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Preface

This manual explains the operation of the IBM 5203
Printer Attachment. -

™ Other manuals needed to understand and service the .
primter attachment are:

®  The /BM Maintenance Library 5203 Printer A ttach-
ment. for System/3: Diagrams, SY31-Q240.

® . The IBRR5203 Printer, I'Teld Engineering Theory -
of Operation Manual, SY33-1045.

&  The IBM 5203 Printer, Field Engineering
Mzintemn& Manual, SY33-1046.

®  The IBM 5410 Central Processing Unit, Field
Engineering Theory of Operation Manual,
SY31-02Q7. ’

L] The IBM Maintenance Library 5410 Processing Unit
for System/3: Dyms, SY31-0202.

®  The IBM 5410 Central hvcmmg Unit, Field
) Engineering Maintenance Manual, SY31-0244,

For machine characteristics, refer to the /BM System/3
Ins:allation Manual — Physical Planning, GA2 1484,

FE Supplement No. SN31-0318 dated April 9, 1971 has been added to this frorwal on Microfiche .

Summary of Amendments i ¢

Information about the 5203 Model 3 theory is included in this TNL. Also, this TNL updates the-title’ o
to: IBM Maintenance Library 5203 Printer Attachment for System/3: Theory of Opera

Fin/t/EdM/ )

Bl

Some illustrations in this manual have a code numbet in the lower corner. Thisis ¢
publhhin( control number and is not related to the sibject matter. 'S

Changes are continually made-to the specifications herein; any such change will be l’eponed
in subsequent fevisions or technical newsletters. .

A Reader's Comment Form is at the back of this publication. If the form has

comments may be addressed to,[BM Corporation, Product Publi partment 245,
_ Rochester, Mlnnesou Sﬂl‘ “f///”’" 4 .
e
> © Copyddn Intérnational hines Gorporation 1969
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ALU
APL
cc
CPU
DA
DBI
DBO
EOL
HAR

- 1/0
o
LPDAR
LPMAR
LPM @
LSR

MAP
MST

POR
SDR
SIO
SLD
SNS
TiIO

wo

.

Arithmeti Logic Unit$ -
. Advance Prograpn Level’

Character Counter
Processing Unit
Device Address.
Data BusIn

Data Bus Out

End of Line

Hammer Address Register

Input/Output
Load'Input/Output

Line Printer Data Address Register
Line Printer Image Address Register

Lines Per Minute
Local Store Register
Mechanical Position

Maintenance-Analysis Procedure
Monolithic Systems Technology

Print Cycle Steal
Power On Reset
Print Subscan

« Stprage Data Reg’st/er

Start Input/Output
Solid Logic Dense
Sense .

Single Shot

Test Input/Output
Test Point

Universal Character Set
Unprintable Char-acter
With Out
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The IBM 5203 aner Attachment provides a meXgs for
the attached, 5203 Pnnte\No use the facilities of tHy IBM
5410 Central Processing Unit (CPU) to communicat® with
main storage. The attachment provides the communication
lines between the printer and the CPU and controls the
transfer of a)l information between t7 two (Figure 1-1).

"he attachment circuitry is MST-1 logic, physically located
on gate A, board Bl in the 5410 CPU. Thge control inter-
face lines between the attachment board and the electronics
board are SLD-100 levels, Conversion to MST occurs at the
attachment board. *

0

The communications path between the CPU and the printer
attachment is through the 1/0 channel. Using this channel,
data and control information is transferred from the CPU.
and status is sent ta the CPU under control of stored pro- »
gram instructions. ‘

During the process of e‘xchanging information. the printer
and CPU operate together in multiplexer made. This
méans the information transfer_takes place between CPU,
cycles on a priority B¥sis with other devices.

.

Chapter 1. Introduction

By means ofa fixed-cycle steal prigyity, 1/O cycles may be

- interleaved between any two CPU cycles to fetch or store

data to and from the attachment The 5203 Printer Attach-
ment may be gramed as many as three 1/0 cycles in a row.

5203 LINE PRINTER

v
® The 5203 Line Printer has 96, 120, or 132 pnm
"posmons

L Four pn.nt positions are served by one print hammer.
® The printer has four mechanical print positions per
print line.

® The printer uses a type chain that travels at a constant
speed. ) N
'\

® The prin’te\r has a paper-handling tapeless carriage.

Pevlorms/anthmeuc and v Controls the transmusiuon of data between )
togical functions. ) the 5203, the CPU, and main CPU storage
. . thfough the 1/0 chmnel . .
: ) o ) A
U | oata Bus 0ut (DBOI v : —— —
cPU : N e 5203 7] s203%]| Hinted o
/ - N Attachment — Printer Report
"o _Controls Te R .
| ; ‘ .
le Data Bus In (DBI) ‘_‘ ' >
RN £ ) .
; Pla Other '
v IN Attachments
_IN , \
| € — !
) | b ; ’
) ¢ £ *
- LI -~ ‘: it . .
Figure 1-1. 5203 Data low ' ) *
All 5203 FETOM Atachment  {12/69) 11
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TlnPrim

The standard printer has 96 print positions, with a 100
LPM throughput, and a paper-handlirig tapeless carriage
controlled by the attachment. Features available are
200 and 300 LPM throughput, 120 print positions, 132
print positions, a dual feed carriage, and a universal char-
acter set. This manual describes the l32-posmon printer
unless otherwise stated.

h The printer uses a 240-¢haracter type chain. A set of 48
racters repeated five times on the chain permits the
‘raited\throughput on the 100, 200, and 300 LPM models.
character set (UCS) of 120 characters repeated
e chain results in reduced throughput. The

posmon until all 48 racters are optioned to print. Then

‘they are cam driven to'xover the other three print positions

(‘hammer shift clutch’ lim. to printer) under control of

the attachment. With the feature, the hammers are

héld in one position until end bilme is detected by the

“attachment. The chain travels at a.¢onstant speed and is

not stopped during priting. This menns that a character

i$ impressed as well as rubbed off on the form. =
The printer supplies timed pulses to the attachment. One
of these pulses is the home pulse which marks the beginning
' of each character set. Following the home pulse, another
pulse is sent when character.1 is aligned with print posmon
1. This is the first subscan pulse. With a 48-character set,
144 subscan pulses are sent before the next home pulse
occurs; this means that three subscan pulses are sent for
each character. The home pulse, in conjunttion with the
character set and subscan pulses, allows the attachment to

- trace each character in relation to optioned, ositipns.

Carrjage . . *-

b &\
The carriage is a tapeless device controlled by the printer
attachment circuitry. Forms movement is synchronized
to the print line by the carriage emitter which generated a

-pulse fos each line of print. . ,

-

Before starting a print operation, the number of printable - -

lines used is loaded into a carriage forms length register.
Carriage motion, space or skip, is determined by the start
1/Q instruction.

Printer Timing Devices

The printer informs the using system about all mechanical

motions that the system must take into consideration to
exert logical control. The printer indicates the chain slug
alignments (options to print), and mechanical position
M position). There are four basic timing devices. These
are: . - '

1. The incrementer emitter. *

2. The chain emitter. .
3.  The UCS emitter (UCS feature).
4. The carriage emitter,

~The actual timing devices are magnetic emitters, (chain,
UCS, and catriage), and a photo cell (incrementer emitter).
The magnetic emitters consist of transducers which sense
that a timing slot, or steel tip passes by.

Incrementer Emitur‘ 4

The incrementer uses a slot wheel that exposes or covers

a light source as the incrementer rotates. A photo cell '

\ opposite the light generates a pulse each time the light beam

hits the photo cell. These pulses are sent to a counter in
the attachment to detemune the mechanical position of the
hammer unit.
>

4 .
Chain Emitter

The chain is dnven by a three-phase synchronous motor

vhgear.s and a‘cog belt (Figure 1-2) Fr. A13. One of the gear

shafts-bears the chain timing drum. This drum is divided

into 144 evenly spaced slots. A 145th slot fesides befween

_the 144th and the first slot; thxs 145th slot represents the

hﬁpme pulse.

The gaar ratip is that the chain timing drum completes
five revolutions for 8ch chain revolution. This means the:
hofie pulse appears béfore each of the five (standard 48)
chéracter'sets and each hore pulse is then followed by
subscan pulses. There are 144 subscan pulses: threg sub-

* scarfSare requiréd to offer one character fo each print
positjon and, since the basic character set consists of 48
diffefent characters, we have 48 x 3 = 144 subscans per
chara¥ger sgt. .

CAIR



If this pulse schémg is examgned ﬁ;d;:pendent of character Whenever any type of UCS/chain is installed on the pr'imer',‘i‘

sets, it is obvious there are three subscan pulses forevery  an additional chain drum is installed; this ““drum” consists |
character on the chain; the chain is composed of 240 ’ of a Rar driven shaft with a steel tip attached (UCS emitter).
character positions. The chain drum performs five revolu- This steel tip rotates 6-times perchain revolution (Figure |
_ tions for each chain revolution (for each passfhg of 240 - 1-2) supplying 6 UCS' home pulges. One chain emitter
characters). so it generates five times 144 subscan pulses . pulse and one UCS home putse coincide once per chain
which results in 720, subscan puilses. Dividing these 720 revolution-and this pulse is recognized as the home pulse.
subscan pulses by 240 characters resultsin three pulses per A microswitch activated by a stud on the UCS cartridge
character as required; however, the five home pulses are indicates to the attachment that single home pulses must
used as sWch.only with the standard character set. . be ignored because a UCS chain is installed.
Y * v
t Y
Emitter (UCS Feature) \ “Carrisge Emitter . : n
Any character set larger than 48 different characters is A carriage emitter pulse is generated durfng every carriage
. defined as a un‘@lersal character set (UCS). The size of the operation as each printable line is passed. The attachment
set may ‘ry from 49 to 120 different characters per set, _ counts the number of pulses and stops the carriage clutch
with some graphics repeated until a. 120 - character set is as required.
defined. y
UCS Transducer Ouiv;lt(tvww

/ Chaif Timing Orum
UCS Emitter : Chain Motor Shatt R Cham Transducer (cmmer)‘ . :
- . ’ ‘ . ~ simo I

Figure 12 Chain and UCS Emitter  °
poo R :

H )l
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6203 PRINCIPLES OF CHMN PRINTING . 1.  Because of seqaential alignment, simultaneous prin‘-
ing in adjacent positions is avoided. |

® One print cycle oonnstx of 4 mechamcal positions (M - 2.  Sufficient compare time is available to determine 3
posmons) for pnnttng one line. ' whether or not a hammer should be fireda j

® The printer attachment options 132 print positions in Because we have a continuously movingtype chain, we 1
one print cycle (132 position feature). . need some means of determining when to fire a ptlrttculaxF

LN

’hammer to print the proper character. Using Figure 1-4Fr. A15
® The printer has 33 print Iymmers (132 position feature).  as reference, observe the relationship between the movin
‘ 4 type chain and the print-hammer positions. The figure |
' “® A hammer bar moves the hammers to M positions 1, 2, shows the charaeter A aligned with print position 1. In ;

3,and 4. ‘ . the 5203, if the character A is ahgned to print in print Sl
. pdsition one, ﬁ*hngn\n t position 13 is the next chavacter

® The printer attachment 3ptions 33 hammers to 3l 48 aligned to print. Between the A alignment; andtheTa)ign-
characters to fire in one M position. ' ment, the chain will travel 0. 004 inch. On Models1 and
) ' ' 2, this makes 31 microseconds available to determine

® The printer attachment options 33 print positions whether or not a hammer should be fired. The time is

(addresses) to print in one M position. _ decreased to 19.39 microseconds on the Model 3.

® A subscan is the time required to option one-third of
the hammers (11) with 11 print positions.
® A scan is the time required to option all 33 hammers " Incrementer and “‘".'W Alignment

ith 33 print iti three subscans). . —~
W . print positions ( su ) The following is a description of hammer incrementing and

e . o aligning that applies to the. 5203 Printer (four-position
- lsa(:ts;ms;zl::r?f:?fhh:;;t\;n for one M position. The harrtmer unit) with 132 print positions and 33 hammers.
@ The UCS feature needs 121 or fewer scans. Home position after p;.wer-on or error-reset operatiof
' * places the hammers in the extreme right position of the
: ' . . incrementer (M4). (

: Theory * o . . 3
The print operation begins with hammer 1 facing print
Like many chain printers, t the distance between one type position 4, hammer 2 facing print position 8, hammer 3
slug on the chain and its adjacent” slug is 50% +0.0005™ facing print position 12, l%% (Figure 1-4)Fr. A15 'fust
greater than between adjacent print positions (Figure 1-3). "~ consider that 44 print positions become aligned dunng one
This arrangement offers these combmcd adwmtnges \ . subscan (one ﬂmd of the 132 pnm pomuons} :
o . . v -

3

——"-T).i“ Print Spon ' J

"‘"‘*ﬁ%%%%%% %%%%% N\ @@
Position
B 1" 14 15
TWWA%%% %@m @@ |
Chain - Ohain Travél
' S = Dirsction
-01505-‘ — 0.004" B
Y L | —o{ le— 0.003"
N | - 0.002" .
) Fig.uux-s.,Actwp'im Sca to Ty;e Span Relationship . \
l.‘, . . -

’\‘All} "
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i
Figure 14. 5203 Printing $equence '
-
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~ Because there is only one hammer for every 4 print posi-
tions, only 11 of the 44 print positions that become aligned
can be optioned to print during each subscan. In one print
Scan, 33 print positions are optioned to print. A print scan
Jmust be taken for each character in the particular cltaracter
_ Yet being used. For example, if the character set contains
48 characters, 48 print scans (144 subscans) must be tak¢n
to option each of the 33 print positions. Optioning each of
, the 33 print positions that face a hammer to every charac-
. ter in the character set, is called an increment scan. The
: initial increment scan with the hammers in mechanical
_ position 4 (M4) is called increment scan 4. At the end of
increment scan 4, the hammers are decremented (moved
left one print position) so that hammer 1 faces print posi-
- tion 3, hammer 2 faces prmvposntnon 7, hammer 3 faces
print position 33, etc.. The hammers are noyw facing a e
*second group of 33 print positions. sAgain, a print scan is
taken for each character in the character set. _This sequence
is called increirient scan 3.

Lo b4
i

. - At the end of increment scan 3, the hammers are decre-
mented so that hammer 1 fices print position 2, hammer
2 faces print position 6, hammer 3 faces print position 10,
etc. The hammers are now facing a third group of 33 print
positions. Again, a print scan is taken for each character in

- the character gt. This sequence is called increment scan 2.

*
.
.. .
v -
v .
.
%

Fmally,‘the hammers are decremented so that hammer 1
faces print position 1, hammer 2 faces print position 5,
hammer 3 faces print position 9, etc. AVhen the print scans
are complete for increment scan 1, alt of the 132 print -
positions’ ‘have been optxoned to print every character in
the character set, and a print line is complete. . ¢

.. cLon o

for the next print line is similar, but the mctement scags"
are reversed. Because hammer 1 was facifig print position -
1 at the end of the previous print line, the nexX print line
starts with increment scan 1. Then incremen $2,3,

] If the 200 or 300 LPM featare is installed, the sequence

and 4, and another print line is complete. Because hammer ~
1 is facing position 4, this print line will start with increment -

scan 4, When increment scan 4 is complete, the hammers
are decremegted so that hammer 1 faces print position 3,
hammer 2 fyges print position 7, etc. Increment scan 3 is

followed by increment scan 2, which, in turn, is followed -

by increment scan 1. For increment scan 1, hammer 1 is

again facing print position 1.- Ths, prmtmg of the lines

alternages between 3 progression (1, 2, 3, 4)and a regres-
—sionT4, 3,2, 1) of the mcrement scans.

s

If the printer and attachment are 100 LPM the hammers
_are returned to M position 4, after printing in M posmon 1.
This is done before a new print line is started. Increment
scans@vxl.lalways regress (4, 3,2, 1). N

It is now apparent that 4 increment scans afe required for
one .complete line of print. Using a character set of 48
characters, 192 print scans (576 subscans) are required to
print one line. A position in the print line is printed only
when the hammer faces the position and the correct char-
acter is aligned.

Subscans

¢
.

.For this explanation of subscans, assume a 200 line-per-

minute printer with 132 positions (33 hammers) and assume
that the hammer unit is at position M1,

Subscan 1 starts wh¢n any chain character (in this case an

A) is aligned with print position 1 (Figure 1-4)Fr. A15 (It does
not matter which clprhcter starts scan 1, because all char-
acters become aligned with print position 1.) Subscan 1

lasts until the next character on the chain is aligned with

print position 2. During subscan 1, the first ahgnment

occurs at print position 1, the next alignment occurs at

the third position {counting from 1) which is print position

4, and so forth. Thus, the alignment progsesses through

the following prmt‘posxtnons 1,4,7,10, 13,16, 19, 22,

25, etc. Figure 1 4+4Fr. A15 shows that hammers are allocated
to print posmonﬂ 1,5,9,13,17,21, 15,29, etc. Note that -
the alignment is useful only for positions 113,25, 37, etc.
ending with posmon 121 during subscan 1. This means -

tiat of the 44 theoretical alignments to pnnt that occur

during subscan 1, only 11 useful options to print occur.

Three subscans provide 33 options to print. This can be

seen by exammmg the next subscan in detail. During sub- -
scan 2, chain characters are aligned with print positions

- 2,5,8, 11, 14, 17, etc. (with every third position). Again,

only 11 print positions (5, 17, 29, 41 and every subsequent
12th position) are aligned Wh\le hammers are in posmon ¢
for printing. “ '
. >
By .now, the scanning scheme should be apparent; three
subscans are required to.offer a smgle character to 33 print
positions. Sihce three subscans make up one print'$can, 48
print scans are required to offer each character pontamed
in a 48 character set to the 33 prinf"positions. For this,
feason, 48 prigt scans ¢or more with UCS feature)-are ’i
“termed one iricremént scan, r M position. To print an”
entire 132-position print line [fequires 4 increment scans =
192 print scans = 576 subscans (based on a 48 character
set).

k3
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Our explanation started with the hammer unit at position
M1; note that the first 48 print scans (the first mcrement
scan) occurred without cam motion. The clutch now’
unlocks the cam and the hammer bar begins to move until

the next M position, M2, is reached. This lasts long encugh '

to allow the next 48 print scans. After three positions have
passed, the right home position (M4) is reached, and forms
movement can be initiated. Then,’the same action occurs
right to left. It can now be seen that the printer must
signal the attachment (1) when a useful option to print
exists (the PSS chain emitter), and (2) when the hammers
have moved to the next Mposition (inct¢ment emitter).
The attachment can then tell the CPU to compare the
chain character with the character in storage and decide
whether or not to print.

I3

INST,,RUCTION FORMAT

x>

1/0 Inmuenoﬂ' Format

The CPU stored program utes five 1/O instructions to
control the printer attachment:

P,
1. Start1/0 ’ ’
2. Load’ljO
3. Testl/O
4. Advance Program Level
5. Sense 1/O

Op Code

]

The first byte of each instruction is the op code. During
the I-OP.cycle, the CPU decodes the op code and informs
the printer attachment of the presence of the instruction.
This information is sent to the attachment on the channel
tag out lines ‘SNS.instr’, ‘LIO instr’, *TIO instr’. and ‘SIO
instr’. - The channel uses the ‘TIO instr’ tag lines for both
test 1/0 and advance program level instructions.

A7

Q Byte .

The second byte of each instruction is the Q byte. During
the 1-Q cycle, this byte is placed on the DBO lines at dfock

5 time. All attachments on the channel receive the Q byte
and check its parity (correct parity is odd) for a]l I/O instruc-
tions regardless of the condition of the 1/O device or the
device address pf the Q byte. '

Parity

If an attachment finds the pari%he Q byte is even, it
raises both ‘1/O condition A’ and ‘I/O condition B’ at
clock 5 of the I-Q cycle. T

Start 1/O (SI0) Instruction
® Three bytes mrake up the SO instruction.

® TheSIO instruction selects the line printer whenever the
device address equals E (h¥xadecimal).

® The SIO instruction can select.exther the nght or the
‘left carriage. ‘ I ; s :J

] rfhe N field of the SlO instruction specxﬁes one of the
following operatims .

1 Space onfy.

2 Print and space.

3.:, Skip only. ,

4 Print and skip. __— ”

® Both carriages can operate simultaneously (with dual
feed camage feature inst%lled), but a separate SIO
instruction is required for each cargiage.

5203 FETOM Attachment  (12/69) 1.7
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The SIO instruction is composed of three bytes (Figure

1-5). The first byte is the op gode, an F3 (hexadecimal).
The second byte contains the device address (a hexadecimal °
E for the line printer), a primary or secondary modifier
(M bit), and an N field. The third byte specifies carriage
spacing.

"Q Byte Description

Bits 0-3 specify the device addresiof the line printer. Bit4 .
is the M field and specifies the carriage used—an M bit of O -
specifies the left carnage and an M b:t of 1 specifies the .

- right carriage, ;

: If the'dual feed carriage feature is not installed, an
M ﬁ ld of 1 results in a processor check stop and the INV~Q

lightj comes og/ <
N\\ ¢

”

N A
Anl.‘»

- Bits 547 thold the N'fiojd. Refer to Fxgure 1-5 far the-

N fi ld codg An myaind N field causes a processor check
stoiy amd causes the INV-Q light to come on.

¥
1

Control bbde

control code specifies carriage spacing,"A 0, 1, 2,0r 3 -
cifies the carriage to space 0, 1, 2, or 3'spaces; respec-
twély A control code of 4 or greater is accepted, but ,
reiults ina spaoe 0 operat;on

T

rd ] i
14
|
g_ ;
‘ Note: Bits 5-7 of the Q. bvta are refprpd to as the N field. J=
) Op Codo Q Code ﬁ Control Code :
. Byte 1 Byte2 | Byte 3 . “
], ! : N
F l 3 1110 |M| N Field Control Code .
i " ) ! . " ]

3
—~

Op Code = F3 .
. S10 Instr n * The contro! code specifies the, .
- o b o number of carriage lines to_ L
— A . be spaced, or line to be Y
L oo tpedﬁod to
“ .| Device Aderess ; ::;7 .‘ |
",\' EQU.I,’"ﬂ)(E)fOf T T .‘ y 200=N Spl;:e(N .
line printer . N Field . 001 oﬁ.sn ote
. : - . - ace
- d | sis v 3» 0M=TwoSpaces o - .
s . . - 567 F 01 1 = Three Spaces
' . 0 0 0-Space OnLy o C s -
3 = " 00 t—Invalid e = For a skip operation, the control
* : 0 1 0—Print and Spuae code spec;fies the binary equi- '
, 01 1—Invalid - . . valent of the line to be skipped R
. 10 0-Skip Onl'v b to. The cicriege moves until the .
‘P 101-invalid specified Tine ¥5 reached.
S M = 0—Select Left Carriage 11 O—Prim.arrd Sk.p . - . .
M.= 1—Select Right Carrisge | .~ 1 1 1-lnvatid ~ . '. S . .
e ) L
Note 1: A control code of 4 or greater is
* .~ ' accepted, but results in a’ no-space
s ‘ owatfn
* E t" 4 f 3*\\ *
Figuze 1-5. SIO Instruction Format . ' CONT'NU ED ON
N
14t FRAME: BO1

Al8
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." - For a skip operation, the control code s;ief:ifieé the binary ® The M field of the LIO is msngniﬁcam (th;t is, not

equivalent of the line to which the form must skip. The  necessary ;o select a carriage).
. carriage moves the form until the specified line is reached. :
- . . : ® TheN code of the LIO instruction is used to: oo
Parity a;d Error Conditions cod 1. Select the forms length register in the attachment. .
——— . o to be loaded; or
- The SIO instruction must maintain odd parity. If even 2., Select the LPIAR in the CPU for preloading, or
* parity is detected by the attachment circuitry, a processor 3.\ Select the LPDAR in the CPU for preloading.

check stop occurs and the DBO parity light comes on. The
attachment iignoresThe instruction and sets a No-Op status . ThellO mstmcmn is compos&d of 3 bytes if the op code .

bxt if a device error exists when the. SIO instruction is. indicates mdemng, or 4 bytes if the op code indicates
ived, Programrinterlock occurs whenever a printer busy direct addressing (Figure 1-6). The first byte is the op code.
condmon is detected, or operator interventiod i is required The second byte contains the devnee address (a hexadecimal

E for the printer), a primary or secondary modifier (M bit—

as indicated by the I/O attention light._
) . ‘ J ‘ not significant for this instructios), and an N field. The

Loadvl /0 (LIO) Instructi o v : third, or third and fourth, specifies one of the followmg
n ion . .
® Three or four bytes make up the LlO mstructaon (,duect
ad(tressmg, 4 bytes; indexing, 3 bytes). . . 1. The address of the storage location oontauung the
. forms length.
‘e Thegueﬂrstm‘cuon'selects the line printer when the 2. The storagelocation of the data (address) to be placed
devic? address equals E (hexadecimal). in the selected I.SR
- R - 7
B .Op Code QCode , - - Storage Adilress Byte 3,
Byte1 . Bre2 v orBytesIpnd 4 - .
, R 3 I , | . ‘ L ‘
e 7 1 110 1M N Field Storige Address
: \ - ” B J l | ) “ :I A
. 0 *34 . 70 3 s
¢ ] AV'TV \‘\r.’
P . . . 7 -
] QOp Code - 'S £
LA
' 31-Direct Addressing : Address contains:
§ 71—-Indexed by XR1 £ 1. the address of the forms
B1—Indexed by XR2 / length or -
- . 2. the address.of the data
i — to be placed in“m LSR.
- —t . NField ' . -
 Device Address ; ‘ . , L ’ :
Equals 1110 (E) for | ‘| Bits Operation —
the line printer, — 567 ) T ,
; : ’ o
000-Loed Forms Length ~
00 1—-1nwvalid R
. 010-twalid .
M=0 i 61 1-1nvelid
’ . 1 0D—Select LPIAR
The M fieid is not 10 1-Invalid . _
usedona LlD. . | 1 10-Select LPDAR .
- 11 1-invalid’ B

Ad

Figure 1-6. LI1O Instruction Format .
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' Q Byte Description '
Bits 0-3 specify the address of the line pnnter Bit 4 ls ‘the
M field and is not used for an LIO instruction. * *

: Bits 5-7 are the N field. Refer to Figure 1-6 Fr. BO1 for the
N codé. An invalid N field causes a processor check stop,
and causes the INVQ light to come on. e

AN

v Storage Address Descriptior;

The storage address portion contains the storage address of
the 2-byte main storage field where information specified
by the N field is located. If the N field specifies that the
forms-length registers are to be loaded, (1) the data at the
specified address is placed into the right-carriage forms

s’

specified address minus 1 is placed into the left-carriage
forms langth register. If the N field specifies the preloading
of the line printer data address register (LPDAR), the

- 2-byte field specified is placed into the LPDAR. If the N
field specifies preloading the line prmf‘er image address

register (LPIAR), the 2-byte field specified is placed in the
" LPIAR.

.
-~ '

-

,e

.o

P

- L8SRMain Storage Areas -

THee core area addressed by the two address registers is as

follows: o

® 48 character set image must be in the 48 bytes of core
location XVQO through XV2F,

® 120 character set image must be in the 120 bytes of core
location XWO0O through XW77.
f \
® Line printer data for 96 print positions must be in the
" 96 bytes of core location XX7C through XXDB.

. : .

® Line printer data for 120 print positions must be in the
120 bytes of core l?cation XY7C through XYF3,

e Line printe} data for 132 print positions must be in the - -
132 bytes of core location XZ7C through XZFF.

® The addresses XV, XW, XX, XY, or. XZ are assigned by
the programmer and may or may net be the same.
The line pridter data field in core b/egirming atlocation .

“ XX7C corresponds character to cHaracter to the print line\
beginning at print position one. v
' .

1-10 :

1

'B02

(12/69) . RN

::: Stocage Address Description - -

Parity and Error Cbnditions

The LIO instruction is accepte}d only if the printer is not
busy. A parity error detected by the attachment sesults in
a processor check stop, and the DBO parity check light
comes on. If the No-Op status bit.is on from a previous
SIO instruc}'on, the instruction is ignored by the attach-
ment,

I
]

Test 1/0 (T10) Instruction

~® Three or four bytes make up the TIO instruction

(direct addressing 4 bytes, indexing 3 bytes).

® The TIO instruction selects the line printer when the
device address equals E (hexadecimal),

o Either th/e right er the left carriage is selected duting A
the TIO instruction execution.’ ’

® The N cade of the TIO.instruction specifies a test for
one of the following: :
1 Not ready. .
2. Print buffer busy. ...
3 Carriage busy.
4. Printer busy.

.

: L
The TIO instruction is composéd of three or four bytes

(Figure 1-7)Fr. BO3 The first byte is the op code. The second
byte contains the device address (a hexadecimal E for the

line printer), a primary or secondary modifier (M bit), and

an N field. The third byte, or third and fourth bytes,

contains the branch to address if the N field condi;ion is

met. &

Q Byte Descn'ptibn : -

Bits J0-3 specify the data address of the line Pprinter. Bit 4
is tHe M field and specifies the carriage used. An M bitof
0 specifies the left carriage, and an M blf of 1 specifies the
right carriage. L. :
Y ‘. v o “

Bits 5-7 are the N field. Refer to Figure 1-7 Fr. BO3or the N
field code. An invafid N field causesa processor chegk stop, |
and the INV-Q light comes on. The N field contains the '
condition code that determines the test to be performed

)

PR

" The storage addiess pomon of the TIO instruction contains

the branch ito address if the’ condmon tested for (as '
specified by the N ﬁeld) is me;,

»



Parity and Error Condigipns [ Eithei‘,tﬁe right or the left carriage is selected during the

APL-firuction executign. '
;\he TIO instruction must maintain odd parity. A parity <l ’
error detected by the attachment results in #processor ® The N code of the APL instruction bpecifies a test for
check stop, and the DBO parity check light comes on. If

one of the following: ;

the No-Op status bit is on from a previous L1O instruction,

the instruction is ignored by the attachment.  + L. Not ready. .‘
. 2." Print buffer busy. \
3.« Carriage busy.
Advance Program Level (APL) lnstnytion . 4. PP“‘” busy.
. ) !

_ @ Three bytes make up the APL instruction (byte 3 not The Al‘?l. instruction is used on machines that hz'we the
used). o ‘ : dual program feature installed.

: ©® The APL instruction selects the line printer whenever

The t:ol?irlat of the APL instfiRtion is{similar to the TIO
the device address equals E (hexgdecimal).

instruction,

: - — %
Op Code Q Cade : Storage Address Byte 3, . v
LS . Byte 1 yte 2 ' or Bytes 3 and4 .
c ‘\ ! ] i
o- | 1 & )‘uo/ M| N Field
E N

Branch Address

. 0 - 34 ", 70 34s 70 o .70
N —T N ™ | — N m—

. 7

- T T
4 o@, . , v \‘
|
l

C1—DireCt Addressing

.| Branch Address may be one -
| ER '. oo ot g Bran
3 —Iincexed by . to address if N field con- |
. dition is met. 1\
£
> K
/o
- v . i
Device Address : ) o o ) \
Equals 1110 (E) for: “| | NField ‘
~ Line Printer ER K ¢ R ;
. L . X |  Bits Condition R
> 567 >
00 0—Not Ready
’ - 00 1—1nvalid
3 ’ . 0 1 0—Print Buffer Busy .
H ‘ - _ 01 1—invalid : .
M=0 Selects the Ie.ft carriage. 10 0—Carriage Busy R | \
M=1 Selects the right carriage. 10 1=Invalid
» _The M bit is used only when .. |s 110—Printer Busy
testing fcfr ar‘riga busy. ) - . 1M 1f'"v°"dq ;
. 7 H *

Figure 1-7. TIO Instruction Format

!
;o
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The APL instruction is composed of three bytes (Figure

1-8). The first byte is the op code, an F1. (hexadecimal)
for an APL instruction. The second byte contains the
device address (a hexddecimal E for the line printer), a
primary or secondary/modnﬁer (M bit), and an N field.’
Thc third byte is.not used.

If the Dual Program Feature js installed in the CPU, the

APL instruction determines whether the program should

proceed to the next sequential instruction or change levels.
~ -

Q Byte Descnp tion ) *

Bits 0-3 specxfy the address of the line pnnter Bit, 4 is the
M field and specifies the carriage used. An M bit of O
specifies the left carriage, and an M bit of 1 specifies the
right carriage.

. - »
Bits 5-7 are the N field. Refer to Figure 1-8 for the N field
code. Aninvalid N field causes a processor check stop and
the INV-Q light comes on. The N ﬁelq contains the condi-
tion code that determines the test to be performed.’

Storage Addressi‘Description

b

P
The storage add;ess portion of the APL instruction is not
used; that is, it} is -ignored by both the CPU and the attach—

ment.

Parity and ?‘ rror Conditions

«

Odd parity must be maintained in the APL instruction.
A parity error detected by the attachment results in a
processor check stop, and the DBO parijty check light
comes on. If the No-Op status bit is on frafn a previous-
APL mstructmn the mstmcfion is igndred by thé attach-
ment,

A . L. e ' . .-\
il: L ~
L
R , Op Code Q Code Control Code ) . R
. Byte1 13 Byte2 Byte3 - o
F | 1. 1110 |M| N Field Not Used’
0 .34 7.0 345 70 N 7 »
N ——T N — ——— — ~— S 5
Op Code ! :
v APL Instruction
-7 Not Used
Device Address )
" Equals 1110 (E) for
4 Line Printer
N Field ~ ’

i

M=0 Selects the left c

M=1 Selects the right carriage.
The M bit is used only when f
testing for carriage busy. !

4

Bits, C@dmon
567~ . .
00 0-Not Feady, : o Wy
00 1-Invalid

0 1 O—Print Buffer Busy
01 1—Invalid

10 O—Carriage Busy ) L.
10 1—mvalid )
11 O—Printer Busy
11 1-Invalid

’ Figure 1-8. APL Instruction Format

1112 (12/69) i
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Sense 1/0 (SNS) Instruction i3' The value in the chain character counter.
. o ' i 4,  Printer timing bytes. -
® Three or féur bytes make up the SNS instruction .. 5.  Printer check status bytes,
(direct addressing 4 bytes, indexing, 3bytes). .~ _ '1 . LPIAR or LPDAR high or low order bytes.
. . > . . - i .
® The SNS.pstruction selects the line printer whenever , ® 1 he SNS instruction can be used at'any time, whether
the device address equals E (hexadeTirgD. : the printer or attachment is busy or not.

Y ~ »

® The'™M field of the SNS Tstruction is insigM¥icant (that . - i .
is, not necessary to select a carriage). - The SNS instruction is composed of three or four bytes

A : . (Fi!gure 1-9). The first byte is the op code. The second
® The N code of the SNS instruction is decoded to obtain * byte contains the device address (a hexadecimal E for the

the following sense informatien: .. linet printer), a primary or secondary modifier (M bit—not
; . . significant for this instruction), and an N field. The third,
1. Right or left carriage line locatien. ~ or t}ﬁrd and fourth bytes, contains the address of the stor-
2. The increment fagtor of the LPDAR. age;area in which sense bytes will be stored.
| : t
O '
6p Code Q Code «Storage Address Byte 3,
Byte 1 . Byte 2 : or Bytes 3 and 4
3 ] . T T~
7 - 0o 1110 |M{ N Field ; Storage Address -
8 | . , .
o 34 70 345 70 70 . 7

| | .
. |OpCode -
i N
30—Direct Addressing ! Storage Address can be one o
70— Indexed by XR1 byte or two bytes in length
BO—Indexed by XR2 g (dirkct addressed, or indexed).
p : } The-two sense bytes are stored

r—— : 1’ in the specified address and

- the specified address minus

-

Device Address N one.
Equals 1110 (E) [ i .
-for line printer. !
— + == NField Description
d i ) Bits. " | Byte2(E-82) |Byte 1(E-B1) ° '
L P )
The M field is O for 56 -
a SNS instruction. ooaQ L/carr line loc. | R carr line loc.
00 1!: pr factor of | Chain chagacter
! PDAR counter .
R} Of tr Yiming Ptr timing
o te 2 ? ‘bvte 1
011 tr chk status | Ptr chk status | -
I o byte 2 . |bytetl b
100 |/LPIARHI LPIAR LO 7
101 |/ Notused Not used
110 | LPDARHI LPDAR LO
1 ’ Not used Not used
+ .

v

T’

Figure 1-9. SNS Instruction Format
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. a Byte Description
‘ - .

Bits 0-3 spetify the data address of the line

~

printer. Bit 4

(M field) is not used for an SNS instruction.

Bits 5-7 are the N fleld Refer to Figure 1-9Fr, BOS5 for ghe
N field code. An invalid N field causes a processor check stap,

and the INV-Q light comes'on.

i [
i

'&jorage Address pr;ip tion .

.

The storage address portion of the instruction contains the
storage address of the 2-byte field in main storage where
the sense information specified by the N field is to be stored.
Byte 1 is stored at the storage address specified. Byte 2
is stored at the stogage address specified minus 1.

The following is a"i’e)akdown of each byte
Nfield: *

specified by the

N Code Q: 000—Carriage prir;t line location. This instruc-

tion should be preceded by a TIO for busy
the carriage locdtion sensed fs static.

\

to ensure that

”

N Code 1: 00I —These bytes are provxded for MTAP

dxagnosucs

Byte 1 -When nat printing, this is the value
character counter mdxcatmg the ch
position one.

When‘print'ing, this is the value of thefhain

character counter indicating the ch

of the chain
aragter in print

P

aradter in the

next print position being addressed.

F

Note: Because the chain character counter

is Being

advanced asynchronously to'the SNS instruction, an SNS

made at the time the chain character counter is in transition

from one count-to another may result in an invalid count.

Byte 2-This indicates the binary amount to add to or -
subtract from the LPDAR when prmtmg

N Code 2: 010-Prifiter tnmmg These bytes are prowded

for MTAP dlagnosncs

Byte 1 Bit (): Hammer increment clutch--
~ control is actiVe in the atta
SNS bit is not latched.

14 a2/69)

L

ndicates clutch ,
ment. The

Byte 2 Bit 0: -

BO6

Bit I:

Bit 2:

Bits 3-5:

Bit 6:

Bit 7:

Bit 1:

Bit 2:

Bit 3:

Bit 4:

.Bit §:

*Bit 6:

Bit 7:

.Execute

Mechanical position one—hammer unit is at

Print start SS—incrementer emitter pulse
indicating lrammers are positioned to print
in new dwell. The SNS bit is not latched.

Left or right carriage cfutch—indicatesﬁxat
one or both of the clutch controls are active
in the attachment. The SNS bit is not '
latched.

These bits correspond to the first, second,
and third print cycle steals respectively.
The bits are latched and reset with the SNS
mstrucnon.

1 .
Hammer set pulse—timing pulse which turns
the hammer driver latches on, The bit is
latched and reset with the SNS instruction. *

Right shift position—output of rebd relay

-that senses when the hammer unit is in the

extreme ri

t positioi{. The SNS bit is not
latched. -

SNS bit is pot latched.

int latch—defines the e ecution
time of tie print instruction. The SNS bit
is not lat¢hed.

Chain erhitter—includes home . Chain
emitter ppulse has been received from the
printer indicating alignment to print. The
bit is latched and reset with the SNS instruc-
tion.

\
\

PSS1;pulse—this is the first of three subscans
in an,&t given print scan. The SNS bit ig not
latched

~ / .
Print time—indicates chain synchroniztion '
with the instruction. The SNS bit is npt
latched.

CE sense bit—not latched.

’

leftmost mechanical position. The SNS bit
is not latched.

Home gate—i;ldicates the end of a character
set on the chain installed. The SN§bit is
not latched.



. - | \ » N
N Cade 3: A11-Printer check status. T\hése bytes are|for Bit JT/CE sense bit latched—this bit can be tempor-
program intgrrogatiofi. ‘The SNS bits are latched and r¢set arily wired at the board level to monitor
by pressing the printer start key or the systé\m check reset - available signa’ls.

ke , unless thetwnse noted. \

Bit 5: Hammer echd check—indigates improper »

Byte 1 Bit Q: Chain ;ync check—indicates the loss of response of hammer driver during print time,

synchronization between the chm\n and the
,, chain character counter. -

\ Bit 6: Any hammer on che¢k—indicates a hammer
‘ : or the check “circuit is defective, when not in
Bit 1:; Incrementer sync check—indicates the lo print tirﬂe -

; of synchronization between the incr !

and the mechanical position counger.

enter

Bit 7: No-Op—indicates that the instruction was
__ accepted but not executedcbecause of an
error. ‘This eondition is r:&vith an SNS
instruction, *

Bit 2.; Thermal check—mdxg@_tes excesstve tempera-
© ture in the hammer area. The SNS bnt is

latched.
; \ >
| Bits 3and 4: Not used. ' | . NCode4: 100-Selects the LPIAR (selects the LSR used
. - Bit 5:\48%?3‘:1“ set chain—indicates that the as the line printer image address _regls:ter).
* standard 48 character set chain is installed. : . Ta :
The SNS bit is not latched. N Code 5: 101-Tnvalid

Bu 6: Unprintable character—indicates that an

- unprintable character exists in the print data’
area. The SNS bit is latched and reset with ;
each new SIO print instruction. ! )

. NCode 7: 111-Invalid.

"N Code 6: 110—Selects the LPDAR (selects the LSR used
as the line printer data address register).

Bit 7: CE sense bit—this bit can be temporarily
wired at the board level to monitor available
signals. The SNS bit is not latched.

Byte 2 Bit O: ,Carﬁagé sync check —indicates loss of syn-
chronization between the forms line, and
the carriage line’counter. This condition
occurs as a result of a missing carriage emitter

Parity and Error Condmons

]

The SNS msuuctl\)n which is accepted at all times by the

printer attachment,
pulse. . \
Bit 1: Carriage space check—indicates that-the
carriage has moved farther than the command ,
- specified. This condition occurs a*a rIn ult i
of an extra chain emitter pulse. = | " “Parity and Error Condjtions -
Bit 2: Forms )am check —indicates paper is not The SNS instruction, which is accepted at all times by the
feeding properly printer attachment, must maintain odd parity. A parity
P error detected by the attachmeft results in a processor
" Bit 3: lncrpmenter fa lure check—indicates the A\ check stop, and the DBQ parity check light comes on. If
hanmmer mcremé\ntmg unit failed to respond the no-op status bit4s onl from a’previous SNS instruction,
when the clutch éqntrol was-activated, - - the attachment ignores the current/inst;uctfon.

-
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Chapter 2. Functional Units

Section 1. Printer

_ DATA BUS OUT REGISTER

“"9 The data bus ouNﬁBO{ register has nine flip latches.

® All print data from the CPU enters the attachment
through the data bus out register setting the appropriate
flip latches.

® The latcies remain set if there isa parity error, so the
CE can o®serve the contents of the register.

® Data from the data us out register loads the data regis-
ter, carriage space-sKip registe¥, carriage forms length
register, Q register, dnd the hammer address register.

809 5203 FETOM Attachment  (12/69) 2.1



Circuit Objectives

o
- B

DATA REGISTERS 1 AND 2

IRefer to FEMD 4-015 and Figlre 2-1, The DBQ register ~
output folows the input. The latches remain set if a parity

check occurs so the CE can observe the contents of the
register. .

-
o

Data
Register 2

Data Register 1

I P Data Reg P Bit
/
[ & . i/
Print Print Compare .~
Comp.
. L} .
Load Data Req 2 h
. No . No Data (hex 40)
Data
,ﬁ .
Load Data Reg 1 -
—_ L4 . ’
- * T S gy v e
Figure 2-1. DBO and Data Register ' ' ? ,
- .
22 (12/69)

.  BIO



® On print cycle steal zero:

1. Data register 2 stores the main storagé address of

" the first data character'to be optioned for printing.

2. Data register 2 preloads the hammer address
_registerwith the same data character address.

® On print cygle Steal one:.
R

1. Data registéY 2 stores a data character from the
main s;torage location addressed by the LPDAR.

2. Data register 1 decodes it to see if it is a blank
(hexadecimal 40) or data. °

® On print éycle steal two:
1. Data register 2 places the data character in the
data bus in (DBI) assembler.
2. Data register 1 decodes the results of ALU subtrac-
- tion"to check fag g print compare (po bits active).

Cigpuit Objectives

Refer to FEMD 4-015 and Figure 2-1 Fy, B10 The data
register flip latches are set by the outputs of the data bus
out™flip latches and by dctivating the ‘load data reg tor
‘load data reg 2’ lines. !

! .
Dhring PCO, the data register accepi; the'main storage
address of the character that is going to be optioned first
for printing. The data register latches are set by ‘load data
reg 2" at ‘sample-DBO cl 3°. At clock 4, the data address is
loaded into the hammer address register.

. ) K

During PC1, the data character to be"loptioned for printing
is loaded into the data register. Data register latches are set
by ‘load data reg 2’ at ‘sample DBO ol 5’. At the same time,
the data character is decoded to see if it is a blank character
(hexadecimal 40). If it decodes asa bexadecimal 40, the
‘no data’ data register latch is set. Setting this latch activates
‘pc groﬁp end’ and no more print cygles are taken. If any
code other than a hexadecimal 40 is decoded, the ‘no data’-
latch does not set and PC2 will be requested.

Durifxg PC2, the data character is put into the DBI assembler
at ‘pc2 ® cl 1” and taken to the A register in the CPU. An
image character, addressed by the LPIAR, is subtracted in ,
the ALU from the A-register gharacter and the results are
‘returned to the data register. At ‘sample DBO cl 5’ the
‘load data reg 1’ line is activated to decode the results of
This subtractien. If all the returning data bits are inactive,
the ‘compare’ latch in the data register sets and ‘print com- -
pare’ beconies active. 1f any of the returning data bits are
active, the ‘compare’ latch will not e set and ‘pc group end’
will become active, and no more cycle steals will be taken.

If the ‘compare’ latch was set, PC3 occurs and the character
is printed. 3 |
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'QREGISTER

® Consigts_pf a six-position Q‘régister, a four-position siétus
register, and a Q byte decode. ﬂ,/m-wo .

® The six-position Q register samples the DBO register to
determine the contents of the Q byte of the instruction.

® The four-position status register records whether or not
(1) the left carriage is busy, (2) the right carriage is busy,
(3) the print buffer is busy, and (4) tQ printer is ready
at the time the Q register is loaded.

® The Q byte decode decodes the outputs of theQ register
and the status register. ¥

The Q register (Figure 2-2) Fr. B13 decodes the instruction

_Q byte to determine printer status and to select the
appropriate printer respondet

24 (12/69)
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During the 1-Q cyéle, the Q register sampies the Q byte
data stored in the DBO register. The printer DA.bits are
'decoded and reco{ded as one bit in the Q register.

The status register is also sampled during the 1-Q cycle.
Conditions checked for are left carriage busy, right carriage
busy, print buffer busy, and printer ready. The outputs of
the Q register and the status register are decoded to deter-
mine the channel condition (A or B) and the appropriate
select or sense lines are activated in the attachment.

Circuit Objectives

Refer to FEMD 4-020. At sample DBO clock 5 time of an
I-Q cycle, ‘sample Q byte’ is activated. With this line active,
the contents of both the Q register and status register are
sampled and decoded. The appropriate select, sense, and
condition lines are activated in the Q byte decede circuits.



Sample DBO CI5

KB d 1-Q Cycle A
' LY
Ptr DA Decode
ro— k]
M Field DBO Bit 4
K ’ R Carr Space
[— L a L Carr Space
DBO Bit 5 B R Carr Skip . -
) " Y L Carr Skip
; Print
) .
. NS N Code 0
N Field DBOBit6 | =hE °
. ‘E’ SNS N Code 2
c SNS N Code 3
. !
. DBOBit7 g SNS LPDAR Incr
£ SNS Code 1 E-B1
Select LPDAR \
Select LPIAR
DBO Parity Error Select Forms Length’
Not Parity Error *
! _tnh Manual Key ;
. Chan‘1 1/0 Working N
Chan 1 1/0 Meter Run
" Chan 1 1/O Condition A
Chan 1 1/0O Condition B
Ready
!
&
Left Carr Not Busy i
° Right Carr Not Busy N
Print Latch
L 4
Figure2-2. Q Register and Decode
’ -
Bl 3 ’ 5203 FETOM Attachment  (12/69) 2-§
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'SENSE BIT ASSEMBLER

® The SNS bit assembler contains the status of the printer

attachment logic.

® The SNS bits are placed in the DBI assembler and s(;nt
. tothe CPUon E-B cycles,

te

Circuit Objectives

The sense bit assembler (Figure 2-3) gates the status o¥the

« printer attachment logic circuitry. This status information
is avajlable at any time an SNS instruction is received by the
- printer, The SNS is accepted by the attachment whether or
not the printer is busy. The status is decoded into DBI SNS
bits, placed in the DBI assembler, and sent to the CPU.

_ Refer to FEMD 4-025 through 4045,

Carr
Status

Ham-
mer
States

Chain
Status

“Incr
Clutch

Print Time
Exec Print
uPC

SNS Instr

" | Gated

Status
Dsta

DB SNS Bits

]
M

* To DBI Assembler

5
i

H

Figure 2-3. Sense Bit Assembler

26 (12/69)
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‘ [ S o
DATA BUS IN ASSEMBLER | . —€frcyit Objectives

.® The data bus in (DBl) asseleer consnstsﬁf eight latches. * See Figure 2-4. Data lines entenng the DBI assembler are
These latches are encoded to combine the data SNS bits gated to set the appropriate flip latches. Upon activating

that, are sent to the CPU into separate data bytes. " 4 thecharinel gate lme the chanpel DBI lines are made active.
® All data bytes sent to the CPU pass through the DBI Refer to FEMD 4.050 through 4-060
assembler. For example: | '
N t
1. Sénsebits. + i
2, Daq regnster bits.
3. LPDAR increment bntsl,
4.  LPDAR preload bits. |
S.  Carriage line bits. !
6 CC shift bits.

Pl ”
Data Bus In

- Assembler

[ on

" ToCPU

y Parity ™ Parity Bit ‘ '
Generator | .| OR e

{Input Gate Signal)

-~

<

Figure 24. Data Bus In Assembler
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CYCLE STEAL COUNTER

" The cycle steal counter has two triggers that determine the

-

proper print cycle steal latch (PCO through PC3).

The print cycle steal counter ensures that thé ‘correct
_sequence of cycle steals is maintained. Print cycle geals
occur in groups of 3, 2, or 1, depending on the attachment
detecting one of the following condmons

Change of mechénical posmon ?
Data found.

Data not found.

Print compare.

No print compare.

Ll ol v

The triggers in the cycle steal counter keep track of which
cycle steal is in process and which one should be next. The
counter turns on the print cycle latches (PCO, PC1, PC2,
and PC3). Refer to Figure 2-5.

Circuit Obioptha

Bath cycje steal triggers are reset &ff by (not) ‘execute
print’ when (because of a change i position) the next
cycle steal taken will be PCO. During clock 4 of PCO,
trigger 1 is turned on to ensure thaf the next cycle steal
taken will be’PC1, The same sequence is repeated for PC2
and PC3, if requested. At the end of a PC group, ‘PC group
end’ is brought up at clock 7 to turn trigger 1 on and turn
trigger 2 off. This starts the next group ofcycle steals,
starting with PC1. This sequence is repeated until the next
change in mechanical position.

FS

o

Refer to FEMD 4-070.

PRINT SUBSCAN COUNTER "

® The print subscan counter is a three-position trigger
ring that ldentlﬁes the print subscan in process.

® A chain enﬁter pulse from the printer advances the
print subscah counter.

Sample OBO
——————

— PCO
Cycle . +
- Steal Ctr
FF
D PC1
Ptr 1/0 Cycle ' N 1 E
©FL A {advance) ; ¢
—~] Clock 4} _ B (o]
- FF 0
1 PC2
nE 2 €
(not) Execute Print
b PC3
Reset FF1 and .
) 2 for next PCO
PC Graup End or ) x ,
A
Clock 7 ‘ ,
— Puill FFt on
) and FF2oft
Clock 8 I

% v H A PC
PCO PC1 PC2 pc3 | Group
: End"

Reset

Frilrr2reilrr2lrrifr2lrrifrr2lrrifre2

off | off on off Jlon Jon |off | on| on | off

Figure 2-5. Cycle Steal Controls

2-8  (12/69)
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4

start of each subscan within the print line. An additional
seans Cone in each of the four mechanical print Posigjons). slo¥ (145th) is located halfway between the 144th slot and
Each incremeat print scan has 50 print scans. Each pri the first slot. The 145th slot (home pulse) identifies the ‘
scan is further divided into three subscans. The print sub-- next emitter pulse as representing the first character on the
gcan trigger ring (Figure 2-6)-identifies the subscan in cRain, The fifst emitter pulse after the home pulse indicates
cess. Each ring poshon corresponds to one of the ~ thata character is aligned with print position one.

g identifies which of the first three print posi-
ay character aligned with it. When the

attachment receives int subscan (PSS) emitter pulse ‘Circuit Objectives
from the printer, the sub?hq Ting advances. The PSS pulses :
are generated from a magnetic’ emjtter in conjunction with Refer to FEMD 4-080. The PSS counter ring is'advanced
a drum with %4 equally-spaced slo'M{ound its circum-_ by ‘320 Ns Chain emitter’ and(not) ‘300 micro S home
ference. A pulse is generated by each sl()‘t-xg identify the gate’. The PSS counter ring is reset by ‘reset CC".
PSS
Counter psst
FE
PSS2
FE
N
. PSS3
UCS Home - FF
OR
48 ChSet . .
Home .
) Latch
250 Micro $ Home Gate A Reset CC
320 Ns Chain Emitter ’ t FL »
f A
A N
1 nF
%S
T N
_4

1
(Figure 2-6. PSS Counter

~~

B|7 5203 FETOM Attachment  (12/69) 2-9



MECHANICAL POSITION COUNTER
s . L

® The mechanical position counter (M counter) has six
- triggers.

® The triggers are advanced by the ‘print start’ singléshot _
at the completion of each mechanical print position
change in the printer..
@ M counter output is decoded to determ;ne the mechan-
Tical pgs\ition (M position) of the incrementer cam.

® M counter output is'dei:'oded‘along with the print sub-

,scan to determine the initia ation value of the four-bit
shift register (see “Chain Chatacte unter’’), and
develop hammer dock times. - T

} -

® The M position is“decod?ed ta determine what bit strué—
ture is to be preloaded into the LPDAR i m order to
@mtiﬁrst print position to be optioned for

prmtmg, “

The mechanical posmon counter (M counter) keeps track

of the mechanical position (M position) of the incrementer
.cam. Every time the M position (M1 through M4) of the
incrementer cam is changed, the p;gt start emitter generates
a pulse to advance the M counter triggers (anurg -7):

Circuit Obijectives

Refer to FEMD 4-085. The 100 line per minute macttines
print in one direction (M4-M1). The M counter is advanced
by ‘print start ss’, The output of the counter triggers is
decoded into M posmons '

‘@:ﬁnﬁg&always starts in M4 on a 100 line per minute
mag

At the end of the print line, the incremenfer cam
moves the hahnegumt from Ml to M4 in preparanon for
the next print line. \\\

Print
Start

Print Start Emitter

M .
p 1st Print Start In Dwell y,
o I :
,S 2nd Print Start InEnd Dwell
T K - X
| : §
(e} {not) Gate Incr Sync Ck S
N :
D -
£ M1
c .
o]
D M2
£
M3

M4

Last M Position of Line

w

L4

Figure 2-7. M Rosition Counter and Decode *
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" Page of SY31:0245-0
Revised April 9, 1971
By TNL: SN31-0318

SCANTOUNTER

- —- Note:  The following description of the scan counter is for
the standard 48 character set only. For information about
the scan counter for UCS machines, refer to “Chapter 4.
Universal Character Set.”

;
® The scan colpteér is a six-stage binary counter,
]

° .Trjggers are reset off after printing. .
. ! N N . - N
° A CC shift at the start of print subscan one (PSS1)
advanges the counter.

| e Th /scan ceunter reaching 45, or 42 on a Model 3,
dezode,s a signal to pick the carriage clutch.

(] ’Fi'ne scan counter reaching 50 signals the end of printing
or that mechanical position. : -

>

4

_® The scan counter Teaching 57 picks thé incrementer
clutch. (A count of 57 is reaclied only for the first line
-/ «9f printing in the last. M position on a single space
/ dperation or for every line-in the last M position on a
/ double or tripte space operation.)

5203 Attachment TO  2-11
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- Scan counter triggers (Figure 2-8) Fr. CO3 are reset off after
i a print operation. During a print operation, the counter is
advanced every PSS1 pulse. The outputs of this counter
iidicate when (during a print operation) the carriage operation
is to be started, when the incrementer clutch i isto be picked,
- and signal the end of printing.

Glreult Ob;ectlves

- Refer to FEMD 4-090 The bmary scan counter is advanced
by activating “c¢ shift’ every PSS1 pulse with ‘print time’
active. i

Scan counter outputs are decoded to develop pulses that
control the carriage and incrementer clutches, and to deter-
mjne the end of printing for that increment scan.

CHAIN CHARACTER COUNTER

" The chain character couynter (Figure 2-9)Fr, €03 which
consists of the follawing four units working together as a
single functioning unit, indicates which chain character is.
properly aligned for printing:

Character counter,

7-bit shift register,

4-bit shift register, and

Adder. '

)\ S

Pt -

Character Couter

The character counter (CC) is a seven-bit binary counter.
It indicates which chain character is aligned with print *
‘position 1. '

7-Bit Shift Register, 4-Bit Shift Register, Adder

These three components act as a single sub-unit within the
chain character counter. A chiracter count increment

_ preload value is derived by adding a decode of the M posi-

tion to the PSS counter value. Each chain en{ntter pulse
gates the character counter value into the 7-bjt shift register
and preloads the character count increment value into the
4-bit shift register. (This always occurs, whether or not a
print operation is in process.) The preload value, when™
added to the 7-bit shift registe:{, indicates which chain «
character is aligned with the ﬁrst pmp posmon to be
optioned in a subscan,

During print operations, the print cycle latch is turned on
argstan of the first subscan. This gates seven shift

puls to the 7-bit shift register and to the 4-bit shift regis-
ter. The low order positions of the 7-bit and 4-bit registers
are shifted through the adder. The adder output is shifted,
bit by bit (clock 1-7), back into the 7-bit shift reglster At -

‘the end ef this shift operation, the 7-bit shift {eglster con-

tains a factor equal to the low order byte of the address of
the chain character that is ahgned to print.

The value stored in the 7-bit shift register is trapsferred to
the LPIAR at the beginning of the PCls that fo (eleven
in all for a subscan), the ‘shift gate’ latch allows seven shift

'pulses to the 7-bit and 4-bit shift registers. A value of 8 is

loaded into the 4-bit shift register each time the 7-bit and
4-bit register values are added together, adding 8 to the

value accumulated in the 7-bit register. This modifies the
7-bit register by +8 for each of the eleven PC] Tesults
in every eighth character being ad

The val it shift register has no further use at
e end"of this print su Its value will be re-established -
by means of the CC value at' start.of the following sub-

: - scan.
‘The character Tiggers are rgset to their on state at
Ftime ( l45th slot on the chain timing drl{m) by ‘reset
cc. :
The value in the character counter is used as a base for
determining which chain characters are to be optioned
during a print operation. The first CC shift pulse that . Circuit Objectives

follows a home pulse advances the counter by a count of
one. This turns qll the character count triggers off. (The
character counter, which runs continuously, is advanced by
a count of one each PSS1 time by the CC shift pulse.)

Each time the character counter advances, its binary value
equals the low order byte of the maih storage chain image
address: the addressed storage location contains the charac-
ter that is aligned with p¥int position 1. .

212 % (12/69)
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Refer to FEMD 4-095.

‘The 7-bit shift register is modified: (1) before the first
prinit cycle steal of a subscan to initialize the CC shift
- register, and (2) during every print cycle steal one (PC1).
- The shift register is initialized once and incremgpted by
+8 eleven times (a total of twelve incrememsn;!‘

subscan).
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Figure 249. Chain Character Counter, and Modified Character Count )
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The character counter (CC) is advanced by each PSS1 pul!se

that activates ‘cc shift]. The output of the character counter

is parallel loaded into the 7-bit shift register with every
‘chain em ss w-o home’ pulse,

The advance pulse for the 7-bit register is a ‘¢hift’ pulse.
During an initial modification, the ‘shift’ pulse is activated
by ‘ptr cyc req’ ANDed with ‘chan*] early phase C’, and
(not) ‘clock 0°. THe shift pulse is activated once for each
clock time (1-7) supplying seven shift pulses for ach
trigger in the register. During a mlodification in print cycle
steal one; ‘clock 0’ and ‘PC1’ activate ‘shift’ instead of ‘ptr
cyc req’, by turning on the “shift gate’ latch.

The 4-biteshift register is loadeg with an iricrement value,
which is derived from a decode of the mechanical position
and the print subscan during an initializing operation.
During an increrhent by +8, the eight trigger is turned on
by ‘clock 0’ and ‘PC1’. The same shift pulse that advances
the 7-bit shift register advances tie 4-bit shift register.

The adder adds the outputs of the two shift registers
serially (bit by bit), low order bits first. Results of the
adder are shifted,’bit by bit, back int6 the 7-bit shift
register. Zeros are entered into the adder from the 4-bit
shift register intq the last three positions to be added to
the 7-bit register. ' ’

The added value of the two shift registers is shifted through
the 7-bit register. The resulting byte of data is passed
through the DB} assembler to be put n the channel to the
_ LPIAR. ‘

214 (12/69)
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Overflow

Overflow may or may not occur:

l.

Overflow occurs whenever the increment factor added -
to the posjtion of the character on the chain (4047

for a stffidard character set) results in the addressing

of a character in the pext set of characters on the
chain. To be addressed corrgetly, this character must
be.referred to by its correct position on the chain,

A 48.charactet set is repeated five times on a chain.
Each of the 48 characters corresponds to one address

in the LPIAR data area in main storage (address

XX00 through XX2F\hexadecimal).

To prevent the éddressing of a character in the next

character set on the chain (the address would be

‘greatet than 47), a decode of 40 through 47 out of

the 7-bit shift register turns on the ‘potential over-
flow’ latch. R )

°

The low order positions of the 4-bit and 7-bit shift
registers are shifted through the adder. The adder _
output is shifted, bit by bit (clock 1-7), back into the
7-bit shift register (any carries from the adder are
placed in the ‘carry’ trigger and 2dded the next shift
pulse). At clock 4 time, the +8 trigger values of the
4-bit and 7-bit shift registers are present at the adder
input and the result of the addition is present at the
output of the adder. With the ‘potential overflow’
lat¢h on, and no adder output, the ‘overflow’ trigger
is gated on. Turning the ‘overflow’ trigger on holds



the high order 'tngge[ (trigger 64) reset for the next
four shift pulses. This forces zeros to be entered in
the four high order posmons of the 7-bit register.

For example, assume. a 48-character set with the 7-bit
register containing a value of 45 and the 4-bit register
incrementing by +8:

0101101 (45)
- 1000 (+8) .
0110101° (53) . ’
(No adder output causes overflow
R trigger to be set.)

The 53 causes an overflow condition because the
highest position addressed in a 48-character set is 47
(O is the first.character count on‘the chain). The
‘everflow’ trigger is set, in this case, forcing zeros to .
be set into the four high order positions of the 7-bit

shift register. ;

0101101 (45)
1000 (+8) " - -
_ Co. I
0000101  (5) , .

The 5 causes the fifth position of the next set of
characters on the chain to be addressed.

" Overflow does not occur if the increment factor "
added to the position of the tharacter omh/cham .

" (40 through*47 for a stand aracter set) results .
in the addressin character in the present charac-
ter set onthe chain. To prevent addressing a haracter

__—in the next character set, a’decode of 40 through 47

CO05

L e

|

jout of the 7T°bit shift register turns on the ‘potential
yoverﬂow latch.” The low order positions of thé Abit
1 and 7-bit shift registers are shifted through the adder.
The adder output is shifted, bit by bit (clock 1-7),
- back into the 7-bit shift regnster (any carries from the *
i adder are ‘placed in the ‘carry’ mgger and added
' during the next shift pulse). At clock 4 tigge, the 8
‘ trigger of the 4-bit shift register and yﬁe 8 trigger of
! of the 7-bit shift register values are Present at the
| adder input and the result of the addjtion is present
at the output of the adder. With the ‘gotential
overflow’ latch on and an adder output, the ‘overflow’
| trigger is not gated on. This allows the updated value
; to shift into the 7-bit shift. register from the adder.
|

T

—

For example assume

t register incrementing by 2: (PSS counter and
M counter give initialization factor to 4-bit shnft
register).

> ’La .
0101101  (45) -~
0000010  (+2) N
0101111 (47} — I

(Adder output causes ovefﬁow
trigger not fo be set.)

- The 47 will not causg’anoverﬂow The overﬂow
- trigger will not be,sei The true value of the 7-bit

shift register.and the 4-bit shift register will be added

. in the adder and shifted into the 7-bit shift register.

5203-FETOM Ang,achh‘ent (12/69) 2-15
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' HAMMER CLOCK

¢ The hammer clock is started by a chain emitter pulse.

® The harmner clock fumishes timing pulses to fire the {
eleven hammers that are optioned during a subscan.

" Hammer Clock 3 Time

1.  Developsa pulse to load the address register..

2. Tums off the ‘lockout’ tngger to allow pnat cycle . -
steals,

3. Clears one of four LSR words at the beginni gof—"

4 o _ subscan 1, of print —
® The hamimer clock is preloaded in a manner that com- R
pensates for the variable-length mechanical delay in -
hammer-to-chain character alignment e —
+ The hammer clock (Figure 2-10)Fr. C07is3 modiﬂed hmary Hammer Clock 4 Time , e
" counter. The clock, which runs only when it is being used, i o
~ is preloaded and started by a cha)wemxtter pulse. The clock 1.  Gates readout of ;he-lm‘nmer c tells
then runs fo: 11 eycles (the duration of the subscan), Wh’gjhk mmmer driver being semced was
? optxomng one hammerea/ h clock cycle. e ed on the previous subscan. :
/) 2. Clears one of the four LSR words at the start of sub-
The hammer clock is preloilg;dandssmiﬁd—to%ne of four scan 1, print scan 1.
hammer ock 152;°3, or 4) fram a decode of. 3.  Develops hammer set control pulses. The hammer
— count position counter. This happens set control pulse is the actual time that the hammer ..~
p each hammer clock time is 7.75 microseconds driver is optioned to be fired. Eleven of these pulses
long, ‘or 4.85 microseconds on Model 3, which equals are generated each print subscan {on a 132 print
0.001 inch of print chain movement 'When achain emitter position pmtg).)mrefme during each print scan
pulse:is received to start, a subscan in the attachment, the (thaL:s, during three consecutive subscans), 33 -
chamcter optio int maybe 0.001 ineh, 0.002 " hammer set control pulses are generated- and a%
" inch, or 0,003 inch from being aligned. Therefdie ,the - hammers are optioned to be M ‘
hammer clock must be preloaded to one of the four pos- - ~ )
sible startmg pomts (Fzgure 210)Fr. CO7 < . ‘,,;/‘/»' .

Each clock c)?cle consists of four hammer ciock times.

. wl." De/veloprsample echo check pulses to sample whether

T

‘ : ! Sl
Hammer Cloek 1 Time o

2

~~""or not a hammer driver in the printer was fired.
2. +Gates writing into the hammer check LSR, if this
hammer driver being serviced is fired. '
3. Clears one of four LSR words at the beginning of;
:subscan 1, of print scan 1.

£

Hammer Clock 2 Time

1. Clears one of four LSR words at the beginning of
: subscas 1, of print scan 1.
2. Gates readout of the Hammer Check LSR during
" “reset time on Model 3.only. This indicates whether
the hammer should be reset in this scan or not.

2-16

-

7o bt

Refer to FEMD 4-100.

With the ‘print txme trigger on and with the ‘chain em ss

w-0 home’ line ANDed with ‘osc T 160 ns’, the starthmr _
" clock’ latch is turned on. At the same  time, the c em

ss-w-0 home® line preloads hammer-clock triggers 10 and 11

. - torthe value “decoded from the PSS and the M position

counter The print chain and the hammer clock are now
synchronized. The hammer clock runs for 11 cycles (1
subscan). When the last hammer driver is optioned to

print, the hammer set control’ pulse along with ‘first 12

prt pos’ line tumns on tire¥stop hmr clock’ latch. This resets
the ‘start hms clock’ latch, and stops the hammer clock.

Cob6
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_ Figure 2-10* Hammer Clack
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The address is decoded into one X address line and one Y
address line. Output from the addressed lines is sent (1) to
the printer to select the hammer to be fired, and (2) to the
‘hammer check LSRtoseta latch corresponding to the
hammer to be ﬁred

" Circuit Objectives .

Refer to FEMD 4-110.

~ ‘ ’
= » Activating ‘load HAR’ loads the contents of the data regis-
The hammer address register (Figure 2-11) stores the ter into the hammer address register
ddress of the next print positien to be optioned for ,
/printing. This address is decoded to address the hammer The address is decoded and the cofrect hammer X and
just optioped. hammer Y address lings-are-made-active; — — "~
t ; ] . <
| ' .
! | M . Hammer Address Y8-8
| P
HAR Set_ ) - A Hammer Address XA
T ,
_Data Reg Bit 0 A o Hammer Address XB
N ) (]
" . : g Hammer Address XC
HAR Reset
. - - E Hammer Address XD
(/_qu‘ﬂgan L A FL : Hammer Address XE
Load HAR L 1 Hammer Address XF
Data Reg . : - D Hammer Address X9
Bit2 - AL i E—_ Hammer Address X8
T 2 0 Hammer Address X7
B EY ED o Hammer Address Y0-3
, |_Data Reg Bit 3 A FL Hammer Address Y4-7
3 Hammer Address YC-F
Data Reg Bit 4 FL -
’ 4
L A
Data Reg Bit 5 Ay FL — Tl or |_First 12 Prt Positions
. ' A ~
\ . )

Figure 2-11. Hammer Address-Register
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® The hammer ch LSRtﬁpnsists of 36 LSR latches and
9 flip latches.

® Three LSR latches are not used.
latch indicates whether or not a corres
- has fired.

e The flip latches hold 9 LSR latch outputs that are used
for regenerating the LSR.

® The LSR latches are arrangedina 4x 9 mairix‘.
}
® The LSR output (‘inhibit echo scan’) prevents the .

checking of a Mmmnmnmgmnmmwxhem
has been reset.

® The hammer address register and decoded address lines
select the latch that corresponds to the hammer being:
serviced.
[ :
® The LSR is cleared at the beginning of each mechanical
position.

Cco9
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Until the hammer driver has been reset, the hammer check_
LSR (Figure 2-12)Fr, C11 indicages that the hammer driver
turnedon. When a hammier driver is fired during a print
A{%o(::nm scan X), the a%ent tries to determine,
urmg\the next print scan (print scan-X+1), whether or not
iver was turned off. However, duting thns
cycle, the er-driver is turning off and the e ircuit
~output is undefined because driver turn-off is rehtlvely ~
slow, Therefore, checkmg must be inhibited dunng this
scan (print scan X+1). Inhrbxtﬂ’fg«lhns check is the hammer
check LSR function. . T

The hammer check LSR indicates that a hammer driver was
turned off during print scan X+1. At p?mt scan X+2 (after
--the hammer-driver has-had-time to turn off) the hammer
driver is checked to determine whether or not it is off.

2-20  (12/69) | CIO
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Figure 2-12. Hammer Check LSR . ¢
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Circuit Objectives
Refer to FEMD 4-120 and 4-125.

The LSR latches are grouped in a 4 x 9 matrix. This pro-

_ vides four, 9-position LSR words made of any combination
of LSR latches (cells) being on 6r off. An LSR word can be
written or read (Figure 2-12)Fr, C11

" When writing an LSR latch:

1. One of the four active hammer address Y lines (LSR
select Y lines) becoming active selects one of the four
9-celled LSR words.

2. Any one of the nine active hammer address X (X data

input) lines becoming active selects one of nine latches

corresponding to the hammer being serviced.

3. A write LSR pulse sets the gated latches. A write
pulse serves all nine cells, but only the addressed
cell is changed.

222 (12/69)
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When reading the LSR: ‘

1. One of the four hammer address Y lines (LSR select
Y lines) becoming active selects the LSR word and
gates its output to the 9 flip latches.

2. A read pulse sets the flip latches.

When clearing the LSR:

1. Aread pulse with no Y select pulse resets the flip
latches. This degates any data input lines.

2. The hammer clock control trigger 1S off and print time
is active.

.3. A hammer clock cycle gates each one of the Y select

lines, With ‘print time’ on and the ‘LSR ctrl’ latch
off, a write pulse in each of four hammer clock
cycles resets all the LSR latches. -

The effective output of the hammer check LSR is the line,
‘inhibit echo scan’. With this line active, a hammer driver
is not checked on the scan in which it is reset. ‘



Section 2. Carriage ' The carriage space-skip register consists of eight flip latches
| ' (Figure 2-13). ' Seven latches are for data, and the eighth
indicates a carriage data parity error at the DBO register.

CARR!AGE sPACE-BKIP REGISTER The first seven: latches store the control field for either an |
v SIO carriage space instruction or an SIO carriage skip
® The camage space-slup r,egn'er consists of eight flip instruction. This tells the carriage how many lines to space
latches. - \ ‘ or skip. : -
. -® It'tells the carriage how ;nnnly lines to space or the line
~ to which the carriage should skip.
- @ The eight-position register is set to the control field of Circuit Objectives

,j an SIO irgstmction.

. - Refer to FEMD 4-210.
® Outputs are compared to the space counter to stop the

printer carriage on a space operation. " Durihg a channel I-R cycle of a start 1/O instruction, the '
' : - carriage space-skip register is set at ‘DBO clock 5’ time. It
®, Outputs are compared to the line counter to stop the _. is set to the oontents of the DBO register, which contains E
printer carriage on a skip .operation. the control field of the instructiof.

[ .

c:rr Line Cof:nt’r fbm 1-7) |~ part .
Equsl Skip Stop
DBO Reg (1-7) Sis(1.7)
Losd Left Carriage Carr Space Counter (bits 1-2) | -
Space-Skip Register Compare
. . Equal - Space Stop
Bits (6-7) )
——
Data Buss Out Parity Error (Bit 8) Carriage Parity -rt’ rror
Figure 2-13x Carriage Space-Skip Register
CI3 .. 5203FETOM Attachment (12/69) 2-23

N\



Space Operation o The carriage forms length register consists of eight fli
latches (Figure 2-14),Fr. C15 seven for data and oné to

On a space operation, bits six and seven can be set. Bit 7 - indjcatea forms data parity errog at the DBO register. The

and not bit 6 equals single space. Bit 6 and not bit 7 equals " first seven lagches have stored in them the forms leng h, from .
a double space. Bit 6 and 7 equal triple space. Not bit 6 the stofage location specified in the address portion of a load
and not bit 7 equal zero space. A control code of four (any _1/0 instruction. This tells the carriage the length of; the forms,
bit other than bit 6 or 7) is permitted, but results in a being used.

space zero operation. Bit 6 and 7 (‘put is compared to
the space coupter to develop space stop, which, in turn, o '
degates the carriage clutch. _ Circuit Objectives

N -
.

Refer to FEMD 4-215.

Skip Operation a . . . . _

~ . At ‘sample DBO cl 5° time, during the E-B2 cycle oflan
On a skip operation, bits 1 through 7 can be set to specify LIO instruction, the carriage forms length register isiloaded
the binary equivalent of .any line, 1 through 112. The - with the contents of the DBO register. TL\e output is com-
carriage skips until the specified line is reached. The out- pared to the line coynter on a manual restore operafion. -
puts of bits 1 through 7 are compared with the line counter =~ When they compare equal, the next verified carriaog(i'enﬁtter

. to develop skip stop, which, in turn, degates the carriage pulse degates the-carriage clutch and sets the line counter
clutch. . . to one. The data in the forms length register remaiss a
constant value uritil altered by another load 1/0 ins?ruction.

CARRIAGE FORMS LENGTH REGISTER .

’

® The carriage forms length register consists of eight flip
latches. ‘

& e
® It tells the carriage the length of the forms to be printed.
® The eight-position register is loaded with data from the

storage location specified by the address portion of a
‘load 1/O instruction.

2-2.4 (;2/69) Cl[].



" Carr Line Counter (bits 1-7)

Restore Resey .

o

Data Buss Qut Parity Error I (Bit 8) Forms Parity Error

|
1
!
|
|
. s

Figure 2-14. Carriage Forms Length l{egister
) o
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CARRIAGE LINE COUNTER .

2

N~ .
The lme counter (Fxgure 2-15)[:'. C]7“a 7-posmon‘modxf ied

spaced or sknpped on each form. The counter contents-age--

- -

. * v
® The line countet consists o(,wven. binary triggers.
- Q

® The counter accumulates the number of lines pnmg'd

.spaced, and sklpped . <. P

PRt e £

s

L T counter triggers gxe reset on.

- g
® The counter ady‘dhces a value of one'for every carriage

emitter pulse. o
o e

* binary counter, accumulatef the number of carriage lines

2:26  (12/69)

»

6

* This gives
advanced by. dfie as each carriage Emitter pulse is sensed.

_ compareéd, tofsee if they are equal to the wmgemee-dup

t of the
h register, the next venﬁed emitter resets

Refer tq MD 4-220.
g’he line Counter tngers are all reset on (Eigure 2-15). o
ou'tput decode of one, The counter is

Clé6



B}

R
12
Line ¢
. Ctr ry
« Carriage Emitter Ad\; 5 . Line Ctr Output
. 16
2
“ - . 6—;- "o
POR + . I
Restore Reset OR
. : u‘.. 'ﬁ N
N St X
Line ter Decode * @ " - °. )
. . [ina Counter | not] not | not | not | not -
o + ® | Trigger Name | Bit | Bit Bit Bit Bn
A 64|32 |16 |8 4 : .:jm' 1
(v.:’""_‘ Line # 1 ; LI O L L IO } Line Counter with value.of 6 (Line 6)
ue in counter 3 1 1 -1 1 1 FO not not not not not not
, : 3 1 1 1 1 o Bit Bit Bit Bit Bit Bit Bit -
R Trig‘Ol\'I 41 1 1 1 1 0 1 64 32. .16 8 4 - 2 1
TeigOff = 0 - 58 1 1 ] T 0 7 Trig Trig 'Trig Trig Trig Trig -Trig
' (3 B N B ¢/ 0] O da |1 | 1 oo ]o
71 1 1 1 1 [+ Jd 0
8f 1 1 1 0 1 1 bits 1-7)
91 1 1 1 .0 1 1 '
0] 1 1 1 0 1 0
AN N L 1 4 0 1 0
e N ™
[102f0 J o] 1 1 o | o -
103 0 0 1 1 ]J]O 0
1044 0 0 1 0 1 1 (Value 6) Corr .
106§ 0 | 0 ] 1 o [ 7 [ 1 Spece-Skip Reg Skip Stop .
0600 o011 |0 110 \
107] O 0 1 [*] 1 [¢] N
TJ o | o1 [0 o1 ;
109F0 | 0 | 1 0 JOo | 1
..Note 3 1100 O 0 T 0 0 0 ]
g o 0 0 1. J]o]oO
112§ 0 0 0 1 1 1
Binary Value not] not | not not | not| not
withtriggeron | 64 | 32 J 16 | 8| 4] 2
Note 1. All triggers reset on (line 1).
Note 2. All triggers except bit one trigger represent a no bit condition when on.
Note 3. Form length over 112 not used. )
Figure 2-15. Carriage Line Counter
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CARRIAGE SPACE COUNTER

‘® The carriage space counter cohmsts of two binary
triggers. ’

i

—

Ld The counter Sccumulates the number of lines spaced.

The carriage space counter accumulates a total of the linés Lo

spaced on a carriage space operation. The two-position
counter is reset on (2 value of 3) when the 'camagc stops
after anygarriage operation. On a space ope;atnon (space
1, 2, 3), the counter advances by a count’of one for each

carriage emitter pulse ‘As the counter is advanceditis « -

compared to the camage space-skip régister (spaces to be
skipped). When equal the space stop line becomes active,
degating the carriage clutch (Figure 2-16)Fr. DO1

Circuit Objectives
Refer to FEMD 5-215.

“The counter is reset on at the end (;f any‘carriage operation.
" The carriage gmitter advances the counter Ey a count of
one as each line is spaced. On a space operation, the space
counter oytputs are ANDed with the carriage space-skip
register bits 6 and 7 to generate a carriage stop.

SPACE CHECK COUNTER

® The space check counter consists of Atwo binary triggers.

_ @ The couater is reset on at the end of a carriage QM(E.

2-28  (12/69)

cl8

he counter is used todetect a carriage runaway oondn-

. ‘tion. . REEN
» v

v

® The counter records how many txmeg the ﬁrst~lme ofa -
orm is passed in one! carnage operatnon

' Thp space check counta s used to detect a carriage Tun-
vawpy condition (Figure 2-1 7)Fr. DO1 Every tfime line 1 is sensed

and the carriage clutch rémains picked, the counter advances.
ong count. Two advances cause a carriage space check
indication. For example, if the forms length is indicated
inthe forms length segister as 40 lines and an SIO is to skip

“to|line 50, a carfiage runaway condition would result

cause of the carriage searching continuously for line 30.
The space check counter prevents this because each t
line 1 of a form is sensed, the space check counter advances
by one. If the counter advances twice (line | passes twice
u) one carriage operation), the ‘space count’ latch is tuned
. The ‘space count’ latch going on resets the ‘carriage
space’ and the ‘carriage skip’ latches. This degates the .
rriage clutch, stops carriage motion, stops the carriage
naway condition, and sets the carriage space, check SNS
it, :

—

#irwi‘t Objectives

|

%efer to FEMD 5-215.

3

i
e cagel’ Tine gomg inactive from a prevxous operation

sts the ¥pace check counter. As‘L lin activated
. (passing line, one orf a form), the counter is advanead one
If ‘L line 1" is dctivated a second time and the ‘carrcy

l‘ne remained active, the space counter trigger #2 turns
aff. Trigger #2 output ANDed with ‘carr cI’ turns on the
‘$pace count’ latch. This resets the ‘space’ latch, the ‘skip’

' l?tch, and sets the carriage space check SNS bit.

CONTINUED ON

- FRAME DOV

.



Sgace -
Carriage Ctr

© o Emitter

~

L]

Reset on at end of any
~—=Carriage Op.

. Comp” | . Space
-~ Equal
Carriage Space-Skip Reg : au Stop

Bit6 and 7

Figure 2-16. Carriage Space Counter

L Carr CI
-

~

N RSpace
L Line One" Cur.

Figﬁre-2;§7, Sr;aec Check Latch.
. : L o
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s .,
CARRIAGE OSCILLATOR

® The oscillator convertsa 160 nanosecond input to a
49.92 microsecond output.

® The outputs: - ' . .
. R %

-

'l, Prive the emntter generate counter and carriage
" movingcounter. T .
2. Step the home gnte smgleshot reset ring.

The carriage oscxllator converts the 160 ns oscillator pulses
from the CPU to 49.92 us. pulses, and uses them to drive
the emitter generate counter, drive the carriage moving
counter, and step the reset ring for the ‘home gate’ single-
shot' (Figure- 2-18) Fr. DO3

L4EN

The carriage osclllator consists of 12 bmary tnggers stepped

Circuit Objectives
Refer to FEMD 4-220.

"~ The kne ‘osc T 160 ns’ from CPU is fed- ungated to the
carriage oscillator counter. The counter runs cémtmuously
and gives a 49.92 us. output line called ‘osc T 49. 92us.’;

o ; s

. CARRIAGE MOVING COUNTER - - - <

® The carriage movmg counter consists of nine bmary

triggers.
l -

o It prei'ents printing fog 12 ms after a carriage operation.

<

(12/69)

D02

2-30

® It degates any false emitter pulse (noise) for approxi-
mately 5 ms after the carriage clutch is picked.

® It is used for every carriage operation (space, skip, -
restore). '

la .

The carriage moving counter is a 9-position modified binary

counter (Figure 2-19Fr, DO3 All triggers are reset on. The

counter. starts whén th€ carriage clutch is picked. The I

counter degates dny carriage emitter pulse from being sensed

by the emitter generate eircuits for approximately S ms

after the carriage clutch is picked. It isthenreset bya :-

verified emitter pulse and starts to count out. The verified

emitter pulse is gated to the carrjage contrdls. If the counter

is allowed to continue counting (no emitter pulse to reset

it because the carriage clutch has latched up), the counter

s

- continues counting for approximately 12 ms and resets

the ‘carriage moving’ latéh. This time allows the formsto °
settle down before printing-the next line.

Circuit Objectives-

" Refer to fEmp 4220,

The counter triggers (Figurq 2-19)Fr. DO3 are reset on by ‘start
reset-sys ck reset’, or ‘carriage moving’, or ‘verified carr em’,
. ANDed with ‘reset control’. .The counter is stepped by the

. carriage ‘osc T 49.92 us.’ pulse ANDed with* carriage
~ moving’.

It counts to 5 ms and turns on the ‘accept emitter’
latch. If there is an emitter pulse (carriage moving from one -

sine to another), the counter is eset by ‘verified carr em’.

If the carriage clutch,latches up, the counter continues
until trigger #14 is turned off (12 ms). Trigger #14 off
ANDed with ‘verified carr em’ inactive turns off the
‘carriage moving’ latch. The ‘carriage moving” line becom-
ing inactive resets the carriage moving counter.



FL

+— ! \
A 4 '
1 ey i
2
risge | A -
4 .
Oscil- [ g | R U
X tstor
1 X .
Advance OSC T 160 us. i \—1 A
7 — B
Set Tr 3 8 | e Home
SetTr 9 9 M A . Gate SS
SetTr 2T [ F 1 —~ s
10 _ 1 -
2
- Emitter
i ) Generate Ctr
’ . OCT T 49.92 us. L -
> et “TCtr
5 ‘ IR p
e .
- P il =T -
IR e I Carrisge
iy = S he! ‘ Moving Ctr
il N — - a4 “Lerr
/&/ .
. -~
Figure 2-18. Carriage Oscillator
b2
6,
7
AQQT 49.9 us. ‘ 8
Carriaje Movirfg‘ 9 5 ms - Turn On Accept Em Latch
10 .
11 R
- |12
am—
13
. s e 12 ms (reset Carr Moving Latch)
Yeritied Cor Em ) Reset (on)
OR—

Not Carr Moving

Figure 2-19. Carriage Moving Counter
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EMITTER GENERATE COUNTER

emjtter line and a carriage oscillater pulse step thé counter
0 If the pulse on the carriage emitter Jine becomes -

®- The emitser generate counter consists of three binary inactivi a count of one, the emitter pulse is considered
triggers. to bea d the counter is reset (Flgure 2 -20,
. msert A).\If the counter
® The counter: - ) to 1 on, 2 off, and 3 on, the outp ovide agate'to the
' i L extra emittendetection circuit (Figure 2- n B).- As
1. Ignores a false carmge emitter pulse e thie counter coktinues to count to | off, 2 off, 3 on; the: \‘\‘
2. Generates'a pulse detection gate to look for an "~ OUtput generates a verified carriage emitter pulse (Flgure
extra emitter pulse. ™ . w msert C)
3. Gene@tes a verified carnage emitter pulse . T hY
5 - ‘ T~
On every carriage operation, the emitter generate counter —_ Circuit Objectives \“\,
. (1) receives a Carriage emitter pulse from 0.5 ms to 1 ms in \\\ T \"\\7
duration, (2) checks to see if it is an actual emitter pulse . Refer to FEMD 4-220. ' e T
and not noise (an extraneous signal ori the carriage emitter R C -
line of a duration less than 25 us.), (3) delays it for 0.125 The * accept emitter’ lme active ANDed with ‘carr em* turns
ms, and (4) then converts it to a verified emitter pulse 25 on the™ em& ter unvenﬁed’ fatch: Iﬁrgmtter unverified’
us. in duration. The verified emitter pulse steps the space. latch active ANDed with carriage osaﬁateLpﬂise& advances
control and line counters. =, < , the emi enerate counter. A counter output ‘of not 1,
s 2,and 3 ith ‘carr em’ not active résets the ‘emitter
- The emitter generate counter consists of three bmary upverified’ latch: h itter generate counter (false
tnggers During. ge operation, approxnmately Sms emitter pulse). The ot}fesgl' he ‘res em gen’ line
after the carriage clutch is picked, a pulse on the carriage active, which is the normal reset(ﬁghe%gm
- —IN c - .
Iy _ Carriage EM
Unverified ' E'; : . 123 A Noise @
_Carriage Emitter Emitter <. GEN | | - | Checking
Accept Emitter A CTR 2 123 A Space 8
FL : ' A
' . Verified
’ 3||i3s A Corr EM @

.Carriage OSC Puise

N

[ _ Rewr

OR

Start Reset Sys Ck Reset
Res Em Gen

Figure 2-20. Emitter Generate Counter
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This chapter desal‘bes‘the electrical operation of the IBM

-52Q3 Printer Attachment. References are made throughout

the chapter to the maintenance diagrams in the Field
Engineering Maintenance Diagram manual (FEMD). All
logic names used in the circuit descriptions appear as they
do in the mamtenance diagrams. .
The following des‘criptipn of the print operation has been
divided into the chronological sequence of events needed

to print one luie of information. The “Print Operation™
f}owohart in the Field Engineering Maintenance Diagrams
manual:shows the entire print operation. Use£his ﬂowchart
with this text to,better understand the print operation.

]
t

PRINT OPERATION

Before printing, three load 1/O and one start 1/O instruction

= --._must be given (one start 1/0 instruction is needed for each

-

line to e printed). The three load I/O instructions given are:

1. Lead the main storage address of the chain image into
the LPIAR inthe CPU.
2. Load the main storag dress o(the data to be
- printed into the LPDAR in the CPU.
3. Lead the forms length into the forms length regnster
: in the printer attachment. :

When ‘the chain image has been loaded into main storage,
and the data to be printed has been assembled in thé'line

printer data area of main storage, the start I/O instruction
is given. This instruction contains the carriage information
and initiates the print operation.

N

After the start 1/O instruction has been mmated prigy

- cycle steals occur. You must thoroughly understand print

dycles lo underitand the print operation.

Print Cycle Stedls
: N
® The I/O ¢ycles for-the printer attachment are print
cycle~steals ’
¢ Each print cS/cle steal is an mdmdually requested 1/0
cycle. :

D06

~Chapter 3. Principles of Operation

e During the 1/0 cycle, normal CPY processing is sus-

pended temporarily and the attachment-santrols the
CPU registers, main storage, and the ALU,

@ The printer attachment uses four different types of* .
1/0 cycles (print cycle steals) to generate a line of print.

 Print cycle steals are individual CPU cycles requested by

the attachment. During these cycles the CPU registers,
main storage;-and the ALU are controlled by the attach-

ment circuitry. Pri cles occur in groups of three or
fewer with an initial cycle s (PCO) taken each time’
the mechanical (M) position of the ificrementer cam is

changed.

!

Cycle steals must be\equestedmdmdually and are sequen-

tial, PC1 through PC3. A deyice of higher priority can take
intervening cycle steals without a ing the sequence of
print cycle steals. -

A print cycle group end occurs when the last cycle steal of
a particular print cycle group is completed. A print cy [5

“~- group ends after one cycle steal if the character in the

Register is a blank, after two cycle steals if the charactev in

~___ the Data Reg:ster is not a compare. or after three cycle '

?Waracter is pnnted

Initial Cycle Steal (PCO)
® Request a print cycle steal.
¢ Take print cycle steal zero (PCO) to preload the low

order byte of the LPDAR with the address of the first
print position to be optioned in an M position.

After receiving the start I/O instruction from the CPU, the
printer attachment requests a cycle steal (PCO) to preload B

the low order byte of the LPDAR with the address of the
first print position to be optioned.

5203 FEOTM Attachment  (i12/69) 3-1
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Tle low order byte of the-LPDAR is preloaded with an
address of 7C (hexadecimal) if thve incrementer cam is in
the M1 position. If the incrementer camk\n the M4 posi-

tion, the low order byte of the LPDAR is preloaded with - -

a 7F (hexadecimal). At CPU clock O time, the low onder
byte-of the LPDAR is sent to the CPU and is returned to

mta register in the attachment at ‘sample DBO cl 3’

““mer ad

.~ This preloads"she hammer address register with the address
in main storage w the data for-the first hammer to be

At CPU clock 4 time, it is transferred into thé ham-
register by activating the ‘load HAR’ line.

\@tioned to print is lo

\\wObiectives

Refer to*qg‘\s-mo. .
. i K

Initialize Attachment Circuitry
® Receive a PSS‘{Sp\ul{e;l
\\W
® Advance the chain character counter.
: O\
® Advance the scan countgr.

~
Activate the hammer clock.

Synchronize the printer to the attachment.

«®

The magnetnc emitter on-the print chain constantly gener-
ates pi pulsgs while the chain is moving. These pulses develop
PSS1, PSS2, and PSS3 pulses in the attachment.

i

\ -
During PCO, the ‘PCO control’ latch is turned on. The

first PSS1 that occurs after PCO control has been set '
activates the ‘cc shift’ line and turns on the ‘print timas——
latch. This synchronizes the printer to the attachment

for one increment scan. The ‘cc shift’ line advances the
character counter and the scan counter. ‘Print time’ turns
on the ‘start hmr clock’fatch and starts the hammer clock.
‘Print time’ also turns the ‘print cyele-request’ latch on, )

. and inifiates print cycle § steals. This sequence is fepeated

the start of three more increment-scans to cogplete one

Circuit Objectives ™

Refe;, to FEMD 5-020.

32 . 2169)

4.

PR~

First Cycle Stesl (PC1)

® Reduest'a print cycle steal.

- !

® Load the,data register in n the attachment mﬂh a y .

charactér from main storage. Y

’i .

® Décode the data character to deterrmne i 1‘1: anything
other than a blank.

o If thé™data character is

‘ blank, ihhiliift fincrementing
the LPDAR.

® Load the LPIAR in the CPU with the data character

from the chain character counter. .

4 :

A request for pnnt cycle steal one (PC1) mym now be *
made to bring a data character from main storage to the -
attachment data register. When the cycle steal is granted,
a data character from main storage, addressed by the
preloaded address in the LPDAR, is sent and stored in the

_attachment data register.

[
v

The data register decodes the character to dgurmme 1f it is
anything other than a blank (hexadecimal 40). 1If the data
character is not a blank, the ‘no data’ line in the data reg-
ister is not activated and another cycle stealis taken to
determine if it is to be printed. Th‘no dat; hne inactive
will also activate the 1 inhibit LSR load Jine, which
prevents mcrcmentmg the LPDAR in the CPU It is neces-
sary to retain the present “address in the LPDAR, in the
event that the same data area will be addressbdon the

. following cycle steal (PC2 to check for print cmnpare)

A hexadecf/found in the data regnster muns

1. This position has either been printed w\;h‘hﬁk\ i
2. The ‘chan | inhibit LSR load’ line woykd ?ot be

. activated. o
3. The LPDAR is mcre/gmed:ﬁh? fiext ﬁxess
tobeo for printing). Hy :

-

e ‘PC group end’ line is activated and &
more cycle steals are taken in this group( or’
- this print position with the chain characu:r
being optioned). o

Also, durmg PC1 (at clock 1 and 2 tme), tlp ].}PIAR in the
CPU is loaded with the character cottained 3pithe 7-bit

shift registe? of the chain character counter; ;'l‘he character
is placed in the DBI assembler. At tlock 0‘.1!*: ‘select
LPIAR to load CC’ line is activated and the ﬂ#uacte:fﬂ

sent ;o the CPU

/
4

i Circqi t Objectives

 Refer to FEMD 5.030.



'Second Cycle Stesl (PC2)

® Request a print cycle steal (if data was found during
PCl1).

. ® Load the B register in the CPU with a character from
main storage addressed by the preloaded LPIAR.

® Load the A register in the CPU with the character to be -
printed, stored in the data register in the printer attach-
ment.

® Subtract the A register from the B register in the ALU.

® Load the results of the subtraction into the pnnter
attachment data register.

® - Decode the results of the subtraction to see if the
character is to be printed (print compare).

e 1f'Wis a print compare, inhibit the LPDAR from
incrementing. Another cycle steal will be requested
at that address.

® Activate the hammer fire buffer.

A request for a second print cycle stead (PC2) is needed to
determine whether or not the character stored in thegata
register matches the chain character over that print posi-
tion, and whether or not the charggter can be printed.
Upag granting the cycle steal, thg CPY 10ads the B register
with a character from main storage addreéssed by the pre-
loaded LPIAR. The character stored in the printer attach-
ment data register is placed on data bus in and loaded mto
the A register in the CPU. The parity bit for this character
is not regenerated. - Parity was checked when the character
was received in the data register in. the attachment during
PC1. The character is sent back to the CPU exactly as it
was received. A
\
The A-register character is subtracted from the B-register /
character in the ALU. Results of this subtraction are
placed on data bus out and transferred to the attachment
data register. The contents of the data register are decoded
to determnne if the data charactenis a zero (A reglster minus
B register =0).

If the data cH'a!(acter is zero, the ‘print compare’ line is
activated. Ol‘le more print cycle steal is requested to write
a hexadectmal 40 into the location in main storage of the
data character w1th the ‘print compare’.

D08

The *print compare’ {jne active will activate the**chan 1
inhibit LRSYoad’ lineNo prevent incrementing the LPDAR
in the CPU. It is still necessary to retain the present address
in the LPDAR so it can be used during PC3. If a *print
compare’ is detected during PC2, the ‘print compare’ line
will activate the ‘hmr fire bfr’ trigger.

If the daga character decoded in the huegistet is not a-
zero, the ‘print compare” line is not activated. Therefore,
PC2 cannot activate ‘chan 1 inhibit LSR load’ line. The
LPDAR is now mcremented to the next address to be
optioned for pnntmg The% ‘PC group end’ line is activated
and no more cycle steals are taken for this print position
with the chain character vxng optioned.

« - Circuit Objectives

Refer to FEMD 5-040.

Third Cycle Steal (PC3)

® Request a print cycle steal (if ‘print compare’ became
active during PC2). ’

1

Block reading into the B register in the CPU so that it
~will contain a zero.

® Load the A register in the CPU with a blank (hexadecr-
mal 40).

Add the A register to the B register in the ALU
[A (Hex 40).+ B (zero) =-Hex 40].

® Place the hexadecimal 40 in the main storage location
of the character tqgbe printed.

Increment the LPDAR. ' ,
A request for a third print cycle steal (PC3) is needed to'/.
blank out the main storage location of the character to be
printed. This character is blanked out so that the next_
time the LPDAR addresses this position, a blank is deeoded
on PCI7 A blank decoded tells the attachment that this ..~
position has been printed. This reduces the number of

“cycle steals required when the remaining chain characters

are optioned for printing. The ‘PC group end’ line is
activated and no more cycle steals are taken for this print
position for the chain character being optioned.

5203 FETOM Attachment (12/69) . 3-3
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To blank out the core position that has been set up for
printing, it is necessary to write a blank (hexadecimal 40)
into the‘main storage in that position. The ‘PC3’ line
active activates the ‘chan 1 block SDR'’ line to prevent
loading anything into the B register (in.the CPU) 1eaving
its contents all zero. /

Id . .
A hexadecimal 40 is generated by ANDing ‘PC3 cl 1’ with
‘print compare’ and gating it to the DBI assembler. The
hexadecimal 40 is loaded into the A register in the 'CPU.
The A register is added to the B register in the ALU. Add-.
ing the hexadecimal 40 to zero results in the hexadecimal
40 being loaded into main storage in the location of the
data character (addressed by the LPDAR) that has been
sct up for printing.

The LPDAR is incremented (to the next address to be
optioned for printing) during PC3. ‘PC group end’ is
activated and no more print cycle steals are taken in this
goup.

Circuit Objectives

Refer to FEMD 5-050.

HammerFiriqq,f“w

[ Décode the hammer address register into one X and one
" Yaddress line.

° Activate the seleéted X an
printer and in the ha

address lines in the

- ® With the X ahd Y address lines and the hammer set pulse
active, the selected hammer driver turns on gnd the
hammer fires.

*® Check that the hammer driver has turned on.
® Check that the hammer driver has turned eff.
The hammer address register was loaded with the address

in the LPDAR either as the result of PCO or PC group end
- followed by a ‘load HAR’ pulse.

The address in the hammer address register is decoded into

one X address line and one Y address line. The two
selected address linés are taken to the printer to select a
* hammer driver latch and the hammer check LSR in the
attachment.

At ‘hammer clock 4’ time in the attachment, the ‘hammer
set’ pulse is activated if the hammer fire buffer trigger is on.

‘34 ’

. Witk-t‘he latch set, the hammer fires.

check LSR in the attachment.

The ‘hammer set’ pulse is taken to the printer and to all
of the hammer latches, It ANDs with the latch that has
the X and Y address lines active and turns on theJatch.

Each hammer driver is addressed once during every print =~
scap. Each time it is addressed, a hammer driver is deacti-
vated by the ‘hammer reset’ pulse unless a character is to
be printed in that position. If a character is to be printed
in that position, a hammer is activated by the ‘hammer

set’ pulse. Two checks are made on every hammer fired:

- (1) a check to ensure the hammer driver turned on, and

(2) a check to ensure that it has turned off. The check to
see if the hammer driver turned on is made during the

same print scan that sets up the hammer to print (print
.scan X). An macnve ‘hammer off echo’ line from the
printer indicates the hammer driver turned on. The hammer
driver is left on for that print scan (scan X). During

print scan X + 1, the hammer driver is addressed agam and
turned off.

- .The check to-see if the hammer drivbr his turned off occurs

two print scans later (print scan X + 2). The check to see
if the hammer has turned off cannot be made on the next
print scan after the hammer driver has fired (print scan

X + 1) because the response from the hammer driver that
generates the ‘hammer off echo’ lme is still on because of
a long period of reset delay. If the ‘*hammer off echo’ line
is active at scan X + 2, the hammer has turned otz_'

On Model 3 printers, the reset of the hammer drivers is
different from the Models 1 and 2. Since a print scan in
the Model 3 is only 0.729 millisecond, and the hammer !
drivers must be left on about 1.2 milliseconds, a hammer
driver set on in one scam cannot be reset when it is addres-
sed again in the next scan. The hammer driver is actually
reset about one and two-thirds scans after itis set.

)
A reset time in Mode13 pnnters is dewloped in each ham-
mer clock cycle and this is used to decode the Xand Y
address lines of the hammer being set to a different X and
Y line during reset tinie. For example, the X.and Y line
used to set hammer driver 2 is decoded to the Xand Y
line necessary to reset hammer driver 9. The hammer
driver set in a scan is prevented from being reset in the
same scan. This is;done by bringing up ‘Inhibit Echo Scan’
in a similar method as when it is used to prevent echo
checking. . ‘

Refer to “Hammer Check LSR” for more information.

Circuit Objectives

Refer to FEMD 5-060.
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Hammer Driver Resst (No Data, or No Print Compafe)

® Each hammer driver is reset during every print scan—
unless it was turned on in that print scan.
/

L] Hammer &Mset on a print s;an are checked
. tomake sure they are off.

A reset pulse is sent to every hammer driver during every

print. scan except the print scan in which a hammer drivey

turned on. The ‘hmr fire bfr* trigger controls the times
(fhat reset pulsegare sent. The trigger is set at ‘PC2’ and

‘print comparg/. At this time, the attachment sends

‘hammer set’ pulses to the hammer drivers. The trigger
is reset during PC1 when no data is found (the ‘no data’
line active), or durmg PC2 when no print compare is found
(the ‘print compare’ line inactive). When the ‘hmr fire bfr’
trigger is off, the ‘hammer off” line is a¢tive. At ‘hammer
clock 4’, the ‘hammer set ctrl’ is activated. This pulse
ANDed with ‘hammer off’ activates ‘hammer reset’. The
reset pulse is taken to the pnnter to reset the hammer
drivers.

On Model 3, the ‘Hammer Reset’ pulse is activated by
(not) ‘Inhibit Echo Scan” at ‘Hmr Cl 3’ time just before
the ‘Reset Tlme latch is reset.

An active hammo'r echo line from the
off echo”) received as a result of resetting the
drivers, indicates the hammer drivers are off.

Circuit Objectives

Refer to FEMD 5-075. Coa

Cycle Regeneration and Ending Operation
._\ s
® Determine the following:

1.  Isone of the last three hammers addressed?
2, IsitPSS3? ~—

3. Have all 50 print scans been taken?

4.  Is this the last mechanical position?

After a hammer driver has been fired and checked, the
printer attachment must determine exactly where it is in
the print cycle. The attachment must make four decisions -
before it can branch back into the logxcal flow of the print

»

tions)?
2. IsitPSS3?

! . Pageof SY 45D
Revied ALRl 9. 1971

By TNL: SN31-0318
. P
The flow in the Field Engineering Maintenance

___-Diggrams manual (FEMD 5-070) illustrates the branching

conditions.

Unprintable Character

® An unprintable character (UPC) is any character that is
optioned for printing but does not appear in the chxm
image area in main storage.

® An unprintable character sets a sense bit in tie SNS bit
assembler, but will not be detected unless ali SNS
mstructlon is given. ' §

The UPC is a character addressed by the U’DAR and
optioned for printing for which no print compare occurs
during PC2. The UPC is optioned for printing on a]l 48

" ptint scans, and remains to be optioned for the 50th print

scan. At this time, however, the print line is complete and
no more print options are taken in this mechanical | position.
The UPC is detected and a sense bit is set. An SNS.instruc-
tion must be given to alert the program of the UPC. With-

t arr SNS instruction, the sense bit remains undetected.
ins active until it is reset by the next SIO instruction.

On mnchinee wsth standard 48-character sets; there is no
redyction in throughput caused by unprintable chasacters;

a standard 48-character set, if ‘PC1 data
50°, the UPC latch sets. At ‘SNS e

* active, the UPC sense.bit

ugh the SNS bit assembler

On a machine
¢l 7’ is active at ¢
N code 3 @ cl 1’ with
‘DBI SNS bit 6 is gated t
into the DBI assembler.

CARRIAGE OPERATIONS
Carriage Space

® The number of lines to be spaced is gatecf into the
carriage spaee-skip register from the DBO register.

° The number of lines spaced is stored in the carmge
; space counter. -

) When the carriage space-skip register and the carriage
space ¢ounter compare, ‘space stop’ is activated and
-the carriage is stopped.

$203 Attachment TO ~ 3-5



A carriage space operation initiated by an SIO instruction
from the CPU is controlled by the 5203 attachment. When
the binary value of space 0, 1, 2, or 3 in the carriage space-
skip register equals the count in the carriage space counter;
the carniage space operation is stopped.

A/ - .
For more information, refer to “Start 1/0 Instruction.”

During an SIO space instruction, the control code of the
instruction contains the number of lines to be spaced (0,
1,2, or 3).

Note: A space control code of 4 or higher results in a
space of zero.

+The control code is sent over the DBO, and at clock 5 time
of the channel I-R cycle, the DBO register is gated into the
carriage space-sKip register. The carriage space-skip register
now contains the number of lines to be spaced. At clock 8
of the channel I-R cycle, the print trigger is turned on. °
This indicates the printer will print a line before spacing.
At the end of the channel I-R cycle, the space latch is
turned on to init{ate a space after the print cycle has been
campleted. The carriage control latch is turned on when-
eveg the following conditions are met:

‘48 character set’

‘last M position of line’
‘scan 45°

(not) ‘forms jam’k

Pl ol S

This allows the ‘carriage clutch control’ line, along with the
space latch on, to gate the carriage clutch and-tumn on the
carriage moving latch. The carriage clytch is pickéd and the
carriage and forms advance. A carriage emitter pulse is
sent from the printer to the attachment for each line that
the carriage and forms advance. Each carriage emitter pulse
resets the carriage moy(ng counter and advances the carriage
space counter by one count. The carriage space-skip register
and the carriage space countef are compared each time a
line is spaced. When they compare equal, the ‘space stop’
line is’activated. This degates the carriage clutch (the
clutch latches up and the carriage and forms stop moving),
+and resets the space latch. The carriage moving counter
then counts down for 12 ms and resets the carriage moving

latch. (This allows time for all carriage parts to stop moving.)

The carriage moving latch bemg off activates the ‘carriage *
nof busy’ line, and the printer is ready to—accept another
instructjon.

Circuit Objectives
Refer to FEMD 5-210.

36 (12/69)
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Carriage Skip

. T —
® The carriage line Agmber to be skipped to is gated into.
the carriage space-skip register from the DBO register.

® The line counter contains the binary value of the
carriage form line being skipped.

® When the dniage space-skip register and the carriage
line counter compare equal, skip stop is activated and
the carriage is stopped.

A carriage skgp operation initiated by an SIO instruction
fram the CPU is controlled by the 5203 attachment, When
the binary value of the form line to be skipped to in the
carriage space-skip register equals the count in the line
counter, the carriage skip operation is stopped.

Refer to “Start 1/0 Instruction” for more information.

During an SIO skip mstructnon the control code for the
instruction contains'the number of the form line to be
skipped to.

’
Note: A code of 0 will be accepted but causes no carriage
motion, .

The control code is sent to the DBO. And at clock 5

time of the channel I-R cycle, the DBO register is gated
into the carriage space-skip register, The carriage space-
skip register now contains the line to be skipged to. At

_clock 8 of the channel I-R cycle, the print trigger is tumed

on. This tells the printer to take a print cycle before
skipping. At the end of the channel I-R cycle, the skip
latch is tumed on to tell the carriage that a skip is to be
taken after the print cycle is completed. The carriage
clutch control latch is turned-on when the following condi-
tions are met:

.« ‘48 character set’

‘last M position of line’
‘scan 45° :

(not) ‘forms jam’

Ealk ol M

This allows the éarriage clutch control line, along with the
space latch on, to gate the carriage clutch and turn on the

“earriage movinglatch. The carriage clutch is picked, and

the carriage and forms advance. A carriage emitter pulse

i sent from the printer to the attachmeiit for each line
that the carriage and forms advance. Each carriage emijter
pulse resets the carriage moving counter and advances the
carriage line counter by one count. The carriage space-skip
register and the carriage line counter are compared each
line skipped. When the compare equal, the ‘skip stop’ line
is activated. This action degates the carriage clutch (the



: ]
clutch latches up and the carriage and forms stop moving),
and resets the skip latch. The carriage moving counter then
counts down for 12 ms and resets the carriage moving latch.
(This allows time for the carriage parts to stop maving.)
The carriage moving latch being off activates the ‘carriage
not busy’ line, and the printer is ready to accept another
instruction.

Manual Carriage Operations -
Manual Space

® Pressing the space key on the printer console initiates
a single line carriage space when the printer is in a not
ready state.

When the space key is'pressed, the manual space latch i
turned on. The manual space-latch turns on the manual
space trigger. Turning the manual space trigger on activates
the ‘manual carriage op’ line. ‘Manual carriage op’ ANDed -
with“carriage chitch control’ activates the ‘carr cl' line.

This picks the carriage clutch and turns on the camage .
 moving latch, The.carriage is now moving and the carriage
moving counter is-started. A verified emitter pulse resets
the manual space trigger and the carriage moving counter.
Turning off the manual space trigger deactivates ‘manual
carriage op’, which degates the clutch. This stops the
carriage after one liné has been spaced

If there are no more carriage emitter pulses to reset the
carriage moving counter, the counter runs for 12 ms and
resets the ‘carriage moving’ latch. This allows the printer
to become not busy, and another printer function can be
initiated.

Circuit Objectives

Refer to FEMD 5-220.

Manual Restore

® Pressing the restore key on the printer console initiates
& carriage restore to line one of the next form.

Pressing the restore key sets the manual restore latch;
releasing the key resets the manual restore latch. The
manual restore latch turns on the mahual restore trigger.:
Turning the manual restore trigger on activates the ‘manual
carriage op’ line. ‘Manual.carriage op’ ANDed with ‘carriage
clutch control’ activates the ‘carr cI’ line.

DI2

* This picks the carriage clutch, and turns on the carriage }

moving latch. The carriage is now moving and the carriage
moving counter is started” As the carriage searches for

line one and the verified emitter pulses are sensed, the

carriage moving counter is reset and then restarted. The

 line counter and the forms length register are continually

bemg compared. A compare equal of the line counter and
the carriage forms length register turns on the line compare
latch. This indicates the carriage is at the last line of the
form. The carriage must move one more line to be at line
one.” This is accomplished by waiting for another verified
pulse to reset the line compare latch. The line compare *
latch going off turns off the restore reset trigger, which
activates the ‘restore reset line. The restore reset’ line
has two fanctions:

1,  Itresets the line courter tq one, and the line counter
output being one resets the restore reset trigger on.
2. The restore reset line turns off the manual restore

trigger.
v .

- The manual restore trigger going off deactivates the ‘manual

carriage op’ line, which degates the carriage clutch.

By receiving no more emitter pulses, the carriage moving
counter that was reset with each verified emitter pulse is
allowed to run for 12 ms; it then resets the carriage moving
latch. The carriage moving latch going off allows the
printer to drop busy, and another print function can be
initiated. ' :

Circuit Objectives

Refer to FEMD 5-220,

1/0 INSTRUCTIONS

Start /0 l‘ns.tmction ]

e Initiates a printer operatio(/

o Consists'of an I-Qand an I-R cycle in the attachhent.

® During the 1-Q cycle, the Q byte of the instruction is
decoded and the condition code is sent back to the CPU.

® The I-R cycle decodes the control code to load the
carriage space-skip register.

® The print latch is turned on-during the I-R cycle.

5203 FETOM Attachment (12/69) 3-7



The start 1/0 (SIO) instruction initiates the print operation.
The line printer data area in main storage, addressed by the
LPDAR, is printed because an SIO instruction has been
issued. One S1O instruction is required for each line of.

pri ‘

TwoJcycles are generated-in the printer attachment by the
SIOInstruction. The first is an I-Q cycle to interrogate
the Q byte of the instruction and determine the condition
code of thé)printer attachment. The I-R cycle loads the
carriage space-skip register with the information on how
far to space or skip. It also turns on the print latch,

1-Q Cycle
During the I-Q cycle the following events occur:
;-
1. ° The device address is decoded.
" 2. The print buffer and carriage are checked to see if
they are busy
3. The condition code is determined and sent to the
CPU.
4. The MandN fields of the Q code are mten:ogated
S.  Eitherthe space or skip latch is set in the carriage
circuitry, .

An SIO instructior sent by the CPU is received by all
attached 1/0 device  Therefore, each 1/0 attachmens
must decode the device address (DA) in the Q code of
the instg&:tion to determine if the SIO is for him. At the
same time, the attachment interrogates its circuitry to
see if it is busy. 'If the DA is for the attachment, and if
the ahachment is not busy, a condition code of B i is sent
back to the CPU. This tells the CPU-that the SIO was
acceptedand an attachment (printer) 1/0 operation
starts. -

If the printer attachment decodes the DA in the SIO ./'
instruction as an E (the DA for the printer), and the printer

and the carriage are not busy, a condmon c@ Bis
sent to the CPU,

. After the condition code of B is determined by the attach-
ment, the M and N fields of the Q code are interrogated to
determine carriage information. Without a condition code
of B the attachment stops further operations. The M field
of the Q code selects a carriage (a O selects the left carriage,
and a 1 selects the right carriage). The N ﬁeld getermines
if the carriage is to:

1. §pace only, or

2. Print and space, or
3.  Skiponly, or

4,  Print and skip.

38 (12/69)

"Circuit Objectives

With a carriage selected, and one of the above conditions,
either the space or skip latch in the carriage circuits is set.

I-R Cycle

During the I-R cycle, the carriage spage-skip register (of the

carriage selected by the M field) is loaded with how far the
carriage should space or skip. At this time, the carriage
has all the data it needs for the print operation.

[ .

)

At clock 8 time, the ‘print’ latch is set. This completes the
SIO instruction and the attachment can now take cycle )

- steals and begirthe print operation,

-
~

e

_ Refer to FEMD 5-310.

1-Q Cycle

When the SIO mstrucuon is sent the followmg lines are
activated:

h]. The qI-Q cycle’ line from the CPU activates the

‘I-Q cycle’ line in the attachment.
2 The ‘SIO instr’ line from the CPU activates the
_ 'S10 instr’ line in the attachment.
The Q code is put on data bus out and placed in
the DBO register.

Al

The device address is decoded. If an E (DBO bits_O, 1,ind |
2 active and DBO bit 3 inactive) is decoded, the ‘ptr DA
decode’ line is activated. At ‘samplé DBO cl 5° time, the

> Q byte is loaded mto the Q register. ¢

EL I
The status of the prmte;@ttachment (bus;y or not busy) is
determmed‘in the qsregw,’st'er The ‘ptinter not ﬁusy’ line -
is active if the ‘right’ cagr.not busy’ and “Jeft carr not busy
lines are active (carriages not moving) and the * pnnt bnffe; .
not busy’ line is actlve( print latch’ not set)' )

"\ e Y-

At ‘sample DBO cl¥ tnme, the pir DA decode latch ,ns
set. The output of the latch ANDs with ‘SIO instr’ to
agtivate the ‘SIO ® ptr DA’ line, With this line and the
‘printer not busy’ line active, the ‘chan 1 1/O condition B*"
line is activated.

4

«

The M field of the Q code is decoded to activate either
‘select right carr’ or ‘“select left carr.” ‘Q bit 4 active selects

the right carriage; ‘not Q bit 4* actnve selects the left
carriage.

DI3
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.

The N field of the Q code is decoded to activate one of the
following:

1. ‘SIO space command” = _
2. ‘SIO skip command’

3.  ‘print’ and 81O space command’
4.  ‘print’and ‘ﬂO skip command’

Refer to Figure 3 1 for the Q byte decode for the above
carriage commands.

With a carriage selected, and either ‘SIO space command’ or
* ‘810 skip command’ active, either the ‘space’ latch or the
- ‘skip’ latch in the carriage circuits is set.

IR Cycle

Upon the completion of the I-Q cycle, the ‘I-R cycle’ line

. from the CPU activates the ‘I-R cycle’ line in the printer

attachment. . 4

/ »
- At ‘sgmple DBO cl 5° time of the I-R cycle, the ‘load right

(or left) carrdata bfr’ line is activated. This line active ,
gates the DBO .bits (containing the amoum to space or sknp)
into the carriage space-skip regster

/ .
~Atclock 8 time of the I-R cycle, the ‘print’ latch is thmedh
‘-on. :

Figure 3-1. Start 1/O N Field Q Byte Decode

Di4
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Load 1/0 |nstruction
e Consists of an 1Q A{Cle and two E-B cycles.

® The 1-Q cycle decodes the Q byte of the instruction
; and sends the condition code back to the CPU.

® Thtee load 1/Q instructions are required before: printing
to: ’ '
1. Load the forms length into the carriage forms
, length reglster(s) ‘
2., Loadinto the LPIAR the address where the o
: chain i can be found in main storage.- ’
\ 3. Load intgfthe LPDAR the address where the
.~ data to be printed can be found in main storage.

The load 1/O (LIO) instruction is used to prepare for a
print operation. Three LIO instructions are neeessary
before a print operation can take place. One LIO instruc-
tion is necessary to load the forms length into the carriage
forms length register(s). A secand LIO instruction selects
and Joads the LPIAR, and a third selects and loads the
LPDAR. By loading the LPIAR and LPDAR we are
specifying the area in main®storage to be addressed by
them during the print gperation.

1-Q Cycle

The 1-Q cycle for the LIO instruction is basically the same
as for the SIO instruction. (Refer to “SIO Instruction,

1-Q Cycle.”) The device address is decoded, thie printer is
checked to see if it is busy, and the conditidMhcode is deter-
mined and sent to the CPU. The M field in the Q byte of
the LIO is insignificant. The N field of the LIO is jterro-
gated to determine if\it is to load the carriage fornss length
register, ;elect and load the LPIAR, or select and load the
LPDAR.

E-8 Cycles
&
During the first-E-B cycle (E-B1),the forms length is

loaded into, the right carriage forms length register. During |

the second E-B cycle (E-B2), the forms length is loaded
into the left camage forms length register.

" . The LPIAR or LPDAR are selected and loaded during E-B1
and E-B2.
C‘l’rbuit Objectives

Refer to' FEMD 5-330.

3-10  (12/69)
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The circuit objectives for the LIO instruction are similar

to those of an SIO instruction. ‘L@ instr’ and ‘1-Q cycle’
lines are sent to the attachment along with the Q byte. The
attachment activates its ‘LIO instr’ and 1-Q cycle’ lines.

‘The @ byte enters the DBO register.

The device address is decoded and at sample DBO cls
time the Q byte is shifted into the Q register for decoding.
The status of the printer, busy or not busy, is determined
in the Q register and the condition code is sent to the CPU.
A condition code of B (correct device and printer not
busy) causes the attachment to decode the N field and
inform the CPU that the LIO has been accepted.

The N field of the @ byte of a LIO is decoded to determine -
what it is to do (Figure 3-2) Fr. D16

$
L3

1.  Loadthe carr \rge forms length register.
2. Select the LPTAR for update.
3. Select'the LPDAR for update.

- Test 1/0 Instruction

® Consists of an I-Q cycle.

® During the 1-Q cycle, one of four conditions is tested -
for and the condition code sent to the CPU detemunes
the résults.

® The four conditions that can be tested for are: .
? . .
1. Notready, not .
2. Print buffer busy. /¥
3. Carriage bysy.
4,

Printer busy.

The test 1/0 (TIO) instruction is used to determine if

either the printer attachment or the printer is busy or ready.

. There are four conditions that can bestefted by aTIO

xnstrucuon. These are:

1 Is the printef teady, *

2. Isthe print buffer busy,
3.. Is the carriage busy, or
4.  Isthe printer busy? °



. £
Not No-Op -
o A- - '. . . Yy
LI1O \nstr — (Q Byte Decode - Note 1) A Select'Forms Length
. 4 q
Printer Not Busy , »
g Select LPIAR .
- [ . : - A - -
(Q Byte Decode -Note 2) | .| -
> ‘ ¥
: " o |__SelectLPDAR
1Q Byte Decode - Note 3) N >
QByteDecode S .
Note 1: Not Q Bit 5, NotQ Bit'6; and Ptr DA+ Net Q Bit 7 (N code 0) *
" Note 2:,Not Q Bit 6,4 Bit-5, and Ptr DA =Not Q Bit 7 (N code 4) .
Note 3: Q Bit 5, Q Bit 6, and Ptr DA *Not Q Bit 7 (N cede 6) -
s . ) + LS ’ PR P .
R P o -
-” Figure 3-2. Load,1/O N Field Q Byte Decode
I
< < ‘
1-Q Cycle ~ attachment) is ready for a new instruction. Although we

.. . _ D N . chieok for a-condition code of A witha TIO instructjon, a
The TIO in§truction consists solely of.an I-Q cycle in the. condition code of B means that we can proceed to another
attachment.” The 1-Q éw“le is’similar to that of the SIQ or operation the same as in a SIO or LIO instruction.-

* LIO instructions. The difference is that in the other i
instrugtions, a condition code of B means that,the carriages
are not busy and that the print buffer i§ nat busy. The Circuit Objectives

* " TIO instruction checks to see if either carriage or the print-
buffer is busy, or if the printer is ready or busy; a condition  Refer to FEMD 5-350.
code of A (not B) means that the condition checked for is ' -

met. A condition code of B in a TIO means that the con- The circuit ijeéjives of the T1O are Similar-to those of the
dition tes’ was not met. : SI0'and LIO. “TIO insts” dRd“1Q cycle’ lines aressent to
° . the attachment from the-CPU along with the Q byte. The .

With a conditich code of B, we carfproceed on to the attachment acti\;rates}i *T1O instr’ and ‘I-Q cycle’ lings. The
next jpstruction. \/ Q ?yt\e_eg;pm the D vm‘gnter. . & .

‘ L . The device address is decoded. Af ‘sample DBO 1§’ time
Note: The TIO checks for a busy or a not ready situation. the Q byte is loaded into the Q register.  The-M field is ¢
A condition code of A tells us that the printer or attach- decoded to determine which carriage if apy) is to be tested.
ment is indeed busy or not ready. Therfore, with a can A ‘Q bit 4’ active selects the right carriage, and a ‘fiot, Q
dition cede of B the device checked (printer, carri;;ge, or bit 4’ active selects the left carfiage.
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The N field of the Q byte is decoded to determine which”
condition is to be tested for. Refer to Figure 3-3 for the -
Q byte of the conditions to be testedef[t.

Advance Program Level Instruction
® Consists of an 1-Q cycle.

® During the I-Q cycle, one of four conditions is tested

for and the condition code sent back to the CPU deter-

mines the results.

e The fo{;Mhat can’be tested for are: -

0

1 Ready . :

2. - Print buffer busy o
3. Carriage busy.

4 Printer busy.

® The Advance Program Level mst.mctxon is similar to
the Test 10 instruction. :

with the dual program feature. It is similid’to and tests

The Advance Program Let'e} instruction iyd primarily
.for the same conditions that<the test IO instruction oes.

. The Advance Level Program (APL) instyuction checks for:

.

‘1. Is the printer ready,

- 2. Isthie print buffer bysy,

*3. + Isthe carriage busy, or

ce
[}

4. Is the pringer busy? -

- %

o

The APl,mstructnon loops until the condition being checked

for ho longer exists. A blank'Q code is recogmzed asan

-automatig APanstwctton 3'hls condition'is termed an

automattc "APL a'nd is the safhe as a no-op. -

(4 e ©
. . . .
. -

I-O Cycle

‘1

K
-
B

The ARPL m‘sterucnon r.oasxsts solely of an 1-Q cycle in the
attathment® The I-Q cycle-is similar to that of #{JO

instruction. A condition ¢ode of. A means that the condition

being checked for is busy, T he, APL instruction loops

.'un‘ttl the condition being checked is not ;busy and a condi-
R tlon code of Bi is agtivated. - &, e

¢ swe T
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Circuit Objectives

Refer to FEMD 5-350.

. The circuit objectives of the APL instruction are similiar -

to those of the TIO instruction, The ‘TIO instr’ line sent
to the attachment‘ is'decoded in the attachment as ‘
‘TI10-APL instr.” Therefore, the attachment uses the same ~
circuitry for both instructions. Refer to “T&st1/0
Instruction” circuit ob]ecttves

Sense 1/0 Instrugtion -

- %,’ L v
® Interrogates the status of the printer attachment logic.

® Consists of an I-Q cycle and two E-B cycles. e
® The IQ cycle decodes the Q byte and sends a condmon ‘
code of B back to the CPU. .
® [t is always accepted by the attachment whether it is
. busy or not.

e v
&

L.

- ® The two E-B cycles are taken to check for,the con‘dmon

called for in the N field of the Q byte.

L] P

® The sense mformatlon is sent back to the CPU.

The sense I/0 (SNS) instruction interrogates the statu’s of
the printer attachment logic and sends the sense informa-
tion back to the CPU. The SNS.instruction is a diagnostic
tool, but may be used at gny time. It is always accepted -
by the printer attachment whether‘the, attaehment is busy
or not; therefore, a condition code of B'is always returnéd
to the CPU during the 1-Q cy,cle. <

1-Q Cycle

r
The I-Q cycle for the SNS instruction differs from that of

the other instructions only in the way the condition code
is determined. The SNS instruction does.not ‘chegk for

- any busy conditions during the [-Q cycle. A condition code _

of B is always decoded in-the Q register decode circuits. .
The device addressis decoded and the N field of the Q byte
is ;nten'bgated in the same manner, as the rest of the instruc-
tions. The M field is msngmﬁcant in a SNS mstrugtnon
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Figure 3-3. Test 1/0 N Field Q Byte Decode

’ ”~
‘ .

E -8 Cycles ‘

The N field of the Q byte and the E-B cycle (E-B1'or E-B2)

" " The device address is decoded and at ‘sample DBO cl 5’
time, the Q byte is loaded ifto ,the Q register. A condmon
code of B is sent to the CPU.’

determines the condition to be sensed. A register is selected'.
in the CPU or the attachment.by the N field 2nd the E-B .

cycle. If an attachment register is Selected, its contents are
put on data bus in and'taken td the CPU. THe selected
register gan be interrogated in the CRU By the program for

thg diagnostic value it contains.

Clrcwt Ob/ecuvea

\

Refer to‘FEMD 5- 370

v

in the DBO register.

" *SNS instr’ and ‘1Q cycle lines are sent from the CPU to
- activate the ‘SNS instr’ and ‘I-Q cycle’ ‘lines in the attach- .
ment. The-Q byte is also sent to the attachment and ‘stored

The N ﬁeld of the Q code is decoded. The ‘E-B1 cycle
- from the CPU activates the “E-B1 cycle’ line in the attach-
. ment. At this time the condition specified by th¢ N field'

..is checked. for (refer to the chart on FEMD 5-370). If the

" contents of a register are specified, they are placed on data
bus in and taken to the CPU. If a register in the CPU is to
be selected, the select lines in the attachment are raxsed and
taken to the. CPU.

3

.

During the second E-B cycle, the CPU activate thé ‘E-B2

DI8

same as those for the E-B1 cycle.

oycle’ line. The sequence of events for the E-B2 ¢ycle are

CONTINUED Oﬂ
" FRAME EOl o

//

:320’3 FETOM Attachment (12/69)
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. Chipter.& Features

Specnal features avaxlable for the IBM 5203 Line Pnnter . 120 AND 132 PRINT POSITIONS

Attachment are: g
:The Stﬁndard 96 print positionsmn be increased to 120 or
e Dual Feed Carriage 82 print positions by installing the 120 or 132 print ,
' position feat*ge\B/M The imnt operatnon in the attach-
® 120 Print Positions npﬂ'ﬂ;enums tl)e same, exeept for two functions:
® 132 Print Positions ~ 1.  Inhibit cycle steal 2 and 3 afxet the hammer address
, feguter decodes the last existent hammer address
® 200 LPM Throughput -mny subscan, This prevents CPU cycle steals
' because they are not needed. '
® - Universal Character Set (UCS) " 2. Degate the-hammer echo samples when the hammer
~ . address register decodes the first nonexistent hammer
Al FF (Field Feature) B/Ms for the 5203 attachment must address. ‘Hammer echo checks are not- needed for
‘be installed.along with the concurrent 5203 printer FF B/M. nonexistent-hammer positions.

When the hammer address register addresses hammers 1, 4,
7, 10, etc. during a subscan, the output of the register is
decoded. If it decodes hammers 1-24, the attachment is

DUAL FEED CARRIAGE allowed to take necessary cycle steals, and to echo-check -
' the Hammer drivers. If the hammer address register decodes
This feature provides simultaneous feeding of two non- - . hammers 25, 26, or 27 (nonexistent in 96 print position
overlapping sets of forms. The left carriage is standard, « machine), cycles 2 and 3, and echochecking, are prevented
and the right carriage can be field installed. for the remaining portion of this subscan. In the case of
‘ . 120 print position operations, cycle steals and echo-checking
Each carriage can move independently of the other. A are prevented for a decode of hammers 29, 30, or 31,

separate SIO instruction is required for each carriage. Dual
circuitry is provided for in the attachment FF B/M by
adding two MST cards. These cards include an additional:

Carriage space-skip register
Carriage forms length register
Carriage line counter
_Carriage space counter
Carriage moving counter
Carriage manual controls
Space check counter
Emitter generate counter

PN E W=
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Circuit Objectives
.
Refer to FEMD 4-110,

The ‘last feature address’ latah is turned on when an exis-
tent hammer is addressed during any print subscan. The *
‘last feature address’ latch is not tyrned on when the
address register is loaded with the address of the first
nonexlstent hammer address (25, 26, or 27 for 96 positions,

' or 29, 30, or 31 for 120 posmons) This does two things:

1.. The force PC ZIp end’ latch is tumed on. This
. ANDed with ‘PC1’ resets the ‘request time’ latch
and PC2 and PC3 of this PC group; and the.remain-
ing groups of this subscan are not taken. The ‘force
PC group end’ also allows update of the LPDAR,
during PC1, by degating ‘chan 1 inhibit LSR load’.
2.  The ‘“feature inhibit scan’ latch is turned on. This
degates the ‘sample echo check’ for the remaining
addressed nonexistent hammer positions.
The ‘force grp end’ latch is reset at the beginning of the
next subscan with ‘chain em ss w-o home’. The ‘feature
- inhibit scan’ latch is tumed off with ‘first 12 prt positions’
ANDed with ‘hammer clock 1°, ‘hammer clock control’,
and ‘HAR clock’.

'

200 LPM

" The 5203 throughput can be changed from 100 LPM ~t/
200 LPM, or from 200 LPM to 100 LPM, by changing a -
jumper wire and the incrementer cam.

The;200 LPM machmes pnnt i
LPM machines pr'

th directions, whereas,

The 5203 throughput can be increased to 300 LPM by -
installing the 300 LPM Field Feature Bills of Material on
both the printer and attachment.

E03

ffie per minute machines’

UNIVERSAL CHARACTER SET

Any character set with more than 48 different characters
is defined as a universal character set (UCS). The UCS
feature expands the 48-character set to a character set
with 49 to 120 different characters.

An MST card located at B1'L4 of CPU controls the UCS
in the 5203 attachment. The 5203 has arr'additional emit-
ter (UCS emitter) and microswitch installed. The micro-
switch is activated by a stud on the UCS cha!”ﬁ cartridge.
This switch indicates to the attachment that the UCS®
feature is installed on the 5203. These functions are -
installed with the UCS feature B/M. Three functions of
the 5203 attachment ar¢ changed by the UCS feature:

1. Opération of the ‘home’ latch is changed. With the
standard 48-character set, the home latch is turned
og-at the beginning'of every character set (S times
per chain revolutian). This resets the character

“counter to prepare for the folleswing character set.
With UCS, the ‘home’ is turnéd on once per
chain revolution. s is acoomphshed by receiving

character counter to prepare for the followmg
“UCS character set.

Circuit Objegtives: Refer to FEMD 4-080. The
‘home’latch is turned on once per chain revolution.
‘UCS home’ ANDed with ‘320 NS chain em’ and
‘250 micros home gate’ turn on the ‘home’ latch.
Turning on the ‘home’ latch brings up the ‘reset cc’
line which resets the character counter.

* L4

2. In UCS, the scan counter reaching 48 will not stop
printing. The scan couster bggins with the first PSS1
pulse after a print start ss pulse. The scan counter’s -
only function is to define the inhibit range (scans 41-
56 for Models 1 and 2; scans 34-86 for Model 3) of the
incrementer clutch (prevents clutch nipping). Printing
in any of the four M positions is stopped when all the
datain the print image for that M position has been
printed (detected by unprinted data circuit). The
inctementer clutch is then en%zed and the hammers-
are shifted to the next M position.



_Gircuif Objectives: Refer to FEMD 4-300. To stop
printing (subscans) in any M position with UCS, the
‘begin last scan’ latch is turned on at the begmmng
of each’print scan by ‘PC1’ ANDed with ‘PSS1’ and

“first 12 print positions’. If ‘unprinted data’ becomes
active, the ‘begin last scan’ latch is reset, and another’
scan is taken, If the unprmted data’ line does not
reset the ‘begin last scan’ latch by the end of a scan,
the ¢ stop printing UCS’ line becomes active. The

-‘stop pripting UCS’ line active does two things:

a. It resets the ‘execute print’ latch to stop printing,
>b. It turns on the ‘EOL’ latch if ‘last M pos of line’

~+ is not active. This turns on the ‘incr clutch’ latch,

and the hammers are shifted to the next M position.
!

In WUCS the character counter is not reset five times -
per chain revelution (before each 48 characters) as
it is for the 48-charagter set. In UCS the character

~ counter is reset twice per chain revolution (once
- before each character set): once with the home

latch (home latch is turned on once per chain revol-
ution with UCS), and once with the 119 ck Eount

trigger.

. Circuit Objectives: Refer to FEMD 4-095. Two
- resets to the character counter are generated each

a. Turning on the ‘home’ latch§ctivites the ‘reset cc’
line, which resets the charactér counter.

b. Activating the ‘cc 119 check count’ line turns on
the ‘cc m lgtch. With this latch.on, and all the
other cc latches orfi {(count 119 alldiches on but

_ the #8), the next ‘cc shift’ tugns 'IJ the latches.

_ stepping the: cc to zero.

chain revolution (2 UCS charat sets per chain).

Overflow (UCS)

Ovetflow may or may not occur:

1.

Overflow occurs whenever.the increment value added
to the position of the character on the chain (112
throagh 119 for UCS) results in the addressing of a
character in the next set of characters on the chain.
To be addressed correctly, this character must be
referred to by its correct position on the chain. A
UCS character set is repeated twice on a chainu Egch

EQ4

~ 1111100 (124)

of the 120 characters corresponds to one address in
the LPIAR data areain main storage (XX00 through
XX77 hexadecimal). To prevent the addressing of a
character in the next character set on the chain(the
address would be greater than 120 for UCS), a decode
of 112 through 119 out of the 7-bit shift register °
turns on the potential overflow latch. .

The low order positions of the 4-bit and 7-bit shift :
registers are shifted through the adder. The adder
output is shifted, bit by bit (clock 1-7), back into the

7-bit shift register (ar}y carries from the adder-are
placed in the carry trigger and added the next shift
pulse). At clock 4 time, the 8 trigger values of the
4-bit and 7-bit shift registers are present at the adder
input and the result of the additiorris present at the
output of the adller. With the ‘potential overflow’
latch on, and an adder output, the overflow

trigger is gated on. Turning the overflow trigger on
holds the high order trigger (trigger 64) reset for the
next four shift pulses. This forces zeros to be entered
in the four high order positions of the 7-bit shift
register.

For example, assume a UCS with the 7-bit shift
register containing a value of 116 and the 4-bit shift
register incrementing by +8:

1110100 (116)
0001000 -(+8)

(Adder output causes overflow
trigger to be set.)

The 124 causes an overflow condition because the

highest position addressed in a UCS is 119 (O is the

first count on the chain). The overflow trigger is

set, in this case, forcing zeros to be set into the four
* high order positions of the 7-bit shift register:

1110100 ¢116)
0001000  (+8)

0000100 (‘})

The 4 causes the fourth position of the next set of
characters on the chain to be.addressed.

5203 Attachment TO  4-3
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" Overflow does not occur if the increment factor

added to the position of the character on the chain
(112 through 119 for UCS) results in the addressing
of a character in the.present charaat®r set on the
chain: To prevent addressing a character in the next
character set, a decode of 112 tRrough 119 out of ‘the
7-bit shift register turns on the ‘potential overflow’
latch. The low order positions of the 4-bit and 7-bit
shift registers are shifted through the adder. The
adder output is shifted, bit by bit (clock 1-7), back
into the 7-bit shift register (any carries from the
adder are placed in the ‘carry’ trigger and added

. during the next shift pulse). At clock 4 time the 8
‘trigger values of the 4-bit and 7-bit shift register
* values are present at the adder input and the result

of the addition is presehit at the output of the adder.
With the ‘potential overflow’ latch on and no adder -
output, the ‘overflow’ trigger is not gated orr. This
allows the updated value to shift into the 7-bit shift
register from the adder.

EOS

For example, assume a UCS with the 7-bit shift _
register contajning a value of 116 and'the 4-bit shift. -
registlu'nqe enting by 2 (PSS cduriter and M

couner give initialization factor t6 4-bit shift re'giste/):' '

110104 (116}
)’ (+2)

™~
110110%(118) -
R ¢ (No adder output causes ovér-
flo_w trigger not to be set.)

The 118 willinot cause an overflow. The overflow
trigger will not be set. The true value of the 7-bit
shift register and the 4-bit shift register will be added
in the adder and shifted into the 7-bit shift register.

Circuit Objectives

Refer to FEMD 4-095.
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Chapter 5.. Power Supplies and Controfs-

The 5203 printer attachment receives all pf its logic, voltages
from the 5410 €PU. Four voltages are farnished by the
CPU. These are: .

1. 4 Vdc for control logic. \

2. +6 Vdc to convert from SLD logic to MST logic.
3. -Ground.

4,  7.25 Vac for printer console lights.

Voltages generated in ihe printer attachment are:

1. -1.35Vdc (refergnce).
2. 0.9 Vdc (a plus leve]).
3. -1.8 Vdg(a minus Ve

5303 FETOM Attachment. (12/69) §-1
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Chapter 6. Console and Maintenance Features

This chapter is not apphi -
IBM 5410 Central Processi 1 ngineering Theory
_of joris manual for the description of keys and
indicator lights associated with the 5203 printer. -

5203 FETOM Attachment  (12/69) 6-1
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Appendix A. Unit Characteristics

For machine characteristics, refer to the IBM System/3
Installation Manual— Physical Planning, Form A2 1-9084.

Ell 5203 FETOM Attachment  (12/69)  A-1
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