense KBD-11 
jump KBD-11 
print 

40/80 cps S-PTR-23 
40/80 cps - 120 compatible S-PT R-27 
120 cps S-PTR-31 

relationships, printer (counter relationships) 
sense KBD-11 
SILSB KBD-11 
40/80 cps S-PTR-21 
40/80 cps - 120 compatible S-PTR-25 
120 cps S-PTR-29 

track following DISK-30 
waveforms DISK-31 

transfer error CHAN-10 
type belt 

motor and drive 
50,100, and 1551pm printer PTR-41 
285 Ipm printer PTR-91 

start and rUn 
50; 100,and 155 Ipm printer PTR-24 
285 Ipm printer· PTR-74 

transducer 
50, 100, and 155 Ipm printer PTR-26 
2851pm printer PTR-76 

underscore S-PTR-8 
up-to-speed intervals S-PTR-6 
unprintable character 

50,100, and 1551pm printer PTR-43 
285 Ipm printer PTR-93 

unprintable character check S-PTR-35 

II 
wiggle D ISP-9 

controls DISP-8 
sweep DISP-2 

world trade special character accessing S-PTR-33 
write DISK-26 

AM byte 33FD-20, -23 
bit ring 33FD-48 
check DISK-59 
clock DISK-26,33FD-48 
CRC byte 33FD-20, -26 
data DISK-4, -9, -20, -21 

byte 33FD-20, -23 
echo check DISK-54 

data flow 33FD-11 
gate unsafe 33FD~44 

ID 
data flow 33FD-15 
operation 33FD-14 

identifier (lD) DISK-9, -18 
operation 33FD-10 
or erase gate unsafe 33FD-44. 
overrun 33FD-43 
parity check 33FD-43 
waveforms DISK-27 

writing 33FD-3 
work registers INTR-3 
WTC/ASCII/U.S. special character addressing S-PTR-33 
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