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PREFACE

An IBM 3270 Information Display System is composed of selected
units from a family of display products. The selection of units
and features can be tailored to meet the needs of most alphameric

display applications. The 3270 system has three basic categories
of units:

Control Unit
Display Station
Printer

This Original Equipment Manufacturer's Information Manual
provides information on the interface and Input/Output messages
transferred between the control unit and its attached display
stations and printers.

The control unit interface is described for the IBM 3274 Control
Unit and the IBM 3276 Control Unit Display Station attaching the
following devices:

IBM 3278 Display Station, Models 1, 2, 3, and U4
IBM 3287 Printer, Models 1 and 2

IBM 3289 Line Printer, Models 1 and 2

IBM 3179 Color Display Station, Model 1

IBM 3180 Display Station, Model 1

The 3276 Control Unit Display Station and the 3278 Display
Station may optionally be equipped with a Selector Light Pen and
a Magnetic Slot Reader.

The 3274 Control Unit (using an optional interface) can also
attach the following devices:

IBM 3277 Display Station, Models 1 and 2

IBK 3284 Printer, Models 1 and 2

IBM 3286 Line Printer, Models 1 and 2

IBM 328T Printer, Models 1 and 2

IBM 3288 Printer, Model 2

IBM 3278 Display Station, Models 1, 2, 3, 4 and 5
IBM 3279 Display Station, Models 2A and 3A

IBM 3287 Colour Printer, Models 1C & 2C

Additionally, the 3274 Control Unit using Configuration Support C
will attach:

IBM 3279 Colour Display Station, Models 2B and 3B

IBM 3278/79 Display Stations, Models 2 thru 4, with PS feature
IBM 3287 Colour Printer, Models 1C and 2C, with ECSA feature
IBM 3287 Printer, Models 1 and 2, with PS feature

Additionally, the 3274 Control Unit Models 1A, 1C, & 5C using
Release 43 of Configuration Support C will attach:
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Refer to appropriate product literature for additional devices
that attach to the Configuration Support C 3274,

For infornation on that interface, see the 32T71/3272 Control Unit
to Device Interface lianual. Yhen using that manual, read "3271"
and/or "3272" as w3274n, The APL/TEXT feature for those devices
is not supported by the 3274.

Not all features mentioned in this manuzl are available in all
configurations. For availablity of features see the IBlI 3270
Information Display Syster Configurator, GA27-284Q or contact
your loczl IBll Sales Representative.
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SECTION 1. TRANISHISSION ARCHITECTURE

1.0 INTRODUCTION

The 3274 Control Unit is used to control and support up to 32
display stations and/cr printers. The 3276 Control Unit Display
Station 1is wused to control and support up to eight display
stations and/or printers. However, the 3276 is supplied with one
attached display station. All device functions are controlled by
the control unit (3274 or 3276). Connands provide for Read,
fIrite and physical operation of the attached devices. Separate
buffers in the display terminals and printers receive, hold or
transmit datas and conrands. In addition, status inforration
from the attached devices is monitored and logged.

1.1 GENERAL TRANSHIISSIONI ARCRITECTURE

Data is transmitted from 2z control unit to a device or <device to
eccntrol unit via a single coax line, per device. The coax type
is PRG62AU wvwith a wmaximum length of 1.5 kilonmeters. Data is
transmitted as serial bits using a binary dipulse technique.
(See paragraph 3.0 for coax transmission protocol.) ‘

Datez is transmitted over the coax at a bit rate of 2.3587 l!lHz in
the following format:

Twelve (12) bits are assembled to form one (1) twelve (12) bit
word for transmnission in either direction over the coax. The
first bit of the twelve (12) bit word is wused tc delinit
successive words from the control unit and is always a "one (1)*"
bit and will be referred to as the "Sync bit". The last bit of
each twelve (12) bit word is the parity bit that will maintain
even parity when added to the preceeding eleven (11) bits.

Yord groups of twelve (12) bits each may be contigous. In this
case, the sync bit of the next word must directly follouv the
parity bit of the preceding word with no invervening pad bits.
A word from the control unit to the device (display or printer)
may be either a connand or a data word. Each VWrite type conmand
will <cause a Transnmission Turnaround/Auto Response (TT/AR)
following the 1last word of each group of contigous words sent
from the control unit, and the device responds with clean status
(bits 1 and 12) if the word(s) was (were) received without a
Transmit Check. A vord from a device in response to a Read type
conrrand may be either data or a status word, The device nmust
bezin response (datz, status or TT/AR) within 5.5 mnicroseconds
after receiving the ending sequence from the control unit (both
read and write type commands.) The 5.5 usec. is measured fron
the end of the last bit time of the received ending sequence to
the bezinning of the first bit time cf the transmitted =starting
sequernce.



The 12 bit connand word from the control unit to a device
contains address bits and a conrand code. The address portion of
the comnand word is three bits in lengcth (Bits 2,3,4) when
addressed to the device base unit and four bits in length (Bits
2,3,4,5) when addressed to a feature of the base unit. This
provides five bits for comnand codes (Bits 5,6,7,8 and 9) to
the Dbase unit and four bits (Bits 6,7,8 and 9) for comnand code
to a feature. Reserved bits in all conmands and responses nrust

be zero.
1.2 VWORD FORILATS

COlIL:AED WORD TO BASE UNIT

1 234 "~ 56789 10 11 12
SYrC 00C XXXXX 0,1 1 X
BIT ADDR., CHND £ CIED PARITY

¥pit 10 is reserved

COILIIAKD VORD TO FEATURE

1 2345 6789 10 11 12
SYIC LXXX XXXX X 1 1
BIT ADDR. CHND - ClLilD PARITY

¥Bit 10 is a parity bit (odd) for the preceding § bits

DATA WORD TO BASE UNIT OR FEATURE (Bit 2 is most significant)

1 2345 6789 10 11 12
SYKC XXXX XXXX X _ 0 0
BIT DATA WORD ¥ Data Parity

#Bit 10 is a parity bit (odd) for the preceding & bits
Data words of 1less than 8 significant bits will be right

justified (by the contrcl unit) and the high-order bits set to
Zero,

STATUS WORD TO CONTROLLER (see also paragraph 1.4.2.2)

1 2345 6 7 8 9 10 11 12
sSYlC YXXX X 0 X X 0 0 X
BIT ADDR ( STATUS BITS ) PARITY

QR:

1 2345 6789 10 11 12
SYnIC KEYPOARD 1 0 )4
BIT SCAN CODE PARITY

A status word is always sent (in response to a POLL conmnand)
fronn a device that has power on and has conpleted its POR
sequence. A response of all zeros except for bits 1 and 12
indicates that there are no error conditions to be reported and
no operator activiity requiring service. '
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This response will be referred to as "all =zero™ or M"clean"
response. If bit 11 is set, bits 2=-10 are undefined. .

DATA WORD TO COLTROLLER (Bit 2 is most significant)

1 2345 6789 10 11 12
SYNC XXXX XXXX P 0 P
BIT DATA WORD x Parity

¥Bit 10 = Parity bit (odd) for the eight bit (2 through 9) dats
word for Fead Data and Read lult. conwmands to the Base address,
and any Read connand (with bit € set to 1) sent to a feature.
Data WOrds' of 1less than & significant bits will be right
justified (by the device) and the high order bits set to zero.

1.3 ADDRESS BIT ASSIGHNLENTS

1.3.1 Address Bits (2, 3, 4, 5) for a Command to a Device

2345

000X 0,1 BASE OR KEYBOARD
0010 2 SELECTOR PEHN

0011 3 Reserved

0100 4 MMAGHNETIC SLOT READER
0101 5 Reserved

0110 6 Reserved

0111 7 EXTENSIO!N ATTRIBUTE BUFFER (EAB)
1000 & Reserved ‘
1001 S Reserved

1010 A Reserved

1011 B CONVERGEXKCE FEATURE
1100 c Reserved

1101 D Reserved

1110 E Reserved

1111 F ESCAPE

1.3.2 Address Bits (2, 3, 4, 5) of Status Word from a Device
0000 BASE UNIT

"All other features have the sane address bits in a status word
response as shown for conrnznd words to a device.

1.4 COMAIDS

1.4.1 Device Base Address Read Commands (Bits 5, 6, 7, & and 9)

56789
CAD COMNIIANDS (XXXX1) X¥X11: Response Parity Checked
56789 XXX01: " Not "
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00001 POLL

D00 11 READ DATA

00101 READ ADDRESS COUNTER HIGH

10101 READ ADDRESS COUNTER LOWV

01001 READ TERMINAL I.D.

10001 POLL/ACK

10011 Reserved

01101 READ STATUS (Security key and other switches)
11001 Reserved

01011 READ MULTIPLE

10111 Reserved

01111 Reserved

00111 Read Extended Terminal ID

11011 Reserved

11101 Reserved

11111 Reserved

Note: ° Reserved commands. In response to the reserved Read

commands the device will return an all zero data word with bad
parity (bits 2 through 10 all zero) regardless of bit 8 in the
Read conmmand.

1.4.,2 Read Command Functions (to Base)

1.4.2.1 00001-POLL and 10001-POLL/ACK

The poll command (Hex 1) does not use the address portion of the

command word for address. Bits in address portion are assigned
as follows:

Bits 2 and 3 are encoded as follows:

For Display: ‘ FobiPrinter:

11= Enable keyboard clicker 11= Enable Operation®
01= Disable keyboard clicker 0t%+= Disable Operation¥
10= Sound alarm 10= Sound alarm¥*#

00= None of the above 00= None of the above

b A "special Poll" to the printer to control the half-duplex
operation of the printer. "Disable Operation™ will cause the
printer to stop accessing adapter RAM as soon as possible (10
msec max), then return "Op. Complete"™ or other available status,
and wait for subsequent controller commands. The Printer will
"No~Op"™ the disable poll if the printer is already disabled.
"Enable Operation™ will revert the printer to internal operation.
The printer will continue the operation in process prior to the
"disable.™ Enable Operation must be sent upon completion of .
Control Unit command sequences to allow new status to be
presented to the control unit. The maximum disable time will
not load (or add) any poll status (except POR response) after
becoming disabled. The device must be capable of accepting
successive enable or disable polls. The control unit must not
send Menable®™ (or Start. Op Command) while waiting for a response
’ : 7



to a previous "disable." If "disable" state occurs prior to
conpleticn (or termination) of an order, the control unit is not
allowed to alter the control unit output area or 1load a new
order, except "Abort." If Abort order is 1loaded, Start Op,
rather than Enable, must be sent.

liote: The printer is also Enabled by "Start Op"™ and "Reset"
conrzands (1.4.3) &and Disable (within 100 usecs) by the setting
status bit 6 or 9 (Poll response) or POR response (1.4.2.2).

Hote: Prior to disabling, the printer will set the printer
Address Counter to "0000."

To allow for contrcl unit error recovery, the printer must appear
enabled to the control unit immediately (within 20 wusec) upon
receiving the "Enable" Special Poll.

Fxception: The printer rust no-op the "Enable™ function if the
Poll Response register is non-zero. Refer to Section 2.0.

£#The Sound Alarm Poll will not alter the Enable/Disable state.

Bit 4= PReserved
Bit 5= ACKnowledge last input message to control unit.

1 2 3 i 5 6 T 8 9 10 11 12
Syrc ¥ X 0 X 0 0 O 1 0 1 P
BIT (see above) ( Poll Cmnd )
.Bit 10= Reserved
The response word to a'poll is a one word status response. The

Poll Response is returned for any combination of bits 2, 3, and &
in the Poll conmand. Since the poll is not addressed to the base
of the wunit or any feature, a priority for response 1is
estzblished by having the base unit respond with its status. If
a non-zero status wordé is sent to the control unit, the device
will anticipate receiving a Poll/Ack to acknowledge the
acceptance of the first status znd reset the previously returned
status bits. Upon receipt of the clean status response the
control unit may issue another Poll, without the Ack bit, ané the
device will respond with the second status word. If the second
poll does not have the ACK bit on, the device will respond with
the first status word again even though higher priority stetus
may have become available. Reset and Read Terminal ID conmrands
sent to & device after it has returned non-zerc status but
before the status was ACKnowledged will cause certain status bits
to be reset. Refer to Reset and Read Terminal ID commands.



Note: "Op complete™ status, and "Feature Error" status, can also
be retreived by the "Read Status" command. Op Complete status,
or Feature Error status, will be reset by the "Read Terminal ID"
conmmand, as well as the Poll, Poll/Ack sequence described above.

Note: The Control Unit must issue the Poll/Ack command with bits
2, 3, and 4 set to zero. The priority of Poll response in the
3278 and 3279 Displays is:

Feature Error (Bit 11)

POR complete Special status code

Base Status (Bits 6,8,9) ¥

Keyboard (including keyboard overrun) Scan Code
Any other Feature Status

EWN -0

Other devices including those that emuiate 3278/3279 Displays,
are permitted to establish alternate Poll response priorities.

®# Multiple bits of base status may be returned in a poll
response. If a base status Bit is returned and not ACK'd, the
same bit will be returned in the next poll response. Other
base status bits will not be returneed until the control unit
ACK's the original returned status.

Exception: The Display will add bit 9 to previously returned
base status bits if an Op Complete condition occurs and a poll is
received prior to receipt of a Poll/Ack.

Exception: The Printer is allowed to add base status bits to
previously returned base status., If there is no base or feature
status to send, an all zero poll response is sent from the base
unit indicating that service is not required at the device.

Note: While the base display is busy, the display will suppress
all status. See paragraph 1.4.3 Clear Command. Upon completion
of the Busy operation, bit 9 will be set in base status.

1.4.2.2 Response to Poll (Status Words)

The status response word from the device base unit is:

1 2345 6 7 8 9 10 11 12
SYINC 0000 STATUS SPARE DEVICE OP KYBD FEAT PARITY

BIT ADDR TRANS 0 CHK CPLT IND ERROR BIT
Bit 1 = Sync Bit

Bits 2, 3, 4, 5 = Base address



Bit 6 = For Displays: Status transition has occurred. Refer to
Read Stztus comnmand.

For Printers: Status Available. This bit is set by the printer
when new status is loaded or when status bit 4 is cleared in
the printer status register. Before setting this bit the printer
will set the Address Counter to 0000. After setting this bit the
printer will go diszbled. The Control Unit is responsible for
reading status (address 0000) prior to sending enable. This bit
is also set (and the above sequence occurs) periodically to test
the comnunication link. Refer to section 2.14.

Bit 7 Spare

Bit 8 = Parity error has been detected in storzage. YVhen Ack?'d,
display will not respond with another Device Check until after
the next Vrite Datz, Clear or Reset comnand; printer until after
the next comwand frop Control Unit.

For Printers: Bit € set signifies that a parity error occurred
during a search or clear command. Bit 9 will also be set.

Bit 9 = A. A search has been completed.

B. A clear comniand has been conpleted.

C. An Insert byte command has been ccmpleted. (Display

Only)

D. A "Disable" Poll has been completed. (Printer Only)
Bit 10 = 1 Redefines bits 2 through 9 as being a keyboard code or
additional ©base status. Keyboard scan codes will ©be entered
with Bit 2 the mzke/brezk bit, and Bit 3 the hizh order bit of
the 7 bit scan code. See Section 4.4 for specific code pcints.

Hon make/break keys will enter scan codes with bit 2=0.
Special status ccdes are:

2345 6789 DISPLAY: Keyboard overrun

X000 0001 Spare

0000 0010 Power on Reset (POR) response.
Device has powered on since last Pocll.
This code is sent only in response to a Poll received
after =z power on (or Reset conr:and) sequence is
ccmplete. Also, for Printers: Following internal
test during which controller connmunication was
suspended for a wininrum of five seconds.

X000 0100 Spare

111 1111 Reserved for control unit use

1000 0010 Reserved

Bit 11 = Feature EZrror Bit. This bit will be returned when a
feature error is set. This bit will be reset by POLL/ACK or Read
Terminal 1ID. When bit 11=1, bits 1=-20 may contain meaningless
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data that should be'ignored by the control unit. Refer to

paragraph 1.4.4 for additional description of the feature Error
Bit.

While set, the features are blocked, ACK will only reset the
Feature Error Eit (other base status pending will not be reset).
Bit 11 is not set by printers.

Bit 12 = Parity Bit = maintains even parity of the preceeding
eleven (11) bits.

1.4.2.3 Feature Pcll Response

Individual Status Bits will be returned wuntil ACK'd by a
subsequent Poll. Following receipt of the ACK, the feature will
not return the same status bit until positive action (Read,
Reset, Clear, etc.) has been taken to service the status.
(Printers will not generate any Fecature Poll response.)

SELECTOR PEN STATUS

i 2345 6789 10 11 12

1 0010 X000 O 0 P

Bit 6 = Request Read

Bit 7 = Reserved

Bit 8 = Reserved

Bit 9 = Reserved

MAGNETIC SLOT READER STATUS

1 2345 6789 10 11 12

1 0100 X000 © 0 P

Bit 6 = Request Read

Bit 7 = Reserved

Bit 8 = Reserved

Bit 9 = Reserved

CXTENDED CBARACTEE SET (ECS) Status (Display Only)
1 2345 6789 10 11 12
1 0100 X000 O 0 P

Bit 6 = Reserved

Bit 7 = PReserved

Bit & = Device Check (EAB parity error)

Bit ¢ = Op Complete

Hote: Printers will report parity error of EAE by bit € in
"base™ Poll Response or bit 1 of status.

CONVERGENCE FEATURE

This feature does not request Poll service or generate & Poll
Response.

11



1.4.2.4 Other Read Commands (to Device Base)

Each of these comrands will cause the device to return one or
more Data Words. The ending sequence will follow the 12th (P)
bit of the last Response word.

00011 READ DATA

The Read Data command will cause the addressed device to respond
with one data word from storage at the current I/0 address
counter value. The address counter steps up (increrents) once at
the completion of the commeand.

01011 READ MULTIPLE

This conmand will cause the device to respond with one or rore
date words fromn storage beginnins at the current I/0 address
counter value, The read will terminate (with ending sequence)
when the two, low-order bits of the I/0 address counter step to
00. A& maxirpum of four bytes will be returned.

This command will be no-op'd by the printer.
10101 READ ADDRESS COUNTER LOV

This command will cause the device tc respond with one data word.
Bits 2 through © of the data word contzin the present value of
the 8 low-order bits of the address counter.

00101 READ ADDRESS COUNTER EIGH

This comnand will cause the device to respond with one data word.
Bits 2 through § of the data word contain the present value of
the 8 low-order bits of the address counter,

010017 READ TERKEINAL I.D.

This command causes the device to respond with one data word,

Note: This conmand will reset Op Complete and Feature Error
status (bits 9 and 11 in Poll Response). ’

12



The format of the response data word is as follows:

DISPLAY )
1 2 3 45 6 7 & 9 10 11 12
Sync Keyboard ID l‘odel 0 0 0 P
Bit
PRIKNTER
1 2 345 6 7 & 9 10 11 12
Sync 00O00O 0 0O i 0 0 P
Bit ( Printer )

DISPLAY (bit 9=0, bits 6, 7, 8 # 0)
Bits 2, 3, 4, 5 = A/Y Keyboard ID

0000 Reserved

0001 APL with numeric lock

0010 TEXT with numeric lock

0011 Reserved

0100 Reserved

0101 APL
0110 TEXT

0111 Reserved

1000 Data Entry 2 with numeric lock
1001 Data Entry 1 with numeric 1lock
1010 Typevwriter with numeric lock

1011 Reserved _

1100 Data Entry 2 without numeric lock
1101 Date Entry 1 without numeric lock
1110 Typewriter Co S
1111 lc keyboard

Bits 6, 7, &
000 - Reserved

001 - Screen Size 960

010 - " " 1920

011 - " " 2560

111 - " " 3440

101 - n " Reserved

110 = L " 3564 (3278 liodel 5)

100 -~ Escape

Printer (bits 2 through 8

0, bit 9 = 1)

Terminal ID of a printer will be obtazined by reading address
"O000C" of the printer buffer. Refer to paragraph 2.2.5.
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- Additional Terminal ID definition for Displays attached to a 3274
Control Unit using configuretion support C.

New keyboard ID table

Bits

2345

0000 Reserved

0001 APL, nuneric lock

0010 text, " n

0011 Reserved

0100 typewriter, PSHICO, or Overlay, PSHICO
0101 APL

0110 text

0111 APL, PSHICO

1000 data entry 2, nun lock
1001 datsz entry 1, " "o
1010 typewriter, " "
1011 Reserved

1100 data entry 2

1101 data entry 1

1110 typeuwriter

1111 no keyboard

Note: Munm  lock for PSHICO keyboards handled by controller
customization. ) )

W/0 ConVergence 1 Con?ergence

Bits 6,7,8 = 010 011 111 110 010 011

no. characters horz. 80 80 80 132 80 80

.no. characters vert. 24 32 43 27 24 32
PEL space horz.(x10-3)in. 14.6 14.6 14.6 11.4 13.5 13.5

PEL space vert.(x10-3)in. 15 15 15 15 18 18

PELs/char horz. 9 9 9 9 9 9

PELs/char vert. 16 16 12 12 12 12

ilote: - Dispiays with EAE feature installed will support both
Field and Character highlighting. Also, Displays with both EAZR
and Converzence features will support Field and Character Colour.
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Additional Terminal ID definition for Displays attached to 2z 3274
Control Unit using configuration support D.

Newer keyboard ID table

2345

0000 Keyboard ID in Read Extended Terminal ID
0001 APL, numeric lock

0010 text, numeric lock

0011 Reserved

0100 typewriter, PSHICO, or Overlay, PSHICO
0101 APL

0110 text

0111 APL, PSHICO

1000 data entry 2, num lock

1001 data entry 1, num lock

1010 typewriter, num lock

1011 Reserved

1100 data entry 2

1101 data entry 1

1110 typewriter

1111 no keyboard

Note: Num 1lock for PSHICO keyboards handled by controller
custonmization, :

Bits 6,7,8: Same as Configuration Support C.
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00111

READ EXTENDED TERMINAL ID

The 3274 control unit, configuration support D or higher,
will issue this command to all "dumb" devices, i.e. those
that respond to Read Terminal ID with other than '0000 000
1. Devices that support this command will return 4
bytes, as defined below, obeying the same rules as Read
Multiple. READ EXTENDED TERMINAL ID command does not
reset OP Complete and Feature Error status though READ
TERMINAL ID command does reset thenm.

The control unit promises to:

1. Set the device address counter to 'XXX----XX00' prior
to issuing this command.

2. No issue this comnmand to devices that respond ‘0000
000 1' to Read Terminal ID.

3. Not get upset if the device responds TT/AR to this
command, unless the device responded '10000XXX000P' to
Read Terminal ID.

The device:

1. Must support this command with a 4 byte response 1if
it responded '10000XXX000P' to Read Terminal ID.

2. Is allowed to answer this command with TT/AR if it has
provided keyboard ID in bits 2-5 of Read Terminal ID
response.

3. Is allowed ¢to advance its address counter while
generating the 4 byte response.

12.4



The four byte re
Byte one: Key

Bit 0=0:

Bit 0=1:

Bit 1=1:

Bit 2=1:

Bits 3=7:
Bits 3=-T:

00000
00001
00010
00011
00100
00101

thru
11111

Bytes two and

sponse is defined as follows:

board Information

3278 mode. Scancodes returned to the control
unit are exact equivalents of the 3278 keyboard
scancodes. Keyboard ID is in bits 2-5 of Read

Terminal ID response. (Remainder of Byte one is
undefined, need not be zeros.)

Native mode. Scancodes returned to the control
unit are those defined for the 'Modifiable
Keyboard!'. Refer to table 4.5.1, page U44.1.
Remainder of Byte one defined as:

Numeric Lock

'RYO' (Roll Your Own) in effect.

Keyboard key functions have been relocated
(redefined) via the "Keyboard Definition
Utility' (see User's Guide GA23=-0187-0).

Modifiable Keyboard ID

Bit 2=0 (no RYO Bit 2=1 (RYO no)
Reserﬁed Reserved
Typewriter Roll A
Data Entry Roll B
Reserved Roll C
Reserved Roll D
Reserved Reserved

three: Device Type

Devices will return their four digit type number (packed

decimal).
Device

3179
3180

Byte four: Ad

Bit 0=0:
Bit 0=1:

Bits 1=-T:

Byte two Byte three
0000 0000 0000 0000
0011 0001 1000 0000

ditional ID:

IBM Device
OEM Device

Reserved (Must be zero)
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01101 READ STATUS

This command will cause the device to respond with one data word
as follows:

Bit

2=0 - Mono Case switch turned off

2=1 - " " " n on

3 Reserved

4=1 Not Busy® (Refer to Clear conrand)
5=0 -‘uecurlty key turned off

5z1 = " on

6 Spare

=1 Feature Error Bit #&%

8=1 Op Complete®*®

9=0 = Securlty key turned on (display on)
9=1 = " " off (display blanked)

5&9=0,0 - Security key not installed
5&9=1,1 = Invalid code

#0ther bits are valid only when bit 4=1, For Printers: Bit 4=0
when Busy or Enabled.

#%¥Set when Op. Complete set in base status. Resét when ACK
received to Op Complete poll status (Poll/Ack sequence) or Read
Terminal ID Command received. For Printers: Op Complete Poll

Status, set as a result of a disable Poll comrmnand, may or may not
be returned as Read Status Op Conplete.

EZ#Set when Feature Error Bit is set in base stzatus. Reset when
ACK received to Feature Error poll status (Poll/Ack sequence) or
Read Terminal ID Comnriand received.

Transitions of bits 2, 3, or 5 and ¢ will cause the display to
return bit 6 in Poll Response.

For Printers: Only bits 4 and 8§ are implemented.
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A1.4.3 Device Base Address Vrite Cormands (Bits 5, 6, 7, 8 and 9)

YRITE COLLEAEDS (XXXX0)

56789

00000 Reserved

00010 RESET

00110 CLEAR

01100 VRITE DATA

01010 LOAD COITROL REGISTER

BITS 2 3 14

0 0 0 = 80 characters per line
0 O 1 = 40 characters per line (3278 lodel 1 only)
1 0 O = 102 characters per line (3278 Model 5 only)
1 1 0 = 132 characters per line (3278 Model 5 only)
0 1 X = Invalid
1 X 1 = Invalid

00100 LOAD ADDRESS COUNTER HIGH

10100 "LOAD ADDRESS COUNTER LOV

01000 START OPERATIOHN

11010 SPARE

11100 SPARE

01110 INSERT BYTE

11000 SPARE

10000 SEARCH FORVWARD

10010 SEARCH BACKWARD

10110 LOAD HASK

11110 Escape

Hote: The Spare and Escape Yrite comrands will reset the

previous comrn:and, unless busy. If no other comrand or data word
directly follows the Spare cornand, TT/AR takes place.

1.4.3.1 VWrite Command Functions (to Base)

Hote: Hany of the VWrite Commands are defined as being followed
by one (or more) bytes of data. The device will execute the
comrzand following receipt of the data byte. If a second conrand
is received instead of the dataz byte for the first comrand, the
first command is lost and the second comrand sequence started.
This operation applies to Base and Feature comrands. Write type
cormrands will remain active until reset by the next comrand
(inecluding Poll) xcept while busy. Refer to Clear conrnrand.
Data sent while no command stored will be 1lcst. TT/AR will
occur, except in response to data sent to a busy display.

14



00010 RESET

A 3274 will send data to displays and printers. A 3276 will
send only RESET comnands.

Fcr Displays: The PReset conmand (whether followed by data or
not) will cause a partial POR sequence in the display. Base
and feature storzge will not be cleared. The lMask Register will

not be altered. The I/0 Address Counter will be set to Hes:x
'50° (Hex '40' in 3278 lod I) which corresponds to the first

chartacter 1location on the screen. The device will execute the
TT/AR sequence, POR Response will be returned to z subsequent
Poll.

For Printers: In a printer the Reset command will terminate any
operation in process and cause the printer to respond to a Poll
with the POR complete status code. The printer will then be
able to zaccept and execute any valid conmmand (i.e. the printer
will be disabled). The message buffer will not be cleared, and
the control unit output area will be cleared. The Address
Counter will be set to '0000', and the lMask and Control Register
will be reset. The following portion of the Printer Output Area
will be initialized:

Byte 0: All bits except 4 & 7 must be zero
Byte 1: All bits valid

Bytes 2 thru E: All zero

Bytes C thru F: Terminal ID bytes initialized

“~To -allow for control unit error recovery, the printer rust

appear enabled to the control unit imrediately (within 20 usec)
upon receiving the Reset cormand.

llote: Following control Unit initialization of the printer (Read
Term. ID, Load Address Counter, Read data, etc.), the Control
Unit nmust send "Enable"™ Poll before sending a Start Op comnand
to allow the printer to complete its initialization. Also, the
Control Unit will write a 4-character test message, X'AA 32 T4
AA' or X'AA 32 76 AA', beginning at printer address X'004A',
prior to sending the first enable poll. This sequence 1is
required after all POR responses. The Conf. Supt. C controller,
which supports Query and Query Reply, will load X'AA 32 74 CC' to
allow a printer to determine when he is attached to an advanced
controller (if he cares).

Hote: POR Complete will not be returned if the reset (either

Conmand, Power On, or operatcr initiated) 'failed’, that is, 1if
the printer has Equipment Check set in its status word.
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The device must be capable of accepting two or more successive
Reset —comnands (without intervening Poll comnands) and respond
with a sinzle POR response to a subsequent Poll. Prior to
returning POR response the device 1is allowed to terminate
communication with the control unit.

10110 LOAD HASK

This command will cause the device to load the following data
byte into the "llask" register. =~ The mask will be used in
conjunction with subsequent Search and Clear commands. "1" bits
in the mask will specify the bits in the buffer to be compared
with the pattern byte. A mask of all "O" bits will prohibit a
pattern test fron being satisfied and cause the Clear command to
terminate at address 0% and a Search Forward conmmrand to terminate
at address 0 (or the first address encountered with bad parity).
(*For printers, 1low order Address Counter bits equivalent to
installed buffer will be zero.)

For Displays: The liask byte nust be relocaded follcwing an Insert
Byte coumand.

For Printers: The lMask byte must be reloaded following a Start
Print order.

For 3278 Display, the controller must set the liask register to
X'FF' prior to issuing an Insert command.

00110 CLEAR

The Clear conrand-clears zll or part of the printer storage or
regen. buffer in the addressed device to nulls. A byte of
data, called the pattern byte, 1is transmitted following the
Clear command. The device uses the pattern, in conjunction with
the previously loaded mask, to terminate the clear function.
The address counter is used to indicate the point at which the
Clear function starts. All locations including the starting
address up to but not including the location <containing the
bvte that satisfies the pattern and mask zre tested and cleared.
Upon conpletion the address counter will be pointing to the
satisfying 1location. The command will terminate at address O
(without clearing address zero) if no match occurs (For printers:
Low order Address Counter bits equivalent to installed buffer
will be =zero). Corresponding locations of the EAB will Dbe
cleared to nulls (under control of the EAB mask) when the EAB
feature is present.

16



This command may also be wused to clear the storage area
containing the indicator —character codes or printer register
space. Exception: 3178 Display does not support this comnnand
within the operator indicator arez - address X'000' to X'O4F!',
The Clear operztion will not terminate prematurely if a buffer
parity error is detected. Device Check will be set (if not
inhibited due to a previcus parity error) if a parity error is
detected. Upon completion of the command the Operation Conplete
bit (bit 9) will be set .in the poll response status word. Prior
to setting Op Complete the device will be busy. Poll response
while busy will be the Auto Response (clear response). Conrrands
other than Poll and Reset sent to z device while the base is busy
will be no-op'd. TT/AR will occur, except following date,
chained or unchained, sent after a Vrite type command to =&
display. Busy also applies to Search and Insert cornands. VWhile
Busy, PReset conrand may be honored or no-op'd at the descretion
of the device. While "busy™ the Display will inhibit display of
the cursor. Display of the cursor will be inhibited until the
next Set Address Counter Low Comnand is received. Vhile the
cursor display is thus inhibited, commands to the features may be
blocked by base hardware.

To prevent control unit timeout, the busy state of the device
must not exceed 32 msec. To allow for control unit errcor
recovery, the device mnust appear busy to the <control unit
immediately (within 20 usec) upon receiving the Clear Pattern
byte, wunless the operation is completed and OP complete is
posted in the poll status. Printers with 4K base and 4K EAB
will meet the 32 msec busy limitation only if no Load liask (EAER)
coni.and preceeded (since last POR Response) the Clear Comnmand.
If & Load Hask (EAB) Conmand preceeded the Clear, '"busy™ state
nay approach 64 nsec.

01100 WRITE DATA

The Write Datz command will cause the device to accept all
following data words for storage until another command is

received. The data will be loaded at the locaticn indicated by
the address counter. The address counter will step up once for
each data word received and stored. Codes for specific

characters and zttributes are defined in Section 4.0, The
control unit prevents address overflow while writing the device
buffer.

01010 LOAD CONTROL REGISTER

This command will cause the device to load the: following Data
Word into the Device Control Register (double 1line transfer).
The Control Register will be set to all zeros by POR and the
Reset comnand, but otherwise not altered by the device. The
Control Register bits are defined as follows:
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Spare

Spare :

Set U480 Character Fornat. This bit will be set by the
control unit when the Application Progran has specified that
the 960 display is to be set to 480 mode.

521 Inhibit Feature Step of I/0 Address Counter. WYhen this bit
is set the base logic will prevent the address counter fror
stepping during read and write commands to the features.
This allows the <controller ucode to read and write the
extension attribute ©buffer at the cursor location without
affecting the address counter and the cursor position on the

wonon e

sEwWwNow
- b b P

screen. Printers that support the extension attribute
buffer (EAB) will implement this cormmand and support bit §
only. '

6=1 Inhibit Display. When this bit is set, the display screen,
except for the cursor and indicator row, will be blanked.

7=1 Inhibit Cursor Display. When this bit is set, the cursor
will not be displayed. .

8=1 Reverse Image Cursor. This bit will cause the cursor to be
displayed as a reversed irage of the associated character
box.

9=1 Blink Cursor. This bit will cause the cursor to blink.

8&9=0 Normal Cursor. The printer will no-op this cornnand.

10100 LOAD ADDRESS COUNTER LOW

This conmand, followved by one data word, will load the & bits of
the data word into the 8 low crder bits of the address counter.
This command will enable cursor display (at the screen location
associated with the value in the address counter) if the cursor
had previously been blanked due to a busy condition,

00100 LOAD ADDRESS COUNTER HIGH

This comnand, when followed by one data word, will load the data
word into the high order bits of the address counter.

01000 START OPERATION

Yhen this comnrmand is sent to a printer, the printer will go
enabled. Upon conrletion (or termination) of the operation (as
specified in the & bit order register) the printer will return
Status Available in Poll Response. Order Complete Stztus will be

set. To prevent control unit timeout, the device nmust complete
the operation, except for Print Crder, within 500 rilliseconds
(excluding the duration of any intervening disable tire). While

the printer is enabled, the printer must treat as invalid any
cormand other than Poll, Reset and Start operation (Abort Order).
The printer will switch to the disabled state when Status
Available is set.
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To allow for control unit error recovery, the printer must appear
enabled to the control unit immediately (within 20 usec) upon
receiving the Start Op Command. Upon receiving the Start Op
Cornirzand, the printer nmust test the Poll Response Register (bits
6,8,9,&10) for zero. If zero, the order will be executed:; if
non-zero, the printer nust ignore the Start Operation comnmand and
repain disabled. TT/AR will occur.

This comnand will be no-op'd (treated as spare) by the display.

01110 IKSERT BYTE

This conmand will cause the display to accept the following data
word and pleace it in the buffer storage at the location indicated
by the current value of the address —counter. The original
contents of the storage locaticn is shifted one location ahead.
This sequence 1is continued for each successive location until a
null character or attribute is found, or the I/0 address counter
steps to <zero (in which case the character that formerly resided
in the last addressable location of storage will be 1lost). Only
one data word may follow this comnrand. During the time that
shifting takes place, the display will be busy. Refer to Clear
connmand. Op Conrplete is set when this command is completed. At
this time the zddress counter is pointing to the last character
moved unless the command terrinated at an attribute, in which
case the address counter will be pointing to the attribute and
the character which was located aheazd of the attribute and the
character which was located zhead of the attribute will be
permanently lost.  Thke insert operation will not terminate
prematurely if a buffer parity error 1s detected. Upon
completion of this command the lMask register and Pattern register
must be relcaded by the control unit prior to the next Search or

Clear conmand. The extension attribute buffer is also shifted
with the contents of the lask reg being inserted at the initial
current address. For 3178 Display, this command will terminate

at address X'7D0' if no null or attribute is found.
This command will be no-op'd by the printer:

The address counter nmust be set toc within the Read buffer before
issuing CLEAR, SEAECH or INKSERT.

10000 SEARCH FORWARD

This command, when followed by a "pattern" datz byte, will cause
the device to search each buffer storage location starting at the
current value of the address counter until a byte that satisfies
the mask and pattern is found. The address counter will contain
the value of the address in storage of the first satisfying byte
found. If no satisfying bytes are found, the Search conmand will
terminate at address 0. (For printers: Low order Address Counter
bits equivalent to installed buffer will be zero.) To allow for
19



control unit error recovery, the device must appear busy to the
control wunit immediately (within 20 usec) upon receiving the
Pattern Byte, wunless the operation is completed and OP comnplete
is posted in the poll status. For 3178 Display, this command

will terwminate at address X'7DO' if no satisfying bytes are
found,

The address counter must be set to within the Read buffer before
issuing CLEAR, SEARCH or IKSERT.

10010 SEARCH BACKWARD

This comnmand operates in a similar manner as the above Search
conmand. If no csatisfying bytes are found, the search will
terminate one location past address zero (all address bits
implemented set to 1). For 3178 Display, this command will
terminate at address X'0Q4F' if no satisfying bytes are found.

To allow for control unit error recovery, the device nust appear
busy to the <control unit iemediately (within 20  wusec) upon
receiving the Pattern Byte, unless the operation is completed
and OP complete is posted in the poll status.

llote: The two Search comnands will indicate completion of the
operation by setting bit 9 in the status response word to a Poll
command. A buffer parity error detected during a search menory
cycle will cause the search to terminate. The address counter
will be pocinting to the location containing the byte with Dbad
parity. Op Complete (bit 9) will be set, and Device Check (bit
8) will be set if not inhibited due to &z previous Device Check.

The address counter must be set to within the Read buffer before
issuing CLEAR, SEARCH or IHNSERT.

1.4.4 Device Feature Conmcands (Bits 6, 7, 8, and 9)
For Displzys:
The "Feature Error" latch is set for the following conditions:

1. A feature does not acknowledge a VWrite type comniand or date.

2. A feature does not respond to a Read type comnand.

3. A feature requesting Poll service does not respond to this
Poll.

For case 1, the display will set bit 11 - "Feature Error", but
respond with TT/AR. For case 2, the display will respond with an
"all zeros" data word with bad parity (bit 10=0). (The Mall
zeros®™ data word will actually contezin the 9 bit byte from the
feature and may be non-zerc if the addressed feature, or one of
the other features, is malfunctioning.) The feature error bit
will be set. For case 3, Bit 11 returned to poll response,
20



1.4.4.1 A/N Keyboard Feature

The keyboard will only respond to a Poll.

1.4.4.2 Selector Pen Fezture
0001 POLL (See status response)
‘0011 READ ROW COUNT

Following a detect the selector pen will respond to this command
with 2 row count (in bit positions 4 to 9) indicating the
displayed row in which a detect occurred.

1111 READ SELECTCR PEN FIELD COUNT

Following a detect the response to this comnand is & count in bit
positions 6 through 9 that indicates the Selectcr Pen field
count at the time a detect occurred. * (The field counter is reset
to zero before the start of each row.) A Selector Pen field is a
detec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>