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rhis publication provides reference information to aid in 
desiqninq loqic for communicating with an IBM 4953 or 4955 
Proc€ssor throuqh the input/output channel and several 
desiqnated user attachment features. This information is 
primarily intended for experienced engineers and 
technicians. This publication will also be useful to 
cus tamers who nee d deta iled inf or aa ti cn f or connecting their 
instruments and devices to the various attachment features. 

The reader should have a workinq knowledge of the 
information contained in the manuals listed in the 
"Prerequisite Publications" section of this preface. These 
publications contain information about: the processor, the 
channel, the operate I/O instruction, device control blocks 
with their associated commands and parameters, and the 
interrupt mechanism. The reader should especially note that 
the machine code information for the user attachment 
features can be found in the ~rerequisite publications. 
This information includes: command formats and descriptions, 
condition codes, and status words. 

Additional ~ublications that the reader will find useful 
are listed in the tiRe la ted Pu.blications" section of this 
preface. These publications provide physical planning 
information and list the available machines and features. 

li2tg. The processor I/O channel architecture, or any aspect 
of the I/O interfaces described in this publication, may be 
altered from time to time by IBM or may be withdrawn by IBM 
in part or in whole. 
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SUMMARY OF PUBLICATION 

~ha.Ql~[ 1.!. In.t.f.2!i'yctiQ'!!- This chapter introduces the reader 
to the I/O channel and the user attachment features that are 
described in the subsequent chapters. A block diagram shovs 
where the user attachment features are located with respect 
to the processor and the I/O channel. The attachment points 
covered are: 

• Processor I/O channel 
Channel socket adapter fEature 
Channel repower feature 

• Timer feature 
• Teletypewriter adapter feature 
• Inteqrated diqital input/output non-isolated feature 
• customer direct proqram control adapter feature 

~hg.Qt~~ ~~ E£Q£~§§Q~ lLQ ~h~nngl. The introduction to this 
cha pter provides a qenera 1 description of the channel, 
direct proqram centrol (DPC) operations, cycle steal (CS) 
operations. interrupts, and initial program load (IPL). 

• 

• 

• 

• 

The remaininq sections of this chapter provide: 

Siqnal line descriptions--this section includes a list 
of the I/O channel siqnal lines and identifies groups 
and subsets of the lines. A functional description is 
included for each siqnal line. 
Operational characteristics--this section consists of 
timinq charts and descripti v€ text for the various 
siqnal sequences that can occur on the I/O channel. 
Special timinq requirements and maximum skew are shown 
on the charts. 
Electrical characteristics--this includes (1) electrical 
requirements for dr1vers and receivers and a) other 
attachment considerations. 
Phvsical characteristics--this section provides 
connector information includinq illustrations and signal 
pin assiqnments. This information is supplied for the: 
1. I/O channel cahle connectors, 
2. Channel socket adapter feature, and 
3. C han DEI repo werfea ture. 

~h~Qi§r 1~ Ii~§~ 1~~!Y£§. The introduction to this 
provides a qeneral descripticn of the timer 
includinq a block diaqram. 

chapter 
feature 

• 
• 
• 

• 

The remaininq sections of this chapter provide: 

Detailed information about the timer signal lines. 
Operational characteristics of timer interrupts. 
Timer electrical characteristics--tbis includes driver 
and receiver information for external control of the 
timers. 
Timer physical characteristics--this section provides 
connector information, including an illustration and 
siqnal pin assiqnments for the connector located on the 
printed circuit card. 
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~Bg~!~~ ~~ Ig!giYBev!i1~! AggB!g£ Feature. This chapter 
provides a qeneral description and a block--diagram of the 
teletypewriter adapter feature. 

Other sections of the chapter provide: 

• Interface options for the teletypewriter adapter--this 
includes isolated and non-isolated current loops and 
voltaqe level interfaces for ElA* and TTL 
(transistor-transistor loqic). 

• Timinq sequences for transmit and receive operations. 
• Electrical characteristics--this includes driver and 

receiver information for each method of attaching a 
device to the teletypewriter adapter. 

• Physical characteristics--this section provides 
connector information and signal pin assignments. 

~!!.~l2i~£ 2.!. !.n.t~.9!g!~g Qigi1g1 !1l1H!.!LQY.1I2Y1 199j;'y!g. This 
chapter provides a qeneral description of the integrated 
diqital input/output non-isolated feature. A block diagram 
shows the reqisters and signal lines associated ~ith this 
feature. The introduction includes a functional description 
for: diqital input, digital output, and the external control 
line s. 

• 

• 

• 

other sections of the chapter provide: 

Operational characteristics--this section includes 
timinq sequences for write diqital output and read 
diqital input usinq external Eync. 
Electrical characteristics--this includes driver and 
receiver information for attaching the user's instrument 
or device. 
Physical characteristics--this section provides 
connector information and siqnal pin assignments at the 
connectors for the digital I/O fea ture and a t the 
connectors for the customer access panel feature. 

*Electronic Industries Association 
2001 Eve Street. N.W. 
Washington, D.C. 20006 
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~!lgJ2!:~~ .Q.!. ~"y§!Q'!~.I Qi~§st. prQgJ;~,! ~.Q!!trol Aggj2:.t~!: 19at.YJ;~. 
The introduction to this chapter describes the customer 
direct proqram centrol adapter feature. A block diagram 
shows the data flov from the processor I/O channel through 
the direct proqram control adapter to the user's devices. 

The remaining sections of this chapter provide: 

• Detailed information about the signal lines. 
• Operational characteristics--this section consists of 

tiainq charts and descriptive text for the various 
siqnal sequences. Special timing requirements are shown 
on the charts. Timing charts arE included for: an 
output sequence, an Lnpu t sequence, and an interrupt 
service sequence. 

• Electrical characteristics--this provides driver and 
receiver specifications for attaching the user's 
device(s). 

• Physical characteristics--this section provides 
connector information and signal pin assignments at (1) 
the connectors for the adapter feature and (2) the 
connectors for the customer access panel feature. 

PREREQUISITE PUBLICATIONS 

• IBK Ser ies/l Model 3: 4953 Processor and Processor 
Features Description, GA34-0021 . . • or 

• IBM Series/l Model 5: 4955 Processor and Processor 
Features Description, GA34-0022 

• IBM Series/1: Customer Direct Program Control Adapter 
Feature Description, GA34-0031 

BELATED PUBLICATIONS 

• IBM Series/l Physical Planning Manual, GA34-0029 
• IBM Series/1 Coniiqurator, GA34-0042 

!21~. Installation instructions are shipped with each system 
order. These instructions contain the information required 
for selectinq options and device addresses on the I/O 
attachment feature cards. 
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A variety of interfaces are provided for the user to attach 
his own input/output (I/O) devices and instruments to an IBM 
4953 or 4955 Processor. Both serial and parallel data paths 
are provided in addition to a multifunction timer. The user 
may choose one of the I/O adapter features or design his own 
I/O adapter to communicate directly with the processor I/O 
channel. 

Fiqure 1-1 shows the various methods of attachment and 
the available attachment features. Each attachment is 
described in subsequent sections cf this chapter. 

PROCESSOR I/O CHANNEL 

Input/output devices are attached to the ~rocessor through 
the I/O channel. The channel directs the flow of 
information between the I/O devices and main storage. It 
contains the facilities for the control of the I/O 
operations and can accommodate 256 device addresses. The 
I/O channel is asynchronous with lultidropped lines that 
link the prccessor resource to its external facilities. The 
I/O channel architecture includes: address, control, and 
data siqnal lines. 

To use the full capability of the channel including 
cycle steal, the user can connect to the I/O channel lines 
usinq any of the following features: 

• c ha nne 1 re power fea t ure 
• channel socket adapter feature 

These features are described in the following sections. 

The channel repower feature is a 
channel that repovers and isolates 
This feature permits connection of 
or controllers via four connectors 
circuit ca rd. 

serial feature on the 
the channel signal lines. 
additional I/O adapters 
on the top of the repower 
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The channel socket adapter feature consists of an IB~ 
printed circuit card that pluqs into the backpanel of the 
IBM 4953 or 4955 Processor or 4959 I/O Expansion Unit. On 
the top edqe of the IBM ~rinted circuit card is an industry 
standard connector that accepts the user's I/O adapter card. 
To power the user's circuits, +5 volts dc at 2 amFeres is 
available at the connector. 

I/O ATTACHMENT FEATURES 

The timeL feature card has two separately addressable 16-bit 
timers. If desired, the user can supply his own time base 
and qatinq siqnals throuqh a connector on the top of the 
card. 

Each timer can generate periodic or aperiodic 
interrupts with, or without, the external gate. 

In addition to operatinq as an interval timer or pulse 
counter, each timer can o~erat€ as a self-contained pulse 
duration counter with end interrupt. 

The teletypewriter adapter feature card provides a way of 
attachinq a serial I/O device. This feature provides a 
loqical subset of the EIA RS232-C interface. Full duplex 
operation and initial program load are supported by the 
adapter. 

Attachment to a teletypewriter is by a dc current loop 
(isolated or non-isolated). Tva other attachment options 
are offered: (1) TTL compatible and (2) an ElA voltage level 
inter face. 

The integrated diqital I/O feature card contains: 

• Two 16-point groups of non-isolated digital 
input/process interrupt (Dl/PI) 

• Two 16-point groups of non-isolated digital output (DO) 

Each qroup of DI/PI and DO have a ready and a sync line 
for synchronizing their operations with attached devices. 
The diqital points for each group and their associated ready 
and sync lines are available at three top-card connectors. 

Introduction 1-3 



The direct proqram control adapter feature card supplies a 
loqical subset of the I/O channel architecture. This 
feature provides a conv€nient meaDS of attaching I/O devices 
and subsystems to a 4953 or 4955 Processor. The interfacE 
circuits are TTL compatible. The adapter is designed to 
perform direct proqram control (DPC) functions only; cycle 
steal (overlapped) operations cannot be performed. The 
feature card can be confiqured to accommodate 4, 8, or 16 
I/O device addresses. The adapter allows for interrupt 
vectorinq of 16 interrupt sources. 

User attachment is throuqh three top-card connectors. 
There are 75 siqnal lines; these include: 18 data bus out, 
18 data bus in, 16 interrupt request in. 3 function bits, 4 
modifier bits, 4 device address bits, and 12 control and 
response lines. The data flow is always 16 bits without. 
parity option or 18 bits with parity option (2 parit.y bits). 

The customer access panel feature provides an assembly for 
mountinq optional, quick-disconnect type connectors for I/O 
equipment. The assembly can accommodate: one timer 
connector, one teletypewriter connEctor, and up to four 
connectors for either the in teqrated digital input/output 
feature, or the customer direct program control feature. 

The assembly mounts to the standard rack mounting screw 
holes at the rear of the enclosuIE frame. 
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INTRODUCTION 

Input/output devices communicate with the processor and main 
storage devices through the processor I/O channel. 
Attachment of the devices to the channel is through an I/O 
adapter or I/O attachment logic card. 

The channel directs the flow of information between the 
I/O devices, the processor, and main storage. A maximum of 
256 devices can be addressed. 

The processor I/O channel supports the following basic 
types of operations: 

• Direct program control (DPC) operations -- An immediate 
data transfer is made between main storage and the 
device for each Operate I/O instruction. The data may 
consist of one byte or one word. The operation mayor 
may not terminate with an interrupt. 

• Cycle steal operations An Operate I/O instruction 
can initiate cycle stealing data transfers of up to 65, 
535 bytes (per device control block) between main 
storage and the device. Cycle steal operations are 
overlapped with processing operations. Word or byte 
transfers, command and data chaining, burst mode, and 
program controlled interrupts can be supported. 

• Interrupt servicing four preemptive priority 
interrupt levels are available to facilitate device 
service. The device interrupt level is assignable by 
the program. In addition, the device interrupt 
capability can be masked under program control. 

• Initial program load (LPL) operations A record 
consisting of initial instructions for the processor is 
read into storage from either a local I/O device or 
from a host system. 

The channel provides comprehensive error checking 
including timeouts, sequence checking, and parity checking. 
Reporting of errors, exceptions, and status is accomplished 
by (1) recording condition codes in the processor during 
execution of Operate I/O instructions, and (2) recording 
condition codes and an interrupt information byte (IIB) in 
the processor during interrupt acceptance. Additional 
sta tus words may be used .by the device as necessary to 
describe its status. 

The I/O Channel is asynchronous and multidropped. 
Asynchronous means there are no timing restrictions inherent 
in the architecture. The response from a given I/O device 
triggers the next sequential action rather than a specified 

Processor I/O Channel 2-1 



timing condition. (Timeout conditions for error detection 
are, of course, not excluded.) An asynchronous channel 
allows the attachment of devices that have various speeds 
and technologies over a wide range of distances or delays. 

All of the I/O channel signal lines are TTL level 
compatible. This allows the user to attach a wide variety 
of I/O devices. 

The I/O channel signal lines are distributed internally 
through the processor backpanel board to each I/O attachment 
card socket. Distribution of the channel signal lines can 
be continued by connecting cables or a channel repower 
feature from a processor I/O socket (usually the A-socket) 
to an adjacent I/O expansion unit as the particular 
processor or configuration requires. A channel repower 
feature card is required if the channel is extended from an 
1/0 expansion unit to an additional I/O expansion unit. 

IBM I/O attachment cards plug directly into the 
backpanel sockets. External I/O devices are connected to 
the attachment cards via top-card connectors. 

Two features are available for connecting non-IBM 
devices directly to the channel: (1) the channel socket 
adapter feature and (2) the channel repower featur~. 

• Channel socket adapter feature -- this feature consists 
of an IBM printed circuit card that plugs into the 
backpanel of the processor unit or I/O expansion unit. 
An industry standard connector on the top edge of the 
IBM printed circuit card accepts the userts I/O adapter 
card. For further information, see "Socket Adapter 
Featu['e" near the end of this chapter. 

• Channel repower feature -- this feature is a logic card 
that repowers and isolates the channel signal lines. 
This card can be installed in any I/O socket, as the 
last series element on the channel, to provide for 
connection of additional I/O adapters or controllers. 
For further information, see "Channel Repower Feature" 
near the end of this chapter. 

If the user connects directly to the channel at the 
backpanel sockets instead of through one of the available 
features, unit load, power, and physical requirements must 
be considered. These and other requirements are discussed 
in subsequent sections of this chapter. 
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FUNCTIONAL DESCRIPTION OF THE I/O CHANNEL SIGNAL LINES 

The I/O channel consists of 81 signal lines. These signal 
lines are divided into two physical groups: (1) the .§~llic~ 
g£Q~ and (2) the Eol! g£QYE. Eaen group can operate 
concurrently and asynchronously with the other group. 
However, the initiation of sequences on the channel is 
interdependent. The service group supports: 

• Data and control information transfers 
• 1PL initiation 
• Reset functions 

The poll group supports: 

• Cycle steal requests from the devices 
• Interrupt requests from the devices 
• Acknovlegement of both types of requests 

The I/O channel signal lines are listed by group in Figures 
2-1 and 2-2. 

!Q!~. The direction shown for each line assumes that the I/O 
channel originates on the left; I/O attachments are on the 
right. 

The signal lines associated with the service group are 
listed in Figure 2-1. 

Processor I/O Channel 2-3 



Figure 2-1. 
~~liic~ GrouE 21 Sig.!!E:l Li~ 

Address bus bits 
Address bus bit 
Data bus 
Address gate 
Address gate return 
Service gate 

00--15 
16 

service gate return 
Condition code in bus 
Cycle input indicator 
Cycle byte indicator 
Stat us bus 
Data strobe 
Initiate IPL 
IPL 
Halt or MCHK (machine check) 
System reset 
Power on reset 

Total number of lines 

Direction 

<------) 
-------) 
(--_._--) 

-----_._) 
<_. __ ._---
._------) 
(------­
(------­
(------­
(------­_._-----) 
--_._---) 
._------) 
(------­
-------) 
._------) 
-------) 

No. of 1ine,2 

16 
1 

18 
1 
1 
1 
1 
3 
1 
1 
4 
1 
1 
1 
1 
1 
1 

54 

The signal lines associated with the poll group are listed 
inP'igure 2-2. 

Figure 2-2. 
Pol! §£Q~£ Q! Signal 11~~§ 

Signal ngme _________ _ 

Request in bus 
Cycle steal request in 
Poll identifier 
Poll 
Poll prime 
Poll propagate 
Poll return 
Burst return 

<-----­(---_._-
------) 
------) 
------) 
------> 
<-----­
<------

No. of line§ 

16 
1 
5 
1 
1 
1 
1 
1 

Total number of lines 27 
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The I/O Channel signal lines can be subsetted depending upon 
the level of fU,nction reguired by the I/O att.achment. In 
order of increasing level of function, these subsets are: 

• Basic subset 
• Interrupt subset 
• Cycle Steal/IPL subset 

Attachment to a subset is a prerequisite for attachment 
to the next higher level subset. 

The basic subset consists of the busses and tags to support 
functions initiated by the processor; that is, DPC (direct 
program control) commands. This includes the data transfers 
associated with the ope command itselt. The basic subset 
supports DPC devices that do not interrupt. 

The I/O signal lines in the basic subset are listed in 
Figure 2-3. 

Figure 2-3 (Part 1 of 2). 
~asi£ Subset--Ser.!i~ GrQ'!!£ ~~gn~l 1in~ 

Address bus bit 
Address bus bit 
Data bus *2 
Address gate 

00-15 *1 
16 

Address gate return 
Condition code in bus 
Da ta strobe 
Halt or MCHK 
System reset 
Power on reset 

------) _._----) 
------> 
------> 
<------
<-----­
------) 
------> 
------> 
------> 

16 
1 

18 
1 
1 
] 

1 
1 
1 
1 
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Figure 2-3 (Part 2 of 2). 
Basi£ Subset--Poll !!f:,Q,!!.E §.isrnal Lin~ 

Signal na._l1..;.e ___ _ 

Poll *3 
Poll prime *3 
Poll propagate *3 

------> ------> 
------> 

1 
1 
1 

*1 Address bus bits 00-15 need only to be received in 
this subset. 

*2 Bidirectional data bus capability is assumed for 
this subset. However, if the direction of data 
flow within a device is fixed (in particular, a 
read only device attachment with no write or 
interrupt capability), the device need not 
implement bidirectional data drivers and 
receivers. But in this case, the device must 
reject all commands requiring a transfer in other 
than the direction implemented by the device. The 
device must implement bidirectional data bus 
drivers and receivers for the interrupt subset 

*J 

(described in the next section) • 

Poll and poll prime need only be received, 
logically ANDed, and redriven on the poll 
propagate line to maintain continuity of the 
serial poll mechanism. 
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Interru~! Subset 

The interrupt subset consists of control busses and tags to 
support an interrupting source on the I/O channel. This 
subset pro vides the means to present interrupt requests to 
the processor, to resolve contention, to acknowledge an 
interrupt, and to accept an interrupt. 

In conjunction with the basic subset, the interrupt 
subset supports DPC devices that are interrupting sources. 
The I/O signal lines in the interrupt subset are listed in 
Figure 2-4. 

Figure 2-4 (Part 1 of 2). 
Int~~E! ~ubsei--~ervi£g Q!Q~£ Q1 Signal Lin~2 

Sigqal __ n~a~m~e~ ____ __ 

Service gate 
Service gate return 

------.> 
(------

Figure 2-4 (Part 2 of 2). 
!nt~£Y£1 Subset--Po!! GroYE Q! ~ig~! 1ine~ 

, 
1 

Signal name No. of lines 

Request in bus 
Poll identifier 
Poll 
Poll prime 
Poll propagate 
Poll return 

(-----­
------) 
------) 
--_._--> 
------) 
<--_._--

16 
5 
1 
1 
1 
1 
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This subset consists of control busses and tags to support 
cycle steal and IPL operations. This subset provides the 
means to present cycle steal requests to the processor, to 
resolve contention, and to service the cycle steal 
transfers. In conjunction with the basic and the interrupt 
subsets, the cycle steal/1PL subset supports devices that 
cycle steal or DPC devices capable of IPL. The I/O signal 
lines in the cycle steal/1PL subset are listed in Figure 
2-5. 

Figure 2-5 (Part 1 of 2). 
ufl,g St~2.Ulf1 Subs~.t.--§.g£!ic~ Q£QJ!J! of Sign~l Line§ 

Address bus bits 00-15*1 
Cycle input indicator 
Cycle byte indicator 
Status bus 
Initiate 1PL *2 
IPL *2 

<-----­<---_._-
<-----­------) 
------> 
<------

Figure 2-5 (Part 2 of 2). 
£~cl~ ~1,g~lL!f1 Subset--~Qll g£Q~£ 21 ~1g£~! Li~2 

16 
1 
1 
4 
1 
1 

No. of lines 

Cycle steal request in 
Bur:st return *3 

(-----­
<------

1 
1 

*1 Address bits 00-15 must have full bidirectional 
capability for this subset. 

*2 Required only for devices supporting IPL. 
Initiate IPL is not required for devices that 
only support IPL from a host system. 

*3 Required only if burst cycle steal transfers are 
suppo~ted by the device. 
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Address Bus Bits 00--15. This is a 16 bit bidirectional bus ------- -~- ~ ------that is received by all I/O devices. The bus is used on 
direct program control (DPe) sequences to select and pass 
commands to the I/O devices. On DPC sequences, the address 
bus bits 00--15 are logically equal to the contents of bits 
0--15 of the first vord of the lDCB. The channel select bit 
(IDCB bit 0) on address bus bit 0 can be ignored for device 
selection. 

The address bus is also used on cycle stealing 
sequences to present main storage addresses to the channel 
controls. On cycle steal service sequences, address bits 
00--15 are driven by the I/O device and correspond to the 
storage address bits 00--15 of the data to be transferred. 

Address bus bits 00--15 are not used on interrupt 
service sequences. 

!ddre§§ Bus Bi! 12. This bit is an outbound tag received by 
all I/O devices. When active, this tag signals a DPC 
sequence to the I/O devices. The receiver for this tag is 
always enabled. 

Q~1~ ~~§. This is an 18 bit bidirectional bus with 16 bits 
of data and 2 parity bits (odd parity by byte). The data 
bus transfers data and control intormation: (1) between the 
processor and the I/O devices on DPC and interrupt service 
sequences and (2) bet.ween cycle stealing <lev ices and main 
storage on cycle steal service sequences. 

On ~gf write seguences, data bus bits 00--15 are 
logically equal to the contents of bits 16--31 (sEcond word) 
of the IDCB. If a single byte is to be transferred to the 
device, the byte is transferred from bits 24--31 of the 
rDCB; bits 16--23 should be zero. DPC write sequences are 
specified by address bus bit , (IDCB bit 1) equal to logical 
one. 

Parity is always maintained for both bytes of the data 
bus on DPC write sequences. However, certain relaxations of 
the requirement to check parity on both bytes are allowed if 
a OPC device is byt.e oriented. A byte~Qriented Qevi£~ is a 
OPC device that does not use bits 16--23 of the loeB for any 
OPC write or control function as specified by bits 1 through 
3 of the IDCB. In this case, the device does not need to 
examine or parity check data bus bits 00--07 on nrc write or 
control sequences. A device that uses bits 16--23 of the 
IDCB for at least one DPe write sequence is not a 
byte-oriented device. Note that cycle steaiinq devices 
cannot be byte-oriented devices because they implement the 
start functions. 

On .Q!:£ ££ad .sequ~£~§, data bus bits 00--15 are driven 
by the device and correspond to bits 16--31 of the IDCB. If 
a single byte is to be transferred from the device, the byte 
is transferred on data bus bits 08--15 with data bus bits 
00--07 equal to logical zero. DPC read sequences are 
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specified by address bus bit 1 (IDCa bit 1) equal to logical 
zero. 

Parity must be maintained on both bytes of the data bus 
on ope read sequences. 

Qn in1~!:.Y.E1 2g£vi~ §.eguences, the data bus is used to 
pass the interrupt ID word to the processor. Data bus bits 
00--15 are driven by the device and correspond to bits 0--15 
of the interrupt 10 word. The first byte of the interrupt 
10 word (bits 0--7) is the interrupt information byte; the 
second byte (bits 8--15) is the device address of the device 
being serviced. 

Parity must be maintained on both bytes of the data bus 
on interrupt service sequences. 

On <,;:Y£l~ 2!~~1 §~vi£~ §ggl!~fg§, the data bus bits 
have the following meanings: 

1. Ou!£~!, ~Q£g !£gQ§!g£--data bus bits 00--15 are 
logically equal to the contents of the word at the 
storage address presented by the device. This storage 
address must be even. The device indicates an output 
word transfer .by presenting the .£:l£1,g i!!£ut !.!!.dic,2..!,Q,£ 
equal to logical 0 and the £Y£l~ 1!y1g indi2i2£ equal 
to logical O. 

2. InEY!, ~ord i£an§ig£--data bus bits 00--15 are driven 
by the device and correspond to the word at the storage 
address presented by the device. The storage address 
must be even. The device indicates an input word 
transfer by presenting the £.Y.£l~ in.£!!l inQ.i£~.tQ!: equal 
to logical 1 and the £.I'£!~ hytg indicator equal to 
logical o. 

3. QQ!EY!, Qyte ·tran2!~£--the main storage address 
presented by the dev~ce determines the alignment of the 
byte on the data bus. If the storage address is even, 
data bus bits 00--07 are logically equal to the 
contents of the byte at the storage address. If the 
storage address is odd, data bus bits 08--15 are 
logically equal to the contents of the byte at the 
storage address. The device indicates an output byte 
transfer by presenti.ng the £1..£1~ in£.!!1 i!!Qlg12£ equal 
to logical 0 and the £Y£1g ~.Yl~ i~~1~1Q£ equal to 
logical 1. 

4. rn.El!!, Qy.!,g transf~£--the device must align the byte on 
the data bus according to storage address being 
presented. If the storage address is even, data bus 
bits 00--07 are driven by the device and correspond to 
the byte at the storage address. If the storage 
address is odd, data bus bits 08--15 are driven by the 
device and correspond to the byte at the storage 
address. The device indicates an input by presenting 
the .£.Y.£1~ inpu,! indic~lQ£ equal to logical 1 and the 
£.Y£lg Qy!g .!llQicalQ.£egual to logical 1. 

The I/O architecture allows both byte and word cycle 
steal data transfers during the execution of a given cycle 
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steal operation. For example, an operation transferring an 
even number of bytes into a data table on an odd storage 
boundary could transfer 1 byte, then a number of words, and 
then end with a byte transfer. 

Parity is maintained on both bytes of the data bus 
during cycle steal output transfers. I/O devices must check 
both bytes of the data bus regardless whether a word or byte 
is being transferred. Parity must be maintained on both 
bytes of the data bus on cycle steal input transfers. 

Addr~~§ §at~. This is an outbound tag used during DPC 
sequences. This tag signals a device that it can respond to 
initial selection and begin execution of the command 
specified by bits 0--7 of the address bus. 

Addr~§§ Gat~ Return. This is an inbound tag used by the 
selected device during a DPC sequence. This tag signals: 
(1) the reception of address gate, (2) the activation of the 
condition code in bus, and (3) the activation of the data 
bus for a read sequence. 

~~!:.!ic~ Ga!.~. This outbound tag signals the device -that 
last captured a poll that a cycle steal or interrupt service 
sequence can begin. The I/O device detects the leading edge 
of this tag following a poll capture to begin the sequence; 
this is called service 9at~ caEt~£e. 

service Qat~ Retu£n. This is an inbound tag used by a 
device to signal a service gate capture and activation of 
the address bus (on a cycle steal sequence), data bus, 
condition code in bus. and other tags as required by the 
particular cycle steal or interrupt service sequence. 

Condition Code In ~y~. This is a 3-bit binary encoded 
inbound bus used by the I/O device on DPC, interrupt, and 
cycle steal sequences. 

On DPC and interrupt service sequences, the condition 
code in bus corresponds to the condition code indicators in 
the level status register (LSR) as follows: 

Condi!ion code in bit 

o 
1 
2 

LS"R indicator 

Even 
Carry 
Overflow 
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On cycle steal service sequences, the condition code in 
bus is used by the device to pass the address key to the 
channel. On cycle steal data transfers, condition code bits 
0--2 are logically equal to the cycle steal address key. 
This key is bits 5--7 of the DCB control word previously 
fetched by the device. During cycle steal transfers for 
fetching the DeB and for reporting residual status, a value 
of logical zero is used for the address key. During IPL 
cycle steal transfers a value of logical zero is also used 
for the address key. 

£.Y.£1~ InE!!! IndicatQ!:. This is an inbound tag used by the 
device on a cycle steal service sequence. This tag signals 
the channel that the cycle steal is either: (1) an output 
from storage or (2) an input to storage. When the indicator 
is a logical 1, an input to storage is indicated. When the 
indicator is a logical 0, an output from storage is 
indicated. 

Cycl~ ~~i~ Ingica!Q£. This is an inbound tag used by the 
device on a cycle steal service sequence. This tag signals 
the channel that the cycle steal is either: (1) a word 
transfer or (2) a byte transfer. When the indicator is a 
logical 1. a byte transfer is indicated. When the indicator 
is a logical 0, a word transfer is indicated. 

sta!.!!§ BU§. This is an outbound 4-bit bus used by the 
channel on a cycle steal service sequence. The bus signals 
the device being serviced of any errors the channel has 
detected. The bus is bit significant as follows: 

status bus bit 

o 
1 
2 
3 

Meaning 

Storage data check 
Invalid storage address 
Protect check. 
Interface data check 

If an error is indicated on cycle steal service 
sequences that are not a part of IPL, the device retains 
this information for presentation to the software via ISB 
bits 4--7 at interruption time. Cycle steal operations are 
terminated and an exception interrupt is presented. If an 
error is indicated on IPL cycle steal sequences, the device 
terminates cycle steal operations, but remains in an IPL 
state with the IPL line active and does not present and end 
interrupt. Therefore it is not necessary that status bus 
bits be recorded during IPL for later presentation. DPe 
devices supporting IPL should especially note this. 
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Bits 0 and 1 of the status bus are also used for 
selecting the primary and alternate 1PL source respectively. 
The appropriate bit of the status bus is activated with the 
ini tiate 1PL si.gnal to accomplish this selection. Only one 
device can be configured as a primary 1PL source and only 
one device can be configured as an alternate 1PL source at 
one time. 

~g st£2be. This is an outbound tag to the I/O device on: 
OPC, interrupt, or cycle steal service sequences. This tag 
can be used by I/O devices to: (1) accompl ish control 
actions, (2) register data on outbound transfers, and (3) 
accoaplish appropriate data resets on inbound transfers. 
Data strobe alvays occurs on normal DPC write, cycle steal, 
and interrupt service sequences. On ope read sequences, 
data strobe is not activated if the channel detects a parity 
error. 

Initiate IPL. This is an outbound tag from the channel to 
the 1PL source when the IPt is initiated by the processor 
Load key. The initiate IPL tag is singular in nature and 
meaning. It is a signal to the IPL source that the 
processor requires an IPL. The receiver for this tag is 
always enabled. 

Bits 0 and 1 of the status bus are used for selecting 
the primary and alternate sources respectively; see "Status 
Bus tl • 

1PL. This is an inbound tag (1) from the IPL source 
activated in response to the initiate IPL tag or (2) from a 
host system to signal the processor that the host is 
initiating an IPL action. The storage load itself takes 
place via the cycle steal mechanism. 

Halt 2£ MCH!. This is an outbound tag received by all I/O 
devices. The tag means that either: (1) a Halt command 
has been issued by the program or (2) a machine check class 
interrupt (excluding a storage parity check) has occurred. 
When the tag is detected by an I/O device, the device must 
disable selection, block poll propagation, clear any status, 
states, requests, interface control logic, and registers 
with the following exceptions: 

• Residual address 
• Prepare level and I-bit 
• Output sensor points 
• Timer values 
• Those registers not addressable by the software 

The receiver for the halt or MeRK tag is always 
enabled. 
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Syste~ ~~2~i. This is an outbound tag received by all I/O 
devices. The tag is singular in nature and meaning. When 
the tag is detected, the I/O device must disable selection, 
block poll propagation, and clear any status, states, 
requests, registers, and interface control logic with the 
following exceptions: 

• Residual address 
• Output sensor points 
• Timer values 
• Those registers not addressable by the software 

During IPL sequences, one particular system reset has a 
unique function. It viII be described in the "Operational 
Characteristics" section to follow. 

The receiver for this tag is always enabled. 

Po,!!g,!:-Q!! !t~.§.g1. This is an outbound control line from the 
power supply to all system components. This line is 
activated on all power on/off sequences. While the line is 
active, all system components are held in a system reset 
state. The residual address, output sensor points~ and 
timer values are also reset. The receiver for this line is 
always enabled. 

Each processor and I/O expansion unit on the I/O 
channel has a self-contained unit power-on reset. These 
paver-on resets are not electrically connected among units • 

.R2!! GrQ.!!l! Ling Definition 

Regu~§:!: In. l!.!!§. This is a 16-bit inbound bus used by an I/O 
device to request an interrupt. Bits 0--15 of the request 
in bus are used by I/O devices to request interrupts on 
levels 0--15 respectively. Only levels 0--3 are used on 
current processors. The level on which the device is to 
interrupt corresponds to the encoded value in the level 
field in the Prepare command. 

~£le St~~lRequest In- This is an inbound tag used by a 
cycle stealing device when an access to storage is required. 
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Pol,! Identifier. This is a 5-bit outbound bus used by the 
channel to indicate the nature of the poll presently being 
propagated to the I/O devices. The poll identifier is 
always recognizable by I/O devices that are capable of cycle 
stealing and/or presenting interrupts to the processor. The 
channel places a value on the poll identifier bas prior to 
raising the poll tag and holds it valid until a poll return 
or burst return is received. 

The significance of the poll identifiers is as follows: 
(Poll ID bits are shown using logical representation for 
active/inactive.) 

Poll 
identifier bit§. ~!~g 

Q.1ll!! 

00000 Poll for interrupt level a 
00001 Poll for interrupt level 1 
00010 Poll for interrupt level 2 
00011 Poll for interrupt level 3 
00100 Poll for interrupt level 4 
00101 Poll for interrupt level 5 
00110 Poll for interrupt level 6 
00111 Poll for interrupt level 7 
01000 Poll for interrupt level 8 
01001 Poll for interrupt level 9 
01010 Poll for interrupt level 10 
01011 Poll for interrupt level 1 1 
01100 Poll for interrupt level 12 
01101 Poll .for interrupt level 13 
01110 Poll for interrupt level 14 
01111 Poll for interrupt level 15 
10000 Quiescent value 
10100 Reserved 
11000 Reserved 
11100 Reserved 
lXXOl Reserved 
11X10 Reserved 
11111 Poll for cycle steal 

The Poll identifiers for interrupt levels 4--15 are not 
used on current processors. 
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Poll and Pol! Prim~ '!:gg.§. The poll tag is a serially 
propagated tag generated by the channel to resolve 
contention between multiple devices requesting interruptions 
on the same level and cycle steal requests. Each I/O device 
receives the poll tag andredrives it to the next device on 
the I/O channel via its poll propagate output line. 

The poll and poll prime tags are always recognizable by 
an I/O device that is capable of presenting interrupts or 
cycle stealing. An I/O device recognizes a poll as the 
leading edge of the logical "AND" of poll and poll prime. 
The device does a logical compare between the poll ID bits 
on the interface and the ID bits in his prepare register. 
An equal compare of the poll ID Bits "Anded" with poll and 
poll prime is called poll capture. Once the poll is 
captured, an I/O device can then respond with a poll return 
or burst return. If the poll captuI:'e does not occur, the 
poll tag is propagated to the next device on the 1/0 
channel. 

Because of the serial nature of the poll mechanism, the 
relative physical position of I/O attachments on the channel 
is a major determinant of the priority for serv1c1ng 
contending cycle steal requests and for servicing contending 
interrupt requests on the same interrupt level. Those 
attachments located in positions nearer to the processor are 
the first elements on the serial poll chain and are 
therefore of higher priority. 

To facilitate the removal of an I/O attachment card 
from the I/O channel without interrupting t.he poll 
propagation, a bypass mechanism is provided. Reference 
Figure 2-6. The poll prime tag, received by I/O attachment 
card N+2, is the salle line that I/O attachment card N+1 
receives as its poll tag. Hence, if I/O attachment card N 
is removed, the poll tag input to attachment card N+1 and 
the poll prime input to attachment card N+2 will appear as a 
logical 1. The poll prime input to attachment card N+1 will 
then follow the poll propagate output of attachment card 
N-1. 

If an I/O device does not present interruptions or 
cycle steal requests, the poll and poll prime tags are 
received, logically "ANDed", and then redriven to the poll 
propagate output. Cards that use an I/O slot on the 
channel, but are never logically connected to the channel as 
a device attachment, must also implement this logical 
"ANDUing and redrive capability. 

1. The poll bypass function applies on and between 110 
units. 

2. The cable slots or repower card are not considered to 
be an I/O attachment for purposes of the poll bypass 
mechanism, e.g., it is not permissible to leave an 
empty I/O slot on each side of the repover card. 
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foIl f£su~~at~. This ou·tbound tag is raised by an I/O 
device when it receives a poll that it has not captured. 

Poll Retu~. This is an inbound tag sent by an I/O device 
to signal the channel that a poll capture, for an interrupt 
pallor for a non-burst cycle steal service has taken place. 
It is not used to signify that a burst transfer is required. 

Burst Ret.!!!:!!. This is an inbound tag sent by an I/O device 
to signal the channel that a poll capture (cycle steal only) 
has taken place and a burst transfer is required. Once 
activated. the next leading edge of a service gate tag 
signals the beginning of the burst transfer. The entire 
channel is now dedicated to the I/O device. Service 
gate/service gate return "hand shaking". between the channel 
and the I/O device, continues until the burst return tag is 
dropped. An I/O device deactivates the burst return tag at 
the rise of the service gate tag for the last transfer. 
Under control of the program. burst mode is used only if so 
specified in the DCB control word. A device capable of 
supporting burst mode must also be capable of non-burst 
operations. Note that DCB fetching is always done in 
non-burst .ode. Burst mode is not precluded for IPL 
transfers. 
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PROCESSOR I/O CHANNEL OPERATIONAL CHARACTERISTICS 

Operations on the processor I/O channel are performed by the 
follovin~ major signal sequences utilizing either the 
service group, the poll group, or a combination of both. 

• DPe sequence (service group)--a write or read transfer 
initiated by an Operate I/O instruction. The sequence 
terainates after one byte or one word is transferred. 

• Interrupt service sequence {service group)--initiated 
by a poll capture following an interrupt request from 
an I/O device. The sequence is terminated after the 
interrupt 10 word is transferred. 

• Cycle steal service sequence (service group)--an input 
or output transfer initiated by a poll capture after a 
cycle steal request from the I/O device. The sequence 
terminates after one byte- or vord-transfer unless 
burst mode is active. 

• Poll sequence (poll group)--initiated by either an 
interrupt request or a cycle steal request. The poll 
is either propagated or captured by an I/O device. If 
the poll is captured, the I/O device returns a poll 
return tag for either (1) capture of an interrupt poll 
or (2) for a single cycle steal transfer.' The device 
returns the burst return tag for multiple cycle steal 
transfers. 

• Processor initiated IPL sequence {service and poll 
group)--initiated when the Load key on the console is 
pressed. The sequence terminates when the I/O device 
has transferred the complete IPL record. 

• Host initiated IPL sequence (service and poll 
groups)--initiated by a signal from the I/O attachment 
that connects the I/O channel to the host processor. 
The sequence terminates when the complete IPL record 
has been transferred. 

• Reset sequences--(1) initiated by the halt I/O or MCHK 
tag when a halt I/O command is issued or when a machine 
check interrupt occurs, or (2) initiated when the 
system reset key on the console is pressed. 

The service and poll groups operate concurrently and 
asynchronously to each other. This characteristic is a 
major operational and design consideration. However, some 
of the sequences occurring on the I/O channel are 
interdependent. Figure 2-7 is a block diagram illustrating 
the architectural interdependencies of the major channel 
sequences from the viewpoint of a group of devices in normal 
operation. This diagram does not attempt to show contention 
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resolution in the channel or provide a system level 
description. The IPL and reset sequences are of a special 
nature. IPL sequences use the poll and service groups in 
combination and involve operations with only one specific 
device with no other device active. Resets are entirely 
asynchronous and will affect operations on both groups. 

The left-hand side of the diagram shows the poll group 
resources. The right-hand side shows the service group 
resources. The inputs to the "poll for interrupt" block on 
the diagram are interrupt request and cycle steal request. 
The only input that goes directly to the service group 
resources is the Operate I/O instruction. 

For example, assume an interrupt request becomes active 
and gates the "poll for interrupt" block. This starts the 
poll sequence. The poll sequence gates the "interrupt 
acceptance" block, but inhibits cycle steal sequences, DPe 
sequences, and any further polling until this interrupt is 
serviced. 

As another example, assume the cycle steal burst 
sequence is active. The diagram shows that this sequence 
degates all other sequences. This is what is meant by 
saying the I/O channel is totally dedicated to the I/O 
device when in burst mode. 
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In subsequent sections, each major sequence is 

described. Timing diagrams are used to show the important 
timing relationships that the designer needs to adhere to 
(or be aware of) when designing an I/O attachment for the 
I/O channel. ~imings on the diagram are divided into tvo 
ma jor groups: 

CT 
T 

channel times 
attachment controlled times 

The designer has no control over channel times, but he 
must be aware of them. The designer does have control of 
the T-tiaes. These are considered attachment dependent 
times. 

The diagrams use the convention of an up level to 
denote a tag active or a bus value valid. 

The following abbreviations are also used on the timing 
diagraas: 

LVS 

LIS 

last valid signal, occurring in time, of a group 
of signals being activated on the channel. The 
group is linked by short dotted lines on the 
timing diagrams. 

last invalid signal, occurring in time, of a group 
of signals being deactivated on the channel. The 
group is linked by short vertical dotted lines on 
the timing diagrams. 

(; The designer should ensure that the signals he presents 

c 

to the I/O channel meet the specified T-times as shown on 
the timing diagrams. Since the designer does not control 
the loading at the output of the drivers in a given 
configuration, these timings should be met assuming the 
m.aximum loading permissible for the particular drivers being 
used. There are cases where differences in driver delays 
must be considered. For example, certain signals must be 
deactivated prior to a tag being dropped at the device 
adapter interface. In such cases one driver can be 
considered at nominal delay, the other at worst case delay, 
with both at maximum load. 

Refer to Figure 2-8. DPe write and DPe read sequences are 
executed as follows: 

1. Address bus bits 00--15 and address bus bit 16 (and the 
data bus on write sequences) are activated by the 
channel. These busses are held valid until the fall of 
address gate return as seen at the processor channel 
input. 
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The activation of address bus bit 16 causes all I/O 
attachments to compare address bus bit 8--15 (the device 
address) with the attachment's assigned device addressees). 
An equal comparison constitutes DPe selection of the device. 
Upon selection, the device examines the command in address 
bus bits 00--07, (also the data bus on write sequences for 
proper parity), and applicable device internal conditions 
necessary for determining command acceptance and I/O 
instruction condition code reporting. No specific device 
action or state change must occur as a result of the 
selection and examination of conditions relative to the 
command itself until a) address gate is recognized by the 
selected device for write sequences, or b) data strobe is 
recognized by the selected device for read sequences. For 
write sequences, it is preferrable for the device not to 
change state until data strobe is recognized, except during 
execution of a Device Reset command. If an I/O device has 
an interrupt request active on the interface and executes a 
device reset or prepare command, the device, as appropriate, 
drops its request or alters its requested level prior to the 
deactivation of data strobe as seen at the device interface. 

2. 

2-22 

Address gate is deskewed and activated on the channel. 
The deskew time. CT1, between the last valid signal of 
address bus (and data bus on write sequences) and the 
activation of address gate. measured at the device 
interface, is 200 nanoseconds minimum. Upon 
recognition of the address gate by the selected device, 
the device activates the condition code in bus (and the 
data bus on read sequences) and then activates address 
gate return. 

The condition code in bus (and data bus on read 
sequences) must be activated prior to the address gate 
return as seen at the device interface. These busses 
must be held valid and must not change in value until 
the deactivation of address gate and data strobe at the 
device interface. 

The permissible delay, T2, from address gate to 
address gate return, as seen at the device interface is 
3 microseconds maximum. Address gate return is timed 
out by the channel. If address gate return does not 
become active at the processor channel input vithin the 
timeout period, condition code 0 (device not attached) 
is returned to the I/O instruction and the sequence is 
terminated as follows: address gate, address bus (and 
data bus on write sequences) are deactivated. Data 
strobe is not activated. Address gate is deactivated 
prior to the deactivation of address bus as seen at the 
device interface. 

The permissible delay. T2, allows device 
attachments further time to resolve conditions for 
command acceptance or to initiate interlocked 
activation with further outbound logic. However, 
unless such functions are necessary, it is recommended 
that address gate return be activated as soon as 
possible for performance reasons. 
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3. Data strobe is activated. The time between address 
gate return and data strobe activation, CT2, is 100 
nanoseconds m1n1mum as seen at the device interface. 
The duration of data strobe, CT3, as seen at the device 
interface is 200 nanoseconds m1n1mum. If a parity 
error is detected by the channel during a read 
sequence, the data strobe is not activated. 

4. Data strobe (if it has been activate~ and address gate 
are deactivated simultaneously at the processor channel 
output. As denoted by the relationship of CT3 and CT4 
in Figure 2-8, data strobe may extend beyond the active 
envelope of address gate by 100 nanoseconds maximum, 
but the overlap of data strobe and address gate is 100 
nanoseconds minimum as seen at the device interface. 

5. Upon the deactivation of both address gate and data 
strobe, the device deactivates the condition code in 
bus (also data bus on read sequences), and address gate 
return. The condition code in bus (and data bus on 
read sequences) must be deactivated prior to the 
deactivation of address gate return. The permissible 
delay. TS. from the deactivation of both address gate 
and data strobe to the deactivation of address gate 
return is 3 microseconds maximum. This delay allows 
the device attachments to generate additional strobes, 
to do additional resetting, and to accomplish 
interlocked deactivation with outbound logic. Unless 
such functions are necessary however, it is recommended 
that address gate be deactivated as soon as possible 
for performance reasons. All device actions for the 
command must take place before deactivating address 
gate return. 

6. The total duration of the DPC sequence is timed out by 
the channel for error detection purposes. The total 
duration is measured as the time from activation of 
address bus bit 16 to the deactivation of address gate 
return. If address gate return is not deactivated 
within the timeout, a machine check occurs, and the 
channel activates the Halt or MCHK line. If the device 
attachment adheres to the specified times over which it 
has control, the total duration of the sequence viII be 
within this channel timeout under normal operation. 
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Int~y~! Se£yic~ Seguence Description 

Refer to Fiyure 2-9. 
executed as follows: 

An interrupt service sequence is 

1. Service gate is activated. The device detecting the 
first leading edge of the service gate activation 
following a poll capture is the selected device for the 
service sequence. This is called service gate capture. 

2. Upon service gate capture, the device activates the 
condition code in bus and the data bus and then 
activates service gate return. The condition code in 
bus and the data bus must be activated prior to service 
gate return. 

The permissible delay, T2, from service gate to 
service gate retuLn as seen at the device interface is 
3 microseconds maximum. There is no specific timeout 
on this delay_ As with DPC sequences, this delay is 
provided for attachment convenience. However, it is 
strongly recommended that this delay be held to a 
minimum for performance reasons. 

3. Data strobe is activated. The time between service 
gate return and data strobe, CT1, is 100 nanoseconds 
minimum as seen at the device interface. The duration 
of data strobe, CT2, is 200 nanoseconds minimum as seen 
at the device interface. 

4. Service gate and data strobe are deactivated 
simultaneously at the processor channel output. As 
denoted by the relationship of CT2 dnd CT3 in Pigure 
2-9, data strobe may extend beyond the active envelope 
of service gate by 100 nanoseconds maximum, hut the 
overlap of data strobe and service gate is 100 
nanoseconds minimum as seen at the device interface. 

5. Upon the deactivation of both service gate and data 
strobe, the device deactivates the condition code in 
bus. Then the device deactivates service gate return. 
The condition code in and data busses must be 
deactivated prior to the deactivation of service gate 
return as seen at the device interface. The 
permissible delay, T4, from deactivation of both 
service gate and data strobe, to the deactivation of 
service gate return is 3 microseconds maximum as seen 
at the device interface. Again this delay is for 
attachment convenience, but it is strongly recommended 
that the delay be held to a minimum. All device action 
for the service must take place prior to dropping 
service gate return. 

6. The total duration of the interrupt service sequence is 
timed out by the channel for error detection purposes. 
The total duration is measured from the activation of 
service gate to the deactivation of service gate 
return. If, within the timeout, service gate return 
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either 1) does not become active with service gate 
active, or 2) does not deactivate after it has become 
active, then a machine check occurs and the channel 
activates the Halt or MCHK line. If the device 
attachment adheres to the specified times over which it 
has control, the total duration of the sequence will be 
within this channel timeout under normal operation. 
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Refer to Figure 2-10. Cycle steal input and output 
sequences are executed as follows: 

1. Service gate is activated. The device detecting the 
first leading edge of the service gate activation 
following a poll capture is the selected device for the 
cycle steal service sequence. This is called service 
gate capture. 

2. Opon service gate capture, the device activates the 
address bus, and if a byte transfer is to take place, 
the cycle byte indicator. If the sequence is an input 
transfer, the data bus and cycle input indicator are 
also activated. These signals must be activated prior 
to the activation of service gate return. They must be 
held valid and must not change value until the 
deactivation of service gate and data strobe measured 
at the device interface. 

3. 

The permissible delay, T2, from service gate to 
service gate return as seen at the device interface is 
3 microseconds maximum. There is no specific timeout 
on this delay. The delay is provided for convenience 
only. However, it is strongly recommended that this 
delay be held to a minimum for performance reasons. 

The status bus (and the data bus on output sequences) 
is activated by the channel. 

4. Data strobe is activated. The duration of data strobe, 
CT3, is 200 nanoseconds minimum as seen at the device 
interface. 

5. 

2-28 

As can be noted by the eelationship of CT1 and CT2 
in Figure 2-10, the status and data busses may be valid 
only just prioe to the activation of data strobe at the 
device interface. Theeefoee, registration of status 
and data with the leading edge of data strobe is not 
eecommended unless delays are built into the attachment 
to allow for trigger conditioning. Since parity must 
be checked by the device on output sequences and error 
status may be posted to the device on the status bus, 
it should be noted that registration of data during 
data strobe may necessitate double buffering. 

If an error is posted to the device on the status 
bus in a burst mode transfer (not the last transfer), 
the device must complete one aore service sequence. 
This additional transfer is a dummy cycle. No 
device-beld parameters are to be updated nor are any 
additional status bus bits to be accumulated. 

Service gate and data strobe are deactivated 
simultaneously at the processor channel output. As 
denoted by the relationship of CT3 and CT4 in Figure 
2-10, data strobe may extend beyond the active envelope 
of service gate by 100 nanoseconds maximum, but the 
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overlap of data strobe and service gate is 100 
nanoseconds minimum as seen at the device interface. 

Upon deactivation of both service gate and data strobe, 
the device deactivates address bus bits 00-15, the 
condition code in bus, the cycle byte and input 
indicators as appropriate, and the data bus (on an 
input transfer). These lines must be deactivated prior 
to the drop of service gate return as seen at the 
device interface. 

The device deactivates service gate return. The 
permissible delay, T4, from the deactivation of service 
gate and data strobe to the deactivation of service 
gate return, is 3 microseconds maximum as seen at the 
device interface. This delay is for attachment 
convenience, but it is strongly reco •• ended that the 
delay be held to a minimum. All device action for the 
transfer must be completed prior to dropping the 
service gate return. 

The total duration of the cycle steal service sequence 
is timed out by the channel for error detection 
purposes. The total duration is measured in the same 
way as for an interrupt service sequence. If the 
timeout occurs, the channel activates the halt or ~CHK 
line. If the device attachment adheres to the 
specified times over which it has control, the total 
duration of the cycle steal sequence viII be within the 
channel timeout under normal operation. 

The sequence described here applies to cycle steal 
servicing in burst mode also. However, there is an 
additional consideration in burst mode as noted by CT5 
in Figure 2-10. Service gate for the next cycle steal 
transfer may activate immediately at the device 
interface after deactivation of service gate return. 
Therefore, the device does not directly control the 
demanded rate of servicing in burst mode. (The device 
does control this demand in normal cycle steal 
transfers because one request corresponds to one cycle 
steal service sequence.) In burst mode, the device can 
only exert minor control over the demand made by the 
channel by indirectly controlling delays of service 
gate return activation and deactivation. However, this 
mechanism is generally not recommended because there 
are attendent risks of device underrun and channel 
timeout. The recommended mechanism for burst mode is 
buffering for a size of data equal to the length of 
burst. 
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Poll Sequence DescriEtiQ~ 

Refer to Figures 2-11, 2-12 and 2-13. The poll sequences 
with poll return or burst return are executed as follows: 

1. When the device detects an interrupting condition, it 
activates the appropriate bit of the request in bus as 
determined by the level field and I-bit of the Prepare 
command. The device may activate an interrupt request 
on the interface only while its I-bit (device mask) is 
on, or equal to a logical 1. 

Once the bit of the request in bus is activated, 
the bit must remain active until the device has 
captured a poll, executed a prepare command setting the 
device I-bit off, or received: a device reset, Halt or 
MCHK, system reset, or power on reset. If an I/O 
device has an interrupt request active and executes a 
device reset or prepare command, the device, as 
appropriate, drops its request or alters its requested 
level prior to the deactivation of data strobe as seen 
at the device interface. 

When the device requires an access to storage, it 
activates the cycle steal request in line. Once the 
cycle steal request in has been activated, the line 
must remain active until the device has captured a 
poll, or received a Halt or MCHK, system reset, or 
power on reset. If the device has already activated a 
cycle steal request on the interface and detects a 
device directed reset, the device must complete the 
servicing for that request. This servicing is a dummy 
transfer and is to be an output transfer (read from 
storage). In the case of burst mode, the dummy 
transfer must appear as the last transfer of the burst 
mode. Because the channel is unaware that these are 
dumay transfers, no device-held parameters are to be 
updated nor are any status conditions to be recorded or 
reported by the device. 

2. Poll 1D is activated, either as a result of the 
particular device's request, or from other requests 
previously presented to the channel. Therefore, poll 
ID and a subsequent poll can occur completely 
asynchronous to the device's request. When the device 
detects activation of the pollIO bits relevant to the 
type of requests the device has activated (interrupt or 
cycle steal), the device must not allow its state of 
request to further influence the decision to capture or 
propagate the poll tag. 1 time, T1, (measured at the 
device interface) of 100 nanoseconds after the 
activation of poll ID and the device request becoming 
active is the latest time in which a device should 
allow a further request to influence the decision to 
capture or propagate. 

3. Poll is activated. The time, CT1, from the activation 
of the poll identifier to the activation of poll is 180 
nanoseconds minimum. Poll is held valid until the 
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activation of poll return or burst return at the 
processor channel input. When the device detects the 
leading edge of poll, the device must take action to 
either capture or propagate the poll. The capture is 
based upon the poll ID and the state and level of 
request as determined on the activation of poll ID. 

If !h~ £011 12 E£opagated (Figure 2-13) 

4. The device activates the poll propagate line to the 
next device attachment on the channel. The poll 
propagate output is the image of poll, with a delay, 
T2, of 200 nanoseconds maximum. Once a poll is 
propagated from the device, the device may take no 
further action until the activation of the next poll. 
However, if the device detects a Halt or MeHK, system 
reset, or power on reset, the poll propagate tag is 
deactivated regardless of the state of the poll at the 
device input. 

5. 

6. 

11 the ,Eol,! is captured (Figures 2- 11 and 2-12) 

The device activates poll return or burst return as 
appropriate, and deactivates the appropriate request 
line. The request line must be deactivated prior to 
the activation of pallor burst return. The poll or 
burst return must be activated at a time* T3, of 100 
nanoseconds maximum from the activation of poll as seen 
at the device interface. 

For interrupt service sequences, the activation of poll 
return causes the normal service gate sequence to begin 
without any intervening DPC sequence. This is 
necessary to preclude a device reset from occurring 
between the poll and service sequences and is necessary 
for proper implementation of device reset. The service 
gate may occur immediately or may be delayed 
considerably if another device is finishing a service 
sequence. 

For cycle steal operations, service gate may occur 
immediately or this tag may be delayed considerably if 
another device is finishing a service or DPe sequence. 

7. Poll and poll ID are deactivated. The time that poll 
ID remains at the quiescent value, CT4, is 100 
nanoseconds minimum as seen at the device interface. 
However, poll ID cannot be reactivated at the processor 
channel output prior to the deactivation of poll or 
burst return at the processor channel input. 

8. 

2-32 

InterruEt Q!: sing!~ transfer QY5:!!! ~al 
(fg.!l Ret urn) 

When poll becomes 
deactivated within 
seen at the device 
present another 

inactive, poll return must be 
a tilDe, T4, of 100 nanoseconds as 

interface. The device must not 
request in until service gate return 
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9. 

goes inactive, T5. This allows the processor to start 
a new polling sequence for a request from another 
device if one is present. 

After burst return is activated, the next activation of 
service gate begins the burst transfer. The interface 
throughput is now dedicated to the I/O device. The I/O 
device continues to get service until burst return is 
deactivated. Burst return must be deactivated within 
100 nanoseconds of the activation of service gate for 
the last transfer, T4. The I/O device must not present 
another cycle steal request or an interrupt request 
until service gate return goes inactive for the last 
transfer, T5. This allows time for the processor to 
start a new polling sequence and to service a different 
request if one is present. 

10. In both sequences, (1) with poll return and (2) with 
burst return, a channel timeout may occur. In the poll 
sequence with poll return, the timeout occurs if poll 
return does not go inactive. In the case of the poll 
sequence with burst return, the timeout occurs if poll 
does not go inactive. Both of these timeout conditions 
are indications of a tailure at the I/O device and will 
not occur under norm~l operating conditions if the 
timings in the referenced figures are adhered to. If 
the channel timeout does occur, it causes a machine 
check and activates the Halt or MCHK line on the 
channel. 
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froc€ssor !nitiateg 19~ Sequence Description 

Refer to Figure 2-14. The processor initiated IPL sequence 
is executed as follows: 

, . The initiate 1PL line is activated at the processor 
channel output, along with status bus bit 0 or 1, as a 
result of pressing the load key. status bus bit 0 and 
1 reflect the position of the 1PL source switch, 
primary or alternate, at the time the load key was 
pressed. The first system reset in the sequence is 
also activated at this time. Initiate 1PL and the 
status bus are held valid until the activation of the 
1PL tag at the processor channel input after the first 
sytem reset is deactivated. 

On the activation of the logical 'AND' of initiate 
1PL and system reset, the device must dc reset the IPL 
tag within 200 ns, T1, as seen at the device interface. 
On activation of the first system reset, the device 
executes all other system reset functions. Because of 
possible Skew, system reset may lag initiate IPL and 
the status bus at the device interface. Therefore, the 
IPL tag may temporarily become active at the device 
interface prior to the first system reset. However, 
the processor channel ignores the IPL tag during the 
initial part of the sequence and does not examine it 
until the first system reset has been activated. 

In no case should the device use the leading-edge 
transition of the first system reset. This is because 
the first system reset could also lead the initiate IPL 
and status bus at the device interface. 

The first system reset is deactivated after a time, 
CT1# of 4.8 microseconds minimum at the device 
interface. The IPL source device then activates the 
IPL tag. The time, T2, from the deactivation of the 
first system reset to the activation of the IPL tag 
must be greater than zero as seen at the device 
interface, but the maximum time is device dependent. 
This maximum time should be kept within reasonable 
limits, and generally this time should only depend upon 
electronic rather than mechanical delays. 

As a result of 1PL going active_ initiate IPL is 
deactivated. The status bus is not valid for the 
primary/alternate selection portion of the IPL sequence 
after the time when initiate IPL is deactivated. 
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5. 

A second system reset is activated. The time from the 
deactivation of initiate IPL and activation of the 
second system reset. CT3, is 200 nanoseconds minimum as 
seen at the device interface. This second system reset 
is of a unique nature. The IPL source device maintains 
an active IPL tag while using this system reset to 
enable the cycle steal transfer for the storage load. 
The device should use only the trailing edge of the 
second system reset to accomplish this enabling. 

The second system reset is deactivated. IPL cycle 
steal requests and transfers may then begin. The time. 
T3, from the deactivation of the second system reset to 
the activation of the first cycle steal request must be 
greater than zero as seen at the device interface. The 
maximum time is device dependent. This time should be 
kept to a reasonable minimum so that the IPL is 
completed in a reasonable time and the operator does 
not suspect that the system is inoperative. At this 
time, the function of the status bus returns to its 
original function; that is, the reporting of status 
information to the I/O device being serviced. The IPL 
record length can be up to a maximum of 64KB. 
Successful completion of IPL is signalled to the 
processor by the device dropping the IPL tag. Time T4, 
from the end of cycle steal requests dnd transfers (as 
defined by the deactivation of the last service gate 
return) to the deactivation of the IPL tag has a 
mln1mum time of zero. The maximum time is device 
dependent, but should also be kept to a minimum for the 
same reason as stated tor time T3. 

Following the successful completion of IPL and the 
dropping of the IPL tag, the I/O device must be 
prepared to level zero with its I-bit on and presenting 
an interrupt request to the processor I/O channel. The 
device must be available in all other respects. When 
the interrupt is accepted, the device presents the 
device end interrupt condition code. 

6. If a system reset occurs after the device has enabled 
cycle steal requests and transfers, the device must 
deactivate the IPL tag within 200 nanoseconds at the 
device interface, terminate the cycle steal transfers, 
and execute all other system reset functions. Note 
that this system reset could be the result of (l) the 
operator pressing the reset key, or (2) the operator 
pressing the load key to begin another processor 
initiated IPL sequence where the system reset leads the 
initiate 1PL tag at the device interface. Therefore, 
this represents an added condition for resetting the 
1PL tag. Note also that this condition is dependent 
upon being in an enabled state for 1PL tr.ansfer as a 
result of the second system reset. 
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7. If during cycle steal transfers an error condition is 
posted to the device on the status bus, the device aust 
terminate further requests and cycle steal transfers, 
leave the 1PL tag active, and not present an end 
interrupt. If, during the cycle steal requests and 
transfers, a hardware failure causes a channel 
time-out, the system remains in a 'hung' condition. 
The device should leave the IPL tag active. Halt or 
ftCHK will not occur. This allows diagnosis of the 
problem in the state in which the failure or error 
occurred. 
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Host Initiated IP1 Seguence Descrietion 

Refer to Pigure 2-15. The host initiated IPL sequence is 
executed as follows: 

1. The processor is placed in IPL mode by the host system 
and the IPL tag is activated. 

2. System reset is activated for 4.8 microseconds minimum 
and then deactivated. 

3. After system reset is deactivated, cycle steal requests 
and transfers may begin. The amount of data 
transferred is dependent upon the host. The IPL record 
length can be up to a maximum of 64KB. 

4. At the end of cycle steal transfers, the IPL tag is 
deactivated. T1 and T2 are analogous to times T3 and 
T4 in Figure 2-14. 

5. This sequence is very similar to the latter part of the 
processor initiated IPL sequence, starting at the point 
where the IPL tag activates. 

6. For further details on the IPL sequence refer to 
"Processor Initiated IPL Sequence Description", steps 3 
through 7. 
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Res~l Sequences Descriytion 

1. 

2. 

3. 

4. 

5. 

The effect that Halt or MCHK, system reset, or power-on 
reset must have, has been discussed at various points 
throughout this chapter. 
The Halt or ~CHK and system reset tags, when occurring, 
are active for 4.8 microseconds minimum as seen at the 
device interface. Power on reset sequencing is 
discussed in the sUbsequent section, "Electrical 
Characteristics". 
The deactivation of device interface signals active at 
the time of the reset must be performed within 200 
nanoseconds as seen at the device interface. 
The processors may have unpredictable values on the 
address, data, and status busses during resets. 
Therefore, resetting of registers must not depend on 
the values of these busses. 
For specific information concerning a reset sequence in 
conjunction with another sequence, refer to the 
description of the basic sequences in earlier portions 
of this section. 
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Desig,!! ConsideratiQ!!2 .{2£ Operationa.l Seg~~ 

This subsection viII highlight some aspects of device 
adapter design that are considered to be deserving of 
further explanation. In some cases, typical circuits are 
used as a vehicle to explain the aspect under discussion. 
The area of logic represented should not be taken in the 
context of a total design, when other considerations would 
result in added function to a logic area. For example, the 
figures assume one device only, although an attachment may 
service more than one device. The logic figures use the 
following conventions: 

• Connections--Those with a circled "I" indicate a unit 
load or drive to the device interface with the channel; 
those with a circled "J" indicate a jumper connection. 
Circled dots indicate that ·the signa.l is connected to 
another figure in this subsection. Dots alone indicate 
that the signal would be used or originates elsewhere 
in an attachment, but is not connected to another 
figure. 

• Logic--Wedges indicate negative active signals. Logic 
blocks are labeled with a particular logic function; 
the blocks perform that particular logic function with 
the polarity of the inputs as shown for the block. 
Except for the invert function, logic functions are 
considered to produce a positive output internal to a 
block. In S08e cases, a logic function is combined 
with a signal inversion to indicate the complete 
function of the block. 

• Labels--Signal lines are labeled with the polarity 
appropriate to the active level of the signal. 
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~ag2 ~nd ~ta Strobe. The previous section specified that 
for DPC, interrupt service, and cycle steal service 
sequences the deactivation of the return tag (address gate 
return or service gate return) occurred only after the 
deactivation of the respective outgoing tag (address gate or 
service gat~ and data strobe. 

Because the channel deactivates the outgoing tag 
simultaneously with the deactivation of data strobe, the 
phase relationships between the outgoing tag and data strobe 
could be skewed at the device interface. At the device 
interface, data strobe could be deactivated either before or 
after the deactivation of the outgoing tag. However, data 
strobe would never be active completely outside the active 
envelope of the outgoing tag for that sequence. This 
suggests that a method for keeping the return tag active to 
meet the condition specified in the first paragraph is to 
logically "OR" the outbound tag with the data strobe. This 
is true, provided that certain considerations are taken into 
account. First, as seen by any device, data strobe or 
address gate can occur at random outside of a DPe sequence, 
when address bus bit 16 is not active. This is because of 
the presence of main storage physically attached to the 
channel for the 4953 processor. Second, as seen by the poll 
mechanism of any device, the data strobe can occur at 
random. This is because of the concurrency of polling and 
service sequences on the channel. A device adapter may 
operate its poll mechanism while it or other devices are 
executing a sequence associated with the service group. 
These tvo considerations make it necessary to a) ensure that 
the logical "ORfl is gated only for those sequences 
specifically of interest to the attachment when it is 
selected, and b) keep the poll mechanism operation 
independent of data strobe. 

Figure 2-16 illustrates a method for keeping the return 
tags active for DPe, interrupt, and cycle steal sequences. 
For a ope sequence, the logical "OR" of data strobe and 
address gate is gated with the condition of a DPC selection 
(address bus bit 16 active) and a match of the device 
address with address bus bits 08--15. Por interrupt and 
cycle steal service sequences, the selection is based upon 
capturing the leading edge of the first service gate 
following a poll capture. 

The circuit shown enables the poll mechanism to be kept 
independent of data strobe and prevents storage related data 
strobes from activating the service gate return for a device 
unless it has specifically been selected for service. Note 
that address bus bit 16 is not used to determine selection 
for the interrupt or cycle steal sequence. Note also that 
data strobe does not participate in the setting of the 
service gate capture trigger. The complement of the service 
gate capture trigger resets the poll capture latch. This 
ensures that the service gate capture trigger is fully 
latched prior to resetting the poll capture latch, which in 
turn removes the set condition for the service gate capture 
trigger. The service gate capture trigger is reset by 
either the deactivation of service gate or data strobe, 
whichever occurs later in the sequence. 
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The figure shows two arbitrary delays in series with 
the return tags. These delays are fed by the logical "OR" 
of the respective gate tag and data strobe, called the 
envelope of the outbound tag. The two envelopes can be 
conveniently used internally in the attachment for such 
purposes as gating data out to the interface and tor gating 
data strobe. The delay should allow for appropriate data 
and condition code activation and deactivation on the 
interface in the correct relationships with the return tag. 

The figure also illustrates deselection and degating of 
return tags with any of the three synchronous channel 
directed resets. Note that device reset (which is a DPC 
command) is not included in these resets, since its action 
is different. This will be explained further in the 
discussion of the poll mechanism which follows. 
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Poll l1££ha!!!.§..!!. The operational sequence for polling has 
the means designed into it for eliminating the classical 
test and set condition and for minimizing the effects of 
metastability. Figures 2-17 and 2-18 show a typical poll 
mechanism for non-burst cycle stealing and interrupt 
polling. A single device adapter is assumed. 

The two types of requests, cycle steal request and 
interrupt request, are shown on the left side of Figure 
2-17. These requests, whose sources would be latches, are 
presented to the interface after suitable gating. In the 
case of an interrupt request, the level bits previously 
loaded by a Prepare command are decoded to present a request 
on one of the request in bus lines. 

The active conditions of the poll ID bits are detected 
for cycle steal and interrupt respectively. Also, poll ID 
bits 1 through 4 are compared with the level bits to 
determine if the requested level of interrupt matches the 
level being polled. 

Figure 2-18 shows the poll latches. The sample latches 
on the left are the key to the poll mechanism. The active 
condition of the pollIO bits for cycle steal or interrupt 
cause the respective sampling latches to sample the state of 
request and prevent further requests from influencing the 
decision to capture for that poll sequence. The designed 
deskew between poll ID and poll activation gives these 
sample latches ample time to resolve metastability prior to 
poll activation. Note that the two sampling latches are ID' 
triggers without the final output latch. Polarity bolds 
could be used, but this circuit cannot necessarily be 
generalized for use in a multiple device attachment where 
cycle steal requests and interrupt requests vould be 
processed concurrently. 

The two latches on the right side of the figure are 
common logic in the poll mechanism and assume that cycle 
steal and interrupt requests are not posted at the same 
time. This would be the case in a single device adapter. 
The poll decision latch is biased to propagate the poll in 
the absence of a sampled request. In the absence of poll, 
the poll decision polarity hold follows the outputs of the 
sample latches. By the time poll is activated, all inputs 
to the poll decision latch are stable, including the compare 
of the interrupting level. The decision to propagate or 
capture is therefore made prior to the activation of poll. 
When poll is activated, it holds the value of the poll 
decision latch and gates the appropriate poll propagate or 
return tag. If a decision to capture has been made, the 
poll capture latch is also set at this time. A circuit is 
provided to block requests-in until the cycle steal or 
interrupt service sequence is complete. 

The figure also illustrates the use of resets to degate 
tags and accomplish appropriate resetting. Note that device 
reset is not included in these resets since its action and 
time of occurrance is different from the asynchronous 
channel directed resets. Device reset is a DPC command and 
cannot arbitrarily reset the cycle steal portion of the poll 
mechanism and the service gate capture latch. This is 
because once a cycle steal request has been presented to the 
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interface, the device must follow through with a dummy 
service sequence if it receives a device reset. Device 
reset affects the interrupt portion of the poll mechanism 
only indirectly by resetting the interrupt request itself at 
its source. Recall from the block diagram of channel 
sequence interdependencies that an interrupt service 
sequence must follow a poll for interrupt without any other 
intervening sequence on the service group. Also that the 
channel cannot concurrently poll for an interrupt during a 
DPC sequence. This means that a device can present an 
interrupt request to the interface and then withdraw it on 
execution of a device reset or prepare command. 
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P['ocesso~Initia~g Ill:. When designing the IPL mechanism. 
for an 1/0 attachment there are several important items that 
must be taken into consideration. These items can be 
categorized into tvo groups: 1) IPL selection and, 2) system 
reset. 

IPL selection refers to the ability of an IPL device to 
be selected as either being a primary or alternate loading 
device. Since only tvo IPL sources are allowed on the 1/0 
channel, the processor selects the appropriate device via 
the status bus bits 0 and 1. The device attachment must 
have the capability of being personalized as either being 
primary or alternate or neither. Refer to Figure 2-19, 
Processor initiated 1PL logic. Note that primary or 
alternate selection is provided via jumpers. The processor 
initiated IPL sequence basically consists of two system 
resets, the second of which performs a unique function. 
With the activation of the first system reset and initiate 
IPL, a dc reset occurs resetting the 1PL tag flip-latch and 
deactivating the IPL tag. When system reset deactivates, 
the flip latch is set and the IPL tag is activated. But 
prior to the flip latch changing state, due to delays, a 
logical zero is clocked into the D-trigger. Therefore, IPL 
request and transfers are not yet enabled. The second 
system reset pulse becomes active but does not affect the 
flip latch because the initiate IPL tag is inactive. The 
second system reset then deactivates causing the active 
value of the 1Pt tag to be clocked through the trigger, thus 
enabling IPL requests and transfers. Should a third system 
reset occur, the IPL tag and enable IPL latches are reset. 

Qevi~ .B~.§~l. For most normal applications, the recommended 
implementation to execute a device reset is to utilize the 
entire envelope of address gate as a long strobe. This 
allows for a greater length of effective reset and for 
earlier clearing of logic. 

Re£~i.!~!: hondi!ioni,!!g. Receivers on bidirectional busses 
may have to be conditioned, depending upon the technology 
utilized. The primary reason for this conditioning is to 
reduce loading on the particular bus to the source that is 
driving the bus at the time. Receive.r conditioning by 
itself serves no purpose as an enabling or logical function. 
Therefore, receiver conditioning is discussed in more detail 
in the subsequent section of this chapter on "Electrical 
Characteristics", specifically in "Unit Load 
Characteristics". 
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Refer to Figure 2-20. Each processor unit and I/O expansion 
unit on the I/O channel has a self-contained power-on reset. 
These unit power-on resets are not electrically connected 
among I/O or processor units. 

For example, assume that a system consists of a 4955 
Processor Unit without the repower features and a 4959 I/O 
Expansion unit. If a loss of pover occurs on the I/O 
expansion unit, outbound isolation is not provided. The I/O 
channel is inoperative and errors may occur. 

When a channel repower feature is installed in a unit, 
the feature uses the power-on reset signal from the unit 
immediately outbound of it to degate all inbound tags and 
busses to the processor whenever the outboard unit is 
powered down or actively generating a pover-on reset signal. 
For example, if power went down on I/O expansion unit 2, the 
power-on reset signal from unit 2 would be sent across the 
cable to the repower feature plugged in unit 1. This would 
cause the repower feature in unit 1 to degate any inbound 
signals from unit 2 and all other units outboard of unit 2. 

The power-on reset of the unit containing the repower 
card is used only to initialize certain latches on the 
repower card; outboard units are not directly affected by 
this signal. 

If I/O processing is taking place at the time of the 
loss of pover, an error may occur. Indications of the error 
are: 

1. 

2. 
3. 
4. 

an unexpected condition code to an operate I/O 
instruction 
an I/O interrupt with a condition code of 2 or 6 
a machine check class interrupt with I/O check on 
a machine check class interrupt with I/O check and the 
sequence indicator on. 

The error results from the fact that the processor may 
continue to send outbound tags out, but inbound tags are 
degated. If the inbound tags are degated, this may cause 
the channel to time out and cause the check. An indication 
of a pover loss on the I/O channel is the reporting of a 
condition code 000 to Operate I/O instructions that are 
directed to devices. in the powered-down card file or 
outboard from the powered-down unit. 

In order to power the system up and down without I/O 
checks, the following sequences must be observed: 
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Power-up: 

Power-down: 

Power-up the 4959 I/O Expansion Units in any 
order; then power-up the processor unit. 

Power-down the 
power-down the 
any order. 

processor unit first, then 
4959 I/O Expansion units in 

If it is necessary to power-down the I/O expansion unit 
but leave the processor unit powered-up without incurring 
I/O checks, press system reset before powering down the I/O 
expansion units. This procedure is valid only if the 
channel repover feature is installed in the processor unit. 
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Pigure 2-20. Pover-on resets as they affect the 1/0 channel 

Processor units 

4955 without channel repower card 
I 
I 
I 
I 

'----r--..I....:-...... I • 
I 

4955 with channel repower card 

I 
I 
I 
I 

-11<L.....L~p--.;::..- PO R 

I/O expansion units 

I/O expansion unit 1 

---! Power supply 

Outboard POR 

I/O expansion unit 2 

r-------
I 

Outboard 
POR 

4953 I I/O expansion unit N 

.... -- POR 

Key: 

r:r----J I/O cable and connector showing power-on reset (POR) 

lJd- POR 

~pR l.:J Channel repower card 

POR: Power-on reset 

BBU: Battery back-up (optional) 
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PROCESSOR I/O CHANNEL ELECTRICAL CHARACTERISTICS 

C Chan~! ?.!gnal Line !le£!ri.f~! Ch~teristic§ 

c 

o 

The following information in Figure 2-21 is a description of 
the I/O channel at the backpanel in a tabular form. Signal 
lines are tabulated in terms of direction, I/O pin 
assignment, processor driver/receiver type, and the active 
and quiescent levels. Special reserved lines that are used 
for storage or floating point are not listed. 

The direction of a siynal is indicated by an arrow. An 
arrow pointing to the right indicates a siynal from the 
processor, pointing to the left, from the device. A line 
with double arrows indicates a bidirectional signal. 

Signal levels and driver/receiver types are listed as 
they would appear at the first and succeeding I/O attachment 
sockets, but not necessarily at specific pins on the 
processors themselves. 

The active levels shown correspond to logical 1 for 
address bus bits 00-15, data bus, condition code in, cycle 
indicators, poll identifier bits, and status bus bits; these 
levels correspond to activation of tags and requests. The 
quiescent levels are defined for the following conditions: 

• 

• 
• 

The processor and I/O device are in the state that 
follows a system reset. 
The Load key has not been pressed. 
No reset tags are active. 

Therefore, there is no channel activity to or from the 
I/O devices, storage, or floating point. 

An asterisk with an associated number found under the 
heading refers to an explanatory note. 
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Figure 2-21 (Part 1 of 2). 
Ch~!l~l Drivers/Receivers !.Y£~§ ~g 1£.!~1§ 

DIRI I/O PIN IPHOC- JACTIVEI 49S3 I 4955 
Line Name I ASSIGN tESSOR ILEVEL JQUIES tQUIES 

J J DR/REe I J LEVEL I LEVEL 
I I JTYPE I t I 

Address Bus Bit-----OO---I<--»--Bo2----J--C-A--IMinus 1--*5--JPlus 
Address Bus Bit-----Ol---J<-->I--B03----I--C-B--IMinus 1--*S--JPlus 
Address Bus Bit-----02---)<--»--B04----I--C-B--JMinus 1--*5--IPlus 
Address Bus Bit-----03---J<-->I--B05----I--C-B--)Minus J--*5--IPlus 
Address Bus Bit-----04---I<-->f--B07----I--C-B--IMinus j--*5--IPlus 
Address Bus Bit-----OS---I<--»--B08----I--C-B--IMinus 1--*5--jPlus 
Address Bus Bit-----06---I<-->I--B09----J--C-B--IMinus 1--*5--IPlus 
Address Bus Bit-----07---I<-->I--Bl0----J--C-B--)Minus 1--*5--IPlus 
Address Bus Bit-----08---I<-->I--B12----t--C-B--IMinus f--*5--IPlus 
Address Bus Bit-----09---I<-->I--D02----I--C-B--IMinus J--*S--)Plus 
Address Bus Bit-----l0---I<-->J--D04----j--C-B--IMinus 1--*5--JPlus 
Address Bus Bit-----l1---J<-->J--D05----I--C-B--1Minus )--*5--IPlus 
Address Bus Bit-----12---I<-->J--D06----I--C-B--IMinus 1--*S--JPlus 
Address Bus Bit-----13---I<-->t--D07----I--C-B--IMinus 1--*5--IPlus 
Address Bus Bit-----14---I<--»--D09----I--C-B--IMinus J--*S--JPlus 
Address Bus Bit-----15---I<-->I--Dl0----I--C-B--IMinus J--*S--JPlus 
Address Bus Bit-----16---I--->I--Dl1----J--C-D--IMinus IPlus jPlus 
Address Gate-------------j--->I--M08----I--C-D--JMinus IPlus IPlus 
Address Gate Return------I<---I--M09----I--C-E--IMinus IPlus jPlus 
Burst Return-------------I<---)--P04----I--C-E--IMinus JPlus IPlus 
Condition Code In Bit--OOI<---I--D12----I--C-E--IMinus IPlus IPlus 
Condition Code In Bit--Oll<---I--D13----I--C-E--IMinus JPlus IPlus 
Condition Code In Bit--021<---I--B13----J--C-E--IMinus JPlus IPlus 
Cycle Byte Indicator*~---f<---I--Pl0----t--C-E*1IMinus IPlus IPlus 
Cycle Input Indicator*1--)<---I--P09----I--C-E*11Minus JPlus lPlus 
Cycle Steal Request In---I<---I--M02----I--C-E--IMinus IPlus IPlus 
Data Bus Bit-----------OOJ<-->I--G02----I--C-C--IMinus 1--*5--IPlus 
Data Bus Bit-----------011<-->I--G03----J--C-C--IMinus 1--*~--IPlus 
Data Bus Bit-----------021<-->I--G04----I--C-C--IMinus 1--*5--IPlus 
Data Bus Bit-----------031<-->I--G05----J--C-C--JMinus )--*S--JPlus 
Data Bus B~t-----------041<-->I--G07----J--C-C--IMinus 1--*5--IPlus 
Data Bus sit-----------051<-->I--G08----I--C-C--)Minus 1--*5--jPlus 
Data Bus Bit-----------061<-->I--G09----I--C-C--JMinus 1--*5--IPlus 
Data Bus Bit-----------071<-->I--Gl0----I--C-C--jMinus 1--*5--IPlus 
Data Bus Bit-----------POj<-->I--G12----)--C-C--IMinus 1--*S--IMinus 
Data Bus Bit-----------081<-->I--J02----I--C-C--IMinus J--*5--IPlu5 
Data Bus Bit-----------091<-->I--J04----I--C-C--IMinus f--*5--JPlu5 
Data Bus Bit-----------101<-->I--JOS----I--C-C--IMinus )--*S--JPlus 
Data Bus Bit-----------111<-->I--J06----J--C-C--IMinus 1--*5--JPlus 
Data Bus Bit-----------12J<-->I--J07----1--C-C--IMinus 1--*5--IPlus 
Data Bus Bit-----------131<-->I--J09----)--C-C--IMinus 1--*5--IPlus 
Data bus Bit-----------141<-->I--Jl0----I--C-C--1Minus 1--*5--IPlus 
Data Bus Bit-----------151<-->I--Jl1----I--C-C--IMinus 1--*S--JPlus 
Data Bus Bit-----------Pll<--»--J12----I--C-C--IMinus 1--*5--~Minus 
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Figure 2-21 (Part 2 of 2). 
Ch~.!!~! Driv~f..§LRe~.!y~£§ !.Y£~'§ ~!!Q Levels 

DIRt I/O PIN IPROC- IACTIVEI 4953 I 4955 
Line Name I ASSIGN lESSOR ILEVEL 1QUIES IQUIES 

I I DR/BEC I I LEV EL I LEVEL 
) I I TYPE I t I 

Data Strobe--------------I--->I--M10----I--C-D--IMinus JPlus JPlus 
Halt or MCHK-------------J--->I--M07----1--C-D--IMinus IPlus IPlus 
Initiate IPL-------------I--->I--P07----I--C-D--1Minus IPlus IPlus 
IPL----------------------I<---1--S04----I--C-E--)Minus IPlus IPlus 
Poll---------------------J---> --M12----1--C-D--IPlus lMinus IMinus 
Poll Identifier Bit OO---J---> --P11----I--C-D--IMinus IMinus IMinus J 

Poll Identifier Bit 01---1---> --S02----IUnused IMinus 1-*2---IPlus*~1 
Poll Identifier Bit 02---1---> --S03----IUnused IMinus 1-*2---IPlus*21 
Poll Identifier Bit 03---j---> --P12----I--C-D--IMinus IPlus IPlus I 
Poll Identifier Bit 04---1---> --P13----I--C-D--JMinus IPlus IPlus I 
Poll Prime---------------I---> --M1J----I--C-D*7 Plus IMinus IMinus I 
Poll Propaqate-----------I---> --M11----I------- Plus IMinus IMinus I 
Poll Return--------------t<--- --M04----I--C-E-- "inus IPlus IPlus t 
Power On Reset-----------I---> --S05----I---*3-- Minus JPlus IPlus j 
Request In Bus Bit--OO---I<--- --S07----I--C-E-- ~inus IPlus IPlus I 
Request In Bus Bit--Ol---t<--- --S08----I--C-E-- Minus IPlus IPlus 1 
Request In Bus Bit--02---J<--- --S09----t--C-E-- Minus 1Plus JPlus I 
Request In Bus Bit--03---I<--- --S10----J--C-E-- Minus Plus JPlus I 
Request In Bus Bit--04---I<--- --S12----tUnused- Minus -*6---jPlus I 
Request In Bus Bit--05---I<--- --S13----IUnused- Minus -*6---IPlus I 
Request In Bus Bit--06---I<--- --U02----IOnused- Minus -*6---)Plus I 
Request In Bus Bit--07---I<--- --U04----)Unused- Minus -*6---IPlus I 
Request In Bus Bit--08---I<--- --U05----IUnused- Minus -*6---1Plus I 
Request In Bus Bit--09---j<--- --U06----IUnused- Minus -*6---IPlus I 
Request In Bus Bit--10---I<--- --U07----IUnused- Minus -*6---IPlus j 
Request In Bus Bit--11---1<---j--U09----IUnused- Minus -*6---IPlus J 
Request In Bus Bit--12---I<---I--U10----1UnuseJ-1Minus -*6---tPlus I 
Request In Bus Bit--13---J<---I--U11----IUnused-IMinus -*6---IPlus I 
Request In Bus Bit--14---)<---I--U12----JOnused ,Minus -*6---JPlus t 
Request In Bus Bit--15---'<---1--U13----1Unused-l~inus 1-*6---tPlus I 
Service Gate-------------I---»--P05----I--C-D--IMinus IPlus IPlus I 
service Gate Return------I<---I--P06----I--C-E--IMinus IPlus JPlus J 
Status Bus Bit------OO---I--->I--J13----I--C-D--IMinus IPlus IPlus J 
Status Bus Bit------01---I--->I--G13----I--C-D--IMinus IPlus IPlus I 
status Bus Bit------02---I--->I--M03----I--C-D--IMinus JPlus*41 Plus I 
Status Bus Bit------03---J--->I--P02----I--C-D--IMinus IPlus IPlus I 
System Reset-------------I--->I--M05----J--C-D--IMinus IPlus IPlus t 
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*1 

*2 

These lines are also driven by the 4953 processor in 
conjunction with the storage interface. (DR/BEC TYPE 
C-C) 
Neither processor uses these bits. They are therefore 
tied up to the defined quiescent level at the 
processor. 

*3 Power-On-Reset is driven directly by the power supply 
circuitry. 

*4 The 4953 processor does not use Status Bus Bit 2 (for 
storage protect). This line is therefore tied up to 
the defined quiescent level. 

*5 Address and Data Busses contain processor dependent 
quiescent levels. 

*6 The 4953 backpanel does not connect to any of these 
pins. 

*7 There is no connection to this pin for the first I/O 
socket on the 4953 backpanel. 

Figures 2-22 and 2-23 list further information on the 
drivers and receivers for the 4953 and 4955 processors. 
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Figure 2-22. I/O channel driver/receiver classification 

Type C-A, C-B 

Driver 
open 
collector 

Receiver 

Type C-C 

Same circuit 
type as C-A, C-B 

Type C-D 

Driver 
active 
collector 

Type C-E 

Receiver 

4955 

+5 V ± 10% 
0.6 kn ± 2.5% 

Output/input 

Output 

+5 V ± 10% 
0.39 kn ± 2.5% 

Input 

Driver 
open 
collector 

4953 

+5 V ± 10% 
0.5 kn ± 2.5% 

Output/input 

Conditioned receivers (up to 4) are located 
on the storage card and storage interface 

Driver 
open 
collector 

Receiver 

Driver 
active 
collector 

Receiver 

+5 V ± 10% 
0.5 kn ± 2.5% 

Output/input 

Output 

+5 V ± 10% 
0.5 kn ± 2.5% 

Input 
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Figure 2-23. 
~h@!!~! Dri v.er/Receiver Informa tiOD 

Definitions in the following tables are: ffPUL = Most positive 
Up Level, LPUL = Least Positive Up Level, MPDL = Most Positive 
Down Level, and LPDL = Least Positive Down Level. 

j -, 

l.TYP,LC-!.L-C-]-1 ____ !!.95_3 _____ 1 ____ 4952 ____ --1 
1--_________ --1_QRTVER LRE~l;l!ER __ l_DRIVER ~£EIVE!ll 
I MPUL I 5.5V I 5.5V I 5.5V 5.5V 
I LPUL J 2.4V I 2.0V I 2.4' 2.0V 
I MPDL I 0.6V J 0.8V I 0.4V O.BV 
J LPDL I O.OV I O.OV t 0.0' O.OV L _____ _ 

r ----, 
ll!PE_C-L-__ j 4953 1-___ !955 _____ 1 
L DRIVER l-liECEIVEL-l.-ll!!!l~L..LBEC12.IVE!!l 
I MPUL 5.5' t 5.5V I 5.5V ) 5.5V J 
,LPUL 2.4V I 2.0V I 2.4V I 2.0V I 
t MPDL 0.6V I 0.8' I 0.45V I 0.8' I 
t LPDL O.OV I O.OV I O.OV I O.OV I L_______________________ -J 

r 
LTYPE C-D ! 4953 _ 1 4~25 1 
1- ) DR! V E.R I DRIVER 1 
I MPUL I 5.5V I 5.5V I 
I LPUL J 2.4V J 2.4V I 
J MPDL I 0.6 V I 0.6V I 
J LPDL I O.OV J O.OV J 
L ----' 

r , 
LTYPE C-E 1 495.3 J 4955 ! 
1 _____ ._1RECEIVEIL.-LRECEI.YER ___ 1 
I t1 PU L I 5. 5 V I 5. 5 V J 
, LPUL J 2.0V t 2.0 J 
) MPDL J O.8V J 0.8V J 

I LPDL I 0.0' I O.OV f 1.. ______ _ 
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Uni! Load Characteristics. The information in this 
sUbsection specifies a unit load for the channel. 

A device adapter or attachment represents a single drop 
on the I/O channel. It can represent one or more logical 
devices, each with a device address. For a device adapter 
to attach to the I/O channel and not restrict the I/O 
configuration because of improper loading, it must present a 
unit load to the I/O channel. A unit load means that every 
specification on each of the drivers and receivers to the 
I/O channel has been met or exceeded. A violation of any of 
the driver/receiver specifications constitutes a violation 
of the unit load requirement. Proper operation of the 
channel under these circumstances would then be dependent 
upon the particular configuration of attachments on the 
channel and consequently would be generally unpredictable. 

Pigure 2-24 assigns a classification of driver/receiver 
type to I/O channel signal lines. Figure 2-25 depicts and 
describes each driver/receiver type in general terms and 
establishes the reference current direction for the elements 
of the driver/receiver type. Figure 2-26 then specifies the 
driver and receivers for each type. Two types of unit loads 
are specified 1} a general unit load and 2} a TTL unit load. 
IBM attachments present general unit loads to the interface. 
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Figure 2-24 (Part 1 of 2). 
Unit Load D.1:'i verLRe~ive:r !Y£~ 

J J I/O PIN I I/O 
Line Name I I ASSIGN • DR/REC 

J I I TYPE I 
Address Bus Bit-----OO---I<-->I--B02----t--A-A----1 
Address Bus Bit-----Ol---)<-->J--B03----I--A-B----J 
Address Bus Bit-----02---t<-->t--B04----J--A-B----' 
Address Bus Bit-----OJ---t<-->I--B05----I--A-B----1 
Address Bus Bit-----04---J<-->I--B07----J--A-B----1 
Address Bus Bit-----05---I<-->I--B08----J--A-B----I 
Address Bus Bit-----06---J<-->f--B09----t--A-B----1 
Address Bus Bit-----07---j<-->I--Bl0----I--A-B----1 
Address Bus Bit-----08---I<-->I--B12----I--A-B----1 
Address Bus Bit-----09---I<-->I--D02----I--A-B----1 
Address Bus Bit-----10---J<-->f--D04----I--A-B----1 
Address Bus Bit-----11---J<-->I--D05----I--A-B----1 
Address Bus Bit-----12---I<-->I--D06----I--A-B----1 
Address Bus Bit-----13---I<-->J--D07----J--A-B----1 
Address Bus Bit-----14---J<-->I--D09----J--A-B----1 
Address Bus Bit-----15---I<-->J--Dl0----I--A-B----1 
Address Bus Bit-----16---J--->I--Dl1----J--A-D----1 
Address Gate-------------I--->J--M08----J--A-D----1 
Address Gate Return------J<---I--M09----I--A-E----1 
Burst Return-------------I<---I--P04----I--A-E----1 
Condition Code In Bit--OOI<---I--D12----I--A-E----1 
Condition Code In Bit--011<---I--D13----I--A-E----1 
Condition Code In Bit--02J<---'--B13----I--A-E----t 
Cycle Byte Indicator-----)<---I--P10----I--A-E----1 
Cycle Input Indicator----J<---I--P09----I--A-E----J 
Cycle Steal Request In---I<---I--M02----J--A-E----1 
Data Bus Bit-----------OOI<-->I--G02----I--A-C----t 
Data Bus Bit-----------011<--»--G03----I--A-C----1 
Data Bus Bit-----------021<-->J--G04----I--A-C----1 
Data Bus Bit-----------031<--»--G05----I--A-C----l 
Data Bus Bit-----------041<-->I--G07----I--A-C----1 
Data Bus Bit-----------05J<-->I--G08----I--A-C----1 
Data Bus Bit-----------061<-->I--G09----I--A-C----1 
Data Bus Bit-----------07)<-->J--Gl0----I--A-C----t 
Data Bus Bit-----------POI<-->I--G12----I--A-C----1 
Data Bus Bit-----------081<-->J--J02----I--A-C----1 
Data Bus Bit-----------091<-->I--J04----I--A-C----1 
Data Bus Bit-----------101<-->I--J05----I--A-C----1 
Data Bus Bit-----------111<-->I--J06----I--A-C----j 
Data Bus Bit-----------121<-->J--J07----I--A-C----1 
Data Bus Bit-----------1JI<--»--J09----J--A-C----1 
Data Bus Bit-----------14J<-->I--J10----I--A-C----1 
Data Bus Bit-----------151<-->I--J11----J--A-C----1 
Data Bus Bit-----------P1J<-->I--J12----I--A-C----J 
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Figure 2-24 (Part 2 of 2). 
Uni!; LOg,g Driver/ReC~i!~ I.Y.2~ 

I I/O PIN 1 I/O 
Line Name I ASSIGN I DR/REC 

I I TYPE I 
Data Strobe-------------- --->I--Kl0----I--A-D----1 
Halt or MCHK------------- --->I--M07----I--A-D----1 
Initiate IPL------------- --->I--P07----I--A-D----1 
IPL---------------------- <---I--S04----I--A-E----) 
Poll--------------------- --->I--M12----I--A-G----1 
Poll Identifier Bit 00--- --->l--Pl1----I--A-D----1 
Poll Identifier Bit 01--- --->I--S02---- --A-D----I 
Poll Identifier Bit 02--- --->I--S03---- --A-D----I 
Poll Identifier Bit 03--- ---> --P12---- --A-D----I 
Poll Identifier Bit 04--- ---) --P13---- --A-D----I 
Poll Prime--------------- ---) --"13---- --A-G----I 
Poll Propagate----------- ---> --Ml1---- --A-p----I 
Poll Return-------------- (--- --M04---- --A-E----I 
Pover On Reset----------- ---> --505---- --A-D----I 
Request In Bus Bit--OO--- (--- --S07---- --A-E----I 
Request In Bus Bit--Ol--- (--- --S08---- --A-E----I 
Request In Bus Bit--02--- (--- --S09---- --A-E----I 
Request In Bus Bit--03--- (--- --510---- --A-E----I 
Request In Bus Bit--04--- (--- --512---- --A-D----I 
Request In Bus Bit--05--- (--- --S13----I--A-E----1 
Request In Bus Bit--06--- <--- --U02----I--A-E----l 
Request In Bus Bit--07--- (--- --U04----1--A-E----1 
Request In Bus Bit--08--- <--- --U05----I--A-E----1 
Request In Bus Bit--09---1(--- --U06----I--A-E---­
Request In Bus Bit--10---I<--- --U07----I--A-E---­
Request In Bus Bit--l1---I<--- --U09----I--A-E---­
Request In Bus Bit--12---t<--- --U10----j--A-E---­
Request In Bus Bit--13---I<--- --U11----I--A-E---­
Request In Bus Bit--14---I<--- --U12----I--A-E---­
Request In Bus Bit--15---)(---I--U13----I--A-E---­
Service Gate-------------I--->I--P05----I--A-D---­
Service Gate Retarn------I<---I--P06----I--A-E---­
Status Bus Bit------OO---I--->I--J13----I--A-D---­
Status Bus Bit------01---I--->I--G13----I--A-D---­
Status Bus Bit------02---I--->I--M03----J--A-D---­
Status Bus Bit------03---I--->I--P02----I--A-D----t 
System Reset-------------I--->I--M05----I--A-D----1 
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Figure 2-25. Unit load driver/receiver classification 
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Figure 2-26 (Part 1 of 2). 
Unit Load priver/Receiver Specification 

I I 
TYPE AND PARA~ETER I TEST IGENERAL UNIT ITTL UNIT 
ELEftENT ICONDITIONI LOAD - I LOAD - I 

I (VOLTS) ICURRENT (mA) ICURRENT (mA) I 
I IAT NODE IftII MAX I~IN ~AX I 

-----------------------------------------------------------------. 
A-A High Level I 2.4 
Dri vee Output I 

I 
Low Level I .45*1 
output I 
--------------)---------

A-A 
Receiver 

High Level I 2.4 
.Input I 

(Condition- Low Level 
ed) Input-

Conditioned 
Jlnactive 
I 
ILow Level 
IInput­
IConditioned 
I Active 

-----------1--------------
A-B , A-C tHigh Level 
Driver loutput 

I 
I.Low Level 
loutput 

-----------1--------------
A-B, A-C JHigh Level 
Receiver IInput 
(Condi tioD -I I 
ed) fLow Level I 

tlnput- I 
IConditioned I 
IInactive I 
I 1 
1Low Level I 
IInput- I 
I Conditioned I 
IActive I 

• 2 *.3 

2.4 

2.4 

+.110 I +.2501 
I • 
I I 

+20 1+20 I 
I I 

---------------1------------1 
+.04 I +.04 I 

a 
I 

-.1 -.2 I 
a 
I 
I 
I 

-.75 -1.6 I 
-.93 I 

I 
I 

--------------- ------------1 
+.110 +.250 I 

I 
I 

+16 +16 I 
I 

--------------- ---~~-------l 
+.04 +.04 J 

I 
I 

-.2 -.4 I , 
I 
J 
I 

-.75 -1.6 I 
-.93 I 

I 
J ______ . ____________ -J 
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Figure 2-26 (Part 2 of 2). 
Un!l Load Q!:iver/Beceiver Seecificatio,!! 

• • 
I I I I 
I TYPE AND I PARAMETER I TEST IGEBERAL UNIT ITTL UNIT 
I ELE!ENT I ICONDITIONI LOAD - I LOAD - I 
I I I (VOLTS) Ie URRENT (IIA) ICU.BRENT (IlA) I 
I I tAT NODE IMIH ftAX IMIN MAX I 
1-----------------------------------------------------------------1 
I A-D IHigh Level I 2.4 I +.03 I +.04 I 
I Recei ver I Input I I I I 
I I I I I I 
I fLow Level 1.4 *3 I -.75 I -1.6 I 
I IInput I 0, -.93 I I 
1-----------1--------------1---------1---------------1------------1 
IA-E IHigh Level I 2.4 J +.150 I +.250 I 
I Dri ver ,output I I I I 
I I I I I I 
t I Lo vLe vel I • 45 * 1 I + 16 I + 1 6 I 
I IOutput I J I f 
1-----------1--------------1---------1---------------1------------1 
IA-F IHigh Level I 2.4 I -.4 I -.4. 
IDriver loutput I J J I 
I I I I J I 
I ILow Level 1.6 *1 1+16 )+16 j 
I Joutput I I I I 
1-----------1--------------,---------1---------------1------------1 
J A-G t High Level I 2.4 I +.04 I +.04 I 
,Receiver IInput I I I j 

I I J I I I 
I (W/O I J I I I 
I Resistor) ILow Level 1.4 I -1.6 J -1.6 I 
I IInput I I I I 
L-___ . 

The information in this subsection specifies a unit load for 
the channel. 

Specification applies to operating range 0 0 to 70 0 c. 

Each unit driver and receiver must be no more than one 
physical element. For example, two half-unit load receivers 
should not be used in lieu of one-unit load receiver. 

Test Conditions assume vee is at maximum or minimum value to 
produce vorst case conditions. The operating limits of vee 
are ±10 percent. 

*1. Test conditions of less then the listed voltage with 
the specified sink capability will also satisfy the 
speci fica t ion. 

*2. The unit load current versus test condition voltage is 
highly non-linear. Type A-A, A-B, and A-C receivers 
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need not be conditioned if the receiver always 
satisfies the conditioned inactive unit load current 
for a test condition of from 0 to 0.45 volts. See 
"Receiver Conditioning" sUbsection that follows for 
further explanation of conditioning. 

*3. The general unit load current may be computed at any 
other test condition voltage by linear extrapolation 
using the tvo points given. 

Voltage Le~12 and Switching Characteristics. The driver 
voltage levels given are the minimum and maximum output 
levels for the driver circuits as seen at the module output 
pins. 

The receiver switching levels given are as seen at the 
module pins and include de noise tolerance. 

Receiver switching 
Driver voltage levels characteristics 

r 1 , 
J I BON- I J I I 
lLEVELS I SCHOTTKY llCHOTTKY 1 1 LEVEL INPUT 1 
I MPUL I 5.50V I 5.5V I 1 PtPUL S.5V t 
I LPUL I 2.40V J 2.4V I J LPUL 2.0V I 
I rIPDL I 0.45V I 0.6V I J MPDL 0.8V J 
I LPDL I 0.0 V I o.OV I I LPDL c.ov I 
L , 1.. 
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Re£eiv~£ Con~it!Q!!ing. The number of receivers that can be 
connected to a bidirectional line is limited by the total 
current that the receivers supply to the line relative to 
the amount of current that a driver on the line can sink and 
still maintain a down state within specification on the 
line. These limitations impose a major restriction to the 
number of receivers that can be operated by a single driver. 
Receiver conditioning relieves these limitations for 
conventional technology by providing a means of gating off a 
receiver when it is not the intended recipient of the logic 
signal on the bus. This allows a larger number of receivers 
to be connected to the bus. Signals must be provided to 
condition the receivers independent of the bus. It should 
be understood, that conditioning in itself is not an 
enabling or logical function; however, conditioning signals 
are generated from logical conditions in the attachment. 

Receiver conditioning is described in Figure 2-27. 
When a receiver is not intended to be responsive to the 
logic signal on the bus (Va), the control gate (conditioning 
driver) holds the second input point of the receiver (Vb) 
into the lower voltage or down state. Because the bus 
driver contains a larger load than the conditioning driver, 
the conditioning driver is able to sink more current than 
the bus driver, thus making Va > Vb. It can be seen that, 
when in this state, the current Ib is greater than Ia and 
the receiver does not present a current load (as large as it 
normally vouId) to the bus. Therefore, the receiver is said 
to be conditioned off or inactive. Note that it is 
important to choose a signal conditioning driver with a low 
down level voltage in the region of 0.15 volts or less. 
Selecting a high current capability driver and designing for 
a low fan-out will also help to maintain this low down 
level. 

If the receiver is intended to be responsive to the 
logic state on the bus, the control signal to the 
conditioning driver releases the appropriate potential at Vb 
to allow the receiver to be gated into a state responsive to 
the logic signal at Va. The receiver is now said to be 
conditioned on or active. 

The address bus bits 8--15 receivers are conditioned 
active only with address bus bit 16 being active. Address 
bus bits 0--7 are conditioned active only during a DPe 
selection, which is in effect, address bus bit 16 being 
active and a device address comparison. The data bus is 
conditioned by tvo events: 1) during a DEC selection with 
address bus bit 1 equal to a logical 1 and only until the 
deactivation of address gate return and, 2) during a service 
gate capture for a cycle steal service sequence for an 
output transfer and only until the deactivation of service 
gate return. 

].Q!~. It is important that the receivers be conditioned 
active only during the above mentioned events; they are to 
be conditioned off or inactive all other times. 
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Pigure 2-27. Receiver conditioning 
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Qni1Load ,ggui valences. Uni·t load substitutions may be .ade 
on the I/O channel using the following equivalence 
definitions and rules. 

A 'y!!it Qravailable droE.§ is an available resource of 
I/O drops (sockets) (1) outboard of a processor, or (2) 
between the processor and the first channel repower feature, 
or (3) between any two repower features, or (4) outboard of 
a channel repover feature. 

In some cases, a unit of available drops spans two 
physical units, as with systems utilizing the 4955 processor 
(without battery backup) with a 4959 attached. In general, 
a channel repower feature arbitrarily plugged into any I/O 
slot defines a unit of available drops. Note that a channel 
repower feature, required for a 4953 as a prerequisite for 
I/O expansion, defines a unit of available drops within the 
4953 processor unit. 

In a given unit of available drops, the total load is: 

«# general unit loads) +2 (#TTL unit loads». 

This total must be less than or equal to the minimum of 
either 21, or the number of I/O drops in that unit of 
available drops subject to the constrant that the maximum 
number of TTL unit loads is 8. 

For purposes of computation, the unit of available I/O 
drops outside of a channel repower feature when no outboard 
I/O expansion unit is attached is considered to be 14. 

A special case of a unit load sUbstitution is for an 
attachment that presents a TTL unit load in all respects, 
except that any of its type A-A, A-B, or A-C rece1vers 
always presents an active receiver load (-1.6 mA at 0.4V). 
This type of load is called a TTL selected load. A maximum 
of one TTL selected load attachment can be substituted for 
one general unit load attachment in any unit of available 
drops. No TTL unit loads may coexist in a unit of available 
drops containing a TTL selected load. 

Qth~!: At!.~£hm~! Considerations 

~tiQ!! Qf Physical ~nd Loqica1 ~!~l!~!!1.2. Each device 
attachment must have the capability to redrive or propagate 
a poll as part of the serial polling mechanism. This 
polling mechanism must be contained on that part of the 
device attachment card(s) that plugs into the I/O socket. 
This is to ensure that: 1) cabling delays are not 
encountered, i.e. cabling out to the poll mechanism at the 
device may cause incorrect timing sequences to occur 
depending on cable length and driving/receiving capability, 
2) powering down a device must not affect the ability to 
propagate a poll. 

All I/O channel drivers, receivers, and logic necessary 
to condition receivers should be on that part of device 
attachment card(s) that plugs into the I/O socket. This 
would include at least device address comparison logic, some 
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DPe command logic (for detecting a write sequence), and 
service gate capture logic. 

IPL logic, to the extent that the attachment should 
have the ability to hold the state of the "enable IPL cycle 
steal requests and transfers l1 pending device response, 
should be located on that portion of the attachment that 
plugs into and derives power from the I/O socket. 
Otherwise, this may preclude the capability of the device to 
execute a processor-initiated IPL in auto IPL mode. 

Stu~ 1~ngth2. Stub lengths to I/O channel drivers and 
receivers should be held to ~ inches J!!.axiJ!J!.!!.Tag inputs 
and outputs, and request in lines should favor shorter 
lengths. 

Si.91!g! ClamEing. All I/O channel circuit modules should 
have clamping for negative excursions of the signal input. 

!;ir,£ui,! f'!odulg Voltage Tolerances. Circuit modules used in 
device attachments that utilize voltages from IBM supplies 
must be capable of operating with ±10 percent tolerances 
from nominal as seen at the module pins. 

Ci£,£ui1 Module Ov~ltaSl~. 
an overvoltage rating for 
nominal. 

All circuit modules 
voltage supplied 

must have 
of 401 over 
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The power supplies for the processor and I/O expansion units 
provide five regulated DC output voltages: +5.0, +8.5, 
+12.0, -5.0, and -12.0 volts. Both supplies contain 
overvoltage, undervoltage, and overcurrent protection. 
Should overvoltage or undervoltage occur, the condition 
initiates a power supply shutdown sequence. 

SegYgQ£ing ~~~i£~ment§. The power-on reset signal is 
provided to assure the state of the logic during power on 
and off. The signal is TTL compatible. Logical one (up) 
level is between +2.6V and 5.5V. Logical 0 (down) level is 
between O.OV and +0.4V. The power-on reset signal starts at 
the TTL down level. When the +5V, -SV, and +8.5V are within 
operational limits, this signal goes to the TTL up level 
after a 500 millisecond delay_ Should any of the three 
voltages go approximately 3S below their minimum tolerances, 
this signal goes to the TTL down level. 

1Q,g.i£ yoltag~ ~~uencin,g_ If a user incorporates a 
technology such that voltage sequencing must occur within a 
given period of time (>350ms), the following method can 
possibly be used. Assume that, for substrate biasing 
purposes, Vn=-5.0V and Vh=8.5V; if Yn is more positive than 
-3.5V, Vh must not remain above +5.0V for more than 500ms. 
Although no true sequencing occurs, after approximately 
350ms the power supply circuitry checks to see that the 
voltages are at an operational level, if not, the supply 
shuts down; otherwise the sequencing is met and the 
technology is protected. 
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PROCESSOR I/O CHANNEL PHYSICAL CHARACTERISTICS 

This section presents I/O pin and cable assignments for all 
standard channel signals, voltages, and special reserved 
lines. It also provides basic data for the basic physical 
components of the channel. 

Sig~l ~in ~~ Cable Assignmeo!§ 

Figures 2-28 and 2-29 list all I/O channel and special lines 
and their corresponding pin and cable assignments. 

Figure 2-28 defines the signal lines with their 
corresponding cable assignments and the I/O pin assignments. 
Figure 2-29 defines the voltage/ground/special pin 
assignments and gives a comparison between a typical I/O 
slot position and the A-slot position. The corresponding 
I/O cable pin assignments are also given in this table. 
When connecting to an I/O expansion unit, four standard I/O 
channel cables must be used in order to obtain all signal 
lines. These cables leave the 4955 processor unit via the 
A-socket position on the board or via a repover card 
contained on the board, depending on the configuration. The 
4953 processor unit can only be cabled out via a repower 
feature. In an I/O expansion unit, socket-A is restricted 
for use as the entry point for the I/O channel cables. 

Each cable carries twenty signal lines. They are 
arranged in such a way that cable .1 plugs into the top of 
tbe A-socket and cable'4 plugs into the bottom of the 
socket. 
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Figure 2-28 (Part 1 of 2). 
ILQ ~hann~! fin ~nd cabl~ Assignmen1§--~!gna! Li~~ 

I DIRI I/O PIN I I/O CHANNEL 
Line Name I I ASSIGN J CABLE ASSIGNMENT 

I I "1 • .2 I 13 
Address Bus Bit-----OO---I<--»--B02----I-B02-1 J 
Address Bus Bit-----01---I<-->I--B03----J-BOJ-1 I 
Address Bus Bit-----02---I<-->I--B04----I-B04-j I 
Address Bus Bit-----03---I<-->I--B05----I-B05-1 I 
Address Bus Bit-----04---I<-->I--B07----I-B07-1 J 
Address Bus Bit-----05---I<-->I--B08----J-B08-1 I 
Address Bus Bit-----06---I<-->I--BO~---'-B09-J I 
Address Bus Bit-----07---)<-->I--Bl0----I-B10-1 J 
Address Bus Bit-----08---I<-->I--B12----J-B12-) I 
Address Bus Bit-----09---I<-->I--D02----I-D02-J I 
Address Bus Bit-----10---I<-->J--D04----I-D04-1 t 
Address Bus Bit-----l1---I<--»--D05----I-D05-j I 
Address Bus Bit-----12---I<--»--006----I-006-1 I 
Address Bus Bit-----13---I<-->I--D07----I-D07-t I 
Address Bus Bit-----14---I<-->J--D09----J-D09-1 J 
Address Bus Bit-----15---I<--»--Dl0----I-Dl0-1 I 
Address Bus Bit-----16---I--->I--Dl1----I-D11-1 I 
Address Gate-------------I--->I--~08----1 I I B08 
Address Gate Return------I<---I--M09----1 I I B09 
Burst Return-------------I<---J--P04----1 I I 004 
Condition Code In Bit--OOI<---I--D12----I-D12-1 t 
Condition Code In Bit--Ol)<---I--013----I-D13-J I 
Condition Code In Bit--021<---I--B13----I-B13-t I 
Cycle Byte Indicator-----J<---I--Pl0----1 I 1 010 
Cycle Input Indicator----)<---I--P09----1 1 I D09 
Cycle Steal Request In---I<---I--M02----1 I I B02 
Data Bus Bit-----------001<-->I--G02----J I B02 J 
Data Bus Bit-----------011<-->I--GOJ----1 I B03 J 
Data Bus Bit-----------021<-->I--G04----) I B04 1 
Data Bus Bit-----------031<-->J--G05----1 ) B05 I 
Data Bus Bit-----------04J<-->I--G07----J J B07 J 
Data Bus Bit-----------OS)<-->I--G08----1 J BOB I 
Data Bus Bit-----------061<-->I--G09----1 J B09 I 
Data Bus Bit-----------07J<-->I--Gl0----1 I Bl0 J 
Data Bus Bit-----------POI<-->J--G12----1 I 812 I 
Data Bus Bit-----------081<-->I--J02----j J D02 I 
Data Bus Bit-----------09)<-->I--J04----1 I D04 J 
Data Bus Bit-----------l0J<-->I--J05----1 I 005 I 
Data Bus Bit-----------l1j<-->I--J06----1 I D06 J 
Data Bus Bit-----------121<-->I--J07----1 I 007 I 
Data Bus Bit-----------13J<-->I--J09----1 I 009 I 
Data Bus Bit-----------141<-->I--Jl0----1 J D10 1 
Data Bus Bit-----------151<-->I--J11----1 J Dl1 I 
Data Bus Bit-----------P11<-->I--J12----J I D12 I 
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Figure 2-28 (Pa.rt 2 of 2) • 
1/0 Cha~!. Pin ~!H! Cabl~ Assignmegts--Signal Lines 

C DIR I/O PIN I I/O CHANNEL I 
Line Name ASSIGN I CABLE ASSIGNPlENT I 

I " I 12 J .3 I #4 I 
Data 5trobe-------------- ---) --It 10----1 J I B10 I I 
Halt or ~CHK------------- ---> --£107---- I I B07 I I 
Initiate IPL------------- ---> --P07---- I t 007 I I 
IPL---------------------- <--- --504---- I I I B04 J 
Poll--------------------- ---> --M12---- I I B12 I I 
Poll Identifier Bit 00--- ---> --Pl1---- , I D11 I I 
Poll Identifier Bit 01--- ---> --502---- I I I B02 I 
Poll Identifier Bit 02--- ---> --503---- J I I B03 j 
Poll .Iden tifier Bit 03--- ---> --P12---- I D12 I I 
Poll Identifier Bit 04--- ---> --P13---- I 013 I I 
Poll Prime--------------- ---> --"13---- I B13 J I 
Poll Propagate----------- ---> --"11---- J I I 
Poll Return-------------- <---1--1104---- 1 B04 I I 
Power On Reset *1-------- --->'--505---- ) I B05 t 
Request In Bus Bit--OO--- <---)--S07---- I ) B07 I 
Request In Bus Bit--Ol--- <---I--S08---- I I B08 t 
Request In Bus Bit--02--- <---I--509----j J I 509 I 
Request In Bus Bit--03--- <---1--510---- I I B10 • Request In Bus Bit--04--- <---1--512---- I I B12 I 
Request In Bus Bit--05--- <---)--513---- I I Bll I 
Request In Bus Bi·t--06--- <--- --U02---- 1 I 002 I 
Request In Bus Bi t-·-07--- <--- --U04---- I I D04 I 

C Request In Bus Bit--OB--- (--- --U05---- J I 005 I 
Request In Bus Bit--09--- <--- --U06---- I I D06 I 
Bequest In Bus Bit--l0--- <--- --U07---- 4 I D07 I 
Request In Bus Bit--11--- (--- --U09---- I I D09 I 
Request In Bus Bit--12---I<--- --U10---- I I Dl0 I 
Request In Bus Bit--13---I<--- --U11---- I I 011 I 
Request In Bus Bit--14---J<--- --U12---- I I 012 J 
Beques·t In Bus Bit--15---I<--- --0'3--·-- I I D13 I 
Service Gate-------------I---> --P05---- , 005 I I 
Service Gate Beturn------I<--- --P06---- I D06 f I 
Status Bus Bit------OO---I---> --J13---- I 013 I I 
Status Bus Bit------01---I---> --G13----1 I 813 1 I 
Status Bus Bit------02---I---> --M03----1 I B03 I I 
Status Bus Bit------03---I---> --P02----1 I 002 1 I 
System Reset-------------I---> --(105----1 J B05 I I 

*1 Pover-on-reset at an I/O socket is the power-on reset 
signal from the unit pover supply powering the I/O. 
socket. Pin 505 on the 4955 processor A-socket is not 
connected and is jumpered from 505 of the B-socket when 
an I/O attachment or repover feature is installed. 
Pover-On reset in the I/O channel cable is the unit 
pover-on-reset signal from the next outboard I/O 
expansion unit. 

0 
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Figure 2-29. 
!LO Channel Pin ~~g Cable !§sigg~ents--SpeciaJ Lin~§ 

• • I VOLTAGE/GND/I I/O 14953B/49551 CORRESPONDING ILO CABLE PIL-___ l 
ISPECIAL PIN_llCKL.L!2QCKET--1--.!1_--L #2 I #3 #4 1 

B06 1-12V I GND I GND ("B06) I I I 
Bl1 1+12V I GND IGND(B11) I I I 
003 1+5V I +5V I"NC (003) J I I 
008 JGND I GNU J GND (008) I I I 
G06 1-5V J GND I I GND (806) I I 
G 11 1+8.5Vl GND I I GND (B 11) I I 
J03 1+5V f +5V I INC (DO 3) I I 
J08 IGND I GND I I GND (DOS) I I I 
"06 I RES I GND J I IGNO(B06} , I 
M 11 IPOLL I GNO I J J GND (B 11) I I 

I PROP I I J J I I 
P03 1+5V I +5V J J I Ne (D03) I t 
poe IGND J GND I I J GND (D08) I I 
506 IRES I GND I , I I GND (B06) J 
511 I RES I GND J I I I G ND (B 11) I 
U03 J+5V I +5V I I I )NC (003) J 
U08 IGND I GND I I t I GND (D08) I 

L-

Q.efinitions 

RES - These pins are reserved for special system functions 
and features and are not to be connected to an I/O 
at. tachment. 

HC - There are no connections at these pins. 
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!LO Channti ~hIsical Component !!!!scriJ;!tio!! 

Refer to Figures 2-30 and 2-31 while reading the following 
description. The card sockets in a board are designated 
alphabetically from A (excluding I and 0) starting at the 
left side of the board, viewed from the card side. Pin rows 
on the top socket of a card slot are designated B on the 
left and D on the right. The pins on the second socket are 
designated G on the left and J on the right. The pins on 
the third socket are designated M on the left and P on the 
right. The pins on the bottom socket are designated S on 
the left and U on the right. Each rov of pins is numbered 2 
through 13, top to bottom. Note that the contact 
assignments on the card are shown as viewed when facing the 
end of the card. 

The center-to-center distance between card slots is 
15.88 mill (0.625 in). The dimensions of a standard IBK card 
are 178 mm (7 in) by 229 mm (9 in). The clearance OD the 
wiring side is 5.6 mm (0.220 in) measured from the center of 
the card stock, and clearance on the component side is 10 mm 
(0.380 in) measured from the center of the card stock. 

The maximum current that a device may draw on any board 
pin is 3 amps. Additionally, the. maximum wattage per slot 
is 19 watts total. Care must be taken to ensure that the 
power requirements for a new device are compared with the 
total pover requirements for the particular system 
configuration. This will ensure that the total pover 
consumption remains below the maximum ratings for the power 
supply. 

I/O channel cables are 
1.83 m (6 tt) lengths. 
cables with IBM connectors. 
ground pins. These are 
connection to pin 003. 

available in 0.61 m (2 tt) or 
They are 20-signal, unshielded 
Each connector contains three 

008, B06 and Bll. There is DO 
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Pigure 2-30. Processor or I/O expansion unit board 

Board (card side) 

I 1 
14 1/2 width board------... ~--t 
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Pin Assignments 
(Card Side) 
ABCDE 

00000 1 
0.0.0 2 

o~ 3 

0.0.0 7 

.----- Card Column 

~cardROW 

I ~~~~~~~mn 
~:~:~~: 
0.0.0 8 A 5 B 0 3 
0.0.0 9 Addressing Scheme 
0.0.0 10 
0.0.0 11 
0.0.0 12 
0.0.0 13 
00000 14 
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I. 228.6 mm (9 inches) .-1 

Clearances from center of card stock 

Component side: 9.7 mm (0.38 inch) 
Wiring side: 5.6 mm (0.22 inch) 

Voltage 

+5 
Ground 
-5 
+8.5 
+12 
-12 

Pin assignments 

D03, J03, P03, U03 
D08, J08, P08, U08 

G06 } Gll 
Bll Not on A-socket of 
B06 4953B or 4955 boards 

(Component Side) 

I 
I 
I 

"'-.... 
-........ . 

..... Contact Asslgnments* 
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U13 --

24 
Pins 
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*Contact assignments are shown as viewed when 
facing the end ofthe card. 
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Seguence of Plugging Qevic~ Attachments 

The recommended procedure for installing device attachments 
into the I/O card file is to insert the attachment cards in 
an alphabetically de~nd!.!!,g sequential orde.r with no empty 
sockets between cards. To facilitate the removal of a 
device attachment from the I/O channel without interrupting 
the poll propagation, a bypass mechanism has been provided. 
This in fact makes it possible to insert attachment cards in 
every other socket location without breaking continuity, but 
it is not advised to do so. Should a user wish to insert 
cards in such a way that tvo or more empty sockets lie 
between tvo attachment cards, provisions should be made to 
ensure continuity of poll propagation when every other card 
Q! !h~ Q~~2 i~2talled are unplugged. 

PROCESSOR I/O CHANNEL ATTACHMENT FEATURES 

The channel repower feature is an IBM printed circuit card 
consisting of IBM and TTL technology. It is designed to 
repower the processor I/O channel signal lines and to 
provide isolation between I/O card files. 

The processor I/O channel is received at the bottom of 
the channel repower feature card and the re-driven signal 
lines are available at four top-card connectors (Figure 
2-32). In normal configurations, the channel repower 
feature is plugged into the A-socket locations of the 4953 
and 4955, or into the B-socket location of the 4959. 
However, the channel repower feature can also be inserted 
into any I/O socket for cabling out to a customer's 
attachment or card file. When used for this purpose, the 
repower feature must be the last series element directly 
plugged into the I/O channel. (This last element could be 
in the 4953, 4955, or the 4959 depending on the system 
configuration.) This is because the feature does not have 
any provision for propagat~ng the poll back into the I/O 
socket. The repower feature can drive 14 general unit loads 
or equivalent, through a maximum of 1.83 m ~ ft) of 
standard I/O channel cable. More than one series cable 
cannot be used in attaching these loads. The feature does 
not provide dc logic voltages at its top card connectors. 
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Figure 2-32. Channel repover feature--top-card connectors 

Cables 

2 

3 

4 

Top card 
Channel repower card 

Processor back panel 
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Direction loqic for bi-directional address and data 
lines is provided on the feature so that its operation is 
transparent to the outboard I/O attachments. In the absence 
of any activity on the channel. the default direction of the 
bidirectional busses is away from the processor. The 
repower feature inhibits the outboard signal lines from 
affecting the availability of inboard devices when the 
outboard attachment or card file is powered down. 

The feature has a TTL level coapatible hysteresis 
receiver for the outboard pover-oD reset. The receiver has 
a maximum current of 100 microamperes, which the outboard 
attachment or card file is required to sink at 0.45V (most 
positive down level) when powered down or actively 
signalling pover-on reset. 

The pin assignments for the repower feature are listed 
in Figure 2-33. The top card connectors (Tee) are standard 
IB~ connectors, and receive standard I/O channel cables. 
For reference purposes Tee pins W02, 102. Y02, and Z02 
correspond to 002, J02, P02, and U02 respectively. Top card 
connectors W, X, I and Z correspond to cables 1, 2, 3 and 4 
respectively. Therefore, when facing a repower feature that 
is plugged into an I/O socket, the W connector is at the top 
and would receive cable number 1 (see Figure 2-32). 
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Figure 2-33 (Part 1 of 2). 
Ch2Jl.!l~! Repov~!: Feat.!!£~ .fll! Assignment 

Line Name I I/O PIN I Tee 
I ASSIGN I PIN # 

Address Bus Bit-----OO--- <-->I--B02----I--w22---­
Address Bus Bit-----01--- <-->I--B03----I--W23---­
Address Bus Bit-----02--- <-->I--B04----I--W24---­
Address Bus Bit-----03--- <-->I--B05----I--W25---­
Address Bus Bit-----04--- <--> --B07----1--W27---­
Address Bus Bit-----05--- (--> --B08----I--W28---­
Address Bus Bit-----06--- <--> --B09----I--W29---­
Address Bus Bit-----07--- (--> --B10----)--W30---­
Address Bus Bit-----08--- (--> --B12----I--W32---­
Address Bus Bit-----09--- (--> --D02----)--W02---­
Address Bus Bit-----10--- (--> --D04----I--W04---­
Address Bus Bit-----11--- <--> --D05----I--W05---­
Address Bus Bit-----12---1<--> --D06----I--W06---­
Address Bus Bit-----13---I<--> --D07----I--W07---­
Address Bus Bit-----14---I<--> --009----I--W09---­
Address Bus Bit-----15---I<--> --Dl0----I--W10---­
Address Bus Bit-----16---I---> --Dl1----I--Wl1---­
Address Gate------------- ---> --M08----I--Y28---­
Address Gate Return------ (---I--M09----J--Y29---­
Burst Return------------- (--- --P04----I--Y04---­
Condition Code In Bit--OO (--- --D12----I--W12---­
Condition Code In Bit--Ol (--- --D13----J--W13---­
Condition Code In Bit--02 (--- --B13----J--W33---­
Cycle Byte Indicator----- (--- --Pl0----I--Yl0---­
Cycle Input Indicator---- (--- --P09----I--Y09---­
Cycle Steal Request In--- (--- --M02----I--Y22---­
Data Bus Bit-----------OO (--> --G02----1--X22---­
Data Bus Bit-----------Ol <--> --G03----I--X23---­
Data Bus Bit-----------02 (--) --G04----i--X24---­
Data Bus Bit-----------03 <--> --G05----I--X25----) 
Data Bus Bit-----------04)<--> --G07----I--X27----f 
Data Bus Bit-----------OSI<--> --G08----1--X28----1 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 

Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 

Bit-----------061<--> --G09----I--X29----1 
Bit-----------071<-->1--Gl0----I--X30----1 
Bit-----------PO)<-->I--G12----J--X32----1 
Bit-----------081<-->I--J02----I--X02----1 
Bit-----------091(-->I--JOij----)--X04----1 
Bit-----------l01<-->J--J05----I--XOS----l 
Bit-----------111<-->I--J06----1--X06----1 
Bit-----------121<-->I--J07----I--X07----) 
Bit-----------131<-->I--J09----J--X09----1 
Bit-----------lijl<-->I--Jl0----I--Xl0----1 
Bit-----------1SJ<-->I--J11----I--Xl1----1 
Bit-----------P11<--»--J12----I--X12----1 
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Figure 2-33 (Part 2 of 2). 
£hannel ReQower ~~!:.!!£~ fi!! !.2.2ig~~1 

Line Name I I/O PIN I TCC 
I ASSIGN I PIN # I 

Data Strobe--------------J---> --Ml0----J--Y30----1 
Halt or MCHK-------------,---> --M07----I--Y27----1 
Initiate IPL-------------I---> --P07----I--Y07----1 
IPL----------------------I<--- --S04----I--Z24----1 
Poll---------------------I---> --M12----t--Y32----1 
Poll Identifier Bit 00---1---> --P11----J--Y11----1 
Poll Identifier Bit 01---1---> --S02----j--Z22----J 
Poll Identifier Bit 02---1---> --S03----I--Z23----1 
Poll Identifier Bit 03---1---> --P12----I--Y12----1 
Poll Identifier Bit 04---1---> --P13----I--Y13----1 
Poll Prime---------------J---> --M13----I--Y33----1 
Poll Propagate-----------I--->I--Ml1----I---------1 
Poll Return--------------I<--- --M04----I--Y24----1 
Power On Reset--*1-------I---> --S05----I--Z25----1 
Request In Bus Bit--OO---,<--- --S07----I--Z27----1 
Request In Bus Bit--Ol---I<--- --S08----I--Z28----1 
Request In Bus Bit--02---I<--- --S09----I--Z29----1 
Request In Bus Bit--03---)<--- --S10----I--Z30----1 
Request In Bus Bit--04---J<--- --S12----I--Z32----1 
Request In Bus Bit--OS---I<--- --S13----I--Z33----J 
Request In Bus Bit--06---I<--- --U02----I--Z02----1 
Request In Bus Bit--07---I<--- --U04----J--Z04----1 
Request In Bus Bit--08---I<--- --U05----J--Z05----1 
Request In Bus Bit--09---I<--- --U06----}--Z06----1 
Request In Bus Bit--l0---I<---I--U07----I--Z07----1 
Request In Bus Bit--11---I<---I--0O9-"---I--Z09----1 
Request In Bus Bit--12---1<---I--U10----I--Z10----J 
Request In Bus Bit--1J---I<---I--U11----I--Zl1----1 
Request In Bus Bit--14---J<---I--U12----I--Z12----1 
Request In Bus Bit--15---I<---I--U13----I--Z13----1 
Service Gate-------------I--->I--P05----I--Y05----1 
Service Gate Return------I<---I--P06----I--Y06----1 
Status Bus Bit------OO---I--->I--J13----f--X13----1 
Status Bus Bit------01---J--->I--G13----)--X33----1 
status Bus Bit------02---J---»--M03----t--Y23----1 
Status Bus Bit------03---J--->I--P02----)--Y02----1 
System Reset-------------J--->I--M05----I--Y25----1 

*1 Power-on reset at the top card connector pin Z25 is the 
power-on reset from the next outboard I/O expansion 
unit. Neither this power-on reset nor the power-on 
reset at the bottom of the card are repowered. That 
is, both of these resets are used in the card for 
control logic. 
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Top card connector pins W26, ill. 126. X31, 126, 131, 
Z26, and Z31 are grounds to receive the special grounds in 
the I/O channel cables. Pins WOB, 108, YOB, and Z08 are 
also grounded pins, corresponding to the normal grounds 
supplied on an I/O socket. There is no connection to pins 
W03, X03, Y03, and Z03. These pins correspond to the normal 
+5 volts dc pins on an I/O socket (D03, J03. P03, and U03). 

The socket adapter feature provides a method for a customer 
to plug into the I/O channel on an I/O socket. The channel 
socket adapter is a two component system assembled to 
translate the 1 mm (O.040 in) 18K card stock and pin 
configuration to a 1.5 mm (0.060 in) industry connector (see 
Figure 2-34). The first component is a 64 mm (2.53 in) high 
IBM socket card (paddle card) with gold-plated 
printed-circuit tabs on the opposite end. 

The second component is a modified 72-pin Continental* 
double billows feed-through connector to allow customer 
access to 72 pins of the I/O channel. No logic electronics 
is provided on the channel socket adapter; it is only a 
translator/connector. 

This assembly is plugged into any of the processor I/O 
sockets. The customer then plugs his 1.5 mm (0.060 in) 
printed circuit tabs terminal logic card into this billows. 
Dimensions for a customer card, designed to use the socket 
adapter feature, are shown in Figure 2-35. The connector to 
which the customer interfaces is the 600 series Continental 
72-pin connector. This connector has IBM part number 
1637646. The maximum amount of current a device card may 
draw when using the socket adapter feature is 2 amps at +5 
volts. 

The signal lines available from the socket adapter are 
the same as for a standard I/O channel but with only four 
request in bus lines, corresponding to levels 0-3. There is 
+5 volts dc available on the 002 pin. Figure 2-36 contains 
the translation from the IBM pin assignment to the customer 
card socket (Continental connector) pin assignment. 

*Manufactured by Continental connector Corporation. 
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Figure 2-34. Socket adapter and customer card 

2-88 

BOl 

B36 

Customer 
card 

GA34-0033 

90mm 

3.56 in. 

IBM card 

72-pin connector 

( '\ 

\. , 



c 

c 

o 

Figure 2-35. Customer card for the socket adapter feature 

18.3 ± 0.254 mm 

.72±.01 i~ 

. 156 in. 
pin spacing 

146 ± 0.25 mm 

5.75 ± .01 in. 

8.9 ± 1.3 mm 

.35 ± .05 in. 

Wiring Side 

maximum 4.83 mm 
.190 in. 

Top 

I 

Front view 

183 ± 0.13 mm 
7.21 ± .005 in . 

1.52 ± 0.15 mm 
.060 ± .006 in. 

Component 
side 

8.9 mm 

.350 in. 
maximum 
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Figure 2-36 (Part 1 of 2). 
£ha~l Socket !da.E.l~ fi!! A~§ignm~1!l I~slatio!l 

I I/O PIN JCUSTOMER I 
Line Name t ASSIGN JCARD I 

I ISOCKET J 
Address Bus Bit-----OO---J<--> --B02----I--B01----1 
Address Bus Bit-----01---I<--> --B03----I--802----1 
Address Bus Bit-----02---I<--> --B04----I--B03----1 
Address Bus Bit-----03---J<--> --B05----I--804----1 
Address Bus Bit-----04---I<--> --B07----I--805----1 
Address Bus Bit-----05---I<--> --B08----I--806----1 
Address Bus Bit-----06---I<--> --B09----1--807----1 
Address Bus Bit-----07---I<--> --810----I--B08----1 
Address Bus Bit-----08---I<--> --B12----I--B09----1 
Address Bus Bit-----09---I<--> --D02----I--001----1 
Address Bus Bit-----10---I<--> --D04----I--D03----1 
Address Bus Bit-----11---I<--> --D05----I--D04----J 
Address Bus Bit-----12---I<--> --006----I--D05----1 
Address Bus Bit-----13---J<--> --D07----I--D06----1 
Address Bus Bit-----14---)<--> --D09----I--D08----1 
Address Bus Bit-----15---I<--> --Dl0----J--D09----1 
Address Bus Bit-----16---)---> --011----1--010----1 
Address Gate-------------)---> --M08----I--B26----J 
Address Gate Return------I<---J--M09----I--B27----t 
Burst Return-------------I<---J--P04----I--D24---­
Condition Code In Bit--OOJ<---I--012----I--Dl1---­
Condition Code In Bit--01J<---I--D13----I--D12---­
Condition Code In Bit--021<---I--B13----I--Bl0---­
Cycle Byte Indicator-----I<---I--P10----I--029---­
Cycle Input Indicator----I<---I--P09---- --D28---­
Cycle steal Request In---I<---I--M02---- --821---­
Data Bus Bit-----------OOI<-->I--G02---- --B11---­
Data Bus Bit-----------Oll<-->I--G03---- --812---­
Data Bus Bit-----------021<--»--G04---- --B13---­
Data Bus Bit-----------031<--> --G05---- --B14---­
Data Bus Bit-----------04J<--> --G07---- --B15---­
Data Bus Bit-----------OSI<--> --G08---- --816----1 
Data Bus Bit-----------061<--> --G09---- --B17----1 
Data Bus Bit-----------07J<--> --G10---- --B18----1 
Data Bus Bit-----------PO)<--> --G12---- --819----1 
Data Bus Bit-----------081<--> --J02---- --D13----1 
Data Bus Bit-----------091<--) --J04----j--D14----1 
Data Bus Bit-----------101<--> --J05----I--D15----1 
Data Bus Bit-----------111<--> --J06----I--D16----1 
Data Bus Bit-----------121<--> --J07----)--D17----) 
Data Bus Bit-----------131<--> --J09----I--D18----1 
Data Bus Bit-----------14)<--> --J10----I--D19----) 
Data Bus Bit-----------15j<--> --Jl1----I--D20----1 
Data Bus Bit-----------P11<--> --J12----I--D21----1 
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Figure 2-36 (Part 2 of 2). 
~.h~!!1!~! ~oc.t~! !dapt~ fi!! !ssignment I~.21ation 

I I/O PIN JCUSTOMER 
Line Name I ASSIGN ICARD 

ISOCKET 
Data 5trobe-------------- ---) --M10----I--B28---­
Halt or MCHK------------- ---) --M07----I--B25---­
Initiate IPL------------- ---> --P01----I--D27----
IPL---------------------- (--- --504----I--B34----
Poll--------------------- ---) --M12----)--B30----
Poll Identifier Bit 00--- ---) --Pl1----I--D30---­
Poll Identifier Bit 01--- ---> --502----1--832---­
Poll Identifier Bit 02--- ---) --S03----I--B33---­
Poll Identifier Bit 03--- ---> --P12----J--D31---­
Poll Identifier Bit 04--- ---> --P13----I--D32---­
Poll Prime--------------- ---) --M13----J--B31---­
Poll Propagate----------- ---) --M11----)--B27---­
Poll Return-------------- <--- --M04----I--B13---­
Pover On Reset----------- ---) --505----1--B35---­
Request In Bus Bit--OO--- (--- --S07----I--B36---­
Request In Bus Bit--01--- (--- --508----1--033---­
Request In Bus Bit--02--- (--- --509----I--D35---­
Request In Bus Bit--03--- (--- --510----1--036---­
Request In Bus Bit--04--- <--- --512----)--N/C---­
Request In Bus Bit--05--- (--- --S13----I--N/C---­
Request In Bus Bit--06--- (--- --U02----I--N/C----l 
Request In Bus Bit--07---J<--- --U04----)--N/C----J 
Request In Bus Bit--08--- (--- --U05----J--N/C----1 
Request In Bus Bit--09--- (--- --U06----I--N/C----J 
Request In Bus Bit--10--- <--- --007----I--N/C----J 
Request In Bus Bit--l1--- <--- --009----I--N/C---­
Request In Bus Bit--12--- <--- --010----I--N/C---­
Request In Bus Bit--13--- (--- --Ull----I--N/C---­
Request In Bus Bit--14--- (--- --U12----I--N/C---­
Request In Bus Bit--15--- (--- --U13----1--N/C---­
Service Gate------------- ---) --P05----1--D25---­
Service Gate Return------ (--- --P06----I--D26---­
Status Bus Bit------OO--- ---> --J13----I--D22---­
Status Bus Bit------01--- ---) --G13----j--B20---­
Status Bus Bit------02--- ---) --M03----I--B22---­
Status Bus Bit------OJ---.---> --P02----I--D23---­
System Reset-------------I---> --~05----I--B24----

Customer card socket pin 002 provides +5 volts dc, pins 
D07 and 034 provide ground. 
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INTRODUCTION 

The timer feature provides two 16-bit timers (Figure 3-1). 
Each timer can be used as an interval timer, pulse counter, 
or pulse duration counter with end interrupt. The timers 
are packaged on one printed circuit card that plugs into a 
backpanel that distributes the processor I/O channel signal 
lines. Electrical power for the timer circuitry is obtained 
from the backpanel through card-connector pins. 

The timer feature also has a 16-pin connector that 
allows the timers to be used with external signals. Each 
timer has two output lines "run state and "external gate 
enable" and two input lines "customer clock" and "external 
gate". Drivers and receivers for these lines are TTL 
compatible. 

The two timers are separately 
started, stopped, read, or set to any 
under program control. The timers 
disturbing their operation; however, 
value or mode, it must be stopped. 

addressable and are 
value independently 
can be read without 

to set the timer's 

Each timer also has a mode register that is used to 
select one of four internal time bases or an external time 
base. The time~ value is decremented with the selected time 
base. The internal time bases are 1, 5, 25, and 50 
microseconds. The external time base is provided by the 
user and must be equal to or greater than 20 microseconds 
when the input is filtered, 1 microsecond when not filtered. 
For additional information, see "Receivers" in the "Tiaer 
Feature Electrical Characteristics" section of this chapter. 
An external gate enable bit is also contained in the mode 
register. The time base and external gate enable are 
program selectable. 

Four program selectable running modes are available for 
each timer: 

• Periodic interrupts--internal 

• 

A 16-bit auto-load register is set to any value by 
program control. This register automatically reloads 
the timer when the timer underflows, and an interrupt 
is yenerated. This provides the capability of 
generating periodic interrupts on 65,536 possible base 
values of the timer without program intervention. 

Aperiodic interrupts--internal 
The timer is loaded with a value under program control, 
and an interrupt occurs when the timer underflows. 
After the first int~rrupt, the timer is .!lot reloaded 
from the auto-load register and therefore counts the 
full 65,536 counts before the next interrupt occurs 
unless a new value is loaded under program control. 
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• Periodic or aperiodic interrupts--external 
The timer generates periodic or aperiodic interrupts, 
but timer start and stop is controlled by the external 
gate when the timer is in the run state. 

Relationshi~ !2 other FealY£~§ 

The timer card is plugged into any I/O position of a 4955 or 
4953 Processor or any position of an I/O expansion unit. 
There is no limit to the number of timer cards that can be 
used in a system. 

There is an optional filtering capability of the 
customer digital input lines brought into the timer card. 
This option is selected with jumper wires on the component 
side of the timer card either for TTL input or filtered TTL 
input. The location of the jumper wires is illustrated in a 
subsequent section of this chapter (see Figures 3-2 and 
3-4) • 
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Applicati.Q!! ~ummp.I.I 

The following are examples of how the timer feature can be 
used. The X appearing after the word timer denotes either 
timer 0 or timer 1. 

High Accura£Z Q!: Non-standard Fre-g:uen~y £m!!!ting. To utili-ze 
a clock of any arbitrary accuracy or frequency up to 1 MHz, 
the timer X customer clock input should be used, and the 
timer mode controls set to select customer time base. 

Pul~~ 2£: EV~! f.2..!!!!tillil. The timer X customer clock input 
should be used, and the timer mode controls set to select 
customer time base. The number of pulses recorded prior to 
an interrupt being posted is dependent on the value set into 
the timer and the chosen run mode. For example, if the 
timer (and thus the auto-load register) were set to all 
zeros, and the chosen run mode was periodic, the timer would 
interrupt on each pulse counted. If under these same 
conditions, the timer was set to 100, it would interrupt on 
every 101st pulse. Pulses are recorded and interrupts 
generated at the leading (passive to active) edge of the 
pulse. Also, except for power-on reset, every pulse is 
counted only once even though the timers could be stopped 
and started many times during the active duration of a given 
pulse. Note that duty-cycle constraints on pu.lse inputs for 
the customer clock input do not preclude pulses of very lov 
frequency or even pulses vith a random duty cycle. 

Pul.§~ Duratiol!, Counting. The timer X external gate input 
should be used for the pulse whose duration is being 
measured. A standard internal time base can be used. A 
clock of arbitrary accuracy or frequency can also be used 
and connected to the timer X customer clock input. The 
timer mode controls should be set to arm the external gate 
and to select the time base desired. The measure of the 
pulse duration is a function of (1) the initial and end 
values of the timer, (2) a known time base, (3) the type of 
interrupt returned, and (4) the run mode used. The customer 
should ensure that the external gate input is inactive 
before the timer is set to run state, or an error in 
measuring viII occur. The outputs from the timer card are 
available for this purpose. For example, assume clock 
inputs were occurring every 1 microsecond and an initial 
value of 1000 was loaded into the timer. The external gate 
input going active causes the timer to start. When the 
external gate goes inactive, the timer stops and an 
attention interrupt occurs. The timer is read and it is 
found to contain a value of 500. Therefore, the pulse width 
of the external gate pulse vas 500 microseconds ±1. 
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General Description 

The timer feature is addressed with the seven most 
significant bits of the device address field in the IDCB. 
The least significant bit (LSE) selects one of the two 
timers within the attachment for all commands except 
Prepare, where it is ignored. By convention, when the LSB 
is 0, timer 0 is selected; when the LSB is 1, timer 1 is 
selected. The seven most significant bits of the address 
are changeable by jumper on the card; the LSB is not. 

The timer feature is a DPC device and bas no cycle 
steal or IPL capabilities. 

The timer feature is connected to the processor I/O 
channel through the following busses, as described in detail 
in Chapter 2. 

• Data bus--16 bits wide, bidirectional, with parity 
checking and generating (odd parity per byte). 

• Address bus--17 bits vide (00-16), receiving only; bit 
16 is used to denote a DPC device command and to gate 
receivers active. 

• Request in bus--16 bits wide, driving only. 

FUNCTIONAL DESCRIPTION OF THE EXTERNAL TIMER SIGNAL LINES 

The timer has 4 external signal 
signal lines permit control 
user-provided time base and gate. 
the external signal lines; the 
description of each signal. 

lines per timer. These 
of the timer with a 

The following table lists 
table is followed by a 

Direction 

Timer X customer clock -----------------) To Timer 
Timer X external gate ------------------) To Timer 
Timer X run state (-------------------- From Timer 
Timer X external gate enable (--------- From Timer 

*All signals are down-level (minus) active. 

T i!ltl ! ~~.£ £!2£~ 

Active 
level* 

Down 
Down 
Down 
Down 

The timer X customer clock is the input for the 
user-supplied clock or for a random pulse train. This input 
uses the down level as active, not the down transition. 
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The timer I external gate is the input for the user-supplied 
gate signal. It is only effectiYe when the external gate 
control is enabled. This input uses the down level as 
active, not the down transition. 

Timer X run is an output signal that indicates the timer is 
in the run state. Its primary purpose is for state 
synchronization of the timer X external gate cycle. The run 
signal becomes active with a start Timer command and remains 
active until (1) a Stop Timer command is accepted or, (2) 
the timer X external gate signal becomes inactive, or (3) a 
halt/reset occurs. 

Timer ! External Qate Enable 

Timer X external gate enable is an output signal that 
indicates the external gate has been enabled through bit 15 
of the Set Timer "ode command. 

The timer attachment digital outputs are a solid state 
switch that can be used with or without a customer source 
voltage. See "Drivers" in the "Electrical Characteristics" 
section of this chapter. 

The timer attachment digital inputs are TTL co~patible. 
A jumper-wire option is available on the card to provide a 
filter for these inputs if required in a noisy environment. 
A loss of frequency response is the result of using the 
optional filter. Without filtering the input rate can go to 
1 MHz. With filtering the input rate drops to 50 kHz worst 
case. For additional information, see "Jumper Selections 1l 

in the "Physical Characteristics" section of this chapter. 

APPLICATION SEQUENCES 

Interval Ti~!: 

The following steps apply when the timer application is an 
interval timer using an external time base (customer clock 
input) • 
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1. 
2. 

Prepare timer. 
Set timer period and initial value. 

3. Set timer mode (external time base--bit 14 of the 
IDCB data word set to one). 

4. Start timer periodic. 

The timer starts counting clock pulses and interrupts 
when the counter underflows. 

The following steps apply when the timer application is a 
pulse counter using the external customer clock input. 

1. Prepare timer 0 to interrupt in internal mode with the 
time base at some prescribed interval; for example, 1 
second. 

2. Load a value into timer 1 that is larger than the 
number of expected external pulses. 

3. Have timer 1 set up to receive customer clock (external 
time base) in aperiodic mode. 

4. Have interrupt from timer 0 initiate a read tiaer-1 
value in the processor. Subtract the present value of 
timer 1 from the original value of timer 1. 

5. Reload the starting value into timer 1 to repeat the 
cycle. 

Thus, the counts per second of the customer clock can 
be read into the processor. 

The following steps apply when the timer application is a 
pulse duration counter. 

1. Prepare timer. 
2. Set timer period and initial value for a value greater 

than the width of the expected pulse. 
3. Set timer mode for external gate control (bit 15 of the 

IDca data vord set toone). 
4. Start timer. 
5. Run state to customer interface becomes active. 
6. Turning external gate on starts the timer, and it 

starts counting. 
7. Upon the drop of external gate, the timer stops running 

and an attention interrupt is presented to the channel. 
Read the timer and subtract present value fro. original 
value. The result is the pulse duration of the 
external gate line in teras of the time base selected. 

8. Reload the starting value into the timer to repeat the 
cycle. 
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TIMER FEATURE OPERATIONAL CHARACTERISTICS 

Condition Codes Reported at Interrupt Time 

The interrupt condition codes (ee) are listed and described 
in this section to aid in the understanding of interrupt 
presen·ta tio n. 

ee2 

CC3 

CC4 

CC6 

CC7 

2 
3 
4 
6 
7 

Meaning 

Exception 
Device end 
Attention 
Attention and exception 
Attention and device end 

~.!.£g£1iQ!l - An overrun condition has occurred in 
the timer. Overrun means that a device end 
interrupt condition occurs while a previous device 
end interrupt is still pending in the timer. 

Qev.!£g Eng Reported when the timer has 
decremented one more than the specified number of 
time intervals (underflow). Also reported when 
the external gate has been enabled and the timer 
detects an underflow prior to the end of one 
complete external gate cycle. 

Attention - Reported only when an 
cycle has been completed prior 
underflow. The run state is reset. 

external 
to a 

gate 
·timer 

! ttentiQ!! ~g E.x£££.?ti.Q!! - Reported if the external 
gate cycle has been completed and an overrun 
condition is present in the timer. The run state 
is reset. (See CC2). 

!.ttentiQ!! ~nd Q~i£~ ~.!!.g - Reported when a timer 
has underflowed prior to, or at the same time as, 
the completion of an external gate cycle. The run 
sta te is reset. 

Interrupt Presentation 

The timers are prepared together and function as one 
preparable source. Neither timer should be started unless 
the I-bit is on. 

After starting, the timers post the first device-end 
interrupt in a time interval corresponding to the specified 
count up to a maximum of one more count. For example, if a 
count of hex 000] were loaded (3 counts), the actual time to 
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the first device-end interrupt would range from 3 to 4 times 
the selected time base. This is due to the asynchronous 
nature of the internal free running oscillator or external 
pulse train with respect to the program setting of the run 
state or activation of the external gate. This uncertainty 
must be taken into account only once each time a timer is 
started. 

There is also an uncertainty associated with the value 
of the timers when measuring the duration of the external 
gate in pulse duration applications. This is due to the 
asynchronous nature of the external-gate deactivation with 
respect to the internal clock or external pulse train. This 
uncertainty is the time corresponding to plus or minus 1 
count in the timer value after it is stopped. 

Pulse averaging applications that use a known 
fixed-time of external-gate activation and random pulses on 
the customer clock input must also take into account a plus 
or minus 1 count uncertainty in the timer value after it is 
stopped by the deactivation of the external gate. 

When a machine check occurs, or when the Halt or Device 
Reset commands are executed, the timers are stopped, the run 
state is reset, the mode register is reset, and any pending 
interrupt requests are reset. The prepare field, including 
the I-bit, and the value in the timers are not reset. 

When a system reset occurs, both timers are stopped, 
the run state is reset, and the mode registers are reset. 
The values held in the timers and auto-load registers are 
not reset. The prepare field including the I-bit is reset. 

When a power-on reset occurs, all resets caused by 
system reset occur; and in addition, the timers are reset to 
their maximum value (that is, all ones), and the auto-load 
registers are set to their maximum value. 
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TlftER FEATURE ELECTRICAL CHARACTERISTICS 

Figure 3-2 shows the driver/receiver circuits. 

Receivers 

• The timer inputs jumpered for TTL input meet the 
following specifications: 

Input voltage: 
Up level: 

Down level: 

Input impedance: 

+5.5 volts maximum 
+2.4 volts minimum 
+0.6 volts maximum m 40 mA 
0.0 volts minimum 

~100 ohms 

The input rate must be 1 MHz or less. The input should 
be on for at least 300 nanoseconds and off for at least 
300 nanoseconds at any input rate. 

• The timer inputs jumpered for filtered TTL input meet 
the following specifications: 

Input impedance: 

Input limits: 

Logic one: 
Logic zero: 

Maximum 
repetion rate: 

~9.2 kilohms at less than 4.5V 
~2 kilohms at +24V 

+24 Vdc maximum 
-24 Vde minimum 

51.0 ide 
~2.5 Vdc 

50 kHz worst case with 50% duty 
cycle 

worst case condition is an open collector driver. If 
an active collector driver is used to drive the input 
points, the maximum repetition rate will increase 
substantially to approach 500 kHz. This is determined 
by the charging time of the filter shown in the 
receiver circuit in Figure 3-2. 

Each input point has an internal pull-up resistor, 
regardless of whether the input is jumpered for 
filtered or non-filtered input. Unconnected inputs are 
held at the inactive state (up level). 
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Drivers 

The timer outputs meet the following specifications: 

output voltage: 

1. With user source: 
Off state: +52.8 Vdc maximum 
On state: +0.8 Vdc maximum 

2. without user source: 
Off state: +5.5 Vdc maximum m 0.0 mA source 

+2.4 Vdc minimum a 1.0 rnA source 
On state: +0.8 Vdc maximum 

Current input: 

On state: 
Off state: 

100 rnA maximum per point with user source 
500 microamperes maximum per point at 
+52.8 Vdc user source 

The performance of this interface may be affected by noise. 
Appropriate arc suppression, noise filtering, etc., may be 
necessary on the user's inputs. 

Timer Feature 3-11 



Figure 3-2. Driver/receiver circuits on the timer card 
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TIMER FEATURE PHYSICAL CHARACTERISTICS 

c:) Sign21 £i~ Assignments 

c 

The external interface is available at the top of the timer 
card on a 2x8 polarized top-card connector (Tee). See 
Figure 3-3. The pin assignments are: 

A01 
102 
A03 
104 
A05 
106 
A07 
A08 

B01 
B02 
B03 
B04 
B05 
B06 
B07 
B08 

Timer 0 clock 
Timer 0 external gate 
Timer 0 run state 
Timer 0 external gate enable 
Timer 0 customer signal ground 
Not used 
Not used 
Frame ground strap 

Not used 
Not used (polarizing pin) 
Not used 
Timer 1 customer signal ground 
Timer 1 external gate enable 
Timer 1 run state 
Timer 1 external gate 
Timer 1 clock 

Figure 3-3. Timer card and cable connector 

User-supp lied 
2X8 
connector 

Timer card 

A B 

0 0 8 
0 0 7 
0 0 6 
0 0 5 
0 0 4 
0 0 3 
0 2 
0 0 

Pin view 
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Pin !.2.2ign.!~ Customer 
connections 

If the customer access panel (CAP) feature (#1590) is 
ordered, the cable from the top-card connector (Tee) is 
built-in and connected as shown in the following table. 

---_.--, 
I I 

I I TIMER. 0 I TIMER 1 
I 
1 ____________ ~L __ 1 

f Tce I CAP I TCC 
NAllE __ 1 P IN __ -Lfl_N _1 PI N 

I J I 
CUSTOMER CLK ... 1 AO 1 I A I B08 

I A 05 j E I B04 
SHIELD J FRAME J K J FRAME 

___ L l _____ L 

EXT GATE + 
J I I 
I A02 J C J B07 
I AOS I H I B04 

SHIELD I FRAME J M I FRAME 
~ _____________ l ___ --L ____ l 

I I I 
J RUN STATE... I A03 I B t 806 
I I A 05 J F J B04 
I SHIELD J FRAME) L ,FRAME 
1 ________________ . __ --1 ____ L ____ l. 
I I I I 
t EXT GATE ENB ... I A04 I D I B05 
~ I ADS I J I B04 
I SHIELD 1 FRAME I N IF RAM E 
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J J 
I V t 
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Jum~er Selections 

Pigure 3-4 shows the jumpers required on the timer card for 
the external signal lines and device addressing. 

TIMER FEATURE DESIGN CONSIDERATIONS 

W ir!.!HI Practices 

All signals brought into the top-card connector shall be 
with twisted pair. The signal ground wires from all sources 
associated with a particular timer shall be soldered 
together at the connector card and brought into the timer on 
pins A05 or B04 respectively. 

The voltage and ground associated with the drivers, 
receivers, and filter are isolated from the timer voltage 
and ground used for the timer card. This isolation is to 
decouple external circuitry noise from the digital voltage 
and ground for the timer card. 

A single ground strap should be connected from A08 on 
the top-card connector to a suitable frame ground point on 
the card file. 

ApElication Notes 

The cable connecting the user's lines to the timer card 
made using a Berg* connector part number 65405-005 
equivalent). The pins are Berg part number 75598-003 
equivalent) and the recommended wire is number 24 
twisted pair. 

is 
(or 
(or 

AWG 

*Berg Electronics, Division of E.I. duPont de Nemours, Co. 

Timer Feature 3-15 



Figure 3-4. Jumper selections on the timer card 
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CHAP~ ~~ TELETYPEWRITER ADAPTER FE!IQB~ 

INTRODUCTION 

Figure 4-1 is a block diagram of the teletypewriter adapter 
feature. This feature is designed primarily to attach a 
teletypewriter I/O device to the processor I/O channel. The 
adapter may also be used to attach other devices that 
satisfy the requirements of the interface. The feature 
offers signal and bit rate selectability by (1) using the 
appropriate pins of a 16-pin top-card connector and (2) 
jumpering of pins on the feature card. 

The teletypewriter adapter feature has a 4-wire 
interface for data exchange--2 for receive and 2 for 
transmit. Operation is full duplex; that is, data may be 
concurrently transmitted and received. 

The in£~1 options offered are: 

• Isolated contact sense 
Open circuit=mark (logical one) 
Closed circuit=mark 

• Non-isolated contact sense 
Open circuit=mark 
Closed circuit=mark 

• TTL 
Plus level=mark 
Minus level=mark 

• EIA received data 
Minus level=mark (standard convention) or 
Plus level=mark 

The outEY1 options are: 

• Current driver output 
Current=mark 
No current=mark 

• Solid state switch/TTL 
Closed/minus=mark or 
Open/plus=mark 

• EIA transmitted data 
Minus=mark (standard convention) 
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other output lines available are: 

• ElA data terminal ready 
On=±12 volts installed 

• Solid state switch/TTL write control 

• Solid state switch/TTL read control 

Data bytes are transmi"tted across the adapter/device 
interface serially by bit with the least significant hit 
being transmitted first. An 11-bit start/stop frame is used 
for synchronization of each byte. The bit rate is 
selectable on the card by jumper pins. The following bit 
rates are available: 

50 
75 
100 
110 
150 
200 
300 
600 
1200 
2400 
4800 
9600 

The teletypewriter adapter feature is code transparent and 
all 256 binary combinations can be transmitted and received. 
The data exchange over the interface is not checked for 
parity or device-dependent control characters. The adapter 
can be configured to perform initial program load (IPt). 

Data transfer between the adapter and the processor is 
by byte using direct program control (DPe) commands; 
however, during 1PL the transfer is by byte using cycle 
steal. 

The teletypewriter adapter feature is packaged on a 
single circuit card that plugs into the backpanel of the 
processor or the I/O expansion unit. The backpanels on 
these units distribute the I/O channel signal lines to the 
I/O feature card sockets. Pover is obtained from the 
backpanel through card connector pins except when ±12 volts 
are required as explained in the following section. 
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The communications power feature ('2010) furnishes ±12 volts 
and is a prerequisite for the teletypewriter adapte~ feature 
it. the attached device is connected to either the 
non-isolated current loop inte~face or the EIA voltage level 
interface. An exception to this is when the teletypewriter 
adapter is plugged into a 4953-A Processor, where ±12 volts 
is standard on the backpanel. 

The communications powe~ feature is .!!Q!: a prerequisite 
for the teletypewriter adapter if the attached device is 
connected to either the isolated current loop interface or 
the TTL voltage level interface. When the attached device 
is connected to the isolated current loop interface, the 
user must supply power to drive the transmit and receive 
loops. When the attached device is connected to the TTL 
interface, normal logic levels presented on the 
teletypewriter adapter card are used to drive the transmit 
and receive loops. 

The teletypewriter adapter card can be plugged into any 
I/O position that has +5 volts available at the card slot on 
the 4955 or 4953 card files or the I/O expansion card file. 
Refer to the prerequisite publications listed in the 
"Preface" of this manual. 

The teletypewriter adapter is a device adapter designed to 
attach OEM devices that operate as start-stop devices in 
full duplex mode over a 4-vire interface (one pair of wires 
to transmit data, one pair of wires to receive data). Data 
can be transferred in current loop mode, or as either EIA or 
TTL signal levels. 

The following is a list of different types of devices 
commercially available that can be attached to this 
interface. 

Printer-keyboards 
Keyboard-display 
Keyboard-display-printer 
Printers 
Tape cassettes 
Tape 
Card readers 
Badge reade.rs 
Plotters 
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This interface offers signal and bit rate selectability to 
accommodate a wide range of devices. The full range of 
input options is as follows: 

Non-isolated contact sense 
Non-isolated contact sense 
Isolated contact sense 
Isolated contact sense 
TTL 
TTL 
ElA received data 
EIA received data 

Data mark convention 

Closed circuit=mark 
Open circuit=mark 
Closed circuit=mark 
Open circuit=mark 
Minus=mark 
Plus=mark 
Minus (standard convention)=mark 
Plus=mark 

These input options are selected by utilizing afpropriate 
top-card connector pins and by jumper pins on the card. The 
output signals to the device are non-isolated solid state 
switches, current drivers, and EIA drivers. The range of 
output options is as follows: 

Curren t dri ver 
Current driver 
Solid state switch/TTL 
Solid state switch/TTL 
EIA transmitted data 
EIA data terminal ready 

Solid state switch/TTL 
Solid state switch/TTL 

Data mark convention 

Current out=mark 
No current out=mark 
Closed/minus=mark 
Open/plus=mark 
Minus (standard convention)=mark 
None (on=±12V installed) 

with write command 
With read command 

The write and read control outputs are available for device 
control of the user's hardware and are switched by modifier 
bit 1 of the write and Read commands, respectively. These 
outputs are not used for any standard attachment of a 
teletypewriter I/O device. 

Output options are selected by utilizing the 
appropriate top-card connector pins. 

The teletypewriter adapter operates full duplex. Data 
may be concurrently transmitted and received between the 
adapter and the device. 
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Selection of the Optimum Interface 

This section discusses the advantages and disadvantages of 
using the following interfaces for attachment of an OEM 
device: 

Non-isolated current loop interface 
Isolated current loop interface 
EIA voltage level interface 
TTL voltage level interface 

Most OEM devices that can be attached to the teletypewriter 
adapter card are manufactured with a current loop interface 
as basic, and an EIA voltage level interface as an 
additional cost feature. Therefore, the cost of the OEM 
device is generally less if the device is attached in 
current loop mode. 

Current loop mode also has more noise immunity than EIA 
or TTL voltage levels. 

When most OEM devices are ordered with an EIA 
interface, they contain the full start-stop feature subset 
of the EIA interface: 

Transmit 
Receive 
Request to send 
Clear to send 
Data set ready 
Data terminal ready 
Carrier detect 
Signal ground 

The only EIA level signals that the teletypewriter adapter 
card generates are transmit, receive, signal ground, and 
data terminal ready. If the teletypewriter adapter is 
connected to an OEM device with the preceding signals: 

1} The transmit, receive, and signal ground signals may be 
connected to the teletypewriter adapter card. 

2} The data terminal ready signal from the teletypewriter 
adapter card must be connected to the data set ready 
and to the carrier detect signals. 

3} The request to send signal must be wired to the clear 
to send signal at the device end of the cable between 
the teletypewriter adapter and the OEM device. 

4-6 GA34-0033 

f l 

\ ~ 



c 

0 _·_-' 
-. 

There are two different current loop interface "ports" 
available on the teletypewriter adapter card. The isolated 
current loop interface requires the user to supply power to 
drive the two isolated current loops. A separate power 
supply and current limiting resistor must be placed in the 
transmit loop and the receive loop. Refer to 
"Teletypewriter Device Information" in a subsequent section 
of this chapter for connection of these power supplies and 
resistors. 

The teletypewriter adapter supplies the power to drive 
the transmit and receive current loops when the non-isolated 
current loop interface is used. There are two other 
significant differences between the isolated and 
non-isolated current loop: 

1) On the isolated current loop, the receive inputs are 
totally isolated. 
On the non-isolated current loop, the receive inputs 
are coupled through resistors to +12 volts and -12 
volts generated by the card file pover supply. 
For both isolated and non-isolated current loops, 
transmit minus is logic ground. 

2) On the isolated current loop, the transmit output is a 
£Yllen! sink. 
On the non-isolated current loop, the transmit output 
is a current §QY~. 

See Figures 4-5 and 4-6 in the "Electrical Characteristics" 
section of this chapter for more details of the four 
different interfaces available on the teletypewriter adapter 
card. 

Summar~. Generally, unless the user has some unique 
requirements, he should use the non-isolated current loop 
interface. 

The following table outlines the advantages and 
disadvantages of each of the four interfaces incorporated in 
the teletypewriter adapter card: 
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Interf.a~ __ -1 Advantages _____ -1 
J I 

1) Non-isolated I- Simple cabling from I-
current loop I card to device I 

I I 
J. Current loop usually I 
I is not an added-cost I 
I feature of device I 
.- High noise immunity I 
I- Customer does not baveJ 
I to purchase OEM power I 
I supply to drive I 
I current loops I ___________ 1. I 

I I 
2) Isolated I- Current loop usually •• 

current loop I is not an added-cost I 
I feature of device J 
I- High noise immunity I-
I I 
I I 
I I 
I I 
,- ±12 volt power featurel 
I not required I 

Disadvan!.~~_, __ _ 

±12 volt power feature 
is a prerequisite for 
this interface 

Customer must purchase 
two OE" power supplies 
to drive current loops 
customer must furnish 
cabling fro. the tele­
typewriter adapter to 
paver supplies to 
attached device 

__________ 1 .. 1 __ , ___ , ______ _ 

I I 
3) ErA voltage I- customer does not have • ±12 volt paver feature 

is a prerequisi te for 
this interface 

level J to purchase OEM power 
I supplies to drive 
I current loops 

• I 
I 
I- Simple cabling from 
I card to device 

• EIA voltage level inter­
face is usually an added­
cost feature of device 

I • EIA signals not gene-
I rated by teletypewriter 
I adapter must be jumpered 
I or tied up I __ 1 __________ _ 

I I 
4) TTL voltage .- ±12 volt power featurel- Few OEM devices 

level I is not required I offer this interface 
I- Simple cabling from I 
J card to device I 
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GENERAL DESCRIPTION 

Datg Transmission 

Data is transmitted and received by the teletypewriter 
adapter serially by bit. Data is transferred one 8-bit 
character at a time. Each data character is preceeded by 
one st~~! bit and is followed by one or two §!Q£ bits. 
Characters being transmitted from the teletypewriter adapter 
to an OEM device are always followed by two stop bits. 
Characters being received by the teletypewriter adapter may 
have one or two stop bits. A start bit is always a spac~ or 
logical zero, and a stop bit is alvays a mark or logical 
one. The transmit and receive lines are always held in the 
mark state when no data is being transferred. Figure 4-2 
shows the format of an eleven bit transmitted or received 
character frame. 

The teletypewriter adapter is a full duplex attachment. 
Data can be transmitted and received concurrently. OEM 
devices attached to the teletypewriter adapter should be 
configured for full duplex operation. 

No error checking is done on transmitted or received 
data. The teletypewriter adapter is code transparent. All 
256 combinations of 8-bit characters can be transmitted or 
received. 

It is not possible to overrun on data be~ng transmitted 
by the teletypewriter adapter. It is possible to overrun on 
data being received by the teletypewriter adapter. If a 
second character is received before the first character is 
serviced by the software, the first character wil.,! nol be 
lost, but the second character vi!! be lost. 

Figure 4-2. Format of an l1-bit transaitted or received 
character frame 

11 Start bit 

~ I !~T:T5--i-~T;-:-2Tl--:-~-i St~~---~ 
LJ : : : : : : ' : bit(s) : '--- _L. ___ ..! ___ !.. ___ , ___ .J ___ ..! _ __ .! ____ , .' ___ oJ 

II '------.__-----","-v-'" 
m 

11 The line is always held in a 'mark' condition when 
no data is being transmitted. 

II The start bit is always a 'space' (logical zero). 

1'1 Eight data bits are transmitted for each character. 
Each bit is either a mark or a space, depending on 
the character code. Note that the least significant 
bit is transmitted rust. 

II The stop bit is always a mark (logical one). On 
transmit, two stop bits are always used. On receive, 
one or two stop bits can be used. 
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The teletypewriter adapter provides initial program load 
(IPL) capability. A field installable jumper on the card 
designates the teletypewriter adapter as the primary or 
alternate 1PL source. If neither pin is jumpered, the 
teletypewriter adapter can not perform IPL. 

The IPL record length is 256 bytes, commencing at main 
storage location z€ro. The IPL data transfer starts when 
the adapter recognizes the first non-zero character from the 
attached OEM device. 

The OEM device attached to the teletypewriter adapter 
must have some means of manually initiating a transmit 
operation to the teletypewriter adapter if the OEM device is 
to be used for IPL. 

This implies that the OEM device must be capable of 
~~.!1.I initiating a read operation from some media (such 
as cards, tape, or disk) and transmitting the data to the 
teletypewriter adapter. 

TELETYPEWRITER ADAPTER OPERATIONAL CHARACTERISTICS 

As previously described, data is always transmi~ted by the 
teletypewriter adapter in an eleven bit frame: start bit, 8 
data bits, and 2 stop bits. At the beginning of the first 
stop bit, the teletypewriter adapter sends an interrupt 
request to the processor to signal the completion of the 
current character transmission. This interrupt must be 
serviced and another transmit operation initiated by the end 
of the second stop bit time if maximum transmission rate is 
to be maintained. 

Devices that are designed to receive either one or two 
stop bits may be attached to the teletypewriter card. If 
the device is designed for only one stop bit, the second 
stop bit appears to be a one-bit-time separation between 
character frames. 

The teletypewriter adapter can receive data formatted 
with either one or two stop bits. If present, the second 
stop bit appears to be a one-bit-time separator between 
character frames. 

If a device is programmable for either one or two stop 
bits, it should be programmed for one stop bit. This 
increases the receive data rate of the teletypewriter 
adapter by approximately 9 percent. 

If a device is programmable for several different data 
rates that are supported by the teletypewriter adapter, the 
device should be programmed for the highest data transfer 
rate that results in reliable operation in the environment 
in which the system is placed. 

Although the following information describes the 
internal operation of the teletypewriter adapter, it is 
presented here as necessary information to understand the 
subsequent transmit and receive timing charts. 
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Prior to presenting the following sections, it is important 
to distinquish between two types of receive operations that 
the teletypewriter adapter performs. They are: 

• ! ~~~l £2ceiv~ QEeration 

• 

This is a receive operation in which the receive data 
register is loaded with a new value. The attention 
interrupt is posted upon completion of this operation. 
The receive data register remains loaded until, 1) it 
is read at least once by the program ~n~ 2) a 
subsequent normal receive operation is initiated. 

hn Q~~££~n receive 9E~ration 
This is a receive operation executed with the same 
timing as a normal receive operation, but the data 
transmitted from the device is blocked from being 
loaded into the receive data register. An overrun 
receive operation is initiated if the device begins a 
transmission and the adapter determines that the 
receive data register (previously loaded by a normal 
receive operation) has not been read at least once by 
the program. The character that caused the overrun is 
lost. The character in the receive data register is 
not lost and may still be read. Therefore, although 
synchronization is lost# character synchronization 
between the device and the adapter is not lost. An 
exception interrupt is posted at the completion of an 
overrun receive operation. 

Interr~£1 Presentation 

The teletypewriter adapter requests an interrupt (if it has 
been properly prepared) under the following conditions: 

1) When a normal receive operation is completed. 
2) When an overrun receive operation is completed. 
3) When a transmit operation is completed. 

Condition codes (CC) reported at interrupt acceptance time 
are as follows: 

cc valy~ 

2 
3 
4 
6 
7 

Meaning 

Exception 
Device end 
Attention 
Attention and exception 
Attention and device end 

Teletypewriter Adapter 4-11 



The interrupt condition codes are subject to the following 
rules and considerations: 

1) The attention and exception codes are associated only 
with receive operations; the device end code with a 
transmit operation. 

2) The attention and exception codes are associated with 
operations initiat~d by the device. The device end 
code is associated with operations initiated by the 
program. 

3) Attention and exception interrupts may be posted 
asynchronously to the device end interrupt. Since 
interrupt code presentation does not accommodate both 
exception and device end codes during interrupt 
presentation, the exception code takes precedence OYer 
the device end code at interrupt presentation time if 
both interrupts have been posted. The presentation and 
acceptance of the exception code does not reset a 
pending device end interrupt. 

The meaning of the interrupt condition codes is as follows: 

CC2 Indicates that the adapter has coapleted at least one 
overrun receive operation. A device end interrupt may 
be pending, but the exception code has taken precedence 
in presentation. 

ee3 Indicates completion of a transmit operation as a 
result of a write command or indicates completion of an 
IPL operation. No exception interrupt has been posted 
at accept time. 

CC4 Indicates completion of a normal receive operation. 
Note that data can be read while the adapter is 
executing an overrun receive operation up to the time 
the exception interrupt is posted. 

CC6 Indicates that the adapter has completed a normal 
receive operation and has completed at least one 
overrun receive operation. A device end may be 
pending, but the exception code has taken precedence in 
presentation. 

CC7 Indicates that the conditions that cause CC4 and ee3 
have occurred. 

Refer to the prerequisite publications listed in the 
"Preface" of this manual for a detailed explanation of the 
differences between condition codes 2, 4, and 6. 
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Tbe teletypewriter adapter has two commands that must be 
described before presenting timing diagrams of transmit and 
receive operations. These two commands are: 

RegQ. The byte of data contained in the receive 
serializer-deserializer register is transferred to main 
storage. In normal operation, an attention interrupt 
indicates to the procesor that a data character has been 
received and is in the receive register. A Read command is 
then executed as a part of the interrupt service program. 
The receive register is then free to be used in receiving 
another character. 

If a second character is received before the first 
character is read from the receive register, an overrun 
occurs. The first character is still in the receive 
register, and the second character is lost. 

Wri1~. A byte of data is transferred from main storage to 
the transmit serializer-deserializer register, and the 
internal clocking necessary to serially transmit the 
character is initiated. 

At stop-bit time of the transmission of this character, 
a device-end interrupt signals the processor that character 
transmission is complete and that the adapter is available 
to accept another write command. 

Figure 4-3 is a timing diagram for transmit operations. 
"WH" on the figure denotes a write command accepted; a 
circle .3 denotes the device-end interrupt; and "I.A." 
denotes interrupt acceptance by the processor. 

TXO is the transmit time from initiation of a transmit 
operation to posting of the device-end interrupt. TXO is 
nine bit times at the selected bit rate. At 9600 BPS (bits 
per second), TID is 0.936 ms; at 100 BPS it is 81.9 ms. TL 
is the transmit load time, measured from the posting of the 
device-end interrupt to the time at which the interrupt is 
accepted and another Write command can be issued to the 
adapter without loss of rated performance. TL is two bit 
times at the selected bit rate. For 9600 BPS 1 TL is 0.208 
ms; at 110 BPS, it is 18.2 ms. If a new Write command is 
executed within time TL, the character rate is determined by 
the adapter clocking; that is, a new transmit operation, is 
not initiated in less than time TL from the posting of the 
device-end interrupt. The adapter however, is "write busy" 
upon successful execution of the Write command. If a new 
write command is delayed beyond time TL, the transmit 
operation is initiated immediately upon successful receipt 
of the Write command. 
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Figure 4-3. Transmit operation timing diagram 

WR WR CD I.A. CD I.A. 

\ 
______ -Jlr----T-ra-n-sm-l-·t-o-p--~· 

'---T Xo ----i.~1 
---.. TL ~ 

Key: 

) 1 
( ( 

--.. TL 1---

CD Post device end interrupt (condition code 3) 
LA. Interrupt accept 
WR Write command accepted 

Baud rate TXO (milliseconds) IL (milliseconds) 

9600 .936 .208 
4800 1.87 .416 
2400 3.74 .832 
1200 7.49 1.66 

600 14.98 3.33 
300 29.96 6.66 
200 44.94 10.0 
150 59.9 13.3 
110 81.9 18.2 
100 89.88 20.0 

75 119.08 26.6 
50 179.76 40.0 

TXO and T L are ±O.l % I 
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Figure 4-4 is a state and timing diagram for possible 
receive sequences. There are three entry points on the 
right side of the diagram, "A", tlB", and IIC". All exits 
from the basic sequences on the left of the diagram connect 
to one of the entry points. A circle with 2, 4, or 6 
denotes an interrupt with the appropriate condition code 
wit h in the c i r cl e ; n I • A • ( & R) II den 0 t e s in t err up t a c c e pt ( and 
Read) by the processor; the envelopes of both normal and 
overrun receive operations are shown on the diagram. 

Figure 4-4 includes a table of timings for the various 
device bit rates. TRO is the time of a receive operation 
from initiation by the device to the posting of an 
interrupt. It is nine bit times at the selected frequency. 
At 9600 BPS, TRO is 0.936 ms; at 110 BPS, it is 81.9 ms. TR 
is the m1n1mum time between receive operations and is two 
bit times at the selected frequency, on the average. At 
9600 BPS, TR is 0.208 ms on the average; at 110 BPS it is 
18.2 IDS on the average. Device clock jitter and drift 
causes TR to vary, depending upon device characteristics. 
For programming purposes, a value for TR of the average less 
15 percent should account for most devices attached. 

The basic sequences on Figure 4-4 start from point A 
with a normal receive operation that ends with an attention 
interrupt being posted. The top line depicts interrupt 
acceptance dnd reading of the receive data register within 
time TH. The second line depicts a delay in the interrupt 
acceptance and reading beyond time TR OL the initiation of 
another receive operation by the device if the device is not 
transmitting at rated speed. In this case, although the 
receive data register can be read, the adapter has committed 
to an overrun receive operation; this results in an 
exception interrupt (condition code 2) when the current 
operation is completed. A Read command is not necessary 
following the acceptance of condition code 2. The extension 
of lines 2 and 3 depicts two other possibilities following a 
cond i tion code 2; (1) the in terr upt is accepted and the 
receive data register is read within time TB, leading to 
condition code 4, and (2) another delay in interrupt 
acceptance, leading to another condition code 2. 

Line 4 depicts a case of a very long delay in interrupt 
acceptance and reading, leading to condition code 6. The 
extension of lines 4, 5, 6, and 7 show other possibilities 
following a condition code 6. 

Note that some connections of basic sequences to entry 
points on the timing diagram can result in sequences that 
may be very long, depending upon the number of characters 
transmitted from the device. 
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Figure 4-4. state and timing diagram for possible receive 
operations 

0 LA. & R 

I~ 
Normal Normal 
receive receive 

I.-- TRO -I TRI CD 
LA. & R 

/ I 

"A" 

Key: 
"A" "B" "c" 
000 
LA. 

Normal Overrun 
receive receive 

"B" 

0 
I 

Normal Overrun 
receive receive 

"C" 

Entry points on right side of diagram 

Interrupt with circled condition code 
Interrupt accept 

0 LA. & R 

I~ 
Normal 
receive 

0 LA. 

IL-
Normal 
receive 

LA. 

I 
Overrun 
receive 

I.A. & R 

Normal 
receive 

I.A. & R 

I 
Overrun 
receive 

I.A. 

I 
Overrun 
receive 

Overrun 
receive 

LA. & R Interrupt accept and execute read command 

Baud rate 1Ro (milliseconds) 1R (milliseconds) 

9600 .936 .208 
4800. 1.87 .416 
2400 3.74 .832 
1200 7.49 1.66 
600 14.98 3.33 
300 29.96 6.66 
200 44.94 10.0 
150 59.9 13.3 
110 81.9 18.2 
100 89.88 20.0 

75 119.08 26.6 
50 179.76 40.0 

TRO and TR are ±0.1 % I 
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Sys!~ !~lateg Chacacteristics 

Pow~.!: Failu~. Any chacacter that is in the process of being 
either transmitted or received during a power failure is 
either lost or qarbled. 

Power-on reset is generated when the system is powered 
back up. This siqnal resets all controls and registers in 
the teletypewriter adapter except for the receive 
serializer-deserializer register. This register is set to 
all ones, which is the ASCII "rub out" character. 

ErrQ'! Recovery. There is no checking of any kind between the 
teletypewriter adapter and the user's device. 

TELETYPEWRITER ADAPTER ELECTRICAL CHARACTERISTICS 

The teletypewriter adapter offers four different interfaces 
or "ports" for connecting to user's devices. These 
interfaces or ports are: 

1 ) 
2) 
3) 
4) 

Isolated current loop 
Non-isolated current loop 
EIA voltage level 
TTL voltage level 

The teletypewriter adapter provides a 16-pin (2x8) top-card 
connector for connecting the user's device. 

A separate pin or pair of pins on the top-card 
connector provides the inputs and outputs for the four 
different interfaces. 

Input Circuits General Description 

Refer to Figure 4-5. There are four basic types of receive 
inputs: isolated contact sense, non-isolated contact sense, 
TTL. and EIA RS232-C level. 

Input options are selected: 

• By connecting to the appropriate pins, and 
• By a 3-bit, coded jumper-pin selection on the card. 

One bit of this code reverses the convention of the 
inpu"t data mark. (See "Jumper Selections" in this 
chapter for a detailed explanation of jumpering.) 

Isolated Contact Sense. Two connector pins are available 
forthe-signal input.--The isolated common may be strapped 
to signal ground on the user's connector if desired in 
certain applications. When the isolated contact sense input 
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is used, some external non-IBM supplied power source must be 
used to generate current for the receive current loop. 
The equivalent circuit for the isolated contact sense inputs 
is a series resistance between the input pins. 

Non-I..§ol2:te~ Contact Sense. Two connecto[' pins are 
available for the signal input. These inputs are used when 
it is desired that the teletypewriter adapter card generate 
current for the receive current loop. 

The equivalent circuit for the non-isolated contact 
sense inputs is a ['esistor in series with a voltage source. 

lIb. One connector pin is available for TTL level input. 
The TTL input is non-isolated. 

ETA. One pin is available for ETA RS232-C level input. This 
input is non-isolated. 

Gr.Qundi.n.g. The cable shield ground wire must be connected 
to fr~ gro~Q at the point of entry into the IBM 
enclosure. The cable shielded-ground wire must be connected 
to ira.!!~ ground at the user's device end of the cable. 

The performance of this interface may be affected by 
noise. Appropriate arc suppression, noise filtering, etc. 
may be necessary on customer inputs. 

Contact sense inputs are isolated from card ground. 
TTL and EIA signal ground is tied to logic ground in the 
teletypewriter adapter card. 
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Figure 4-5. Input circuits 

C Device ¢ I 
I 
I 
I 
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current loop interface) 

-- --I 
360 n. -- I .___--'----1 Receiver 

455 n. 

-12 V 

I 
~ I 

Optical 
isolation 

--- ----J 
+5 V 

150 n. 

300 n. 

Teletypewriter Adapter 

Receiver 

Receiver 

Logic ground 

4-19 



output Circuits General Description 

Please refer to Figure 4-6. There are four basic types of 
outputs available: current driver for data, solid state 
swi tch,ITTL for da ta ~ solid sta"te swi tch/TTL for control, and 
EIA RS232-C Level. The outputs are selected by utilizing 
the appropriate top-card connector pins. All outputs are 
driven in parallel so jumperinq on the card is not necessary 
for selecting an output. 

Solid state switches are provided with a resistor and 
diode in series tied to +5 volts so that they may be used as 
solid state switches or as TTL outputs. Any user voltage 
greater than 5 volts that is applied to the switch output 
isolates the +5 volts from the switch by reverse biasing the 
series diode. 

Cable Length 

A 6.1m (20 ft) cable is provided by IBM to connect the 
teletypewriter adapter to a teletypewriter device or a 
functionally equivalent I/O device. Por I/O devices 
attached to the teletypewriter adapter by either the TTL 
interface or the EIA signal level interface, 6.1m (20 ft) is 
the maximum permissible cable length. For devices attached 
to the teletypewriter adapter by the current loop interface, 
distances significantly greater than 6.1m (20 tt) can be 
achieved but the maximum distance achievable depends upon 
cable type, electrical environment, and device data rate. 
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Figure 4-6. output circuits 

C Teletypewriter adapter ¢ I Q Device 
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I 
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(SSS = solid state switch) 

I 
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I 
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I B08 

I 
0 SSS/TTL read control 
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Driver 0 EIA transmitted data 
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I A06 
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I 
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Jumper Selections 

Figure 4-7 shows the card jumper selections for the 
teletypewriter adapter. All card jumper pins are located 
in-line near the output edge of the installed card so they 
can be read while the card is installed in an I/O card slot. 
Generally, the most significant bit of the selection is the 
highest of a group. Four groups are provided. From top to 
bottom facing the installed card they are: 

• Input selection, binary coded, most significant digit 
to least significant digit (3). 

• Bit rate selection, binary coded, most significant 
digit to least significant digit (4). 

• Device address, most significant hex digit (4) and 
least significant hex digit (4). 

• IPL selections, primary and secondary (2). 

Jumper significance is as follows: 

• Input selection jumper installed means that the 
appropriate bit of the decode = logical 1. The decode 
is as fa llow s: 

Input Input 
~~12 LS~ .§.~lecteg i!!.i€trErSited~§ 

0 0 0 contact sense Closed=data mark 
0 0 1 TTL Minus=data mar-k 
0 1 0 ElA Minus-=data mar-It 
0 1 1 Internal Time data out 
1 0 0 Contact sense Open=data mar-X: 
1 0 1 TTL Plus=data mark 
1 1 0 EIA Plus=data mark 
1 1 1 Internal Time data out 

The contact sense input, closed=data mark, is the 
no-j umper default selection. 
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'. Bit rate selection - jumper installed means that the 
appropriate bit of the decode = logical 1. The decode 

0 
is as follows: 

!1~11 1SB 

0 0 0 0 110 BPS 
0 0 0 1 reserved 
0 0 1 0 reserved 
0 0 1 1 reserved 

0 1 0 0 50 BPS 
0 1 0 1 100 BPS 
0 1 1 0 200 BPS 
0 1 1 1 reserved 

1 0 0 0 75 BPS 
1 0 0 1 150 BPS 
1 0 1 0 300 BPS 
1 0 1 1 600 BPS 

1 1 0 0 1200 BPS 
1 1 0 1 2400 BPS 
1 1 1 0 4800 BPS 
1 1 1 1 9600 BPS 

110 BPS is the no jumper default bit rate selection. 

C • Device address - Jumper installed means corresponding 
device address bit = logical 1 • 

• 1PL - jumper installed means "selected". If no jumpers 
are installed the teletypewriter adapter can not 
perform IPL. 

o 
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Figure 4-7. Jumper selections 

Teletypewriter adapter card 
Person facing card Cabling installed in I/O card position 

4-24 

Input 
selection 

Bit rate 
selection 

Device address 
selection 

IPL 
selection 

Key: 

MSB 
LSB 
MSHD 
LSHD 

~~ User 12 volt power jumper* 
connector I 

[ 

"----

{ 
MSB 

LSB 

{ 
MSB 

LSB 

{ 
MSB 

MSHD 

LSB 

LSHD { 

MSB 

LSB 

{ Primary 

Secondary 

Most significant bit 
Least significant bit 

0 

0 

10 

10 

10 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

Most significant hexadecimal digit 
Least significant hexadecimal digit 

,--... 
2x8 0 0 

0 / (illustrates jumper for TTL minus = data mark) 

0 

0 I / (illustrates jumpers for 1200 bits per second) 

0 '} 0 , 
o (illustrates jumper for device address hex 80) 

0/ 

01 

0 

0 Internal jumpers (must be installed) 

0 

0 10 01 10 01 
0 

~ / (illustrates jumper for primary IPL source) 

~/Reserved 

0 

* 12 volt power jumper installed only for 
non-isolated current loop interface 
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Driver/Receiver Information 

C Inputs 

c 

o 

Isolated ~ont~! .2~§g. The user's equipment must supply a 
current of between 20 and 60 mA to the isolated contact 
sense inputs. This results in a voltage between 9.0 and 
16.7 volts placed across the receive input terminals. 

Non-Isola~g Contact Sense. The teletypewriter adapter can 
supply a current of 20 mA to drive the receive current loop. 
The OEM driving source for the receive inputs should be a 
passive device that can be approximated by a resistor and a 
switch in series. 

When the driving source switch is "open", no current 
flows, and the potential across the receive inputs is 24 
volts t10%. 

When the driving source svitch is "closed", a current 
flows out of the receive plus input and back into the 
receive minus input. The current flow is I = 18.SV/(910+R) 
where I=amperes, V=volts and R:ohms, where R is the 
impedance of the OE~ driving source. R must be 800 ohms or 
less for reliable operation. 

~!!. The EIA receive data signal input must conform to EIA 
RS232-C/CCITT V.24 specifications. The input impedance of 
the receive data signal is 3K to 1K ohms. This signal 
drives an SN75154 (or equivalent) TTL receiver. 

IT1. The TTL receive data signal must be a TTL compatible 
signal. The input impedance of the TTL receive data input 
is 100 ohms. This signal drives an SN75154 (or equivalent) 
TTL receiver. This input draws 40 rnA of current. 

Outputs 

&~~~! Qri~g~ (No Customer Supply Required). The 
teletypewriter adapter card provides a current driver for 
transmit output. The current driver provides the current to 
drive the transmit loop. No external power supply is 
required if this current driver output is used to drive the 
OEM device receive input. 

When the current driver is "on", a maximum current out 
of the teletypewriter adapter card of 20 mA is generated. 
The voltage across the transmit output pins when the current 
driver is on is: 

Vto = __ -R __ and tbe exact current flowing 
620+R 

Ito = 12V 
620+R 
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R is the impedance looking into the OEM device receive input 
pins. For reliable operation, R should be less than 200 
ohms. 

When the circuit driver is off, the maximum current out 
of the transmit output is 500 microamperes and the voltage 
across the transmit output pins is ~to = .0005 R, where R is 
the input impedance of the OEM device receive input. 

Solid state ~wit£~ (With Series Customer Supply). The 
teletypewriter adapter transmit output is a solid state 
switch. In the open or off-state, the maximum voltage the 
switch can withstand is 52.8 volts. With this voltage, the 
maximum current through the switch is 500 microamperes or 
less. 

In the closed or on-state, the maximum permissible 
current through the switch is 100 mAe The voltage drop 
across the switch in the closed or on-state must be less 
than 0.08 volts. 

Soli!! St~te Sw!tchLTT1 (without Series customer Supply). In 
the open or off-state, the maximum output voltage is 5.5 
volts at 50 microamperes. The minimum output voltage is 2.4 
volts at 1 rnA. 

In the closed or on-state the maximum output voltage is 
0.8 volts. The minimum output voltage is 0.0 volts. 

EIA. The EIA outputs conform to EIA RS 232-C/CCITT V.24 
specifications. The output driver is an SN74150 TTL driver. 
If the ±12 volt supply is not installed, the EIA transmitted 
data signal and the data terminal ready signal are in the 
power-off condition. For attached devices using the EIA 
input for receive only operations, the ±12 volt supply 
option is not required. In this case, the EIA data terminal 
ready signal generated by the attached device should be 
wrapped back to the input that would normally be connected 
to the data terminal ready output of the teletypewriter 
adapter. 

The teletypewriter adapter does not require any external 
power supplies. All power required by the teletypewriter 
adapter is obtained from the I/O card file in which the card 
is inserted. 

The only exception to this is when the user elects to 
attach his device to the isolated current loop interface. 
In this case, the user must supply a 25 volt (100 mAl power 
supply and a current limiting resistor for the transmit loop 
and also for the receive loop. 

The series resistor should be of such value as to limit 
the current in each loop to 20 al. See Pigure 4-9 for a 
diagram of how to connect the power supplies and resistors. 
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TELETYPEWRITER ADAPTER PHYSICAL CHARACTERISTICS 

C Phys!cal Q~riEtio!! 

c 

o 

The teletypewriter adapter is a standard IBM printed circuit 
card with 2 signal planes. (For an illustration of the 
card, see "I/O Channel Physical Component Description" in 
Chapter 2.) Four connectors on the card plug into a 
backpanel board that distributes the processor I/O channel 
signal lines. There is a 16-pin (2x8) connector at the top 
of the card for device inputs and outputs. 

The cable that plugs into this connector should be made 
using .24 AWG wire, and must use Berg* part number 75598-003 
pins (or equivalent) and a Berg part number 65405-005 
housing (or equivalent). 

Figure 4-8 shows how to identify pins on the cable 
connector. The following table is a list of the signals and 
their pin assignments. 

.fin Signal Pin Signal 

A1 Isolated receive input+ B1 Non-isolated receive input-
A2 Current driver, current B2 (Pol ar ization pin) 

=mark 
A3 Isolated receive input- S3 Current driver, current= 

or non-isolated receive space 
input+ 

A4 ElA received data in B4 TTL received data in 
A5 Frame ground 85 Signal ground 
A6 ElA data terminal ready B6 ElA transmitted data 
A7 SSS closed=data mark B7 sss open=data mark or 

or -TTL data out +TTL data out 
18 SSS/TTL write control B8 SSS/TTL read control 

*Berg Electronics, Division of E.I. duPont de Nemours~ Co. 
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Figure q-8. Cable connections for the teletypewriter adapter 
card 

Teletypewriter adapter card 

, 
"A B ,...--

0 0 8 
/ 0 0 7 

/ 
0 0 6 
0 0 5 
0 0 4 
0 0 3 
0 2 
0 0 

Pin view 

User-supplied 
2X8 
connector 
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TELETYPEWRITER ADAPTER DESIGN CONSIDERATIONS 

C Tele~vritef: Device Informati.Q.!l 

c 

o 

The teletypewriter should be configured for full duplex 
operation and a 20 mA current loop prior to installation. 
Teletype* Models ASH 33, ASH 35, or KSR 33 are normally 
shipped from the factory wired for half duplex, 60 mA, and 
even parity. 

The isolated contact sense input, with input selection 
code equal to all zeros, must be used Lor connection of the 
ASH 33/35. 

Either the current driver, current=mark output or the 
solid state switch, closed=data mark output must be used for 
the ASH 33 and 35. 

If the system is powered down, the output driver goes 
to a data space condition causing the device to ttchatter U if 
it is in uline mode". Consequently the ASH 33/35 should be 
turned off or put in local mode it the system is powered 
down. However, no damage to the device results if it is 
left in line mode, just unnecessary wear. 

Also if the cable is disconnected while the ASR 33/35 
is in line mode, the device can chatter. 

During an 1PL operation, the ASH 33/35 should be placed 
in line mode prior to pressing the Load key on the processor 
console. 

Cab!~ Connection !Q the TeletY.E.ewriter Adapter 

The tables in the following subsections indicate how pins of 
the top-card connector should be connected to pins on the 
attached device. 

EIA. The communications power supply feature furnishes t12 
volts. This feature is a prerequisite for any card file 
(except the 4953-A Processor) in which the teletypewriter 
adapter is installed if the adapter sends ElA output levels 
to the device. However, the 12 volt supply is not required 
to only receive ElA levels. The connections for EIA are as 
follows: 

14 EIA received data in 
85 Signal ground 
86 EIA transmitted data 

EIA transmitted data 
Signal ground 
EIA received data 

*Registered trademark of Teletype Corporation 
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Note that other EIA interface signals may have to be tied up 
or tied down, depending on what device is attached. 
Connector pin A7 is EIA data terminal ready, and is a 
logical one when pover is on in the teletypewriter adapter. 

This interface requires a shielded 3-conductor cable, 
4-conductor if the EIA transmitted data signal is used. 

lIb. The connections for TTL are as follows: 

B4 TTL received data 
85 Signal ground 
Eith~£ 

A7 SSS closed=data mark or 
-TTL data out 

B7 SSS open=data mark or 
+TTL data out 

De.!ice connector 

TTL transmitted data 
Signa 1 ground 

TTL received data 

Wire the cable to either pin A7 or pin B7, depending on 
which polarity for received data is required by the attached 
device. 

The interface requires a shielded 3-conductor cable. 

Cu££~n! LOQ£ with [~~§ ~Q~g£ Suppl~es. connections for 
this current loop are as follows: 

A1 Isolated receive input+ 
A3 Isolated receive input-
85 Signal ground (Transmit-) 
17 sss closed=data mark 

Transmit -
Transmit + 
Receive + 
Receive -

Two external power supplies are required for the current 
loop interface. One for the transmit loop and one for the 
receive loop. Both power supplies must generate 25-volt 
power and must supply a current of up to 100 mAe 

The two external power supplies must be placed in 
series with the transmit and receive loops with the 
polarities shown above. It is recommended that the power 
supplies be placed at the device end of the cable. 

Figure 4-9 is a diagram for the cable connections just 
described; that is, when the customer elects to use: (1) 
external power supplies, (2) solid state switch 
teletypewriter adapter outputs, and (3) isolated receive 
inputs. 

I2!g. For this configuration, the jumper wire that ties +12 
volts into the receiver logic should l!,2! be used (refer to 
Figures 4-5 and 4-7). 
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Figure 4-9. Connections for 
supplies current for the loop 

current loop 

Connections for current loop when user supplies current 

Teletypewriter adapter I/O device 

Transmit loop ASR 
user's power supply 33 

A7 Transmit + A. + 1-
SSS closed = data mark 

,.. 
~ Receive- X6 '-' I 

B5 Transmit -
Signal ground 0 ~ Receive + X7 

Receive loop 
user's power supply 

Al Receive + + 1-
Isolated receive input + 

,.. A ~ Transmit -'-' I X3 
A3 Receive -

Isolated receive input -
,.. 

~ Transmit + X4 ..., 

ASR 33 cable connections 
from ASR 33 wiring diagram 

ASR 35 cable connections 
from ASR 35 schematic 

when the user 

ASR 
35 

T8 

T7 

T6 

T5 
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CUIT~1 LOQ£ !!.ithout Q§tl~§ f2.!ll Su:2.E1i~.2. The 
teletypewriter adapter card generates the current for the 
transmit and receive loops. The following table shows 
connections at the card, the customer access panel (CAP), 
and the device. 

Teletypewriter 
card connector 

B1 Non-isolated contact in 
A3 Non-isolated contact in + 
B5 signal ground (transmit -) 
A2 Current driver, current=mark 

CAP Device 
fi!! £2!!!!~!Q£ 

3 Transmit + 
4 Transmit -
1 Receive + 
2 Receive -

No external power supplies are required in this 
configuration. Current for the transmit and receive current 
loops is supplied by the teletypewriter adapter card. The 
teletypewriter adapter card to OEM device cable for this 
configuration is just a straight cable without any series 
power supplies (Figure 4-10). 

Note that in this configuration, the transmit and 
receive loops are not isolated, since both loops are driven 
with voltages referenced to logic ground. This 
configuration puts 12 volts across the receive input and 24 
volts across the transmit output of the attached device. 
Teletype Models ASH 33, ASH 35, and KSR 33 require 24 volts 
across their transmit output for reliable operation. 

For devices that require only 12 volts across their 
transmit output, pin B05 should be used instead of B01 at 
the connector on the teletypewriter adapter caLd. 

Note. The 12 volt power jumper on the teletypewriter- adapter 
card must be installed for this configuration (refer to 
Figures 4-5 and 4-7). 
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Figure 4-10. Connections for current loop when the 
teletypewriter adapter supplies current for the loop 

c Connections for current loop when teletypewriter adapter supplies current 

Teletypewriter adapter I/O device 

ASR ASR 
33 35 

Curren t driver, current A2 Transmit + ,... -0 Receive-= mark ..., X6 T8 
B5 Transmit -

Signal ground ...... '0 Receive + ..., X7 T7 

A3 Receive + 
Nonisolated contact in + n. - Transmit - X3 T6 - ..., 

BI Receive -
Nonisolated contact in - - "U Transmit + X4 T5 ..., 

(or) B5 

ASR 33 cable connections ~ 
from ASR 33 wiring diagram 

ASR 35 cable connections 
from ASR 35 schematic 

c 

o 
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If the customer access panel (CAP) feature (#1590) is 
ordered, the cable from the card connector to the CAP is 
built-in and the teletypewriter customer access cable 
feature (#2059) provides the cable from the CAP to the 
device. If the CAP feature is not ordered, the 
teletypewriter cable feature (12055) provides direct cabling 
from the card connector to the device. 
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CHAfIER 2~ INTEGRATED QIQITAb INPUT/OUTPYI FEATURE 

INTRODUCTION 

The integrated digital I/O non-isolated feature allows 
user to add digital sensor .1/0 or non-IBM devices. 
feature has the following general characteristics: 

the 
This 

• Two 16-point groups of non-isolated digital 
input/process interrupt (DI/PI). 

• Two 16-point groups of non-isolated digital output 
(DO) • 

• Four device addreses, one for each DI/PI or DO group. 

• 

• 

• 

All four devices prepared for interrupts with one 
Prepare command. 
External synchronization for each group of DI and DO. 
This user attachment feature permits asynchronous data 
transfers. 
Interrupts can be initiated by an external sync input 
(one input for each DI or DO group) or by a "0" to "1" 
transition on a PI point. 
The feature is contained on one logic card and can be 
plugged into either the processor unit or the IBM 4959 
I/O Expansion Unit. 

Figure 5-1 is a simplified data flow of the integrated 
digital I/O· feature. Refer to this figure while reading the 
following sections. 
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Figure 5-1. Digital I/O feature simplified data flow 
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Digital In£~! lQ!L 

The integrated digital I/O featu~e has two groups of digital 
input/p~ocess inte~~upt. Each group of digital input has: 

• 16 user-input points that sense the value of 
non-isolated voltage input. 

• One 16-position 01 data register for reading unlatched 
data. 

• One 16-position PI data register fo~ reading latched 
data. 

• An "external sync" input line and a "ready" output 
line. 

• Interrupt capability from either external sync or 
process interrupt. 

Each digital input group has a unique device address and 
responds to specific commands. Addressing and commands are 
discussed in the prerequisite publications listed in the 
Preface of this manual. The data registers and the 
functions performed by Dr/PI are described in the remainder 
of this section. 
Each position of the D1 data register follows the state of 
the corresponding user-input point until the register is 
read. The data in the register is held (1) during a read 
command or (2) when the external sync input becomes active 
while in external sync mode. In the second case, the data 
~emains held until the resulting interrupt is serviced and 
th€ ready line is activated. For additional information, 
see "DI External sync fl in a subsequent part of this chapter. 
Each position of the PI data register records, with a 1-bit, 
the first Q-bit to 1-bit transition ou the corresponding 
user-input point. The data in the register remains until 
reset by one of the following: 

1. Read PI with Reset command 
2. Arm PI command 
3. Device Reset command 
4. System reset 
5. Power-on reset 

When a bit in the PI data register becomes active, a process 
interrupt is generated if PI mode was previously set with an 
Arm PI command. For additional information, see "Process 
Interrupt. 1t 

A Dr/PI group can he tested using two special commands: (1) 
Set Test Ones and (2) Set Test Zeros. When the appropriate 
command is executed, the user inputs are disabled, either 
ones or zeros are placed on the input receivers, and the 
external sync receiver is pulsed. Then when subsequent read 
commands are issued, the group responds exactly as if the 
actual user inputs had been set, including the PI and 
external sync functions. 
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01 Exte.rnal Sync 

The external sync capability consists of two signal lines, 
an input line called "external sync" and an output line 
called "ready". A D1 group is set to external sync mode by 
execution of the Arm DI External Sync command. When 
external sync mode is armed and the system is ready for more 
DI data, the ready line from the 01 group is set active. 
The user places data on the input points, then activates the 
external sync line. When the external sync line becomes 
active, the data in the DI data register is assumed to be 
good and the contents of the register are held. Then an 
interrupt is posted, and the ready line becomes inactive and 
stays inactive until the appropriate command, normally Read 
01, is executed. The external sync line must then perform 
another transition from the "0" to the "1" state to cause 
another interrupt. 
External sync mode is reset by an Arm PI command, a Device 
Reset command, a Halt I/O command, or any reset condition. 

Process Interrupt (PI) 

A digital input group is set to PI mode using the Arm PI 
command. The process interrupt function is performed by 
logically ORing the bits in the PI data register of the DI 
group. That is, any bit in the register becoming active 
generates an interrupt. 
PI mode is reset by a Device Reset Command# a Halt I/O 
command, or any reset condition. 

The integrated digital I/O feature has two groups of digital 
output. Each DO group has: 

• 16 output points to the user. Each point provides a 
non-isolated# unipolar current switch or TTL 
(transistor-transistor logic) compatible output 
voltage. 

• One 16-position DO data register. 
• An "external sync" input line and a "ready" output 

line. 
• Interrupt capability from the external sync input line. 

Each digital output group has a unique device address and 
responds to specific commands. Data is stored into the DO 
data register using the write DO command. The DO data 
register is reset only by a power-on reset. 
A DO group can be tested using three special commands: (1) 
Disable DO (2) Read DO, and (3) set Diagnostic External 
Sync. The Disable DO command disables the user outputs. 
The Read DO command reads the contents of the DO data 
register. The set Diagnostic External Sync command disables 
the user outputs and simulates the user's external sync 
line. 
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DO External Sync 

The DO external sync capability consists of two signal 
lines, an input line called "external sync« and an output 
line called "ready". A DO group is set to external sync 
mode by execution of the Arm DO External Sync command. When 
a write DO command is executed in external sync mode and the 
data on the DO output is good, an active level on the 
external sync input line causes the ready line to become 
active. The user signifies receipt of the data by 
deactivating the external sync line. Then an interrupt is 
posted, and the ready line becomes inactive. The ready line 
stays inactive until another Write DO Command is executed 
and the external sync input becomes active again. The 
external sync line must perform another transition from the 
1t1" to the "0" state to cause another interrupt. 
External sync mode is reset by a Device Reset command, a 
Halt I/O command, or any reset condition. 

INTEGRATED DIGITAL I/O OPERATIONAL CHARACTERISTICS 

The timing charts in this section show a logical 'one' as a 
down level (typically 0 Vdc), and a logical 'zero' as an up 
level (typically +5 Vdc). 

Each DO group can operate in one of three modes: (1) 
non - in t e rr up tin g , ( 2) ext e.L n a 1 s y.n c , an d (3) d ia 9 n cst i c • 

!2.!l=.In!~!:!.J!121ing "od~. When operating in the 
non-interrupting mode, each DO group of 16 points is 
controlled with a write 00 command. A logical one written 
to a point turns the output transistor on. The output 
remains in that condition until the next Write DO command is 
executed. The contents of the DO register may be read using 
the Read DO command without changing the state of the output 
dri Vel's. 

Ext~l ~£ Mode. The external sync line permits the user 
to control the change of the DO group. The external sync 
input meets all of the specifications of a DI point. Figure 
5-2 is a timing diagram for DO external sync. This sequence 
is executed as follows: 

1 • The external sync mode of operation is initiated by 
performing an Arm External Sync command. 

2. The user's external equip.ent signifies that it is 
ready to receive new input from the DO group by 
activating the external sync inpu·t (down level) • 

3. The system signifies that the Write DO command is 
complete and new data is available by activating the 
ready output (down level). 
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4. 

5. 

6. 

When the external equipment has received the new data, 
it deactivates the external sync input line (up level). 
The system then deactivates the ready line and posts an 
interrupt to the channel indicating that the external 
equipment has received the data. 
After the interrupt has been serviced, another write DO 
command is performed to set up the group for the next 
data transfer sequence. The system is then waiting for 
the next transition of the external sync input to an 
active state. 

Dia~n2§!i£ Mode. The diagnostic mode is entered by 
performing the Disable DO and the Set Diagnostic External 
Sync commands. These instructions disable all outputs and 
inputs for the group. If the set Diagnostic External Sync 
command is performed after the Disable DO command, and if 
the DO group is set up to perform an "External Sync" 
transfer, the Set Diagnostic External Sync command causes an 
interrupt to be posted to the channel. If an interrupt is 
pending, busy is returned and the commands are not 
performed. In the diagnostic mode, all commands and modes 
operate as usual except that the user's inputs are disabled 
and the user's outputs are turned off. When leaving 
diagnostic mode, the data in the DO register is placed on 
the user's outputs and the user's inputs are enabled. 

Figure 5-2. DO external sync timing diagram 
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Each DI group can 
non-interrupting, (2) 
and (4) diagnostic. 

ope rat e i non e 0 f f 0 u r mod e s ; ( 1 ) 
process interrupt, (3) external sync, 

Non-In terr uptilHI Mogg. When operated in the non- interr upting 
mode, the state of the Dr group non-latching input register 
is read with the Read 01 command. The Read PI command reads 
the history of the 01 inputs from the latching PI register. 
This PI register records the first logical "zero" to logical 
"one" transition of each Dr input following any system or 
feature reset. The Read PI with Reset command reads the PI 
latching register and resets it at the end of the 
instruction cycle. 

Pro~.§.§ I.!!1~!..£..!!£1 Mode. The process interrupt mode is 
entered by performing the Arre PI command. The first logical 
"zero" to logical "one" transition on any input of the armed 
group sets the appropriate bit in the latching register and 
causes an interrupt to be posted to the channel. After the 
interrupt is serviced, a Read PI with Reset command reads 
the latching register and resets it, allowing a new 
interrupt to be generated on the next transition of any 
input point of that group. If the interrupt is serviced and 
a Read PI command is issued, the PI register is not reset 
and a new interrupt is not generated. 

External ~n£ ~od~. Figure 5-3 is a timing diagram for Dr 
external sync. This sequence is executed as follows: 

1. The external sync mode is entered by performing the Arm 
External Sync command. This causes the ready output 
line to become active, indicating that the system is 
ready for new input data. 

2. A sUbsequent logical "zero" to logical "one" transition 
on the external sync input by the user·s equipment 
latches the group register, deactivates the ready line, 
and posts an interrupt to the channel. 

3. After the interrupt is serviced, a Read Dr command 
reads the 01 register, resets the register, and 
activates the ready line. 

Diagno§!,!.£ l1ode. The diagnostic mode is entered by 
performing either a Set Test Ones command or a Set Test 
Zeros command. When the appropriate command is executed: 
(1) the user's inputs are disabled, (2) either ones or zeros 
are placed on the input receivers, and (3) the external sync 
receiver is pulsed. Then when sUbsequent Read commands are 
issued, the Dr group responds exactly as if the actual user 
inputs had been set, including the PI and external sync 
functions. 
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Figure 5-]. 01 external sync timing diagram 
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INTEGRATED DIGITAL I/O ELECTRICAL CHARACTERISTICS 

C Digital lng.!!!: 11ll1. Ch~~!:..isti£2 

o 

Each digital input (or process interrupt) point is 
nonisolated and is designed to operate with TTL compatible 
voltage levels. Voltaye inputs up to ±24 volts may be used 
with this feature. Figure 5-4 shows a representative input 
point. Note that for voltage above +5 volts, the input 
impedance is a function of the input voltage. Each DI point 
has an internal pull-up resisto~, and unconnected inputs are 
held at the inactive state (up level). 

Each DI point and the external sync input meets the 
following specifications: 

Input impedance: 

Input limits: 

Logic one: 

Logic zero: 

~9.2 kilohms at less than +4.5V 
~2 kilohms at +24V 

+24 Vdc maximum 
-24 Vdc minimum 

~1.0 volts 

~2.5 volts 

Respon.2~ !im~. 59 microseconds. Response time is the time 
between the points at which the user1s input meets and 
maintains the required voltage for the logic one level and 
the 50' point of the resulting interrupt request in the PI 
mode. This time includes an envelope of 5 microseconds in 
which the card could be performing a Read PI or Read PI With 
Reset command. 

Exte£1lal §.ll£ D@.sk~l!. The D1 inputs must be stable for a 
minimum of 1 microsecond prior to and after the activation 
of external sync. Changes during this time result in 
unpredictable data in the D1 register. 

Digi1g! OutQut lQQl Characteristic§ 

Each digital output point is a non isolated, solid-state 
current sink point as represented by the equivalent circuit 
in Figure 5-5. When operated without a user-source voltage, 
each point generates TTL compatible voltage levels. When 
operated with a user source higher than +5 volts, each point 
operates as an open collector, solid-state current sink. 
Each point is capable of sinking 100 mA in the "on" state. 
There is no restriction on the number of DO points sinking 
maximum current simultaneously. 
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Each DO point and the Data Ready output meets the following 
specifications into a resistive load: 

OutE~ 1~ls. Writing a logical one causes the output 
transistor to turn on. If a logical zero is written, the 
output transistor turns off. When the transistor is on, the 
output is considered active. 

Voltage output: 

1. With user source: 
Off state: +52.8 Vdc maximum 
On state: +0.8 Vdc maximum 

2. Without user source: 
Off state: +5.5 Vde maximum ~ 0.0 mA source 

+2.4 Vdc minimum j 1.0 rnA source 
On state: +0.8 Vdc maximum 

Current input: 

On state: 100 rnA maximum per point with user 
source 

Off state: 500 microamperes maximum per point 
at +52.8 Vdc user source 

Res}?o.!l§g Ti.m~. Dig ita 1 outp uts meet and rna intal n 
specifications within 2 microseconds after the Write DO 
command is issued to the channel. Heady output lags the 
digital outputs by a minimum of 500 nanoseconds and a 
maximum of 1 microsecond. 
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Figure 5-4. Dr equivalent circuit 
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INTEGRATED DIGITAL I/O PHYSICAL CHARACTERISTICS 

Figure 5-6 shows the location of the top-card 
(Tee) on the integrated digital I/O feature 
figure also shows the pin numbering scheme. The 
follow Figure 5-6 list the pin assignments for 
connectors. 

connectors 
card. This 
tables tha t 
each of the 

Figure 5-6. Integrated digital I/O feature card and cable 
connectors 

Integrated digital input/output card 

~ 
"'" A B 

0 0 
0 0 
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0 0 
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0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

\ 
0 0 
0 0 
0 
0 0 

11 pin view 

User-supplied 
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2 X 20 
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Integrated Digital I/O Pin Assignments 
TCC connector J1 (top of car d) 

C - • 
I I I 
IPin J1 - A Side IGRP J1 - B Side IGRP 
1---- -------------------1---- ------------------1----
120 Dl 00 I 0 Dl 01 I 0 
119 01 02 I 0 Dl 03 I 0 
I 18 D1 04 I 0 01 05 I 0 
J 17 COl'!PlON J Dl 06 I 0 

16 COMMON J 01 07 1 0 
15 COMMON I 01 08 I 0 
14 COMl50N I D1 09 1 0 
13 COMMON J D1 10 I 0 
12 COMMON I D.l 11 I 0 
11 COMMON I I DI 12 I 0 
10 COMMON , I Dl 13 I 0 

9 COl!MON I , 01 14 I 0 
8 COl!MON I I D1 15 I 0 
7 corU10N I I Dl 00 I 1 
6 COT1MON 1 I 01 01 , 1 
5 eOrtMON I I DI 02 I 1 
4 COMMON a I Dl 03 I 1 
3 01 05 t 1 I D1 04 J 1 
2 01 06 I 1 I POLARIZING PIN I -
1 DI 08 I 1 , 01 07 I 1 

'---

C 

o 
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Integrated Digital 1/0 Pin Assignments 
TCC Connector J2 (middle of card) 

(--! , 
II I 

Pin I J2 - A Side IGRP t I J2 - B Side , GRP , 
----1-------------------1----11------------------1----I 
20 01 09 I 1 I DI 10 I 1 
19 01 1 1 , 1 I 01 12 , 1 
18 D1 13 J 1 I D_I 14 I 1 
17 COMMON I I 01 15 I 1 
16 COMKON I t EXT SYNC IN i 0 
15 COKMON I , EIT SYNC IN I 1 
14 COMMON I I EXT SYNC IN I 2 
13 COMMON I f EXT SYNC IN t 3 

I 12 COMMON I I SPARE I 2 
I 11 COMPION I J SPARE I -
110 COMMON , I SPARE 1 -
I 9 COMMON I I DO 00 I 2 
I 8 COMMON t I DO 01 I 2 
I 7 COMMON I I I DO 02 I 2 
I 6 COMMON t II DO 03 I 2 
J 5 COMMON I I 1 DO 04 I 2 

I 4 eOKMON I , I DO 05 I 2 
I 3 DO 07 I 2 J I DO 06 I 2 J 
I 2 DO 08 J 2 I I POLARIZING PIN I - I 
I 1 DO 10 I 2 1 I DO 09 1 2 I 
L- -.J 

f 
\ , 
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Integrated Digita~ I/O Pin Assignments 
TCC Connector J3 (bot tOlD of card) 

C r , 
I 1 
IPin , J3 - A Side GRP I J3 - B Side GRP 

1----1------------------- 1------------------
,20 00 1 1 2 DO 12 2 
t 19 DO 13 2 DO 14 2 

18 DO 15 2 DO 00 3 
17 COl1"ON DO 01 3 
16 COPIMON DO 02 3 
15 COKMON DO 03 3 
14 COrtMON DO 04 ] 

13 COMMON DO 05 3 
12 COMMON DO 06 3 
11 CO~MON DO 07 3 
10 COMMON DO 08 3 

9 COMMON DO 09 3 
8 COfilMON DO 1 0 3 
7 COMMON DO 1 1 3 
6 COMMON DO 12 3 
5 COMMON DO 13 3 
4 COMMON DO 14 t 3 
3 READY 0 DO 15 I 3 I 
2 READY 1 POLARIZING PIN I - I 
1 READY 3 READY t 2 I 

l.- J 

C 

o 
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Figure 5-7 shows the relationship between the integrated 
digital I/O feature and the customer access panel feature. 
Figure 5-8 shows the pin numbering scheme for the 160-pin 
contact block used at the customer access panel. The tables 
that follow Figure 5-8 show the connections for both the 
top-card connectors (Tee) and the customer access panel 
(CAP) connector for each digital group. 

Figure 5-7. Relationship of integrated digital I/O feature 
to customer access panel feature 

Processor 

5-16 

I/O channel 

Integrated 11 

L----I ~~!~:!::~d J2 
feature#1560 13 

Top-card 
connectors 

Customer 
Customer access panel ~ L...-_-I access panel 
cable feature # 1593 feature #1590 
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Figure 5-8. Customer access panel lbO-pin connector 
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TCC/CAP connections 
Digital Input Group No. 0 

, (--'\ 

I NAME I Tec I CAP I NAME I Tee I CAP I \. / 

! ______ l---llL __ IPIN NOl --1. PIN l P.IN NO 1 
I I I I I t I 
I 0+ I J1A20 I D3 I 8+ I J1B15 I 'F 1 I 
I 0- t CHASSISI B2 I 8- I J1A12 I C2 I 
!_2!!IELD J FRAME-L ____ l SHIELD 1_FRAJ~ ____ 1-_________ 1 
I I I I I I I , 1+ I J1B20 J F8 J 9+ J J1B14 I E9 I 
I 1- J J1A17 I C9 I 9- I J1A11 J C1 I 
1 __ SH!!1Q __ -1-FRAME I ---1 SHIELD l_PRArlE I 1 
I I I I I J • I 2+ I J1A19 I D2 I 10+ I J1B13 , E8 I 
I 2- I CHASSISI A6 I 10- J CHASSIS I C6 I 
l_~HIELD_--1 FRAME J ---1----2.HI~LD_l.1RAM E __ 1-. ___ 1 
I J I I I I I , 3i- I J1B19 I F7 I 11+ I J1B12 , E7 I 
I 3- I J1A16 I C8 I 11- I CHASSIS 1 El I 
L SHIELD 1-f.!!AME I I SH!EL!L_l FRAKE I _1 
J I t I I I I 
J 4+ I J1A18 I D1 I 12+ J J1Bl1 I E6 I 
J 4- I J1A7 I 86 I 12- I CHASSIS I Gl I 
L SHIELD -L.UAl1~_-L- I SHIELD 1-f.!!!ll __ 1 1 
I I I I I I J 
I 5+ I J1B18 J F6 I 13+ I J1Bl0 I E5 I 
I 5- I J1A15 I C7 I 13- I CHASSIS I D7 I ( '" 
1 SHIELD -1 FRAM_E _l ___ -L SHIELD 1 FRAME 1-___ 1 

" 
, 

I I I I I I I 
I 6+ I J1B17 J F4 I 14+ J J1B9 I E4 I 
I 6- I CHASSISI P5 I 14- I CHASSIS I C3 I 
L_SHIELD -1-!1!!l1_E _1 L SHIELD 1 FRAME I -1 
J 1 I I I J I 
I 7+ t J1B16 I POl I 15+ I J1B8 I E3 I 
I 7- I J1A13 I C4 I 15- I J1A5 I B4 I 
L SHIELD-1_PRA r!_E _1- I SlJIELD 1-.FRAME 1 

____ 1 
J I I I I I I 
I EXT SYNC +1 J2B16 I L7 I BEADY + I J3AJ I !l8 I 
I EXT SYNC -I J2A15 I H8 I READY - I CHASSIS I N6 I 
I SHIELD I FRA.PIE I I SHIELD I FRAME I I 
L--

(: 
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Tee/CAP Connections 
Digital Input Group No. 1 

C 
J NAME I TCC I CAP I NAME J TCC I CAP I L ___ l PIN l PIN NO!. I FIN IPIN NO 1 
I J J 1 I I I 
I 0+ I J1B7 I E2 I 8+ I J1A1 I 17 I 
I 0- t J1A4 I B3 I 8- I CHASSIS I A4 I 
L SHIELD - I FRAME L- 1 SHIELD I FRAME 1--____ 1 
I J I I I I I 
I 1+ I J186 I D9 I 9+ I J2A20 I J6 , 
I 1- I J1A14 I C5 I 9- I J1A4 I G4 J 
L_~HI]1Q ___ l_FR!ME __ l ______ L2HIELD 1 FRAME I __ 1 
I I I I I I I 
I 2+ , J1B5 I D8 I 10+ I J2B20 J l'I4 I 
I 2- f J1A8 I 87 I lO- t CHASSIS I L8 I 
L SHIELD I FHAME I ---L SHIELD 1 FRAME L 1 
I I I I I I I 
I J+ I J1B4 I 06 I 11+ J J2A19 I Js I 
I 3- I J1A6 I B5 I 11- I CHASSIS I G9 I 
L_~1!!ELL __ 1 F RA~_1-_---L SHIELD 1 FRAME I 1 
I I I J I I I 
I 4+ I J1B3 I D5 I 12+ I J2B19 , M3 I 
I 4- I CHASSISI A2 I 12- I CHASSIS I f!2 I 
l_~li!ELL_-1_FRAM~ __ l 1 SHIELD LFRAME I 1 
I I I I I I I 
I 5+ 1 J1A3 I B1 I 14+ I J2A18 1 J4 I 

C I 5- I CHASSISI AS I 13- I CHASSIS I G6 I i __ SHIELD 1-£:RAME_L ____ L2!!IELlL __ LFRAME I 1 
I J I I I I J 
I 6+ I J1A2 I A9 I 14+ I J2B18 I M1 I 
I 6- I CHASSIS I A8 I 14- I J2A7 I G8 I 
L21!l~LD __ l_FRA11L-l l SHIE.LD LFRAME _J 1 
I I I I J I J 
I 7+ I J1B1 , D4 I 15+ I J2B17 I L9 I 
I 7- I J1A10 I 89 J 1S- t CHASSIS I M7 I 
L_~I!IE11L--1 FR!lIIE_--1 ____ 1~!iIELD __ I-I.!!M~ __ 1_ _____ 1 
I I I I J I I 
IEXT SYNC + I J2B15 I L6 , READY + I J3A2 • M6 I 
IEXT SYNC - I CHASSISI J9 I READY - I J3A12 I P1 I 
ISHIELD I FRAME t J SHIELD i FRAME I I 
L- .J 

o 
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TeC/CAP connections 
Digital output Group No. 2 

I NAME I TCC I C.AP I NAME I Tec I CAP I 
(J 

1- ---1---flN .- IPIN NQl I ..ll1! _iPIN NO 1 
I I I I • I a 
I 0+ I J2B9 I K9 I 8+ I J2A2 I G2 1 
I 0- I J2A 16 I J2 I 8- J J2A11 J H4 I 
L2HI!LD---1 FRAME I 1 SHIELD LFRAI1E _L 1 
I J • I I I I 
I 1+ J J2B8 I K6 I 9+ I J2B1 I J7 I 
I 1- I J2A5 I G5 I 9- I J2A10 I H3 I 
L_~!!IELQ_LFRAME I I ~HIELD I FRAl'E _1 1 
I I I 1 I I J 
I 2+ I J2B7 I K5 , 10+ 1 J2A1 I F9 I 
I 2- I J2A 14 I H7 I 10- I CHASSIS I .F2 I 
l __ ~HIELIL---1 .FBAfUlE 1-_ 1 SRI EldL_.LlRAME __ 1 ______ 1 
I I I I I I I 
I 3+ , J2B6 I K4 I 11+ I J3A20 I R2 • I 3- I J2A13 I H6 I 11- I J3A9 I N7 I 
L SHIELD ___ 1 FRAltE-L I SHIE.L~ 1 'FRAME .1-. .1 
I I I I J I J 
I 4+ , J2B5 , K3 I 12+ t J3B20 1 T5 I 
I 4- I CHASSISI H9 I 12- I CHASSIS I T6 I 
L_~H!~LD --1-FRAME L I SHIELD LilAME __ l 1 
I I J I I I I 
I 5+ I J284 I K2 I 13+ I J3A19 I P9 I 
I 5- I J2A9 I H2 I 13- I J3A8 I R5 I I ' L.2,HIELD __ LFRA11L-1- 1 SHlE.LD _LilAME •• J 1 l , 
J I I I I I I 
I 6+ I J2B3 I K1 I 14+ I J3B19 I T4 I 
I 6- I J2A8 I H1 t 14- I JJA16 I P5 I 
L2HIELQ __ I-L!Al1L_1 L.2,HIELD J FRAME 1_ 1 
I I I I J I I 
I 7+ I J2A3 I G3 I 15+ I J3A18 I P8 I 
I 1- I J2A6 I G7 I lS- I J3A7 1 N4 I 
L_SHI~bIL--1 FRAME-L ____ L-SHIELD 1 F.RAliE - I -1 
I I I I I I • I EXT SYNC +1 J2B14 I L5 I READY + I J3B1 I R3 I 
I EXT SYNC -I CHASSIS I J1 I READY - I J3A6 I N2 I 
I SHIELD I PRAME J I SHIELD I FRAME I I 
1 
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Tce/CAP Connections 
Digital Output Group No. 3 

I NAME I Tec I CAP I NAKE J Tee J CAP I 
I I _PIN IPI!. NQ.L. ___ 1 PIN lPIN NQ 1 
I I I I J I I 
I 0+ I J3B18 I TJ I 8+ I J3B10 I 53 I 
I 0- I CHASS.IS I T9 I 8- I CHASSIS I T7 I 
L SHIELD J FRAME 1- ,SHIELD l-K!!AME_-'- _1 
I t I I I t I 
I 1+ I J3B17 J T2 I 9+ I J3B9 I S1 I 
I 1- I CHASSISI S5 I 9- I J3A17 J P6 I 
L SHIELD I FRAME --1-_---1 SHIELD 1_ll!11~ __ L-__ --1 
I I J I I J I 
I 2+ I J]B 16 I T 1 I 10+ J JJB8 I R9 I 
J 2- I CHASSISI V2 I 10- t J2A5 I N1 I 
1 SHIELD 1 FRAME 1 L2HIE1_D_LFRAME I ___ 1 
J I I I I I I 
I 3+ I J3B15 I S9 I 11+ I J3B7 I B8 I 
I 3- I CHASSISI V3 I 11- I J3A15 I P4 I 
L2HIgLD---1 FRA11L-l ___ --1 SHIELD I FRAME L-____ 1 
I I I I J I I 
I 4+ I J3B14 I 58 I 12+ I J.3B6 I R7 I 
I 4- I CHASSISI S2 J 12 I J3A14 1 P3 I 
1 SHIELD _LFRAr!L-1-_ I. SHIELD 1 FRAME 1 ________ 1 
I I I J I J I 
I 5+ ,J3B13, S7 1 13+ I J3B5 1 R6 I 
I 5- I J 3 A 10 , N 8 I 13- J J 3 A 1 3 I P 2 I 
l __ SHI~1Q---1 FRA11L-L _ I SHIE.LD 1_FR!~]_---1 ___ . ___ 1 
I I I I I I I 
I 6+ ~ J]B12 I S6 I 14+ I J3Bij I as , 
I 6- I CHASSIS I Vl I 14- 1 CHASSIS I P7 1 
L-SHIELD J FRA!1I.. 1 1 SHIELD 1 FRAME 1--_____ 1 
I I I I I I I 
I 7+ I J3B 11 I S4 I 15+ I J3B3 t R4 I 
I 7- I CHASSISI T8 I 15- I J]A11 I N9 I 
L2HIEL1L--L FRAME J I SHIELD 1 .FRAlfE _1 __ 1 
I I I I I I I 
I EXT SYNC +J J2B13 I L4 I REIDY + I J3Al I MS I 
I EXT SYNC -I J2A12 I H5 I READY - I CHASSIS I N3 I 
I SHIELD I FRAME f I SHIELD I PRAME I I 
• ;j 

Jumper Selections 

Figure 5-9 shows the location of jumpers for the integrated 
digital I/O feature card. 
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INTEGRATED DIGITAL I/O DESIGN CONSIDEB1TIOlfS 

The integrated digital I/O points are all nonisolated. The 
ground reference for all input and output points is the 
top-card connector of the tea"ture card. User-supplied 
cables that are appropriate to the environment should be 
used and, in most cases_ should be shielded. The shield 
should be attached to frame ground as it enters the 
processor unit, the I/O expansion unit, or the 4997 
enclosure. whichever comes first. There are grounds 
provided for the reference half of each signal pair on the 
top-card connector or the connector for the customer access 
panel feature. These grounds should be connected to frame 
ground through a low impedance path. 

The performance of this interface may be affected by 
noise. Appropriate arc suppression, noise filtering, etc., 
may be necessary on the user's inputs. 

The cables that plug into the top-card connector on the 
integrated digital I/O feature card should be made using #24 
AiG wire and must use Berg1 part number 75598-003 pins (or 
equivalent) and Berg part number 65405-013 housing (or 
equivalent). Refer to Figure 5-6 for an illustration of the 
cable connector. 

The cable to the customer access panel can be made 
using a 160-pin male connector block, Amp2 part number 
20799-2 (or equivalent); male contacts, Allp part number 
66106-1 (or equivalent); and #24 AWG wire. 

1Berg Electronics, Division of E.I. duPont de Nemours, Co. 
2Amp, Incorporated 

5-22 GA34-0033 

f ~ 
'- " 



c 

c 

o 

Figure 5-9. Jumper Selections 
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INTRODUCTION 

Figure 6-1 is a block diagram of the customer DPC adapter 
feature. This feature provides the end-user with a subset 
of the processor I/O channel. The interface adheres to the 
processor I/O channel architecture with an additional 
throughput delay of approximately 2.5 microseconds. 

The DPC adapter feature is designed to perform direct 
program control functions only and can be configured to 
accommodate four (4), eight (8), or sixteen (16) I/O device 
addresses. It therefore, allows for interrupt vectoring for 
up to 16 interrupting sources. All the dev~ces attached to 
the DPC adapter share a common prepare field (interrupt 
level and I-bit). The adapter has 75 lines including 18 
data bos out (2 parity bits), 18 data bus in (2 parity 
bits), 16 interrupt request in lines (when configured for 16 
I/O device addresses), 3 function bits, 4 modifier bits, 4 
I/O device address bits, and 12 control and response lines. 
The data flow is always 16 bits without the parity option or 
18 bits (including 2 parity bits) with the parity option. 

Diagnostic capability is designed into the DPC adapter 
feature card. This capability allows the user to send data 
or con trol informa·tion froll the processo.r and nwrap" the 
same information back to the processor from either the 
adapter card or from an external I/O device. 

The DPe adapter feature uses TTL non-isolated cable 
drivers with a current capacity of 175 mAe This allows a 
wide range of customer termination schemes. 

Jumper pins are provided on the circuit card to select the 
address domain of the adapter. The configuration must 
include assignment of a device address with a range of 
either 4, 8, or 16 contiguous addresses. A parity option is 
also selected to be compatible with attached devices. 
Interrupts can be masked o:ff during external diagnostic mode 
by jumper selection. 
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Figure 6-1. Block diagram of the customer Direct Program 
Control Adapter feature 
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The DPC adapter feature card provides a convenient means of 
attaching customer equipment to the processor I/O channel. 

To facilitate attachment of various devices to the 
adapter interface, additional hardware is required. Like 
the processor I/O channel, the DPC adapter provides no 
functional capability in a stand-alone configuration. The 
DPC adapter can be used for attachment of: typical digital 
instruments, another computer, typical data processing I/O 
equipment (such as low speed readers, punches, or plotters), 
or typical commercial data acquisition systems. 

GENERAL DESCRIPTION 

As previously stated, the DPC adapter can be configured to 
accommodate four(4), eight(8), or sixteen(16) I/O device 
addresses. The actual number of devices connected when 
configured as stated above is limited by the termination 
scheme implemented by the customer. It is the function of 
the termination scheme to provide data-buffering hardware 
and control-handshaking logic to expand the number of 
attached devices to the configured limits. One common 
prepare field (interrupt level and I-bit) is shared by 
attached devices. The I/O device address configuration 
allows for interrupt vectoring for up to 16 interrupting 
sources by individual device address. A DPC operation 
causes a parallel transfer of one 16-bit word of data or 
control information to or from an I/O device. An Operate 
I/O instruction must be executed for each data transfer. 
Oata bus parity is checked. When parity is not generated by 
an I/O device on the input data bus, internal circuitry on 
the feature card generates odd parity. 

FUNCTIONAL DESCRIPTION OF THE DPe ADAPTER SIGNAL LINES 

The DPe adapter has 75 lines that can be subsetted depending 
upon the level of functions required by the I/O device. 
Bits 1--3 and bits 4--7 of the command field in the Inca are 
mapped into DPC adapter function bits (3 bits) and modifier 
bits (q bits), respectively. Bits 12, 13, 14, and 15 of the 
device address field in the IDCB are mapped into the DPC 
adapter device address bits. If the DPC adapter is 
configured for less than 16 I/O devices, bits 12 and 13 are 
truncated as necessary and replaced by zeros in the DPC 
adapter device address bits. Device addresses should start 
at the lovest configured device address. The following is a 
list of all the I/O lines available between the DPe adapter 
and attached devices: 
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I/O active 

Function bits 

Modifier bi ts 

Device address 

Data bus out 

Interrupt service 
active 

strohe 

Data bus in 

Interrupt request 

condition code in 

Select response 

Halt or machine 
check 

System reset 

Power-on reset 

Diagnostic mode 

Diagnostic mode 
modifier 

Direction 
~daE!~£Lg~!£~l 

--------) 
--------) 
--------> 
---------> 
--------> 

------_._> 
--_._----> 
(--------
(--------
<--------
(--------

--.-.----- > 

--------> 
--------> 
--------> 

--------> 
All signal lines are down-level active. 

*When parity option is not selected. 

l!~-21 li~§ 

1 

J 

4 

4 

18 (16) * 

1 

1 

18 (16) * 
16 

3 

1 

1 

1 

1 

1 

1 

The DPe adapter signal lines are defined in the following 
sections: 

ILQ AC!i.!~ 

I/O active is an outbound tag to signal to an I/O device 
that it may begin execution of the command specified by the 
function and modifier bits. This tag is necessary to 
execute all device directed commands. It is active at least 
200 nanoseconds after activation of ~he function, modifier, 
and device address bits. 
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The function bits are three outbound lines that specify the 
general type of I/O operation to be performed. They are 
defined as follows: 

Function bit-1Q111 

000 
001 
010 
011 
100 
101 
110 
111 

Read data 
Read data 
Read status 
Reserved· 
Write data 
Write data 
write control 
Reserved* 

*These are system reserved functions for cycle steal and 
should not be implemented by devices. Devices should return 
command reject to these functions, subject to Operate I/O 
instruction condition code precedence as defined in the 
appropriate processor description manual (see Preface). 

Modifi~!: Bit~ 

The modifier bits are four outbound lines that are used in 
conjunction with the function bits for further definition of 
the I/O operation to be performed. Certain modifier values 
.hen used with "read status" or "write control" have system 
functions and must be iaplemented by all attached devices. 
These commands are defined as follows: 

Read status 
Write control 

0000 
1111 

Command 

Read 1D 
Device reset 

The modifier bit values for device directed commands 
are device dependent with the exception of the above formats 
and are defined as follows: 

Function bits 
.1Q.liL-__ _ 

oox 
010 
10X 
110 

Modifier bits 
1.Q.123L __ 

XXXI 
XXXI 
XXXX 
XXIX 

Read data 
Read status 
write data 
Write control 

Not~. Where X could be equal to a zero or one. 

Device address is a set of four outbound lines. These lines 
contain 4 bits of encoded device address to select the 
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device that is to respond to the current operation. Device 
address is used during both an I/O active sequence or an 
interrupt service active sequence. When the DPC adapter is 
configured to attach less than 16 I/O devices, the leading 
bites) of the device address are always zero(s}. 

Dat~ Bu§ Ou1 

Data bus out is an 18-bit outbound bus with 16 bits of data 
and 2 parity bits, odd parity by byte. This bus is used to 
transfer data and control information to the I/O devices and 
is active during write Data or write control operations. 

During the Write Data or write Control operation, data 
bus out is active from 200 nanoseconds before the rise of 
the I/O active tag until the fall of the select response 
tag, measured at the output of the DPe adapter card. During 
the inactive state, the data bus out is logically zero 
including parity. When the parity option is not selected, 
the device uses only the 16 data lines. 

Interrupt service active is an outbound tag line used to 
signal an I/O device that an interrupt service sequence now 
may begin. The tag is active from 200 nanoseconds after the 
device address is activated and remains active until the 
fall of the select response tag, measured at the output of 
the DPe adapter card. 

strobe is an outbound line to the I/O device presently being 
selected (device address equivalent to the preassigned 
address of an I/O device) during an I/O active sequence or 
an interrupt service active sequence. 

During an I/O active sequence, the device should use 
strobe to register data on the outbound data transfer or use 
it to reset data (e.g. read with reset command) on the 
inbound data transfer. During an interrupt service active 
sequence, the selected device uses strobe to reset its 
interrupt request, interrupt information byte (lIB), or 
interrupt status byte (IS8). 

If a parity error is detected by the processor I/O 
channel during a Read Data or Read operation, strobe is 
inactive throughout the sequence. 

If the DPC adapter card 
parity option and a parity error 
Data or write Control operation, 
throughout the sequence except 
Device Reset command. 
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Data bus in is an 18-bit inbound bus with 16 bits of data 
and 2 parity bits, odd parity by byte. This bus is used to 
transfer data and status information from the devices to the 
processor and is activated by selected devices during Read 
Data, Read status, or an interrupt service active sequence. 
When the parity option is not selected, the device generates 
only 16 bits of data. 

Interr~£! Reg~!2 

The interrupt requests are 16 inbound lines from 16 devices 
(when configured for 16 device addresses). An external 
device signals an interrupt condition by raising its 
interrupt request line. Once raised, a device must keep its 
request active until (1) it is serviced (the interrupting 
device activates the select response tag during an interrupt 
service active sequence and receives the strob~ or (2) the 
device receives Halt or ~CHK, a device reset, system reset, 
or power-on reset. 

Condition code in is a 3-bit binary encoded bus used by an 
IIO dev ice to pass sta tus information to t.he processor 
during an 1/0 active sequence or an interrupt service active 
sequence. 

The condition code in bus is activated with the rise of 
the select response tag and is maintained active at least 
until the strobe goes active as seen at the output of the 
1/0 device. Once a value is activated on the condition code 
in bus, it is not changed. 

Select response is an inbound tag sent by an 1/0 device to 
signal recognition of I/O active or interrupt service 
active. The tag also indicates to the DPe adapter feature 
that the required inbound data andlor control information 
for the transfer has been placed on the interface. Any data 
or information must be activated on the interface no later 
than the rise of this tag, as seen at the output of the I/O 
device. This tag may fall no sooner than the fall of I/O 
active or interrupt service active. This is as seen at the 
output of the 1/0 device. 
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Halt or ~CHK is a tag from the processor I/O channel to all 
I/O devices. The tag means that a Halt command has been 
issued by the program or that a machine check class 
interrupt has occurred. When detected by an I/O device, the 
device must clear any status, states, requests I interface 
control logic, and registers with the following exceptions: 

• output sensor points 
• Timer values 
• Those registers not addressable by the software 

System reset is a tag to all attached I/O devices. It is 
singular in nature and meaning. When system reset is 
detected, an I/O device must reset and clear any status, 
states, requests, registers, and interface control logic. 

Pover-on reset is an outbound control line from the power 
supply to all system components. It is activated on all 
power on/off sequences. While power-on reset is active, all 
system components are held in a system reset state. 
Residual addresses, output sensor points, and timer values 
are also reset. The receiver for this line is always 
enabled. 

The diagnostic mode line and the diagnostic mode modifier 
line are device dependent. These lines can he used as 
programmable control lines in conjunction with the Set 
Diagnostic ~ode command (external diagnostic mode). 

DPe ADAPTER OPERATIONAL CHARACTERISTICS 

The DPe adapter 
status transfers. 
service sequences. 

performs 
They are 

three types of information or 
output. input, and interrupt 

Thece are no timing restrictions inherent in the 
interface architecture; and as such, the interface is called 
asynchronous. This means that the response from a given I/O 
device triggers the next sequential action rather than a 
specified timing condition. (Time out indications for error 
detection are, of course, not excluded.) 
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Figure 6-2 is a timing diagram for a typical output 
sequence. 

An output sequence is executed as follows: 

1. Function, modifier, device address bits, and data are 
placed on their appropriate lines. 

2. The I/O active tag is skewed (at least 200 nanoseconds) 
and activated on the interface. 

3. Upon recognition of address compare and I/O active, the 
device raises the select response tag. Once raised, 
this tag must be held active at least until the fall of 
the I/O active tag. Condition code in must be active 
until strobe becomes active or until I/O active becomes 
inactive for the duration of the select response tag. 

4. Strobe is activated and dropped.* 
* If the DPC adapter feature is configured without 

the parity option and a parity error is detected 
between the processor I/O channel and the feature, 
strobe is not activated except during the Device 
Reset command. 

S. The I/O active tag is deactivated. 
6. Upon recognition of the absence of the I/O active tag, 

the device drops select response and condition code in. 
7. The function, function modifier, device address, and 

data busses are deactivated. 

Figure 6-2. output sequence timing diagram 

Output sequence 

Control lines ) 
and data bus out >200 ns 

I/O active 
Strobe 

Strobe (device) 

Select response <lCj 
Condi tion code in 
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Figure 6-3 is a timing diagram for a typical input sequence. 
An input sequence is executed as follows: 

1. Function, modifier, and device address bits are placed 
on their approptiate lines. 

2. The I/O active tag is skewed (at least 200 nanoseconds) 
and activated on the interface. 

3. Upon recognition of address compare and I/O active, the 
device raises the select response tag. Once raised, 
this tag must be held active at least until the fall of 
the I/O active tag. Data bus in and condition code in 
must be active until strobe becomes active or until I/O 
active becomes inactive for the duration of the select 
response tag. 

4. Strobe is activated and dropped. However, should a 
parity error be detected by the processor this tag is 
not acti vated. 

5. The I/O active tag is deactivated. 
6. Upon recognition of the absence of the I/O active tag, 

the device drops select response, condition code in, 
and data bus in. 

Figure 6-3. Input sequence timing diagram 

Input sequence 

Control lines "} 
>200 ns 

I/O active 
Strobe 
~200 ns 

Strobe (device) 

<1.~ Select response 

Condition code in 
and data bus in 
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Interrupt Se£vic~ Seguence 

Figure 6-4 is a 
service sequence. 

timing diagram for a typical interrupt 
This sequence is executed as follows: 

1. The device address bits are placed on their appropriate 
lines. 

2. The interrupt service active tag is skewed (at least 
200 nanoseconds) and activated on the interface. 

3. Upon recognition of address compare and interrupt 
service active, the device raises the select response 
tag. Once raised, this tag must be held active at 
least until the fall of the interrupt service active 
tag. Condition code in and data bus in must be active 
for the duration of the select response tag or at least 
remain active until strobe becomes active. 

4. Strobe is activated and dropped. The I/O device must 
reset its interrupt request at the leading edge of the 
strobe. 

S. The interrupt service active tag is deactivated. 
6. Upon recognition of the absence of the interrupt 

service active tag, the device drops select response, 
condition code in, and data bus in. 

7. The device address is deactivated. 

Figure 6-4. Interrupt service sequence timing diagram 

Device 
address 
bits 

Interrupt 
service 
active 

Strobe (device) 

Select response 

Condition code in 
and data bus in 

Interrupt service sequence 

Strobe L---T-­

>200 ns 
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DPC ADAPTER ELECTRICAL CHARACTERISTICS 

The ope adapter drivers and terminators are designed to 
interface with cables that have a characteristic impedance 
of approximately 100 ohms. 

All OPC adapter interface lines are down level active. 
The interface is non-isolated, TTL compatible. 

Figure 6-5 shows the output signal electrical circuit. The 
output specifications are as follows: 

Driver type: 

output voltage: 

Input current: 

TTL open collector 

Up level: +2.4 volts minimum 
Down level: +0.7 volts maximum 

Q) 175 mA 

Maximum current sinking capacity, 175 mA 
Q} +0.1 volts 

Figure 6-6 shows the input signal electrical circuit. The 
input specifications are as follows: 

Input vol tage: 

Input current: 

Input impedance: 

Logic one: 

Logic zero: 
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Down level: +0.6 volts maximum w 42 rnA 
Up level: +2.4 volts minimum 

~ 42 mA Q) + 0.6 volts 

100 ohms 

5 +1.0 volts 

~ +2.5 volts 
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Figure 6-5. output signal electrical circuit 

DPC adapter 
output driver 

TTL open 
collector 
driver 

Twisted-pair 
cable 

Recommended 
termination 

+5 volts ± 10% 

150 ohms ± 5% 

t--.... --I~ TTL load 

300 ohms ± 5% 

Ground 

Impedance: 100 ohms 
Maximum distance: 6.1 m (20 ft) 

Ground 

Up level 
Down level 

2.4 V maximum 
+0.7 V maximum@ 175 rnA 

Figure 6-6. Input signal electrical circuit 

DPC adapter 
input 
termination 

+5 volts ± 10% 

150 ohms ± 10% 

300 ohms ± 2.5% 

Ground 

Twisted-pair 
cable 

Impedance: 100 ohms 
Maximum distance: 6.1 m (20 ft) 

Recommended 
customer driver 

TTL open 
collector driver 
(SN75451or 
equivalent) 

Ground 

Down level 
+0.6 V maximum 
@42mA 
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DPC ADAPTER PHYSICAL CHARACTERISTICS 

Signal £!~ ~ssignments 

Figure 6-7 shows the top-card connectors (TeC) for the DPC 
adapter. The following tables list the pin assignments for 
each of the connectors. 

DPC Adapter Pin Assignments 
TCe Connector J1 (top of card) 

fIN_llSIGIHIENT 
A01 
BOl 
102 
B02 
A03 
BO] 
A04 
B04 
A05 
B05 
106 
B06 
A07 
B01 
A08 
B08 
A09 
B09 
Al0 
a10 
A1' 
B11 
A12 
B12 
A13 
B13 
114 
B14 
A15 
B15 
A16 
B16 
A17 
B17 
A18 
818 
A19 
819 
A20 
B20 
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SIGNA.L 
DATA BUS IN PARITY 0-7 
DATA BUS OUT PIRITY 0-1 
GROUND 
PLUGGED - KEY 
DATA BUS IN BIT 0 
DATA BUS OUT BIT 0 
GROUND 
DATA BUS OUT BIT 1 
DATA BUS IN BIT 1 
GROUND 
DATA BUS IN BIT 2 
DATA BOS OUT BIT 2 
GROUND 
DATA BUS OUT BIT 3 
DATA BUS IN BIT 3 
GROUND 
DATA BUS IN BIT 4 
DATA BUS OUT BIT 4 
GROUND 
DATA BUS OU~ BIT 5 
DATA BUS IN BIT 5 
GROUND 
DATA BUS IN BIT 6 
DATA BUS OUT BIT 6 
GROUND 
DATA BUS OUT BIT 1 
DATA BUS IN BIT 7 
GROUND 
MODIFIER BIT 0 
f'10DIFIER BIT 1 
GROUND 
MODIFIER BIT 2 
MODIFIER BIT 3 
GROUND 
FUNCTION BIT 0 
FUNCTION BIT 1 
GROUND 
.FUNCTION BIT 2 
NOT USED 
G.ROUND 

{ 
l._ .. '" 

j 

c 
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ope Adapter Pin Assignments 
Tec Connector J2 (middle of card) 

A01 
BOl 
A02 
B02 
A03 
BO 3 
A04 
B04 
A05 
B05 
A06 
B06 
A07 
B07 
AOa 
B08 
A09 
B09 
A10 
810 
A 11 
Bl1 
A12 
B12 
A13 
813 
A14 
B14 
A15 
B15 
A16 
B16 
A17 
B17 
A18 
B18 
A19 
B19 
A20 
820 

___ SIGNAL 

DATA BOS IN PARITY 8-15 
DATA BOS OUT PARITY 8-15 
GROUND 
PLUGGED - KEY 
DATA BOS IN BIT 8 
DATA BUS OUT BIT B 
GROUND 
DATA BUS OUT BIT 9 
DATA BUS IN BIT 9 
GROUND 
DATA BUS IN BIT 10 
DATA BUS OUT BIT 10 
GROUND 
DATA BUS OUT BIT 11 
DATA BUS IN BIT 11 
GROUND 
DATA BUS IN BIT 12 
DATA BUS OUT BIT 12 
GROUND 
DATA BUS OUT BIT 13 
DATA BUS IN BIT 13 
GROUND 
DATA BUS IN BIT 14 
DATA BUS OUT BIT 14 
GROOND 
DATA BUS OUT BIT 15 
DATA BUS IN BIT 15 
GROUND 
SELECT RESPONSE 
DIAGNOSTIC MODE 
GROUND 
DIAGNOSTIC MODE MODIFIER 
CONDITION CODE IN BIT 0 
GROUND 
CONDITION CODE IN BIT 1 
CONDITION CODE IN BIT 2 
GROUND 
NOT USED 
NOT USED 
GROUND 
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DPC Adapter Pin Assignments 
TCC Con.nector J.3 (bottom of card) 

PIN ASSIGNME!I SIGNAL (l 
J 

A01 INTERRUPT REQUEST 0 
B01 INTERRUPT REQUEST 1 
A02 GROUND 
802 PLUGGED - KEY 
A03 INTERRUPT REQUEST 2 
B03 INT·ERRUPT REQUEST 3 
A04 GROUND 
804 I NTER.RUPT REQUEST 4 
A05 INTERRUPT .REQ UEST 5 
B05 GROUND 
A06 INTERRUPT BEQUEST 6 
B06 INTERRUPT REQUEST 7 
A07 GROUND 
B07 INTERRUPT REQUEST 8 
A08 INTERRUPT REQUEST 9 
B08 GROUND 
A09 INTERRUPT REQUEST 10 
B09 INTERRUPT REQUEST 1 1 
Al0 GROUND 
B10 INTERRUPT REQUEST 12 
A11 .INTERRUPT REQUEST 13 
Bl1 G.ROUND 
A12 INTERRUPT REQUEST 14 
B12 INTERRUPT REQUEST 15 ( ". 
A13 GROUND , j 

B13 DEVICE ADDRESS BIT 0 
A14 D EVIe E ADDRESS BIT 1 
814 GROUND 
A15 DEVICE ADDRESS BIT 2 
B15 DEVICE ADDRESS BIT 3 
A16 GROUND 
B16 INTERRUPT SERVICE ACTIVE 
A11 I/O ACT.lVE 
a17 GROUND 
A18 STROBE 
B18 HALT OR MACHINE CHECK 
A19 GROUND 
819 SYSTEM RESET 
A20 POWER ON RESET 
820 GROUND 

c 
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Figure 6-7. customer DPe adapter card and cable connector 

User-supplied 
connector 
2 X 20 

Customer direct program control adapter card 

A B 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 

,0 0 

11 pin view 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
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12.f~ AdaEi~!: 12 customer!££~§§ Pa.ne1 connections 

The following tables show the connection from the ope () adapter top-card connectors (Tee) to the customer Access 
Panel (CAP) connec·tor (feature '1590) • For an illustration 
of the CAP connector, refer to Figure 5-8. 

ope Adapter to Customer Access Panel 
(Part 1 of 4) 

r ---, 
,Signal Name I TCe CAP I I _______________ L--Ri!!._ l_<;onn __ 1 
IData Bus In Bit 0 + I J1A3 A7 t 
I J Chassis A8 I 
,Data Bus In Bit 1 + I J1A5 B4 j 

J I J1A4 B5 I 
IData Bus In Bit 2 + I J1A6 C2 I 
I , Chassis C3 I 
IData Bus In Bit 3 .. I J1A8 C8 i 
I I J1A7 C9 I 
I Data Bus In Bit 4 + I J1A9 D6 I 
I I Chassis D1 I 
I Data Bus In Bit 5 .. I J1A11 E3 J 
I 1 J1Al0 E4 I 
IData Bus In Bit 6 + 1 J1A12 Fl I 
I I Chassis F2 I 
IData Bus In Bit 7 + I J1A14 F1 j 

I I J1A13 F8 J ( \ 

,Data Bus In Bit 8 + I J2A3 G5 • t . .1 
I I Chassis G6 I 
IData Bus In Bit 9 ... f J2A5 H2 • I I ~J2A 7 H3 I 
IData Bus In Bit 10 + I J2A6 H8 1 
J J Chassis H9 1 
JData Bus In Bit 11 + t J2A8 J3 • I I J2A 10 J4 j 

IDa ta Bus In Bit 12 + I J2A9 J7 J 
I I Chassis J8 I 
,Data Bus In Bit 13 + I J2A 11 K2 J 
I I J2A 13 K3 1 
JData Bus In Bit 14 + I J2A12 K6 J 
I I Chassis K7 I 
jData Bus In Bit 15 -+ f J2A 14 L1 I 

• I J2A16 L2 1 
IData Bus In Parity I I 
I 0-7 + I J1A 1 L7 I 
J • Chassis L8 J 
I Data Bus In Parity I J 
J 8-15 + I J2A 1 l14 I 
I I J2A2 [15 I 
'---

C 
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DPC Adapter to customer Access Panel 
(Part 2 of 4) 

C ~ 

Signal Name I Tee I CAP I _____________ L-fin __ ~!l!! 1 
Data Bus Out Bit o .. t J1B3 J B3 I 

I Chassis I B2 I 
Data Bus Out Bit 1 .. I J1B4 I C1 t 

I J1A2 I B9 ] 
Data Bus Out Bit 2 .. I J1B6 I C7 I 

J Chassis J C6 I 
Data Bus Out Bit 3 + I J1B7 I D5 I 

I J1B5 I D4 I 
Data Bus Out Bit 4 .. I ,,11B9 I E2 I 

I Chassis I El I 
Data Bus Out Bit 5 .. I J1Bl0 I E9 I 

I J1B8 I E8 J 
Data Bus Out Bit 6 .. I J1B12 J F6 t 

J Chassis I F5 I 
Data Bus Out Bit 7 .. I J1B13 I G4 j 

I J1B11 J GJ • Data Bus Out Bit 8 .. ) J2B3 I 81 I 
I Chassis I G9 I 

Data Bus Out Bit 9 + I J2B4 I H7 • I J2B5 I 86 I 
Data Bus Out Bit 10 .. I J2B6 I J2 ) 

I Chassis I Jl J 

C Data Bus Out Bit 1 1 .. , J2B7 J J6 I 
I J2B8 I J5 I 

Data Bus Out Bit 12 + J J2B9 I Kl l 
Chassis ) J9 1 

Data Bus Out Bit 13 + J2B 10 , K5 • J J 2B 11 I K4 I 
IDa ta Bus Out Bit 14 + J2B12 I K9 I 
1 Chassis I K8 J 
J Data Bus Out Bit 15 .. J2B13 I L6 , 
I J2B 14 J L5 1 
I Data Bus Out Parity I i 
I 0-7 .. J1Bl I MJ I 
I Chassis I "2 I 
IData Bus Out Parity I I 
I 9-15 .. J2B 1 , Nl I 
I J2A4 I M9 I 

o 
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DPe Adapter to customer Access Panel 
(Part 3 of 4) 

r i () 
ISignal Name I TeC I CAP 1 
I 1-Pi!L-_LCon!! ___ l 
I Modifier Bit 0 + I J1A15 I N2 I 
I 1 Chassis J N3 I 
I Modif ier Bit 1 + I J1B15 I H8 

• I I J1B14 I N9 I 
, .Modifier Bit 2 + I J1B16 1 P6 I 
J I Chassis I P7 I 
I Modifier Bit 3 + I J1A 17 I R3 I 
I I J1A16 I R4 I 
IDevice Address Bit 0 + I J3B13 I 87 J 
I 1 Chassis 1 N6 J 
I Device Address Bit 1 + J J3A14 J P5 j 

I I J3A13 I P4 J 
,Device Address Bit 2 + 1 J3A15 J R2 I 
I I Chassis I R1 ) 
IDevice Address Bit 3 + 1 JJB15 J R9 I 
I I J3B14 I R8 l 
JFunction Bit 0 + I J1A8 I 51 I 
I I Chassis I 52 I 
,Function Bit 1 + I J1B18 J S7 I 
J I J1B17 I 58 t 
I Function Bit 2 + I J1B19 I T5 j 

I I Chassis I T6 J 
ICondition Code 0 + I J2A17 I S6 I f " 

I 1 Chassis I S5 I \ , 
,Condition Code 1 + I J2A18 I T4 I 
I J J2A 19 I T3 J 
ICondition Code 2 + I J2B18 J V1 • t 1 Chassis I T9 I 
JSelect Response + J J2A 15 I M6 I 
I J J 2B 17 I N4 t 
tDiagnostic Mode + J J2B15 1 P2 J 
I I Chassis I M7 I 
I Diagnostic filode I I t 
f Modifier + I J2B16 I L4 I 
I J Chassis I M1 t 
,Interrupt Service t I • I Active + I J3B 16 I 1'18 I 
I I J3B17 I N5 I 
11/0 Acti ve + I J3A17 I P1 I 
t I Chassis I P8 J 
IStrobe + I J3A 18 I P3 I 
I I Chassis I P9 I 
L 

c 
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DPC Adapter to customer Access Panel 
(Part 4 of 4) 

C t 
JSignal Name I TCC J CAP J 
I J Pin 1 Conn 1 
IInterrupt Request 0 + J J3A 1 I A1 I 
1 I J3A2 I 14 I 
IInterropt Request 1 + I J3B1 I A3 I 
I j Chassis I A6 J 
tInterrupt Request 2 + I JJA3 I A2 I 
I I Chassis AS I 
IInterrupt Request 3 + I J3B3 86 t 
I I Chassis 19 I 
,Interrupt Request 4 + J J3B4 B8 I 
I I Chassis B1 J 
I In terrupt Request 5 + J J3A5 01 t 

I J3A4 C4 J 
Interrupt Request 6 + J J3A6 03 I 

J J3A7 C5 I 
.Interrupt Request 7 + J3B6 02 I 

J3BS B7 J 
Interrupt Request 8 + J3B7 ES I 

Chassis 08 J 
Inte.rrupt Request 9 + J3A8 E1 I 

Chassis 09 I 
Interrupt Request 10 + J3A9 F9 I 

C 
J3Al0 F3 J 

Interrupt Request 11 + J3B9 t G2 , 
J3B8 I F4 I 

Interrupt Request 12 + J3Bl0 I G1 I 
J3B 11 I E6 J 

Interrupt Request 13 + J3A 11 I H4 t 
Chassis I G1 I 

Interrupt Request 14 + J3A12 I a5 1 
Chassis I G8 I 

Interrupt Request 15 + J3B12 I LJ • I Chassis I L9 • IHalt or MCHK + J3B18 I R5 J 
I J3A 16 I S3 I 
ISystem Reset + J3B19 J R6 t 
I J3A 19 I T1 • IPover On Reset + J1A20 J R7 I 
I J3B20 I S4 I 

oJ 

Jumper Selections 

Pigure 6-8 shows the location of jumpers for the DPC adapter 
feature card. 

0 
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DPe ADAPTER DESIGN CONSIDERATIONS 

The DPC adapter feature is used in applications requiring 
access to the processor I/O channel. It does not provide 
cycle steal capability. Therefore it is limited to direct 
program control applica·tions. 
Throughput would be a function of all system components. 
The end user would add 2.5 microseconds of delay to the 
throughput figure for his system configuration to arrive at 
the data transfer rate at the DPe adapter interface. 

Recommended 
input dri ver: 

Requirement: 

Input 
terminators: 

TTL open collector (SN75451 or equivalent) 

Down level: +0.6 volt maximum i 42 mA; 
minimum current required at down level, 42 mA 
ii) +0.6 volts 

150 ohm and 300 ohm divider network to +5 Vdc 
± 101; effective terllination impedance equals 
100 ohms 

Note. Because this interface is non-isolated, it is 
i.portant to ensure that there is a good ground connection 
between the DEe device being attached and the card file 
containing the DPC adapter feature card. If there is not a 
good ground connection, a large co.mon-mode voltage mar be 
developed, and damaqe ·to tbe device or feature card could 
result. 

The performance of this interface may be affected by 
noise. Appropriate arc suppression, noise filtering, etc., 
may be necessary on the user's inputs. 

The DPC adapter should be connected to a device with a 
maximum o.f 6. 1 Bl (20ft) o.f twisted-pair cable. Attachments 
to the top-card connector must use a polarized serq1 housing 
part number 65405-013 (or equivaleD~ and a contact part 
number of 75598-003 (or equivalent) with .24 lWG wire. 

The cable to the customer access panel feature can be 
made using a 160-pin male connector block, Ampa part nomber 
202799-2 (or equivalent), male contacts Amp part number 
66101-1 (or equivalent), and .24 AWGvire. 

The DPC adapter card connector pin assignment for 
ground points should be 'followed at the device end of the 
cable. 

Diagnostic wrap capability is provided at all the DPC 
adapter feature connection points for devices. 

1Berg Electronics, Division of E.l. duPont de Nemoars, Co. 
2Amp, Incorporated 

6-22 GI34-00.33 

(

' i 
.. 

; 

( \ 

'- f' 

(; 



c 

c 

o 

Figure 6-8. Jumper Selections 

Device address jumpers- These jumpers represent the high order address 
range assigned to the adapter devices. When the 
adapter is configured for 4 devices, the device 
address from the IDCB is compared with address 
jumpers 8-13. When the adapter is configured 
for 8 devices, the device address from the IDCB 
is compared with address jumpers 8-12. When 
the adapter is configured for 16 devices, the 
device address from the IDeB is compared with 
address jumpers 8-11. 

Parity option jumper- With this jumper installed, parity is checked 
and generated on the data bus in and out lines. 

Device configuration jumpers- These 2 jumpers are used to specify 
the device configuration attacht:d to 
the adapter card. 

Jumper 1 

On 
Off 
Off 

Jumper 2 

Off 
On 
Off 

Configuration 

4 devices 
8 devices 
16 devices 

Diagnostic interrupt mask- When installed, this jumper masks off 
any interrupts from devices during 
external diagnostic mode. 

11 

12 

13 12 11 10 9 8 

Customer DPe adapter card 

13 

'-___ User's connectors 
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yoes inactive, T5. This allo~s the processor to start 
a new polling sequence for d request trom another 
device if one is present. 

9. After burst return is activated, the next activation of 
service gate begins the burst transfer. The interface 
throughput is now dedicated to the I/O devic€. The I/O 
device continues to get service until burst return is 
deactivated. Burst return must be deactivated within 
100 nanoseconds of the activation at serv~ce gate for 
the last transfer, T4. The I/O device must not present 
another cycle steal request or an interrupt request 
until service gate return goes inactive for the last 
transfer, TS. This allows time for the processor to 
start a new polliny sequence and to service a different 
request if one is present. 

10. In both sequ~nces, (1) with poll return and (2) with 
burst return, a channel timeout may occur. In the poll 
sequence with poll return, the timeout occurs if poll 
return does not go inactive. In the case of the poll 
sequence with burst retur~, ~he timeout occurs if poll 
does not go inactive. Both of these timeout conditions 
are indications of a tailure at the 1/0 device and will 
not occur under norm~l operating conditions if the 
timings in the referenced figures are adhered to. If 
the channel timeout does occur, it causes a machine 
check and activates the Halt or MCHK line on the 
channel. 
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Request in bus of capturing 
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Request in bus of capturing -
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Poll 

Poll return 

Service gate 

I" Channel time-out "I 

- ------------- -- -----1"',-----

.- " 7"!> Other device requests may be present 
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Service gate return ) 1-) ________ ---. 

t t 

Timings: 

T1 :s 100 ns (Tl may be negative) 
T2 < T3 < 100 ns 
T4 < lOOns 
T5 > 0 
CT1 > 180 ns 
CT2 > 0 
CT3 >0 
CT4:; 100 ns+ T4 
CT5 > 0 

"..11", 

Legend: 

CT = channel times 
T = attachment controlled times 
LVS = last valid signal, occurring in time, of a group of 

signals being activated on the channel. The group 
is linked by short dotted lines on the timing diagram. 

LIS last invalid signal, occurring in time, of a group of 
signals being deactivated on the channel. The group 

* 
is linked by short dotted lines on the timing diagram. 
cycle steal request in or request in bus of capturing 
device is lagging poll ID and did not cause poll ID. 
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CT2 > 0 
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CT5 > 0 

Legend: 

CT = channel times 
T = attachment controlled times 
LVS = last valid signal, occurring in time, of a group of 

signals being activated on the channel. The group 
is linked by short dotted lines on the timing diagram. 

LIS last invalid signal, occurring in time, of a group of 
signals being deactivated on the channel. The group 
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is linked by short dotted lines on the timing diagram. 
cycle steal request in or request in bus of capturing 
device is lagging poll ID and did not cause poll ID. 
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Legend: 

CT = channel times 
T = attachment controlled times 
LVS = last valid signal, occurring in time, of a group of 

signals being activated on the channel. The group 
is linked by short dotted lines on the timing diagram. 

LIS last invalid signal, occurring in time, of a group of 
signals being deactivated on the channel. The group 
is linked by short dotted lines on the timing diagram. 
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Refer to Fiqure 2-14. The processor initiated IPL sequence 
is executed as follows: 

1 • The initiate IPL line is activated at the processor 
channel output, along with status bus bit a or 1, as a 
result of pressing the load key. status bus bit 0 and 
1 reflect the position of the IPL source switch, 
primary or alternate, at the time the load key was 
pressed. The first system reset in the sequence is 
also activated at this time. Initiate IPL and the 
status bus are held valid until the activation of the 
1PL tag at the processor channel input after the first 
sytem reset is deactivated. 

On the activation of the logical 'AND' of initiate 
IPL and system reset, the device must dc reset the IPL 
tag within 200 ns, T1, as seen at the device interface. 
On activation of the first system reset, the device 
executes all other system reset functions. Because of 
possible skew, system reset may lag initiate IPL and 
the status bus at the device interface. Therefore, the 
IPL tag may temporarily become active at the device 
interface prior to the first system reset. However, 
the processor channel ignores the IPL tag during the 
initial part of the sequence and does not examine it 
until the first system reset has been activated. 

In no case should the device use the leading-edge 
transition of the first system reset. This is because 
the first system reset could also lead the initiate 1PL 
and status bus at the device interface. 

2. The first system reset is deactivated after a time, 
CT1, of 4.8 microseconds minimum at the device 
interface. The IPL source device then activates the 
1PL tag. The time, T2, from the deactivation of the 
first system reset to the activation of the 1PL tag 
must be g~eater than zero as seen at the device 
interface, but the maximum time is device dependent. 
This maximum time should be kept within reasonable 
limits, and generally this time should only depend upon 
electronic rather than mechanical delays. 

3. As a result of 1PL going active, initiate IPL is 
deactivated. The status bus is not valid for the 
primary/alternate selection portion of the 1PL sequence 
after the time when initiate IPL is deactivated. 

Processor I/O Channel 2-37 
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5. 

A second system reset is activated. The time from the 
deactivation of initiate IPL and activation of the 
second system reset 4 CT3, is 200 nanoseconds minimum as 
seen at the device interface. This second system reset 
is of a unique nature. The IPL source device maintains 
an active IPL tag while using this system reset to 
enable the cycle steal transfer for the storage load. 
The device should use only the trailing edge of the 
second system reset to accomplish this enabling. 

The second system reset is deactivated. IPL cycle 
steal requests and transfers may then begin. The time, 
T3, from the deactivation of the second system reset to 
the activa~ion of the first cycle steal request must be 
greater than zero as seen at the device interface. The 
maximum time is device dependent. This time should be 
kept to a reasonable minimum so that the 1PL is 
completed in a reasonable time and the operator does 
not suspect that the system is inoperative. At this 
time, the function of the status bus returns to its 
original function; that is, the reporting of status 
information to the I/O device being secviced. The 1PL 
record length can be up to a maximum of 64KB. 
Successful completion of IPL is signalled to the 
processor by the device dropping the IPL tag. Time T4, 
from the end of cycle steal requests dnd transfers (as 
defined by the deactivation of the last service gate 
return) to the deactivation of the IPL tag has a 
minimum time of zero. The maximum time is device 
dependent, but should also be kept to d minimum for the 
same reason as stated tor time T3. 

Following the successful completion of 1PL and the 
dropping of the IPL tag, the I/O device must be 
prepared to level zero with its I-bit on and presenting 
an interrupt request to the processor I/O channel. The 
device must be available in all other respects. When 
the interrupt is accepted, the device presents the 
device end interrupt condition code. 

6. If a system reset occurs after the device has enabled 
cycle steal requ~sts and transfers, the device must 
deactivate the IPL tag within 200 nanoseconds at the 
device interface, terminate the cycle steal transfers, 
and execute all other system reset functions. Note 
that this system reset could be the result of (1) the 
operator pressing the reset key, or (2) the operator 
pressing the load key to begin another processor 
initiated 1PL sequence where the system reset leads the 
initiate 1PL tag at the device interface. Therefore, 
this represents an added condition for resetting the 
IPL tag. Note also that this condition is dependent 
upon being in an enabled state for IPL t~ansfer as a 
result of the second system reset. 
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If during cycle steal transfers an e~ro~ condition is 
posted to the device on the status bus, the device must 
terminate further requests and cycle steal t~ansfers, 
leave the IPL tag active, and not present an end 
interrupt. If, during the cycle steal requests and 
transfers, a hardware failure causes a channel 
time-out, the system remains in a 'hungt condition. 
The device should leave the IPL tag active. Halt or 
MCHK will not occur. This allows diagnosis of the 
problem in the state in which the failure or error 
occurred. 

Attachment methods for devices with power supplies 
external to a processor or I/O expansion card file must 
be capable of executing IPL if the device is powered up 
to a ready condition before or after the processor has 
activated the initiate IPL tag, status bus, and first 
system r~5et of a processor initiated IPL sequence. 
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Initiate IPL 

Status bus bit 0 or 1 

System reset 

IPL 

IPL cycle steal requests and transfers 

Timings: 

Tl < 200 ns 
T2 > 0 
T3 > 0 
T4 > 0 
CTI > 4.8 /J.s 
CT2 > 0 
CT3 > 200 ns 

~ 

CTI 

~~ 

\ ))~-------------------------------------
/ Normal cycle steal usage ,-------------------
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CTI .. 
" \~I--------
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----------------

Legend: 

CT = channel times 
T attachment controlled times 
LVS = last valid signal, occurring in time, of a group of 

signals being activated on the channel. The group 
is linked by short dotted lines on the timing diagram. 

LIS last invalid signal, occurring in time, of a group of 
signals being deactivated on the channel. The group 
is linked by short dotted lines on the timing diagram. 
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li~~i ~~guen£~§ Q~££i2tiQg 

1 • 

2. 

The effect that Halt or MeRK, system reset, or power-on 
reset must have, has been discussed at various points 
throughout this chapter. 
The Halt or MCHK and system reset tags, when occurring, 
are active for 4.8 microseconds minimum as seen at the 
device interface. Paver on reset sequencing is 
discussed in the subsequent section, UElectrical 
Characteristics". 

3. The deactivation of device interface signals active at 
the time of the reset must be performed within 200 
nanoseconds as seen at the device interface. The pre­
pare field and IIIII bit must be reset under the envelope 
of a system reset. 

4. The processors may have unpredictable values on the 
address, data, and status busses during resets. 
Therefore, re~etting of registers must not depend on 
the values of these busses. 

5. For specific intormation concerning a reset sequence in 
conjunction with another sequence, refer to the 
description of the basic sequences in earlier portions 
at this section. 
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Desigl! CO!!21deration~ .!.Q£ OEerationa.l Seg~~§ 

This subsection will highlight some aspects of device 
adapter design that are considered to be deserving of 
further explanation. In some cases, typical circuits are 
used as a vehicle to explain the aspect under discussion. 
The area of logic represented should not be taken in the 
context of a total design, when other considerations would 
result in added function to a logic area. For example, the 
figures assume one device only, although an attachment may 
service more than one device. The logic figures use the 
following conventions: 

• Connections--Those with a circled "I" indicate a unit 
load or drive to the device interface with the channel; 
those with a circled "J" indicate a jumper connection. 
Circled dots indicate that the signa~ is connected to 
another figure in this subsection. Dots alone indicate 
that the signal would be used or originates elsewhere 
in an attachment, but is not connected to another 
figure. 

• Logic--Wedges indicate negative active signals. Logic 
blocks are labeled with a particular logic function; 
the blocks perform that particular logic function with 
the polarity of the inputs as shown for the block. 
Except for the invert function, logic functions are 
considered to produce d positive output internal to a 
block. In some cases, a logic function is combined 
with a signal inversion to indicate the complete 
function of the block. 

• Labels--Signal lines are labeled with the polarity 
appropriate to the active level of the signal. 
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Poll Mechanism. The operational sequence for polling has 
~~~-me~~~-~~iI~ned into it for eliminating the classical 
test anJ set condition and for minimizing the effects of 
metastability. Figures 2-17 and 2-18 show a typical poll 
mechanism for non-burst cycle stealing alid interrupt 
polling. A single device adapter is assumed. 

The two types of requests, cycle steal request and 
interrupt request# are shown on the left side of Figure 
2-17. These requests, whose sources would be latches, are 
presented to the interface after suitable gating. In the 
case of an intprrupt request, the level bits previously 
loaded by a Prepare command are decoded to present a request 
on one of the request in bus lines. 

The active conditions of the poll ID bits are detected 
for cycle steal and interrupt respectively. Also, pallID 
bits 1 through 4 are compared with the level bits to 
determine if the requested lavel of interrupt matches the 
level being polled. 

Figure ~-18 shows the poll latches. The sample latches 
on the left are the key to the poll mechanism. The active 
condition of the poll In bits for cycle steal or interrupt 
cause the respective sampling latches to sample the state of 
request and prevent further requests from influEncing the 
decision to capture for that poll sequence. The designed 
deskew between poll ID and poll activation gives these 
sample latches ample time to resolve metastability prior to 
poll activation. Note that the two sampling latches are 'D' 
triggers without the final output latch. Polarity holds 
co u 1 d be use d , but t his c i L" C U it can not n e c e s sa r i I Y be 
genera.lized tor use in a multiple device at.tachment where 
cycle steal requests and interrupt requests would be 
processed concurrently. 

The two latches on the right side of the figure are 
common logic in the poll mechanism and assume that cycle 
steal and interrupt requests are not posted at the same 
time~ This would be the case in a single device adapteL. 
The poll decision latch is biased to propagate the poll in 
the absence of a sampled request. In the absence of poll, 
the poll decision polarity hold follows the outputs of the 
sample latches. By thp time poll is activated, all inputs 
to the poll decision latch are stable, including the compare 
of thE interrupting level. The decision to propagate or 
capture is therefore made prior to the activation of poll. 
When poll is activated, it holds the value of the poll 
d~cision latch and gates the appropriate poll propagate or 
return tag. If a decision to capture has been made, the 
poll capture latch is also set at this time. A circuit is 
provided to block requests-in until the cycle steal ot'" 
interrupt service sequence is complete. 

The figure also illustrates the use of resets to degate 
tags and accomplish appropriate res~tting. Note that device 
reset is not included in these resets since its action and 
time of occurrance is different from the asynchronous 
channel directed resets. Device reset is d DPC command and 
cannot arbitrarily reset the cycle steal portion of the poll 
mechanism and the service gate capture latch. This is 
because once a cycle steal request has been presented to the 
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interface~ the device must follow through with a dummy 
service sequence if it receives a device reset. Device 
reset affects the interrupt portion of the poll mechanism 
only indirectly by resetting the interrupt request itself at 
its source. Recall from the block diagram of channel 
sequence interdependenci9s that an interrupt service 
sequence must follow a poll for intecrupt without any other 
intervening sequence on the service group. Also that the 
channel cannot concurrently poll for an interrupt during a 
DPe sequence. This means that a device can prespnt an 
interrupt request to the interface and then withdraw it on 
execution of a device reset or prepare command. 
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.!:.£Q£~'§.Q£ ll!iliateg 19b. when designiny the IPL mechanism 
for an 1/0 attachment there are several important items that 
must be taken into consideration. These items can be 
ca t{~gorized int.o two grou ps: 1) IPL selection and, 2} syste10 
reset. 

IPL selection refers to the ability of all IPL device to 
be selected as either being a primary or alternate loading 
device. Since only two IPL sources are allowed on the 1/0 
channel, the processor selects the appropriate device via 
the status bus bits 0 and 1. The device attachment must 
have the capability of being personalized as either being 
primary or alternate or neither. Refer to figure 2-19, 
Processor initiated 1FL logic. Note that primary or 
alternate selection is provided via jumpers. The processor 
initiated IPL sequence basically consists of two system 
resets, the second of which performs a unique function. 
with the activation of the first system reset and initiate 
IPL, d dc reset occurs resettiny the IPL tag flip-latch and 
deactivating the IPl tag. When system reset deactivdtes, 
the flip latch is set and the IPL tag is activated. But 
prior to the flip latch changing state, due to delays, a 
logical zero is clocked into the D-trigger. Therefore, IPL 
request and transfers are not yet enabled. The second 
system reset pulse becomes active but does not affect the 
flip latch because the initiate IPL tag is inactive. The 
second system reset then deactivates causing the active 
value of the IPL tag to be clocked throuyh the trigger, thus 
enabling IPL requests and transfers. Should a third system 
reset occur, the IPL tag and enable IPL latches are reset. 

Q~Y'!£g ]i2'§~!.. For most normal applications, the recommended 
implementation to execute a device reset is to utilize the 
entire envelope of address gate as a long strobe. This 
allows for a greater length of effective reset and for 
earlier clearing of logic. 

E££~!.'yg.£ £Q!!,QiiiQni .!l..9:. Receivers on bidirectional busses 
may have to be conditioned, depending upon the technology 
utilized. The primary reason for this conditioning is to 
reduce loading on the particular bus to the source that is 
driving the bus at the time. Receiver conditioning by 
itself serves no purpose as an enabling or logical function. 
Therefore, receiver conditioning is discussed in more detail 
in the subsequent section of this chapter on "Electrical 
Chacacteristics", specifically in IlUnit Load 
Characteristics". 
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Fig u :c e 2 - 2 1 ( Part 2 0 f 2). 
C h ~!l~1 !2.I.iY~.£.§.L R e ~!Y~£2 !1.£~'§ ~!lQ1~.2l s 

DIRI I/O PIN I PROC- IACTIVEI 4953 1 4955 
Line Name t ASSIGN lESSOR ILEVEt tQUIES IQUIBS 

I I DR/REC I I LEV EL I LEVEL 
I I ITYPE I t I 

Data Strohe--------------I--->I--Ml0----I--C-D--IMinus IPlus JPlus 
Halt or MCHK-------------)--->I--M07----I--C-D--IMinus IPlus lPlus 
Initiate IPL-------------I--->I--P07----I--C-D--1Minus IPlus jPlus 
IPL----------------------I<---I--S04----I--C-E-- Minus IPlus IPlus 
PoI1---------------------I--->I--M12----I--C-D-- Plus IMinus IMinus 
Poll Identifier Bit OO---J--->I--Pl1----I--C-D-- ~inus IMinus IMinus I 
Poll Identifier Bit 01---I--->I--S02----IUnused Minus lPlus*2IPlus*~1 
Poll Identifier Bit 02---I--->I--S03----IUnused Minus IPlus*21Plus*~1 
Poll Identifier Bit OJ---I--->I--P12----I--C-U-- Minus IPlus IPlus I 
Poll Identifier Bit 04---I--->I--P13----I--C-D-- Minus JPlus IPlus I 
Poll Prime---------------I--->I--M1J----I--C-D*7 Plus ,Minus IMinus I 
Poll Propagate-----------I--->I--M11----I------- Plus IMinus IMinus I 
Poll Return--------------I<---I--M04----I--C-E-- Minus IPlus IPlus I 
Power On Reset-----------I--->I--S05----I---*3-- Minus )Plus IPlus j 
Request In Bus Bit--OO---I<---I--S07----1--C-E-- Minus IPlus jPlus I 
Request In Bus Bit--Ol---t<---I--S08----I--C-E-- Minus 1Plus IPlus 1 
Request In Bus Bit--02---1<---I--S09----t--C-E-- Minus tPlus SPlus I 
Request In Bus Bit--OJ---I<---I--S10----I--C-E--)Minus IPlus IPlus I 
Request In Bus Bit--04---I<---J--S12----1Unused-IMinus 1-*6---jPlus I 
Request In Bus Bit--OS---I<---I--S13----IUnused-IMinus 1-*6---IPlus j 
Request In Bus Bit--06---I<---I--U02----JUnused-IMinus t-*6---)Plus ! 
Request In Bus Bit--07---I<---I--U04----)Unused-IMinus 1-*6---IPlus I 
Request In Bus Rit--08---I<---I--U05----IUnused-IMinus 1-*6---IPlus I 
Request In Bus Bit--09---I<---I--U06----jUnused-IMinus 1-*6---IPlus I 
Request In Bus Bit--10---I<---I--U07----IUnused-IMinus 1-*6---IPlus t 
Request In Bus Bit--11---I<---I--U09----IUnused-IMinus 1-*6---IPlus 1 
Request In Bus Bit--12---J<---I--U10----1UnuseJ-1Minus 1-*6---IPlus 1 
Request In Bus Bit--13---I<---I--Ul1----IUnused-IMinus 1-*6---JPlus I 
Request In Bus Bit--14---I<---I--012----IUnused ,Minus 1-*6---JPlus , 
Request In Bus Bit--15---I<---I--U13----1Unused-IMinus 1-*6---1Plus I 
Service Gate-------------I--->1--P05----I--C-D--1Minus IPlus IPlus I 
Service Gate Return------l<---1--P06----I--C-E--IMinus IPlus JPlus I 
Status Bus Bit------OO---I--->I--J13----I--C-D--IMinus IPlus IPlus J 
Status Bus Bit------Ol---I--->I--G1J----I--C-D--IMinus JPlus IPlus , 
Status Bus Bit------02---1--->I--M03----I--C-D--IMinus IPlus*41 Plus I 
Status Bus Bit------03---I--->I--P02----t--C-D--IMinus IPlus IPlus I 
System Reset-------------I--->I--M05----I--C-D--IMinus tPlus IPlus 1 
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*2 

These lines are also driven by the 4953 processor in 
conjunction with the storage interface. (DR/REC TYPE 
C-C) 
Neither processor uses these bits. They are therefore 
tied up to the defined quiescent level at the 
processor. 

*3 Power-On-Reset is driven directly by the power supply 
circuitry. 

*4 The 4953 processor does not use status Bus Bit 2 (for 
storage protect). This line is theretore tied up to 
the defined quiescent level. 

*5 Address and Data Busses contain processor dependent 
quiescent levels. 

*6 The 4953 backpanel does not connect to any of these 
pins. 

*7 There is no connection to this pin for the first I/O 
socket on the 4953 backpanel. 

Figures 2-22 and 2-23 list further information on the 
drivers and receivers for the 4953 and 4955 processors. 
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need not be conditioned if the receiver always 
satisfies the conditioned inactive unit load current 
for a test condition of from 0 to 0.45 volts. See 
"Receiver Conditioning" sUbsection that follows for 
further explanation of conditioning. 

*3. The general unit load current may be computed at any 
other test condition voltage by linear extrapolation 
using the two points given. 

Voltag~ ~yg12 ~Q ~witchi~g Characteri§!l£§. The driver 
voltage levels given are the minimum and maximum output 
levels for the driver circuits as seen at the module output 
pins. 

The receiver switching levels given are as seen at the 
module pins and include de noise tolerance. 

Driver voltage levels 
r 
I I NON-
11EVEL~_lSCHOTTKY 
I MPUL 1 5.50V 
I LPUL 1 2.40V 
I MPDL I 0.45V 
I LPDL ) o. 0 V 
L 

, 
, J 
l§CHQTTKY_l 
I s.SV , 
I 2.4V I 
I 0.6V I 
I o.ov I 

.J 

Receivec switching 
characteristics 

r , 

I I I 
1_~1---1_1Ng~_1 
I MPOL I s.sv I 
I LP U L I 2.0 V I 
I MPDL 1 0.8V J 
I LPDL I o.ov I 
L 

Capacitive Loading. Any single data or tag line on one drop 
on the channel shall not be loaded with more than 30 pF. In 
the case where a TTL load has been substituted for a general 
unit load, the line capacitance may not exceed 60 pF. The 
socket adapter must be estimated at 10 pF for application 
purposes. 
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!!~£eiv~.I £.Q.!!git!.Q!!ing. The number of receiver.s that can be 
connected to a bidirectional line is limited by the total 
current that the receivers supply to the line relative to 
the amount of current that a driver on the line can sink and 
still maintain a down state within specification on the 
line. These limitations impose a major restriction to the 
number of receivers that can be operated by a single driver. 
Receiver conditioning relieves these limitations for 
conventional technology by providing a means of gating off a 
receiver when it is not the intended recipient of the logic 
signal on the bus. This allows a larger number of receivers 
to be connected to the bus. Signals must be provided to 
condition the receivers independent of the bus. It should 
be understood, that conditioning in itself is not an 
enabling or logical function; however, conditioning signals 
are generated from logical conditions in the attachment. 

Receiver conditioning is described in Figure 2-27. 
When a receiver is fiot intended to be responsive to the 
logic signal on the bus (Va), the control gate (conditioning 
driver) holds the second input point of the receiver (Vb) 
into the lower voltaqe or down state. Because the bus 
driver contains a larger load than the conditioning driver, 
the conditioning driver is able to sink more current than 
the bus driver, thus making Va > Vb. It can be seen that, 
when in this state, the current Ib is greater than Ia and 
the receiver does not present a current load (as large as it 
normally would) to the bus. Therefore, the receiver is said 
to be conditioned off or inactive. Note that it is 
important to choose a signal conditioning driver with a low 
down level voltage in the region of 0.15 volts or less. 
Selecting a high current capability driver and designing for 
a low fan-out will also help to maintain this low down 
level. 

If the receiver is intended to be responsive to the 
logic state on the bus, the control signal to the 
conditioning driver releases the appropriate potential at Vb 
to allow the receiver to be gated into a state responsive to 
the logic signal at Va. The receiver is now said to be 
conditioned on or active. 

The address bus bits 8--15 receivers are conditioned 
active only with address bus bit 16 being active. Address 
bus bits 0--7 are conditioned active only during a DPe 
selection, which is in effect, address bus bit 16 being 
active dnd a device address comparison. The data bus is 
conditioned by two events: 1) during a DPC selection with 
address hus bit 1 equal to a logical 1 and only until the 
deactivation of addreSS gate return and, 2) during a service 
gate capture for a. cycle steal service seqnence for an 
output transfer and only until the a€activation of service 
gate return. 

!21~. It is important that the receivers be conditioned 
active only during the above mentioned events; they are to 
be conditioned off or inactive all other times. 
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Figure 2-27. Receiver conditioning 
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.!lni! 1Q~Q ~uivalences. Unit load substitutions may be made 
on the 110 channel using the following equivalence 
definitions dnd rules. 

The I/O channel feature sockets in the processor and I/O 
expansion card files represent an available resource in the 
system. A unit of available sockets (UAS) is a subset of 
this total resource for planning and application purposes. A 
UAS is defined as the physical group of sockets available: 

1. Outboard of the processor to, but not including, the 
first channel repower feature. 

2. Outboard of any channel repower feature, but not 
including the next channel repower feature. 

3. Outboard of the last channel repower feature installed 
on the system. 

In a given UAS for case 1 above the total connected load for 
a 4955 is: 

[(NO. of general loads) +2 (No. TTL unit loads)] 520. 
(No. of TTL unit loads) 58 

Because the channel repower feature represents one general 
unit load, the maximum stated above is increased to 21 if 
the configuration does not contain a channel repower 
feature. The 4953 Processor is limited by the physical size 
of the card file, not the drive capability of the channel. 

For cases 2 and 3: 

[(NO. of general loads) +2 (No. of TTL units)] ~14 
(No. of TTL unit loads) 58 

A UAS may not contain more than one cable and the cable must 
be less than 1.6 metres long. 

A special case of a unit load substitution is for an 
attachment that presents a TTL unit load in all respects, 
except that any of its type A-A, A-B, or A-C receivers 
always presents an active receiver load (-1.6 rnA at 0.4V). 
This type of load is called a TTL selected load. A maximum 
of one TTL selected load attachment can be substituted for 
one general unit load attachment in any unit of available 
drops. No TTL unit loads may coexist in a unit of available 
drops containing a TTL selected load. 
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Q t h~!: !!!~£.h.m~.! £Q!l§.ist~ f.~!iQ'!!§ 

LO£~1i.Q!l Qf fhy'.§.ical ~!lQ I..og.i£.9.1 .lil~!!g!!!.§. Each device 
attachment must have the capability to redrive or propagate 
a poll as part of the serial polliny mechanism. This 
polling mechanism must be contained on that part of the 
device attachment card(s) that plugs into the 1/0 socket. 
This is to ensure that: 1) cabling delays are not 
encountered, i.e. cabling out to the poll mechanism at the 
device may cause incorrect timing sequences to occur 
depending on cable length and driving/receiving cdpability, 
2) powering down a device must not affect the ability to 
propagate a poll. 

All I/O channel drivers, receivers, dnd logic necessary 
to condition receivers should be on that part of device 
attachment card(s) that pluys into the I/O socket. This 
would include at least device address comparison logic, some 
DPe command logic (for detecting a write sequence), and 
service qate capture logic. 

1PL logic, to the extent that the attachment should 
h a vet he a b iIi t y to hal d. the s tat e 0 f the .. e nab leI PI. c Y c 1 e 
steal requ~sts and transfer-s" pending device ["espouse, 
should be located on that portion ot the attachment that 
plugs into and derives power from the I/O socket. 
Otherwise, this may preclude the capability of the device to 
execute a processor-initidted IPL in auto IPL mode. 

For attachments to devices which are capable of exe­
cuting processor initiated IPL, at least that portion of the 
IPL logic which will detect and hold the indication that the 
attached device is to IPL should reside on that part of the 
attachment which plugs into and takes power from the I/O 
socket. (See also IPL sequence description.) 

Printed Circuit Wire Lengths. Printed circuit wire lengths 
between I/O channel drivers/receivers and the connector tabs 
on the interfacing card should be held to 2 inches maximum. 
Tag inputs and outputs, and request in lines should favor 
shorter lengths. 

5 i9.1E!1 .£!~.£i.!lg. All I/O channel cireui t modules shoH ld 
have clamping for negative excursions of the signal input. 

£irf.!!i.!: Mod!!1g Voli~~~ Tolerances. Circuit modules used in 
device attachments that utilize voltages from IBM supplies 
must be capable of operating with ±10 percent tolerances 
from nominal as seen at the module pins. 

Ci££uil Modul~ Ovg£YQ1!~g~. 
an overvoltage rating for 
nominal. 

All circuit modules 
voltage supplied 

must 
of 40\ 

have 
over 
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The power supplies for the processor and I/O expansion units 
provide five regulated DC output voltages: +5.0, +8.5, 
+12.0, -5.0, and -12.0 volts. Both supplies contain 
overvoltage, undervoltage, and overcurrent protection. 
Should overvoltage or undervoltage occur, the condition 
initiates d power supply shutdown sequence. 

2~~L!!£..!!£.il!,g .R~gJ!i£~~Ql§. The power-on reset siqnal is 
provided to assure the state of the logic during power on 
and off. The signal is TTL compatible. Logical one (up) 
lev~l is between +2.6V and 5.5V. Logical 0 (down) level is 
between O.OV and +O.4V. The power-on reset signal starts at 
the TTL down level. When the +5V, -SV, and +8.5V are within 
operational limits, this signal goes to the TTL up level 
after a 500 millisecond delay. Should any ot the three 
voltages go approximately J% below their minimum tolerances, 
this signal goes to the TTL down level. 

1Q,gi£ yolta.9.~ 2.£Sl.~ncl.!!SI. If a user incorporates a 
technology such that voltage sequencing must occur within a 
given period of time (>350ms), the following method can 
possibly be used. Assume that, for substrate biasing 
purposes, Vn=-5.0V and Vh=8.5V; if Vn 1S more positive than 
-3.SV, Vh must not remain above +S.OV for more than 500ms. 
Although no true sequencing occurs, after approximately 
350ms the power supply circuitry checks to see that the 
voltages are at an operational level, if not, the supply 
shuts down: oth~~rwise the sequencing is met and the 
technology is protected. 
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Figure 4-4 is a state and timing diagram for possible 
receive sequences. There are three entry points on the 
right side of the diagram, "A", nEtt, and "Ctt. All exits 
from the basic sequences on the left of the diagram connect 
to one of the entry points. A circle with 2, 4, or 6 
denotes an interrupt with the appropriate condition code 
within the circle; "I.A. (&R) tt denotes interrupt accept (and 
Read) by the processor; the envelopes of both normal and 
overrun receive operations are shown on the diagram. 

Figure 4-4 includes a table of timings for the various 
device bit rates. TRO is the time of d receive operation 
from initiation by the device to the posting of an 
interrupt. It is nine bit times at the selected frequency. 
At 9600 BPS, TRO is 0.936 ms; at 110 BPS, it is 81.9 ms. TR 
is the minimum time between receive operations and is two 
bit times at the selected frequency, on the average. At 
9600 BPS, TR is 0.208 rus on the average; at 110 BPS it is 
18.2 IDS on the average. Device clock jitter and drift 
causes TR to vary, depending upon device characteristics. 
For programming purposes, a value for TR of the average less 
15 percent should account for most devices attached. 

The basic sequences on Figure 4-4 start from point A 
with a normal receive operation that ends with an attention 
interrupt being posted. The top line depicts interrupt 
acceptance and reading of the receive data register within 
time TR. The second line depicts a delay in the interrupt 
acceptance and reading beyond time TR or the initiation of 
another receive operation by the device if the device is not 
transmitting at rated speed. In this case, although the 
receive data register can be read, the ada~ter has committed 
to an overrun receive operation; this results in an 
exception interrupt (condition code 2) when the current 
operation is completed. A Read command is not necessary 
following the acceptance of condition code 2. The extension 
of lines 2 and 3 depicts two other possibilities following a 
condition code 2; (1) the interrupt is accepted and the 
receive data register is read within time TR, leading to 
condition code 4, and (2) another delay in interrupt 
acceptance, leading to another condition code 2. 

Line 4 depicts a case of a very long delay in interrupt 
acceptance and reading, leading to condition code 6. The 
extension of lines 4, 5, 6, and 1 show other possibilities 
following a condition code 6. 

Note that some connections of basic sequences to entry 
points on the timing diagram can result in sequences that 
may be very long, depending upon the number of characters 
transmitted from the device. 
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Figure 4-4. state and timing diagram for possible receive 
operations 

0 LA. & R 

I~ 
Normal Normal 
receive receive 

~TRO-hRI0 
LA. & R 

/ I 

"A" 

Key: 
"A" "B" "C" 

000 
LA. 

Normal Overrun 
receive receive 

"B" 

0 
I 

Normal Overrun 
receive receive 

"C" 

Entry points on right side of diagram 

Interrupt with circled condition code 
Interrupt accept 

0 LA. & R 

IL-
Normal 
receive 

CD I.A. 

IL-
Normal 
receive 

LA. 

I 
Overrun 
receive 

LA. & R 

Normal 
receive 

LA. & R 

I 
Overrun 
receive 

I.A. 

I 
Overrun 
receive 

Overrun 
receive 

I.A. & R Interrupt accept and execute read command 

Baud rate IRa (milliseconds) TR (milliseconds) * 

9600 .936 .208 
4800 1.87 .416 
2400 3.74 .832 
1200 7.49 1.66 
600 14.98 3.33 
300 29.96 6.66 
200 44.94 10.0 
150 59.9 13.3 
110 81.9 18.2 
100 89.88 20.0 

75 119.08 26.6 
50 179.76 40.0 

TROand TR are ±0.1 % I 
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Read Control and Write Control 

Read Control and Write Control are two general purpose out­
puts of the Teletypewriter Adapter. These outputs are not 
used for any standard attachment of a teletypewriter I/O 
device. The Read Control and Write Control outputs are 
provided for whatever use the customer can find for them. 
These two outputs are solid state switch outputs and have 
two states, open and closed. 

Read Control. A Read command has the following format: 

Bits 0-3 
0001 

Bits 4-7 
OOOX 

Bit 7 of a Read command controls the Read Control out­
put. If a Read command is issued with bit 7=1, the Read 
Control output will close and remain closed until either (a) 
a Read command is issued with bit 7=0 or (b) the attachment 
is reset. 

If a Read command is issued with bit 7=0, the Read 
Control output will open and remain open until a Read 
command is issued with bit 7=1. 

Any system reset or device reset will cause the Read 
Control output to open and remain open until a Read command 
is issued with bit 7=1. 

A read command can change the state of the Read Control 
output if the Operate I/O (010) condition code response to 
the command is condition code 1 (read busy), 5 (interface 
data check), or 7 (command accepted) . 

A Read command cannot change the state of the Read 
Control output if the 010 condition code response to the 
command is condition code 3 (command reject) or 0 (device 
not attached). The Teletypewriter attachment does not use 
condition codes 2, 4, or 6. 

Read Control Timing. A system reset or device reset can 
cause the Rea~Control output to open asynchronously to the 
receiving of characters. 

Under normal operation, Receive interrupts are taken 
after the leading edge of the STOP bit for any given 
character and before the leading edge of the START bit of 
the next character. The Read command is part of the Receive 
interrupt sequence. Therefore, the Read Control output will 
normally switch state only in the time window that starts 
with the leading edge of the STOP bit of one character and 
ends with the leading edge of the START bit of the next 
character. 

If an overrun occurs, this time window can extend 

C
." through one or more overrun receive operations until a Read 
& command is executed. 
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write Control. A Write command has the following format: 

Bits 0-3 
0101 

Bits 4-7 
OOOX 

Bit 7 of a Write command controls the Write Control 
output. If a Write command is issued with bit 7=1, the Write 
Control output will close and remain closed until either (a) 
a Write command is issued with bit 7=0, or (b) the attach­
ment is reset. 

If a Write command is issued with bit 7=0, the Write 
Control output will open and remain open until a Write 
command is issued with bit 7=1. 

Any system reset or device reset will cause the Write 
Control output to open and remain open until a Read command 
is issued with bit 7=1. 

A Write command can change the state of the Write 
Control output if the 010 condition code response to the 
command is condition code 1 (write busy) or 7 (command 
accepted) . 

A Write command cannot change the state of the Write 
Control output if the 010 condition code response to the 
command is condition code 0 (device not attached), 3 
(command reject), or 5 (interface data check). The Tele­
typewriter attachment does not use condition codes 2, 4, 
or 6. 

Write Control Timing. The Write Control output can change 
state only during the first 0.2 microsecond of the start bit 
of a transmit operation. It will be opened by a system reset 
or device reset. 
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~!~~ ~~la!~Q £h~£~i~ist!£§ 

g~~£ llil.!!~. Any character that is in the process of being 
either transmitted or received during a power failure is 
either lost or qarbled. 

Power-on reset is generated when the system is powered 
back up. This siqnal resets all controls and registers in 
the teletypewriter adapter except for the receive 
serializer-deserializer register. This register is set to 
all ones, which is the ASCII "rub out" character. 

ErrQ£ Recovery. There is no checking of any kind between the 
teletypewriter adapter and the user's device. 

TEL ETYPEWRITER ADA PTER ELECrRICAL CHARACTERISTICS 

I CAUTION: Refer to logic page 
connector pin designations. 

SDlOO for current cable 

The teletypewriter adapter offers tour different interfaces 
or "ports" for connecting to user's devices. These 
interfaces or ports are: 

1 ) 
2) 
3) 
4) 

Isolated current loop 
Non-isolated current loop 
EIA voltaye level 
TTL voltaqe level 

Th~ teletypewriter adapter provides a 16-pin (2x8) top-card 
connector for connecting the user's device. 

A separdte pin or pair of pins on the top-card 
connector provides the inputs and outputs for the four 
different interfaces. 

Input circuits General Description 

Refer to Figure 4-5. There are four basic types of receive 
inputs: isolated contact sense, non-isolated contact sense, 
TTL, and ETA RS2J2-C level. 

Input options are selected: 

• By connecting to the appropriate pins, and 
• By a 3-bit, coded jumper-pin selection on the card. 

One bit of this code reverses the convention of the 
input data mark. (See "Jumper Selections" in this 
chapter for a detailed explanation of jumpering.) 

ISQla!~1 ~0!li~!. Se!!.§~. Two connector pins are available 
for the signal input. The isolated common may be strapped 
to signal ground on the user's connector if desired in 
certain applications. When the isolated contact sense input 

Teletypewriter Adapter 4-17 



is used, some external non-IBM supplied power source must be 
used to generate current for the receive current loop. 
The equivalent circuit for the isolated contact sense inputs 
is a series resistance between the input pins. 

Non-Isolateg Contact Sense. Two connectoL pins are 
available for the signal input. These inputs are used when 
it is desired that the teletypewriter adapter card generate 
current for the receive current loop. 

The equivalent circuit for the non-isolated contact 
sense inputs is a Lesistor in series with a voltage source. 

II1. One connector pin is available for TTL level input. 
The TTL input is non-isolated. 

EIA. One pin is available for EIA RS232-C level input. This 
input is non-isolated. 

li£2unding. The cable shield ground wire must be connected 
. to ·f.r~ 9,.£.QJ!!!Q. a t the point of en try in to the IB f1 
enclosure. The cable shielded-ground wire must be connected 
to fil.!!~ ground at the userfs device end of the cable. 

The performance of this interface may be affected by 
noise. Appropriate arc suppression, noise filtering, etc. 
may be necessary on customer inputs. 

Contact sense inputs are isolated from card ground. 
TTL and Ell signal ground is tied to logic ground in the 
teletypewriter adapter card. 

4-18 GA34-0033 

f 

( 



TNL: GN34-0368 to GA34-0033-0 (February 4, 1977) 

TELETYPEWRITER ADAPTER DESIGN CONSIDERATIONS 

o Te12~Wri12£ .Q~yic2 Inf2.£!!!.ati.Q!l 

The teletypewriter should be configured for full duplex 
operation and a 20 rnA current loop prior to installation. 
Teletype* Models ASH 33, ASR 35, or KSH 33 are normally 
shipped from the factory wired for half duplex, 60 rnA, and 
even parity. 

The isolated contact sense input, with input selection 
code equal to all zeros, must be used tor connection of the 
ASH 33/35. 

Either the current driver, current=mark output or the 
solid state switch, closed=data mark output must be used for 
the ASH 33 and 35. 

If the system is powered down, the output driver goes 
to a data. space condition causing the device to "chatter" if 
it is in uline mode". Consequently the ASH 33/35 should be 
turned off or put in local mode it the system is powered 
down. However, no damage to the device results if it is 
left in line mode, just unnecessary wear. 

Also if the cable is disconnected while the ASH 33/35 
is in line mode, the devica Cdn chatter. 

During an IPL operation, the ASH 33/35 should be placed 
in line mode prior to pressing the Load key on the processor 
console. 

The tables in the following subsections indicate how pins of 
the top-card connector should be connected to pins on the 
attached device. 

B1A. The communications power supply feature furnishes i12 
volts. This feature is a prerequisite for any card file 
{except the 4953-A Processor} in which the teletypewriter 
(TTY) adapter is installed if the adapter sends EIA output 
levels to the device. However, the 12 volt supply is not 
required to only receive EIA levels. The connections for EIA 
are as follows: 

Series/lTTY card connector 

A4 EIA received data in 
A6 Data terminal ready 
B5 Signal ground 
B6 EIA transmitted data 

Device connector 

EIA transmitted data 
Received line signal detector 
Signal ground 
EIA received data 
Connect "request to send" 
to "clear to send" 
Connect "data terminal ready" 
to "data set ready" 

4:) *Registered trademark of Teletype Corporation 
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Note that two different wrap connectors may be required at 
the customer device cable connector. These two different 
wraps are (1) Request to Send to Clear to Send, and (2) Data 
Terminal Ready to Data Set Ready. Connector pin A7 is EIA 
data terminal ready, and is a logical one when power is on 
in the teletypewriter adapter. 

This interface requires a shielded 3-conductor cable, 
4-conductor if the EIA transmitted data signal is used. 

!I1. The connections for TTL are as follows: 

Series/l TTY card connector 

B4 TTL received data 
85 Signal ground 
§.ith.2£ 

A7 SSS closed=data mark or 
-TTL data out 

B7 SSS open=data mark or 
+TTL data out 

Device connector 

TTL transmitted data 
Signal ground 

TTL received data 

Wire the cable to (~ither pin A7 or pin 37, depending on 
which polarity for received data is required by the attached 
device. 

The interface requires a shielded 3-conductor cable. 

C u£££!li LOQ£ Wi..t.h [§g£~§ f2'!:££ ~y"£.2!i~§ .. Connect. ions for 
this current loop are as follows: 

Series/l TTY card connector 

A1 Isolated receive input+ 
A3 Isolated receive input-
85 Signal ground (Transmit-) 
A7 SSS closed=data mark 

Device connector 

'I'ransmit -
Transmit + 
Receive + 
Receive -

Two external power supplies are required for the current 
loop interface. One for the transmit loop and one for the 
receive loop. Both power supplies must generate 25-volt 
power and must supply a cuerent of up to 100 mAe 

The two external power supplies must be placed in 
series with the transmit and receive loops with the 
polarities shown above. It is recommended that the power 
supplies be placed at the device end of the cable. 

Figure 4-9 is a diagram for the cable connections just 
described; that is, when the customer elects to use: (1) 
external power supplies, (2) solid state switch 
teletypewriter adapter outputs, and (3) is 01 a t_e.d receive 
inputs. 

!21g. For this configuration, the jumper wire that ties +12 
volts into the receiver logic should B21 be used (refer to 
Figures 4-5 and 4-7). 
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Figure 4-9. Connections for 
supplies current for the loop 

current loop 

Connections for current loop when user supplies current 

Teletypewriter adapter I/O device 

Transmit loop ASR 
user's power supply 33 

A7 Transmit + + .-SSS closed = da ta mark * 0 I ~ Receive- X6 
B5 Transmit -

Signal ground 0 ~ Receive + X7 
Receive loop 
user's power supply 

Al Receive + + 1-
Isolated receive input + " A ~ Transmit- X4 ..., I 

A3 Receive -
Isolated receive input - 0 Transmit + X3 

* Inverted signal j 

(closed = data space) 
is available on B7. ASR 33 cable connections 

from ASR 33 wiring diagram 

ASR 35 cable connections 
from ASR 35 schematic 

when the user 

ASR 
35 

T8 

T7 

T6 

T5 

j 
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Curren!, LOQE !!ithout !!§~!:.!..2 fQ'!~ SU~i~2. The 
teletypewriter adapter card generates the current for the 
transmit and receive loops. The following table shows 
connections at the card, the customer access panel (CAP), 
and the device. 

Series/l TTY 
card connector 

B1 Non-isolated contact in 
A3 Non-isolated contact in + 
B5 Signal groQnd (transmit -) 
A2 Current driver, current=mark 

CAP Device 
fi!! £Q!!!!~!Q!: 

3 Transmit -
4 Transmit + 
1 Receive -
2 Receive + 

No external power supplies are required in this 
configuration. Current for the transmit and receive current 
loops is supplied by the teletypewriter adapter card. The 
teletypewriter adapter card to OEM device cable for this 
configuration is just a straight cable without any series 
power supplies (Figure 4-10). 

Note that in this configuration, the transmit and 
receive loops are not isolated, since both loops are driven 
with voltages referenced to logic ground. This 
configuration puts 12 volts across the receive input and 24 
volts across the transmit output of the attached device. 
Teletype Models ASH 33, ASR 35, and KSR 33 require 24 volts 
across their transmit output for reliable operation. 

For devices that require only 12 volts across their 
transmit output, pin B05 should be used instead of B01 at 
the connector on the teletypewriter adapter card. 

Note. The 12 volt power jumper on the teletypewriter adapter 
card must be installed for this configuration (refer to 
Figures 4-5 and 4-7). 
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Figure ij-10. Connections for current loop when the 
teletypewriter adapter supplies current for the loop 

Connections for current loop when teletypewriter adapter supplies current 

Teletypewriter adapter I/O device 

ASR ASR 
33 35 

Current driver, current A2 Transmit + 
:;;: mark* ....... ....... Receive + '-' "" X7 T7 

B5 Transmit -
Signal ground 0 -'U Receive X6 T8 

A3 Receive + 
Nonisolated contact in + o Transmit + X3 T5 

Bl Receive -
Nonisolated contact in - 0 ....... 

'V Transmit- X4 T6 
(or) B5 

(B5 for 12 volts) 
(Bl for 24 volts) 

ASR 33 cable connections ~ 
*Inverted signal from ASR 33 wiring diagram 

(current:;;: space) 
is available on B3. 

ASR 35 cable connections 
from ASR 35 schematic 
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If the customer access panel (CAP) feature (#1590) is 
ordered, the cable from the card connector to the CAP is 
built-in and the teletypewriter customer access cable 
feature (#2059) provides the cable from the CAP to the 
device. If the CAP feature is not ordered, the 
teletypewriter cable feature (#2055) provides direct cabling 
from the card connector to the device. 
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Figure 6-2 is a timing diagram for a typical output 
sequence. 

An output sequence is executed as follows: 

1. Function, modifier, device address bits, and data are 
placed on their appropriate lines. 

2. The I/O active tag is skewed (at least 200 nanoseconds) 
and activated on the interface. 

3. Upon recognition of address compare and I/O active, the 
device raises the select response tag. Once raised, 
this tag must be held active at least until the fall of 
the I/O active tag. Condition code in must be active 
until strobe becomes active or until I/O active becomes 
inactive for the duration of the select response tag. 

4. Strobe is activated and dropped.* 
* If the DPC adapter feature is configured without 

the parity option and a parity error is detected 
between the processor I/O channel and the feature, 
strobe is not activated except during the Device 
Reset command. 

S. The I/O active tag is deactivated. 
6. Upon recognition of the absence of the I/O active tag, 

the device drops select response and condition code in. 
7. The function, function modifier, device address, and 

data busses are deactivated. 

Figure 6-2. Output sequence timing diagram 

Control lines 
and data bus out 

I/O active 

Strobe (device) 

Select response 

Condi tion code in 

Output sequence 
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Figure 6-3 is a timing diagram for a typical input sequence. 
An input sequence is executed as follows: 

1. Function, modifier, and device address bits are placed 
on their appropriate lines. 

2. The I/O active tag is skewed (at least 200 nanoseconds) 
and activated on the interface~ 

3. Upon recognition of address compare and I/O active, the 
device raises the select response tag. Once raised, 
this tag must be held active at least until the fall of 
the I/O active tag. Data bus in and condition code in 
must be active until strobe becomes active or until I/O 
active becomes inactive for the duration of the select 
response tag. 

4. Strobe is activated and dropped. However, should a 
parity error be detected by the processor this tag is 
not acti va ted. 

5. The I/O active tag is deactivated. 
6. Upon recognition of the absence of the I/O active tag, 

the device drops select response, condition code in, 
and data bus in. 

Figure 6-3. Input sequence timing diagram 

Input sequence 

Control lines ") 

I/O active 

Strobe (device) 

Select response 

Condition code in 
and data bus in 
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In tefS upt ~£Y.!£~ .2.~~uen.£~ 

Figure 6-4 is a 
service sequence. 

timing diagram for a typical interrupt 
This sequence is executed as follows: 

1. The device address bits are placed on their appropriate 
lines. 

2. The interrupt service active tag is skewed (at least 
200 nanoseconds) and activated on the interface. 

3. Upon recognition of address compare and inter~upt 
service active, the device raises the select response 
tag. Once raised, this tag must be held active at 
least until the fall of the interrupt service active 
tag. Condition code in and data bus in must be active 
for the duration of the select response tag or at least 
remain active until strobe becomes active. 

4. Strobe is activated and dropped. The 110 device must 
reset its interrupt request at the leading edge of the 
strobe. 

5. The interrupt service active tag is deactivated. 
6. Upon recognition of the absence of the interrupt 

service active tag, the device drops select response, 
condition code in, and data bus in. 

7. The device address is deactivated. 

Figure 6-4. Interrupt service sequence timing diagram 

Device 
address 
bits 

Interrupt 
service 
active 

Strobe (device) 

Select response 

Condition code in 
and data bus in 

Interrupt service sequence 

Customer DPe Adapter 6-11 



TNL: GN34-0368 to GA34-0033-0 (February 4, 1977) 

DPC ADAPTER ELECTRICAL CHARACTERISTICS 

The DPe adapter drivers and tecminators are designed to 
interface with cables that have a characteristic impedance 
of approximately 100 ohms. 

All OPC adapter interface lines are down level active. 
The interface is non-isolated, TTL compatible. 

Pigure 6-5 shows the output signal electrical circuit. The 
output specifications are as follows: 

Driver type: 

output voltaqe: 

Input current: 

TTL open collector 

Up level: 

Down level: 

+2.4 volts minimum 
leakage current 
I L = 40 11 a maximum 
@2.4V 
+0.7 volts maximum 
@ 175 rnA 

Maximum current sinking capacity, 175 rnA 
d) +0.1 volts 

Figure 6-6 shows the input signal electrical circuit. The 
input specifications are as follows: 

Input vol tage: 

Input current: 

Input impedance: 

Logic one: 

Logic zero: 

6-12 GA3'.-003J 

Down level: +0.6 volts maximum ili 42 rnA 
Up level: +2.4 volts minimum 

5 42 rnA ~ + 0.6 volts 

100 ohms 

$ +1.0 volts 

~ +2.5 volts 
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Figure 6-5. Output signal electrical circuit 

DPC adapter 
output driver 

TTL open 
collector 
driver 

Ground 

Up level: 

Down level: 

Twisted-pair 
cable 

Recommended 
termination 

+5 volts ± 10% 

150 ohms ± 5% 

I---__ --i~ TTL load 

300 ohms ± 5% 

Ground 

Impedance: 100 ohms 
Maximum distance: 6.1 m (20 ft) 

+2.4 volts minimum 
leakage curren t 
IL = 40j..La maximum 
@2.4V 
+0.7 volts maximum 
@ 175 rnA 

Figure 6-6. Input signal electrical circuit 

DPC adapter 
input 
termination 

+5 volts ± 10% 

150 ohms ± 10% 

300 ohms ± 2.5% 

Ground 

Twisted-pair 
cable 

Impedance: 100 ohms 
Maximum distance: 6.1 m (20 ft) 

Recommended 
customer driver 

TTL open 
collector driver 

Ground 

Down level 
+0.6 V maximum 
@42mA 
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DPC ADAPTER PHYSICAL CHARACTERISTICS 

Figure 6-7 shows the top-card connectors (TeC) for the DPC 
adapter. The following tables list the pin assignments for 
each of the connectors. 

DPe Adapter Pin Assignments 
Tce Connector J1 (top of card) 

gll!_!~2.1G N~~1il 
____ ~lGN!k ___________ 

A01 DATA BUS IN PARITY 0-7 
B01 DATA BUS OOT PARITY 0·-7 
A02 GROUND 
B02 PLUGGED - KEY 
AO] DATA BUS IN BIT 0 
1303 DATA BUS OUT BIT 0 
A04 GROUND 
B04 DATA BUS OUT BIT 1 
ADS DATA BUS IN BIT 1 
BOS GROUND 
A06 DATA BUS IN BIT 2 
B06 DATA BUS OUT BIT 2 
A07 GROUND 
BO? DATA BUS OUT BIT 3 
A08 DATA BUS IN BIT 3 
B08 GROUND 
A09 o A '1' A BUS IN BIT 4 
B09 DATA BUS OUT BIT 4 

Al0 GROUND 
810 DATA BUS OUT BIT 5 
A11 DATA nus IN BIT 5 
B11 GROUND 
A12 DATA BUS IN BIT 6 
812 DATA BUS OUT BIT 6 
A1J GROUND 
813 DATA BUS OUT BIT 7 
A14 DATA BUS IN BIT 7 
B14 GROUND 
A15 MODIFIER DI'l' 0 
815 MODI.Flt;R BIT 1 
A16 GROUND 
816 MODIFIER BIT 2 
A17 MODIFIER BIT J 
B17 GROUND 
AlB FUNCTION BIT 0 
B18 FUNCTION BIT 1 
1\19 GROUND 
B19 l"UNCTION BIT 2 
A20 NOT USED 
B20 GROUND 
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DPC Adapter to customer Access Panel 
(Part 4 of 4) 

C r-- , 
ISignal Name I TCe t CAP J 
) _____________ --1_fin i_Conn 1 
IInterrupt Request 0 + I J 3A 1 I A1 I 
1 I J JA2 I A4 I 
I In terrupt Request 1 + I J3B1 I A] I 
I J Chassis I A6 J 
IInterrupt Request 2 + I J3A3 I A2 I 
I I Chassis I AS I 
IInterrupt Request 3 + I J3B3 I B6 j 

I I Chassis I 19 I 
IInterrupt Request 4 + t J3B4 I B8 I 
I I Chassis I B1 1 
IInterrupt Request 5 + J3A5 , D1 I 
I J3A4 I C4 1 
I Interrupt Request 6 + J3A6 I 03 I 
I J3A7 I C5 I 
IInterrupt Request 7 + J3B6 I D2 j 

J J3B5 I B7 J 
IInterrupt Request 8 + J3B7 , E5 I 
J Chassis I D8 j 
IInte.rrupt Request 9 + J3A8 j E7 J 
j Chassis I 09 I 
IInterrupt Request 10 + J3A9 I F9 I 
I J3Al0 I F3 I 

(0. IInterrupt Request 1 1 + J3B9 t G2 j 
j ,J3BH I F4 I 
lInterrupt Request 12 + J 3B 10 I G1 I 
I J 3B 11 I E6 I 
I Interrupt Request 13 + J 3A 11 I H4 I , Chassis I G7 J 

lInter-rupt Request 14 + J 3A 12 I H's I 
I Chassis I G8 t 
,Interrupt Request 15 + J3B12 , L3 J 
I Chassis , L9 J 
)Halt or MCHK + J 3B 18 I R5 ) 

I J 3A 16 J S3 I 
J System Reset + J3B19 I R6 t 
1 J)A 19 I T1 J 
IPower On Reset + J 31\20 I R7 I 
I J 3B20 I 54 J 
L-- .J 

JumEer Selecti2Q§ 

Figure 6-8 shows the location of jumpe·rs for the DPe ada pter 
feature card. 

c 
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TNL: GN34-0368 to GA34-0033-0 (February 4,1977) 

DPe ADAPTER DESIGN CONSIDERATIONS 

The DPe adapter feature is used in applications requ1r1ng 
access to the processor I/O channel. It does not provide 
cycle steal capability. Therefore it is limited to direct 
program control applications. 

The overhead attributable to the DPC adapter, given 
that all user device delays on the DPC interface are zero is 
2.5 microseconds maximum added to the execution of the 
Operate I/O instruction. 

Recommended 
input dri ver: 

Requirement: 

Input 
terminators: 

TTL open collector 

Down level: +0.6 volt maximum w 42 rnA; 
minimum current required at down level, 42 mA 
iJ) +0.6 volts 

150 ohm dnd 300 ohm divider network to +5 Vdc 
± 10%; effective termination impedance equals 
100 ohms 

)21£. Because this interface is non-isolated, it is 
important to ensure that there is a good ground connection 
between the OEM device being attached and the card file 
containing the DPe adapter feature card. If there is not a 
good ground connection, a large common-mode voltage may be 
developed, and damage to the device or feature card could 
result. 

The performance of this interface may be affected by 
noise. Appropriate arc suppression, noise filtering, etc., 
may be necessary on the user's inputs. 

The DPC adapter should be connected to a device with a 
maximum of 6. 1 m (20 ft) of twisted-pair cable. Attachments 
to the top-card connector must use a polarized Berg1 housing 
part number 65405-013 (or equivalent) and a contact part 
number of 75598-003 (or equivalent) with 124 AWG wire. 

The cable to the customer access panel feature can be 
made using a 160-pin male connector block, Amp2 part number 
20279g-2 (or equivalent), male contacts Amp part number 
66101-1 (or equivalent), and 424 AWG wire. 

The DPe adapter card connector pin assignment for 
ground points should be followed at the device end of the 
cable. 

Diagnostic wrap capability is provided at all the DPC 
adapter feature connection points for devices. 

1Berg Electronics, Division of E.l. duPont de Nemours, Co. 
2Amp, Incorporated 
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International Business Machines Corporation 

General Systems Division 
57.750 Glenridge Drive N. E. 
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