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Preface

This document is provided for use in conjunction with other relevant IBM publications, and IBM makes no
warranty, express or implied, relative to its completeness or accuracy.

The information in this document is current as of the date of its publication, but it is subject to change by
IBM at any time without notice. Although this document describes individual commands and the expected
responses, the sequences and timing of these commands and responses may vary from release to relcase of
the program products.

It is the responsibility of the attaching organization to ensure proper operation of the attaching equipment.
This document is not intended to be a manufacturing or engineering specification; the user is assumed to
understand the interrelationship among any affected systems, machines, programs and media.

IBM may have patents or pending patent applications covering subject matter described in this document,
including appearance design patents or applications. The furnishing of this document does not constitute or
imply a grant of any license under any patents, patent applications, trademarks, copyrights or other rights of
IBM or of any third party, or any right to rcfer to IBM in any advertising or other promotional or markcting
activities. [BM assumes no responsibility for any infringement of patents or other nights that may resuit
from use of this document or from the manufacture, use, lease or sale of apparatus described herein.

Licenses under IBM'’s utility patents are available on rcasonable and nondiscriminatory terms and condi-
tions. IBM does not grant licenses under its appearance design patents. Inquiries relative to licensing should
be directed in writing to the IBM Director of Commercial Relations, International Business Machines Cor-
poration. Armonk, New York 10504.

References to Other IBM Mhnuals

For information on physical planning (including detailed cabling and switch setting), and for information on
systemn limitations, see [BM 5250 Information Display System Planning and Site Preparation Guide,
GA21-9337, IBM System/36 [nformation Directory, SC21-9015, Attaching Work Station and Communication
Cables to the AS/400, SA21-9957, Planning Guide - 9404, GA21-9914, and Planning Guide - 9406,
GA21-9913.

For information concerning the IBM Cabling System, sce Using the [BA Cabling System with Communi-
cation Products, GA27-3620, and the [BM Cabling System Planning and [nsiallation Guide, GA27-3361.

For information concerning Telephone Twisted Pair cabling, see [BM 5299 Terminal Multiconnector Mode! 3
Planning, Setup, and Maintenance Guide, GA27-3729.
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IBM System/36 Systems Reference Manual, SC21-9020, contains information about work stations. This
information includes: ‘

e The physical characteristics of the work station; that is, a description of the keys, switches, lights, and
indicators.

e The operational characteristics of the work stations; that is, the function of the keys, the operator aids,
and the work station modes.

IBM System/36 Functions Reference Manual, SA21-9436, contains information about work stations, printers,
and data streams.

IBM System|38 Service Guide, SY31-0523, contains information on configuring workstations and printers on
the IBM System/38.

Device Configuration Guide, SC21-8106, contains information on configuring twinax workstations and
printers on the IBM AS/400.

ASCIlI Work Station Planning and Configuring - 9404, SC21-9797, and ASCII Work Station Reference
-9404, SA21-9922, contain information on configuring ASCII workstations and printers on the IBM AS/400.

IBM Systemi38 Work Station Controller Attachment Theory and Maintenance, SY31-0535, contains informa-
tion on cabling and device addressing for the IBM System,/38.

IBM System/38 Work Station Controller Extended Atitachment Theory and Maintenance, SY31-0656, con-
tains information on cabling and device addressing for the IBM System. 38 using the extended work station
controller.

IBM 5250 Information Display System Functions Reference Manual, SA21-9247 contains information about
the following.

e Data streams for 5250 type devices, including the graphics orders for the 5292 model 2

¢ SNA (Systems Network Architecture) as used in the IBM 5251 Model 12, SDLC (Synchronous Data
Link Control), and cabling considerations for attaching work stations to the Cluster Feature of the 5251
Model 12

¢ information similar to that listed above for the System/36 Syvstem Reference manual but for work
stations attached to a system via a 5251 Model 12 and a communications link using SNA/SDLC

IBM Systems Network Architecture Concepts and Products manual, GC30-3072 presents an overview of
SNA including basic descriptions of terminology, concepts, and scope.

IBM Synchronous Data Link Control General Information manual, GA27-3093 describes the procedures that
comprise SDLC. It includes matenal to familiarize the reader with terminology and concepts of SDLC.
This is followed by a catalog of the components of SDLC and representative examples of their uses.

The following contain standards information about attaching ASCII devices to the AS;400 9404 system unit.

o FlA Standard RS-232C .

o FEJA Standard RS-422A4
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o ANSI X3.4-1977, American National Standard Code Jfor [nformation [nterchange

o ANSI X3.64-1979, Additional Controls for Use with ASCII

IBM Systems Network Architecture Format and Protocol Reference Manual: Architectural Logic, SC30-3112,
contains information about SNA that allows development and design of products or programs that function

within an SNA network.

The following contain information about attaching an IBM Personal Computer with the 5250 emulation
feature to an IBM host systcm such as the S/36.

o Enhanced 5250 Emulation Program User's Guide, G570-2202

® FEnhanced Display Station Emulation Adapter Hardware Maintenance and Technical Reference,
G570-2200

® 5250 Emulation Program User's Guide, part number 6092654

e Display Station Emulation Adapter Hardware Maintenance and Technical Reference, part number
7034652

IBM 4224 Product and Programming Description, GC31-2551, contains information about the 4224 printer
and its data stream.

IBM 4234 Printer Product and Programming Manual, GC31-2554, contains information about the 4234
printer and its data streams.

IBM 5262 Printer Model | Description, GA24-3975, contains information about the 5262 printer and its data
streams.

IBM 4214 Printer Model 2 Product Description, GC31-2582, contains information about the 4214 printer and
its data streams.

IBM 5219 Printer Models DO//D02 Programmer's Reference Guide, GA23-1025, contains information about
the 5219 printer and its data streams.

IBM 5250 Information Display System [ntroduction, GA21-9246, is an introduction to the 5250 device
famly.

For information on the 3180 model 2, see /IBM 3/80 Display Station Model 2 User's Guide, GA21-9469.
For information on using the 3812 printer, sce
e Using the IBM Pageprinter 3812 with an IBM System/36 or Systemi38 , S544-3343.

e [BM 38]2 Pageprihter Programming Reference, S544-3268. This manual describes the interface between
the 3812 and the IBM PC. It includes descriptions of the primitive commands.

e Using the IBM Si36 Printer Application Program Interface PRPQ (PRPQ P84073, (5799-BYX)),
shipped with the PRPQ

For information on the IBM 3196 display station, see [BM 3/96 Display Station User’s Guide, GA18-2482.
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For information on the IBM 4210 printer, see [BM 42/0 Printer; Guide to Operations, SC31-3783, and [BM
4210 Printer Product and Programming Description, SC31-3784. The Product and Programming Description
contains information on the printer controls and character sets supported.

Far information on the 3197 Display and its associated printers, see

o [BM 3197 Model D Display Station User's Guide, GA18-2545.

o [BM 3197 Model C Color Display Station User's Guide, GA18-2559.

® [BM 3197 Model W Display Station User's Guide, GA18-2790.

For information on the 5209 3270-5250 Link Protocol Converter, see

o [BM 5209 Model | 3270-5250 Link Protocol Converter User's Guide, SA2_1-9869

o 5209 3270-5250 Link Protocol Converter to Device Product Attachment Information

For information on the 5208 ASCII-5250 Link Protocol Converter, see

o [BM 5208 Model | ASCII-5250 Link Protocol Converter User's Guide, SA21-9870.

For information on the 5259 Migration Data Link, see

e [BM 5259 Migration Data Link User's Guide, SA21-9551.
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1.0 Physical Characteristics of the Twinaxial Cable

In addition to Twinaxial Cable, the System/36, System/38, and AS/400 also support the IBM Cabhng
System and Telephone Twisted Pair media in attachment of WSC 1/O devices.

For information concerning the IBM Cabling System or the IBM 5299 Terminal Multiconnector for Tele-
phone Twisted Pair cabling and how to use them for Twinaxial Cable Applications, see Using the [BM
Cabling System with Communication Products, GA27-3620, or [BM 5299 Terminal Multiconnector Model 3
Planning, Setup, and Maintenance Guide, GA27-3749.

1.1 Cabling Considerations

A System Unit is a:

- 5360, 5362, 5363, or 5364 for System/36
— 5381 or 5382 for System/38
= 9304 or 9406 for AS/400

A maximum of seven work stations may be attached to a port on the System Unit when the Cable
Through feature is installed on the workstations (except possibly for the last workstation on the port).
The work stations are attached to the System Unit with a twinaxial cable.

The maximum twinaxial cable length on any system port is 1525 meters (5000 feet).

For Telephone Twisted Pair media, see {BM 5299 Terminal Multiconnector Model 3 Planning, Setup,
and Maintenance Guide, GA27-3749, for maximum cable lcngths.

The cables cannot be spliced. Instead of splicing, use a quick-disconnect adapter (IBM part number
7362230), Amphenol part number 82-5588, or equivalent. The adapter and the attached cable connec-
tors should be covered with shrink tubing to prevent them from touching ground or some noisc source.

The total number of cable junctions (quick-disconnect adapter and units) installed on a line cannot be
more than eleven. This includes the junction at the System Unit. A unit on the line counts as onc
junction.

The cable shield must be grounded to the System Unit and to each work station. In addition, the shield

continuity must be maintained through the entxrc line; that is, from the System Unit through the cables,
the adapters, and the work stations.
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The polarity of the line must be maintained through the entire line. For line continuity and polanty
reversal tests, see [BM 5250 Information Display System Planning and Site Preparation Guide,
GA21-9337.

The line must be terminated at the end of the line. For example, if three work stations are attached to
the same line (multidrop), the work station farthest from the System Unit would have to be terminated.
To terminate the line, attach a 54.9 ohm (£ 1%) resistor from each conductor to the shield.

In addition to the above considerations, no noise can be put on line that might be interpreted as data when
turning power on or off on the work station.

For specifications and physical characteristics of the twinaxial cable, refer to /BM 5250 Information Display
System Planning and Site Preparation Guide, GA21-9337. '

1.1.1 System/36 Cabling Considerations

For correct operation of the work stations, you must consider each of the following for the twinaxial cables.
For the Systemn/36, a Systern Unit is the 5360, 5362, 5363, or 5364.

[ ]

Up to six work stations can be locally attached to the 5360 System Unit without the work station expan-
sion feature. With the work station expansion feature, 36 workstations may be locally attached. When
the two workstation controller feature is installed, 72 workstations may be locally attached. When the
extended input fields feature is selected, 18 workstations may be attached locally with the workstation
expansion feature, or 36 with the two workstation controllers feature.

Up to six work stations can be locally attached to the 5362 Systemn Unit without the work station con-
troller feature. With the work station controller feature, 28 workstations may be locally attached. When
the extended input fields feature is selccled, three workstations may be attached locally without the work
station controller feature, or 18 with the workstation controller feature.

Up to sixteen work stations can be locally attached to the 5363 System Unit without the work station
controller feature. With the work station controller feature, 28 workstations may be locally attached.
When the extended input fields feature is sclected, nine workstations may be attached locally without the
work station controller feature, or 18 with the workstation controller feature.

Up to sixteen work stations can be locally attached to the 5364 System Unit. When the extended input
fields feature is selected, nine workstations may be attached locally.

See [BM Systemi36 Planning to Set Up Your Computer, SA21-9439, for system limitations.

1.1.2 System/38 Cabling Considerations

For the System/38, a System Unit is the 5381 or 5382.

The System/38 has two workstation controllers.

2

Work Station Controller (WSC)

Work Station Controller Extended
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The Work Station Controller permits direct connection of Work Station Displays and printers to the
System/38. One Work Station Controller supports any combination of printers and displays up to a
maximum of 20. The System/38 has a maximum configuration of 4 Work Station Controllers permitting a
total of 80 devices to be connected.

See IBM Systemj38 Service Guide, SY31-0523, for information on which devices may be attached to the
Work Station Controller. Not all devices that may be attached to the Work Station Controller Extended
may be attached to the Work Station Controller.

The Work Station Controller Extended permits direct connection of Work Station Displays and printers to
the System/38. One Work Station Controller Extended supports any combination of printers and displays
up to a maximum of 32. The Systern;38 has a maximum configuration of 8 Work Station Controller
Extended controllers permitting a total of 256 devices to be connected.

See [BM Sysiemi38 Service Guide, SY31-0523, for information on which devices may be attached to the

Work Station Controller Extended. Not all devices that may be attached to the Work Station Controller
may be attached to the Work Station Controller Extended.

1.1.3 AS/400 Cabling Considerations
For the AS/400, a System Unit is the 9404 or 9406.
AS/400 Release 1.0

e The 9404 model B10 and B20 has a maximum configuration of 1 work station controller permitting a
total of 40 devices to be connected. o

e The 9406 model B30 has a maximum configuration of 3 work station controllers permitting a total of
120 devices to be connected. '

e The 9406 model B40 has a maximum configuration of 5 work station controllers permitting a total of
200 devices to be connected.

¢ The 9406 model B50 has a maximum configuration of 8 work station controllers permitting a total of
320 devices to be connected.

e The 9406 model B60 has a maximum configuration of 12 work station controllers permitting a total of
480 devices to be connected.

AS/400 Release 2.0

® The 9404 model B10 has a maximum configuration of 1 work station controller permitting a total of 40
devices to be connected. .

o The 9404 model B20 has a maximum configuration of 2 work station controllers permitting a total of 80
devices to be connected.

¢ The 9406 model B30 and B35 has a maximum configuration of 4 work station controllers permitting a
total of 160 devices to be connected.
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e The 9406 model B40 and B45 has a maximum configuration of 6 work station controllers permitting a
total of 240 devices to be connected.

e The 9406 model B50 has a maximum configuration of 10 work station controllers permitting a total of
400 devices to be connected.

e The 9406 model B60 has a maximum configuration of 15 work station controllers permitting a total of
600 devices to be connected.

® The 9406 model B70 has a maximum configuration of 20 work station controllers permitting a total of
800 devices to be connected.

See Planning Guide - 9404, GA21-9914, and Pla}ming Guide - 9406, GA21-9913 for additional information.

1.2 Electrical Interface

All information is transmitted between the work stations and the controller in the System Unit on the
twinaxial cable. A one (l) bit on the twinaxial cable appears as a positive-going signal followed by a
negative-going signal, and a zero (0) bit appears as a negative-going signal followed by a positive-going
signal. See Figure | on page 6 for an example of a signal transmitted on the cable.

The transmission bit rate 1s 1 megahertz (£ 2%). With this rate, 1| microsecond is required for each bit, and
16 microseconds are required for each frame. For a description of the frame, see 1.3, “Description of Bit
Stream” on page 3.

Note: The 3196 display station uses a slightly different transmission bit rate (1.0368 megahertz = 0.01%).
See 13.0, “3196 Interface” on page 221 for more information. All devices that will be attached to a
twinaxial cable that is also attached to a 3196 device must be able to handle the data transmission rate of the
3196.
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1.3 Description of Bit Stream

The bit stream is serially transmitted to (or received from) the System Unit; it contains a bit synchronization
pattern, a frame synchronization pattern, and a frame. The bit and frame synchronization patterns establish
synchronization between the work stations and the system unit, and are transmitted prior to transmitting the
. first frame. A bit synchronization pattern has a half-bit binary configuration of 1010101010, and a frame
synchronization pattern has a half-bit binary configuration of 111000.

The frame is the unit of information used to transmit all data, all commands, and all status between the
work stations and the system unit. It is 16 bits long as shown in Figure 3 on page 8 and as described
below. Notice that bit 15 is the first bit transmitted.

Bits Description
15 This is the synchronization bit and it is always active.
14-7 These bits represent a data byte or a status byte from the work stations, or they represent a data

byte or a command byte from the system unit. When they are a command byte, bits 7 through 9
are the command modifier.

6-4 These bits represent the work station address unless the frame is the last one transmitted. If the
frame is the last one transmitted in a series of frames, these bits are set to 111 to indicate the end
of message.

Note: If only 1 frame is sent from the system unit, these bits represent the work station address.
If only one frame is sent from the work station, these bits are set to 111.

3 This is an even parity bit for bits 3 through 15.

20  These bits are always sct to 000. .
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1 division = 250 nsec

Actusl bit value 1 T T T T T T T O O A
‘ - 1 Frame Synchronization ] s () s tirppee O ]

Data to be transmitted 1 0 1 o] 1 1 1 0 0 (o) 1 o] (o] 1 0 1 0 T

{Hatf bits)

X=16Vde 20%

ﬂ Signal at the driver ‘f‘
I.

Y=032Vde 20%
Y
X/Y=5 6% Ovde 4 — I— |— I T S [ R I e
e '
*T1 = 500 nsec = 20 nsec ‘J
*T2 = 1 usec 20 nsec o T2 =] — | T3}

°T3 = 250 nsec + 20 nsec

E Resulting signal at the
receiver (5000 feet from
driver) with transmission

ume skewing removed  _ _/ | A +33 mv
oVde - _;%.. .._1__‘55__._._.

°A = 100 mv minimum ¢ o o = e e em s e = =33 MV

°T4 = 500 nsec * 30 nsec o

*TS = 1 usec = 30 nsec

*T6 = 1.5 usec £ 50 nsec TS e 16

ﬂlﬂd g show the signals when the line is properly terminated. In addition, these signais show Cabie Plug
signals that were measured differentially when the signal on B was subtracted from the

signat on A (see insert for A and B).

*Typical

Figure 1. Example of a Typical Transmitted Signal
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SHIELD

Figure 2. End View of Female Twinaxial Connector
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Figure 3. Examples of Frames
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1.4 Station Addréssing

Each station requires a unique station address. The station address is encoded in bits 4, 5, and 6 of the
frame. The address for machines without Cable Through feature is always 000. Addresses 000 to 110 are
valid addresses with the Cable Through feature; address 111 is the end of message deliniter.

The first frame from the system following a line turnaround (frame synchronization) must be a command
frame. The command frame contains a station address used to select an individual station. Any data frames
associated with the command frame are checked for an end of message delimiter.

If bit 14 is off in a command frame and it is the first command following a frame synchronization sequence,
no following data or command frames will be processed by a station. This allows single frame commands to
be addressed to a specific station.

Commands may be transmitted to a station individually or collectively. Commands with data frames must
have the data frames immediately following the command frame, with no frame synchronization sequence
between the command and the data. Commands (together with any associatcd data) may be transmitted
with or without intervening frame synchronization sequences. If transmission without intervening frame syn-
chronization sequences is desired, the first command must have associated data (that is, bit 14 of the
command frame must be on).

The last frame in a sequence of frames must contain a station address of 111 as the end of message delimiter.

All response frames sent to the host by the station, except the end of message frame, contain the responding
station’s address.

The address associated with an individual station is selected during the customer setup procedure by setting
selector switches on the station when the Cable Through feature is installed. Stations without the Cable
Through feature always have a fixed address of 000. unless they are to be attached to the twinaxial cable
through a “T-connector”. T-connector attached stations have addressing capability.

The display station that is to be the console must be address 000 on port 0 of the S/36 or AS/400. This
does not apply to the 5364, as the attached PC is always the console.

The System/38 does not use a workstation as a console, as the console is built into the system unit.

Physical Characteristics of the Twinaxial Cabie 9
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2.0 5251 Model 11 Interface

2.1 Keyboard and Display

The 5251 model 11 is a single keyboard display station that uses logic for control and attachment to the
controller in a host system or to other work stations. The 5251 model 11 provides the means of key entry
with an interactive display.

This chapter describes the 5251 model 11. It also includes information about other display terminals when
the differences are small. Other display terminals also have their own chapters which contain information
about their differences from the 5251 model 11.

The 5251 model 999 is a 5251 model 11 with a standard set of features. The 5251 model 999 responds to
commands exactly like the 5251 model 11.

The system attachment is an addressable multidrop line using dual signal connector twinaxial cable. The
most distant station may be up to 1525 meters (5000 feet) from the host system with twinaxial cable. Each
multidrop line can be addressed individually.

Transmission of data and commands is half duplex and is host initiated.

All keyboard and display functions are logically controlled by the system programs for any display station or
operator function. The 5251 model 11 provides both an operator and a command interface to the attaching
systemn thus allowing explicit control of the keyboard, display, and features.

The command interface allows the function of ficlds on the display screen to be controlled. The controlled
functions are intensification, image reversal (dark graphic on light background), underlining. column sepa-
rating, blinking,and non-display. Characters, fields, lines, and the entire regeneration buffer can be accessed.

Key scan codes are delivered to the host on request (Poll command). The display station does not translate
key codes into display codes. The scan and display codes are unique to the 5250 display system and do not
necessarily conform to EBCDIC standards.

Scan codes are a function of the physical location of the key stem on the keyboard. Therefore, each key-
board arrangement requires a different translate table.

The relationship between the keyboard and the display is through the work station controller. Pressing any
key and transmission of its scan code must result in the function described in the /BM 525/ Display Station
models | and |] Operator's Guide, GA21-9248. Certain other functions of the 5251 model 11 require the
using system to issue commands to activate devices and/or respond with commands within a certain amount
of time.

5251 Model 11 Interface |1



Keyboard layouts are shown in

Figure 4 on page 13
Figure 5 on page 13
Figure 6 on page 13
Figure 7 on page 14
Figure 8 on page 14

® 6 0 o o

Scan codes for the above keyboard layouts are shown in

Figure 9 on page 15
Figure 10 on page 17
Figure 11 on page 19
Figure 12 on page 21
Figure 13 on page 23

The codes for displayable characters are shown in

e Figure 14 on page 25
* Figure 15 on page 26
e Figure 16 on page 27

2.1.1 Scan Codes

Scan codes are a function of the physical location of the key stem on the keyboard. Figure 9 on page 15
shows the 8-bit scan code, the hexadecimal code, and the key position for the keyboards.

When a make/break key is pressed, bit 0 of the scan code is a 0. When a make/break key is released, bit 0 of
the scan code is a 1.

A typamatic key repeats its scan code when it is held down for more than 600 milliseconds. The rcpetition
rate is 10 operations per second. The repetition will continue until the key is released or until another key i1s
pressed in addition to the typamatic key. Typamatic keys are a function of the display stauon. the controller
sees only the repetition, as though the user pressed the key repeatedly

Some keyboards have symbols on the “front face” of some keys (that is, on the front, below the keytop).
These symbols are entered by first pressing the shifted HELP key (HELP key with SHIFT held down), then
the key with the front face symbol. - The shift-HELP sequence must be performed for cach front-face symbol
that is to be cntered.

12 5250 10 S.36. S/38, 12 AS,/400 Attachment Information
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Figure 4. 5251 Model {1 Data Processing Keyboard. See Figure 9 on page 15 for scan codes, make break keys,
and typamatic keys.

11112]13]14]15]16117]18]19]20]21]22]23] 24 J25 84 )26
27 (28]29{30]31[32]33[34]35[36]37]38]39] 40 [41)42[43]44
45 ]46147{48{49150{51]52]53]54]55]56]57 98(959160] 61

[73[74] 75 [76171]78]
80 [8s]__ 81 82

Figure 5. 5251 Model [l Katakana Data Processing Keyboard. See Figure 10 on page 17 for scan codes,
make/break keys, and typamatic keys.

.---mmm--m_ 24
25 1262712872930 31]32]33]34 35] 36
-EEI-. 43]44 mm-mmm

Figure 6. 3251 Model 11 Data Entry Keyboard - 66 key. See Figure 11 on page 19 for scan codes, make break
keys, and tvpamalic keys.
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2] H 13[14]15]16]17]18]19120121122] 23 | 24 )
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4
6 39 140]41]42]43]44145]46147]48749]50] 51
8 { "‘:i [

82 153]54[55[56/57[58[59]60]61]62]63] 6/
10 64 | 66 65 J

R

Figure 7. 5251 Model 11 Data Entry Keyboard - 67 key. See Figure 12 on page 21 for scan codes, make break
keys, and typamatic keys.

(Tz]T3IT4Y 15 Y16 11717818120 21)22] 73 | 24)
25 126]27]28]29130[31]32]33]34]35]36] 37 [38)
39 140(41]42]43[44145]46]47]48[49]50] 51 )

. (52 [83[54]55[56]57]58]59]60161]62163] 67
68] 64 | 66 65 ]9

Figure 8. 5251 Model 1| Katakana Data Entry Keyboard. See Figure 13 on page 23 for scan codes, make break
keys, and typamatic keys. ‘
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Key Hex Binary

Position Scan Code Scan Code
1 7C 01111100
2 6F 01101111
3 6C 01101100
4 6D 01101101
5 6E 01101110
6 7D 01111101
7 71 01110001 2
8 70 01110000 2
9 72 01110010 2
10 73 0I110011 2
11 3E 001111102
12 31 00110001 2
13 32 00110010 2
14 RX) 001100112
15 34 00110100 2
16 35 00110101 2
17 36 001101102
18 37 001101112
19 38 00111000 2
20 39 00111001 2
21 3A 001110102
22 3B 001110112
23 3C 00111100 2
24 iD 00111101 2
2 4B 01001011 2
26 4C 01001100 2
27 20 00100000 2
28 ' 21 00100001 2
29 2 00100010 2
30 23 00100011 2
31 24 00100100 2
32 25 00100101 2
33 26 001001102
34 27 001001112
35 4 28 00101000 2
36 29 00101001 2
37 2A 001010102
38 2B 00101011 2,
39 2C 00101100 2
40 v 2D 0ol1ot101
41 47 01000111 2
42 48 ~ 01001000 2
43 49 01001001 2

Figure 9 (Part | of 2). 5250 Model 11 Keyboard Scan Codes - Data Processing

' A make-break key

2 A typamatic key

5251 Model 11 Interface 13



Key Hex Binary

Position Scan Code Scan Code
44 4E 01001110
45 34 *1010100!
46 11 00010001 2
47 12 00010010 2
48 A 13 00010011t 2
49 14 00010100 2
50 15 00010101 2
51 16 000101102
52 17 000101112
53 18 00011000 2
54 19 00011001 2
55 1A 00011010 2
56 1B 00011011 2
57 1C 00011100 2
58 44 01000100 2
59 45 01000101 2
60 46 010001102
61 4D 01001101
62 57 *1010111¢?
63 0E 00001110 2
64 01 00000001 2
65 02 00000010 2
66 03 00000011 2
67 04 00000100 2
63 05 00000101 2
69 06 00000110 2
70 07 0noool1tLl 2
71 08 00001000 2
72 109 00001001 2
73 B 0A . 00001010 2
74 56 *1010110!
75 0C 00001100 2
76 41 01000001 2
7 42 010000102
78 43 01000011 2
79 7E 01111110
80 68 01101000
81 40 01000000 2
82 4A 01001010 2
83 OF 000011112

Figure 9 (Part 2 of 2). 5250 Modcl 11 Keyboard Scan Codes - Data Processing
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Key
Position

Hex
Scan Code

7C
6F
6C
6D
6E
D
71
70
72
73
3E
31
32
33
34
35
36
37
38
39
A
3B
3C
6!
D
4C
20
21
22
23
24
25
26
27

28

29
2A
2B
2C
2D
47
48
49

Binary
Scan Code

01111100

or1orttt

01101100

01101101

oLtor11o

0111110l

01110001 ¢
01110000 ¢
01110010 ¢
(USSR
001111104
00110001 ¢
00110010 ¢
00110011 ¢
00110100 ¢
ooliotot ¢
001101104
00110111 ¢
00111000 ¢
00111001 ¢
oot110i0¢
00111011 ¢
00111100 ¢
01100001

00111101 4
01001100 ¢
00100000 ¢
00100001 ¢
00100010 ¢

00100011 *

00100100 ¢
00100101 ¢
00100110 ¢
ooto01tt e
00101000 ¢
00101001 ¢
00101010 ¢
00101011 ¢
00101100 ¢
00101101

01000111 ¢
01001000 ¢
01001001 ¢

Figure 10 (Part 1 of 2). 35250 Model 11

3

4

A make-break key

A typamatic key

Keyhoard Scan Codes - Katakana Data Processing

5251 Model 11 Interface
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Key Hex Binary

Position Scan Code Scan Code
44 4E 01001110
45 54 *1010100 3
46 11 00010001 ¢
47 12 00010010 ¢
48 13 00010011 4
49 14 00010100 ¢
50 15 00010101 ¢
51 16 00010110 ¢
2 17 00010111 ¢
53 18 00011000 ¢
54 19 00011001 ¢
55 1A 00011010 ¢
56 1B 00011011 ¢
57 1C 00011100 ¢
58 44 01000100 ¢
59 : 45 01000101 ¢
60 46 01000110 ¢
61 4D 01001101
62 57 10101113
64 01 00000001 ¢
65 02 00000010 ¢
66 03 00000011 ¢
67 04 00000100 ¢
68 05 00000101 ¢
69 06 00000110 ¢
70 07 00000111 ¢
71 08 00001000 ¢
72 09 00001001 ¢
7 0A 00001010 ¢
74 0C 00001100 ¢
75 56 *10101103
76 41 01000001 ¢
77 42 01000010 ¢
78 43 01000011 ¢
79 33 *10100113
80 68 01101000
81 40 01000000 ¢
82 ‘ 4A 01001010 ¢
83 OF 00001111 ¢
84 4B 01001011 ¢
85 7E 01111110
86 52 *10100103

Figure 10 (Part 2 of 2). 3250 Model 11 Keyboard Scan Codes - Katakana Data Processing
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Key
Position

Binary
Scan Code

01111100
or1o1111
01101100
01101101
oriortio
01111101
01110001 ¢
01110000 ¢
01110010 ¢
01110011 ¢
00111110
00110001
00110010 ¢
00110011 ¢
00110100 ¢
00110101 ¢
00110110
00110111¢
00111000 ¢
00111001 ¢
001110106
00111011 ¢
00111100
00111101
00100000 ¢
00100001 ¢
00100010 ¢
00100011 ¢
00100100 ¢
00100101 ¢
00100110 ¢
001001116
00101000 ¢
00101001 ¢
00101010 ¢
00101011 ¢
00101101
00101100
orirtiio
00010001 ¢
00010010 ¢
00010011 ¢
00010100 ¢

Figure 11 (Part 1 of 2). 5250 Model 11 Keyboard Scan Codes - Data Entry 66 Key

s

6

A make-break key

A tvpamatic key
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Key Hex Binary

Position Scan Code Scan Code
44 15 00010101 ¢
45 16 00010110 ¢
46 17 00010111 ¢
47 18 00011000 ¢
48 19 00011001 ¢
49 1A 00011010 ¢
50 1B 00011011 ¢
51 1C 00011100
52 1D 010101118
53 01 00000001 ¢
54 02 00000010 ¢
55 03 00000011 ¢
56 04 00000100 ¢
57 05 00000101 ¢
58 06 00000110 ¢
59 07 00000111 ¢
60 08 00001000 ¢
61 09 00001001 ¢
62 0A 00001010 ¢
63 56 010101105
64 69 01101001
65 68 01101000
66 OF 000011116

Figure 11 (Part 2 of 2). 5250 Model |1 Keyboard Scan Codes - Data Entry 66 Key
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Key Hex Binary

Position Scan Code Scan Code
1 7C 01111100
2 6F 0110t111
3 6C 01101100
4 6D 01101101
5 6E 01101110
6 7D 01111101
7 71 01110001 8
8 70 01110000 ¢
9 72 01110010 ®
10 73 01110011 &
11 . 3E ootLl1tlio
12 31 00110001
13 32 00110010 ¢
14 33 00110011 &
15 34 00110100 &
16 35 00110101 &
17 36 00110110
18 37 001101118
19 38 00111000 &
20 39 00111001 8
21 3A 001110108
22 3B 001110118
23 3C 00111100
24 3D 00111101
25 20 00100000 ¢
26 21 00100001 &
27 22 ©100100010*
28 ‘ 23 00100011 &
29 24 00100100 ¢
30 25 00100101 8
3l 26 00100110 °®
32 27 00100111 ¢
33 28 00101000 ¢
34 29 00101001 ¢
35 2A 00101010 8
36 2 00101011 8
37 2D 00101101
38 2C 00101100
39 7E 1111110
40 11 00010001 &
41 12 00010010 8
42 13 00010011 8
43 14 00010100 ¢

Figure 12 (Part | of 2). 5250 Model 11 Keyboard Scan Codes - Data Entry 67 Key

7 A make-break key

8 A typamatic key
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Key Hex Binary
Position Scan Code Scan Code
44 15 00010101 ¢
45 16 000101108
46 17 000101118
47 18 00011000 8
48 19 00011001 ¢
49 1A 00011010 8
50 1B 00011011 ¢
51 1C 00011100
52 1D 01010111 "
53 01 00000001 8
54 02 00000010 8
55 03 00000011 8
56 04 00000100
57 : 05 00000101 8
38 06 00000110 ®
59 07 00000111 8
60 08 00001000 8
61 09 00001001 ¢
62 0A 00001010 8
63 0C 00001100 8
64 69 01101001
63 68 01101000
1 66 oF 000011118
67 36 010101107

Figure 12 (Part 2 of 2). 5250 Model 11 Keyboard Scan Codes - Data Entry 67 Key
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Key
Position

Binary

01111100
01101111
01101100
01101101
01101110
0111110l
01110001 1
- 01110000 '©
01110010 10
01110011
00111110
00110001
00110010 '
00110011 1
00110100
00110101
00110110
00110111 1
00111000
00111001
0or11010 1
oorriorp e
00111100
0011110l
00100000 '©
00100001 1

00100011 *
00100100
00100101
00100110
00100111
00101000
00101001 ©

00101011
00101101
00101100
01111110
00010001
00010010 0
00010011

00010100 '

Scan Code

00100010

00101010 10 .

Figure 13 (Part.1 of 2).

5250 Model 11

9

10

A make-break key

A typamatic key

Keyboard Scan Codes - Katakana Data Entry

5251 Model 11 Interface
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Key Hex Binary

Position Scan Code Scan Code
44 15 00010101 0
45 16 00010110 '
46 17 00010111 '
47 18 00011000 10
48 19 00011001 10
49 IA 00011010 1o
50 IB 00011011
51 1C 00011100
52 ID 01010111°*
33 o1’ 00000001 10
54 02 00000010 10
55 03 00000011 0
56 04 00000100 1o
57 05 00000101 o
58 06 00000110 10
59 07 00000111 10
60 08 00001000 to
61 09 00001001 10
62 0A 00001010 0
63 0C 00001100 10
64 69 01101001
65 68 01101000
66 0OF 00001111 10
67 36 01010110°
68 33 01010011°
69 32 01010010°

Figure 13 (Part 2 of 2). 5250 Model 11 Keyboard Scan Codes - Katakana Data Entry

2.1.2 Displayable Characters

The 5251 model 11 provides the character set shown below. Codes normally displayed as blanks will have
the hexadecimal code displayed in Test mode. Nulls (X'00°) display as dots in Test mode. X'40" will always
display as a blank. X'41’ is the required blank for text processing; it displays as a hexadecimal code in Test
mode.

24 5250 10 S,36, S,38. 24 AS,400 Attachment Information



First HexChar O 1 2 3

4 5 6 7 8 & A B C D E F
0 & - ® (%} ° H < { } \ 0
’ ’
1 el /lelalil~lcslaly 1
2 slelalelolxls|¥)lelx]|s]a2
Second Hex 3 3 e | A|E c i t R T
Char ¢ : ?
LY \ 1
4 sale|lAa|lelalm|lulflolmM]|ula
7 7 v ’
5 a1 ]lAlIleln|lv|{i§ieElN]V]sS
6 TRl T | t]olwlarlrlo|lw]e
o o 0 .
7 Sl1lalilefoe] x cle|x|7
\ A\
8 s{ 1} Gt T }ntql]y HlQ} vY]s
9 Tl {NIY i ] v lrlz]oe
A Lo |l<<tali|™|-t=z(2]¢?
8 s, a2l |s|T|0|T
c <|#|w|l@e|d|l=zlo|=|o]v]|o0|U
: R
D tl | = s t olulolu
. ’ 14 14 4
E sls>l=| 2| R|IP]"Jo]u]o]|u
F P~ "2l ] ol=|TtYI|O

Figure 14. 5251 Model 11 Multinational Character Set. Codes with a first hexadecimal digit of 2 or 3 are reserved

for display attributes.
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Second
Hexadecimal
Character

First Hexadecimal Character

416 |6 7|8 |9 tA]lB
So | & | - v
<IN[7] |Pl5]-
r|t 115 |A
sl R EERE
Y2 B
3 2Lz
T b2 B I g B &
g |2 |4
Y- O|X|T
P) gl*|{+
£ 2121V |V
¥, o
K| * {% |@[ Y 31192
(Y- "1¥inisly
ctl>l=1z2ltju)”
I D BT R -2 20 I A

Figure 15. 5251 Model 11 Katakana Dispiayable Character Set
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For the countries shown below, characters are identical to the multinational character set except as noted.

Hex: 4A 4C 4F SA 5B S5F 6A 79 7B 7C A1 CO DO EO

¢ ! 1 =
U.S. and Canada
Multinational
Austria/Germany A u ° § B 8 ul o
u Bt e]els
Belgium
Srail 3 s 1S s|¥lT|w T
razi
0y / . .o ’ 0y
Canada (French) a ’ v el |3
° E . ©
Denmark/Norway # X | aA ¢ @ |ul =] a
) x| ° el il le ]
Finland/Sweden A o |le | AJO|u |3 ]|a |E
France ° ? v gl "] S
(-} ’ \ )
Haly e LI IRV A - T I T A I
- —_
Japan (English) £ ! ! ¥ $
~ Lad ~
Portugal $ Ao S |T| 1S
- ~ -~ ] ™ .o
Spain I Pts n N
N | o~ -~ .
Spanish-Speaking t n NI
. - —
United Kingdom $ ! ! £

»Figure 16. 5251 Model 11 Modifications to International Character Set
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2.1.3 Keyboard Clicker and Audible Alarm

If the clicker is enabled by the controller a click is heard within 30 milliseconds after a key is pressed. A
keyboard overrun causes the station to disable the clicker. With the clicker disabled, the 5251 model 11 still
responds to keystrokes and indicates keystrokes pending, and overrun. Therefore, the system must not cause
display actions for data entry to occur when it has disabled ‘the clicker. The clicker must be enabled to
provide a correct operator environment.

The audible alarm is provided by the clicker. When started by the controller, the alarm (clicker) will buzz

for about 1 second. The controller should not operate the alarm more than once during any 5 second
period.

2.1.4 Display Attributes
2.1.4.1 Ficld Attributes ' -

The 5251 model 11 uses field attributes to control the manner in which characters are displayed on the
screen.

Attribute Description

X 20 Normal display

X2r Reverse image

X122 High intensity

X2¥ Reverse image, high intensity

X224 Underscore

X225 Underscore, reversc image

X266 Underscore. high intensity

X227 No display

X% Blink

X129’ Blink, reverse image

X247 Blink. high intensity

X2B’ Blink. high intensity, reverse image
x2c Blink, underscore

X2D’ Blink. underscore. reverse image
X2E Blink. underscore. high intensity
N2F No display

X'30 Normal display with column separators
X3l Reverse image with column separators
X3 High intensity with column separators
X3y Reverse image and high intensity with column separators
X3 Underscore with column separators

Figure 17 (Part 1 of 2). 5251 Model 11 Field Attribute Characters
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Attribute Description ;

X35 Underscore and reverse image with column separators

X'36 Underscore and high intensity with column separators

X137 | No display

X'3¥ Blink with column scparators

X339 Blink and reverse image with column separators

X'3A7 Blink and high intensity with column separators

X'3B’ Blink. high intensity, and reverse image with column separators
X'3C Blink and underscore with column scparators

X3D’ Blink. underscore. and reverse image with column separators
X'3E’ Blink. underscore. and high intensity with column separators
X3F No display

Figure 17 (Part 2 of 2). 5251 Model 11 Field Attribute Characters

An attribute remains in effect until another attribute is found in the data for the display. An attribute affects
the display of characters following the attribute on the line that the attribute is on; the attribute also affects
characters on subsequent lines until another attribute is found.

The last attribute found before displaying the last character on the screen does not remain in effect at the
start of the screen.!!

The character position occupied by an attribute is displayed as a blank in normal mode. In diagnostic mode
the hex code of the attribute is displayed. S

After power on reset or a reset command, the attributes of normal intensity, non-blink, and non-reverse
image are in effect.

The reverse image attribute causes the characters following to be displayed as a dark graphic on a light back-
ground (negative image).

If the entire screen has been set for negative image by a Write Control Data command, the reverse image
attribute causes a light image on a dark background (positive image). '

Additional information is in the “Work Stations” section of /BM Systemj36 Functions Reference Manual,
SA21-9243.

11 This is not true for some of the first 5251 model 11 terminals that were made. For this reason. it is suggested that
all screens have an attribute bvte in row 1, column 1, or in the last character position of the screen. to set the
desired attributes.
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2.2 Interface

The interface to the IBM 5251 model 11 is a digital interface operating at a bit rate of 1.0 MHz (£2%) over
dual conductor twinaxial cable for multidrop network configurations. For information about cable charac-
teristics, bit stream, frame format, and electrical interface, refer to the first section of this document.

2.2.1 Protocols and Synchronization

The keyboard display will never initiate a transaction to or from the attaching system. All such transactions
will be explicitly initiated from the attaching system via a command. The flow will be half duplex. Some
tvpical flows are illustrated on the following pages.

The following legend applies to the illustrations.

* = Frame and bit synchronization and sequences generated by the driver/receiver logic (line tum-around).
This conditions the work station to begin receiving a command.

# = Data stream termination delimiter, caused by transmission of station address of ones. This terminates a
message, and causes the station to expect a synchronization series next.

--> = An arrow indicates the exchange of one 16-bit frame in the indicated direction between the
keyboard/display and the attaching systemn.

[ Poll for Status J

Controller Keyboard, Display

Poll*

*Base Status

Key Scan Code#
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[ Write Data and Load Cursor |

Controller Keyboard/Display
WRTLC*
>
#DATA
>
Load*
>

Value (Bits 0-7)

>
#Value (Bits 8-15)
>
Read Registers [
Read Regsters*
>

Wait (poll) for nonbusy, no
exception, and no-parity-error
Status response

Activate Read*
>

*Value (Bits 0-7 of the Address Counter)

<
- Value (Bits 8-15 of the Address Counter)

<
Controller Display Station

Value (Bits 0-7 of the Cursor Register)
< _

Value (Bits 8-15 of the Cursor Register)
<

Value (Bits 0-7 of the Reference Counter)
< N
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Value (Bits 8-15 of the Reference Counter)#
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2.2.2 Frame Characteristics

The frame format for commands and data to or from the IBM 5251 model 11 display station is a fixed 16-bit
frame. The general format is as defined below.

Bit Purpose
0.1,2 Fill bits; always zero.
3 Parity bit: set for even parity in the frame
4.5.6 Station Address
7-14 command or data
15 Stop bit; always 1.
e Bit 3 is designated as the parity bit and will be set to ensure even parity in each frame. Whenever a line

parity error is detected by a station, no further commands will be carried out, and no responses will be
made until a valid poll without parity error is received. At that time, a line transmission fault indication

will be sent back to the controller as parnt of the base status.

Bits 4, S, and 6 are the physical station address. Valid addresses are 000 to 110, and 111 is the end of
message delimiter for the cable. A frame containing the 111 station address causes the station to ignore
all following cable line signals until a bit and frame synchronization is dctected following a line turn-

around.

Bits 7 through 14 are unique to the type of frame and will be defined later in this document.

Bit 15 is the least significant digit in the frame-and is called a stop bit or sync bit. It is the first bit
transmitted on the line and is always set to one.

5251 Model 11 Interface
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2.2.3 Addressing and Commands
See 1.4, “Station Addressing” on page 9 for information on addressing stations.

2.2.3.1 Device Addressing. .. .. .

Device addresses are used to select the various logical devices on the station. These may be base devices
such as the keyboard or special feature devices such as the Magnetic Stripe Reader. The following addresses
are assigned and are encoded in frame bits 7 through 9 (basic format), or bits 7 through 10 (feature format).

Basic Format

000 Base and regeneration buffer
001 Keyvboard
010 Indicators

Feature Format

1000 Model
1001 Magnetic Stripe Reader
1010 Light Pen
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2.3 Command Matrix

The following matrix represents the valid commands for the IBM 5251 model 11. Also represented in the
matrix are the devices which will be affected by a given command.

Only one command may be processed at a time, although several may be put on an internal work queue.
Commands are encoded in bits 10 through 14 of the frame (basic format), or bits 11 through 14 of the frame

(feature format).

Command frames must be preceded by a line turnaround (bit and frame synchronization sequences) or by
another command frame (possibly with intervening data frames) that was preceded by bit and frame synchro-
nization sequences. See 1.4, “Station Addressing” on page 9 for more information.

All command bit patterns not defined below are reserved.

The Device Address is bits 7 through 9 for base format; i‘t is bits 7 through 10 for feature format.

The Command is bits 10 through 14 for base format: it is bits 11 through 14 for feature format.

Read Device 1D - base

Modifier/
Device Addressed
Command Name Address Command To Notes
Activate Read 000 00000 Base Device address is spccified by
preceding command.
Activate Write 000 00001 Base Device address is specified by
, preceding command.
Clear 000 10010 Base '
| EOQ Declimiter 011 00010 Base
Exchange 000 10110 Base
Insert Character 000 00011 Base
Load Address Counter 000 10101 Base
Load Cursor Register 000 10111 Base
Load Reference | 000 00111 Base
Counter '
Move Data 000 00110 Base
Poll XXX 10000 XXX Sce Poll command description
' for explanation of X'’s.
Read Data 12 1001 -1000 MSR Activate required
Read Data 12 1010 -1000 Light Pen | Activate requircd
000 01100 Base Activate required

Figure 18 {(Part 1 of 2). Command Matrix for 5251 Commands

12 These commands use feature format; see 2.4, “Specific Command Formats™ on page 37.
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Modifier/

Device Addressed
Command Name Address Command To Notes
Read Device ID - key- |00 1 01100 Keyboard Activate required
board
Read Device ID - {1000 -1100 Model Activate required
model ?
lI}caad Device ID - MSR | 1001 -1100 MSR Activate required
Re:acll2 Device ID - light- | 1010 -1100 Light Pen | Activate required
pen
Read Immediate Field 000 11001 Base Activate required
Read Between Limits 000 11010 Base Activate required
Read to [nd of Line 000 01010 Base Activate required
Read to End of Ficld 000 11000 Base Activate required
Read Registers 000 11100 Base Activate required
Recad Regsters 010 11100 Indicator Activate rcquired
Reset 000 00010 Base
Reset 12 1001 -0010 MSR
Reset 12 1010 -0010 Light Pen
Search Next Attribute 000 00100 Base
Scarch Next Null 000 10100 Base
Set Mode 000 10011 Base
Write Control Data 000 00101 Base
Write Data and Load [000 10001 Base
Cursor -~ '
Write Data and lLoad [010 10001 Indicator
Cursor
Write Data 000 11110 Base Activate required
Write Immediate Data 000 11101 Base Activate required

Figure 18 (Part 2 of 2).
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2.4 Specific Command Formats

All commands pass from the host controller in the System Unit to the IBM 5251 model 11. Data words
pass in either direction. Poll response words pass from the IBM 5251 model 11 to the controller.

2.4.1 Command to Keyboard and Base

2.4.1.1 Basic Format

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit; set for cven parity in the frame

4.5.6 Station Address

7.8.9 Base address. Device address, or Command Modifier
10-14 Command

15 Stop bit; always 1.

Figure 19. Basic Format for Commands to Keyboard and Base

2.4.1.2 Fcature Format

Bit Purpose

0,1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4.5.6 Station Address

7-10 Feature Device Address

11-14 Command

15 Stop bit: always 1.

Figure 20. Fcature Format for Commands

2.4.1.3 Data Word To or From Display

Bit Purpose

0.1.2 Fill bits; always zero.

3 Panity bit; set for even parity in the frame
4,5.6 Station Address or End Of Message (111)
7-14 data character

15 Stop bit: always 1.

Figure 21. Data Word To or From Display

The device address field is not required for this format because it follows a command which explicitly
addresses the devices.
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2.4.2 System Response Time

Systern response is the time from when the keystroke scan code is first available in the poll response byte
until the controller completes the transmission of the last data byte of a write or load command for proc-
essing and screen alteration by the display station.

System response is a function of what kind of key is pressed. For acceptable system performance when a
key is pressed, the display action must occur within a relatively short time. This time is (in general) a func-
tion of the polling frequency to each attached display station and the speed at which, once having sensed an
available scan code, the controller reads the scan code, interprets it, and responds with appropriate action.

The display station can store up to 4 keystrokes indefinitely until they are serviced by the controller. This
keystroke queue acts as a buffer against high burst rate keying and for the infrequent times when an attached
controller is busy with other tasks for extended times.

The polling strategy within a display controller should assure that the probability of exceeding 70 millisec-
onds from scan code availability to presentation to the workstation for display is less than 0.01 for data keys
other than the first character of a field. A station must be polled for keystrokes at least 40 times during any
2 second interval, with no inter-poll time more than 270 milliseconds.

For system response times, once keystrokes have been detected, it is necessary to specify the field environ-
ment into which the keystrokes are entered. Assume a worst-case 20 character, alpha-only. right-adjust,
check-digit field followed by similar fields of shorter length. For a 4-key sequence, all in the first ficld. no
more than 200 milliseconds shall expire from the Poll command accessing the first key until the Poll
command attempting to access a possible Sth key, with all 4 prior data keys completely serviced. If a field
boundary is crossed, add 60 milliseconds for field exit processing by the controller. For a field exit key, add
250 milliseconds for response time. -
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2.4.3 Poll Command (Code = 10000)

This command is sent from the controller to the display and initiates the transfer of one or two poll response
bytes. The base status is returned in 45 = 15 microseconds. The first response time is measured from the
time the parity bit is received at the station until the sync bit of the first response frame is transmitted. A
frame and bit synchronization sequence precedes this frame. ‘

A keyboard scan code is returned in a following frame after a specified fill delay (see 2.4.25, “Set Mode
Command (Code = 10011)” on page 75). If no keystroke has been recognized since the last poll, a scan
code of zero is returned. This second response frame is sent only if a Set Mode command has been proc-
essed by the station since its last resct (in addition, the 5251 model 11 requires a poll with bit 9 set in order
to begin returning two response frames).

The last response frame to a Poll command contains a station address of 111. No fill is sent after this frame.

Bit Purpose h
0,1,2 Fill bits; always zero.

3 Panty bit; set for even parity in the frame

4.5.6 Station Address

7 Reserved: set to 0

8 Reset line parity error

9 Acknowledge bit (ACK)

10-14 Poll command: 10000

15 Stop bit; always 1.

Figure 22. Poll Command to Display Station

The Poll command solicits an immediate base and keyboard response of status and keyboard data. The
command will cause a fixed length two-frame response to be made. The base status is rcturned first, fol-
lowed by the keyboard data. At power on time, a single frame response is made containing base status only,
until a Set Mode command is executed, and a poll command with frame bit 9 on is rececived. ‘

No device address is associated with this command, as the base and keyboard always respond to the poll.

Bit 7 is reserved and should be set to 0.

Bits 8 and 9 in the poll frame are defined uniquely for this command. Bit 8 is used to acknowledge and reset
the line parnty error response bit from the base. This bit is not effective until a nonbusy base status has been
received at the controller. Normally, bit 8 should be zero.

Bit 9 is used to acknowledge the last status transmission to allow new status to be sent. If bit 9is at a1
value, then updated responses are made whenever they are available. If bit 9 is at a 0 state, then the former

response frames are resent, with the exception of real-time status bits. The former response frames may be
re-sent any number of times. The real-time status bits arc updated at all times. :
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2.4.3.1 Poll Response to Controller

The first poll response frame is always preceded by a frame synchronization sequence. A fixed length, two
frame response will be made to every poll command after a Set Mode command defining interframe fill
length and after the first poll command with bit 9 (ACK) set (5251-11 only). Prior to the execution of the
Set Mode command, a single frame basic status will be returned only. In either case, the last frame of the
response will contain a station address field of all ones designating the last message frame. The first frame in
the response contains basic status information. Its format is as follows.

Bit Purpose

0,1.2 Fill bits: always zero. .

3 Panty bit; set for even parity in the frame

4.5.6 Station Address (or End Of Message (111) for one-frame poll response)
Busy ' =

8 Line Panty Error Detected (LP)
Reserved

10 Outstanding Status (OS)

[1-13 Exception Status

14 Level

15 Stop bit: always |.

Figure 23. Poll Command Response Byte 1 from Display (Base Response Frame)
2.4.3.1.1 Display Poll Response Bit 7 - Busy:

0
1

Not Busy (Work Queue Empty)
Busy (Work Queue Not Empty or Activate Received)

(U

Bit 7 is a rcal-time response bit, that is, it is updated continuously and bit 14 of the frame need not be tested
first to find if this bit has been updated. ‘

Once the first work queue entry has been received by the station, a Poll command received immediately
afterward would have a busy base response status. A nonbusy, no-ecxception, no-line-parity-error status
response must be received before issuing any Activate command.

See 2.7, “Internal Processing Queue” on page 80 for more information.

2.4.3.1.2 Display Poll Response Bit 8 - Line Parity Error:

0
1

No line parity error detected
Line parity error detected

o

Bit 8 is a real-time response bit. This bit is set immediately when invalid frame parity is detected in a
received frame. The parity expected is cven parity over bits 3 through 15 of every frame. Since the station
address ficld may be invalid as the result of a party error, every station that detects the invalid parity frame,
regardless of address field content, will indicate the error. Note that in a multidrop environment, several but
not necessarily all stations along one cable may ‘see” the invalid parity frame.
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If multiple frames follow a frame synchronization sequence, invalid parity in frames after the first frame will
not cause line parity errors in stations other than the one addressed in the first frame.

While the line parity bit is set in a workstation, the station will ignore any commands other than Poll regard-
less of the parity in the command.

Line parity error mode must be reset by the controller with a Poll command frame that has frame bit 8 on.
The station must not be busy when this reset poll command is given. If the station rcceives this poll while
busy, the line panty error bit is not reset. If the line parity error state has been reset by a reset parity poll
command, bit 8 will be reset in the response to that particular poll command. '

2.4.3.1.3 Display Poll Response Bit 9 - Reserved: Bit 9 is reserved.
243.1.4 Display Poll Response Bit 10 - Outstanding Feature Status:

0
1

No outstanding feature status detected
Outstanding feature status detected

This bit is never on unless a special feature I/O device is installed and needs attention. Availability of data at
the magnetic stripe reader or light pen causes the bit to be set. The bit stays on until all outstanding special
feature data or status is readied for transmission to the controller. Receiving and processing a Read Data or
Reset command addressed to the device that has outstanding status resets the bit.

2.4.3.1.5 Display Poll Response Bits 11-13 - Exception Status: Bits 11-13 indicate exception status in the
station. ;

Bits

11 12 13 Mcaning

0 0 0 No exccption status
0 0 1 Null or attribute error

0O 1t 0 Invalid activate

0 1 1 Reserved

1 0 0 Invalid command or device address
I 0 1 Input queue or storage overrun

1 1 0 Invalid register value

1 1 1 Power on transition

Figure 24. Exception Status Coding in Poll Command Response

-Exception status conditions are indicated in poll responses as soon as they are detected, without changing
response levels (see bit 14 description). In testing for the IBM 5251 modcl 11 exception status, a display
controller should wait for a nonbusy response before testing the exception field.

Whenever exception conditions occur, processing of further commands in the command input queue will be
discontinued and the queue emptied, in all cascs, of the commands remaining in the qucuc at the time the
exception condition was detected. Once an exception condition occurs, only Poll, Set Mode, Reset (to base
address) and Write Control Data commands will be processed, until the exception status is resct. In a power
on transition status, a Set Mode or base Reset command is processed while a Write Control Data command
is not.

To reset nonzero exception status conditions, a Write Control Data command with a resct bit (bit 12) on in
the following data frame must be sent. The controller can determine if the reset action occurred by checking
for nonbusy status after issuance of the Write Control Data command then noting the absence of the excep-
tion status. The power-on transition exception status must be reset with a Set Mode command.
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The invalid command or device address exception status is caused when the station receives a command bit
combination that is not defined in the command set. This condition also occurs when a device address is
associated with a command that is not defined for the selected device. This exception also occurs whenever
a valid command that has associated data frames is decoded at a position in the command queue such that
not enough queue positions remain to contain all of the following data frames. If the associated data frames
actually are reccived and cannot be stored, an input queue or storage overrun exception will replace the first
exception.

The input queue or storage overrun condition occurs when more than 16 commands and associated data
frames have been sent, or when an attempt is made to store data beyond the user accessible storage limits.

The power on transition exception condition is returned as the result of the first Poll-commands received
after power is applied or after processing a base Reset command. \When this condition occurs, the base
status frame will be the only frame sent in response to a Poll command. A Set Mode command must be
received before this condition is reset.

. 2.4.3.1.6 Display Poll Response Bit 14 - Response Level: Successive Poll commands received before the
station has been able to update a complete new response will cause retransmission of former status.

The controller will distinguish new responses from former former responses with bit 14. The first response
after powering up or resetting will be from level 0. The first two frame responses after receiving a Set Mode
command will be from level 1.

While waiting for the Set Mode command to be completed, the display controller should poll with the ACK
bit (bit 9) on. The controller may allow level transitions to occur by sctting the ACK bit on in the Poll
command. '

Each time the station receives a Poll command with the ACK bit on, a new response level will be made
available aftcr a period ranging from 0 to 225 milliseconds when the station is in a nonbusy state. If a new
response level is available for controller access when a Poll command with ACK on is received, the new level
will be sent, and bit 14 will be changed from the last Poll response.

Alternatively, if a Poll command is received with ACK off, or a new level is not available, the old level wﬂ]
be sent, and bit 14 will not change since the last Poll command.

Real-time status response bits are not affected by response level transitions.
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2.4.3.2 Poll Response Byte 2

The second response frame contains data and status from the keyboard. Its format is as follows.

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4.5.6 End of Message (111)

7 Make/Break bit

8-14 Key Scan Code

15 Stop bit: always I.

Figure 25. Poll Response byte 2 (Keyboard Response Frame)

Frame bits 7 through 14 contain a make/break bit and 7 bits of key scan code. The make/break bit will be
on whenever the shift lock or shift keys are released, and the shift key scan code will accompany the
make/break bit.

If no keystroke is available, bits 7 through 14 will be zeros.

If a keyboard overrun occurs, bits 7 through 14 will be all ones. In the event of an overrun condition, the
keystrokes following the last valid scan code could not be stored for user access.

The display station disables the keyboard clicker when an overrun condition occurs at the display station.
The clicker will remain disabled until the controller enables it via the Write Control Data command. Kcy-
strokes during an overrun condition will be inaccessible to the controller. When the station is polled and
sends the next keystroke to the controller, the overrun condition is terminated until another keystroke is
detected that cannot be storcd at the station. During a keyboard overrun condition, the station will still
respond to commands from the controller; it will just ignore keystrokes until the overrun condition is
cleared.

5251 Model 11 Interface 43



2.4.4 Write Control Data Command (Code = 00101)

Bit Purpose " RIS
012 Fill bits: always zero.
3 Parity bit: set for even parity in the frame

4-6 Station Address

7-9 , Device Address (000)

10-14 Write Control Data Command (00101)

15 Stop bit: always 1.

Figure 26. Write Control Data Command

This command is followed by a data frame. The bits in the data frame accompanying the Write Control
Data command are used as follows.

Bit Purpose

0,1,2 - | Fill bits; always zcro.

3 Parity bit; set for even parity in the frame
1-6 End of Message (111) ’

7 Cursor Display Control.

0 = Display cursor
1 = Inlubit display of cursor

Defaults to 0 upon powering up or resetting.
8 Reserved :
9 ' Cursor Blink Control.

0 = Do not blink cursor
1 = Blink cursor.

Defaults to ) upon powering up or resetting.
10 Reserved.

Controllers must set this bit to zero when issuing a Write Control Data command.
11 Background Control.

0
1

Normal background
Negative image background

([ ]

Defaults to ) upon powering up or resetting.
12 Resct Exception Status

0 = Do not reset exception status
1 = Reset exception status.

Figure 27 (Part | of 2). Write Control Data Command Response Frame
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Bit

Purpose

13

Keyboard Clicker Control

0 = Enable keyboard clicker
1= Disgble keyboard clicker.” -

Defaults to 0 upon powering up or resetting. =

14

Audible Alarm Control

0 = No audible alarm
| = Tum on audible alarm

Alarm will sound for 1 second after a data frame following a Wrte Control Data
command is received with bit 14 on. '

15

Stop bit; always 1.

Figure 27 (Part 2 of 2). Write Control Data Command Response Frame
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2.4.5 Read Registers Command (Code = 11100)

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit: set for even parity in the frame
4-6 Station Address

7-9 Device Address (000)

10-14 Read Registers Command (11100)

15 Stop bit; always .

Figure 28. Read Rcgisters to base device address

This command initiates the transfer of six data frames containing the contents of the three control registers,
the address counter, the cursor register, and the reference counter in that order. Bits 7 through 14 of cach
data frame will contain bits of each register. The high order 8 bits of each register are transmitted prior to
the low order 8 bits. An Activate command is required before data transfer is initiated.

2.4.5.1 Read Registers to Indicators

Bit Purpose

0.1.2 Fill bits: always zero.

3 Parity bit: set for cven parity in the frame
+-6 Station Address

7-9 Device Address (010)

10-14 .| Read Registers Command (11100)

1§ Stop bit; always 1.

Figure 29. Read Registers to discrete indicators

When the Read Regsters command is addressed to the indicators a diagnostic logout area is rcturned in the
Activate Read response. The length and content of the response is machine dependent. For 5251-11, the
response is 6 frames long and formatted as follows:

1. Line Parity Error Count - This frame gives the number of line parity errors that have occurred since the
last time the station was powercd on or reset. The count value ranges from 0 to 255. This is a wrap-
around count (255 back to 0), with no overflow indicated.

2. Exception Condition Count - This frame returns the number of exception conditions posted in the poll
responses since powering up or resetting. [t does not count the power on transition exception condition.
The count value ranges from 0 to 255. This is a wrap-around count (255 back to 0), with no overflow
indicated.

3. Last Cxception Condition - This frame gives the Igst exception condition posted in the poll response

since powering up or resctting. Power on transition exceptions are not logged. The exception condition
bits are returncd in frame bits 11, 12, and 13. Bits 7 through 10 and 14 arc reserved.
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I

4.

6.

Last Command Prior to Exception - This frame records the last command detected as being ready for
processing in the queue at the time the last exception condition occurred (operation and power on tran-
sition exceptions are excluded). Poll, Activate Read, and Activate Write commands are not recorded.

‘Last Command - This frame contains the last command detected as being ready for processing from the

queue; oo S e L e s e

Resvered - This frame is reserved.

| An Activate command is required before data transfer of the 6 frames is initiated. -

I

A Read Regsters command can result in the invalid device address exception condition if a device address
other than the base or indicators is presented with the command.
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2.4.6 Read Immediate Field Command (Code = 11001)

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit: set for even parity in the frame
3-6 Station Address

7-9 Device Address (000)

10-14 Read Immediate Field Command (11001)
15 ' Stop bit: always |.

Figure 30. Read Immediate Ficld Command

This command sets up for the transfer of a display field of data to the controller. The starting address of the
transfer will be contained in two frames following the command frame. The high order address bits are
contained in bits 7 through 14 of the first frame to follow, while bits 7 through 14 of the second following
frame contain the low order address bits. Data transfer is terminated when the next ficld attribute is
encountered in the regeneration buffer or when the end of the regeneration buffer is reached. The address
counter is not changed by this command. An End Of Queue (EOQ) command must follow the Read
Immediate Field command. An Activate Read command is required before data transfer is initiated.

The actual data transfer following the associated Activate Read command does not alter the address counter.
A Read Immediatc Ficld command can result in the invalid device address exception condition if a device
address of other than the base was presented with the command. The invalid register value exception condi-
tion will result if the address presented with the command does not lie within.the installed storage arca.

If the immediate address points to an attribute, a null or attribute exception condition will result.
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2.4.7 Read Data Command (Code = -1000)

Bit Purpose

0.1.2 Fill bits; always zero.

3 Panty bit; set for even parity in the {rame
4-6 Station Address

7-10 Feature Address

11-14 Read Data Command (1000)

15 Stop bit: always 1.

Fig'ure 31. Read Data Command

The Read Data command is addressed to the magnetic stripe reader. It initiates the transfer of a 16 byte
block of data. An Activate command is needed before data transfer will start. A Read Data command will
not result in an invalid device address condition if the address of an uninstalled or undefined feature device is
presented with the command. Instead, 16 data bytes of all zeros are returned with no exception condition.

Note that this command is always issued with a feature address, not a base address.

2.4.7.1 Read Data Word for Light Pcn

The row address value is returned first, followed by the column address value.

Bit Purpose

0.1.2 [ill bits; always zero.

3 Parity bit; set for cven parity in the frame

4-6 Station address V

7 Light Pen installed. This bit ts 1 if light pen is installed: it is 0 otherwise.

8 Tip switch depressed. If this bit is set to 1 and bits 7-14 do not equal X'FF’, the tip
switch has been depressed.

9 Reserved

10-14 Row number (0 to 25)

15 Stop bit; always 1.

Figure 32. Read Data Command - First Light Pen Response Frame

Bit Purpose

0.1.2 Fill bits; always zero.

3 Rarity bit; sct for even panty in the frame
4-6 Station address

Reserved.

Figure 33 (Part | of 2). Read Data Command - Second Light Pen Response Frame
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Bit Purpose
8-14 Column number (1 to 84).
15 Stop bit; always .

Figure 33 (Part 2 of 2). Read Data Command - Second Light Pen Response Frame

The activity sequence of issuing a Read Data command addressed to the light pen device and waiting for a
non-busy, no exception status before issuing an Activate Read will return 16 frames of response from the
light pen. The returned frames are composed of 8 pairs of CRT row and column counter valucs. The first
two frames of data returned by the light pen are considered valid data. The remaining frames are ignored.

The values returned will be physical row and column designations independent of model and screen size.
The row values returned will range form 0 to 25 since the actual physical display format i1s 24 displayable
lines of data and 2 diagnostic lines. When the row or column value is X'00" or X'FF’, this indicates that the
pen is not pointing to an illuminated area. The valid column values may range from 1 to 84, due to vari-
ations in phosphor: Column values greater than 84 will be ignored. Each column value has a tolerance of 0
to -4 depending on phosphor delays.

The light pen feature will cause the outstanding status bit in the first poll response byte to be turmed on
when a pre-sclect condition (“Wanding”) occurs, or when the tip switch is depressed. When the outstanding
status bit is set on, the sequence of Read Data, Read Activate is sent to the light pen feature and the data
returned to the system. Row values of X'FF’ cause all data frames to be discarded by the system.

2.4.7.2 Read Data Word for Magnetic Stripe Reader

Bit Purpose

0,1,2 I‘ill bits; always zero.

3 Parity bit: set for even parity in the frame

-6 Station address

7 MSR instalied. This bit 1s 1 if MSR is installed: it is 0 otherwise.
8 Error

0 = No error
1 = Reader error

9 Last

0 = Not the last character
1 = Last character of data

10 Parity bit for character
11-14 Character.
Bit Bit Number of MSR Character
11 8
12 4
13 2
14 1

Figure 34 (Part | of 2). Recad Data Command - MSR Response Frame
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Bit Purpose
15 Stop bit; always 1.

Figure 34 (Part 2 of 2). Read Data Command - MISR Response Frame

This format does not need a device address because it explicitly follows a Read Data command addressed to
that device.

When an Activate Read command is received after busy has -droiaped, 16 data frames containing up to 16
characters are returned. The response is always 16 frames long even if less than 16 characters are to be sent.

If no data is present, the read data word response has all zeros in positions 10 through 14.
Outstanding feature status (bit 10) in the first poll response byte remains on until the first magnetic stripe
data character is readicd for transmission. This bit cannot be set on by any magnetic strip® reader activity

until the last data character is readied or the reader is reset.

A Reset command addressed to the magnetic stripe reader device address clears this bit and all data
remaining in the reader.

Valid codes for the MSR feature follow.

Hex P 8 4 2 1 Character

0 I 0 0 0 0 0

1 0 0 0 0 1 1

2 0 0 0 1 0 2

3 1 0 0 1 1 3
4 0 0 1 0 0 4

5 1 0 1 0 1 5

6 1 0 1 1 0 6

7 0 0 1 1 1 7

8 0 1 0 0 0 8

9 I 1 0 0 1 9

A1 l 0 1 0 : (or secure data indicator)

B 0 1 0 1 1 % (or start of message indicator)
cC 1 1 1 0 0 @

D 0 l | 0 1 = (or circumilex)

E ©0 1 1 1 0 = .
F 1 1 1 1 1 ? (or end of message indicator)

Figure 35. MSR feature data codes

The first character sent is the start-of-message character followed by up to 125 message characters, an end of
message character, and an LRC character.

The LRC character is calculated by exclusive ORing cach MSR data character with an accumulator that is
initially zero. When all data characters, including the LRC character have been XORed together the accu-
mulator value should be zero. Bits 7, 8, 9, and 10 are not included in LRC calculations. Data from the
MSR card is stored in the MSR attachment logic where it remains until entirely read out or until the MSR
receives a Reset command. No new data is accepted until the current data is rcad out entirely or the MSR 1s
resct.
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2.4.8 Read Device ID Command (Code = 01100 and -1100)

Bit Purpose

0.1.2 Iill bits: always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address '

7-9 Device Address

10-14 Read Device ID Command (01100)

15 Stop bit: always 1.

Figure 36. Read Device ID Command - base

-
Bit Purpose

0.1,2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame

4-6 Station Address

7-10 Fcature Address

11-14 Rcad Device ID Command (1100)

1S Stop bit; always |[.

Figure 37. Read Device ID Command - feature

This command starts the transfer of one data word from the addressed device. The device ID word from the
basc contains information about the charactenstics of the station. Other special feature devices return an ID
word with the device charactenstics of the installed special feature. If a special feature device is not installed,
bits 7 through 14 of the returned frame are zero.

A Read Device ID command to the indicators returns a field of zeros.

Read Device ID command to the model ID should not be sent to printers.

An Activate command is needed before data transfer will start.
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2.4.8.1 Base ID Word

The response to a Read Device ID command to the base device address (000) follows:

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4.5.6 End Of Message (111)

7.8 Model identifier

For display terminals:

00 = Reserved

01 = 5252 model | (supported on the System/38 Work Station Controller only)

10 = 5251 model 1 (supported on the System/;38 Work Station Controller only)

11 = 5251 model 11 (all display terminals other than 5251 model | and 5252 model 1
return 11 in this field)

Printers have a different use for this field.

9,10 Device type identifier

00 = Display (for all displays)
01 = Reserved
10 = Prnter

= Reserved

1i-14 0000 = Reserved
0001 = 5251 model 1 or 5252 rodel 1 (supported on the System/38 Work Station
Controller only)
0010 = all displays except 5251 model 1 and 5252 modei 1
1000 = Data Transfer Passthru display
Remainder = Reserved

15 Stop bit; always 1.

Figure 38. Rcad Device ID to base device address
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2.4.8.2 Mode! ID Word

The response to a Read Device ID command to the model feature address (1000) follows:

Bit Purpose
0.1,2 Fill bits; always zero.

13 Parity bit: set for even parity in the frame
4,5.6 End Of Message (111) '
7-14 Terminal type identificr
1§ Stop bit: always l.

Figure 39. Read Device ID to model ID word feature address

' Bits 7-14 are interpreted as follows. Bit patterns that are not defined below are reserved.

Value Terminal type
X00 5251 model 11, 5251 model 1, or 5252 model 1 (5251 model | and 5252 model | supported
on the System/38 Work Station Controller only)
X80 5291 model 1 or 5291 model 2
X's50 3197 model C
X430 5292 model 1 or 3179 model 2
X4 5292 model 2 |
X4 3179 model 2 with right-to-left feature
| X24° 3197 model Dimodel W or 3477 . .. |
X220 3180 model 2

| X'10 3196 or 3476
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2.4.8.3 Keyboard ID Word

The response to a2 Read Device ID command to the keyboard device address (001) follows.

Bit Purpose
0,1.2 Fill bits; always zero.
3 Parity bit; set for cven parity in the frame
4-6 End Of Message (111)
7-14 Kevboard Tvpe
15 Stop bit; always 1.
Figure 40. Rcad Device ID Command - Keyboard ID Word

Bits 7 through 14 are defined as follows. Bit combinations not defined below are reserved.

option)

Bits 7-14 Mecaning

0000 0000 No keyboard attached

0000 0010 Typewriter (data processing) kevboard

0000 0100 Data Entry Keyboard

0000 0101 Data Entry Keyboard with inverted 10 key option (proof option)

0000 1010 World Trade or Katakana typewriter kevboard

0000 1011 International typewriter keyboard

0000 1100 World Trade or Katakana data entrv keyboard

0000 1101 World Trade or Katakana data entry keyboard with inverted 10 key option (proof

{ 1000 0010

Enhanced Keyboard (3179-2, 3196. and 3197 only)

1000 1010 Enhanced World Trade Keyboard (3179-2. 3196. and 3197 only)
1000 1100 Enhanced Katakana Keyboard (3179-2, 3196, and 3197 only)
Figure 41. Keyboard ID Word - Response Decoding
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2.4.8.4 Feature ID Word (IMSR)

The response to a Read Device ID command to the MSR device address follows.

Bit Purpose

0,1.2 Fill bits: always zero.

3 Parity bit: set for even parity in the frame

4-6 End Of Message (111)

7 MSR installed. This bit is | f MSR is installed: it is 0 otherwise.
8-14 Reserved -

15 Stop bit: always 1.

Figure 42. Read Device ID Command - VISR Feature ID Word
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2.4.8.5 Feature ID Word (Light Pen)

The response to a Read Device ID command to the Light Pen device address follows.

Bit Purpose

0,1.2 Fill bits: always zero. -

3 Parnity bit: set for cven parity in the frame

3-6 End Of Message (111)

7 Light Pen installed. This bit is 1 if Light Pen is installed: it is 0 otherwise.
S-14 Rescrved

15 Stop bit: always 1.

Figure 43. Recad Device ID Command - Light Pen Feature ID Word

5251 Model 11 Interface 57



2.4.9 Read Between Limits Command (Code = 11010)

Bit - Purpose

0.1,2 - | Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Read Between Limits Command (11010)
15 Stop bit; always I.

Figure 44. Read Between Limits Command

The Read Between Limits command causes data to be returned from an area in storage delimited by the
address counter register and the reference counter register. Transfer starts with the byte pointed to by the
address counter and terminates with passage of the byte pointed to by the reference counter.

At termination of data transfer following the associated Activate Read command, the address counter points
to the last character transferred plus one position. The reference counter is unchanged.

An exception status results if the register contents are invalid at the time the Read Between Limits command
is decoded; such as address counter is greater than the reference counter, or either register points to an invalid
address.

An Activate Read command is required before data transfer is initiated.
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2.4.10 Read to End of Line Command (Code = 01010)

Bit Purpose

01,2 Fil bits; always zero.

3 Parity bit: set for even parity in the frame
4-6 Station Address

7-9 - Device Address

10-14 Read to End of Line Command (01010)
15 Stop bit; always 1.

Figure 45. Read To End of Line Command

The Read to End of Line command causes data to be returned from an area in storage delimited by the
address counter register and the end of the current logical row. Transfer starts with the byte pointed to by
the address counter and terminates when the last byte on the current logical row has been transmitted.

At termination of data transfer following the associated Activate Read command, the address counter points
to the last character transferred plus one position. '

An exception status results if the register contents are invalid at the time the Read to End of Line command
is decoded; such as address counter points to an invalid address (not within the presentation space).

An Activate Read command is required before data transfer is initiated.
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2.4.11 Read to End of Field Command (Code = 11000)

Bit Purpose

0.1.2 FFill bits; always zcro.

3 Parity bit; sct for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Read to End of FFicld Command (11000)
15 Stop bit: always .

Figure 46. Rcad To End of Field Command

The Read to End of Field command causes data to be returned from an area in storage delimited by the
address counter register and the next attribute within the presentation space. Transfer starts with the byte
pointed to by the address counter and terminates when the address counter points to an attribute. The
attribute will not be transmitted.

At termination of data transfer following the associated Activate Read command, the address counter points
to the attribute position.

An exception status results if the register contents are invalid at the time the Read to End of Field command
1s decoded; such as address counter points to an invalid address (not within the presentation space). An
Operation Exception will be indicated if the address counter points to an attribute. An Operation Exception
will also be indicated following processing of the Activate Read command if no attributes are found between
the location pointed to by the address counter and the end of the presentation space.

An Activate Read command is required before data transfer is initiated.
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2.4.12 Reset Command (Code = 00010 Base, -0010 Feature)

Bit Purpose

0,1,2° Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Reset Command (00010)

15 Stop bit; always 1.

Figure 47. Resct Command - Base

Bit Purpose

0,1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-10 Feature Address

11-14 Resct Command (0010)

15 Stop bit; always I.

Figure 48. Resct Command - Feature

The Reset command may be addressed 02 special feature device or to the base.

The Reset command to the base causes the power up diagnostics to be executed. This takes the station
off-line (no poll response) for approximately five seconds. If the CE test switch is in the “test” position
while executing a Reset command, the station remains off-line and continually re-executes the diagnostics
until the switch is returned to the “normal” position.

Reset causcs the cursor, address counter, and refercnce counter to be set to reference the upper left comner
display position. However, the apparent actual cursor position after a base reset, or after powering up is the
upper right comner.

Once the base reset is completed, a single frame, power on transition status response is made to polls. Addi-
tionally, display attributcs are set to normal intensity, non-blink, and not reverse image. The regeneration
buffer area is cleared to nulls.

A base resct procedure can take place automatically, without the issuance of the Reset command. See the
Automatic Reset Procedures section.

Reset commands to the magnetic stripe reader or light pen reset any error status clear any data remaining in
the device. A Reset command to the keyboard or indicators causes an invalid device address exception
status. A Reset command addressed to an uninstalled or undefined device does not cause an exception
status. '

A Reset command to the base will reset the magnetic stripe rcader and light pen.

5251 Model 11 Interface 61



2.4.13 Clear Command (Code = 10010)

Bit Purpose

0,1,2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Clear Comumand (10010)

15 Stop bit: always |.

Figure 49. Clear Command

This command clears the addressed device starting from the present value of the address counter to the
present value of the reference counter, inclusive. No register values are changed when this command is cxe-
cuted. The clear value will be nulls. An invalid register value exception condition results if the address
counter value does not lie within the installed user accessible storage, or if the address counter value is
greater than the reference counter value.
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2.4.14 Write Data Command (Code = 11110)

Bit Purpose

0,1,2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Write Data Command (11110)

15 Stop bit; always 1.

Figure 50. Write Data Command

This command is used to initiate a data transfer to the workstation. The first byte ofdata received is placed
at the location pointed to by the Address Counter. Additional bytes are placed in adjacent ascending
memory locations. The Address Counter will point to the last byte received plus one following the proc-
essing of the Activate Write command.

The Write Data command must be the last command of a queue load.

An Activate Write command must follow the Write Data command after a nonbusy, no-exception status
response is made to a Poll command.

The Write Data command can cause an invalid device address exception condition if a device address of
other than the base is presented in the command frame. If the Address Counter value does not lie within the
installed user accessible storage, an invalid register value exception condition results. If more data frames are
transmitted than can be stored in user accessible storage, a storage overrun exception condition results, and
excess data is not stored. :
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2.4.15 Write Immediate Data Command (Code = 11101)

Bit Purposc

0.1.2 Fill bits: always zero.

3 Parity bit: set for even parity in the frame
4.6 Station Address

7-9 Device Address

10-14 Write Immmediate Data Command (11101)
15 Stop bit: always 1.

Figure 51. Write Immediate Data Command

This command is followed by two data words. The starting address of #he transfer is specified by these data
words. The high order address bits are contained in bits 7 through 14 of the first frame to follow, while bits
7 through 14 of the second following frame contain the low order address bits.

An End Of Queue (EOQ) command must follow the Write Immediate Data command.

An Activate Write command must follow the Wrte Immediate Data command after a nonbusy, no-
exception status response is made to a Poll command.

The address counter is not affected by this command or the data transfer activity following it.

The Wnte Immediate Data command can cause an invalid device address exception condition if a device
address of other than the base is presented in the command frame. If the immediate address value does not
lie within the installed user accessible storage, an invalid register value exception condition results. If more
data frames are transmitted than can be stored in user accessible storage, a storage overrun exception condi-
tion results, and excess data is not stored.
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2.4.16 Write Data and Load Cursor Command (Code = 10001)

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame

4-6 Station Address

7-9 Device Address

10-14 Write Data and Load Cursor Command (10001)
15 Stop bit; always 1.

Figure 52. Write Data and Load Cursor Command

This command is followed immediately by one or more data frames. The data is stored at the location
contained in the address counter. The address counter is incremented after storage of each data frame. The
cursor register is then set equal to the address counter. No Activate Write command 1s required or allowed
between command and data frames.

When more than one frame is to follow the command frame, a binary count value of X'02" up to X'OE’
must be sent in the frame following the command frame. A count value of X0l” is optional. Data byte
values X'01’ through X'0E’ cannot be stored as single frames. The number of frames may not exceed
command queue storage area remaining at the time the command is issued. This is at most 14 data frames.

This command may cause an invalid device address exception condition if issued to a base format device
address not valid for the command. If the address counter value is not within accessible limits. an invalid
register value exception condition will occur. The associated data frames will not be stored in either case. If
the address counter is incremented beyond accessible limits, a storage overrun exception condition will occur,
with data stored through the limiting address.

2.4.16.1 Discrete Indicators Data Word

This data word format is used only with the Write Data and Load Cursor command addressed to indicators.
A data word from the controller contains indicator bits as follows.

Bit Purpose
0.1.2 Fill bits; always zero. ,
3 Parity bit: set for even parnity in the frame
4-6 End Of Message (111)
Message waiting
Reserved
9 Keyboard shift
10 Katakana shift
11 Insert mode

Figure 53 (Part | of 2). Discrete Indicators Data Word
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Bit Purpose
12 Diacritic indicator
13 Input inhibited
14 Reserved
115 Stop bit; always 1.

Figure 53 (Part 2 of 2). Discrete Indicators Data Word

The System Available light is developed by the display station. As long as the station receives commands
addressed to it within any 200 millisecond period, this indicator will stay on.

66 5250 10 S.36. 5,38, 66 AS/400 Attachment Information



2.4.17 Load Address Counter Command (Code = 10101)

Bit Purpose
0.1.2 Fill bits: always zero.
3 Panty bit; set for even parity in the frame
4-6 Station Address

| 7-9 Device Address
10-14 Load Address Counter Command (10101)
15 Stop bit: always 1.

Figure 5d. l;oad Address Counter Command

This command must be followed by two data words. It causes bits 7 through 14 of the data words to be
written in the address counter. Address counter bits 0 through 7 are loaded from the first word; bits 8
through 15 are loaded from the second word.

An invalid address exception condition will occur if the device address is not the base address.

The value of the address counter is not checked for validity when it is loaded.
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2.4.18 Load Reference Counter Command (Code = 00111)

Bit Purpose.

0.1,2 Fill bits; always zero.

3 Parity bit; sct for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Load Reference Counter Command (00111)
15 Stop bit; always 1.

Figure 55. Load Reference Counter Command

This command, followed by two data words, will load the reference counter. Address counter bits 0 through
7 are loaded from the first word; bits 8 through 15 are loaded from the second word. An invalid device
address exception condition will occur if the device address field does not contain the base address.
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2.4.19 Load Cursor Register Command (Code = 10111)

Bit Purpose

0,1.2 FFill bits; always zcro.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Load Cursor Regster Command (10111)
15 Stop bit; always 1.

Figure 56. Load Cursor R'cgistcr Command

This command must be followed by two data words. It causes bits 7 through 14 of the data words to be
written in the cursor register. Address counter bits 0 through 7 are loaded from the first word; bits 8 through
15 are loaded from the second word.

An invalid address exception condition will occur if the device address is not the base address.
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2.4.20 Search Next Attribute Command (Code = 00100)

Bit Purpose
0,1,2 Fill bits; alwavs zero.

13 Parity bit; set for even parity in the frame
4-6 Station Address ’
7-9 Device Address
10-14 Scarch Next Attribute Command (00100)
15 Stop bit: always 1.

Figure 57. Search Next Attribute Command

This command causes the addressed station to search its buffer for the next attribute. The location of the
attribute minus one will be in the refcrence counter when the command is successfully completed. The
search starts at the current value of the address counter, proceeding until an attribute is found, or the end of
accessible buffer is reached. The address counter is not altcred by this command. If no attribute is found,
the reference counter is unchanged and a null or attribute error exception status is set.

An invalid device address exception will occur if the device address field does not contain the base address.
An invalid register value exception condition is set when the address counter is not within accessible limits.
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2.4.21 Search Next Null Command (Code = 10100)

Bit Purpose

0.1.2 Ful bits; alwayvs zero.

3 Panty bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Search Next Null Command (10100)

15 Stop bit; always 1.

Figure 58. Search Next Null Command

This command will cause the addressed station to search the buffer for the next null (X’00"). The location of
the null minus one will be available in the reference counter after a successful search. The scarch starts at
the current value of the address counter, proceeding until a null is found, or the reference counter value is
reached. The address counter is not altered by this command. The byte located at the refcrence counter
value is checked for null before the search fails. If no null is found, the reference counter is unchanged and a
null or attribute error exception status is set.

An invalid device address exception will occur if the device address field does not contain the base address.
An invalid regster value exception condition is set when either the address counter or reference counter is
not within accessible limits, or when the address counter is greater than the reference counter.
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2.4.22 Move Data Command (Code = 00110)

Bit Purpose

0.1,2 Fill bits: always zero.

k) Parity bit: set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Move Data Command (00110)

15 Stop bit: always 1.

Figure 59. Move Data Command

This command moves data between limits established by the value of the address counter and the value of
the cursor register. The data is moved to the value of the reference counter register. The command acts by
reading a byte at the address counter location, moving the byte to the location designated by the reference
counter, and then updating the address and reference counters. If the address counter is initially less than or
equal to the cursor value, the address counter and reference counter are incremented when updating. When
the address counter is greater than the cursor, the address counter and the reference counter are decremented
after each transfer.

The Move Data command will terminate after the transfer of the byte stored at the cursor location. When
the command terminates, the address counter will be one greater than the cursor register when the address
‘counter was incrementing and will be one less than the cursor register when the address counter was decre-
menting. In a sirnilar manner, the reference counter will point one position beyond the last position stored
upon termination.

If this command is not addressed to the base, an invalid device address exception condition results. If either
the address counter, cursor, or reference counter registers contain a value not within accessible limits, an
invalid register value exception condition results, and the command is not carried out. The storage overrun
exception condition occurs when the reference counter would be updated beyond accessible storage limits.
In this case, data has been moved until the exception condition was detected.
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2.4.23 Exchange Command (Code = 10110)

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit: set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Exchange Command (10110)

15 Stop bit; always 1.

Figure 60. Exchange Command

This command will exchange the data bounded by the address counter and the cursor regster inclusive with
the data in an area indicated by the reference counter. Data will be exchanged one byte at a time between
the locations pointed to by the address counter and the reference counter. After each data exchange, the
address counter and reference counter will be updated as follows:

e If the address counter was initially less than or equal to the cursor regiester, the address counter and the
reference counter are incremented by one.

o If the address counter was initially greater than the cursor register, the address counter and reference
counter are decremented by one.

The command will terminate after the data stored at the location pointed to by the cursor rchster has been
exchanged zmd the address counter and reference counter have been updated.

If this command is not addressed to the base, an invalid device address exception condition results. If cither
the address counter, cursor, or rcference counter regsters contain a value not within accessible limits, an
invalid register value exception condition results, and the command is not carricd out. The storage overrun
exception condition occurs when the reference counter would be updated beyond accessible storage limits.
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2.4.24 Insert Character Command (Code = 00011)

Bit Purpose

0.1,2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Insert Character Command (00011)

15 Stop bit: always 1.

Figure 61. [Insert Character Command

This command is followed by one data frame containing a character to be inserted at the address counter
location. The command is processed as follows.

1.

4.

5.

The rcference value is checked for a valid accessible storage address. If the reference counter valuc is
greater than accessible storage limits, or is less than the address counter value, an invalid register value
exception condition results, and no further processing of this command takes place.

If the byte in storage at the reference counter address value is not a null (X'00%), then a null or attribute
error exception condition occurs, and no further processing of this command takes place.

The contents of storage are shifted one position into the next highest storage address in a region delim-
ited from the address counter to the reference counter. The null formerly at the reference counter is
overlayed.

The character to be inserted is stored at the address counter location.

The address counter is incremented by one and then stored into the cursor register.

If the command is addressed to other than the base, an invalid device address exception condition results.
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2.4.25 Set Mode Command (Code = 10011)

Bit Purpose

0.1.2 Fill bits: always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Sct Mode Command (1001 1)

15 Stop bit: always 1.

Figure 62. Set Mode Command

This command will cause the display station to accept a mode control Wword, which must follow the
command. This command must be issued before any multiframe response is made by the station.

If this command is addressed to any device other than the base, an invalid device address exception condition
results. The mode control word definition follows.

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame

4-6 End Of Message (111)

7-11 These bits specify, in binary, the number of times an S-bit zcero fill increment is repeated

between consccutive frames in response to a Poll or Activate Read command. The
maximum value allowed is 30. If 31 is specified, 30 fill frames are transmitted.

12-14 Reserved

15 Stop bit; always 1.

Figure 63. Set Mode Control Word
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2.4.26 Activate Commands (Code = 00000, 00001)

Bit Purpose

0.1,2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4-6 Station Address

7-9 Device Address

10-14 Activate Read Command (00000)

15 Stop bit; always 1.

Figure 64. Activate Read Command

-
Bit Purpose

0.1,2 Fill bits: alwayvs zero.

3 Parity bit; set for even panty in the frame

4-6 Station Address

7-9 Device Address

10-14 Activate Write Command (00001)

15 Stop bit; always 1.

Figure 65. Activate Write Command

An activate command is inscrted between a block data transfer (preactivate) command and the data frames
following.

A preactivate command is defined as one of the following.

Read Data (addressed to Magnetic Stripe Reader)
Read Immediate Field

Rcad Limits

Read Registers

Read Device ID

Write Immediate Data

Activate Read (00000) is associated with the Read commands, while Activate Write (00001) is associated
with the Wnte Immediate Data command.

The activate commands themsclves do not make use of the device address field. The device is selected by
the preactivate command.

Poll commands must be used after preactivate commands to wait for a nonbusy, no-exception status. No
other commands, except an End Of Queue command (delimiter) may be scnt to a station between the preac-
tivate command and its associated activate. Once a nonbusy and no-exception status is returned, the Acti-
vate command can be issued to allow data transfer to proceed.
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The reception of an Activate command will cause a busy status to be returned on subsequent polls. An

EOQ command (delimiter) or another queue load must be sent following the data transfer to cause a
nonbusy status again.

If an Activate Read command is received while still busy or exception. status is set, no response is made. If
an Activate Write command is received under the same circumstances, no data will be accepted and stored.
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2.4.27 End of Queue Delimiter (Code = 01100010)

The EOQ command (delimiter) has the following format.

Bit Purpose

0.1,2 Fill bits: always zero.

3 Parity bit: set for even parity in the frame
4-6 Station Address ‘

7-14 End of Queue Delimiter Command (0110001)
15 Stop bit: always [.

Figure 66. End of Queue Delimiter Command

After this command is sent. only the Poll command will be accepted by the display station until a not-busy
status is returned in response to a Poll command.
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2.5 Protocol Related Error Procedures

Once a line parity error is detected by a station, that station will not acccpt any following commands until a
status response indicating a line parity fault has been sent and acknowledged by bemg reset.

2.6 Automatic Reset Procedures

Whenever the system available indicator remains off for more than 2 seconds, and the station is not in.
power-on transition status, and the Status switch is in the Normal position, a reset procedure is automat-
ically started by the station. When the Status switch is in the Test position, no automatic reset action
occurs. When the station is in power on transition status, no further resets occur.
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2.7 Internal Proceséing Queue

Each station keeps a work area large enough to hold up to 16 frames of commands or associated data.
Commands and associated data are processed from this queue area on a first in-first out (FIFO) basis.
Commands that require a following activate command must be placed last on the queue; no more com-
mands other than Poll or EOQ will be accepted until after the Activate command has been received. Once
the Activate command has been received, and the associated data transfer has completed, another string of
commands (queue load) can be sent immediately without waiting for a nonbusy status. An end of queue
designator at least must be transmitted to cause a nonbusy status to be returned later.

Whenever a nonbusy status is returned, the queue has been emptied and all commands on the queue have
been executed; the quecue is available again for up to 16 commands and associated data frames.

The queue loading process must be completed by issuing a command that designates the end of queue. This
designator could be either a command requiring activation, or an EOQ command (delimiter). Once an EOQ
designator has been transmitted, no commands except Poll will be processed, until a not-busy status is
returned to a Poll command. '

If all 16 queue entries are loaded, no EOQ designator need be issued. However, if all 16 queue locations are
loaded, the last frame cannot contain all ‘1’ bits in frame bits 7 through 14.

It is sufficient to terminate all queues with the EOQ command (delimiter), but not neccssary after a
command requiring activation (except Read Immediate or Write Immediate) is loaded to the queue.

Commands which are queueable:

Clear

End of Quecue Delimiter

Insert Character (with 1 data frame)

Load Address Counter (with 2 associated data frames)
Load Cursor Regster (with 2 associated data frames)
Load Reference Counter (with 2 associated data frames)
Move Data

Recad Data

Read Immediate Field

Read Limits

Read Registers

Read Device ID

Reset

Search Next Attribute

Search Next Null

Set Mode (with 1 data frame)

Write Control Data (with | data frame)

Write Data Load Cursor (with associated data frames)
Write Immediate Data

Commands which must be placed last on the queue:

End of Queue Delimiter
Read Data
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Read Limits

Read Registers

Read Immediate Field
Read Device ID

Write Immediate Data

Once the queue is not empty, a busy status is set. Activate commands, while not stored in the queue, will
cause a busy status to be set as well. The station remains busy until an EOQ designator has been processed
and status has been updated.

2.8 Registers

Each station contains three control registers that the host controller can access. Each register serves as an
address pointer into the buffer. The registers are named the cursor register, the address counter register, and
the reference counter register.

The cursor register controls the location of the cursor on the display. The address counter is used in reading
data from, and as well as wnting data to, the buffer. The reference counter returns attribute or null location
values to the controller. The reference counter is also used for moving data from one arca of the buffer to
another.

Buffer addressing is represented in binary sequential organization. Thus, the upper left display position of a
5251 model 11 is assigned location X'0000’, and the lower right position is assigned X’077F'. The number
of user accessible storage positions for an IBM 5251 modcl 11 is 2000. The number of user accessible
storage positions for an IBM 5251 model 1 or an IBM 5252 model | is 1000. (The 5251 model 1 and the
5252 model 1 are supported on the System/38 Work Station Controller only.)

2.9 Commands and Data to the IBM 5251 model 11

An IBM 5251 model 11 is capable of accepting consecutive 16-bit frames at a 1.0 MIlz (£2%) bit rate.
The controller may present data frames at any frame rate up to 16 microseconds per frame.

Prior to command transmission, the transmission system must be conditioned to ensure that bit and frame
synchronization can be achieved. This requires the transmission of a five-bit line bit synchronization that
synchronizes the receiver’s clocks to the incoming pulses, and a three-bit frame synchronization pattern that
delimits the start of a command message sequence.

No two commands may follow one another closer than 30 microseconds from the transmission of the last
bit in the first command, until the first bit of the bit synchronization pattern of the second command. Fol-
lowing the transmission of a Set Mode command frame used to remove power-on transition status, each
succceding command frame must be transmitted within 256 microseconds of the preccdmsz command frame,
until an end of queue designator is transmitted.

Similarly, the same requirement is made for each command frame following a Write Control Data command
when employed to reset an exception condition. Finally, after transmission of the first command frame into
the queue following an Activate command data transfer, each succeeding command frame must be trans-
mitted within 256 microseconds of the preceding command frame, until an end of queue designator is trans-
mitted.
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2.10 Responses and Data From an IBM 5251 Model 11

The Poll and Activate Read commands will respond in 45 = 15 microseconds. The poll or activate read
response time is measured from the time the parity bit is received at the station until the sync bit of the first
response frame is transmitted. Data transfers from an IBM 5251 model 11 at 1.0 MHz (£ 2%) data bit rate.
The inter-frame interval may be adjusted from zero to approximately 240 microseconds in increments of 8
microseconds with the set mode command.

The station will be capable of responding with the proper scan code available in its status response in no
greater than 40 milliseconds after a key is depressed when no other keys are stored in the station.

2.11 Command Execution

When an command requiring an activate command is decoded, an IBM 5251 model 11 will indicate “not
busy” within | millisecond.

2.12 Performance Measurement

Factors that influence system performance at the IBM 5251 model 11 to controller interface include the fol-
-lowing. '

1. The time that a station is busy executing a command. This should be minimized for optimum perform-
ance.

2. The interpoll interval while waiting for a nonbusy status. This interval should be minimized for
optimum performance. ~

3. The controller reaction time once a nonbusy poll response occurs, such as the time interval until the
next command is transmitted. This time should be minimized for optimum performance.

4. Interframe fill time should be minimized.

5. Selection of proper command streams to implement the desired function.

6. Degree to which controller has overlapped processing time with respect to the station. It is recom-
mended that the controller perform concurrent processing with the station by interfacing with other

stations or the host while the station is busy.

The performance measurements that follow apply to an IBM 5251 model 11 when the following conditions
apply: '

1. There is no outstanding feature status from a special feature device.
L ]
2. The keyboard does not require servicing (no keystrokes).

3. Host is polling with the Poll frame bit 9 off when waiting for a nonbusy state.
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8.

9.

The fill count as spcciﬁed in a Set Mode command is 0.

All data frames associated with a command are transmitted within 240 microseconds of command trans-
mission. - o ) : . : B

“Any command sent while the station is busy arrives before execution of the prior command is com-

pleted.
Audible alarm is not in opcration. and the station is between system available indicator sample times.
No feature microprogram ROS is installed.

The status switch is in the Normal position.

The figures given here reflect the maximum allowable time taken to execute the various commands once they
have arrived in the work queue of the display station. The observed response time may be unacceptable if
more than one work station operating at maximum specifications is on the same line to a System Unit.

The following times are given in milliseconds. They represent maximum allowable execution times subject to
the preceding assumptions. For the first command in a given queue load, add 0.8 milliseconds.

Set Mode 3.0

Reset to Base 1.8, then no response for approximately 4 seconds.
Write Control Data 3.0

Load Address Counter 2.2

Load Reference Counter 2.2

Load Cursor 2.5 )

Write Data and Load Cursor 3.2 for 1 character stored

(2.0 + 1.600N) for N > | characters stored
addressed to indicators: 4.0

Clear "~ N is the number of bytes cleared:

20 + 0.054N forl £ N < 36
3.5+ 0.0I2N for 36 < N < 2128

Search Attribute 1.9 + 0.12N, where N is the number of bytes searched. For each 564
bytes searched, add 2.5.

Search Null 3.3 + 0.I5N, where N is the number of bytes searched. For each 676
bytes searched, add 3.7.

Move 5.1 + 0.04N where N is the number of bytes moved

Insert Character 2.4 + 0.020N where N is the number of bytes shifted.

End of Queue (EOQ) ~ 0.75 when accompanied by other commands.

2.3 when sent alone in queue.

Time is measured until a nonbusy poll response is available.
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2.12.1 Preactivate Comxﬁands

Each preactivate command has two times associated with it. The first value gives the time to decode and
execute the preactivate command itself (until busy drops), while the second value is the maximum time that
can occur after the Activate command and data transfer have completed, until the station can begin proc-
essing the next command. This latter time is referred to as “post-activate recovery” and is dependent upon
the preactivate command issued and the length of the data transferred.

2.12.1.1 Time In Milliscconds

Command © Preactivate  Post-Activate Recovery
Read Data (Feature) 9.3 2.4
Read Device ID (Base) 34 24
Read Device ID (Feature) 9.3 2.4
Read Immediate Field 44 . 2.4
Read Registers 3.0 2.4
Read Limits 4.1 3.0
Write Immediate Data 4.0 24
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3.0 Printer Interface

For information about physical characteristics of the twinaxial cable, cabling considerations, electrical inter-
face, and description of the bit stream, refer to those topics in 1.0, “Physical Characteristics of the Twinaxial
Cable” on page 1.

For a list of the printers supported locally on twinaxial cable, see 3.5.2.1, “Printer ID Word” on page 98.

Throughout the text in this section, information pertaining to the 3812 pertains to the 3816 as well. There-
fore, 3812 should be read as “3812 or 3816".

Cable through is a feature on all printers except for the 4210, 4224, 4245, and 3197-attached -printers. The
4210, 4224, 4245, and 3197-attached printers use the “T-connector”to connect to twinaxial cable. The

T-connector provides cable through function.  All supported printers allow their twinaxial cable address o

. be set, except those lhat do not have the cablc through feature.. The 4224 and 4245 have address selcction
capabxhty

3.1 Protocols and Synchronization

The printer will never initiate a transaction to or from the attaching controller. All such transactions are
explicitly initiated from the attaching controller via a command. The flow is in half duplex. Some typical
{lows are shown in the charts that follow.

egend
= Bit and frame synchronization generatcd by the driver/receiver logic (line turnaround). This is gen-
erated by the controller whenever a new command frame is to be sent. A line turnaround is generated

by the printer when a response to the controller is required.

# = Data stream termination delimiter identified by the transmission of a printer address of all ones.
This terminates a message and conditions the printer to expect a synchronization scries next.

--> = Indicates the exchange of one 16-bit frame in the indicated direction between the printer and the
controller.
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| Poll for Status ]

Controller Printer
Poll*

*Status byte |
<

Status byte 2% (not sent until
a Set Mode command is received)
<

f Gencral Command to Printer ]

Controller Printer
Command* (each command must be
preceded by bit and frame

synchronization)

>

l Write Data l
Controller Printer

Write data*

>
Activate write*

>
Data

>
#Data

>

Note: Poll commands must be issued and a nonbusy, no-exception status received between the Write and
Activate Write commands.
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3.2 Frame Characteristics

The frame format for commands and data to or from the printer is a fixed 16-bit frame. The general format
follows.

Bit Purpose

0,1,2 Il bits; always zero.

3 Paritv bit: set for even parity in the frame
4.5.6 Printer Address

7-14 command or data

15 Stop bit; always 1.

Figure 67. Printer frame format
-

e Bit 3 is the panty bit and is set to ensure even parity in each frame. When a line parity error is detected
by the printer, no more commands are executed, and no responses made until a valid poll without a
parity error 1s received. At that time a line transmission fault indication will be sent to the controller in
the printer status byte.

e DBits 4, 5, and 6 are the physical printer address. Valid addresses are 000 to 110. 111 is the end of
message delimiter. A frame containing the 111 address causes the printer to ignore all following line
signals until a bit synchronizationframe synchronization is detected after a line turnaround.

¢ Bits 7 through 14 are unique to the type of frame and are defined later. -

e Bit 15, the sync bit, is the least significant bit on the line and is always set to 1.

3.3 Addressing and Commands

3.3.1 Printer Addressing

The printer’s station address is encoded in bits 4, 5, and 6 of the frame. Printers with the Cable Through
feature, or that attach through a “T-connector! and have address selcctxon capability, may have addresses
£000° through 110 é&nmers with nezther of the above have an add

""" s S R S e D s et T L S i

Valid addresses 000 to 110 and 111 is the end of message delimiter for a given input cable. The first
frame following a line turnaround will be a command frame that contains a printer address used to select an
individual printer. Any data frame associated with the command frame will be checked for an end of
message delimiter.

If bit 14 is off in the command frame, no following data frames will be processed by the pnmer This allows
single frame commands to be addressed to a specific printer.

The last frame in a sequence of data frames will contain a station address of 111. The interverung data

frames nced not contain the same address field as the command frame to cause the samc printer to remain
sclected.
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All response frames sent to the host by the printer, except the end of message frame, will contain the
responding printer’s address.

3.4 Commands Matrix

The following matrix shows valid commands for the ﬁﬁnter.

Name Bits 7 through 14
Activate Read 0000 0000
Activate Write 0000 0001

Clear 0001 0010

EOQ Dclimiter: 0110 0010

Poll xxx] 0000 *
Read Device [D B 0000 1100

Read Status ¥ 1000 1000

Reset 0000 0010

Set Mode 0001 0011

Write Data » 0001 1110

Write Control Data 0000 0101

Read Multibyte 3 1000 1010

Figure .68. Printer Command Matrix

Only one command can be processed at a time. Up to sixteen commands and data frames may be placed on
an internal work queue. :

Command frames must be preceded by a line turnaround (bit and frame synchronization sequences) or by
another command frame (possibly with intervening data frames) that was preceded by bit and frame synchro-
nization sequences. Sce 1.4, “Station Addressing” on page 9 for more information.

13 Requires an associated activate command.
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3.5 Specific Command Formats

3.5.1 Poll Command

Bit Purpose

0.1.2 Fill bits: alwayvs zero.

3 Parity bit: set for even panty in the frame
4.5.6 Printer Address

7 ] Reserved: set to 0)

8 Resct line parity error

9 Acknowledge bit (ACK)

10-14 Poll command: 10000

15 Stop bit: always 1.

Figure 69. Printer Poll Command

This command is sent from the controller to the printer and initiates the transfer of two status words per
poll. At power on time, a single frame (base status) response is made until a Set Mode command 1s received
by the printer.

Bit 7 should be set to 0.

Bits 8 and 9 are defined uniquely for this command.

Bit 8 is used to acknowledge and reset the line parity error response bit in the first response byvte from the
printer. This bit is not effective until a not-busy status has been reccived at the controller. Normally, bit 8

should be 0.

Bit 9 is used to acknowledge the last status transmission to allow new status to be sent. If bit 9 is at a 1
value, updated response frames are sent whenever they become available, except for the real-time status bits.

Real-time response, as used here, means that the response bits change independent of the odd/even response
level bit. (See bit 14 in poll response byte 1.) The former response frame can be sent any number of times.
All poll response bits are real-time status bits except for Cancel Request and Graplnc Check in poll response
byte 2.
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3.5.1.1 Poll Responses to the Controller

The first poll response frame is always preceded by a line turnaround (bit and frame synchronization pat-
terns). A fixed length, two-frame response is made to every Poll command after a Set Mode command is
received by the printer. Before the Set Mode command, only a l-frame basic status is returned to the con-
troller. In either case, the last frame of the response contains a station address of 111 to designate the last
message frame. :

The base response frame is returned 45 (= 15) microseconds after reception of the last bit in the Poll
command (turmnaround). Poll responsc frame 2 is returned after the fill delay specified by the host in a Set
Mode command.

3.3.1.1.1 Poll Response Frame | (Base Response Frame): The first frame in the response contains basic
status information.

Bit Purpose

0.1,2 Fill bits: always zero.

3 Parity bit: set for even parity in the frame

4,5,6 Station Address. If the first response byte is the only one sent, the station address is 111; if

both response bytes are sent, the station address in the first frame will be the printer
address and the station address in the second frame will be 111.

Busy
8 Line parity
9 Unit not available
10 Outstanding status
11-13 . | Exception status
14 Even/odd response level
15 Stop bit: always |.

Figure 70. DPrinter Poll Response Frame |
3.5.1.1.1.1 Poll Response Bit 7 - 'Busy Status:

0 = Not busy (work queue empty)

1 = Busy (work queue not empty or activate received)
Bit 7 is a real-time response bit (it is updated continuously) and bit 14 of the frame need not be tested first
to find if this bit has been updated. Once the first work queue entrv has been received by the printer, a Poll
command reccived immediately afterward would have a busy base response status. A nonbusy, no-
exception, no-linc parity error status responsc must be received before issuing any activate command.

Busy is reset to 0 when all commands have been exccuted and the queue is available for commands.
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3.5.1.1.1.2 Poll Response Bit 8 - Line Parity:

0 = No line parity error detected
I = Line parity error detected

Bit 8 is a real-time response bit (updated continuously). .It is set immediately when invalid frame parity is
detected in a frame that has been received. The parity expected is even parity over bits 3 through 15 of every
frame. Because the station ID field might be invalid as a result of a parity error, every station that dctects
the invalid parity frame, regardless of the address ficld content, indicates an error. In a multidrop environ-
ment, several but not necessarily all stations along one cable might detect the invalid parity frame.

Once a line parity error is detected by a station, that station will stop the execution of outstanding com-
mands and will not accept any following commands until a status response indicating a line parity fault has
been sent and acknowledged by being reset. This allows the station controller to determine the station’s
status at the time the line parity error was detected.

The controller can reset bit 8 by issuing a Poll command that has frame bit 8 on. The command will not
reset the line parity error bit if the printer is busy when the command is received.

3.5.1.1.1.3 Poll Response Bit 9 - Unit Not Available:

0
1

Unit available
Unit not available

If this bit is a 0, it indicates that the printer is available for a customer job (no error conditions have been
detected in the printer mechanism, the paper is properly installed, and the Start switch has been pressed).
The Ready light on the printer control panel corresponds to the unit available status condition. Bit 9 on
‘corresponds to the Ready light being off. Bit 9 would be a 1 if: )

Power on sequence is complcte but the Start switch has not been pressed
The Stop switch has been pressed

An end of forms condition has been detected

A hard printer error was detected

A graphic error has occurred and the stop on error option is selected

A Resct command has been received

A bell control character has been received

® o © 0 o ¢ o

Bit 9 is a rcal-time response bit (updated continuously).

3.5.1.1.1.4 Poll Response Bit /0 - Outstanding Status: If this bit is a 1, outstanding status is available and
can be obtained by issuing a Read Status command.

The outstanding status bit is reset by successful completion of the Read Status command. The bit is held off
by the printer until a Write Control Data command with the resct outstanding status bit on is received. The
Write Control Data command resets the Read Status byte and enables the outstanding status bit in the poll
response status. '

Bit 10 is a real-time response bit (updated continuously).

Note: This bit is never set for 3197-attached printers. The 3197 can only detect printer hard(vare erTors
through the PC parallel] interface and will report them to the controller as Unit Not Available.
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3.5.1.1.1.5 Poll Response Bits [/-13 - Exception Status Condition: Exception status conditions are indicated
in Poll responses as soon as they are detected, without changing response levels (real time bits - see
3.5.1.1.1.6, “Poll Response Bit 14 - Even,Odd Response Level” on page 93).

Bits 11 through 13 are encoded as follows.

—
w~
w

Meaning

No exception status

Activate lost (parity)

Invalid activate

(reserved)

Invalid command

Input queue or storage overrun
Reserved

Power on transition

——_——,— O O OO -
—_O it O e O vt O e

—_, O Ot e OO =

Figure 71. Printer Exception Status Codes

When exception conditions occur, processing of commands in the command queue is stopped and the queue
is emptied, without exception, of the commands remaining in the queue when the exccption condition was
detected. After an exception condition occurs, only the Poll, Set Mode, Reset, and Write Control Data
commands will be processed until the exception status is reset. The Write Control Data command will not
_ be processed if the exception status was power-on transition. The Set Mode command will be processed
only if the exception status was power-on transition. '

~ Exception status conditions are reset by issuing a Write Control Data command with bit 12 in the | state in
the data frame that follows the Write Control Data command. The controller can determine if the reset
occurred by checking for not-busy status afier the Write Control Data command is issued and noting the
absence of exception status. If the exception status remains, try the Write Control Data command again.
The power-on transition exception status is reset by issuing a Set Mode command.

Invalid activate status is caused by the wrong type of activate command (a Activate Write command fol-
lowing a Read Status command, or a Activate Read command following a Write Data command, or by an
activate command being sent without a preceding pre-activate command).

Activate lost status is caused by a line parity error
I. on an input frame from the controller on an Activate. command, or on the data

2. on a Poll command following a Write Data or Read Status command, or immediately following an Acti-
vate command

3. any time bad parity occurs on the line after a Write Data or Read Status command has been received
and before the associated Activate command has been completely processed.

The controller uses the status to determine the restart point for error recovery procedures. The recovery
procedure in the casc of a Write command is to resend the entire sequencg of Write command, Activate
Write command, and the data. For a Read Status command the rccovery procedure is to resend the Read
Status and Activate Read commands. For error logging and reporting, this bit is combined sith bit 8 (line
parity check).

The invalid command exception status results when the printer receives a command bit combination that is
not defined in the command set. An interval longer than 240 microscconds between frames in multiple-
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frame commands (set mode or write control data) might cause invalid command exception status. Any
command other than a Poll, Reset, or EOQ between a Read or Write command and its associated Activ ate
command will also cause invalid command exception status.

The input queue or storage overrun condition occurs when more than 16 commands and associated data
frames have been sent, or when an attempt is made to store data beyond the user-accessible storage limits.

The power-on transition exception condition is returned as a result of a Poll command received after power
is turned on, after processing a Reset command, or after a Test-to-Normal transition of the Status switch.
When this condition occurs, the base status frame is the only frame sent in response to a Poll command. A
Set Mode command must be received before this condition is reset. After the Set Mode command has been
processed, the response is 2 frames long..

3.5.1.1.1.6 Poll Response Bit 14 - EveniOdd Response Level: Successive Poll commands received before the
printer has updated a complcte new response causes retransmission of the former status.

The controller distinguishes new from former status by using bit 14. The first response after power on is
from response level 0.

The controller allows level transitions to occur by setting the ACK bit (bit 9) on in the Poll command. The
maximum time for level-switching is 8.16 seconds. If a new response is available for controller access when a
Poll command with ACK bit (bit 9) on is received, the new level is sent and bit 14 will be changed from the
last poll response. If a Poll command is received with ACK off, or a new level is not available, the old level
will be sent and bit 14 will not be changed. The former response status can be sent any number of times.

Real-time status bits are not affected by response level transitions. All poll response bits arc real-time status
bits except for Cancel Request and Graphic Check in poll response byte 2.
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3.5.1.1.2 Poll Response Frame 2

Bit < | Purpose

0.1,2 Fill bits: always zero.

3 Panty bit: set for even parity in the frame
4.5,6 Station Address. Always 111 to indicate that this is the last message frame.
7 Invalid SCS control code

3 Invalid SCS parameter

9 Receive buffers full

10 Print complete

11 Cancel request

12 Print mechanism not ready (5256 only)

13 End-of-forms

14 Graphic check (unprintable character)

15 Stop bit; always 1.

Figure 72. Printer Poll Response Frame 2

3.5.1.1.2.1 Poll Response Frame 2 Bit 7 - [nvalid SCS Control Code:

0
1

No invalid control code detccted
Invalid control code detected

When bit 7 is in the 1 state, an invalid control code or an exception condition (EC = 1 or 3) has been
detected in the standard character string data strcam and the attaching system has specified a terminate con-
dition. This bit is reset upon receipt of a Clear or Reset command.

Thus bit is a real time bit that is not dependent on the state of bit 14 in the first poll response byte.
3.5.1.1.2.2 Poll Response Frame 2 Bit 8 - [nvalid SCS Parameter:

No invalid parameter detected

0=
I = Invalid parameter detected

This bit can be active only for the multiple-byte formatting control sequences: print position and format. If
the bit is “on”, an invalid parameter code or a paramcter outside the specificd range was detected.

This bit is a real time bit that is not dependent on the state of bit 14 in the first poll response byte.
3.5.1.1.2.3 Poll Response Frame 2 Bit 9 - Receive Buffers Full:

Receive buffers are not full
Receive buffers are full

0
1

When the bit is “on”, bosh input reccive buffers are full. No write data can be received until this bit goes
“off” indicating that a buffer is available. The bit is used by the controller to determine when data can be
sent to the printer.

This bit is a real time bit that is not dependent on the state of bit 14 in the first poll response byte.
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3.5.1.1.2.4 Poll Response Frame 2 Bit 10 - Print Complete:

0
1

Printing is in progress
Printing is complete

non

When this bit is off, the printer is either printing or formatting data to be printed or the pn.ntcr is unav zulable
for some other reason.

When the bit is “on”, the printer has finished printing all the data that it received (both receive buffers and
both print buffers are logically empty). :

Detccting the Activate Write command from the controller resets the print complete bit.

In addition to completing the printing of all input data, the power on reset, Clear command, or the Reset
command turns on the print complete bit.

This bit is a real time bit that is not dependent on the state of bit 14 in the first poll response byte.
The 4210 sets this bit when it receives the print data, not when it finishes printing the data.
3.5.1.1.2.5 Poll Response Frame 2 Bit /] - Cancel Request:

0 = No cancel request
I = Cancel request

This bit, if on, indicates that the Cancel key on the printer was pressed and requests that the print job in
pracess be cancelled. The only action by the printer is to pass the request to the controlicr.

"The normal response to cancel request is a Clcar command that stops printing and clears the receive and
print buffers.

Bit 11 is reset by the acknowledgement bit being on in the next Poll command. Also, a Reset command or
a power on resct turns off the cancel request.

This bit is dependent on the acknowledge bit (bit 9) of the poll command and on the even;odd response
level bit (bit 14) of the first poll response byte. Poll commands without the acknowledge bit set will return
the previous value of this bit.

3.5.1.1.2.6 Poll Response Frame 2 Bit /] - Print Mechanism Not Ready (5256 only):

= Print mechanism ready
= Print mcchanism is not ready

The bit 12 status condition is caused by a printer voltage being out of tolerance or by a wire check status
condition.

A Reset command, a power on reset, or pressing the Stop switch tums off bit 12.

. Thus bit is a real time bit that is not dependent on the state of bit 14 in the first poll response byte.
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3.5.1.1.2.7 Poll Response Frame 2 Bit I3 - End-Of-Forms:

No end-of-forms condition detected
End-of-forms condition has been detected

0
1

The bit indicates that an end-of-forms condition has been detected. A Reset command a power-on reset, or
pressing the Stop switch resets bit 13.

This bit is a real time bit that is not dependent on the state of bit 14 in the first poll response byte.
3.5.1.1.2.8 Poll Response Frame 2 Bit 14 - Graphic Check:

No graphic check detected
Graphic check detected

1

When this bit is on, an unprintable character was detected in the data stream, and option 3 (which specifies
reporting the error status) had been selected by using a set graphic action format control code.

The acknowledgement bit being on in the next Poll command, a Reset command, or a power on reset will
reset the graphic check bit.

This bit is dependent on the acknowledge bit (bit 9) of the poll command and on the even/odd response

level bit (bit 14) of the first poll response byte. Poll commands without the acknowledge bit set will return
the previous value of this bit.
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3.5.2 Read Device ID Command (Code = 01100)

This command starts the transfer of one data word from the addressed device. The device ID word from the
base contains information about the characteristics of the station. Other special feature devices retumn an 1D
word with the device characteristics of the installed special feature. If a special feature device is not installed,
bits 7 through 14 of the returned frame are zero. A Read Device ID command to the model ID should not
be sent to printers.

An Activate command is needcd before data transfer will start. -

Bit Purpose

0.1.2 Fill bits; alwayvs zero.

3 Parity bit: set for even panty in the frame
4.5.6 Printer Address

7.8.9 Device Address (000 for base printer)
10-14 Read Device ID Command: 01100

15 Stop bit; always 1.

Figure 73. Printer Rcad Device ID Command
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| 3.5.2.1 Printer ID Word

The response to a Read Device ID command to the base feature address of a printer device follows.

Bit Purpose

0.1.2 Fill bits: always zero.

R) Parity bit; set for even parity in the frame
4.5.6 Always 111 (end of transmission)

7-14 device ID

15 Stop bit: always 1.

- Figure 74. Printer ID Word

The device ID has the following meamng

Bits 7 and 8 of the response frame (bits 0 and 1 of the device ID byte) are the printer model ID bits. They
have the following meanings.

00 Model 1 (model 2 for 4214 model 2, 4210, and 3197-attached printers in 4214 model 2 emulation
mode)

01 Model 2

10 Model 3 (or 4245)

11 Model 4

Bits 9-and 10 of the response frame (bits 2 and 3 of the device ID byte) are the station type bits. They have
the following meanings.

00 Display
01 Reserved
10 Printer
11 Reserved

Bits 11 through 14 of the response frame (bits 4 through 7 of the device ID byte) are the printer type bits.
They have the following meanings.

0000 5256, 5262 (5262 emulates 5256 model 3), 4245 (in 5256 model 3 emulation mode), or
3197-attached printers (in 5256 model 3 emulation mode).

0001 rescrved

0019 reserved

0011 4234

0100 5224 model | or model 2

0101 4245 (in.native mode)

0110 5224 model 12

0111 reserved
1000 5225 models 1, 2, 3, and 4
1001 reserved

1010 5225 models 11 and 12

1011 4224

1100 4214 model 2, 4210, or 3197-attached printers (in 4214 model 2 emulation mode).
| 1101 5219 model D, 3812, or 3816
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1110 reserved
1111 reserved

N_otc”thbaf display‘s always return X'Cc2. " e e e e e e im0
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3.5.3 Write Data Command

Bit Purpose

0.1,2 Fill bits; always zero.

3 Parity bit: sct for even parity in the frame
4.5.6 Printer Address

7-14 Write Data Command: 00011110

15 Stop bit: always [.

Figure 75. Printer Write Data Command

This command causes the printer to store all the data words following the next Activate Write command.
The Activate Write command must not be issued gntil a not-busy, no-exception status response is made to a
Poll command. The data frames can follow the activate command immediately.

See 3.5.5.1, “Activate Write Command (0000 0001)” on page 102 for the format of the data frames used to
transmit data to the printer.

100 5250 to S/36, 538, 100 AS 400 Attachment Informazion



3.5.4 Write Control Data Command

Bit Purpose

0.1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4.5.6 Printer Address

7-14 Write Control Data Command: 00000101
15 Stop bit: always 1.

Figure 76. Printer Write Control Data Command

3.5.4.1 Data Frame for Write Control Data Command

Bit Purpose
0.1,2 Fill bits; always zero.
3 Parity bit; set for even parity in the frame
4.5.6 End Of Message (111)
7-10 reserved - set 10 zero
11 All but 4224: reserved - sct to zero.
On the 4224,
¢ 0 = Do not reset outstanding multibyte status flag
¢ | = Reset outstanding multibyte status flag
12 Reset Exception Status
¢ 0 = Do not reset exception status
e | = Reset exception status
13 Reset outstanding status
¢ 0 = Do not reset outstanding status
¢ | = Reset outstanding status
14 reserved - set to zero
15 Stop bit; always 1.

Figure 77. Data Frame for Printer Write Control Data Command
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3.5.5 Activate Commands

An Activate Read or an Actlvate Write command is msened between a block data transfer command a.nd
the data frames that follow it. L

The following are block transfer commands.

Read Status
Write Data
Read Device ID

Poll commands must be interjected after the data transfer command to wait for a not-busy, no-exception-
status response. Only the End Of Qucue delimiter command can be inserted between a block transfer
command and its associated activate command.

After a not-busy, no-exception status is returned to the Poll command, the activate command is issued to
start the data transfer. When the activate command is received, busy status is returned until the post- acnvatc
processing is completed.

If an Activate Read command is received while the printer is busy or has exception status set, no response is
made. If an Activate Write command is received under the same circumstances, no data is accepted or
stored.

. The wrong type of activate command causes invalid activate exception status to be returned.

3.5.5.1 Activate Write Command (0000 0001)

Bit Purpose

0,1.2 Fill bits; always zero.

3 Parity bit: set for even parity in the frame
4.5.6 Printer Address

7-14 Activate Write Command: 00000001

135 Stop bit: always 1.

Figure 78. Printer Activate Write Command

This command is used aftcr a Write Data command to transmit the data frames that follow it. The
command must not be issued until after a not-busy, no-exception-status response to a Poll command. - The
Activate Write command resets the print complete bit in poll response byte 2.

3.5.5.2 Data Frame for the Write Data Command
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Bit Purpose

0,1.2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame

4,56 | The last data frame contams 111 (end of transrmssxon) All other data frames contain the
printer address. " _

7-14 data byte

15 Stop bit; always 1.

VFigure 79. Data Frame for Printer \Write Data Command |

The data can be any length up to 256 characters (the size of an input buffer).

If more data frames are sent

than can be stored in the input buffer, the input queue or storage overrun status is returned to the controller.
The overrun data is not stored. Two input buffers are used alternately. Data is formatted for printing from
one while the other is available to be loaded from the controller. Data from a single Write Data command
goes into only one print buffer. : :
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3.5.53 Acﬁvate Rcad Command (0000 0000)

Bit Purpose -

0.1.2 Fill bits; always zero.

3 Parity bit: sct for even parity in the frame -
4.5.6 Printer Address

7-14 Activate Read Command: 00000000

15 Stop bit; always .

Figure 80. Printer Activate Read Command

This command may be issued only after a not-busy, no-exception-status response to a Poll command.

This command is used after a Read Status command to cause the response byte to be returned. See
3.5.7, “Read Status Command” on page 106 for the format of the returned data frame.

This command is used after a Read Device ID command to cause the response byte to be rcturned. See
3.5.2, “Read Device ID Command (Code = 01100)” on page 97 for the format of the returned data frame.

Read Activate is also used to receive data after a Read Multibyte command. See 3.5.10, “Read Muitibyte
Command” on page |14 for the format of the returncd data frame.
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3.5.6 Set Mode Command

Bit Purpose

0,1.2 Fill bits; always zero.

3 Parity bit: set for even parity in the frame
4.5.6 Printer Address

7-14 Set Mode Command: 00010011

15 Stop bit; always .

Figure 81. Printer Set Mode Command

The Set Mode command causes the printer to accept one mode control word. The command must be
issued before a two-frame response to Poll commands is made by the printer. Only Poll command or a
Reset command will be accepted by the printer before the Set Mode command is sent.

Mode Control Data Frame

Bit Purpose

0.1.2 Fill bits: always zcro.

3 Parity bit; set for even parity in the frame
4.5.6 Station Address or End Of Message (111)
7-11 Fill Count

12-14 000

15 Stop bit; always |.

Figure 82. Printer Mode Control Data Frame

The fill count bits, 7 through 11, specify, in binary, the number of times an 8-bit fill increment is repeated
between consecutive frames. The maximum value is 30. If 31 is specificd, only 30 are transmitted.

Bits 12, 13, and 14 are reserved and should be set to 000.
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3.5.7 Read Status Command

Bit Purpose

0.1.2 Fill bits: always zero.

K Parity bit; set for even parity in the frame
4,5.6 Printer Address

7-14 Read Status Command: 10001000

15 Stop bit: always .

Figure 83. Printer Read Status Command

This command starts the transfer of one status word from the printer. The status word contains information
about the condition of the printer. An Activate Read command is required before the status word is sent.

Successful completion of the Read Status command resets the outstanding status bit in byte 1 of the Poll
response.
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3.5.7.1 Read Status Rspoﬁse Frame

The status is reset by a Write Control Data command with bit 13 active.

Bit Purpose

0.t.2 Fill bits; always zero.

3 * | Parity bit; set for even parity in the frame
4.5.6 111 (end of transmission)

7-14 Outstanding Status

15 Stop bit; always 1.

Figure 84. Printer Rcad Status Response Frame

Note: 3197-attached printers (in either 5256 model 3 or 4214 model 2 emulation mode) will never tum on
bit 10 in Poll Response Frame | and thus will never post an Qutstanding Status. The 3197 detects printer
hardware errors only through the PC parallel interface and will return Unit Not Available to the controller.

e Bits 7 through 14 - Outstanding status (5256 only)

Bit 7 = Wire check

Bit 8 = Slow speed check

Bit 9 = Fast speed check

Bit 10 = Emitter sequence check
Bit 11 = No emitter pulses

Bit 12 = Overrun error

Bit 13 = Forms stopped

Bit 14 = Forms position check

e Bits 7 through 14 - Outstanding status (5262 only)

Bit 7 = Hammer Fire Check
Bit 8 = not used
Bit 9 = Band Synch Check or Print Unit Open

Bit 10 = Band Up To Speed Check S

Bit 11 = Band Motor Control Check or Thcrmal Check
Bit 12 = Ribbon check

Bit 13 = Carniage Check

Bit 14 = Paper Clamp Check

e Bits 7 through 14 - Outstanding status (4245 in 5256 model 3 emulation mode only)'

Bit 7 = Hammer Fire Check

Bit 8 = not used

Bit 9 = Band Synch Check or Band Image Error
Bit 10 = Band Up To Speed Check

Bit 11 = Pnnter Control Check

Bit 12 = Ribbon check

Bit 13 = Carriage Check

Bit 14 = Forms Check

¢ Bits 7 through 14 - Outstanding status (5224 only)
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X’11l’ = Machine check

X317, X'32, X’35, and X’36’ = Print check

X’4l’, X'42’, X’45', and X’46’ = Forms check
X’'81" = Machine check .

X'83’, X'84, and X'85" = Print check 7 NI
X’89" = Ribbon check T T T e e

b e o ks i g opan

e Bits 7 through 14 - Outstanding status (4234 only)

X’I1l" = Print Adapter Timeout

X’38 = Print Adapter Overrun or Emitter Check

X'4l” = Forms Jam

X’'43" = Forms Driver Check

X'48" = Stepper Motor Timeout

X’81’ = Power Supply Failure

X’85" = Hammer Coil Open

X’'86" = Hammer Driver Check or Hammer Driver Shorted

X'87° = Colil Protect Check

X’88 = Ribbon Missing, Not Seated, Synch Check, or Driver Check

e Bits 7 through 14 - Outstanding status (5225 only)

X’11” = Machine check
X3, X332, X34, X’35, X'36', X°38’, and X'39" = Print check
Xrdl’, X4, X'd43', X'45’, X'46', and X'48’ = Forms check
X’81” = Machine check
" X'8¥, X84, and X’85" = Print check
X’86" and X’87° = Machine check
X’'88° = Ribbon jam
X’89" = Ribbon check

e Bits 7 through 14 - Qutstanding status (5219-D only)

X'11" = Machine check (control processor failure)

X’12" = Machine check (internal commumcauon faulure)
X'31" = Escapcment failure

X’'32" = Print check (selection failure)

X’3Y = Print check (hammer/ribbon failure)

X'41l’ = Forms check (index /automatic sheet feed failure)
X'47" = Paper jam

X’58" = End of ribbon

X'66" = Data stream exception class 1

Class 1 exécptions indicate that a loss of text or textual meaning may result. Most of these errors

occur when a printer datastrcam control has an error; these are noted in 3.6, “Control Character

String” on page 116. Other situations are

= Unsupported or unrccognized single byte control

— Text line length exceeds width established by SPPS and automatic new line is not active (SIIF).

— No line ending code in data strcam and formatting buffer full - the line is processed as a partial
line

X’'67 = Data stream exception class 2
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Class 2 exceptions indicate that a change from the intended appearance of the text may result. Most
of these errors are noted in 3.6, “Control Character String” on page 116. The other condition for a
class 2 exception is an attempt to print beyond the page depth with automatic form feed deactivated.
X’68’ = Data stream exception class 3 '

Class 3 exceptions indicate an error in a multibyte control that may have an indeterminate effect on
text. These are detailed in 3.6, “Control Character String” on page 116. Another condition that
causes class 3 exceptions is an invalid or unsupported muitibyte control.

X’69" = Data stream exception class 4 :

Class 4 exceptions indicate an error in a multibyte control parameter. These errors are detailed in
3.6, “Control Character String” on page 116.
X’81" = Cover unexpectedly opened

Bits 7 through 14 - Outstanding status (3812 only)
X’11" = Machine check (control processor failure)
X'd47" = Paper jam
X’'66" = Data stream exception class |
X'67 = Data streamn exception class 2
X'68 = Data strecam exception class 3
X'69" = Data strcam exception class 4
X’'81" = Cover unexpectedly opcned

There are “intervention required” status conditions for the 3812 that do not map onto existing 5219-D
status byte values. For these conditions, the 3812 will indicate Unit \tot Ava.dable but not set the Qut-
standing Status bit. These conditions are

Out of Toner
_Remove Prints
Stop Key Dcpressed

See the 5219-D Outstanding Status description for an explanation of the various exception classes.

Bits

7 through 14 - QOutstanding status (4214 Model 2 and 4210 only)

X°31°, X'32’, and X’35" = Print check

Bits

7 through 14 - Qutstanding status (4224 only)

X’Ix”  Machine Checks

X’3x" Pnnt Checks

X4l” Forms Jam, Paper Insertion Error, or Overcurrent

X4 No Drive

X'43"  Open motor or fuse

X’44" through X'4F" Other forms checks

X’'60" Acknowledgement Reply Pending. This means that a Read Multibyte command must be sent

to retrieve Acknowledgement Reply data. Resct Outstanding Status in the usual way. The 4224
will not accept any more data until the host acknowledges the reply data by Write Control Data
that rescts the Outstanding Multibyte Status flag.

X’80° Machine check

X'8I"

Machine check

Printer Interface 109



X8
X183
X84
X85
X'86'
X87
X'8¢
X8y

Machine check

Print check

Print check

Print check

Machine check

Machine check

No ribbon installed or ribbon not properly seated
Ribbon motor overcurrent (possible ribbon jam)

Bits 7 through 14 - Outstanding status (4245 only) -

X'Il” = Printer Adapter Check
X730, X3, X34, X35, X'36" = Print Band Check

X'38

Hammer Check

X’'39° = Pnnter Control Check
X'41l’, X’d3" = Carriage Check

X'd5" = Stacker Check

X'd46’ = Forms Check

X’83" = Front Gate Open

X’S4’ = Band Image Error

X'88' = Ribbon Check

X’'89° = Near or At Protection Tape End
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3.5.8 Reset Command'

Bit Purpose

0,1.2 Il bits; always zero.

3 Parity bit; set for even parity in the frame
45,6 Printer Address

7-14 Reset Comand: 00000010

15 Stop bit; always 1.

Figure 85. Printer Reset Command
When the printer receives the Reset command it will
-
¢ Finish printing any line that has been started
e Perform an inutialization sequence
The Reset command can be issued at any time, but the caution in the note that follows must be observed.
IMPORTANT NOTES
Notes:
/. The controller must use this command carefully because the printer error indications are an important part
of the printer maintenance philosophy and are used by both the customer and IBM service representative.

The Reset command will destroy the printer error indications.

2. . console error message should be displayed and an indicator at the printer turned on so that the operator
will know why the printer stopped and that the paper is probably not aligned at the correct starting point.
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3.5.9 Clear Command

Bit Purpose

0,1,2 Fill bits; always zero.

3 Parity bit; set for even parity in the frame
4.5.6 Printer Address

7-14 Clear Command: 00010010

15 Stop bit; always 1.

Figure 86. Printer Clear Command

This command clears all buffers. No extra forms motion occurs as a result of this command. An indicator
turns on if the printer is not ready. -

There will be no change to the current line counter and no change to the SHF, SVF, and SGEA formats
sent at initialization time.

The 4210 does not clear buffers until after all data in its internal buffers has been printed.
For 3197-attached printers; if CLEAR is reccived while printing is in progress, printing will continue to the
next valid line delimiter. Data in the reccive buffers of the 3197 prior to reception of the CLEAR command
will be cleared as will the contents remaining after the next valid line delimiter.
3.59.1 Clear Command on 4224
For the 4224 printer, Clear does the foHowing.

e Reset all multi-byte 4224 commands across rﬁultiplé buffer boundaries.

* Does not change character patterns previously loaded.

¢ Docs not change Ready or Forms indication.

e Mlakes an indication to the operator that a Clear command has been received if the unit is not available
(not ready). Pressing Stop on the printer will tumn off the Data Cleared indicator.

¢ Print and Rcceive buffer handling

= If Clear is received and printing is not in progress, no more printing will occur. The reccive and
print buffers will be cleared and the Print Complete bit in Poll Response byte 2 will be set on upon
completion of the Clcar command processing.

- If Clear is received while printing is in progress, printing will stop and data in the receive buffers
prior to rcception of the Clear command will be cleared, as will the contents remaining in all other
internal printer buffers queued for printing. The Print Complete bit in Poll Response byte 2 will be
set on upon completion of the Clear command processing.

@ Print Position
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— The current horizontal print position will be changed. The print mechanism will be moved to the

left most print reference and will synchronize data recexved after the Clear command with this hori-
zontal reference

S L ot e e b

The host must send a Set Home State 4224 com.ma.nd followmg the Clear cornmand ‘before attcmptmg to
print any further data. Failure to do so will produce unpredxctable results, however, in most cases, an error
will be sent to the host via the Acknowledge Reply I , o e
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3.5.10 Read Multibyte Command

Bit Purpose

0,1,2 Fill bits; always zero.

3 Panty bit; set for even parity in the frame
4.5.6 Printer Address

7-14 Read Multibyte Command: 10001010

15 Stop bit: always .

Figure 87. Rcad Multibyte - 4224 Only

This command is for 4224 printers only. It prepares the printer to send 256 bytes of data to the host. The
printer will send the data after it receives an Activate Read command.

This command should be used by the host when the host receives Acknowledgement Reply Pending {from a
4224,

The data transferred will be formatted as described in [BM 4224 Product and Programming Description,
GC31-2551. All bytes after the valid reply data will be zeros (X’00%). If the printer has no data to transmit,
all 256 bytes will be zero.

Bit Purpose

0.1.2 Fill bits: always zero.

3 Panty bit; sct for cven panty in the frame
4.5.6 Printer Address; ‘111 for last frame

7-14 data byvte

15 Stop bit: always 1.

Figure 88. Rcad Multibyte Response Frames- 4224 Only
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3.5.11 End of Queue Delimiter

Bit Purpose

0.1.2 Fill bits; always zero. S
3 Parity bit; set for even parity in the frame

4.5.6 Printer Address

7-14 ‘| End of Queue Command: 01100010

15 Stop bit; always 1.

Figure 89. Printer End of Queue Command

After this command is sent. only the Poll command will be accepted by the printer until a not-busy status is
returned in response to a Poll command.
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3.6 Control Character String

The printer uses a SNA control character string subset for formattmg all data Protected fields or other
non-printable fields must be removed by the controllcr : T e

If a control has a list of printers, those are the only printers that the comrol is valid for.

The controls described in this chapter are not valid for the 4224 printer. [BM 4224 Product and Program-
ming Description, GC31- 2551 contains information about the 4224 and its data stream. -

For the 5219-D and 3812 printers, the exception status values referred to do not mean the exception status
value in the poll response. Exception status in this section, for 5219-D and 3812, refers to the exception
classes defined in the outstanding status byte. These values are denoted as “EC = value”. See
3.5.7.1, “Rcad Status Response Frame” on page 107 for more information.

When no recovery action is given, the printer’s recovery action is to ignore the parameter in error. When a
control is sent at an incorrect time, the recovery is to ignore the entire control. When a control has an
invalid length field, the recovery is to ignore the entire control.

For printers other than the 5219-D, 3812, and 4224, invalid controls cause an Invalid SCS Control Code
condition to be indicated in the poll command response; invalid control parameters cause an Invalid SCS
Parameter in the poll command response.

3.6.1 ASCII Transparent (ATRN)

ASCII Transparent (ATRN), X’03nn’, is supported only on 3197-attached printers. When the ATRN
command is received, the 3197 sends the content of the command to the printer without any translation.
This command allows direct host system control of the attached printer by using the ASCII data stream.
The one byte parameter (nn) is the length of the command and data excluding the first X’03" byte.

3.6.2 Carriage Return (CR)

Carriage Return (CR), X'0D’, logically moves the print position horizontally to the effective left margin on
the current line. If the current position equals the f{irst print position, the function becomes a no-op. On
5219-D, the print position is moved to the Effective Left Margin. On 3812, the print position is moved two
pel to the right of the Effective Left Margin.

3.6.3 New Line (NL)

New line (NL), X’15", logically moves the print position horizontally to the effective left margin and verti-
cally down to the next line. If on the last line of a page, the print position is moved to the effcctive left
margin of the first line of the next page.
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3.6.4 Line Feed (LF)

Line Feeﬂ (LF), X'25, logically moves the print position vertically down to the next line. If on the last line
of the page, the print position is moved to the corresponding print position on the first line of the next page.
Line Feed may also be referred to as “index”.

3.6.5 Form Feed (FF)

Form Feed (FF), X'0C’, moves the print position to the first print line and the first logical print position of
the next logical page. The dcfault option for logical page length, if not specified by the Set Vertical Format
control code, is | line. On the 3812, this causes the current page being defined to be printed.

3.6.6 Print Position (PP)

Print Position (PP), X'34’, is a 3-byte format control character sequence that moves the logical print posi-
tion according to parameter values. Two parameters arc specified. One is a function parameter, the other is
a value parameter. The function parameter is a single bvte and follows the PP code. The value parameter
follows the function parameter and consists of a 1-byte binary number. The functions defined by the func-
tion parameter are

Absolute move or relative move
Vertical move or horizontal move

Valid parameters for absolute moves are equal to or less than the linc or page length. If an Absolute Hon-
zontal Print Position control code with a value less than the current valuc is detected, the 5256 inserts a
Carriage Return control code just before the Absolute Ilorizontal Print Position control code. It treats the
Absolute Horizontal Print Position control code and the succeeding data as if it were a separate new print
line. ) ) ‘ ,

An Absolute Vertical Print Position control code that is less than the current value results in an advance to
the corresponding position on the next page. Specification of an Absolute FHorizontal move to the present
horizontal position, or the specification of an Absolute Vertical move to the present print line, will result in
the function being no-oped.

Valid value parameters for rclative moves are those that specify a move to, but not past, the end of the line
or page. A zero value is a no-op.

When an absolute move is specified, the value parameter denotes a specific line or column number and the
print position is moved to the line or column specificd. When a relative move is specified, the logical print
position is moved the number of lines or column increments spccified relative to the current position.

Synchronization between physical and logical current lines will be done as follows.

¢ Absolute position is based on the location of the paper when the printer becomes ready after a power on
or a Reset command.
[ ]
e When the printer is stopped with the ready indicator off and with any paper motion switches pressed one
or more times, and the start switch is then pressed:
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— If the last forms movement resulted from a relative move control code, the next print line will be
printed at the present position. The next absolute move control code will put the forms back in
sync.

— If the last forms movement was caused by an absolute move control character, the forms are moved
to the original absolute position of the next logical page before printing.

The following function parameters and the associated hexadecimal codes are

Absolute horizontal Co

Absolute vertical C4
Relative horizontal C8
Relative vertical 4C

Invalid function or value parameters cause an exception condition (EC = 4) and cause the control to be
ignored.

3.6.7 Interchange Record Separator (IRS)

Interchange Record Separator (IRS), X'1E’, has the same function as new line (NL).

3.6.8 Index Retum (IRT)

Index Return (IRT), X’33’, performs the same function as the required new line (RNL) function. Thxs
command is valid for the 5219-D and 3812 pnnters only

3.6.9 Numenc Backspace (NBS)

Numeric Backspacc (NBS), X'36’, performs the same function as the backspace (BS) function. This
command is valid for the 5219-D and 3812 pnnters only.

3.6.10 Subscript (SBS)

Subscript (SBS), X38’, causes a downward displacement on the print surface of one-half the single line dis- -
tance. This command is valid for the 5219-D and 3812 printers only.

On a 5219-D, multiple subscripts (or superscripts) without an intervening return to the baseline will not
result in more than one half of single line distance displaccment from the nominal baseline. However, the
5219-D will logically track the number of SBS (or SPS) commands encountered. An equal number of SPS
and SBS commands will always result in a return to the bascline. If the number of SPS and SBS commands
are not equal. a “hanging half index” condition results. All following lines through the end of the page will
be offsct by one half line from the baseline. :

The 3812 can process any number of SBS controls on a line.
If this con®mand does not result in a downward displacement, an exception condition (EC = 1) will be

posted. This happens if there are multiple subscript controls on a line or if a subscript control is used on the
last physical line of a page.
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3.6.11 Indent Tab (IT)
Indent Tab (IT), X’39’, moves the print position to the right one tab stop and sets the effective left margin
to this position. If no tab stop is encountered to the right of the current horizontal print position, an excep-

tion condition (EC = 2) will result, and the print position is moved one space to the right.

This command is valid for the 5219-D and 3812 printers only.

3.6.12 Required Form Feed (RFF)

Required Form Feed (RFF), X'3A’, performs the same funétion as the form feed (FF) control and restores
the print position to the left margin. This command is valid for the 5219-D and 3812 printers only.

On the 3812, RFF causes the current page to print.

3.6.13 Null (NUL)

Null (NUL), X'00’, is a no-operation. No graphic character is printed and no function is performed in the
printer as the result of a null character.

3.6.14 Bell (BEL)

Bell (BEL), X"2F’, causes the following.

e All data preceding the BEL will be printed before executing the BEL functions.

e Al control characters preceding the BEL will be‘exccuted before executing the BEL function.
* Pdﬁiing will stop.

¢ Formatting of the print data will cease.

¢ Ready indicator will turn off.

" “Unit not available” status will be returned in the poll response.

¢ An attention indicator will turn on.

®

An audible alarm will sound if the feature is installed and not disabled by a switch.

The alarm is silenced by activating the stop switch, the start switch, or the cancel switch.

This control is :xén:bred if the environment is word processing (SIC with an si of 1).

The 3812, and the 5219-D in word processing mode, process this command as a.NUL.

On the 5219-D, BEL will only be done on the first pass of a line requiring muitiple print passes.

On the 4245, the BEL command is not supported and is treated as a no-op.
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On 3197-attached printers, the 3197 detects a BEL Command from the host but does not send any printing
stop command to the attached printer. : :

3.6.15 Transparent '(TRN)

Transparent (TRN), X"35nn’, allows printing characters whose binary representations are between X’00’ and
X'3F’. This command is valid for the 5224, 5225, 4234, 4214-2, and 5262 printers only.

nn = the number of following bytes that are not to be checked for Printer Data Stream commands.
This command can cause invalid graphic character checks if not used with caution.

* Note: The 4210 and 3197-attached printers, though they emuiate the 4214-2 in general, do not support this
control and will reject it with Invalid SCS Control Code in the next poll response.

3.6.16 Set Attributes (SA)

Set Attributes (SA), X'2843yz’, specifies the print speed and number of passes the printer will use to print a
given line. This command is valid for the 5224-12 only.

ey,

y" specifies how ideographic characters are to be printed.

half speed, 2 passes
half speed, 1 pass
full speed, 2 passes
full speed, 1 pass

wonuu

0
1
2
3

2" specifies how alphanumeric characters are to be printed.

full speed. 1 pass
full speed, 2 passes
half speed, 1 pass
half speed, 2 passes

oo

Wt — O

The default value for vy and z are 0. Values other than those shown above will cause an invalid Printer Data
Stream parameter check to occur.

3.6.17 Shift In (SI)

Shift In (SI), X'OF", causes the printer to print the character pattern loaded at code point X'0F  and then
return to alphanumeric (single-byte) mode. The dcfault character pattern is a blank.

This command is valid for 5224 Model 12 and 5225 Models 11 and 12 printers only.
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3.6.18 Shift Out (SO)

Shift Out (SO), X'0E’, causes the printer to print the character pattern loaded at code point X'0E’ and then
go into the ideographic (double bytc) mode. This will cause the printer to interpret pairs of adjacent bytes
as a single double-wide character and print these characters in double character spaces. The dcfault is a
blank. o

This command is valid for 5224 Model 12 and 5225 Models 11 and 12 printers only.

3.6.19 Horizontal Tab (HT)
Horizontal Tab (HT), X'05’, moves the print position to the right one tab stop. If no tab stop is encount-
ered, or if the tab stop encountered is to the left of the current horizontal print position, an exception condi-

tion (EC = 2) is posted and the print position is moved to the right by one space.

This command is valid for the 5219-D and 3812 printers only.

3.6.20 Required New Line (RNL)
Required New Line (RNL), X'06’, restores the indent level to the left margin and moves the print position

to the first position of the next line. This command is valid for the 5219-D and 3812 printers only. On the
3812, this also resets any pending indent level. '

3.6.21 Superscript (SPS)

Superscript (SPS), X'09’, causes an upward displacement of one-half a single line distance. This command is
valid for the 5219-D and 3812 printers only.

On a 5219-D, the resultant position is never more than one-half a single line distance from the nominal
baseline. If this control will not result in an upward displaccment, an exception condition (EC = 1) will
result. This happens if there are multiple superscript controls on a line or if a superscript control is used on
the first physical line of a page.

The 3812 can process any number of SPS controls on a line with each moving the print position up one half
line. , A

An SBS control will return an SPS condition to the baseline.

See 3.6.10, “Subscript (SBS)” on page 118 for information on multiple superscripts per line and “hanging
half-index” conditions on the 5219-D.

3.6.22 Repeat (RPT)

Repeat (RPT), X0A’, is processed as a no-op. This command is valid for the 5219-D and 3812 printers
only.
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3.6.23 Backspace (BS)

Backspace (BS), X'16’, causes the print position to be moved to the left one space (current font character
width). This command is valid for the 5219-D, 3812, and 4234 printers only. :

On the 5219-D or 4234, if the current print position and the left limit are separated by less than one char-
acter width, the print position is changed to the left margin.

Commands to béckspace beyond the left margin result in a no-op on the 4234,
The 3812 ignores the left margin when processing this command.

On the 5219-D, an exception condition results (EC = 2) when an attempt is made to backspace past the
leftmost physical print position with the margin released. Attempts to backspace past the left margin result
in the print position being set to the left margin, unless the margin is released.

3.6.24 Word Underscore (WUS)

Word Underscore (WUS), X'23", causes the entire word immediately preceding the command in the data
stream to be underscored. The word to be underscored is defined as the string of characters preceding the
- command code back to the first Word Begin delimiter. This command is valid for the 5219-D and 3812

printers only.
. The valid Word Begin delimiters follow.

Backspace

New line

Horizontal tab

Line feed

Indent tab

Justify text field

Form fced

Required form feed

Numeric space

Unit backspace

Numeric backspace

Word underscore

Carriage return

Interchange record separator

All four Presentation Position commands
Underscore graphic

Required new line

Space (note: not Required Space)

The 3812 also defines Index Return as a Word Begin delimiter.
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3.6.25 Unit Backspace (UBS)

Unit Backspace (UBS) X’1A’, when in proportional spacing (PS) mode, causes a backspace of one eséapé-
ment unit (EU) in width. On the 3812 and 5219-D, this i is always 1/60 inch. This command is valid for the
5219-D and 3812 pnnters only. , i

When not in proportional spacing mode, the command is a no-operation, except that UBS is always a word
delimiter always cancels a line or page boundary, and may define a paragraph boundary.

An exception condition results (EC = 2) when an attempt is made to backspace past the leftmost physical
print position with the margm released. Attempts to backspace past the left margin result in the print p051-
tion being set to the left margin, unless the margin is released.

3.6.26 Switch (SW)

P

Switch (SW), X'2A’, is processed as a no-op. This command is valid for the 5219-D and 3812 printers only.

3.6.27 Substitute (SUB)

Substitute (SUB), X"3F’, prints the hyphen graphic. This command is valid for the 5219-D and 3812
printers only.

3.6.28 Space (SP)

Space (SP), X'40", is the standard space graphic. It is included here because it has significance on the
5219-D and 3812 printers. It is a word delimiter, and it can increase in width during formatting.

3.6.29 Required Space (RSP)
Required Space (RSP), X’41’, prints the standard space graphic. It is included here because it has signif-

icance on the 5219-D and 3812 printers. It is processed like Space (X'40%), but is not recognized as a word
delimiter, and it is not increased in width during formatting.

3.6.30 Numeric Spdce (NSP)
Numeric Space (NSP), X’El’, prints the standard space graphic. It is included here becausc it has signif-

icance on the 5219-D and 3812 printers. It is processed lik<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>