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CHAPTER 1
INTRODUCTION

This manual presents implementation guidelines and requirements for the PDP-10 /O bus,
memory bus, and data channel bus. Specifications for the FLIP CHIP modules recommended for these
interfaces are included with examples of interfaces and a description of the GP10 General Purpose
I/O Interface.

Also included is information for interfacing user terminals (Teletypes, alphanumeric displays,

etc.) to the PDP-10 system.

Details are supplied throughout to enable the engineer or experimenter to construct even a

large peripheral unit with a minimum of difficulty.

REFERENCE MATERIAL

This manual complements other DIGITAL publications of particular interest to the interface

designer. Some of these manuals are listed below,

DIGITAL Logic Handbook (C-105)
DIGITAL Industrial Handbook (C-110)
PDP-10 System Reference Manual (DEC-10-HGAA-D)

PDP-10 Maintenance Manual Vol. III (Special Modules) (DEC-10-16CA-D)
PDP-10 Installation Manual

The DIGITAL Logic Handbook and the DIGITAL Industrial Handbook provide complete
specifications of DIGITAL's line of FLIP CHIP logic modules with basic instruction in digital logic

usage and general reference material.

The PDP-10 System Reference Manual describes the PDP-10 instruction set and hardware

organization and contains descriptions of the I/O instructions and memory organization. Also included
in the System Reference Manual are descriptions of all standard PDP-10 1/O devices.

The PDP-10 Maintenance Manual Volume III is primarily intended for use by maintenance

personnel but is also useful to designers of large or high-speed peripheral devices which require the use

of B-, G-, R-, H-, and W-series modules not described in this manual.

SYMBOLS

DIGITAL often uses logic symbols and design conventions which are unfamiliar to many
designers. A brief explanation of DIGITAL's logic conventions is provided in Chapter 3 with a com-

parison with MIL-STD-806B symbology .






CHAPTER 2
PDP-10 1/O BUS DESCRIPTION

The PDP-10 1/O Bus is a set of cables which connects all PDP-10 1/O devices to the central
processor. Both data and control information flow through the bus. Rules for designing peripheral
equipment, helpful suggestions, and a design example are given below.

The following description of the PDP-10 1/O Bus has sufficient detail to enable a user to
design an interface between the PDP-10 1/O Bus and special peripheral hardware. Loading and inter-
facing rules are specified in terms of DIGITAL FLIP CHIP modules which may be used to implement an

interface.

COMPATIBILITY

The PDP-10 1/O Bus is compatible with the PDP-6 1/O Bus and PDP-10 devices can be used
with a PDP-6 or vice versa. The PDP-10 1/O Bus includes control lines for the hardware read-in
feature of the PDP-10 which is not available on the PDP-6. The =15V turn-on feature of the PDP-6
is available in the PDP-10 Margin Check Bus System and is not included in the PDP-10 1/O Bus.

GENERAL DESCRIPTION

PDP-10 I/O Bus Information Flow

The PDP-10 1/O Bus is a cable system which connects all 1/O device interfaces in parallel.
Due to the high-speed signals involved, the parallel connection is implemented as a transmission line
with one end at the central processor. The bus is chained through each successive 1/O device in no
particular order. Figure 2-1 shows the information flow in the 1/O bus. References to the DATAO
instruction include by implication the appropriate functions of the BLKO instruction. Similarly, re-
ferences to DATAI include BLKI, and references to CONI include CONSO and CONSZ. The 36 data
lines (IOB O through IOB 35) carry data to or from the device during DATAI and DATAQ instructions.
The same 36 data lines carry control to and status from the device control during CONO and CONI

instructions.

Device Selection

All PDP-10 I/O devices share the 1/O bus; therefore, part of the information carried by the
bus indicates which device is to respond. The device-number portionof a PDP-10input or output instruct=-

ion is a7~-bit field but, for convenience in decoding, a pair of complementary signals for each bit appear

2-1



on the 1/O bus as 10S 3 (1), 10S 3 (0) through IOS 9 (1),10S 9 (0). These 14 levels must be decoded

in each device so that only one device at a time responds to the command signals and data on the bus.

A physical device may use more than one device number if a large amount of control or status infor-
mation must be carried to or from the PDP-10. The decoded IOS signals should not be used to cause

any action by themselves. These signals are derived directly from the instruction register of the PDP-10.
During a non=1/O instruction, a device may be selected due to the bit configuration of the instruction

register, but no I/O command signals are given by the PDP-10. The IOS signals are DIGITAL stand-

ard levels, =3 V when asserted and ground when not asserted.

108 @ -108 35, 36 TWO-WAY DATA LINES
POP-10 [ <
CENTRAL 10S 3 -10S 9; 14 DEVICE SELECTION LINES

1/0
DEVICE

PROCESSOR CONO COMMAND SIGNALS; 2 LINES

DATAO COMMAND SIGNALS; 2 LINES

CONI COMMAND SIGNAL; 1 LINE

DATAI COMMAND SIGNAL; ! LINE

10B P1 1-P17,7 PROGRAM INTERRUPT LINES

108 RDI PULSE; 1 READ-IN COMMAND LINE

10B RDI DATA; 1 READ-IN CONTROL LINE

0

108 DR SPLIT; { DRUM SPLIT LINE

0

I0B RESET; 1 CLEAR PULSE LINE

GROUND (NOT PART OF I/0 BUS)

-15V TURN-ON (NOT PART OF 1/0 BUS)

115V ac TURN-ON (NOT PART OF 1/0 BUS)

Figure 2-1 1/0O Bus Information Flow

Data Lines

All data transmitted between an I/O device and the central processor in either direction is
carried by the 36 data lines. These lines serve a quadruple function: (1) They carry control information
from the computer to the device. (2) They carry data from input devices to the computer. (3) They
carry status information from the device to the computer. (4) They carry data from the computer to

output devices. Because of the two-way nature of these lines, the interface design must conform to the

specifications that follow. Failure to conform to the specifications may result in overloading or mis-

matching of the lines, either of which will make the operation of all devices connected to the 1/O bus

unreliable.



I/O Command Signals

For each of the four functions of the data lines there is a corresponding command signal or
pair of command signals  If the function of the data lines is to transmit control information from the
computer to the device (CONO), a pair of command pulses is issued. The first pulse prepares the device
to receive control information and the second pulse commands the device to read the control information
off of the data lines into the device's control register. Similarly, another pair of command pulses is issued
when the function is to transmit data from the computer to the device (DATAQ). If the function is to
send status information from the device to the computer (CONI), a level is provided which determines
when and for how long the device places its status on the data lines. Another level is issued if the
function is to transmit data from the device to the computer (DATAI). This level determines when and

for how long the device places its data on the data lines.

Priority Interrupt Requests

Part of the control information normally sent from the computer to a device is a 3=bit inter-
rupt channel number. The device must store and decode this number so that, when the conditions for
initiating an interrupt request are met in an 1/O device, the device can apply a signal to the PI request
line designated by the computer. If the channel number previously supplied by the computer is zero,
no interrupt request should be transmitted. If a non-zero channel number has been supplied by the
computer, an interrupt request should be transmitted on the designated line when the interrupt request

condition in the I/O device occurs. (See the PDP-10 System Reference Manual for details of the

computer's interrupt system operation and appropriate programming.)

Read-In Signals

The read-in feature on the PDP-10 consists of hardware in the central processor and in each
I/O device designed to operate in the read-in mode. The operator first sets switches on the processor
to the device number to be used for reading in the bootstrap program. When the operator presses the
READ-IN Switch, the processor sends an 1/O bus reset pulse to initialize all /O devices, followed by
the IOB RDI pulse with the 1OS lines set according to the number placed in the manual switches. The
IOB RDI pulse must initiate the read=in action that is appropriate for the particular device (e.g., a DEC-
tape control would select DTAQ, backspace into the end zone, and then proceed to read data starting in

block 0). When the read-in device has a word of data ready for the central processor, it signals the



computer with the IOB RDI DATA level. This signal causes the computer to execute the instruction in
the instruction register which for the first word read in is DATAI DEV, 0 and for succeeding words read in
is BLKI DEV, 0 which reads data in according to the pointer read in as the first word. The data read in

must have the format shown in Figure 2-2.

o 17 18 35

FIRST WORD - N ADDRESS -1

SUCCEEDING
WORDS :

(ORDINARILY A BOOTSTRAP PROGRAM)
N WORDS

OF DATA

“JUMP" TYPE INSTRUCTION TO FIRST EXECUTABLE INSTRUCTION

Figure 2-2 Read-In Mode Data Format

The data will be read into the memory starting at location ADDRESS. The last data word
is executed as if by an XCT instruction. The read-in device must supply full-word data (36 bits) to

the computer.

Miscellaneous Signal<

The IOB RESET pulse is a signal which should be used to clear all peripheral device control
registers so that the device is in a "null" state in which it will accept any normal sequence of commands.
It must stop physical motion. It specifically should clear any conditions which cause interrupts. No
device may request an interrupt following an IOB RESET without being given an /O instruction directed

to it. The central processor sends the IOB RESET pulse under four conditions:

1. Power was just turned on (a series of pulses is actually generated in this case).
2. The processor console's READ-IN button is pushed.

3. The processor console's RESET button is pushed (to clear the I/O system before restarting
a program, for example). ‘

4. The program executes a CONO to the arithmetic processor (Device 0 Mnemonic APR)
with bit 19 a 1.

A DR SPLIT signal line is provided in the 1/O bus to allow a high-speed direct memory acces-

ing device to inhibit the central processor from requesting memory read-modify-write cycles in order to

minimize memory tie-ups.



A Remote Turn-On signal is present in the margin check cable when the central processor has
power applied. This signal or its ac equivalent which is supplied through a separate remote-on cable
should be used to turn on the power supplies in each 1/O device. A ground connection (in addition to
the safety wire in the power cord) should be provided between the central processor and each I/O device.
This connection should be through #4 gage copper wire or equivalent and may be chained through other

I/O devices. (See Chapter 10 of this manual or the PDP-10 Installation Manual for further details.)

Programming Considerations

The designer should give consideration to the programming aspects of the design of special-
purpose peripheral devices for the PDP-10. By designing with the PDP-10's instruction set in mind, an
efficient hardware=-software interaction can be accomplished, thus reducing programming effort and in-
creasing program running speed. For example, to use the BLKO or BLKI instructions it is usually neces-

sary to provide separate DONE (data) and ERROR PI channels (decoders) in a device.
INTERFACE SPECIFICATIONS

Cables

The 1/O bus physically consists of two coaxial cable sets which terminate in two W851 FLIP
CHIP Connector Assemblies. (W850's may be used after evaluation.) These connectors fit into a single,
augmented FLIP CHIP connector block (H801 with an HO03 or HO04 retaining block). All I/O bus inter-
faces must have two sets of 1/O bus connectors: one set to receive the incoming cables from the central
processor or previous 1/O device and the other set to plug-in outgoing cables for the next device on the
I/O bus. On all 16 FLIP CHIP positions occupied by the 1/O bus cables, pins C, F, J, L, N, R, and
U must be grounded. The normal power connection to pin B (=15 V) must be made for all 16 positions;
power connections to pin A (+10 V) are optional and do not affect the operation of the 1/O bus. Even
though some 1/O bus signals may not be used by a particular 1/O device, all signals (including spares)
must be strapped across from the input connector positions to the output connector positions in order to
feed all signals to each subsequent device. See Chapter 4 for further cable information. No terminating
resistors are required at the end of the /O bus. Table 2-1 shows the pin assignments for the 1/O cable
system and the wiring=side layout of a typical I/O bus cable connection plan. Various cable adapters
are available for connecting PDP-6 1/O equipment to PDP=10 systems. The pin assignments for these

adapters are also shown in Table 2-1. (PDP-6 1/O bus details are available in DEC permanent memo
M-1174.)

2-5



Table 2-1
PDP-10 1/O Bus Signals

POPLE PN 1/0 BUS CABLE *1 1/0 BUS CABLE #2
® o | 1080 o— | 1088 ©—< | 108RESET — | DATAO CLEAR —b
© € | 1081 o< | 10819 ©—< | RESERVED DATAO SET  —
© H | 1082 o— | 10820 ©>— | sPaRe CONOCLEAR —
® x| 1083 o | 10821 ©o—< | 108BORSPLT ©O—— | conosET  —
® M | 1084 o | w822 > | 108300 —e | oBoATAI —e
™ P | 1085 o< | 10823 o< | 10s30 —e | 108 cON —e
® s | 1086 oo | 10824 o | 108 41 —e | 108 ROIPULSE —
w T | w87 o< | w0825 o | 105 40 —e | 108 ROIDATA O——
™ v | 88 o | 10826 o | 10550 —e | seare
at 8} ct D} At 8| ct D¢
™ b | 1089 o | w0827 o< | 10850 —& | seare
® € | 10810 o | w828 o< | osem —e | seare
® M | 10811 oo | 10829 o | 10560 —e | o8P o
m x| 0812 o | 10830 o | s 7 — | 08BPI2 o
w  m | 10813 oo | 10831 o | s 70 —e | o8P P
v P | 10814 oo | 183 o | osem — e | 108PI4 o
w s | o815 o | 10833 o— | 10580 —e | w08PI5 o
x T | 10816 o | 10834 o | 10590 —e | 108PI6 o
) v 108 17 O 108 35 < 10S 9(0) — 08PI 7 <o—
ARRANGEMENT OF 1/0 BUS CONNECTORS NOTE:
1
— S S ——  FROM PROCESSOR
<O——  TO PROCESSOR
alclalc c s
C.F..L.N.RU ARE GROUNDED
CABLES MUST BE LOCATED:
8lole|o ) EACH SET (182) ON SINGLE
FLIP CHIP BLOCK

[ R N W S S|

AS SEEN FROM WIRING SIDE

DIGITAL FLIP CHIP Module types are specified for 1/O bus interface requirements. However,

a non-DIGITAL module having specifications within those of the specified module may be used if care

is exercised. Module specifications are listed in the Module section of this manual (Chapter 4). A list

of transmitting and receiving modules is given in Table 2-2.

Table 2-2
Transmitting and Receiving Modules
Transmitting Receiving
Signal Module Type Module Type
IOB n (36) B163, B141 w107
1OB RESET - R107
IOB DR SPLIT B165

IOS n (m) (14)
DATAO CLEAR

R111 + ROO1, ROO2
R111 Note 1; R107 Note 2

Note 1:
Note 2:

Use when only one device number is used in a "box".

Use when two or more device numbers are used in a "box".
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Table 2-2 (Cont)
Transmitting and Receiving Modules

Transmitting Receiving
Signal Module Type Module Type
DATAO SET - R111 Note 1; R107 Note 2
CONO CLEAR - RT11T Note 1; R107 Note 2
'CONO SET - R111 Note 1; R107 Note 2
1OB DATAI - R111 Note 1; R107 Note 2
10B CONI - R111 Note 1; R107 Note 2
10B RDI PULSE - R111
IOB RDI DATA B133 -
IOB Pl n (7) B152 or B156 -
Note 1:  Use when only one device number is used in a "box".

Note 2: Use when two or more device numbers are used in a "box".

Device Number Decoding

The 1/O device number is transmitted from the processor as seven pairs of complementary
signals: 10S 3 (0), 10S 3 (1) through 10S 9 (0), 10S 9 (1). By applying the proper 1 and 0 signals to
a 7-input AND gate each device number may be decoded. This AND gate is required to be a 1 mA
diode gate such as the R111 with ROO1 or R002 gate expanders. Use of this type of gate allows the use
of all 123 available device numbers (5 numbers are used by the central processor). The device number
signals are asserted at least 200 ns before IOT TO. (See timing chart, Figure 2-4.) No use should be
made of the 1/O bus control pulses or levels unless the device is selected. In general, device numbers
from 0008 to 3748 are reserved for standard DIGITAL peripheral devices, device numbers from 4008 to
7748 are for use on DIGITAL special systems and for user built peripheral devices. Figure 2-3 shows the
device number assignments for PDP-6/PDP-10 peripherals and the software mnemonics assigned.
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Control Pulses and Levels

For each device, there are four standard commands from the central processor: accept control
information (CONO); send status information (CONI); accept data information (DATAQ); and send data
information (DATAI). These have direct mnemonics, namely, CONditions Out, CONditions In, DATA
Out, and DATA In. The fifth command, enter read-in mode (RDI pulse), is explained later. All in-
formation is transmitted over the 36 data lines. When the command is to accept control information, two
negative pulses are sent from the central processor, IOB CONO CLEAR and IOB CONO SET in sequence;
the first pulse is usually used to clear the control register; the second pulse is usually used to sample the
data lines into the control register. It is permissible to sample data with the CONO CLEAR or DATAO
CLEAR pulse. These negative pulses are used by ANDing the pulse on the bus with the device selected
level and regenerating the pulse with a pulse amplifier. Each pulse may be received from the I/O bus in
one of two ways. If the device ("box") uses only one device number, the 1/O bus pulse (e.g., 1OB
CONO CLEAR) should be ANDed with the device select level in a R- or S-series 1 mA diode gate such
as the R111. The resultant ANDed pulse should be regenerated with a pulse amplifier such as the R613.
If the device "box" uses two or more device numbers, the 1/O bus pulse should be buffered and inverted
with a R~ or S-series 1 mA diode inverter such as the R107. The resultant pulse should be ANDed with
the device selected levels for the various device numbers used (e.g., with the DCD gate of a pulse
amplifier) and the resulting pulses regenerated with a pulse amplifier such as the R613. See the examples
in Figures 2-5 and 2-6.

The command to accept data information operates similarly to the commands to accept control
information. There is a negative IOB DATAQO CLEAR pulse and a negative IOB DATAQO SET pulse
which must be applied to circuitry identical to the CONO pulse circuitry. These pulses may be used
for control functions as well as for controlling data transfer. For example, the DATAO CLEAR pulse
usually sets the BUSY flag and clears the DONE flag of an output device and may initiate other actions
as well.

When the central processor gives the command to send status information to the central processor,
a 2.5 ps negative IOB CONI level is sent out by the central processor. This level determines when and
for how long the device should present its status information to the 1/O bus. This level may be received
off of the 1/O bus in one of two ways. If the device "box" uses only one device number for CONI, the
I/O bus level IOB CONI should be ANDed with the device select level in a R- or S-series 1 mA diode
gate such as the R111. The resulting level may be inverted and buffered as necessary to drive the 1/O
bus CONI data gates. If the device "box" uses two or more device numbers for CONI, the 1/O bus
level IOB CONI should be inverted with a R- or S-series 1 mA diode inverter such as the R107.

The resultant level should be ANDed with the device selected levels for the various device numbers

used with any convenient AND gate and outputs applied to the 1/O bus CONI data gates. See Figures
2-5 and 2-6 for examples.
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The command to send data information to the central processor operates identically to the
command to send status information. There is a 2.5 ps negative IOB DATAI level which must be
applied to circuitry identical to the IOB CONI circuitry. This level may be used for control functions
in addition to controlling data transfer. For example, the DATAI command usually sets the BUSY flag

and clears the DONE flag of an input device and may initiate other actions.

Data Line Sampling

Since the data lines transmit information both to and from the processor, great care must be
taken in the selection of circuits to sample or drive these lines. The data lines must be sampled with
the W107 Buffer which places a minimum load on the data lines. No other dc load may be connected
to the data lines.

Only 18 bits of control information are sent from the computer by a CONO instruction (since
it is immediate mode). A copy of the control information is sent in both halves of the data word. If
a device requires more than 18 bits of control information, it must be assigned two or more device
numbers.

The control or information data are allowed to settle 1 ps before the CONO CLEAR or DATAO
CLEAR pulses occur (see timing diagram, Figure 2-4) and may be sampled by these pulses.

Driving the Data Lines

All data sent to the central processor must be applied to the |/O bus with a saturated-transistor
collector supplying at least 26 mA to the I/O bus, ordinarily a B-series 2 mA or 3 mA gate. The B163
is recommended for this use. Alternatively, the B141 can be used where many registers must be placed on
the 1/O bus. No clamped load may be attached to the data lines at any device. Typically, one input
of the B163 is the DATAI or CONI level suitably ANDed with the device selected level and the other
input of the gate is the information or status data to be sent to the central processor. The device shall
not drive the data lines except when it is being addressed.

The CONI instruction reads all 36 data lines into memory. However, the CONSZ and CONSO
instructions (being immediate mode) test only the right half of the status word (bits 18 through 35). Thus
any status data which may be tested with a CONSZ or CONSO instruction must appear in the right half

of the device's status word. Simple devices usually do not use the left half of the status word.

Priority Interrupt Circuits

Three flip-flops in the control register of each device (which causes a priority interrupt) must

be used to store the interrupt channel number of the device. These flip-flops are usually loaded from
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bits 33 through 35 of the CONO data word. The outputs of these flip-flops form the binary input to a
binary to octal decoder. A signal which is the inclusive OR of all conditions causing an interrupt is
applied to the enable input of the decoder. The recommended binary-to-octal decoder is the B152,

The seven decoder outputs representing channel numbers 1 through 7 are applied to the corresponding
IOB Pl lines. The 0 output of the decoder is not used. The B152 outputs may be tied directly to the
appropriate 1OB Pl lines. Otherwise any B-series 2 mA diode gates may be used to drive these Pl lines.
No clamped load may be connected to the IOB Pl lines at any 1/O device. Each interrupt condition
should be cleared when it is serviced, e.g., by DATAO CLEAR or DATAI commands. The Pl must be
cleared before the time indicated in Figure 2-4 during the 1/O cycle in which it is cleared. The status
register should contain a flag for each condition which causes an interrupt (ordinarily in the right half
of the status word) so that the program can detemine the cause of the interrupt. An interrupt must be
clearable by some 1/O instructions (CONO, DATAO, or DATAI). The PI channel flip-flops must be set
to the number 0 by the IOB RESET pulse. Complex devices may have more than one Pl channel assign-
ment; for example a channel for "done" and a channel for device errors. |If two or more channel assign-
ments are required, a set of flip-flops and decoders must be provided for each assignment.

It is a common practice to start output data transfers by setting the DONE flag of the 1/0O device
and allowing the Pl thus caused to transfer to the device's interrupt service subroutine. To allow this type
of programming, CONO should be able to clear and set the DONE flag of each device. This also
facilitates maintenance programming.

Any device which uses the BLKI or BLKO instructions for data transfer should either provide
separate Pl circuitry for data interrupts and all other interrupts or else disable all other interrupts during
data transfer. The latter is not always possible as the device may use an end-of-record mark or have a
non-recoverable error stop feature which inhibits further data transfer, leaving the BLKI or BLKO waiting
for additional data.

A Pl request may remain raised after a data transfer, if more data is immediately available for
transfer. |f the Pl request is not lowered, a Pl cycle will occur after every instruction (for details of
Pl operations see the PDP-10 System Reference Manual). A BLKI or BLKO instruction will then transfer
data on every possible 1/O cycle until the Pl is lowered (or a Pl with higher priority occurs). The Pl
should be lowered when the desired data transfer is finished (determined by a counter, end of sector,

etc) . The processor will be completely occupied with the BLKI or BLKO instruction during the transfer.

Read-In Signals

Read-in mode control is accomplished by the IOB RDI PULSE from the central processor and
IOB RDI DATA level to the central processor. The |OB RDI PULSE must be taken from the 1/0 bus
using circuits identical to those used for the CONO and DATAO pulses. The read=-in pulse must initiate
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appropriate actions for each device intended to be used in the read-in mode. (For example, see the
description in the Introductionabove.) When the read-in device has a word of data information ready
for the central processor, it should apply a ground to the IOB RDI DATA line using a B163 or other 2 mA
or 3 mA diode gate. No clamped load may be placed on this line by any device. The ground on the
IOB RDI DATA line initiates action similar to a Pl request during normal processor operation. The 1OB
RDI DATA level is usually made up of the device DONE flip-flop (1) ANDed with the device select
level. The IOB RDI DATA level must be removed by the DATAI level, usually by clearing the DONE
flip-flop. The IOB RDI DATA line has no effect except when the central processor is in read-in mode.
The 1OB RDI pulse is a 400 ns negative pulse on the /O bus.

Drum Split Signal

The 10B DR SPLIT line is provided for the use of high-speed devices whose data path is through
the memory bus system. When this line is made high (ground) by a device, central processor read-modify-
write memory cycle requests are inhibited by forcing instructions which ordinarily request read-modify-
write cycles to split requests into separate read and write cycles instead. Thus the maximum time from the
time that the high-speed device requests a memory cycle until its requested memory cycle is initiated is
one memory cycle time (assuming the high-speed device has the highest priority of the requested memory
references).

The maximum time required if the IOB DR SPLIT line is not used is one memory cycle time, plus
1000 ns, plus the round trip cable delay between the memory module addressed and the central processor.
The standard PDP-10 memory system is sufficiently fast that very few devices require the use of the 10B
DR SPLIT signal.

A high-speed device should make the OB DR SPLIT line high as soon as it realizes it will be
doing a high-speed data transfer to or from memory, in order to assure that it does not request its first
memory cycle during a read-modify-write cycle which the processor has already initiated. For details
of memory bus timing and rules refer to the PDP-10 Memory Bus section. The OB DR SPLIT line must be
driven by a 2 mA or 3 mA diode gate without a clamped load such as a B165. No dc load is allowed on

this line.

10B RESET

The 10B RESET pulse is provided by the central processor to stop and clear all 1/O devices.
This cleared state should not allow the device to cause any Pl requests until the processor has done a
CONO to the device to specify which channel the device is to use. The IOB RESET pulse should clear

any locked-up states (although few, if any, devices should have such states). It should clear all sources
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of interrupts and may perform other resetting functions. The 1OB RESET pulse must be taken off of the
I/O bus with a 1 mA diode gate such as the R107 and the pulse should be regenerated by a B613 pulse
amplifier. During the power turn-on sequence, the central processor generates a burst of |IOB RESET
pulses to ensure the presence of a pulse after all power supplies are up to the proper voltage. The OB

RESET pulse is a 400 ns negative pulse on the 1/O bus. This pulse should not be gated with the device

select level.,

Power Up and Power Down

In order to make it possible to maintain a particular 1/O device (or 1/O box), an |/O device
should clear itself when it is turned on (dc power on) and should inhibit any Pl requests when it is turned
off (dc power off). In addition, it should have no effect on the |/O bus which would interfere with
other devices when it is off. To clear an |/O device as it comes on, the R303 integrating one-shot is
recommended. This module comes on in the 1 state when power comes on and will go to the O state
after approximately its normal delay time. This 1 to O transition should initiate the power clear signal
which is also produced by the OB RESET pulse. See the examples.

To inhibit interference with the |/O bus while a device is turned off, a contact is provided
on the 844 Power Control which provides a ground signal at turn-off prior to the shutting down of power.
This ground signal must be applied to an input of every gate driving the I/O bus data lines and every
gate driving the |OB Pl lines, the IOB DR SPLIT line, and the IOB RDI DATA line. This turn-off signal
may be applied directly to a gate input or through a ROO1 or R002 diode.

Wiring

The wiring from the 1/O bus connectors to the transmitting or receiving modules in the 1/0
device should be as short as possible. In general wire lengths less than six inches can and should be
achieved. The 1/O bus connectors may be located in the middle of a FLIP CHIP connector row (locations
13 through 20 in a 32 slot wide row) in order to minimize wire lengths. PDP-10 wiring rules for loading,
terminating and length of wires should be followed when building on 1/O device to achieve high

reliability with margins. See Chapter 11 for details.

Example

Figure 2-5 shows a typical simple I/O device, in this case, a CalComp Plotter Control for
a CalComp Model 563 Plotter. Figure 2-5a shows the required interfacing modules for device decoding
and control level and pulse gating as well as the Pl decoders. Figure 2-5b shows the data interface,

which for the plotter is only six bits wide. Figure 2-5¢ shows the plotter control proper. The power off
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signal from the 844 Power Control is driven into the data line gates by tying a R002 diode to the PLOT
CONI negative signal (Figure 2-5a). The power off signal is driven into the PI decoder by tying a
RO02 diode to the DONE flip-flop line which drives the B152 decoder; that is the (1) negative or (0)
positive line. As a side effect this will clear the DONE flip~flop, which is not objectionable.

Two examples of 1/O bus usage in process control and experimental research applications are
shown in Figure 2-6 and 2-7. The example in Figure 2-6 shows the use of the CONSO and CONSZ
instructions with a small amount of hardware to skip in the computer program on the presence or absence
of some external signal generated by a switch closure, by other logic, or by experimental or control
apparatus. The signal is applied (say) to the line marked SKP 34 in Figure 2=6. If the signal is high
(ground), executing the instruction CONSZ SKP, 4 will not skip the next instruction, whereas, if the
signal is low (-3 V), CONSZ SKP, 4 will skip the next instruction. CONSO, of course, skips under
just the opposite conditions. (See the PDP-10 System Reference Manual for complete details of the op-
eration of CONSZ and CONSO.)

Figure 2-7 shows the hardware required to provide the control pulses and control levels to
external equipment. In this case, the CONO instruction is used in the program to set flip=flops or to
trigger pulse amplifiers. Executing CONO PLS, 10 will cause the line labeled PLS 32 in Figure 2-7 to
be pulsed, CONO PLS, 2 will reset the flip-flop to 0. CONO PLS, 3 which appears to both set and
reset the flip-flop, actually causes the flip-flop to be complemented due to the nature of the R202

flip-flop. Extensions to both of the devices shown in Figures 2-6 and 2-7 are obvious.

Larger Devices

Figures 2-8 and 2-9 are examples of interface logic for larger devices (having two or more
device numbers for example). Not all bits of the status register need to be flip-flops. They may also
be the output of a logic network or an external signal. However, all bits of the status register which

cause a PI must be capable of being either cleared or disabled.
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Figure 2-7 Control Device
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Maximum Loading Rules

The 1/O bus must be less than 150 ft (46 m) long. The 1/O bus connectors should be located
low in the cabinet to minimize the cable length used up in any given device. A compromise between
short cables and convenient access is best.

A maximum of 40 /O "boxes" is allowed; that is, a maximum of 40 taps on the 1/O bus data
lines with W107 modules. No other dc load is allowed on the OB data lines. The output of a W107
may supply 1/O bus data to more than one device; for example, the standard PDP-10 peripheral cabinet
containing the line printer control, the card reader control, and the plotter control uses only one set of
W107's and counts as only one I/O "box."

A maximum of 40 taps on the 1/O bus pulse and level control lines (such as IOB DATAQ
CLEAR) with 1 mA diode gates such as the R107 or R113 is allowed. |f more than one device number is
used in an |/O "box," the control pulses and levels must be buffered by an inverter such as the R107
and then distributed to the various devices or device numbers.

A maximum of ten 2 mA diode gate collectors may be tied to the 1/O bus data lines per 1/0
"box"; for example, ten B163 outputs, or ten B133 outputs, or one B141 output and three B165 outputs.
The B141's output counts as seven collectors, the B134's counts as two collectors. No clamped loads
may be tied to the |/O bus data lines. Any number of device number decoders may be used in an 1/0O
"box" up to a maximum of 123 device numbers on the 1/O bus (five device numbers are already used in
the central processor).

A maximum of 20 PDP-10 1/O "boxes" may be used on the 1/O bus with up to five PDP-6
I/O devices. A maximum of ten PDP-6 1/O devices may be used alone on the PDP-10 1/O bus.

Conversion of PDP-6 1/O Devices for PDP-10 Use

To convert a PDP-61/O device for use on the PDP-10 I/O bus system it is only necessary to
remove the =15 V turn-on lead from pin C of 1/O cable 3 (System modules) or pin E of 1/O cable 3A
(FLIP CHIP modules) and attach it to pin 6 of the margin check cable. If the 1/O device does not use
=15V turn-on, this change is not required. The PDP-6 margin check cable bracket should be reworked
as indicated in the PDP-10 margin check section (Chapter 8) in order to carry PDP-10 margin voltages
across the PDP-6 /O device. The 100 ohm resistors on 4230's and 4657's should be shorted out if they

have not already been. No other changes are required.

Operation of PDP-10 Devices in PDP-6 Systems

PDP-10 1/O devices may be connected to PDP-6 systems without alteration. However, the

BC10A (W851) bus cables cannot be used as the clamping terminating features of the bus cable interfere
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with the recovery of the 4606 Pulse Amplifiers used in the PDP-6. Special unclamped bus cables must
be used such as can be constructed from W021 or W852 FLIP CHIP connector cards.

List of Modules for Use in PDP-10 | /O Bus Interfaces

2 mA B-series Gates 1 mA R- and S-series Gates
B133 ROO1 S107

B134 R002 S

B135 R107 5202

B137 R111 S203

B141 R113

B152 R121

B163 R123

B165 R613

Used to drive I/O Bus Data Lines Used for device decoding and
IOB DR SPLIT, 10B RDI DATA, receiving control pulses and
and |OB PI Lines levels.

Hardware W-=-series Modules

HO003 Connector Retaining Kit W107 Receiving 1/O bus data

HO004 Connector Retaining Kit
H351 1/O Bus Connector Kit
BS10A 1/O Bus Cable Set

Other DIGITAL modules may be used for constructing I/O devices, although preference
should be given to modules already in use in the PDP-10 central processor as these have been thoroughly

checked for compatibility and performance and their use will reduce the number of module types stocked

for repair and replacement purposes.
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CHAPTER 3
INTRODUCTION TO DIGITAL LOGIC

Most of the PDP-10 system is put together with DIGITAL's discrete component FLIP CHIP modules
(B-, R-, S-, and W=series modules). Logic schematics (called block schematics at DEC) using these
modules are usually drawn with DIGITAL'S pre-MIL-STD-806 logic symbols. With the exception of
shape representation, however, these logic symbols conform to MIL-STD-806 with one additional
feature added for clarity. Both of these logic symbol standards are elaborated briefly below.

The most striking feature of DIGITAL logic (and most puzzling to those not accustomed to it)
is that a logic signal may be true (asserted, logical 1) either when it is high or when it is low depending
on the choice of the logic designer. In any given logic network, both signals which are high-when-
true and signals which are low-when=true will ordinarily exist. Not infrequently, the same logic
signal will have two electrical representations, one high-when=-true and the other low-when-true.
In addition, the logic designer has the freedom of using the logical negation of a logic signal. This
usage is indicated by a not sign (~) or a minus sign preceding the signal name. The indication of
whether a signal is true-when-high or true-when-low is the type of diamond or arrow (open or solid)
in DIGITAL logic symbols or the presence or absence of a small circle in MIL-STD-806 logic. This
convention allows the logic designer to design the logic without regard to the inversion properties of
most DIGITAL logic, and then to assign logic packages to the realization of the design without undue
redesign to account for gate inversions.

The electrical equivalance of the negated-low signal and the un-negated-high signal and of

the negated-high and un-negated-low signal is recognized and freely used.

1[ ———————————<> "UMR START ———————————————— "\, MR START
S
MR START } MR START

1' ————————————@ "U MR START 0 "U MR START

CLEAR

Figure 3-1 DIGITAL Logic Signals
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Frequently in larger logic networks, it is convenient to show a named signal’s source without
a connection to its load which is elsewhere. To facilitate this, a small circle may be drawn at the end
of the source line when using MIL-STD-806 logic symbols in order to show that the signal is true-when-

low. This is the only deviation from MIL-STD-806 used by DIGITAL.

!

<
>
b3

@——@ MR START

3—0 MR START
MR START ——@ MR START —D

Figure 3-2 Sources and Loads Shown Without Connections

In DIGITAL logic symbols, wired ANDs and wired ORs are not explicitly marked. They must
be recognized. Due to the electrical properties of DIGITAL's below ground logic (ground and -3 V
logic levels), a wired OR will usually occur at ground (high) and a wired AND at -3 V (low). The
B683 and W102 are exceptions.

—@ AR CRY

D>—

Figure 3-3(a) Wired AND



| P
— B D
)

Figure 3-3(b) Wired OR

In DIGITAL logic, most flip-flops are drawn with four outputs: one which is high when the
flip-flop is in the 1 state, one which is low when the flip-flop is in the 1 state, one which is high when
the flip-flop is in the O state, and one which is low when the flip-flop is in the O state. This con-
vention allows the condition "the flip-flop is in the 1 (0) state" to be used with gates that require
either high or low inputs without juggling highs, lows, 1s and Os. Although a flip-flop has four
logical outputs as noted above, it has only two electrical output connections, as the T-high and 0-low
connections are electrically equivalent, as are the 1-low and 0-high connections. Except when the

lines are quite short, connections to flip-flop outputs are not usually shown explicitly.

AR27(0) —@ AR27 (0 ——O

AR27(0) — AR 27 (0)

AR 27 (1) — AR 27 (1)

AR27 (1) —@ AR27 () ——O
0 I o v

AR 27 AR 27

Figure 3-4 Flip-Flop Representation

In MIL-STD-806 logic drawings DIGITAL shows only the 1-high and 0-high output of a flip-
flop, although all outputs are considered present for the purpose of logic design.

Special mention should be made of DIGITAL's DCD (diode-capacitor-diode) gate which is
both an AND gate and a logic delay. This gate allows the output of a flip-flop to be sampled (with a
DCD gate) at the same time the flip-flop state is changed (by any means). The flip-flop state seen by
the DCD gate is the state prior to the change. The DCD gate generates an output pulse when the
"level" input has been true (high) for approximately 400 ns and the "pulse" input has a 100 ns positive

pulse or a positive-going (ground-going) level change with a risetime of less than 60 ns applied to it.
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DEC SYMBOL SIMPLIFIED CIRCUIT

ouTPUT OuTPUT
3
100 pF
PI:I"P.I.slg PULSE I o LEVEL
INPUT hall LY e INPUT
LEVEL Ot
INPUT had [
15K 15K
-15v =18V
MIL-STD-806 SYMBOL
INPUT
OUTPUT
LEVEL

INPUT
O [----| 400ns

ss
P ' MAJORITY GATE J L
' OUTPUT HIGH WHEN 400 ns
LARGE glF»frEER 1 | 80% OF INPUTS ARE HIGH

PS

Figure 3-5 DCD Gate

It is recommended that the DIGITAL rectangular symbol for the DCD gate be used with either
the older DIGITAL logic symbols or with the MIL-STD-806 logic symbols in order to distinguish the quite
different properties of the two inputs and to indicate the logic delay properties of the DCD gate.

DIGITAL logic symbols are all rectangular in shape. The function of the symbol is indicated

by a notation in it describing its function. Examples of the more common symbols are shown below.

VWA—®

L] L1 e

Figure 3-6 (a) Inverter (NOT Gate)

|
ko

L )—
D=

Figure 3-6 (b) AND Gate
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*r—o
[ ’-\'V '
i o 3
Figure 3-6 (c) OR Gate
A
—e
—0
A
— —0
—o —0
A

Figure 3-6 (d) Expanded Gate

Ss

PA —2D Il —

100 ns

Figure 3-6 (e) Pulse Amplifier

Figure 36 (f) Monostable Multivibrator (Single Shot)
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Yps

Figure 3=6 (g) Monostable Multivibrator (Delay)

——ﬂ 53'6‘“ — O ‘l O O

Figure 3-6 (h) Delay

Figure 3-6 (i) Clamped Load

DIGITAL makes free usage of the electrical equivalence of various logic configurations, As
an aid to understanding, symbols are drawn to represent the logic function intended by the designer
rather than as a single standard symbol for each module type. Thus, a particular module type may

appear as several different symbols.

S — C
DA v
8134 B134 8134

— — o — Q

6i34 Bise

Figure 3-7 Different Uses of a Particular Module

!
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Occasionally, the trailing edge of a signal will be used to cause some action, usually by

triggering a DCD gate. This usage is noted below.

o FF
SYNC SYNC

G0 -60 ——%

Figure 3-8 Trailing Edge Triggering

For additional details on the types of logic modules available see the DIGITAL Logic Hand-
book, C105 and the module descriptions in Chapter 4.






CHAPTER 4
PDP-10 MODULE INFORMATION

This chapter provides descriptions of many of the DIGITAL FLIP CHIP modules useful for
building special hardware for PDP-10 systems. PDP-10 wiring rules are provided in Chapter 11 to aid
the designer in producing reliable high-speed logic designs.

DIGITAL builds three series of compatible below-ground logic (the B-, R- and S-series), two
series of compatible above-ground logic (K- and M-series), an extensive line of modules to interface
different types of logic (W=-series), a line of special purpose modules (G-series), and a line of support
hardware for its module line (H-series).

With few exceptions, the DIGITAL compatible below-ground logic operates with logic levels
of ground (0.3 V) (upper level) and -3 V (-3.3 V to -3.9 V) (lower level) using diode gates which
draw input current at ground and supply output current at ground.

The DIGITAL compatible above-ground logic generally operates with levels of ground

(0.4 V) (lower level) and +2.4 to +3.6 V (upper level) using TTL or TTL-compatible circuits whose
inputs supply current at ground and whose outputs sink current at ground.

The DIGITAL Logic Handbook, C-105, is recommended reading for those not already familiar
with the basic principles of digital logic and the type of circuits used in DIGITAL's logic modules.

Updated repair schematics for all modules used in the PDP-10 are furnished with each system.

ABBREVIATIONS

S. I. (Systeme International) abbreviations are used where applicable. The most common of
these and some special abbreviations are listed below. The units used are consistent with the MKSA

system of units.

Basic Units Multipliers
A Ampere G 10+9 Giga
v Volt M 10+6 Mega
Q Ohm k 107 kilo
s second c 1 0-2 centi
H Henry m ]0-3 milli
F Farad " 1 0-.6 micro
m Meter n IO-.9 nano
Hz Hertz (cycle per second) P ]0-]2 pico
f 10-]5 femto
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Usual Usage

Hz Hertz mV 107 Volt

kHz 10" Hertz Y 10 volt

MHz |0+<S Hertz Q Ohm

s second kQ 1 O-I-3 Ohm

ms 107 second MQ 10 Ohm

ps 107 second mQ 1 0-3 Ohm

ns ]0-9 second

A Ampere

mA ]0-3 Ampere ac alternating current

pA 10-6 Ampere de direct current

nA 1 0-9 Ampere DCD diode~-capacitor-diode
pF ]0_6 Farad DEC Digital Equipment Corporation
nF 107 Farad FF flip=Fflop

pF ]0—]2 Farad min minimum

H Henry max maximum

mH 10-3 Henry PA pulse amplifier

pH 10-6 Henry p-p peak to peak

\ Volt T Total transition time

MEASUREMENT DEFINITIONS

Timing is measured with input driven by a gate or pulse amplifier of the series under test and
with output loaded with gates of same series, unless otherwise specified. Percentages are assigned as
follows: 0% is the initial steady=-state level, 100% is the final steady-state level regardless of the
direction of change.

Delay is the time difference between input change and output change, measured from 50%
input change to 50% output change. Rise and fall delays for the same module usually are specified
separately.

Risetime and falltime are measured from 10% to 90% of waveform change, either rising or
falling.

Total transition time (TTT) is the time difference between 10% input change and 90% output
change. Output rise and fall TTT are usually specified separately.

Typical propagation delay is the average delay per stage for many similar circuits connected

in cascade and should be independent of the level (10%, 50%) at which it is measured.
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Set-up time is the time during which an input must be held stable (e.g., the level input of a
DCD gate) before another input is asserted (e.g., the pulse input of the DCD gate).

Input current is defined as positive when it is flowing into the input terminal.

Output current is defined as positive when it is flowing out of the output terminal.

All specifications are nominal or typical unless noted as Min or Max or with a tolerance.

B-SERIES MODULE INTERCONNECTIONS

Due to the high operating speed of B-series modules, the effects of wiring on logic operation
should be considered. However, the use of diode-transistor circuitry similar to that used in the R-series
modules provides good noise margins. Detailed guidelines for wiring systems including B-series modules
are provided in Chapter 11.

Occasionally, a logic design will require a minimum delay along a particular path. Logic
elements which provide a guaranteed minimum delay such as the B212 flip-flop or the B311 delay should
be used to provide such a delay as regular decreases in delay are obtained in other modules due to
continued improvements in technology.

Slow fall times of logic levels may limit the speed of systems built with B-series modules to
less than 10 MHz. In most cases, an estimate of fall time can be made by considering the total
capacitance on the logic line and the current available to drive the line negative. Figure 4=1 shows

the equivalent circuit.

i_—l GROUND
= I

|

|

|
= -3v |
L CLAMPED LOADS

| TOTAL

() CE
L. _ _CarACITANCE,

Figure 4-1 Circuit to Estimate Fall Time

The fall time is then given by
_C (pF)
ff (nS) -I-—(m)— Ja\Y} (V).
For B-, R-, S=series logic, as well as the "DEC" (below ground) portions of W-series modules, AV is

around =3.5 V. To be conservative, Ishould be taken as the current that can be sinked by the clamped
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loads at =3 V. Thus a "10 mA" clamped load provides -7 mA of current to discharge capacitance at
-3 V. Inputs which require current at -3 V must be deducted from the available current before calculat-
ing fall time (e.g., B684 inputs, indicator drivers). Input and output capacitances are typically as
follows: input capacity 10 pF for each diode input, output capacity 8 pF for each collector output,
a clamped load with a separate pin represents 8 pF of capacity, and wiring represents 1 to 1.5 pF per
in. (.04 to .06 pF per mm).

Fall time calculations become inaccurate as the delay inherent in the wiring (1.5 ns per ft,
4.5 ns per m) approximates 1/10 the estimated fall time due to overshoots, reflections and ringing.

When wire lengths become relatively long, the distributed capacitance and inductance of
the wiring will produce overshoots and "ringing" of the logic signal. The DEC level terminator circuit
has been designed to control the amplitude of these effects to eliminate false operation of the logic.

A simplified circuit of the level terminator is shown in Figure 4-2.

LOGIC LINE

I

|
LEVEL |
TERMINATOR

I

[

Figure 4-2 Level Terminator, Simplified Circuit

The level terminator operates by clamping thesignal excursions at ground and -3.5 V. By applying
level terminators as outlined in Chapter 11, these transmission-line-like problems should not cause
trouble. Occasionally, a clamped load is incorporated into the level terminator to improve fall time
(e.g., G796, G704). A theoretical analysis of the level terminator operation when terminating a

transmission line is provided in Appendix A.

Module Margining

The PDP-10 is provided with a system for checking the margin of power supply which will still
allow a module to operate. A module should work properly within a prescribed range of supply voltage
variation. Failure to do so may be due to a faulty module or to timing or loading problems in the logic
design. To avoid permanent damage to the modules, the supply voltage should not exceed the range
0V to+20V (+10 V supply) or 0V to =20 V (-15 V supply). Exceeding these limits (or tighter limits
where specified) may cause permanent damage to the module. Typical power supply margins which allow

proper operation are shown with each module.
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Inter-series Pulse Conversion

A question which frequently arises is how to integrate DIGITAL's various series of logic
modules, Table 4=1 provides a helpful aid in the selection of module to convert pulses from series to
another. For complete specifications refer to the appropriate module catalog.

DIGITAL's Module Applications Group can supply numerous application notes and advice

on unusual problems in this area.

Table 4-1
Inter-Series Pulse Conversion
10 FLIP CHIP FLIP CHIP c . FLIP CHIP FLIP CHIP LAB SYSTEM LAB SYSTEM LAB SYSTEM
K M el B R (&5) 100 1000 3000 4000 5000 6000
FROM 100/5 kHz | 6MHz g o 10 MHz 2 MHz 5 MHz 5 MHz 500 kHz | 500 kHz 10 MHz 10 MHz
4/50 s 30 ns ihird 25ns 40 ns 50 rs 50 ns 300 ms 60 ns 25ns 25ns
Mos2!
FLIP CHIP I w512 P R601,** . .x N . . .
KS M602 wats 8611 o 602 1607 3602+ 4604 5602 6603
1501
Convert Convert
FLIP CHIP M30: R601, * To 100 To 1000
M 50 ns Kam% DIRECT etc. DIRECT DIRECT Series Series DIRECT DIRECT
First First
Conversion 1
Tommversion o N M502', wea3, we01, 668, 4686
Convert Convert Convert
ToR . w607 ToR ToR
FUPBCHIP 40 ns or M M602 R60'1, 602 with \:/66397 or 100 or 1000 DIRECT DIRECT
Series ete. Feedback Series Series
First First First
FLIP CHIP |100 ns K3034 W607** W607*+ B611** BT 1**
RGeS [do0n| R3Z | MO BN oz | 1gome | WO WeA0 1 sgopee | 603+
5602 ) 4604 5602
My || oz a1 Reon, * piRecT | B | 360 wirn | 302 60
t ©. eecbac Feedback t
6603 . 4604 6603
SYSTEM 70m | 1304 wo B11 Re, DIRECT 3602 with | 4606 5602 se®
t ° Feedback t
Convert Convert Convert
. ToR R601, * 1609 To 100
Ve eom| 30 maoz: o100 | et &0 602 orect | 10190 7000
3000 K303 t N t Series
Series t t First Series
First First
Convert Convert
1608 Convert
4301 . ToR R601, * 1609 To 100
SYSTEM 400 rs| 4308 Mmooz or 1000 etec. 602 1609 DIRECT or 1000 | To1000
4000 t N etc. N Series
K303 Series t* t t Series First
First First
Convert
Convert Convert
. 1609 To 100
WAB 4o | To100 Ms02 orect | ROOLT | 6Owith | i | T | 000 DIRECT
5000 Series etc. Feedback Series
" Feedback Series
First First .
First
Convert
R6O1, * 1609 1609 Tol00 | Lone
SYSTEM ' 602 with | 1608 with | or 1000 g DIRECT
o0 |40 | 6304 Mms02 DIRECT ete. Feedback | Feedback | Series Series
First
;MSO? and M852 must be used for 40 ns pulses *Invert with higher speed inverter to obtain correct polarity
Convert to unslowed K=series first **Invert twice with higher speed series to obtain adequate risetime
See Application note AP=-K-016 tDirect except where pulse overlap or recovery problems occur
Use 400 ns Pulse



B130 THREE-BIT PARITY CIRCUIT

Standard Size FLIP CHIP Module, 18 Pins

F 15K
INDICATOR OUTPUT —A—9

1 OUTPUT O OUTPUT
0 E
\

B130
XXXX

B
—
A
—
A
—
A

-~

INPUTS <

Y YYYYYYYEYYS

—

This special module has two levels of high speed logic and complementary outputs. It is
designed to compute the parity (odd or even) of the contents of a flip-flop register with a minimum of
delay, but it can be used wherever there is a need for four 3-input negative diode AND gates feeding a
4-input OR gate.

Delay is typically 15 ns from 50% of the input transition to 50% of the output transition when

output capacitive loading is very small.

INPUTS: The input load is 2 mA shared among the inputs of each AND gate which are at ground. Input
load at =3 V is less than 1 pA. When the inputs are connected to compute parity, the total load on
each of the input lines is 2.67 mA or less. Pin D is at =3 V whenever all three inputs to one or more

of the AND gates are negative.

OUTPUTS: Each of the complementary outputs (pins D and E) can drive 10 mA at ground -7 mA at =3 V
(=6 mA at pin D when pin F is used). The output is a special emitter follower circuit.

An indicator output (pin F) is provided to drive an indicator driver circuit such as the W012-

W250 indicator driver or the W020-4902 indicator driver with lamp.

POWER:
Pin Voltage Margin Range Current
A +10 Vv +4 V to +16 V 49 mA
B -15Vv -12Vto-18V 92 mA
C ground

4-6



APPLICATION: The B130 can be connected to compute either even or odd parity by ORing the appropriate
four of the eight possible 3-bit configurations together.

F F
EVEN 00D
o| € 0| E
0 vo
B130 8130 A B C

A(0) —of | A (@) 1 @ © © EVEN
B8(0) —@ A B (@) A o o 1 00D
C (0) —@ c (N [4 1 ] 00D
A —ef | Lol | @ 1 1 EVEN
B(1) —& A B (1) A 1 e o oo
c (1) — c® 1@ 1 EVEN
Al) —of | AN | t 1 @ EVEN
B —f A A 11t ooD
ctn —eof |
A (1) —e |
B (1) —e& A A
c —eof

Figure 4-3 B130 Connections, Odd and Even Parity
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B133, B134, B135, B137, B163, B165, B167, B168 DIODE GATES

Standard Size FLIP CHIP Modules, 18 Pins

10mA 1OmA 10mA
H M s
o ?’ J L N ?R T ?V
—® A A —® A —® A
£ B133 x 8133 e B133 U 8133
o Xxxx XXXX o XXX o] XXxx
10 mA 10 mA 10mA
M ™ s
) ?F ’ ?} N ?“ T ?"
NV v —® v —® Ay
c 8134 X B134 P 8134 v 8134
XXXX XXXX @ Xxxx — @] Xxxx
10mA 10mA 10OmA
J P v
| PR (R
e ® A e R < A
—@f 8135 — @ 8135 —@| B135
F XXXX M o] Xxxx T o] xxxx
f. f,
9 +9
9 w9
— LA — VA
W | 837 s ]| ewr
57 xxxx 7O xxxx
— &
X o V)
-i-cau
[ ?" 3 J X ?“ L Y’ [ ?" s ?V
—® A —& A —® A e —® A —® A
e | 063 8163 n | o83 8163 r | e ::&i
— AXXX XXXX —o XXXX AXXXX — XXXX

Note: Pins D, E, K, L, R, S include level terminator at input



B165

f f. f i u

D Y H Y L Y P Y T [aY)
—@| B165 —@] B165 —@] B165 —® B165 —®| B165
XXXX XXXX XXXX XXXX XXXX
13mA 13mA 13mA 20 mA 20mA
*—VN\— *— " WN\—Q
F H J D E
v vV v ol o X v
B167 B167 B167 —@| B167 B167
XXXX XXXX XXXX XXXX XXXX
M R Y]
—® —®
P A A A
N T A " 1
S N A A
¢ i
1, I {
vV oV (A%
8168 B168 B168
XXXX XXXX XXXX
S M H
L A A A
T N J °
R A A A
T ol Kol
\ A A A
—

The B-series 2 mA diode gates are used for performing high speed AND/OR gating, register
input gating, and general logic use. These gates operate from standard DEC 35 ns or 40 ns negative
pulses (0 V to -3 V), provided that adequate fall times are maintained. (See technical notes below).
These gates will also operate with standard DEC levels of ground and =3 V. (Pulses 70 ns or wider are
considered levels.) Collector outputs are provided in order to allow wired ORing at ground by parallel-
ing outputs of gates. Simultaneous switching of outputs in decoding applications is not guaranteed;

ORed outputs may contain spikes.

INPUTS: Each diode gate input is a 2 mA or greater load at ground, shared among the input diodes
which are at ground. The loading at ground for all the diode gate inputs is given in Table 4-2. The

load at =3 V is less than 1 pA for each diode input.
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Table 4-2

Input Loading (at ground)

Module 2 mA 2.7 mA 3.2 mA 4 mA 6 mA 8.1 mA
B133 Dand E, Jand K, N and P
Tand U
B]34] D,E,J,K,N,P,T,U
B135 Dand Eand F, K and L and M,
Rand Sand T
B137 D and E and F and H and J and K,
Nand Pand Rand S and T and U
B163 D,E,K,L,R,52 F/M, T
B165 D,H,L,P,T
B167 N,M,T,R,V,U K,L S,P
B168 H,J, K, L,R,V
N, M,P,
T,U,S

]Each input to the B134 is a 2 mA load at ground; there is no load sharing between inputs.

These inputs include a level terminator circuit and should only be used for signals which go from =3 V
to ground. Signals which attempt to go above ground (such as B611 outputs) are clamped at ground,
and signals which attempt to go below -3 V are clamped at =3 V.

OUTPUTS: Each output of this series of gates can supply up to 26 mA at ground less that required by

internal clamped loads. Rise and fall times are listed in Table 4=3.

Fall times for logic levels may increase the effective width of standard pulse inputs, thus

limiting the system repetition rate to less than 10 MHz. To calculate fall times, follow the procedure

detailed at the beginning of this chapter. The 10 mA clamped loads are adequate to maintain reasonable

pulse width and pulse shape through several stages of gating, provided that capacitive loading is small

and wire lengths are short. For other conditions, the 35 ns or 40 ns pulses should be regenerated with

a pulse amplifier (B602, B611, etc.) after three stages of gating at most. Although these gates will

not drive resistive terminators to ground at dc, satisfactory operation over long wires (65 ft, 20 m) can

be obtained by terminating the far end of the driven line with a G796 or G704 level terminator.
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Table 4-3

Technical Data

Typical Output Output +10 V (pin A) =15V (pin B)
T Propagation Rise TTT Fall TTT Current Marai Current Marai
ype Delay* Max . * Max . * Required Rargln Required R::mg:

(ns) (ns) (ns) (mA) ange (mA) 9
B133 13 30 45 0.6 oV, 20v 48 -10Vv, =20V
B134 13 30 45 1.2 oV, 20v 54 -10v, =20V
B135 13 30 45 0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>