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PREFACE

This manual, the third in a series of three, describes peripheral con-
troller options of the PDP-8/E, PDP-8/F, and PDP-8/M.

The content of this manual includes installation procedures, theory of
operation, and maintenance procedures for the options described. It
is assumed that the reader is thoroughly familiar with Volume 1 of
this series, and with the applicable sections of the 7972 PDP-8/E &
PDP-8/M Small Computer Handbook.
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PART 1
CONSOLE TELEPRINTER



CHAPTER 1
LC8-E DECWRITER CONTROL

SECTION 1 INTRODUCTION

The LC8-E DECwriter Control interfaces the parallel version of the LA30 DECwriter (LA30P) to the PDP-8/E.
The Control consists of a single M8329 quad module that plugs into the OMNIBUS and connects to the
DECwriter with a signal cable that is supplied with the module.

The LA30 DECwriter is discussed here only to the extent necessary to both fully describe LC8-E Control
operation and present supplementary information concerning installation and checkout. Details concerning the
installation, operation, troubleshooting, and maintenance of the LA30, itself, can be found in the LA30
DECwriter Maintenance Manual, DEC-00-LA30-DA. Other publications and documents relevant to the LC8-E
are:

PDP-8/E & PDP-8/M Small Computer Handbook — DEC, 1972
PDP-8/E Maintenance Manual, Volume 1

LA30 DECwriter Diagnostic, MAINDEC-8E-D2FA

DEC Engineering Drawing, DECwriter Control, E-CS-M8329-0-1.

ae oo

SECTION 2 INSTALLATION
The LC8-E DECwriter Control is installed on site by DEC Field Service personnel. The customer should not
attempt to unpack, inspect, install, checkout, or service the equipment.

Insert the LC8-E Control in the PDP-8/E OMNIBUS. See Table 2-3, Volume 1, for information concerning
recommended module priorities (the LC8-E is a “non-memory’’ option).

Connect the LC8-E to the DECwriter with the signal cable provided. J1 of the LC8-E, a 40-pin Berg Connector,
connects to module slot A02 of the LA3O0P logic rack.

See Chapter 2 of the LA30 DECwriter Maintenance Manual for additional information concerning system
installation and for procedures to be followed to checkout both the Control and the DECwriter.

SECTION 3 DESCRIPTION
Figure 1-1 is a block diagram of the LC8-E Control. Pin assignments for OMNIBUS signals and connector J1

signals can be found on engineering drawing no. E-CS-M8329-0-1. Information concerning pin assignments of
the interconnecting cable is given in Section 5.
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Figure 1-1 LC8-E Block Diagram

The LC8-E has two distinct functions: transfer of data from the CPU AC Register to the LA30 Printer Buffer
Register and transfer of data from the LA30 Keyboard Buffer Register to the AC Register. The transfer of data
to the LA30 Printer Buffer is carried out by the printer receive logic. When the LA30 is able to receive data, it
asserts the DEMAND signal. This signal sets the printer flag in the printer receive logic. The resulting PRNT (0) L
signal causes the INT/skip logic to assert OMNIBUS INT RQST L if the LC8-E has been logically connected to
the interrupt system. Alternatively, PRNT (0) L can be tested by a program skip instruction in the INT/skip logic.
In either case, the computer ultimately proceeds to a program subroutine that begins the data transfer. When

this subroutine is executed, the information is transferred from the AC Register to the DATA 5—11 lines and
clocked into a 7-bit register in the printer receive logic. The register outputs are available at J1 as the

BIT 1—7 signals. The logic then generates a RCVR STROBE L signal that clocks the BIT 1-7 data into the
Printer Buffer Register, clears the Printer flag, and causes the LA30 to negate the DEMAND signal.

The transfer of data from the LA30 Keyboard Buffer Register to the AC Register is carried out by the keyboard
transmit logic. When an LA30 key is depressed, information is applied, via the BIT 1—7 lines, to a 7-bit register

in the keyboard transmit logic. When the LA30 generates an XMIT STROBE L signal, the information is clocked
into the 7-bit register and the KYBD (0) signal is asserted. The KYBD (0) L signal can be tested in the INT/skip
logic with a skip instruction, or the interrupt system can be used to cause the program to enter an appropriate
subroutine. When the subroutine is executed, the information is gated from the register in the keyboard transmit
logic to lines DATA 5—11 (the logic asserts the DATA 4 L signal separately so that the input character is com-
patible with the modified-ASCI| Teletype® code), then to the AC Register. The AC is loaded and, simultaneously,
KYBD (0) L is negated.

®Teletype is a registered trademark of Teletype Corporation.
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SECTION 4 DETAILED LOGIC

1.1 10T DECODER LOGIC

The 10T decoder logic is shown in Figure 1-2. The LC8-E uses 12 10T instructions, 6 for the keyboard functions
and 6 for the printer functions (one of the listed printer I0Ts — Skip on Printer or Keyboard Interrupt — applies
to both functions). More than one LA30 DECwriter can be interfaced to the PDP-8/E at the same time. The
LC8-E Control associated with each LA30 must have a unique device selection code. Therefore, the M8329
Control Module is fabricated with machine-inserted jumpers and solder terminals that allow the user to assign
any two of 64 possible device selection codes to a particular LC8-E (care should be taken when assigning device
selection codes to preclude multiple assignments of the same code). Figure 1-2 illustrates the octal codes and
mnemonics that pertain when the LC8-E Control is manufactured. The octal codes and mnemonics are listed in
Table 1-1 and the respective functions, which remain constant regardless of the code or mnemonic, are detailed.

Figure 1-2 identifies the 12 machine-inserted jumpers, W1 through W12, and 6 groups, lettered from A to F, of
4 numbered solder terminals (jumper and terminal designations are etched on the quad module for each identi-
fication). To change a control device selection code, first cut a selected ‘W'’ jumper (or jumpers); then, solder a
new jumper between designated terminals associated with the ““W’’ jumper(s). For example, the device selection
code for the keyboard functions can be changed from 03 to 13 by removing W5 and connecting terminals C3 and
C4; the printer functions device code can be changed from 04 to 10 by removing W6 and W8 and connecting
terminals C2 and C4 and D2 and D3.

As Figure 1-2 shows, the device selection code signals, 603X and 604X, are applied to separate DEC 7442 Decoder
ICs. The device operation codes represented by bits MD 9, 10, and 11 are then decoded by E9 and E6 to provide
the listed 10T instruction signals. Note that the device selection code signals assert the OMNIBUS INTERNAL
1/0 L signal; thus, the positive I/O bus interface ignores the 0T instruction.

Three of the keyboard IOT instruction signals cause OMNIBUS “‘C" lines to be activated. When the KCC L
signal is generated, both the CO L and C1 L signals are asserted; the resulting transfer of Os clears the AC Register.
The KRB L signal also results in a transfer to the AC; however, this transfer involves data from the keyboard,
rather than Os. Finally, the KRS L signal causes only the C1 L signal to be asserted; the result is an inclusive-OR
transfer of data to the AC.

1.2 PRINTER RECEIVE LOGIC

The printer receive logic is shown in Figure 1-3. The 7-bit register is shown only in part, the logic associated with
bits DATA 10—6 being similar to that illustrated for bits 11 and 5. Significant signals are related by the timing
diagram in Figure 1-4. Refer to both figures when reading the logic description.

The LA30 printer routine is initiated by the program instruction TFL, Set the Printer Flag. At TP3 time of this
instruction, NAND gate E7 is enabled, causing the PRNT flip-flop to be set. This flip-flop is also set by the
DEMAND signal, which is asserted by the printer each time it completes a print cycle (Figure 1-4 illustrates this
signal rather than the TFL L signal). If the LC8-E is logically connected to the interrupt system, as Figure 1-4
and this discussion assume, PRNT (0) L causes the INT/skip logic to assert OMNIBUS INT RQST L. The program
proceeds to an interrupt servicing routine to determine the identity of the requesting device. The TSK instruction
in the routine causes the program to jump to an LC8-E routine that determines if the printer or keyboard
requested the interrupt (other options are open to the programmer, this is but one example). Ultimately, the
LC8-E printer routine executes the TLS instruction.
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Table 1-1
LC8-E 10T Instruction List

Octal Code Mnemonic Function
6030 KCF Clear the Keyboard flag. Clears the KYBD flip-flop.
6031 KSF Skip on the Keyboard flag. Senses the state of the KYBD

flip-flop. If the flip-flop is set, increments the program
counter so that the next sequential instruction is skipped.

6032 KCC Clear the flag, clear the AC. Clears both the KYBD flip-
flop and the AC Register.

6034 KRS Read the keyboard buffer. Gates character information
from the keyboard transmit logic and ORs it into AC
Register bits 5 through 11. Sets AC4.

6035 KIE Set/clear interrupt enable. Sets the INT ENA flip-flop if
AC11 is logic 1; clears the flip-flop if AC11 is logic 0.
6036 KRB Read the keyboard buffer, clear the flag, clear the AC.

Gates character information from the keyboard transmit
logic and jams it into AC Register bits 5 through 11. Sets
AC4. Clears the KYBD flip-flop.

6040 TFL Set the printer flag. Sets the PRNT flip-flop.

6041 TSF Skip on the Printer flag. Senses the state of the PRNT
flip-flop. If the flip-flop is set, increments the program
counter so that the next sequential instruction is skipped.

6042 TCF Clear the Printer flag. Clears the PRNT flip-flop.

6044 TPC Load the printer buffer and print. Causes the character
information to be gated to the BIT 1—7 lines. Sets the
RCVR STROBE flip-flop. At TS2 of the next instruction,
the information is loaded into the LA30 input buffer.

6045 TSK Skip on a keyboard/printer interrupt request. Skips the
next sequential instruction if the INT ENA flip-flop is set
(the LC8-E is logically connected to the interrupt system)
and if either the KYBD flip-flop or the PRNT flip-flop is
set.

6046 TLS Load the printer buffer and print. Clears the flag. The
character information is gated to the BIT 1—7 lines. Sets
the RCVR STROBE flip-flop. At TS2 of the next instruc-
tion, the information is loaded into the LA30 input buffer.
Clears the PRNT flip-flop.

During TS2 of the TLS instruction, information is gated from the AC Register to the DATA lines and remains on
the DATA lines through TS3. When TLS L is decoded in the IOT Decoder logic, it enables NOR gates E5B and
E5D (Figure 1-3). The enabled output of E5D causes the information on lines DATA 5—11 to be gated to the
D-inputs of the register flip-flops, while at the same time providing a high level on the D-input of E27B, the
RCVR STROBE L flip-flop. At TP3 time of the instruction the register flip-flops are clocked, flip-flop E27B is
set, and the PRNT flip-flop is cleared. The register data is applied, via the BIT 1—7 lines, to the printer buffer
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register. During TS2 of the instruction following TLS, NAND gate E29 asserts the RCVR STROBE L signal
(flip-flop E27B is cleared at TP3 time of this instruction). This signal loads the printer buffer register and negates

the DEMAND signal. When the print cycle ends approximately 30 ms later, the DEMAND signal is again asserted
and a new transfer is begun.
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Figure 1-3 Printer Receive Logic
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Figure 1-4 Timing, Printer Receive Logic

1.3 KEYBOARD TRANSMIT LOGIC

The keyboard transmit logic is shown in Figure 1-5. The 7-bit register is shown only in part. Significant signals
are related by the timing diagram in Figure 1-6. Refer to both figures when reading the logic description.

The user initiates the keyboard sequence by depressing a key on the LA30. The character information is placed
on the BIT 1—7 lines. After a period of time that allows the BIT lines to settle, the keyboard generates the

XMIT STROBE L signal. This signal clocks the information into the 7-bit register and sets the KYBD flip-flop.

If the LC8-E is logically connected to the interrupt system, as assumed, KYBD (0) L causes the INT/skip logic to
assert the OMNIBUS INT RQST L signal. The program proceeds to an interrupt servicing routine to determine
the identity of the requesting device. The TSK instruction in the routine causes the program to jump to an

LC8-E routine that determines if the printer or keyboard requested the interrupt. Ultimately, the LC8-E keyboard
routine executes the KRB instruction.
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Figure 1-5 Keyboard Transmit Logic

When the KRB instruction is decoded, the IOT decoder logic generates the KRB L signal and activates the CO and
C1 lines. The KRB L signal enables NOR gate E8D; the output signal from E8D gates the information from the
register outputs to DATA lines 5—11, and also causes NAND gate E18C to assert DATA 4 L. The DATA lines
are gated to the AC Register and the information is clocked into the register at TP3 time. Also at TP3, the KYBD
flip-flop is cleared, readying the logic for a new data transfer.

1.4 INT/SKIP LOGIC

The INT/skip logic is shown in Figure 1-7. The PRNT (0) L signal and the KYBD (0) L signal can cause program
skips when tested by instructions TSF and KSF, respectively. The signals can also be tested by the TSK instruc-
tion, provided the INT ENA flip-flop, E10, has been set, logically connecting the LC8-E to the interrupt system.
When E10 is set, the TSK L signal enables NAND gate E4D, which, in turn, enables AND-NOR gate E15 if
either the PRNT (0) L signal or the KYBD (0) L signal is asserted. Simultaneously, NAND gate E17 asserts the
INT RQST L signal.

The INT ENA flip-flop is set by the OMNIBUS INITIALIZE signal for the PDP-8 Family program compatibility.
To clear the flip-flop, removing the LC8-E from the interrupt system, load AC11 with logic 0 and then program
the KIE instruction. The logic 0 in AC11 keeps the DATA 11 L signal negated. Thus, the D-input of E10
remains high. At TP3 time, NAND gate E7 provides a clock pulse for E10, clearing the flip-flop. E10 can be set
at any time with the same instruction merely by loading AC11 with logic 1.
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SECTION5 MAINTENANCE
Refer to Volume 1 and to the LA30 DECwriter Maintenance Manual for maintenance information that pertains
to both the LC8-E Control and the LA30 DECwriter. The LA30 DECwriter Diagnostic, MAINDEC-8E-D2FA,
should be run when an error is suspected.

SECTION 6 SPARE PARTS

Table 1-2 lists recommended spare parts for the LC8-E. These parts can be obtained from any local DEC office
or from DEC, Maynard, Massachusetts.

Table 1-2
LC8-E Recommended Spare Parts
DEC Part No. Description Quantity
19-10394 IC DEC 5384 1
19-10392 IC DEC 5380 1
19-10391 IC DEC 5314 1
19-10046 IC DEC 7442 1
19-9929 IC DEC 7417 1
19-9973 IC DEC 97401 1
19-9686 IC DEC 7404 1
19-9056 IC DEC 74H00 1
19-9004 IC DEC 7402 1
19-5580 IC DEC 7450 1
19-5579 IC DEC 7440 1
19-5575 IC DEC 7400 1
19-56547 IC DEC 7474 1
10-1610 Capacitor, 0.01 uF, 100V, 20% Disk 1
10-0067 Capacitor, 6.8 uF, 35V, 20% Tant 1
10-0024 Capacitor, 47 pF, 100V, 5% DM 1
70-8417 Signal Cable 1
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CHAPTER 2
PC8-E HIGH-SPEED PAPER-TAPE READER/PUNCH

SECTION 1 INTRODUCTION

The PC8-E (or the desk-top model, PC8-EB) Reader/Punch option consists of a control module and a high-speed
paper-tape reader/punch manufactured by DEC [Model PCO4BL (60 Hz) or PCO4BM (50 Hz)]. The control
(DEC M840) plugs into the PDP-8/E OMNIBUS and connects to the external reader/punch via two signal cables
that are supplied with the system.

The PC04 Reader/Punch is discussed here only to the extent necessary to fully describe control operation and
present supplementary information concerning installation and checkout. Details concerning the installation,
operation, troubleshooting, and maintenance of the reader/punch, itself, can be found in the PC04/PC05
Paper-Tape Reader/Punch Maintenance Manual [DEC-00-PCOA-D (1)]. Other publications and documents rele-
vant to the PC8-E are:

PDP-8/E & PDP-8/M Small Computer Handbook — DEC, 1972
PDP-8/E Maintenance Manual, Volume 1

Roytron Model 500 Maintenance Manual

PC8-E Diagnostic, MAINDEC-8E-D2CA

DEC Engineering Drawing, Reader/Punch Control, E-CS-M840-0-1.

Q0 -

SECTION 2 INSTALLATION

The PC8-E Reader/Punch and Control is installed on site by DEC Field Service personnel. The customer should
not attempt to unpack, inspect, install, checkout, or service the equipment.

Insert the PC8-E Control Module in the PDP-8/E OMNIBUS. Refer to Table 2-3, Volume 1, for information
concerning recommended module priorities (the PC8-E is a “‘non-memory’’ option).

Connect the control to the reader/punch with the two signal cables provided. J1 of the control, a 40-pin Berg
Connector, connects to reader/punch module slot B1, a DEC M955 Connector. J2 of the control connects to
module slot A1 (refer to Section 5 for cable and connector pin assignments).

Refer to Chapter 2 of the PCO4 High-Speed Perforated Paper-Tape Reader/Punch Maintenance Manual
(DEC-00-HGPA-D) for additional information concerning system installation and for procedures to be followed
to checkout both the control and the reader/punch.



SECTION 3 DESCRIPTION

Figure 2-1 is a block diagram of the PC8-E Control. The functions of the control can be grouped conveniently
according to reader functions and punch functions, as illustrated by the block diagram. Consider the reader
functions, represented by the logic blocks above the broken line.

The control logic generates signals that control the PCO4 tape-feed operation. As the paper tape passes over the
PCO04 photoarray, signals representing the punched characters are strobed into the Control Buffer Register. The
buffered information is then transferred to the PDP-8/E AC Register and operated on by subsequent program
instructions.

The tape-feed operation can be initiated under program control or by activation of the Reader FEED switch on
the PCO4 front panel. If the switch is used, the tape feeds through the read station but data is not transferred
from the Control Buffer Register. If data is to be transferred, the tape-feed operation must be program-initiated.

Two 10T instructions, 6014 (Fetch Reader Character) and 6016 (Read Buffer, Fetch Reader Character), read the
information currently over the photoarray and then initiate tape feed. When either of these instructions is
decoded by the IOT decoder logic, the read tape logic generates an ENABLE signal that triggers the clock logic.
The first CLOCK PULSE produced enables the read tape logic to generate an RDR DATA STROBE pulse. This
pulse clocks the RDR Buffer Register, loading the register with the information present on the READ HOLE 1-8
lines.

In addition to clocking the RDR Buffer Register, the RDR DATA STROBE signal sets the RDR FLAG flip-flop
in the INT/skip logic and clears the RDR RUN flip-flops in the tape read logic. If the control has been logically
connected to the computer interrupt system by a previous 6010 instruction, or by the INITIALIZE signal, the
OMNIBUS INT RQST L signal is asserted. The computer enters the interrupt servicing routine to determine the
identity of the requesting device. The 6011 instruction in the routine causes the computer to proceed to the
PC8-E subroutine to service the interrupt request (refer to Table 2-1 for 10T instruction descriptions).

After producing the first CLOCK PULSE, the clock logic generates a SHIFT PULSE. This causes the motor
control logic to provide stepping signals for the PC04 Reader Motor. The motor shaft turns, feeding the tape
through the read station. After two steps, the next character on the tape appears over the photoarray; the current
read operation is completed. If a new 6014 or 6016 instruction has been issued, another RDR DATA STROBE

is generated and this character is loaded into the RDR Buffer Register. Each RDR DATA STROBE loads a
character into the register. The register data is transferred to the CPU AC Register by the 6012 or 6016 instruc-
tion. |f a 6014 or 6016 instruction is decoded between each RDR DATA STROBE and the next CLOCK PULSE,
reader operation is continuous, at a rate of 300 characters/second. Otherwise, the character rate is limited to

25 characters/second.

The tape status logic monitors the FEED HOLE signal from the PCO4. When the tape-read mechanism is out of
tape, the tape status logic provides a signal that inhibits program generation of the motor stepping signals and
clears the tape read logic.

Now consider the punch functions, represented by the logic blocks below the broken line in Figure 2-1. The
punch motor operates continuously when power is applied to the PCO4. The punch mechanism (Roytron Model
500) provides a PUNCH SYNC signal at the beginning of each punch mechanical cycle. This signal synchronizes
the control timing and the rotating motor shaft. If a 6024 or 6026 instruction is decoded, the ENABLE PUNCH
BUFFER L signal is generated by the 0T decoder logic. Whatever information is on the DATA 4—11 lines can
now be clocked into the Punch Buffer Register. At TP3 time of the instruction the PUNCH STROBE signal
clocks the register, transferring the character signals from the DATA 4—11 lines to the HOLE 1—8 lines.

22



€

OMNIBUS | CONTROL
SIGNALS I
DATA 4-11 L ]l
c L |
I RDR
6012, 6016 aloR
I LOGIC
| SYNC SIGNAL
RDR MOTOR
I DATA CONTROL
STROBE LOGIC
I ENABLE
I || CLOCK
LOGIC
| RDR 6014, 6016 TAPE
— b READ
I 10T LoGic
TAPE u—]
STATUS
I LOGIC
6010, 6011, 6012, INT/SKIP
l 6014, 6016, 6020 LOGIC
SKIP L i j
INT RQST L<—}
I/0 PAUSE L —
l 10T
MD3-11 L DECODER| owmmn commmmn commms cxme e o —So—— —— — —— —— —— — — — —
| LOGIC
INTERNAL I/0 L -—f — {
ENABLE PUNCH BUFFER
ed’&cEHR CLR PUNCH BUFFER
l 6024, 6026 e
DATA 4-11 L PUNCH
I STROBE
I 6024, 6026 JTAPE
PUNCH
= ToT's LOGIC
I 6010. 6021, 6022, 6026 INT/SKIP
I LOGIC
SKIP L J
INT RQST L ;

SHIFT PULSE
CLOCK PULSE

RDR FUNCTIONS
PUNCH FUNCTIONS

Figure 2-1 PC8-E Control, Block Diagram

——— — | — — c—— —— —— — — —— — —— — — — — | — — c— c—

PC0O4 SIGNALS

READ HOLE 1-8

RDR MOTOR
STEPPING SIGNALS

RDR FEED SW.
FEED HOLE

RDR OFF/ON LINE SW.

HOLE -8

PUNCH FEED SW

PUNCH SYNC
PUNCH DONE

8E-0241



Table 2-1
PC8-E 10T Instructions

Octal Code Mnemonic Function
6010 RPE Set the INT ENA flip-flop. The PC8-E is logically connec-
ted to the computer interrupt system.
6011 RSF Skip on Reader flag. Senses the state of the RDR FLAG

flip-flop. If the flip-flop is set, the program counter is incre-
mented so that the next sequential instruction is skipped.

6012 RRB Read the RDR Buffer Register. Causes the RDR Buffer
Register to be ORed into the AC Register, clears the RDR
FLAG flip-flop.

6014 RFC Fetch a character from the tape. Clears the RDR FLAG

flip-flop, loads a character into the RDR Buffer Register
from the tape, sets the RDR FLAG flip-flop when the
RDR Buffer Register is loaded.

6016 RRB, RFC Microprogram of 6012 and 6014. RDR Buffer Register
contents are ORed into AC Register, RDR FLAG flip-flop
is cleared, character is loaded into Register, and RDR
FLAG flip-flop is set.

6020 PCE Clear the INT ENA flip-flop. The PC8-E is disconnected
from the computer interrupt system.
6021 PSF Skip on Punch flag. Senses the state of the PUNCH FLAG

flip-flop. If the flip-flop is set, the program counter is
incremented so that the next sequential instruction is

skipped.
6022 PCF Clear the Flag. Clears the PUNCH FLAG flip-flop.
6024 PPC Load Punch Buffer Register, punch character. Transfers

the AC4—11 contents to the Punch Buffer Register,
punches the character, sets the PUNCH FLAG flip-flop
when done.

6026 PLS Microprogram of 6022 and 6024. Clears the PUNCH
FLAG flip-flop, transfers AC4—11 contents to the Punch
Buffer Register, punches the character, sets the PUNCH
FLAG flip-flop when done.

At the same TP3 time, the tape punch logic is prepared for the punch cycle. When the PUNCH SYNC signal is
generated at the start of the punch cycle, the tape punch logic asserts the PUNCH DONE signal. This signal

lasts for 10 ms, during which time the punch solenoid drivers are activated and the character is punched onto the
tape. At the end of the PUNCH DONE signal, the PUNCH FLAG flip-flop is set. If the punch logic has pre-
viously been logically connected to the computer interrupt system, the PUNCH FLAG flip-flop asserts the
OMNIBUS INT RQST L signal. The computer enters the interrupt servicing routine to determine the identity of
the device. The 6021 instruction in the routine causes the computer to proceed to the PC8-E subroutine to
service the interrupt request.
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SECTION 4 DETAILED LOGIC

2.1 10T DECODER LOGIC

Figure 2-2 shows the 10T decoder logic. Table 2-1 lists the PC8-E 10T instructions and a description of each.
Bits MD3—8 and I/0 PAUSE L are gated to produce signals 601X and 602X representing reader and punch I0Ts,
respectively. Both signals cause the OMNIBUS INTERNAL 1/0 signal to be asserted, thereby ensuring that the
positive 1/0 bus interface ignores the 10T instruction.

The 601X signal and bits MD9—11 are applied to the BCD-to-Decimal Decoder, E31 (refer to Appendix A,
Volume 1, for details); the decoder provides the reader |0T signals, as illustrated. The 602X signal and bits
MD9-11 are applied to decoder E27, which provides punch |OT signals; in addition, the 602X signal causes the
ENABLE PUNCH BUFFER L signal to be asserted each time a punch 10T is generated.

2.2 TAPE READ LOGIC

The tape read logic is shown in Figure 2-3. This logic generates control basic timing signals in response to an 10T
instruction or a signal from the PCO4 FEED switch. Assume that the PCO4 Reader motor is stopped (either the
reader is between blocks of characters or has just been put on-line).

When the tape is stopped, a character is always directly over the PCO4 photoarray. (Refer to Paragraph 4.1 of
the PCO4 High-Speed Perforated Paper-Tape Reader/Punch Maintenance Manual for a detailed description of the
tape-feed operation.) When an 10T instruction (6014, for example) is decoded, the control logic first causes the
character to be loaded into the RDR Buffer Register by the RDR DATA STROBE signal. It then generates
stepping signals that cause the PC04 Reader Motor to turn.

Refer to Figure 2-3. The 6014 L signal sets the RDR RUN flip-flop. Both the CLOCK PULSE L signal and the
RDR MOTOR STOPPING L signal are negated at this time; thus, the RDR ENA flip-flop is set via NAND gate

E5 (the clock logic is disabled until the ENABLE signal turns it on; the RDR MOTOR STOPPING L signal applies
only when the stepping signals are removed). The ENABLE signal generated by the O-output of the RDR ENA
flip-flop initiates both the clock logic and the reader motor control logic. The clock logic first produces a single
CLOCK PULSE that is applied to NAND gate E32 and to the C-input of the RDR ENA flip-flop. Because the
flip-flop D-input is high at this time, the flip-flop remains set. The NAND gate must be enabled if an RDR DATA
STROBE signal is to be generated. The second high input to this NAND gate is produced by either the (A*B) L
signal or the (A+B) L signal (one of these two sync signals, generated by the reader motor control logic, is high
when the paper-tape holes are directly over the PC04; assume, for this discussion, that (A-B) L is asserted). The
negative pulse from E32 sets the R/S flip-flop. The FEED HOLE signal, produced by the PC04 photoarray,
enables the 1-output of the R/S flip-flop to activate E23. The negative-going edge of E23’s output resets the

R/S flip-flop after a small delay determined by the RC network. Consequently, the RDR DATA STROBE signal
generated by NOR gate E35 is a narrow pulse (approximately 100-ns wide) and occurs only when the tape-feed
hole is over the photoarray. The RDR DATA STROBE signal resets the RDR RUN flip-flop.

After the RDR DATA STROBE signal is generated, the clock logic produces a SHIFT PULSE that causes the
reader motor control logic to generate a stepping signal. The tape holes move from over the photoarray; the
FEED HOLE signal and the (A-B) L signal are negated. The D-input of the RDR ENA flip-flop is now low. If
a 6014 L is not provided before the clock logic generates another CLOCK PULSE, the RDR ENA flip-flop is
cleared, initiating a controlled motor-stopping operation. The clock logic is disabled and the reader motor
control logic generates a final stepping signal. The reader motor stops and the tape halts with the holes directly
over the photoarray. The FEED HOLE signal is again asserted and now the (A+B) L signal is high. The RDR
RUN flip-flop can be set by an 0T instruction any time after the RDR ENA flip-flop is cleared. However, the
RDR ENA flip-flop can be set again only after a 40-ms delay (the reader motor control logic asserts RDR
MOTOR STOPPING L for 40 ms after the RDR ENA flip-flop is cleared).
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If the RDR RUN flip-flop had been set by an 10T instruction before the second CLOCK PULSE occurred, the
RDR ENA flip-flop would remain set. The second CLOCK PULSE would then be followed by the second SHIFT
PULSE. At this SHIFT PULSE time the (A+B) L and the FEED HOLE signals are asserted. The third CLOCK
"PULSE causes RDR DATA STROBE to be generated and the RDR RUN flip-flop is again cleared. Thus, a 6014
or 6016 instruction must be decoded at least once for every other clock pulse in order to maintain a 300

character/second rate of operation.

Figure 2-4 is a timing diagram that illustrates the tape read logic signals, as well as those of the reader motor
control logic and the clock logic. The first clock period illustrated shows the RDR RUN flip-flop being cleared by
an RDR DATA STROBE. A 6014 |IOT is decoded before the next CLOCK PULSE. However, between the third
and fourth CLOCK PULSES, no IOT is decoded and, therefore, the controlled motor-stopping operation is begun
(this is covered fully in Paragraph 2.4).
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2.3 CLOCK LOGIC

The clock logic is shown in Figure 2-5. The logic consists of a ramp generator, a triggered free-running multi-
vibrator, and two pulse-forming delay networks.

During continuous operation, the reader motor is stepped once every 1.67 ms. However, when the motor must be
started from a dead stop, the inertia of the motor and the tape drive wheel must be overcome. Initially, the shaft
turns more slowly, and, consequently, the tape moves over the photoarray more slowly than at continuous
operating speed. With each step of the motor the speed of the tape approaches continuous operating speed. In
order to maintain a nearly constant ratio of tape speed to CLOCK PULSE frequency, the ramp generator, which
includes transistors Q1 and Q2, is used.

When the ENABLE signal is asserted by the tape read logic, the free-running multivibrator, Q4/Q5, is triggered on
via Q3. At the same time, the ramp generator is triggered. The emitter of Q2 provides the charging potential for
the multivibrator. This potential is initially such that the first CLOCK PULSE period is 5 ms. The emitter
potential of Q2 rises at a rate determined by the RC time constant, which can be varied by R27 (refer to
Paragraph 5.3.8 of the PCO4 High-Speed Perforated Paper-Tape Reader/Punch Maintenance Manual for adjust-
ment procedures). As the potential rises, the capacitors in the base circuits of Q4 and Q5 take less time to charge.
Thus, the on/off cycle of Q4 and Q5 decreases. Ultimately, when the ramp has ended, the CLOCK PULSE period
is 1.67 ms.

The method used to generate the SHIFT PULSE L signal and the CLOCK PULSE signal is illustrated in Figure
2-6. The RC delay circuits are used extensively in the control logic. Because the circuit in Figure 2-5 is more
detailed than others, it has been selected as an example of the technique. The timing diagram is mainly self-
explanatory. The RC delays indicated can be roughly calculated by using the formula Delay = 0.7 RC.

2.4 READER MOTOR CONTROL LOGIC

The reader motor control logic is shown in Figure 2-7. (Refer to Paragraph 4.1.1 of the PC04 High-Speed
Perforated Paper-Tape Reader/Punch Maintenance Manual for a detailed description of how the reader motor
control logic stepping signals control the reader motor.) When the ENABLE signal is asserted by the tape read
logic, the two one-shot multivibrators, E4 and E7, are readied for triggering. During continuous operation, the
clock logic generates SHIFT PULSEs, the first of which sets the PWR flip-flop, thereby asserting the POWER
signal. Each SHIFT PULSE L signal generates a ROTATE PULSE that clocks the A/B end-around shift register.
At every other ROTATE PULSE either the (A-B) L signal or the (A-B) L signal is asserted, indicating to the tape
read logic that a character is over the photoarray.

If, as explained in Paragraph 2.2, the RDR ENA flip-flop is cleared, the ENABLE signal is negated (provided the
reader FEED switch is not activated). The down-going edge of the ENABLE signal triggers E4 and E7 (Figure
2-4). After 2.6 ms, E4 times out and a CATCH PULSE L signal is generated. This pulse produces the ROTATE
PULSE that steps the motor a final time. The motor stops with either (A-B) L or (A-B) L asserted and the
FEED HOLE signal high.

The E7 one-shot remains set for 40 ms before timing out. During this 40-ms period, the RDR MOTOR
STOPPING L signal is asserted and prevents the RDR ENA flip-flop from being set. At the end of the period,
the 0-output of E7 clears the PWR flip-flop, negating the POWER signal. Reader operation can be restarted by
again setting the RDR ENA flip-flop.

The 40-ms delay provided by E7 ensures that the motor, if not pulsed for continuous operation, has sufficient
time to come to a complete stop before it is activated again. If the complete stop were not allowed, undesirable
oscillations in the drive motor would result, causing possible false data outputs.
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2.5 RDR INT/SKIP LOGIC

The RDR INT/skip logic is shown in Figure 2-8. When an RDR DATA STROBE signal is generated it sets the
RDR FLAG flip-flop (the RDR RUN flip-flop provides the necessary high at E12’s D-input before being cleared,
itself, by RDR DATA STROBE). Because RDR DATA STROBE also loads the RDR Buffer Register, the RDR
FLAG flip-flop being set indicates that the control is ready to transfer data. If the INT ENA flip-flop has been
set previously, either under program control or by INITIALIZE, the OMNIBUS INT RQST L signal is asserted.
When the computer enters the PC8-E servicing subroutine, an appropriate |OT instruction reads the Buffer
Register and clears the RDR FLAG flip-flop via NOR gate E1.

2.6 RDR BUFFER LOGIC

The reader buffer logic is shown in Figure 2-9. Data supplied on the READ HOLE 1-8 lines is clocked into the
register by the RDR DATA STROBE signal. Either 6012 L or 6016 L gates the character onto the OMNIBUS
DATA 4—11 lines. At the same time, the 10T instruction asserts the OMNIBUS C1 L signal, resulting in an
ORing of the DATA 4—11 bits and the CPU AC Register contents.

2.7 TAPE STATUS LOGIC

The tape status logic is shown in Figure 2-10. The logic monitors both the FEED HOLE signal and the RDR ENA
flip-flop, generating an OUT OF TAPE signal when tape is not loaded in the PC04 Tape Feeder. This signal
ensures that the tape read logic cannot be triggered by a program instruction read command. The complementary
signal, HAVE TAPE, is generated when tape is in the feeder, enabling the tape-feed operation to begin when
program-directed.
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If no tape has been inserted in the feeder, the FEED HOLE signal is high, just as it is when an actual feed hole is
detected by the photoarray. The RDR FEED HOLES one-shot, E19, is in its stable state; thus, the OUT OF
TAPE signal is asserted. If a read command is issued by the program, the RDR RUN flip-flop (Figure 2-3) is pre-
vented from being set by the HAVE TAPE signal that is low at this time. Therefore, the RDR ENA flip-flop is
not set and the clock logic is not triggered. ‘

When a tape is inserted in the feeder, the photoarray light source rays are interrupted briefly by the tape web.

The FEED HOLE signal goes low, and the negative-going edge causes one-shot E19 to be triggered; thus, the
HAVE TAPE signal is asserted. At the same time that E19 is triggered, the flip-flop consisting of the cross-coupled
NOR gates is cleared. Because the RDR ENA flip-flop is also clear, flip-flop E23 is latched in the clear state.
NAND gate E17 is enabled; the resulting low at pin 11 of E19 holds the one-shot in the triggered state, i.e., the
1-output stays high. The HAVE TAPE signal remains high indefinitely, if the program does not issue a read
command.

When a read command is issued, the RDR RUN flip-flop is set, causing the RDR ENA flip-flop to be set, also.
The O-output of the RDR ENA flip-flop triggers the clock logic, which generates a CLOCK PULSE, and sets
flip-flop E23, which disables NAND gate E17. The one-shot enters the timeout state, during which it can be re-
triggered by each trailing edge of the FEED HOLE signal. A ROTATE PULSE, generated by the clock logic
approximately 2 us after the CLOCK PULSE (Figure 2-4), causes the tape to begin feeding through the read
station. The resulting negative transition of the FEED HOLE signal re-triggers the one-shot (note that flip-flop
E23 is held in the set state by the O-output of the RDR ENA flip-flop). If another trailing edge occurs within
10 ms, the one-shot is again re-triggered (a 10-ms period is necessary because the reader motor is being started
from a dead stop and, consequently, the tape moves more slowly than at continuous operating speed; in contin-
uous operation, a trailing edge occurs at 3.34-ms intervals). |If the program issues read commands at such a rate
that continuous operation results (at least one command between each RDR DATA STROBE and the next
CLOCK PULSE), one-shot E19 is re-triggered continuously, and the HAVE TAPE signal remains asserted.

Suppose that at some point during this continuous operation a read command is not issued within approximately
3.34 ms of the preceding command. In such a situation, the motor-stopping operation is initiated. At the
moment this operation begins, the RDR ENA flip-flop is cleared, and the FEED HOLE signal is low. Therefore,
flip-flop E23 is again latched in the clear state, and one-shot E19 is held in its triggered state. The HAVE TAPE
signal remains high while the motor is stopped.

If read commands are issued at a continuous rate and the tape runs out of the tape feeder, the OUT OF TAPE
signal must be asserted. When the last portion of tape web uncovers the light source, the FEED HOLE signal
goes high and remains high. One-shot E19 times out approximately 8.5-ms later, and the OUT OF TAPE signal
goes high. During this 8.5-ms period, three RDR DATA STROBE pulses occur. Each of these pulses loads the
Reader Buffer with 1s. Consequently, at least two transfers, possibly three, of 1s to the AC Register take place
before the RDR RUN flip-flop is cleared and the clock logic is disabled.

2.8 TAPE PUNCH LOGIC

When the punch ON/OFF switch is in the ON position, the punch motor runs continuously. A tape that is loaded
in the punch feeder mechanism can be punched if the FEED switch is in the FEED position, or if the program
issues a punch command |OT instruction, 6024 or 6026. Either method results in the PUNCH DONE signal
being generated in the tape punch logic (Figure 2-11).
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When the 6026 IOT instruction is issued, for example, the PUNCH RUN flip-flop, E10, is set. Setting E10 causes
the D-input of the SYNC PUNCH REQ flip-flop, E14, to go low. A PUNCH SYNC signal from the tape punch
mechanism can clear E14, thereby triggering the PUNCH BUSY one-shot, E15. This PUNCH SYNC signal occurs
once during each punch motor revolution and signals the start of the punch mechanical cycle. The signal is
applied to the Schmitt trigger, Q9 and Q10, and the output at the collector of Q10 clears E14. The resulting
10-ms PUNCH DONE signal enables the PC0O4 solenoid drivers to activate the punch mechanism. The tape is
punched with the character that was placed on the HOLE 1—8 lines by the punch buffer logic, shown in Figure
2-12 and discussed briefly in Paragraph 2.9.

2.9 PUNCH BUFFER LOGIC

The punch buffer logic is shown in Figure 2-12. Either the 6024 L signal or the 6026 L signal enables the Buffer
Register to be loaded at TP3 time with the information carried on the DATA 4—11 lines. This information is
then gated to the HOLE 1—8 lines, respectively. Note that the information loaded at this time remains in the
register until another punch instruction is issued or until the FEED switch is activated.

2.10 INT/SKIP LOGIC

After the tape has been punched and the punch mechanical cycle ends, the PUNCH BUSY one-shot times out. The
PUNCH RUN flip-flop is cleared and the O-output of the flip-flop sets the PUNCH FLAG flip-flop (Figure 2-13).

If the INT ENA flip-flop, E14, is set at this time, the OMNIBUS INT RQST L signal is asserted. The computer
enters the interrupt routine and proceeds from there to the punch subroutine.

SECTION 5 MAINTENANCE

Refer to Volume 1 and the PCO4 High-Speed Perforated Paper-Tape Reader/Punch Maintenance Manual for
PC8-E maintenance information.

Table 2-2 presents cable and connector pin assignments for the two cables that connect the control and the PC0O4.
SECTION 6 SPARE PARTS

Table 2-3 lists recommended spare parts for the PC8-E. These parts can be obtained from any local DEC office
or from DEC, Maynard, Massachusetts.
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Table 2-2

Cable/Connector Pin Assignments

Control Connector Signal Name M955 Connector
Pin J1 (Connects to B1) J2 (Connects to A1) Pin
D PUNCH FEED SWITCH N/C A
F SCR ACTIVE RDR ON/OFF LINE B
J PUNCH SYNC GND C
L N/C READ HOLE 1 D
N PUNCH DONE READ HOLE 2 E
R PUNCH NOT UP TO SPEED READ HOLE 3 F
T HOLE 8 READ HOLE 4 H
\Y, HOLE 7 READ HOLE 5 J
X HOLE 6 READ HOLE 6 K
Z HOLE 5 READ HOLE 7 L
BB COIL BIAS READ HOLE 8 M
DD HOLE 4 FEED HOLE M
FF HOLE 3 BA (0) P
JJ HOLE 2 BA (1) R
LL HOLE 1 BB (0) S
NN N/C BB (1) T
RR N/C POWER U
TT N/C RDR FEED SWITCH \%
GND PINS
A,B,C E H K, M,P,S,
U, W,Y, AA, CC, EE, HH,
KK, MM, PP, SS, UU, VV
Table 2-3
PC8-E Recommended Spare Parts
DEC Part Number Description Quantity
19-05547 IC DEC 7474 1
19-05575 IC DEC 7400 2
19-05576 IC DEC 7410 1
19-09486 IC DEC 384 1
19-09487 IC DEC 9601 1
19-09686 IC DEC 7404 2
19-09971 IC DEC 6380 1
19-09972 IC DEC 6314 1
19-09973 IC DEC 97401 1
19-09594 IC DEC 8251 1
19-05579 IC DEC 7440 1
19-10087 IC DEC MC4015P 1
15-03409 Transistor, 6543 D 1
15-09338 Transistor, PMS 6531 1
11-00113 Diode, D662 1
11-00114 Diode, D664 2
10-01610 Capacitor, 0.01 uF, 100V, 20% 2
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CHAPTER 3
XY8-E PLOTTER CONTROL

SECTION 1 INTRODUCTION

The XY8-E Plotter Control interfaces a digital incremental plotter with the PDP-8/E. The XY8-E operates with a
variety of plotters, both encoded and unencoded types, to display data on paper or film. All XY8-E logic is con-
tained on a single quad module that plugs into the OMNIBUS. The XY8-E connects to the incremental plotter
with a signal cable that is supplied.

The XY8-E transmits directions to the plotter that originate in the computer AC Register. Data is transferred in
six parallel bits that cause pen or drum movement (the plotter can be either a drum or flatbed type) in the plotter.
All plotter operations, except the setting of the coordinates at which plotting begins, are guided by the XY8-E
logic and the CPU. A series of functions, specified by IOT instructions, initialize the XY8-E logic, initiate plotter
operation, and generate program interrupts to indicate completion of the operation.

The XY8-E will interface readily with any of the following incremental plotters:

a. CalComp Plotters — Series 500, 600, 700, and 800.
b.  Houston Instruments Plotters — Types 6400, DP-1, and DP-10.

Four Plotter Control/plotter systems, featuring plotters from those listed, are offered by DEC. Details concerning
installation, operation, troubleshooting, and maintenance of these plotters can be found in the respective CalComp
or Houston Instruments instruction manual. DEC publications and documents relevant to the XY8-E are:

PDP-8/E & PDP-8/M Small Computer Handbook — DEC, 1972
PDP-8/E Maintenance Manual, Volume 1

XY8-E Plotter Control and Display Diagnostic, MAINDEC-8E-D6AB
DEC Engineering Drawing, Plotter Control, E-CS-M842-0-1.

QLo T

SECTION 2 INSTALLATION

The XY8-E Plotter Control is installed on site by DEC Field Service personnel. Customers should not attempt to
unpack, inspect, install, checkout, or service the equipment.

Insert the XY8-E Control Module in the PDP-8/E OMNIBUS. Refer to Table 2-3, Volume 1, for information con-
cerning recommended module priorities (the XY8-E is a “‘non-memory’’ option).

Connect the Plotter Control to the plotter with the signal cable provided (if the plotter is one of those listed in
Section 1). If the plotter is an unencoded type, J2 of the Plotter Control, a 40-pin Berg Connector, connects to
the plotter 19-pin Cannon Plug; if the plotter is an encoded type, J1 of the Plotter Control connects to the plotter
Cannon Plug (refer to Section 5 for cable and connector pin assignments).
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The XY8-E can be checked for correct operation by running the diagnostic program, MAINDEC-8E-DGAB.
Refer to the plotter instruction manual for checkout procedures for the plotter itself.

SECTION 3 BLOCK DIAGRAM
Figure 3-1 is a block diagram of the XY8-E Plotter Control. Programmed [OT instructions are decoded by the

10T decoder logic. Signals representing the 10T instructions are then applied to the timing logic, the interrupt/
skip logic, and the direction transfer logic.

OMNIBUS I

BE-0256

SIGNALS |
INITIALIZE |
SKIP L [e-
INT ROST L +- _j
| INTERRUPT/
I SKIP LOGIC
| 6500L D
cooiL DIRECTION REGISTER |F
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C ) | e Al
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Tp3| l (ENCODED PLOTTER
6503L g2| outPuT)
| 6504L :
| g20sL (UNENCODED PLOTTER
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| SELECT] 1imING
LOGIC CLR REGISTER L
DATA 6-11 L} i

Figure 3-1 XY8-E Block Diagram

Plotter directions are gated from the AC Register via the DATA 6—11 lines to a 6-bit Decision Register in the
direction transfer logic. The Direction Register outputs are transferred to the plotter, which begins the directed
operation. At the same time, the timing logic is triggered; after a delay period the timing logic generates a signal,
CLR REGISTER L, that clears the Direction Register, readying it for the next direction. After a further delay
period that ensures completion of the direction by the plotter, the timing logic generates the SET FLAG L
signal. This signal is applied to the interrupt/skip logic where it sets the PLOTTER FLAG flip-flop. This action
causes the Plotter Control to request a program interrupt, resulting in the transfer of another direction from the
AC Register.
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SECTION 4 DETAILED LOGIC

3.1 10T DECODER LOGIC

The IOT decoder logic is shown in Figure 3-2. The I/0 PAUSE L signal gates bits MD3—8 to generate the
SELECT signal that indicates an XY8-E instruction has been decoded. See Table 3-1 for the XY8-E instruction
list and a description of each instruction.

Table 3-1
XY8-E 10T Instruction List
Octal Code Mnemonic Function
6500 - PLCE Clear the INT ENA flip-flop.
6501 PLSF Skip on the Plotter flag. Senses the state of the PLOTTER

FLAG flip-flop. If the flip-flop is set, the program counter
is incremented so that the next sequential instruction is

skipped.
6502 PLCF Clear the PLOTTER FLAG flip-flop.
6503 PLPU Pen up. Raises the plotter pen from the surface of the graph

paper (unencoded plotters only).

6504 PLLR Load Direction Register, clear Direction Register, set Plotter
flag. Loads the Direction Register from AC06—11 (see Table
3-2 for the list of directions), clears the register after the
plotter has had enough time to carry out the direction, sets
the PLOTTER FLAG flip-flop.

6505 PLPD Pen down. Lowers the pen to the surface of the graph paper
(unencoded plotters only).
6506 PLCF, Microprogram of 6502 and 6504. Clears the PLOTTER
PLLR FLAG flip-flop, loads the Direction Register, clears the
Direction Register, sets the PLOTTER FLAG flip-flop.
6507 PLSE Set the INT ENA flip-flop.

The SELECT signal asserts the OMNIBUS INTERNAL 1/0 L signal that directs the positive 1/0 bus interface to
ignore the IOT instruction; also, it gates bits MD9—11 to provide inputs for E21, the BCD-to-decimal decoder
(see Appendix A, Volume 1, for details). With one exception, E21 provides the signals that represent the XY8-E
10T commands. The exception is the signal that represents the 6501 instruction, Skip on the Plotter Flag. Note
that the |OT signals generated by E21 are produced at TP3 time. However, the OMNIBUS SKIP L signal is
sampled at TP3 time by the CPU skip logic. Therefore, the XY8-E Plotter Control must assert the SKIP L signal
before TP3 time; this is the reason for generating the 6501 L signal separately.
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3.2 TIMING LOGIC

The timing logic is shown in Figure 3-3. This logic generates delay periods that allow the plotter to carry out the
direction contained in the Direction Register. The delay periods are initiated simultaneously with the loading of
the Direction Register. When the first delay ends, the Direction Register is cleared; when the second delay ends,
the PLOTTER FLAG flip-flop is set. Then, if the XY8-E is logically connected to the computer interrupt system,
a program interrupt is requested and another direction is transferred from the AC Register to the Direction
Register.

Three one-shot multivibrators are shown in Figure 3-3. For directions other than Pen Up/Pen Down, only one-
shots E1 and E7 are triggered. Either the 6504 L or the 6506 L signal, in addition to clocking the Direction
Register, triggers both E1 and E7. The plotter begins the directed operation and the direction remains in the
Direction Register for 3.3 ms (an arbitrary but optimal period of time). At this time, E1 times out and the CLR
REGISTER L signal is asserted. This signal is applied to the direction transfer logic and clears the Direction
Register. E7 times out after 7.5 ms (more than enough time for the plotter to carry out the mechanical opera-
tion), causing the SET FLAG L signal to be asserted. This signal is applied to the interrupt/skip logic, Figure 3-6,
where it sets the PLOTTER FLAG flip-flop.

If the direction to be carried out by the plotter is either Pen Up or Pen Down, the third one-shot, E4, is triggered.
This situation is illustrated by the timing diagram, Figure 3-4. The timing shown applies to an encoded plotter.
However, an unencoded plotter could be represented by replacing the 6504 L/6506 L signal with either 6503 L
or 6505 L. If the Pen Up direction is to be carried out by an encoded plotter, for example, AC Register bits 6—11
must be loaded with octal code 31 (Table 3-2). This code is placed on the DATA 6—11 lines and loaded into the
Direction Register by the leading edge of the 6504 L/6506 L signal. At the same time, NAND gate E3A, Figure
3-3, is enabled, and both E1 and E7 are triggered. DR11 is set, enabling NOR gate E3B to trigger one-shot E4.

As before, the CLR REGISTER L signal is asserted after 3.3 ms. However, the SET FLAG L signal, rather than
occurring after 7.5 ms, is delayed for 72.7 ms. This period of time is required to satisfy the plotter’s pen stabiliz-
ing time. Note that one-shot E7 is superfluous in this operation.

If the Pen Up instruction, 6503, is issued for an unencoded plotter, E4 is triggered in essentially the same way as
for the encoded plotter. The 6503 L signal dc-sets DR11. NOR gate E3 is enabled, triggering E4 which, in turn,
triggers E1 (E7 is not triggered in this situation). The two delays generated carry out their respective functions as
detailed earlier.

3.3 DIRECTION TRANSFER LOGIC

The direction transfer logic is shown in Figure 3-5. Directions are placed on the DATA 6—11 lines from the AC
Register by IOT instruction 6504 or 6506. At TP3 time, the 6504 L signal or the 6506 L signal loads the
Direction Register. Separate transistor driver outputs are provided for encoded and unencoded plotters; unen-
coded outputs undergo a transition from -15V to +5V, while encoded outputs go from ground to +15V. The
Direction Register is cleared by the INITIALIZE signal that is asserted both at power turn-on and by the CAF
(6007) instruction.

3.4 INTERRUPT/SKIP LOGIC

The interrupt/skip logic is shown in Figure 3-6. The Plotter Control is logically connected to the computer inter-
rupt system when the INT ENA flip-flop is set. The flip-flop is set under program control by the 65607 (PLSE)
10T instruction or by the 6007 (CAF) 10T instruction that asserts the INITIALIZE signal; in addition, the
INITIALIZE signarl sets the flip-flop at power turn-on. The XY8-E is disconnected from the interrupt system by
the 6500 (PLCE) 10T instruction that clears the flip-flop under program control.
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Table 3-2

List of Plotter Directions

ACO6—11 Direction
Unencoded Encoded Plotter
Octal Code -
Plotter Paper Film

01 Pen up — —
02 Pen down - -
04 Drum up — -
10 Drum down +y +y
11 — +x+y +x+y
12 - +x +x
13 — +x-y +x-y
14 - -y -y
15 — -X-y -X-y
16 - -X -X
17 - -xty -xty
20 Pen left — —
21-27 — - -
30 - - CRT shift
31 — Pen up Beam off
32 - Pen down Beam on
33 — Start zip —
34 - Block code -z (+Aux 1)
35 - Plot code +z (+Aux 2)
36 — Start incr -
37 — Sync Sync
40 Pen right — —
41-47 - - -
50 — +y/2 -
51 — +x/2+y/2 —
52 - +x/2 -
53 - +x/2-y/2 -
54 — -y/2 -
55 - -x/2-y/2 -
56 - -x/2 -
57 - -x/2+y/2 -
61—-67 - - -
70 - +x+y/2 —
71 - -xty/2 —
72 — +x/2+y —
73 - -x/2+y —
74 - +x-y/2 -
75 - -x-y/2 —
76 - +x/2-y -
77 - -x/2-y —
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When the INT ENA flip-flop is set, the OMNIBUS INT RQST L signal can be asserted by the PLOTTER FLAG
flip-flop. The PLOTTER FLAG flip-flop is set by the SET FLAG L signal when a direction has been carried out
by the plotter. The computer identifies the requesting device by entering the interrupt servicing routine. The
6501 (PLSF) 10T instruction in the routine directs the computer to the XY8-E subroutine and another direction
is transferred to the Direction Register. The PLOTTER FLAG flip-flop is cleared under program control by the
6502, 6506, and 6007 (via the INITIALIZE signal) 10T instructions, as well as at power turn-on by INITIALIZE.

SECTION5 MAINTENANCE
The relative simplicity of the XY8-E logic precludes the necessity of a detailed maintenance procedure. Use the

diagnostic program to isolate problems that occur in the XY8-E Plotter System. Standard troubleshooting tech-
niques, using the logic drawings and an oscilloscope, will enable the technician to isolate faulty components.

Table 3-3 shows the connector pin assignments for the Plotter Control/plotter interconnecting cable.

SECTION 6 SPARE PARTS

Table 3-4 lists the recommended spare parts for the XY8-E. These parts can be obtained from any local DEC
office or from DEC, Maynard, Massachusetts.
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Table 3-3
Pin Assignments, Interconnecting Cable

From

Cannon 19-Pin
Connector Pin

Signal Name
Significant For
Unencoded Plotter Only

To
Berg 40-Pin
Connector Pin

Houston Inst. Plotter CalComp Plotter
1 CHART RIGHT (-X) DRUM UP (-X) L
2 CHART LEFT (+X) DRUM DOWN (+X) J
3 CARRIAGE UP (+Y) PEN LEFT (+Y) F
4 CARRIAGE DOWN (-Y) PEN RIGHT (-Y) D
9 PEN UP PEN UP R
10 PEN DOWN PEN DOWN N
15 GND GND S
Pins 5—8, 11-14, PinsT, V, X, Z, BB, DD,
16—19 not used FF,JJ, LL, NN, RR, TT,
not used
PinsA,B,C, E, H, K, M,
P,S, U, W,Y, AA, CC,
EE, HH, KK, MM, PP,
SS, UU, VV are gnd.
Table 3-4
XY8-E Recommended Spare Parts
DEC Part Number Description Quantity
15-03409-1 Transistor DEC 6534B 1
15-03100 Transistor DEC 3009B 1
19-09705 IC DEC 8881 1
19-09704 IC DEC 314 1
19-09686 IC DEC 7404 1
19-09594 IC DEC 8251 1
19-09373 IC DEC 9601 1
19-09485 IC DEC 380 1
19-05577 IC DEC 7420 1
19-05576 IC DEC 7410 1
19-05575 IC DEC 7400 1
19-05547 IC DEC 7474 1
13-000391 Resistor 1.5K, 1/4W, 5% 1
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CHAPTER 4
LE8-E LINE PRINTER

SECTION 1 INTRODUCTION

The LES8-E Line Printer Control interfaces an 80- or 132-column line printer to the PDP-8/E. All logic is con-
tained on a single quad module that plugs into the OMNIBUS. The LE8-E connects to the line printer via a
signal cable that is supplied with the system.

The LES8-E Line Printer is discussed here only to the extent necessary to both fully describe LE8-E operation and
present supplementary information concerning installation and checkout. Details concerning the installation,
operation, troubleshooting, and maintenance of the printer itself can be found in Data Products Corporation

Technical Manual DPC-214163A (80-column printer) or DPC-215656A (132-column printer). Other publications
and documents relevant to the LE8-E are:

PDP-8/E & PDP-8/M Small Computer Handbook — DEC, 1972
PDP-8/E Maintenance Manual, Volume 1

LE8-E Line Printer Diagnostic, MAINDEC-8E-D2BA

DEC Engineering Drawing, Line Printer Control, E-CS-M841-0-1.

QUO T

SECTION 2 INSTALLATION

The LES8-E Line Printer and Control are installed on site by DEC Field Service personnel. The customer should
not attempt to unpack, inspect, install, checkout, or service the equipment.

4.1 UNPACKING

Place the LE8-E Line Printer close to the ac power source and proceed as follows:

Step Procedure
1 Cut the two steel straps that secure the telescoping cap and stitched sleeve to
the shipping skid.
2 Remove the Tri-wall clips from all four sides of the stitched sleeve.
3 Remove the four bolts, washers, and nuts securing the line printer to the

shipping skid, then remove the printer from the skid and install on the site.

(continued on next page)



Step

4.2 CHECKOUT

Procedure

Unpack the LE8-E Control and the signal cable. Plug the LE8-E into the PDP-8/E
OMNIBUS and connect it to the line printer with the cable (refer to Table 2-3, Volume 1,
for information concerning module installation order). The cable connects to the

control via a Berg Connector and to J1 of the line printer via a Winchester MRAC-50
Connector (refer to Section 1 of the Data Products Corporation technical manual for

the location of J1).

Inspect both printer and control as outlined below and report any damage to the local
DEC sales office.

a. Inspect external surfaces of the printer and control for surface, bezel,
switch, and light damage.

b.  Open the printer doors and inspect for internal damage.

c. Inspect the wiring side of the printer logic mounting panels and the control
module for bent pins, cut wire, loose external components, and foreign
matter. Also inspect the signal cable for damage.

d. Check equipment received against the packing list to be certain that all
equipment has been unpacked.

Use the following procedure to check out the LE8-E Line Printer and Control.

Step
1

Procedure

Insert the ribbon in the printer, following the ribbon installation procedure detailed in
Section 3 of the Data Products Corporation technical manual (referred to hereafter as
the technical manual).

Load the printer with continuous-form paper, following the paper loading procedure
detailed in Section 3 of the technical manual.

NOTE
The READY indicator on the printer control panel
should light 10—15 seconds after the last step of the
procedure (close and latch drum gate, etc.) has been
completed.

See the paper positioning (vertical) procedure in Section 3 of the technical manual.

Check that the TOP OF FORM and PAPER STEP switches operate as in Table 3-1 of
the technical manual.

Set the ON LINE/OFF LINE switch to the ON LINE position and check that the TOP
OF FORM and PAPER STEP switches do not operate.

Hold the MASTER CLEAR switch in the ““up’’ position and check that the READY
and ON LINE indicators go out. Release the switch; the READY indicator should light.

Check the right tractor for correct adjustment and make sure that the COPIES
CONTROL switch is set to the 1—2 position.

Set the ON LINE/OFF LINE switch to the ON LINE position-and run the MAINDEC
diagnostic program, starting at Part 1 of Test 1. While the program is running, adjust
the vertical paper adjustment vernier.

(continued on next page)
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Step

10
1

12

Procedure

Stop the program and set the PRINT INHIBIT switch to the “up” position; set the
ON LINE/OFF LINE switch to the ON LINE position and restart the program from
Part 1 of Test 1. The PRINT INHIBIT indicator should light and the program should
run as in Step 8. Run the program for one minute.

Set the PRINT INHIBIT switch to the “down’’ position and check for printout errors.

Replace the continuous-form paper with single-part paper. Run all parts of the program
(except Part 1 of Test 1) for one hour.

Inspect all printouts for errors and print quality and compare to the enclosed factory-

printed samples.

SECTION 3 BLOCK DIAGRAM DESCRIPTION

Figure 4-1 is a block diagram of the LE8-E Control. OMNIBUS pin numbers and pin assignments for both ends
of the signal cable can be found on engineering drawing E-CS-M841-0-1. Connector receptacle J1 on the line
printer is a 20-pin connector with a return pin for each of the 10 signal pins. Figure 4-2 is a timing diagram of
the control; Table 4-1 presents the LE8-E IOT instructions. Refer to the figures while reading this description.

PDP-8/E OMNIBUS

INT RQST L
SKIP L

INITIALIZE

MD3-11 L
1/0 PAUSE L
INTERNAL 170 L

DATA 5-11 L
TP3

6661,6662
6663,6666

SELECT

LOGIC

SKIP J

LOGIC

6662,6665

6666,6667

6664
6666

INTERRUPT

LOGIC

SELECT L

DATA
TRANSFER
LOGIC

Figure 4-1 LES8-E Line Printer Control Block Diagram
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B8E- 0240

When the line printer is ready to be placed on-line, a READY indicator on the line printer lights. At the same
time, the READY signal is asserted. After the line printer has been placed on-line, it asserts the DEMAND signal
when it is able to accept a character. The DEMAND signal sets the FLAG flip-flop in the interrupt logic. If the
INT ENA flip-flop is set, the FLAG flip-flop asserts the OMNIBUS INT RQST L signal. The computer then
begins to execute the interrupt servicing routine to determine the identity of the requesting device.
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Table 4-1
LES8-E 10T Instruction List

Octal Code Mnemonic Function

6661 PSKF Skip on the Flag. Senses the state of the FLAG flip-flop.
If it is set, the program counter is incremented so that the
next sequential instruction is skipped.

6662 PCLF Clear the Flag. Clears the FLAG flip-flop.

6663 PSKE Skip on an Error. Senses the state of the READY signal.
If it is low, indicating an error condition in the line
printer, the program counter is incremented so that the
next sequential instruction is skipped.

6664 PSTB Load Line Printer Buffer Register. A character is trans-
ferred from the CPU AC Register, via the OMNIBUS
DATA 5—11 lines and the Line Printer DATA 1—7 lines,
to the Printer Buffer Register.

6665 PSIE Set INT ENA flip-flop. The LE8-E is logically connected
to the computer interrupt system. Both the READY
signal and the DEMAND signal can cause a program inter-

rupt.

6666 PCLF, PSTB Clear the Flag, Load Line Printer Buffer Register. Micro-
program of 6662 and 6664.

6667 PCIE Clear INT ENA flip-flop.

When the 6661 instruction in the servicing routine is decoded, the skip logic asserts the OMNIBUS SKIP L signal.
The computer then proceeds to the subroutine associated with the LE8-E. When the 6666 instruction (as an
example) in the subroutine is decoded, the FLAG flip-flop is cleared and the information in the AC Register is
placed on the OMNIBUS DATA 5—11 lines; at TP3 time the information is clocked into the Buffer Register of
the data transfer logic. At the trailing edge of the 6666 instruction signal, the STROBE signal is generated and
the information is clocked from the DATA 1—7 lines of the line printer into the 20-character Shift Register
within the line printer. The DEMAND signal is then negated and, in turn, negates the STROBE signal.

SECTION 4 DETAILED LOGIC

4.3 SELECT LOGIC

The select logic is shown in Figure 4-3. Both the SELECT L and INTERNAL 1/0 L signals are asserted when a
666X instruction is decoded. The INTERNAL I/0 L signal causes the positive 1/0 bus interface to ignore the
I0T instruction; the SELECT L signal is gated with bits MD9—11 to provide inputs for the BCD-to-decimal
decoder, E17 (refer to Appendix A, Volume 1, for details about the DEC 8251 IC). The decoder supplies the
signals that represent IOT instructions 6661 through 6667.
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4.4 INTERRUPT LOGIC

The interrupt logic is shown in Figure 4-4. When the INT ENA flip-flop is set, the control is logically connected
to the computer interrupt system. This flip-flop is cleared at computer power turn-on by the OMNIBUS
INITIALIZE signal and can be cleared and set under program control by instructions 6667 (or 6007, CAF) and
6665, respectively.

READY
E130 INT RQST L
L £13C
INITIALIZE 0 g7 !
| INTENA Jo—6665 L
¢ 7474 p

1H

6667 L >

O 0 g7 1

6662 L O qQ FLAG
6666 L c 7474 o
L—JAN——————————— +5V

BE-0237

DEMAND

Figure 4-4 Interrupt Logic

When the INT ENA flip-flop is set, both the READY signal and the DEMAND signal can cause a program inter-
rupt. If the READY signal is low, indicating an error condition in the line printer (drum gate open, excessive
temperature in paper drive motor, insufficient drum motor speed, or printer out of paper) NAND gate E13 asserts
the INT RQST L signal and the computer begins the interrupt servicing routine. Instruction 6663 senses the state
of the READY line and causes a skip in the CPU program counter if READY is low (Figure 4-5).

READY
E13A
6663 L

6661 L
E13B SKIP L

6666 L
6662 L

INTIALIZE

8E-0236

Figure 4-5 Skip Logic



The DEMAND signal causes a program interrupt by setting the FLAG flip-flop, as outlined in Section 3.
Instruction 6661 senses the state of the FLAG flip-flop and causes a program skip when the FLAG is set
(Figure 4-5). The FLAG flip-flop is cleared by the INITIALIZE signal and by program instructions 6662 and
6666.

4.5 DATA TRANSFER LOGIC

The data transfer logic is shown in Figure 4-6. The 7-bit code transmitted from the CPU AC Register to the
printer 20-character Shift Register represents characters that appear on the 64- or 96-character printer drum
(refer to the table of code/character relationship in Volume 1, Section 4). The coded information is gated from
the AC Register to the OMNIBUS DATA 5—11 lines when the 6666 or 6664 instruction is decoded in the CPU.
The SELECT L signal enables the DATA lines to condition the D-inputs of the 7-stage Buffer Register. When the
control decodes the 6666 or 6664 instruction, the buffer is loaded at TP3 time and the coded character is placed
on the printer DATA 1-7 lines.

Each character is followed by the STROBE signal that is generated when the STROBE flip-flop is set by the trail-
ing edge of the instruction. The printer samples the DATA 1—7 lines and negates the DEMAND signal, clearing
the STROBE flip-flop.

SECTION 5 MAINTENANCE
Refer to Volume 1 and the Data Products Corporation technical manual for maintenance information that per-
tains to both the control and the printer. The LE8-E Diagnostic, MAINDEC-8E-D2BA, should be run when an
error in the LE8-E is suspected.

SECTION 6 SPARE PARTS

Table 4-2 lists recommended spare parts for the LE8-E. These parts can be obtained from any local DEC office
or from DEC, Maynard, Massachusetts.

Table 4-2
LE8-E Recommended Spare Parts
DEC Part Number Description Quantity
19-05547 IC DEC 7474 1
19-05576 IC DEC 7410 1
19-05590 IC DEC 7401 1
19-09485 IC DEC 380 1
19-09594 IC DEC 8251 1
19-09686 IC DEC 7404 1
19-09704 IC DEC 314 1
19-09705 IC DEC 8881 1
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PART 5
DATA COMMUNICATIONS EQUIPMENT



CHAPTER 5
DP8-E SYNCHRONOUS MODEM

SECTION 1 INTRODUCTION

The PDP-8/E can communicate with remote data terminals and other computers when it is interfaced to full-
duplex or half-duplex synchronous modems. A maximum of four DP8-E Synchronous Modem Interfaces can be
plugged into the OMNIBUS; each interface provides a means of transferring data between the computer and a
communication channel.

The interface consists of two quad modules, M839 and M866, that are connected by an H851 Edge Connector.
A signal cable, supplied with the option, connects the M866 Module to the synchronous modem. The interface
provides level conversion so that the computer can operate with communication channels using bipolar (EIA
standard), current mode, or TTL signals. A DP8-E that interfaces bipolar or TTL signals is designated DP8-EA;
one that interfaces current mode or TTL signals is designated DP8-EB. The DP8-EA Interface is designed to
operate with Bell System 200-series synchronous modems, or equivalent; the DP8-EB Interface is designed to
operate with Bell System 300-series modems, or equivalent. Each type of interface connects to its modem with a
special cable assembly, viz., assembly BCO1V for the DP8-EA and BCO1W for the DP8-EB.

Data transfers between a modem and the computer are accomplished by 3-cycle data breaks, initiated and con-
trolled by the DP8-E Interface. A modem-to-computer transfer involves a modified 3-cycle data break operation
that uses seven computer timing cycles, rather than the normal three cycles. The extra four timing cycles enable
the program to detect selected characters that might appear in the modem transmission.

Modems are discussed only to the extent necessary to fully describe the interface operation and to present supple-
mentary information concerning installation and checkout of the option. Details of the installation, operation,
troubleshooting, and maintenance of the modems can be found in their technical manuals. Publications and
documents relevant to the DP8-E are:

PDP-8/E & PDP-8/M Small Computer Handbook — DEC, 1972

PDP-8/E Maintenance Manual, Volume 1

DP8-E Diagnostic, MAINDEC-08-DHDPA-A

DEC Engineering Drawings, Synchronous Modem Interface, E-CS-M839-0-1 and E-CS-M866-0-1.

Qe oo

SECTION 2 INSTALLATION

The DP8-EA/EB Interface is installed on-site by DEC Field Service personnel. The customer should not attempt
to unpack, install, checkout, or service the equipment.



Before the interface can be plugged into the PDP-8/E OMNIBUS, each module must be carefully checked to
ensure that it is wired correctly. Each module contains many split lugs that can be selectively connected or
disconnected so that the interface can meet the requirements of the PDP-8/E data break system and function
with any of the compatible modems, which have diverse operating characteristics. The split lugs on each module
are paired. Each pair of lugs is identified by a number, a letter, or a combination of the two (one symbol — A
(delta) — and two words — ON and OFF — are used, also). The identification is etched on the printed circuit
board between or near the two lugs and also appears on the schematics and logic diagrams.

Tables 5-1 and 5-2 list characteristics that relate to the PDP-8/E data break system and to the diversity of com-
patible modems. Those jumpers that connect the pairs of split lugs are also listed. Each jumper bears the same
identification as the two lugs it joins. These tables show the jumpers that must be connected to achieve the
desired characteristic. For example, if the modem transfers characters that have seven data bits, the M839 module

jumpers B7, C7, and B78 must be connected. All other jumpers in this group (B6, B8, and C8) must be discon-
nected.

All the pairs of lugs, except those labeled C and A, are connected by machine-inserted jumpers when the boards
are manufactured. Selected jumpers are then removed so that each module can be production tested. The

- characteristics selected for production testing are listed in paragraphs a. through A. which follow. Unless other-
wise specified, the two modules are wired for these characteristics when received by the user. Therefore, the
jumper selections might have to be changed to suit the user’s needs.

a.  The access addresses, the IOT codes, and the break priority for each interface should be assigned on
the basis of channel designations, as follows:

Channel Access Addresses 10T Codes Break Priority
1 7720-7730 640X, 641X 5
2 7700-7710 642X, 643X 4
3 7660—7670 644X, 645X 3
4 7640—7650 646X, 647X 2
Spare 7620—-7630 — —
Spare 7600—7610 - -
b. 8 bits/character
c¢.  Normal clock phase
d. EIA level conversion (DP8-EA)
e.  Current mode level conversion (DP8-EB)
. Sync code 226

CARRIER/AGC interrupt for both ON and OFF transitions

g.
h.  Full-duplex operation.

When correct jumper selection has been completed, insert the interface in the PDP-8/E OMNIBUS and connect
the modules with the edge connector. See Table 2-3, Volume 1, for information concerning recommended
module priorities (the DP8-E is a ““non-memory’’ option).

Connect the M866 Module to the synchronous modem with the signal cable provided. Refer to Section 5 for
cable and connector pin assignments.

The DP8-E option can be checked for correction operation by running the diagnostic program. If a problem

arises, refer first to Section 5 for ideas. Refer then to the modem instruction manual for modem checkout
procedures.
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Table 5-1
Jumper Connections, M839 Module

Connect Jumper(s) .
To Select (Remove Others) Figure Reference
Bits/Character
6 B6, C8
7 B7,B78, C7 5-7,5-9, 5-10
8 B78, B8 (2), C7, C8
BRK Priority
1 P1
2 P2
3 P3
4 P4 5-12
5 P5
6 P6
7 P7
Access Address
7700-7710 A5
7720-7730 A5, A7 515
7640—-7650 AB
7660—-7670 A6, A7
7600-7610 NONE
7620-7630 A7
Device Code
6400-6407, 6410—6417 N6, N7
6420—6427, 6430—6437 N6, 7 5.5
6440—6447, 6450—6457 N7,6
6460—6467, 6470—6477 6,7
Sync Code (Examples)
000 NONE
226 S4,S7,S9, S10
377 S4, S5, S6, S7, S8, S9, S10, S11 5.9
Any code from 000—-377
is possible by selectively
connecting the ‘S’ jumpers

SECTION 3 BLOCK DIAGRAM DESCRIPTION

The DP8-E includes a receive channel and a transmit channel, each of which can initiate a data break when infor-
mation is to be transferred between the DP8-E and the PDP-8/E. The channels synchronize the modem and
computer logic and convert computer parallel data to modem serial data, and vice-versa. Figure 5-1 is a simple
block diagram showing the signals used by the interface to synchronize the modem and the computer.
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Table 5-2

Jumper Connections, M866 Module

Connect Jumper(s) .
To Select (Remove Others) Figure Reference
BRK Priority
1 NONE
2 P1
3 P1, P2
4 P1, P2, P3 5-12
5 P1, P2, P3, P4
6 P1, P2, P3, P4, P5
7 P1, P2, P3, P4, P5, P6
Carrier/AGC Interrupt
ON ON
OFF OFF 5-18
ON & OFF ON, OFF
Level Conversion
EIA E, CE (2)
*Current Mode C(6),CE(2),CT E-CS-M866-0-1
TTL T(2),CT
**Clock Phase
Normal N (2)
Inverted A(2) E-CS-M866-0-1
Half-Duplex HD E-CS-M866-0-1

*1f Bell 303 modem is used, jumpers D and X must be connected; if Bell 301 modem is used, jumpers

D and X must be disconnected.

**For maintenance clock (Section 5) connect jumper F. If testing receive circuits, connect jumper A;
if testing transmit circuits, connect jumper N.

TIMING SIGNALS RING

DATA BREAK CONTROL SIGNALS CARRIER /AGC

MD O-11 L SIGNALS SCR

DATA O-11 L SIGNALS SCT
INTERLOCK /DATA

EMA O-2 L SIGNALS SET READY

MA O-11L SIGNALS CLEAR TO SEND

PDP/8E DP8 -E SYNC
OMNIBUS SKIP L,INT RQST L INTERFACE RD (RCV DATA) MODEM
OVERFLOW L SEND DATA
TERM READY
SEND RQST

EXTERNAL TIMING

B8E-0458

Figure 5-1 Simple Block Diagram, DP8-E
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The modem generates the INTERLOCK/DATA SET READY signal when it is turned on and able to take part in
a data transfer. The status of this signal can be tested in the DP8-E by the program IOT instruction, SRS1 (see
Table 5-3 for a list of DP8-E 10T instructions). When the status check indicates that the modem is on, the pro-
gram can issue an SLCC 10T instruction, causing the DP8-E to assert the TERM READY signal. The modem,
which provides the interface with SCT (Serial Clock Transmit) pulses from the moment it is turned on, begins
transmitting SCR (Serial Clock Receive) pulses when it receives the TERM READY signal.

Table 5-3
DP8-E 10T Instruction List
Octal Code Mnemonic Description
6400/6420 SSCD Skip if character detected. Causes the program to skip the
6440/6460 next instruction if the CHAR(acter) DET(ected) flip-flop

is set. The flip-flop is set if an assembled character is found
to compare to one of the stored characters in the access ad-
dress locations. This instruction clears the flip-flop. If the
program must identify the test character that compared to
the contents of the Receive Data Register, an SRCD in-
struction should be used. See the SRCD instruction for

details.

6401/6421 SCSlI Clear DP8-E. Initializes all active functions in the DP8-E.

6441/6461

6402/6422 SSRO Skip if receive word count overflow. Skips the next in-

6442/6462 struction if the ROFLO L (receive overflow) signal is
asserted, and negates the signal. The signal is asserted if,
during a receive data break operation, the OMNIBUS
OVERFLOW L signal is generated.

6403/6423 SSTO Skip if transmit word count overflow. Skips the next in-

6443/6463 struction if the TOFLO L (transmit overflow) signal is
asserted, and negates the signal. The signal is asserted if,
during a transmit data break operation, the OMNIBUS
OVERFLOW L signal is generated.

6404/6424 SGRR Receiver go. Sets the R-GO flip-flop. The instruction

6444/6464 implies that the program is ready to receive data from the
modem, i.e., the current address (CA) and the word count
(WC) have been updated. The hardware begins memory
references if two consecutive synchronizing characters are
received on the incoming serial data line. Memory refer-
ences cease when the word count increments to 0 and
SGRR is not issued in less than one character time.

6405/6425 SGTT Transmitter go. Sets the T-GO flip-flop. The instruction

6445/6465 implies that the program is ready to transmit data, i.e., the

current address and the word count have been updated. If
the CLEAR TO SEND signal has been asserted in response
to the SEND RQST signal, the hardware begins memory
references. References cease when the word count incre-
ments to 0 and SGTT is not issued within one character
time. SEND RQST should be asserted by the SLCC in-
struction; it should not be negated until two bit times after
the last bit has been transmitted, i.e., 1/ [Baud rate x (bits/
character + 2)] second after word count overflow.

(continued on next page)
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Table 5-3 (Cont)
DP8-E IOT Instruction List

Octal Code Mnemonic Description
6406/6426 SCSD Clear the sync detect flip-flops. Clears the SYNC 1 and

6446/6466 SYNC 2 flip-flops in the break request, receive logic. The

: instruction enables the programmer to initialize the sync
detection circuits and to clear the receive circuits without
initializing the DP8-E.

6407/6427 SRTA Read Current/Access Address Register. Transfers the con-
6447/6467 tents of the register to the AC Register. The instruction is
used, primarily, for diagnostic and/or program debugging.
6410/6430 SSRG Skip if the RING flip-flop is set. Skips the next instruction
6450/6470 if the RING flip-flop is set. Clears the flip-flop.
6411/6431 SSCA Skip if the CO/AGC flip-flop is set. Skips the next instruc-
6451/6471 tion if the CO/AGC flip-flop is set. Clears the flip-flop.
6412/6432 SLCC Load control word. Transfers the contents of ACO0—05 to
6452/6472 the control word logic. AC bits 00—03 are loaded into the
CNTL Register; functions selected by each bit are listed
below.

ACO00: TERM RDY:; permits the modem to enter into
the data mode.

ACO1: IDLE; allows continuous transmission from the
same location in core without program inter-
vention. The hardware enters the Idle mode
when the word count goes to 0. Word count and
current address are not incremented. Access to
the last transfer address continues until the SGTT
instruction is issued or the ldle bit is negated.

ACO2: ENABLE; allows program interrupts and data
break cycles.

ACO03: SEND RQST; activates the SEND RQST line (see
SGTT instruction description).

ACO04: Available for customer use. When modem timing
ACO5: signals are used, one EIA (or current mode) trans-
mitter is available for use with AC04 or ACO5.

6413/6433 SLFL Load field. Transfers the contents of ACOO—ACO5 to the
6453/6473 load field logic. Bits 00—02 select the receive EMA bits 0—2,
while bits 03—05 select the transmit EMA bits 0—2. The
selected EMA bits, combined with the current address, form
the 15-bit address to or from which data is transferred.

(continued on next page)
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Table 5-3 (Cont)
DP8-E IOT Instruction List

Octal Code

Mnemonic

Description

6414/6434
6454/6474

6415/6435
6455/6475

6416/6436
6456/6476

6417/6437
6457/6477

SRS2

SRS1

SSBE

SRCD

Transfers information from the read status logic to ACO0—
ACO07, as follows:

AC00: CO/AGC L
ACO1: RS (1)
ACO02: TERM RDY
ACO03: CS

ACO04: TEMAO
ACO05: TEMA 1
ACO06: TEMA 2
ACO7: RD

Transfers information from the read status logic to ACO0—
ACO7, as follows:

ACO00: RRQST L
ACO1: TRQST L
AC02: Sync2 L

ACO03: Sync 1L

AC04: REMAOL
ACO5: REMA 1L
AC06: REMA2 L
ACO07: MODEM RDY L

Skip on bus error. Skips the next instruction if the BUS
ERROR flip-flop is set. Clears the flip-flop. The flip-flop is
set if a transmit or receive break request is not serviced in
less than 1/baud rate. This implies that the break system is
overloaded or inoperative.

Read detected character. The contents of the 2-bit register
that contains the identity of the detected character are trans-
ferred to AC10 and AC11. The two bits correspond to the
low-order bits of the access address where the characters

for detection are stored.

Maintenance Instruction — When ACOO is logic 1, the SRCD instruction causes a
single clock pulse to be generated. The pulse is placed on the maintenance clock
line to the modem. In the test configuration (see Section 5, Maintenance), this line
is returned as the transmit and receive clocks enabling single-step testing of the
transmit and receive circuits.

5.1 TRANSMITTER-MODEM DIALOGUE

After this exchange of ready signals, a data transfer can be initiated by either the modem or the computer. A
computer-to-modem transfer is initiated by the computer under program control. An SLCC instruction (either
the same one that causes the TERM READY signal, or a later one) enables the modem free-running SCT pulses
to set a flip-flop in the DP8-E. The setting of this flip-flop results in the SEND RQST signal being asserted by
the interface. The modem responds to this signal by transmitting the CARRIER/AGC signal, followed by the
CLEAR TO SEND signal. The CARRIER/AGC signal can cause the interface to generate an interrupt request,
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assuming that the DP8-E has been logically connected to the interrupt system. The program proceeds to a DP8-E
subroutine that initializes certain memory locations (Word Count (WC) and Current Address (CA) Registers) and
issues the SGTT IOT instruction. This instruction, along with the asserted CLEAR TO SEND signal, enables the
transmit channel to request a data break. During this data break, a character is transferred from memory to a
shift register in the DP8-E. Subsequently, SCT pulses cause the character to be shifted from the transmit channel
to the modem via the SEND DATA line. At least the first two characters transmitted must be sync characters;
this requirement enables the remote receiving station to assemble each 6, 7, or 8 successive bits to form the
correct character.

5.2 MODEM-RECEIVER DIALOGUE

After the initial exchange of the two ready signals, a modem can initiate a data transfer in response to a ringing
signal on the transmission line. The modem generates the RING signal, thereby causing the DP8-E to generate an
interrupt request. The program proceeds to a subroutine that sets up the WC and CA registers and then waits for
the modem to transmit the CARRIER/AGC signal. This signal, which indicates that the modem is in the data
transmission mode, causes the subroutine to issue the SGRR I0OT instruction. Data transmitted by the modem
on the RD line is shifted into the receive channel by SCR pulses. The IOT instruction enables the receive channel
to request a data break after two successive sync characters have been recognized in the transmission (the sync
characters enable the receive channel to assemble each 6, 7, or 8 successive bits thereafter into data characters).
During the data break, which must be completed between 2 successive SCR pulses, the character that was shifted
into the receive channel input register from the RD line prior to the data break is transferred to memory. When
the data break ends, SCR pulses shift the next character in the transmission into the register.

5.3 DP8-E DATA BREAKS

A detailed block diagram of the DP8-E is shown in Figure 5-2. This block diagram illustrates the interface opera-
tion during the data break. Figures 5-3 and 5-4 are timing diagrams that relate the signals shown in the block
diagram (each timing diagram depicts 6-bit character operation). All three figures should be studied and used as
reference material.

Data transfers between the PDP-8/E and a synchronous modem interface are of the data break type. A data break
is carried out in the Direct Memory Access (DMA) state of the CPU. This state provides direct communication
between a data break device and memory by allowing the device interface to assume control of CPU major
register gating. When the DP8-E interface is ready to begin a data break transfer, it asserts a number of OMNIBUS
control signals to force the CPU into the DMA state. One of the first of these control signals to be asserted (at
TP3 time) is the CPMA DISABLE L signal that causes the CPMA Register outputs to be disconnected from the
MA lines at TP4. During TS4, the interface makes a priority check. If no higher priority device has requested a
data break, the DP8-E places on the MA lines (at TP4 time) the address of the memory location that is to be
accessed during the first timing cycle of the data break. At the same time, the MS, IR DISABLE L signal is
asserted, forcing the next timing cycle to be carried out in the DMA state. If the synchronous modem were a
1-cycle data break device, data could be transferred, during this DMA cycle, to or from the addressed memory
location. At the end of the cycle, the DP8-E would relinquish control of the CPU until a new transfer were to
take place. The data break operation would be repeated as often as necessary to transfer the entire block of data
words.
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Figure 5-2 Detailed Block Diagram, DP8-E
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Figure 5-3 Timing, Receive Break Request

However, the synchronous modem is not a 1-cycle data break device; i.e., it does not continuously update the
memory address to or from which data is transferred and, within its hardware, it does not keep track of the
number of transfers made. Data break devices that do not perform these two necessary tasks are defined as
3-cycle data break devices. The transfer count and the transfer address are retained in the separate memory loca-
tions that were introduced earlier, viz., the Word Count (WC) Register and the Current Address (CA) Register,



respectively. During a data break operation, each location is addressed separately and the data in each location
(the word count or the current address) is updated by the interface. A single timing cycle is required for each
updating operation. Thus, three timing cycles are required for each data word transferred: the word count is
updated during the first cycle; the current address is updated during the second cycle; the data word is transferred
during the third cycle.
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Figure 5-4 Timing, Transmit Break Request

If the data transmission is from the DP8-E to memory, the 3-cycle data break operation is modified somewhat.
The DP8-E Interface is capable of identifying selected data characters that might appear in the data transmission.
The identification is accomplished by comparing each data character in the transmission with a test character.
Four test characters are provided; thus, the interface can identify four different data characters. The test charac-
ters are stored in four separate memory locations that are successively addressed at the beginning of the data



break operation. Each comparison requires a single timing cycle. Therefore, a receive data break operation
requires seven timing cycles, rather than three, for each data word transferred. However, the operation is still
considered a 3-cycle data break.

A receive data break operation can begin only after the data character has been shifted completely into the inter-
face Receive Data Register. When the last data bit is shifted in, the interface requests a data break and asserts the
CPMA DISABLE L signal to remove the CPMA Register from the MA lines. Then the interface places an ““access
address’’ on the MA lines. The memory location represented by this address is one of a group of eight special-
purpose memory locations assigned to the modem/interface in question (each modem/interface occupies one
communication channel). These locations are assigned to the communication channels as indicated in Section 2.

To simplify the discussion, only Channel 1 is considered. Locations 7720 through 7723 contain the four test
characters; locations 7724 and 7725 contain the receive word count and current address, respectively; locations
7727 and 7730 contain the transmit word count and current address, respectively.

The first access address to be placed on the MA lines at the beginning of the receive data break operation is 7720.
This address originates partly in the Current/Access Address Register logic and partly in the Access Address
Counter logic. The test character stored in this location is gated to the Receive Data Register logic and compared
with the received character stored there. This action can have one of three results: a) if the two characters are
not equal, no further action occurs during this timing cycle; b) if the two characters are equal, an interrupt
request can be generated during this timing cycle; c) if the two characters are equal, the data break operation can
be terminated near the end of this timing cycle, i.e., the received character is stripped. |f either a) or b) results
from the comparison, the access address is incremented by the Access Address Counter logic at the end of the
timing cycle. The test character in location 7721 is gated to the Receive Data Register logic during the second
timing cycle and compared with the received character. This comparison can have one of the three results indi-
cated. Again, the access address is incremented at the end of the cycle, provided the received character is not
stripped. The comparison process is carried out for the four test characters. |f a successful comparison occurs
during the first, second, or third test cycle, the remaining test characters must still be compared. When the
fourth test character has been compared, the access address increments to 7724, which represents the memory
location of the word count. During the fifth timing cycle, or WC cycle, the word count is incremented. The
access address then increments to 7725 and, during the sixth timing cycle, the CA cycle, the current address is
incremented.

This incremented current address is the address of the location to which the received character is to be transferred
during the seventh, or data transfer, timing cycle. This ““current address’’ is placed on the MA lines at the end of
the CA cycle. During the data transfer cycle, the received character is gated from the Receive Data Register to
the OMNIBUS DATA lines and from the DATA lines to the location specified by the current address. At the end
of this timing cycle, the data break operation is terminated.

To carry out a transmit data break operation, the DP8-E asserts the same control signals as it does during a receive
data break. However, no test character timing cycles are necessary; consequently, only three timing cycles are
used to transfer each data character.

Each logic block indicated in Figure 5-2 is discussed in detail in Section 4. The separate sections are arranged to
present the information in the most logical progression; however, some points, because of their complexity, are
covered in more than one section, albeit from a different viewpoint.
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SECTION 4 DETAILED LOGIC

5.4 10T DECODER LOGIC

The PDP-8/E can accommodate four separate communication channels. Hence, four sets of 10T instructions are
needed. A set consists of 16 instructions, each instruction represented by an octal code and a mnemonic code.
The same 16 mnemonic codes are used with each set of instructions; however, the octal codes vary from set to
set. The octal codes for each channel are determined by the selective connection of certain jumpers on the M839
Module. When this module is fabricated, the octal codes are assigned to the channels as detailed in Section 2.

The 10T decoder logic portion of the M839 Module is shown in Figure 5-5. Locations are indicated on the figure
where jumpers can be connected to provide the 16 octal codes for a particular channel. These locations are desig-
nated 6, 7, N6, and N7. Assume that this interface is assigned to Channel 1. Octal codes 6400 through 6407 and
6410 through 6417 must be selected. This is accomplished if jumpers are connected at locations N6 and N7.
Thus, NAND gate E19 asserts the THIS CODE signal during TS3 of IOT instructions 640X and 641X.

Bit MD 8 is gated with the THIS CODE signal to provide an enabling signal for one of the DEC 8251 Decoders.
If bit 8 is logic 0, E38 is enabled, and a 640X instruction can be decoded; if bit 8 is logic 1, E26 is enabled, and
a 641X instruction can be decoded.

The three least significant bits of the instruction are determined by MD bits 9, 10, and 11. These bits are gated
to both decoders; the enabled decoder produces the assigned octal code.

Note that the THIS CODE signal causes NAND gate E33 to assert the OMNIBUS INTERNAL 1/O L signal. This
signal ensures that the positive 1/0 bus interface ignores the IOT instruction.

5,56 CONTROL WORD LOGIC

The control word logic is shown in Figure 5-6. The SLCC instruction gates the contents of the AC Register to
the DATA lines. The user can load AC bits 0—5 to assert selected DP8-E enabling signals.

The information on DATA lines 0—3 is loaded into the CNTL Register at TP3 time of the instruction. Each of
the four possible enabling signals is discussed in later sections. Flip-flops E27 allow the user to enable functions
of his own choosing. The 1-output of each flip-flop can be taken from the board at the “"H’* top connector or

at connector J1, if jumpers are installed at locations FF and JJ. Note that these outputs are TTL-level rather than
ElA-level signals.

5.6 BREAK RQST, RECEIVE LOGIC

The Break RQST, Receive logic is shown in Figure 5-7. When communication in the receive mode has been
established between the modem and the PDP-8/E, the modem begins transmitting data to the interface. Each
character bit is shifted into the Receive Data Register (Paragraph 5.7) by an SCR-P L pulse. Each SCR-P L pulse
also clocks the RCV CNT binary counter, E5 in Figure 5-7 (note that the counter is wired for 6-bit/character
operation). When an entire character has been shifted into the Receive Data Register, the most significant bit
(MSB) of the RCV CNT counter becomes logic 1. If both the R-GO flip-flop and the SYNC 2 flip-flop are set,
NAND gate E3 generates the RRQST L signal, and a data break operation can begin. During this operation, the
character in the Receive Data Register is transferred to the PDP-8/E memory.
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Figure 5-6 Control Word Logic

The R-GO flip-flop, which is cleared at INITIALIZE time, must be set by the SGRR 10T instruction during the
time that communication is first established. The SYNC 2 flip-flop is set only when two successive sync charac-
ters have been transmitted by the modem. The detection of the sync characters is carried out by a comparison
process in the Receive Data Register logic (the comparison is performed in the hardware and does not use the
special break locations). The character in the Receive Data Register is compared with the jumper-selected inter-
face sync code.
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Assume that the first character in a particular transmission is a sync character (Figure 5-8 is helpful in visualizing
the sync character detection process). As the SCR-P L pulse shifts the sixth character bit into the Receive Data
Register, the COMPARE signal is asserted, because each of the six character bits is the same as the corresponding
sync code bit. The COMPARE signal is applied to the D-input of the SYNC 1 flip-flop, and the flip-flop is set,
indicating that one sync character has been detected (the SYNC 1 flip-flop is set by the trailing edge of the

SCR-P L pulse; the delay of a few nanoseconds is exaggerated in the timing diagram). Until this first character is
detected, the RCV CNT counter, Eb, is prevented by the 1-output of the SYNC 1 flip-flop from counting SCR-P L
pulses. The 1-output causes the count/load input, pin 1, of the counter to be held low. This low not only pre-
vents E5 from counting, but also presets E5 with a count of 0010.

When the 1-output of the SYNC 1 flip-flop goes high, E5 can begin counting pulses. |f the next character shifted
into the Receive Data Register is another sync character, the COMPARE signal is asserted again. The MSB output
of Eb goes high with the trailing edge of the SCR-P L pulse. The low at the D-input of the SYNC 2 flip-flop
enables the output pulse from NOR gate E8 to set the flip-flop. NAND gate E3 asserts the RRQST L signal.

If priority requirements are met, the receive data break operation begins at the next occurrence of a TP4 pulse.
The operation takes place between the two bits indicated on the timing diagram. Even the fastest modem avail-
able is so slow compared to the computer timing cycle that approximately 15 timing cycles can occur in the time
space indicated by the dashed lines. Figure 5-3 is a timing diagram of a receive data break operation. Bit 6 and
bit 1 in each timing diagram correspond, to call attention to the relative timing of the computer and modem
(Figure 5-3 should be referred to when considering any of the receive circuits).

If the first occurrence of a sync character is not followed by a second, the SYNC 1 flip-flop is cleared at the time
that the MSB of Eb5 goes high. In such a case, the timing reverts to that indicated at the beginning of Figure 5-8.
Therefore, two sync characters must occur successively somewhere in the transmission. When this happens, both
the SYNC 1 and the SYNC 2 flip-flops remain set throughout the transmission, and can be cleared only by the
SCSD 10T instruction, or at INITIALIZE time.

Each time the MSB of Eb goes high, a break request results. During the data transfer cycle the RD TO BUS L
signal gates the character in the RCV DATA Register onto the OMNIBUS DATA lines. At this time, pin 1 of
the RCV CNT counter is taken low, presetting the counter with a count of 0010. The MSB goes low and the
RRQST L signal is negated. After six SCR-P L pulses a new break request can be generated.

Requests are generated until the last character is transferred. During the WC cycle immediately preceding the last
data transfer cycle, the OMNIBUS OVERFLOW L signal is asserted, causing ROFLO (0) L to be asserted by the
INT/Skip logic (Figure 5-19). The RD TO BUS L signal then clears the R-GO flip-flop, thereby disabling NAND
gate E3.

Note that the RCV CNT counter can be reset to the initial count by the STRIP L signal that enables NOR gate
E3. This signal is asserted when a received character has compared successfully with one of the stored test char-
acters and the 0-bit of the test character is logic 1, i.e., MDO is logic 1. In this case, the data break operation ends
after the break cycle in which the comparison took place. Consequently, neither the word count nor the current
address is incremented, and the character in the Receive Data Register is not transferred to memory. Refer to
Paragraph 5.15 for a discussion of the events that occur when MDO is logic O.
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5.7 RECEIVE DATA REGISTER LOGIC

The Receive Data Register logic is shown in Figure 5-9. The logic has two functions: a) to compare received
data with either the interface sync code or test characters stored in memory; b) to transfer the received data to
the OMNIBUS DATA lines.
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The data is received in serial form as the RD signal (this signal is high, representing logic 1, when the mark
condition exists). Each data bit is shifted into the Receive Data Register, E37 and E54, by its accompanying
SCR-P L pulse. Jumpers B6, B7, B8, and B78 must be selectively removed or connected so that the Receive Data
Register corresponds to the number of bits per character of the received data (see Table 5-1 for information con-
cerning jumper selection). For example, if the data being received contains 6 bits per character, only jumper B6
is connected. Only two bits of the 4-bit shift register, E37, are used; thus, E37 and E54 comprise a 6-bit shift
register. The register is filled each time an entire character has been received. Note that although E54 is in the
“right-shift’”” mode, as one expects (see Volume 1, Appendix A for 8271 details), E37 is always in the “parallel-
load” mode. However, because of the way E37 is externally wired, the IC operates as a right-shift register.

When an entire character has been shifted into the register, the character is compared and/or transferred to the
DATA lines. A comparison is always made at the beginning of a transmission to determine if the character
received is a sync character. If it is, it coincides with the interface sync code. |f two successive sync characters
are received, two successful comparisons are made and the interface requests a data break of the CPU.

The received character and the sync code are compared, bit for bit, by Exclusive-NOR gates E32 and E55, each
of which acts as a comparator. Each bit of the received character is applied to one input of a comparator. The
other comparator input is taken from E25 or E45, DEC 8266 ICs (see Volume 1, Appendix A for details). These
ICs are 4-bit logic elements (multiplexers) that are used as selectors. For example, E25 provides an output at

pin 3 that represents the state of the input signal at either pin 1 or pin 2. The selection is determined by the state
of the control signals at pins 7 and 9. If pin 9 is low, E25 provides an output at pin 3 of the same state as the
input at pin 2; if pin 9 is high, the output state at pin 3 is the inverse of the input state at pin 1.

When the received character is being compared to the interface sync code, the SYNC2 (1) signal is low. Thus,
pin 3 is the same state as pin 2. The state of pin 2 depends on whether or not jumper S7 is connected. Likewise,
the state of each other output pin of E25 and E45 depends on whether or not a corresponding jumper is connec-
ted. The jumpers are connected or removed to select the desired sync code. Assume that the desired sync code
is 264 (the LSB of the sync code/character corresponds to the LSB of the PDP-8/E data word; the LSB of the
received character is the first bit transmitted from the modem). Jumpers S7, S9, and S10 are connected, all others
being removed. The signal at each of the following 8266 output pins is low; E25, pin 3; E45, pins 13 and 4.

If the character in the Receive Data Register is a sync character, the signal at each of the following 8271 output
pins is low: E37, pin 11; E54, pins 7 and 9. The input signals at each comparator coincide and, thus, the
COMPARE signal is high. As the first bit of the next character is shifted into the Receive Data Register, the
COMPARE signal goes low. When this next character has been shifted in completely, the COMPARE signal again
goes high, assuming that this character, likewise, is a sync character. The SYNC2 (1) signal is asserted, indicating
that two successive sync characters have been received from the modem, and the interface requests a data break
(see Paragraph 5.6 for further details and for a timing diagram that includes the COMPARE signal and the -
SYNC2 (1) signal).

Any further comparisons that are made during this transmission involve the received data and a test character
stored in a memory location. Because the SYNC2 (1) signal remains high throughout the entire transmission,
information on the MD4—11 lines is gated through selectors E25 and E45 for comparison with the received data.
This comparison process is described in detail in Section 3, and Paragraph 5.11.

The character in the Receive Data Register is transferred to the PDP-8/E memory via the OMNIBUS DATA lines
during the data break operation (unless the character is to be stripped). The RD TO BUS L signal gates the data
through the 8235 4-bit logic elements to the DATA 4—11 lines. Note that DATA bits 4 and 5 are negated if the
received data contains 6 bits per character, as has been assumed throughout this discussion. If the data in a
memory location is to be compared with a received character of 6 bits, bits 4 and 5 of the selected location must
be logic 0. The same reasoning applies to bit 4 when the received data contains 7 bits per character.
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5.8 BREAK RQST, TRANSMIT LOGIC

When the modem is turned on, it begins to transmit SCT pulses. After the program has issued an SLCC |IOT
instruction, an SCT L pulse sets the RS flip-flop in the DP8-E (see Paragraph 5.5, Control Word Logic); the
resulting SEND RQST signal causes the modem to activate the CLEAR TO SEND line. The CLEAR TO SEND
signal enables the Break RQST, Transmit logic, Figure 5-10, to assert the TRQST L signal.

NAND gate E3 asserts the TRQST L signal if flip-flop E2 is set and if the MSB signal is high (the third input to E3
must be high if E2 is set). E2 can be set by an SCT-P L pulse if the T-GO flip-flop is set and if the CLEAR TO
SEND signal has been asserted. The SGTT instruction sets the T-GO flip-flop; consequently, the transmit
synchronization process is, essentially, a program function (note that the initial count of the XMIT CNT counter,
E10, is unimportant). When the last character is transferred, the T-GO flip-flop is cleared and TRQST L is
negated, unless the Idle mode was previously loaded into the Control Word logic. If this was done, E13 remains
enabled and the TRQST L signal remains asserted, allowing continuous transmission from the last addressed core
memory location.

When the TRQST L signal is asserted, the transmit data break operation can begin at the next occurrence of a
TP4 pulse. Figure 5-4 is a timing diagram of such an operation and should be referred to when considering any
of the transmit circuits. During the data transfer cycle, represented by the D9 L signal, the character to be trans-
ferred from memory is gated onto the MD lines. At TP3 time, the character is parallel-loaded into the XMIT
DATA Register (Paragraph 5.9). The register is shifted by each succeeding SCT-P L pulse, until all six bits, for
example, have been shifted out of the interface via the SD (Serial Data) line.

When TS3 of the data transfer cycle is first entered, the XMIT CNT counter, E10, is reset to the initial count of
0010 via NAND gate E18. Each SCT-P L pulse that shifts the XMIT DATA Register is counted by the XMIT
CNT counter. Thus, the sixth pulse not only shifts the MSB of the character onto the SD line, but also causes
the MSB of the counter to become logic 1. The TRQST L signal is asserted again and another break request can
be generated.

Requests are generated until the last character is transferred. During the WC cycle immediately preceding the
last data transfer, the OMNIBUS OVERFLOW L signal is asserted, causing the TOFLO (0) L to be asserted by
the INT/Skip logic (see Figure 5-19). The T-GO flip-flop is then cleared when NAND gate E26 is enabled at the
beginning of TS3. The TRQST L signal is negated, unless the |dle mode was programmed previously.

Note that when the T-GO flip-flop is set, NAND gate E34 asserts the OMNIBUS DATA 11 L signa!l during the
CA and WC cycles (represented by the D7 L signal and the D8 L signal, respectively) of the transmit data break
operation. The BRK Grant logic asserts the BREAK DATA CONT L signal throughout the transmit data break,
thereby enabling the CPU gating to add MD bits and DATA bits and transfer the sum to memory. The process is
represented symbolically as DATA+MD—MB. Because the MD11 L signal is asserted during the WC and CA
cycles, both the word count and the current address are incremented and returned to memory.

If the Idle mode is entered after the T-GO flip-flop is cleared, a continuous transmission from the last addressed
core memory location takes place. The D7 L and D8 L signals are repeatedly asserted, in turn, throughout such
a transmission. Consequently, NOR gate E47 is enabled in the Idle mode. To prevent both the word count and
the current address from being incremented, the 1-output of the T-GO flip-flop is applied to NAND gate E47.
Thus, the word count and the current address are incremented only when T-GO s set.

The DATA 11 L signal is asserted during the CA and WC cycles (represented by the D4 L signal and the D5 L
signal, respectively) of the receive data break operation, also. Again, the result is an incremented word count
and transfer address. Because an ldle mode is not possible during a receive data break, the gating requires only
the D4 L signal or the D5 L signal and the BRK GRANT signal to enable E34.
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5.9 TRANSMIT DATA REGISTER LOGIC

The Transmit Data Register logic is shown in Figure 5-11. This logic transmits data from the OMNIBUS MD lines
to the synchronous modem input.
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Figure 5-11 Transmit Data Register Logic

5-23



The character stored in the current address location is gated onto the MD lines during TS2 of the data transfer
cycle. During TS3 of the cycle, NAND gate E18 is enabled, placing the Transmit Data Register in the parallel-
load mode. At TP3 time, the register is clocked via the E35-E18B-E20 path, and the character on the MD lines is
loaded into the register. When TS3 ends, 50 ns later, NAND gate E18A is disabled, placing the register in the
right-shift mode. At this time the LSB of the character is applied to the D-input of the SEND DATA flip-flop.
The first-occurring SCT-P L pulse after the data break ends clocks the SEND DATA flip-flop. This action places
the LSB of the character on the SD L line. Simultaneously, the Transmit Data Register is right-shifted and the
next character bit is applied to the SEND DATA flip-flop’s D-input. Six SCT-P L pulses shift-out the register; the
sixth pulse can cause the Break Request, Transmit logic to assert the TRQST L signal and another data break can
begin.

5.10 BRK RQST LOGIC

The BRK RQST logic is shown in Figure 5-12. Either the RRQST L signal or the TRQST L signal can cause the
INT STROBE signal to set the BRK RQST flip-flop. Note that the flip-flop is cleared when the OMNIBUS
INITIALIZE signal is generated, if the ENABLE signal has been asserted by Control Word logic. If the ENABLE
signal has not been asserted, the BRK RQST flip-flop is held in the clear state.

When the BRK RQST signal goes high, both the BRK IN PROG L and CPMA DISABLE L signals are asserted.
The CPMA DISABLE L signal results in the CPU CPMA Register being disconnected from the OMNIBUS MA
lines, while the BRK IN PROG L signal ensures that only data break devices place priority information on the
OMNIBUS DATA lines during TS4.

When TS4 is entered, the BRK PRIORITY L signal is asserted; i.e., the priority of this interface is placed on the
DATA BUS. Simultaneously, all other data break devices place their priorities on the DATA BUS. There can be
as many as 11 other data break devices, including up to three DP8-Es, connected to the OMNIBUS via their
respective interfaces. However, only six of these can have a higher priority than this modem.

Assume that there are, indeed, six data break devices that have a higher priority. This means that this DP8-E

has priority 7. To establish this priority, one must ensure that the following jumpers on the two interface modules
are connected: P7 on the M839 Module; P1 through P6 on the M866 Module (Figure 5-12). Thus, this interface
places its priority on the DATA 6 line. The priority of all other data break devices is established by connecting
selected jumpers on similar networks within the respective interfaces. The device having highest priority, which
is usually the fastest device, places its priority on the DATA 0 line. The second-highest priority device uses the
DATA 1 line, and so on. If, during a particular TS4, no other device is requesting a data break, or, if a requesting
device is of lower priority than this interface, the DATA 0 L through DATA 5 L signals are negated. NAND gate
E9 is enabled, causing E23 to assert the PRIORITY GO signal. This signal causes the break request to be granted.
If any of the six higher-priority devices requests a data break at the same time as this interface, the device places
its priority on its assigned DATA line. Thus, one, or more, of the DATA line signals, DATA 0 L through

DATA 5 L, is asserted. NAND gate E9 is disabled and the PRIORITY GO signal remains negated. This interface
must wait until the next TS4, when it again places its priority on the DATA BUS.

5.11 BREAK GRANT LOGIC

When the DP8-E asserts the PRIORITY GO signal, the Break Grant logic completes the CPU takeover process
that was begun by the BRK RQST logic. The Break Grant logic is shown in Figure 5-13.
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The PRIORITY GO signal enables the TP4 pulse to set the BRK GRANT flip-flop and, also, to generate the GTP4
pulse. The 1-output of the flip-flop enables NAND gate E22 to assert the OMNIBUS MS, IR DISABLE L signal.
This signal forces the CPU to enter the DMA state and disables the CPU IR Register. At the same TP4 time, the
output of the CPMA Register is removed from the MA lines, the BRK RQST logic having asserted the CPMA
DISABLE L signal at the previous INT STROBE time. The interface now specifies the address of the memory
location that is to be affected during the next memory timing cycle, which is the first cycle of the data break
operation.

This address is placed on the MA lines by the Current/Access Address Register logic, which is discussed in detail

in Paragraph 5.13. Briefly, this logic places either an access address or a transfer address on the MA lines. Because
the modem is a 3-cycle device, the data transfer cycle is preceded by at least 2 cycles of operation, word count
(WC) and current address (CA). |f the data character is to be transferred from the DP8-E to memory — a receive
break request — the WC and CA cycles are preceded by 4 test character recognition cycles. Test characters, the
word count, and the current address are stored in memory locations specified by access addresses. Thus, the first
cycle of a Data Break operation, whether of a Receive Break Request or of a Transmit Break Request, involves an
access address. Although this address is placed on the MA lines by the Current/Access Address Register logic, the
Break Grant logic, by asserting either the ACCESS ADDRESS L signal or the CURRENT ADDRESS L signal,
determines which type of address is selected.

Thus, when the BRK GRANT flip-flop is set at TP4 time, NAND gate E26 asserts the ACCESS ADDRESS L
signal (flip-flop E23 is cleared by the GTP4 pulse). Simultaneously, NAND gate E34 asserts the BREAK DATA
CONT L signal, which provides a convenient method of updating the word count and the current address, as well
as re-writing recognition characters in memory. This method is explained fully later in this section.

At TP1 time of the next memory cycle, the LD CNTL (Load Control) flip-flop is set, causing NAND gates E22 to
assert the BRK CYCLE L signal and the MALC L signal. The BRK CYCLE L signal is applied to the programmer’s
console and can be monitored on the display panel. The MALC L signal prevents the CPMA Register from being
clocked during the data break operation (see Volume 1, Paragraph 3.34.1 for details). During the data break cycle
begun by this TP1 pulse, the information in the access address is placed on the MD lines. The type of information
depends on the type of break request that is being carried out.

If a receive break request is starting, the information on the MD lines is a test character. This character is com-
pared to the received character in the Receive Data Register logic. When the comparison has been made, the test
character is returned to memory during the write half of the timing cycle. The re-write in memory is made
possible by the BREAK DATA CONT L signal that results in the CPU operation DATA+MD to the MB. Since
the DATA lines carry no information at this time, only the information on the MD lines, the recognition charac-
ter, is returned to the memory location. If the received character compares bit-for-bit with the test character, an
interrupt request can be generated by the interface, or the received character can be stored with no other action,
or the data break can be terminated immediately (the character is “‘stripped”’). If a successful comparison is made
and the character is not stripped, or if the received character and the test character differ, the data break opera-
tion continues. During each of the next three break cycles, a new access address is provided by the Access
Address Counter logic (Paragraph 5.12), and a new test character is placed on the MD lines and compared to the
received character. |f a successful comparison occurs between the received character and one (or more) of the
test characters, that fact is retained by a flip-flop in the Detected Character Register logic described in Paragraph
5.15.

During the 5th and 6th cycles of the receive break request data break, the information in the memory location
defined by the access address is the word count and the current address, respectively. The word count and the
current address are placed on the MD lines in turn. During each timing cycle, designated D4 L for WC and D5 L
for CA, NAND gate E34 in the Break Grant logic asserts the DATA 11 L signal. Thus, the DATA+MD to the MB
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operation forced by the BREAK DATA CONT L signal increments both the word count and the current address.
At TP3 time of the CA cycle, the Break Grant logic asserts the LOAD CURRENT ADDRESS L signal. At TP4
time flip-flop E23 is set, causing the ACCESS ADDRESS L signal to be negated, while the CURRENT ADDRESS L
signal is asserted. The combination of the LOAD CURRENT ADDRESS L signal and the CURRENT ADDRESS L
signal causes the current address to be gated through the Current/Access Address Register logic to the MA lines.

During the data transfer cycle, D6 L, the RD TO BUS L signal is asserted in the BRK RQST Receive logic. The
character in the Receive Data Register is gated onto the DATA lines and placed in the memory location specified
by the current address. The data break ends after this timing cycle, and six more SCR-P L pulses must be received
before a new break request can be generated.

If a transmit break request is carried out, only the WC and CA cycles precede the transfer cycle. The same
OMNIBUS control signals are asserted by the Break Grant logic; differences occurring during the transmit opera-
tion can be noted in the timing diagram, Figure 5-4.

5.12 ACCESS ADDRESS COUNTER LOGIC

The Access Address Counter logic is shown in Figure 5-14. The logic includes the Increment Enable flip-flop,
E57, the Increment Counter, E52, and a BCD-to-Decimal Decoder, E46.
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When the OMNIBUS INITIALIZE signal is generated, the resulting INI L signal clears the Increment Counter and
the Increment Enable (INC ENA) flip-flop. The BCD output from E52 is 0000; thus, E46 asserts the DO L signal.
Unless a break request is generated, the Increment Counter, the Decoder, and the flip-flop remain in the state
described.

If the DP8-E requests a data break and has highest priority, the TP4 pulse immediately preceding the first data
break cycle (the same TP4 pulse that sets the BRK Grant flip-flop) generates a GTP4 pulse. The resulting
ACCESS ADDRESS RESET L signal from NAND gate E31A sets the INC ENA flip-flop. This signal is also
applied to the count/load input of the Increment Counter, E52. A negative-going signal at this input loads the
counter with the information present at the data inputs, pins 3, 4, 10, and 11. If this is a receive data break
operation, the RRQST L signal is asserted and E52 remains in the 0000 output state. However, assume that this
is a transmit data break operation. The RRQST L signal is not asserted. Therefore, E52 is loaded with a BCD
count of 0111; E46 decodes this to assert the D7 L signal. When this signal is asserted, the access address 7727 is
placed on the MA lines by the Current/Access Address Register logic. This is the access address of the word count
location. Thus, the first cycle of the transmit data break operation is the WC cycle.

When the word count has been incremented and returned to memory, TP4 of the WC cycle generates another
GTP4 pulse. Because the first GTP4 pulse sets flip-flop E57, the second GTP4 pulse enables NAND gate E24,
rather than E31. E52 is clocked, the BCD count is incremented to 1000, and E46 asserts the D8 L signal. When
this signal is asserted, access address 7730 is placed on the MA lines and the CA cycle is entered. The address in
location 7730 is incremented to produce the current address. This address, rather than an access address, is
placed on the MA lines at TP4 of the CA cycle. At the same TP4 time, E52 is again clocked, the BCD count is
incremented to 1001, and E46 asserts the D9 L signal. This signal is asserted throughout the data transfer cycle
and is used to gate the data character into the Transmit Data Register, to end the transmit break request (by
negating the TRQST L signal), and to clear the INC ENA flip-flop at TP3 time of the transfer cycle. Because a
GTP4 pulse is not generated during the data transfer cycle, the Increment Counter is not clocked at the end of
this cycle. Thus, the data break operation ends with E52 holding the BCD count of 1001 and E46 asserting the
D9 L signal. This condition exists until a new data break operation, either receive or transmit, is initiated.

If the next data break operation is of the transmit type, location 7727 is again addressed to begin the WC cycle.
However, a receive data break request would cause the BCD count in E52 to change from 1001 to 0000 at the
first GTP4 time. Therefore, location 7720, which contains a test character, is addressed by an access address.
At each GTP4 time of the receive data break operation, the Increment Counter is clocked. The decoder asserts
the DO L through D6 L signals in succession. The DO L through D3 L signals are asserted during the four test
character cycles, D4 L is asserted during the WC cycle, and D5 L is asserted during the CA cycle. When D6 L is
asserted, the current address, which was loaded into the Current/Access Address Register logic during the CA
cycle, is placed on the MA lines. The D6 L signal is asserted throughout the data transfer cycle and enables TP3
of the cycle to clear the INC ENA flip-flop. Because a GTP4 pulse is not generated during the data transfer
cycle, the Increment Counter is not clocked at the end of the cycle. Thus, the data break operation ends with
E52 holding the BCD count of 0110 and E46 asserting the D6 L signal. This condition exists until a new data
break operation, either receive or transmit, is initiated.

Note that the INC ENA flip-flop can be cleared in three ways. Two of these have been indicated. The third way
of clearing the flip-flop is by causing a detected character to be stripped. If a test character and the received data
character are the same, the COMPARE signal is asserted. |f the 0-bit of the test character is logic 1, the MDO L
signal causes NAND gate E35 to assert the STRIP signal. This signal causes the receive data break operation to
be terminated at the end of the current test character cycle and clears flip-flop E57. E52 and E46 remain in

the state that represents the last cycle completed. For example, if the test character in location 7722 compared
successfully with the received character, the data break operation would be terminated with E52 holding a BCD
count of 0010 and E46 asserting the D2 L signal.
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5.13 CURRENT/ACCESS ADDRESS REGISTER LOGIC

The Current/Access Address Register logic is shown in Figure 5-15. This logic places a memory address on the
OMNIBUS MA lines. Since two types of addresses, Access and Current, are encountered during a data transfer,
a method of selecting one or the other is required. This requirement is fulfilled by the DEC 8235 ICs E48, E21,
and E1, which are 4-bit logic elements.

The type of address gated to the MA lines by these ICs depends on the control signal that is asserted by the Break
Grant logic. If the CURRENT ADDRESS L control signal is asserted, pin 7 of each IC is low, and the current
address, which is applied to the inverting input of the IC, is placed on the MA lines. On the other hand, if the
ACCESS ADDRESS L control signal is asserted, pin 9 is low, and the access address, which is applied to the
noninverting input (indicated by the circle), is placed on the MA lines.

An access address is formulated from two sources. The state of each of the first eight bits, MAO through MA7, is
determined by the logic in Figure 5-15. Each of MA bits O through 4 is logic 1, since the IC inputs corresponding
to these MA bits are grounded. The user determines the state of each of MA bits 5, 6, and 7 by selectively con-
necting or removing one or more of jumpers A5, A6, and A7. The seiection depends on the channel access
address assignment. For example, if the logic in Figure 5-15 represents Channel 1, access addresses 7720 through
7725, 7727, and 7730 are assigned. Therefore, jumpers A5 and A7 are connected, while A6 is disconnected.

The state of each of the last four bits of the access address is determined in the Access Address Counter logic.
During each data break operation, the Increment Counter in that logic counts from 0000 to 0110 (receive data
break) or from 0111 to 1001 (transmit data break). The count is incremented at the end of each timing cycle of
the data break. For example, consider a receive data break. The Increment Counter holds a count of 0000 just
before the first timing cycle of the data break is entered. Thus, each of MA bits 8 through 11 is logic O (the signal
at each noninverting input of E48 is high). The first memory location addressed is 7720. At the end of the first
data break cycle, the Increment Counter is incremented. MA bit 11 becomes logic 1, and the second memory
location addressed is 7721. In this manner, memory locations 7722, 7723, and 7724 are successively addressed.

When the Increment Counter increments to 0101 at the end of the fifth data break cycle, access address 7725 is
placed on the MA lines. The next data break cycle is the CA cycle. During the CA cycle, the current address that
is stored in location 7725 is gated onto the MD lines and incremented. The Break Grant logic asserts the LOAD
CURRENT ADDRESS L signal that loads the current address into the register consisting of the DEC 8271 ICs
E7, E12, and E50. At the end of the CA cycle, the ACCESS ADDRESS L signal is negated and the CURRENT
ADDRESS L signal is asserted. The outputs from the register, which represent the current address, are placed on
the MA lines. Thus, during the next (seventh) cycle a data character is transferred to the memory location speci-
fied by the current address.

Note that the contents of the register can be gated to the DATA lines by the SRTA 10T instruction. This instruc-
tion is used for maintenance and program debugging.
5.14 LOAD FIELD LOGIC

The PDP-8/E basic 4K of memory can be extended in'4K increments to a maximum of 32K. Therefore, a 15-bit
address is required to specify completely a memory location. The three most significant bits of the 15-bit address
are carried by the EMA 0, EMA 1, and EMA 2 lines, the EMA 0 bit being the most significant bit.

A data break option can use an extended memory address only when specifying the location that is to take part
in the data transfer. The word count and the current address locations (and test character locations when con-
sidering the DP8-E) must be stored in memory field 0, the basic 4K.
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Figure 5-16 Current/Access Address Register Logic
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Some data break devices can directly address an extended memory field via the EMA lines. However, if such a
field is used with a synchronous modem, the field can be addressed only under program control. The load field

logic, shown in Figure 5-16, enables the programmer to select the memory field to or from which a data character
is to be transferred.
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Figure 5-16 Load Field Logic

The program can specify a separate field address for the receive data break and the transmit data break operations.
AC Register bits 0, 1, and 2 are loaded with the receive extended memory field address, while AC bits 3, 4, and

5 are loaded with the transmit extended memory field address. These addresses are gated onto the DATA 0-5
lines by the SLFL 10T instruction. At TP3 time of this instruction, these addresses are parallel-loaded into

DEC 74197 shift registers, the receive field address into E11, and the transmit field address into E2.

If a receive data break operation is being carried out, the Break Grant logic asserts the REMA L signal throughout
the timing cycle in which the received character is gated onto the DATA lines. The REMA L signal gates the
outputs from E11 onto the EMA lines (the E11 outputs are inverted by selector E1). Thus, the character gated
onto the DATA lines by the RCV Data Register logic is transferred to a location in the extended memory field
specified by the EMA bits. If the PDP-8/E has only 4K of memory, the EMA bits are logic 0.
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The TEMA L signal, asserted throughout the data transfer cycle of a transmit data break operation, gates the
output from E2 onto the EMA lines. Therefore, the character to be transferred to the modem is gated onto the
MD lines from an extended memory field location and shifted onto the SD line by the Transmit Data Register
logic.

5.15 DETECTED CHARACTER REGISTER LOGIC

The Detected Character Register logic is shown in Figure 5-17. The logic is used to generate an interrupt request
if a received character matches a test character, and to identify which test character the received character
matched. For example, assume that the received character compares, bit-for-bit, with the test character stored in
location 7722. This location is addressed at the same time that the D2 L signal is asserted by the Access Address
Counter logic. The D2 L signal is asserted because the Increment Counter in that logic has been incremented to
a count of 0010 (the Increment Counter is included in Figure 5-17 for information).

When the test character in location 7722 is gated onto the MD lines near the beginning of the third data break
timing cycle, the COMPARE signal is asserted in the Receive Data Register logic. At TP3 time NAND gate E42,
Figure 5-17, is enabled. If the O-bit of the test character is logic O (i.e., the MDO L signal is logic 0), the received
character is to be stored. NAND gate E56 is enabled. Its output clocks the two E41 flip-flops and sets the
CHAR DET flip-flop via the inverter. The D-input of E41 is high because of the count in the Increment Counter;
therefore, the E41B flip-flop is set. The E41 flip-flops hold the count of 10 for one character period; i.e., until a
new character has been completely shifted into the Receive Data Register. Note that if the received character is
to be stripped, none of the three flip-flops is set. If the same test character is stored in more than one location,
and if the received character matches this test character and is to be stored, the E41 flip-flops contain the highest
location.

The 0-output of the CHAR DET flip-flop can cause an interrupt request to be generated when the data break has
ended. An appropriate program routine is entered, and the SRCD IOT instruction gates the identifying count
onto the DATA 10 and DATA 11 lines for further action.

5.16 INT/SKIP LOGIC

The INT/Skip logic (RING, CARRIER/AGC) is shown in Figure 5-18. The logic enables the RING and
CARRIER/AGC signals to cause program interrupts and/or program instruction skips.

When the DP8-E senses a ringing signal from the modem, it generates a Ring flag, indicating that a modem-to-
computer transmission is to take place. This signal is applied to the interface at pin J1X. If a jumper is in place
at location X (the jumper is removed if the modem is a Bell 301 type), NAND gate E18 is disabled. The positive
transition at the output of the gate sets the RING flip-flop. If the interface has been enabled under program
control, setting the RING flip-flop causes NAND gate E19D to assert the OMNIBUS INT RQST L signal. The
computer enters the interrupt servicing routine to determine the identity of the requesting device. The SSRG
instruction in the routine causes the |OT Decoder logic to generate the SSRG L signal throughout TS3 of the
instruction. The SSRG L signal causes NAND gate E19C to assert the OMNIBUS SKIP L signal; thus, at TP3
time the CPU SKIP flip-flop is set and the program instruction following SSRG is skipped. When the SSRG L
signal is negated at the end of TS3, the RING flip-flop is cleared. The program proceeds to a subroutine that sets
up the WC and CA Registers and then either waits for the modem to generate a CARRIER/AGC signal or exits
the subroutine.
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If a computer-to-modem transmission is to take place, a RING signal is not generated. Instead, a program sub-
routine sets up the registers and then enables the modem SCT L signal to set the RS flip-flop in the Control Word
logic. The setting of this flip-flop causes the interface to generate the SEND RQST signal that is applied to the
modem. The program then either waits for the modem to generate a CARRIER/AGC signal or exits the sub-
routine.

When the modem generates the CARRIER/AGC signal, whether a transmit or receive operation, the CO/AGC L
signal is applied to Schmitt trigger E5. The output signal from E5 takes two paths; only the path to the ON
jumper is significant when the CARRIER/AGC signal is generated at the beginning of a transmission. |f the jumper
is in place, NOR gate E15 is enabled, and its output sets flip-flop E24. The path leading to the OFF jumper is
significant when the CARRIER/AGC signal is negated. This happens when TERM READY has been negated by
either receiver or transmitter, or when a modem malfunction has interrupted the data stream. If the jumper is in
place when this occurs, NOR gate E15 is enabled and flip-flop E24 is set again. Thus, the circuit can respond to
either or both transitions of the CARRIER/AGC signal.

When E24 is set, the next occurring TP4 pulse sets the CO/AGC flip-flop, and E19D can assert the INT RQST L
signal. When the SSCA L signal goes low, the SKIP L signal is asserted, and the CPU SKIP flip-flop is set at TP3
time. The SSCA L signal is negated at the end of TS3, causing flip-flop E24 to be cleared. At TP4 time the
CO/AGC flip-flop is cleared, causing the INT RQST L signal to go high.

The INT/Skip logic (WC overflow, character detected, and bus error) is shown in Figure 5-19. The logic enables
an interrupt request to be generated when one of the events in the parentheses occurs.

During the WC cycle immediately preceding the last data transfer cycle, the OVERFLOW L signal is asserted by
the CPU. One or the other of AND gates E49A and E49C is enabled, setting either flip-flop E27 or flip-flop E29,
respectively. The 0-output of the set flip-flop enables NOR gate E43 to assert the INT RQST signal. This signal
causes NAND gate E19D, Figure 5-19, to assert the OMNIBUS INT RQST L signal. The interrupt request is
recognized by the CPU during the first timing cycle following the data transfer cycle, provided another data break
device does not assume control of the CPU. When the program enters the interrupt servicing routine, either the
SSRO or the SSTO 10T instruction causes the SKIP L signal to be asserted and clears the flip-flop that caused

the interrupt request. The program then proceeds to a subroutine that services the request.

If a test character has been detected in the transmission, the CHAR DET flip-flop is set; the 0-output enables
NOR gate E43. When the data break has ended, the SSCD 10T instruction in the servicing routine causes an in-
struction skip after clearing the CHAR DET flip-flop. The program proceeds to a subroutine to determine the
identity of the detected character.

The third event that can cause an interrupt request is a bus error. |f either the TRQST L signal or the RRQST L
signal is asserted and a serial clock pulse is received by the interface, the BUS ERROR flip-flop is set. Such an
occurrence indicates that the particular break request was not serviced by the computer because of an overloaded
or inoperative break system. Again, an 10T instruction, SSBE, in the servicing routine causes the SKIP L signal
to be asserted and clears the flip-flop that caused the interrupt request.

5.17 READ STATUS/TEST PULSE LOGIC

The Read Status logic is shown in Figure 5-20. Significant signals in the interface are gated onto DATA lines

0 through 7 by either of two control signals, SRS1 L and SRS2 L. The information on the DATA lines is loaded
into the AC Register at TP3 time. The logic and IOT instructions SRS1 and SRS2 are intended primarily for
maintenance and program debugging, but can be used to monitor the state of CARRIER, EMA, etc.
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Another instruction that can be used during maintenance is the SRCD instruction that is normally used to gate
detected character information onto the DATA 10 and DATA 11 lines. When used with the Test Pulse logic,
shown in Figure 5-21, the SRCD instruction can cause a single clock pulse to be generated. This pulse is routed
through a test connector and returned to both the SCR and SCT input lines of the interface, enabling single-step
testing of the receive and transmit circuits.

The ACO bit must be logic 1 when the SRCD instruction is issued. NAND gate E23, Figure 5-21, sets the E23
NOR-gate flip-flop. This flip-flop is cleared by the BTP4 pulse; thus, a negative pulse of approximately 600-ns
width is produced at the emitter of Q1 and gated to the emitter of Q2, as a positive pulse. If a jumper is in place
at location F, and if the test connector P1 is connected to J1, the pulse is returned on the SCR and SCT lines
(see Section 5, Maintenance, for further information about the test connector).
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SCR(TEST PULSE) —— J{R —{17

SCT (TEST PULSE) —— JIN — 15

— F O— JiFF — 11
P/0
TEST
CONN. P{

—O LO— viL
(EXT TIMING)

+15V

DATA O L

-15V

NOTE:

y
%]
EXTCLOCK L
Logic is P/O M866 module i

+6.4V

BE-0477

Figure 5-21 Test Pulse Logic

The four-transistor gating circuit can also be used to gate an external clock to the modem, which has an external
timing mode. The external clock is applied at the input designated EXT CLOCK L (etched on the printed circuit
board as EXT CLOCK), and a jumper must be installed at location L.

5.18 LEVEL CONVERSION CIRCUITS

The M866 Module contains the DP8-E level conversion circuits. Figure 5-22 illustrates the method used to convert
either EIA or current mode signals to the TTL levels required by the DP8-E. The CLEAR TO SEND signal con-
version circuit is used as an example.

+5V

cs

Q7

kD13

BE-0480

Figure 5-22 DP8-E Input Circuit (Receiver)
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If the CLEAR TO SEND signal is an ElA-type signal (bipolar), a ““mark’’ is represented by a voltage level of -5V
to -15V; a “‘space” is represented by a voltage level of +5V to +15V. A mark, which indicates that the CLEAR
TO SEND signal is not asserted, turns off Q17, and the CS signal is negated (logic 0); a space turns on Q17,
thereby asserting the CS signal.

If the CLEAR TO SEND signal is a current mode signal, a jumper is connected at location C. An input current of
less than 5 mA represents a mark, which indicates that the CLEAR TO SEND signal is negated. Q17 is noncon-
ducting, and the CS signal is low. A space is represented by an input current of greater than 23 mA, which pro-
duces a base voltage sufficiently high to turn on Q17, thereby asserting the CS signal.

Figure 5-23 illustrates the method used to convert the DP8-E TTL signals to either EIA or current mode signals.
The SEND DATA L signal conversion circuit is used as an example.

6.4V +15V
R1
—NMWVV- 9
+——0 CE
1%026 D1
—0 T ¢ ¢ J_ Q16
¥ €L

¢ SEND DATA L
_]_ ¥ D12
>} 7 Q8
y
4 Q15

T -6V -15v
§ NOTE:

Connect jumper as indicated in table

|||l

/[ —t/- CONNECT JUMPERS
Q7 SIGNAL TYPE | (REMOVE OTHERS)
EIA E,CE (2)
CURRENT MODE | CE(2)CT
TTL T(2)CT
8E-048I
SDL

Figure 5-23 DP8-E Output Circuit (Driver)

The output transistors, Q8 and Q16, are connected for push-pull operation and are controlled by transistors Q7
and Q15. As the table in Figure 5-23 indicates, jumpers E and CE are connected for TTL-to-EIA level conversion.
If the SD L signal is high, logic 0, both Q7 and Q15 aré nonconducting. Diode D12 is reverse-biased, while D11

is forward-biased. Thus, Q16 connects the SEND DATA line to a voltage that varies between 5V and 15V,
depending on the load.

If the SEND DATA L signal must be current mode, the CE and CT jumpers are connected. |f the SD L signal is
high, logic 0, Q16 provides the load current of greater than 23 mA, indicating a space condition. When the SD L
signal is asserted, diode D12 is forward-biased; Q8 provides the load current of less than 5 mA, indicating a mark
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condition on the SEND DATA line. Note that the CT jumper, by placing D12’s plate just below ground rather
than at -6V, changes the operating point of Q8 from what it was during EIA conversion.

Table 5-4 lists the control signals and data signals and relates the two types to mark/space, logic 1/logic O, etc.
Table 5-5 lists the EIA and current mode specifications for reference.

Table 5-4
Signal Level Terminology
K .
Control Signals Data Signals g‘:;c: E;?:/ Noﬁi:::i d
RING 3 Mark Low Not Asserted
CARRIER/AGC
SCR Space High Asserted
SCT
INTERLOCK/DATA SET READY >
CLEAR TO SEND
TERMINAL READY
SEND REQUEST
EXTERNAL TIMING J
RECEIVE DATA L Mark Low Asserted
SEND DATA L Space High Not Asserted
Table 5-5

EIA/Current Mode Electrical Specifications

Current mode specifications (applicable to Bell 300 Series Modem, or equivalent).

EIA (RS-232-C) Electrical Specifications

Driver output logic levels with 3K to 7K load 15V>V  >5V
-BV >V  >-15V

Driver output voltage with open circuit vV, <25V

Driver output impedance with power off zZ > 30002

Output short circuit current l, <BA

Driver slew rate %< 30V/s

Receiver input impedance 7k >R, >3kQ
Receiver input voltage +15V compatible w/driver
Receiver output with open circuit input Mark

Receiver output with 30052 to ground on input Mark
Receiver output with +3V input Space

Receiver output with -3V input Mark

(continued on next page)

5-41



Table 5-5 (Cont)
ElIA/Current Mode Electrical Specifications

+15
//////// } Logic 0" = Space = Control On
+5 /

13 \\ \\ \\\\\\\} Transition Region
NN ONNNNNN N

LTI ) e ek

Current Mode Electrical Specifications (Applicable to the Bell 300 Series Modem or equivalent)

o

Receiver Input Current/Voltage levels with

10052 Termination Mark 5mA (-0.7<Ew<1)
Driver Output Impedance with Power Off Not Specified
Driver Output Short Circuit Current Not Specified

Driver Slew Rate between the 7 mA and the

21 mA levels Typical 14 mA/100 ns
Maximum 14 mA/50 ns
Minimum 14 mA/200 ns

Receiver Input Impedance 120> 2. > 90

Receiver Output with Open Circuit Input Logic 1 — Mark—Off

Receiver Output with Input > 23 mA Logic O — Space—On

Receiver OQutput with Input <5 mA Logic 1 — Mark—Off

Driver Distortion Limits Mark to Space or Space to Mark must be achieved

within 25% of bit interval

Receiver Open Circuit Voltage -0.8V to - 1.3V

SECTION 5 MAINTENANCE

General instructions concerning preventive and corrective maintenance are given in Volume 1, Chapter 4. Two
maintenance aids are available when corrective maintenance of the DP8-E is required. One, the diagnostic pro-
gram, MAINDEC-08-DHDPA-A, can help the technician to determine the nature of the problem. The other, a
self-test feature, enables the technician to single-step test both the receive and transmit logic.

To use the self-test feature, the technician must connect the test connector to the plug on the modem side of the
interconnecting cable. The internal wiring of the test connector enables software simulation of the modem-
interface signals. Figure 5-24 is a pictorial representation of the signals involved in the self-test feature. Note that
the M866 ““F"’ jumper and either the ““N’’ or A" jumper (Table 5-2) must be connected. When the technician
wishes to check the receive or transmit logic, he can, by careful selection of 10T instructions, assert or negate

any of the signals shown in Figure 5-24. The SRCD instruction generates a single clock pulse that is returned on
both the SCR and SCT lines, thereby enabling all other signals to be generated. See Paragraph 5.16 for additional
information concerning the self-test feature.
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P2 TEST

M866 CABLE (MODEM CONNECTOR
J1 P1 BCO1V/ CONNECTOR) P1
*BCOS5C
SEND DATA
F Y 2 :)
RECEIVE DATA
J F—— 3
SCT
ONO— N T 15
SCR
040~ R § = 17 3
F SELF-TEST PULSE
O—O—FF (y () "
CLEAR TO SEND O
T ) S 5
SEND REQUEST (
v N 4
INTERLOCK/ DATA SET RDY
7 ¢
) T 6
RING O
X )T 22
CARRIER /AGC
s e o
TERMINAL READY -
oD - 20
*preferred cable 8E-0479

Figure 5-24 Self-Test Interconnection

When performing corrective maintenance, the technician should refer to the option schematics, E-CS-M839-0-1
and E-CS-M866-0-1, rather than to the logic extracts in this volume. Table 5-6 lists the modem-interface signals
and the corresponding cable connector pin information. Top-connector ‘“H"" on the M866 Module, an alternate
input/output connector, is shown in parentheses with the J1 pin number. Table 5-7 lists the M866-M839 Module
interconnecting signals and indicates the source module.

Table 5-6
Modem-Interface Cable Pin Information
. P1 P2 (DP8-EA) P2 (DP8-EB)
Signal Name J1(H) M8E6 | 41 bin Berg | 25 Pin Cinch 12-Pin Burndy
SEND DATA F (HE2) F 2 E
RECEIVE DATA L J(HF2) J 3 K
EXTERNAL TIMING | L (HH1) L 24 H
SCT N (HH2) N 15 J
SCR R (HJ2) R 17 L
CLEAR TO SEND T (HK2) T 5 C
SEND REQUEST V (HL2) \% 4 D
No Connection (Bell 301)

RING X (HM2) X 2 F-Shield (Bell 303)
INTERLOCK/DATA
SET READY Z (HN2) Z 6 F
CARRIER/AGC BB (HP2) BB 8 M

(continued on next page)
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Table 5-6 (Cont)

Modem-Interface Cable Pin Information

. P1 P2 (DP8-EA) P2 (DP8-EB)
Signal Name J1(HIMB66 | 1 binBerg | 25 Pin Cinch 12-Pin Burndy
No Connection (Bell 301)
TERMINAL READY DD (HR2) DD 20 M-Shield (Bell 303)
USER FUNCTION
AND SELF-TEST (F:A(:; Jumpered) FF 1 -
PULSE
USER FUNCTION 4 (1f Jumpered) JJ 12 -
(HB1)
FRAME/SIGNAL C C 25
GROUND vy (HT1. HC2) vV 7 B
(HC1)
6v No J1 Connection - - h
(HS2)
6.4v No J1 Connection - - -
EXTERNAL TIMING, | (HV2) _ _ _
TTL LEVEL No J1 Connection
Table 5-7
M866-M839 Top-Connector Signals
. g . Source Module
Signal Name F" Connector Pin Number V839 VIS66
SRCD L FA1 *
THIS CODE FB1 *
INT RQST FC1 *
RD FD1 *
REMA L FE1 *
TEMA L FF1 *
SCR-P L FH1 *
BREAK GRANT FJ1 *
INI L FK1 *
GTP4 FL1 *
BREAK RQST FM1 *
SSBE L FN1 *
SCT-PL FP1 *
CS FR1 *
SDL FS1 *
IDLE L FT1 *
RQST FU1 *
SRS1 L FV1 *
GROUND FA2
GROUND FVv2
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Table 5-8
Equivalent EIA and CCITT Circuit Designations

DP8-E Signal Name P? (DP8-EA) EIA Circuit CCITT Circuit EIA/CCITT Circuit Description
Pin Number
FRAME/SIGNAL 1 AA 101 PROTECTIVE GROUND
GROUND 7 AB 102 SIGNAL GROUND/COMMON RETURN
SEND DATA 2 BA 103 TRANSMITTED DATA
RECEIVE DATA L 3 BB 104 RECEIVED DATA
SEND RQST 4 CA 105 REQUEST TO SEND
CLEAR TO SEND 5 CB 106 CLEAR TO SEND
INTERLOCK/DATA ,
SET READY 6 cC 107 DATA SET READY
TERMINAL READY 20 CD 108.2 DATA TERMINAL READY
RING 22 CE 125 RING INDICATOR
CARRIER/AGC 8 CF 109 RECEIVED LINE SIGNAL DETECTOR
NOT USED 21 CG 110 SIGNAL QUALITY DETECTOR
IN DP8-E 23 CH 1 DATA SIGNAL RATE SELECTOR (DTE)
Cl 112 DATA SIGNAL RATE SELECTOR (DCE)
EXTERNAL TIMING 24 DA 113 TRANSMITTER SIGNAL ELEMENT
(IF JUMPER ‘L’ IS TIMING (DTE)
CONNECTED) 15 DB 114 TRANSMITTER SIGNAL ELEMENT
TIMING (DCE)
RECEIVER SIGNAL ELEMENT
SCR 17 oD 15 TIMING (DCE)
14 SBA 118 SECONDARY TRANSMITTED DATA
NOT USED 16 SBB 119 SECONDARY RECEIVED DATA
IN DP8-E 19 SCA 120 SECONDARY REQUEST TO SEND
13 SCB 121 SECONDARY CLEAR TO SEND
SECONDARY RECEIVED LINE SIGNAL
USER FUNCTION 12 SCF 122 DETECTOR
USER FUNCTION
AND SELF-TEST PULSE 11 11, 18, 15 ARE UNASSIGNED.
NOT USED IN DP8-E 9,10, 18 9, 10 ARE RESERVED FOR DATA SET TESTING.
FRAME/SIGNAL GROUND 25




Table 5-8 relates the DP8-E interface signal designations to both the equivalent EIA (RS-232-C) and the equiva-
lent CCITT circuit designations. For example, the DP8-E signal called SEND DATA is brought out to pin 2 of P2
(DP8-EA). The EIA circuit designation for this signal is “BA’’, while the CCITT circuit designation is 103"

SECTION 6 SPARE PARTS

Table 5-9 lists the recommended spare parts for the DP8-E. These parts can be obtained from any local DEC
office or from DEC, Maynard, Massachusetts.

Table 5-9
DP8-E Recommended Spare Parts
DEC Part Number Description Quantity
19-09667 IC 74H74 1
19-10035 IC 74197 1
19-09057 IC 74H10 1
19-09931 IC 74H04 1
19-09056 IC 74H00 1
19-09935 IC 8235 3
19-09934 IC 8266 1
19-09712 IC 8242 1
19-09705 IC 8881 2
19-09704 IC 314 1
19-09686 IC 7404 1
19-09615 IC 8271 3
19-09854 IC 8251 1
19-09486 IC 384 1
19-09485 IC 380 2
19-09004 IC 7402 2
19-05577 IC 7420 1
19-05576 IC 7410 1
19-05575 IC 7400 2
19-05547 IC 7474 3
19-09267 IC 74H11 1
19-05578 IC 7430 1
19-09373 IC 9601 1
11-00114 Diode, D664 5
11-00113 Diode, D662 2
15-03100 Transistor, 30098 5
15-03409-2 Transistor, 7534C 4
11-01938 Diode, 1/4M, 2.4 AZ 1
11-00124 Diode, IN750A, 1/4W 4.7J 1
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CHAPTER 6
KG8-E GENERATOR/DETECTOR

SECTION 1 INTRODUCTION

The KG8-E BCC Generator/Detector option consists of a single quad module that plugs into the PDP-8/E
OMNIBUS. The option operates under program control to provide the computer with a parity-check capability.
Although intended to be used with data communication equipment, the option is independent of such equipment
and can be used with other devices.

Parity checks are carried out in the KG8-E on data characters that are transferred from the PDP-8/E memory by

a programmed 1/0 transfer. The KG8-E can perform three types of parity checks: a vertical redundancy check
(VRC) can be performed on a 6-, 7-, or 8-bit character; a longitudinal redundancy check (LRC) can be made on a
message consisting of 6-, 7-, 8-, 12-, or 16-bit characters; and a cyclic redundancy check (CRC) can be carried out
on a message consisting of 6-, 8-, 12-, or 16-bit characters. A VRC can be performed separately or as part of either
an LRC or a CRC.

Publications and documents that are relevant to the KG8-E are:

PDP-8/E & PDP-8/M Small Computer Handbook — DEC, 1972
PDP-8/E Maintenance Manual, Volume 1

KG8-E Diagnostic Program, MAINDEC-8E-D8CA

DEC Engineering Drawing, E-CS-M884-0-1.

QULO oD

SECTION 2 INSTALLATION AND CHECKOUT

The KG8-E option is installed on site by DEC Field Service personnel. The customer should not attempt to
unpack, install, checkout, or service the equipment.

Insert the module in the PDP-8/E OMNIBUS. See Table 2-3, Volume 1, for information concerning recommended
module priorities (the KG8-E is a “‘non-memory’’ option).

The KG8-E can be checked for correct operation by running the diagnostic program. |If maintenance is necessary,
refer to Chapter 4, Volume 1.
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SECTION 3 PARITY CHECK/BLOCK DIAGRAM

6.1 PARITY CHECK

The three types of parity checks performed by the KG8-E are VRC, LRC, and CRC. A general description of
each type follows.

6.1.1 VRC Parity Check

A VRC is carried out on each character of a message. The summation of all logic-1 bits within the character
must be even or odd, whichever is desired. The KG8-E examines each character: when the character is part of a
message that is to be transmitted to some external device from memory, the option adds a parity bit (logic 1), if
one is needed; when the character is part of a message transmitted from an external source to memory, an error-
detecting software routine is entered, if the character does not exhibit the correct parity. In one instance parity
is generated; in the other, parity is tested. Although each operation is different, the terms VRC and parity check
are used to refer to either operation. The logic implementation of a VRC is detailed in Paragraph 6.5.

6.1.2 LRC Parity Check

A distinction similar to that expressed in the preceding paragraph is unnecessary when either an LRC or a CRC is
performed. Each of these parity checks is the same, regardless of the direction of the message transfer. The LRC
parity check is based on the accumulation of a block check character (BCC). The KG8-E generates this BCC by
Exclusive-ORing the contents of corresponding bit positions in each character of the message. For example,
consider a message consisting of the following four 8-bit characters:

MSB LSB
Character 1 01100010
Character 2 10010001
Character 3 117100000
Character 4 10011010
10001001 BCC

If one Exclusive-ORs corresponding bit positions, the BCC shown results. Figure 6-1 illustrates how Exclusive-
ORing is implemented by the KG8-E logic; the chart shows the state of the BCC Register at various stages of BCC
accumulation for the four characters.

The first character is parallel-loaded into the Parity Register from the DATA lines by a program instruction.
Clock pulses shift the character into the BCC Register (although shown as an 8-bit register, for convenience, the
BCC Register is 16 bits in length; characters are loaded into the register in a right-justified format). With each

_clock pulse, the bit in the LSB position of the Parity Register is Exclusive-ORed with the bit in the LSB position
of the BCC Register. The result is shifted into the MSB of the BCC Register by the next clock pulse. Eight clock
pulses shift the entire character into the BCC Register. The second character is then loaded into the Parity
Register, although an appreciable amount of time might pass before this happens (because data transfers between
the KG8-E and memory are of the programmed 1/0 type, the operation can be interrupted by program interrupts
or data breaks after each character transfer).



PARITY REGISTER [: BCC REGISTER
1——(0 l 1 l 2 I 3 I 415 ] 6 l‘-;el ICSI CQ|C10| C11J§312IC13]C|4|€15
CLOCK

DATA 4-11 L

PULSE =
8E-0482

CHARACTER 1: 01100010
CHARACTER 2: 10010001
CHARACTER 3: 11100000
CHARACTER 4: 10011010

CHARACTER/BIT LOADED | CLOCK PULSE BCC REGISTER CONTENTS
C8|C9|C10 | C11| C12 | C13 | C14 | C15

START 010 0 0 0 0 0 0
CHARACTER 1, BIT 1 1 0|0 0 0 0 0 0 0
CHARACTER 1, BIT 2 2 110 0 0 0 0 0 0
CHARACTER 1,BIT 8 8 0|1 1 0 0 0 1 0
CHARACTER 2, BIT 1 9 110 1 1 0 0 0 1
CHARACTER 2, BIT 2 10 111 0 1 1 0 0 0
CHARACTER 2,BIT 8 16 1 1 1 1 0 0 1 1
CHARACTER 3,BIT 1 17 111 1 1 1 0 0 1
CHARACTER 3, BIT 2 18 1 1 1 1 1 1 0 0
CHARACTER 3,BIT 8 24 040 0 1 0 0 1 1
CHARACTER 4, BIT 1 25 110 0 0 1 0 0 1
CHARACTER 4, BIT 2 26 0|1 0 0 0 1 0 0
CHARACTER 4,BIT 8 32 r'> 110 0 0 1 0 0 1

I
BCC

Figure 6-1 LRC BCC Accumulation for Four 8-Bit Characters

When all four characters have been shifted into the BCC Register (32 clock pulses), the result in the register is the
BCC. If the message is to be transmitted from memory, the BCC is transmitted as the last character of the
message. Similarly, if the message was received from an external device, the four characters already considered
are followed by a BCC that was generated in the transmitting device. The BCC is treated as a character and loaded
into the Parity Register. When it has been shifted into the BCC Register by eight clock pulses, the register con-
tents will be zero, it the message has been received free of error. If not, an error detecting software routine is
entered by the computer.
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Note that there is no reason why a VRC cannot be performed before an LRC (or before a CRC, for that matter).
Such a procedure enhances the error-detecting capability provided by the KG8-E. In such a case, bit position 0
or 7 of the example would contain the parity bit. Although the example illustrates the LRC BCC accumulation
for an 8-bit character, the LRC can be carried out for 6-, 7-, 12-, and 16-bit characters, as well. The procedure is
the same, as will be demonstrated in Paragraph 6.8.

6.1.3 CRC Parity Check

A CRC is also based on the accumulation of a BCC; however, the generation of the BCC is more intricate than
during an LRC. A number of different CRC codes can be used, but the KG8-E implements only two, viz.,
CRC-12 and CRC-16. Unlike LRC, CRC concepts are best understood through a mathematical background,
followed by a description of the logical implementation of the mathematics.

A CRC code message consists of a specific number of data bits and a BCC that is generated by the KG8-E. Letn
equal the total number of bits in the message and k equal the number of data bits; then, n-k equals the number of
bits in the BCC. The code message is derived from two polynomials that are algebraic representations of two
binary words. The generator polynomial, P (X), reflects the type of code used (CRC-12, CRC-16), and the mes-
sage polynomial, G (X), represents the string of serial data bits. The polynomials are usually represented algebra-
ically by a string of terms in powers of X, as X"+...+X3+X2+X+1. In binary form, a 1 is placed in each position
that contains a term; the absence of a term is indicated by a 0. The convention followed in this manual is to
place the LSB (X%, or 1) at the right. For example, if a polynomial is given as X*+X+1, its binary representation
is 10011 (third and second degree terms are not present).

Given a message polynomial, G (X), and a generator polynomial, P (X), the objective is to construct a code
message polynomial, F (X), that is evenly divisible by P (X). This is accomplished as follows:

Multiply the message, G (X), by X"*, where n-k is the number of bits in the BCC.

Divide the resulting product, X"* G (X), by the generator polynomial, P (X).

Discard the quotient; add (binary addition) the remainder, C (X), to the product of Step a.
The result is the code message polynomial, F (X), represented by X"*G (X)+C (X).

QU oD

The division is performed in binary without carries or borrows. In this case, the remainder is always one bit less
than the divisor. The remainder is the BCC, and the divisor is the generator polynomial. Thus, the bit length of
the BCC is always one less than the number of bits in the generator polynomial. A simple example is carried out
in the following steps:

a.  Given: Message polynomial, G (X) = 110011 (X5+X*+X+1)
Generator polynomial, P (X) = 11001 (X*+X3+1)
G (X) contains 6 data bits; P (X) contains 5 bits and yields a BCC of 4 bits; thus, n-k=4.
b.  Multiplying G (X) by X"* gives
xn-kG (X) = X4 (X5+X4+X+1) = X9+x8+x5+x4
The binary equivalent of the product is 1100110000.

c¢. Dividing the product by P (X) gives

100001 < Quotient
P(X)—11001 [1100110000 < X"*G (X)
11001
10000
11001
1001 < Remainder = C (X) =BCC

(continued on next page)
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d. Adding the BCC to the product of Step b. gives
F (X) =1100111001

The code message polynomial is transmitted. The receiving station divides it by the same generator polynomial.
If there is no error, the division produces no remainder. A remainder indicates an error. The result of the division
is shown below, with the result indicating an error-free message.

100001
P (X) - 11001 |1100111001 < F(X)
11001
11001
11001
00000 < Remainder of O

A more practical example, the mathematical derivation of a CRC-12 BCC, is now detailed. This example derives
the BCC of a 2-character message. The KG8-E logic implementation of the mathematics is then presented.

The message characters are: character 1, 000 000 000 101; and character 2, 000 000 001 000 (PDP-8/E con-
vention is followed throughout; i.e., LSB position is on the right). When a character is transferred to the KG8-E
from memory, the LSB of character 1 is the first bit shifted into the BCC Register. Therefore, G (X) = X5 +X2+1
(000 000 001 000 000 000 000 101). P (X) for CRC-12 is X'2+X"+X3+X2+X+1 (1100000001111). The BCC
is always one bit less than the P (X); thus, the quantity n-k is 12. Because of the way that the KG8-E implements
the mathematical derivation, the message polynomial, G (X), is modified and re-designated G' (X). The modifi-
cation merely reverses the order of the character bits of G (X). Thus, G’ (X) in this example is X23+X?1+X8

(101 000 000 000 000 100 000 000). The quantity G’ (X)X"* = (XZ+X?'+X8) X2 = X3 +X3+X?°, The long
division of G’ (X) X"* by P (X) follows.

110 000 000 111 100 111 001 100
1100000001111 [ 101 000 000 000 000 100 000 000 000 000 000 000
110000000 111 1
11000000 111 10
11000000011 11
100 010 100 000 O
110000000 111 1
10010100 111 10
11000000011 11
1010 100 100 010
1100 000 001 111
110100 101 1010
110000000 111 1
100 101 010 100 O
110000000 111 1
10101010011 10
11000 000 011 11
1101010000 010
1100 000001 111
1010001 101 000
1100000 001 111
110001 100 1110
110000000 111 1
001 100 000 100 < BCC
1
LSB
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The remainder is the BCC of the two-character message. Note that the LSB is on the left. The BCC is logically
added to the quantity G’ (X)X"* (MSB is added to MSB) to obtain the code message polynomial, F (X), as
shown below.

F (X) = G’ (X)X™ +BCC = XB+X3+ X0+ XI+XB+X?2

The F (X) is transmitted. The receiving station divides the F (X) by the P (X). An errorless transmission results
in a remainder of zero (this division is not shown; the reader can verify the fact that the division produces a zero
remainder).

Figure 6-2 is a representation of the BCC Register in its CRC-12 configuration (the configuration is different for
CRC-16). The accompanying chart indicates the content of the register after selected bits of the two example
characters have been shifted into the register (space limitations prevent each step from being shown). The bit in
the LSB position of the character is Exclusive-ORed with the bit in the LSB position of the BCC Register. The
result is either shifted directly into the register or Exclusive-ORed again and then shifted. Either way, the shift
takes place after the Exclusive-OR has been accomplished. The chart carries the process through 36 clock pulses.
The first 24 pulses shift the two characters into the register. After the 24th clock pulse, the BCC has been
accumulated, as shown. Note that the LSB is on the right.

If the message is to be transmitted, the BCC is added to the G’ (X)X"*, as indicated earlier; then, the F (X) is
transmitted. However, if the message was received from an external source, the two characters are followed by
the BCC computed by the external device. In this case, the BCC is shifted into the KG8-E BCC Register by the
next 12 clock pulses, as illustrated in the chart. The result, zero, indicates no error in the transmission.

The procedure is the same for CRC-16, except that the P (X) is different. The BCC Register logic is manipulated
by control signals to implement the mathematical derivation. The logic is explained in detail in Paragraph 6.8.

6.2 BLOCK DIAGRAM

The block diagram of Figure 6-3 presents the various logic sections of the KG8-E and illustrates their interrelation-
ship. A detailed discussion of each section follows the block diagram description.

The IOT Decoder logic decodes bits MD3—11 to generate the IOT signals shown in the figure (see Table 6-1 for

a complete list of the KG8-E IOT instructions). The type of parity check carried out by the KG8-E is determined,
basically, by the IOT instruction issued, viz., RCCV, RCGB, or RCTV. The way that the selected type of check

is performed is determined by control signals generated in the Control Register logic.

The Control Register logic is loaded from the AC Register, via DATA lines 5—11, by the RCLC instruction. This
instruction is issued before the type of parity check is selected. The control signals generated in response to the
RCLC instruction determine how the parity check is carried out: the PARITY signals (2 signals) determine where
a generated parity bit is placed in a character during a VRC; the VRC (RCGB) éignals (3 signals) are generated
when a VRC is to be carried out along with an LRC/CRC; the CRC/LRC (0) signal manipulates the BCC Register
so that either an LRC or a CRC is carried out; finally, the BIT signals select the BCC Register configuration and
the number of clock pulses per burst appropriate for the message character bit length.

A character is transferred from the AC Register, via DATA lines 4—11, to the VRC logic in response to either an
RCCYV instruction or an RCGB instruction. If a VRC check (as opposed to a test) is carried out, the generated
parity bit and the character are returned to the AC Register, again on DATA lines 4—11. The COMPUTE VRC
signal is asserted and applied to the I/0 XFER logic to control CPU timing during the return transfer. If a VRC
test is performed, the character is not returned to the AC; rather, the PARITY signal is used to check that the
character exhibits the correct parity.



FEEDBACK

MSB

i

LSB

¢

CHARACTER 1: 000 000 000 101
CHARACTER 2: 000 000 001 000

0%

SERIAL INPUT
FROM PARITY

REGISTER
8E-0483

CLOCK SERIAL
pULSE | CO| C1|C2|C3| C8|C9|CI0 | CI1 [C12 | CI3 |Cl4 | CI5 | ' = IFEEDBACK
o{oj{o|ofojo] oo 0 0 0 0 0 1 1
1 1{1]1111]l0]0] o0 0 0 0 0 1 0 1
2 1]olojol1]0] O 0 0 0 0 1 1 0
3 ol1{ojofof1]|oO 0 0 0 0 0 0 0
11 11]o0f(olol1]0]| O 0 0 1 0 1 0 1
12 1lol1|1]o0f|1[oO 0 0 0 1 1 0 1
13 11ol1]0]1]01{|1 0 0 0 0 0 0 0
14 o{1{ofj1]o}l1]o0 1 0 0 0 0 0 0
15 ojlo|l1{ol1]0]1 0 1 0 0 0 1 1
16 1{111]0]lo0]1fo0 1 0 1 0 1 0 1
23 oj]1|lo0]lofjoflo]| o 1 1 0 0 0 0 0
24 olo]J1]oJofo] o 0 1 1 0 0 0 0
¥ BCC
25 ojofol1|lojlo]| o0 0 0 1 1 0 0 0
26 ojojJojo}l1}lo] o 0 0 0 1 1 1 0
27 ojlofo{oflo]1]oO 0 0 0 0 1 1 0
32 ojlofojo}lo]jo] o 0 0 0 1 0 0 0
33 ojlofo|{ofojO0] O 0 0 0 0 1 1 0
34 ojojojojojo]| o 0 0 0 0 0 0 0
35 ojojlojojlo]jo]oO 0 0 0 0 0 0 0
36 ojofojofo|o]| O 0 0 0 0 0
NOTES:

1. 0 = BCC Register Stage; C-Number refers to the bit used (see Paragraph 6.8)
2. ® = Exclusive-OR operation

3. P(X) = X2+ X"+ X3+ X2+ X+1

Figure 6-2 CRC BCC Accumulation for Two 12-Bit Characters
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Table 6-1
KG8-E 10T Instruction List

Octal Code Mnemonic Function

6110 RCTV Test VRC and Skip. If the VRC logic is wired for an odd
parity check, the next program instruction is skipped when
the character exhibits odd parity; if the logic is wired for an
even parity check, the next program instruction is skipped
when the character does not exhibit even parity.

6111 RCRH Read BCC high. Jam-transfers the 8 most significant bits
of a BCC to AC4—11 (the MSB goes to AC4); used for a
16-bit accumulation.

6112 RCRL Read BCC low. Jam-transfers the BCC to the AC Register.
The number of bits involved depends on the type of parity
check performed. The LSB of the BCC is transferred to
AC11.

6113 RCCV Compute VRC. Transfers a character from AC4—11 to the
Parity Register and clears the AC; causes the VRC logic to
check for odd or even parity and add a parity bit to the
character if necessary; returns the character io the AC with
the parity bit being jammed into either AC4 or AC11.

6114 RCGB Generate BCC. Generates an LRC or CRC BCC; the BCC is
either transmitted as part of the message or compared to a
BCC that has been received. This instruction causes the

- RCTV and RCCV operations to be carried out before the
BCC generation, providing the Control Register logic has
been properly programmed (see the RCLC instruction).

6115 RCLC Load Control Register. Defines the type of parity check
carried out, and programs the logic for the correct num-
ber of bits per character. See the Control Register logic,
Paragraph 6.4, for the relation between AC bit and Control
Register function.

6116 RCCB Clear BCC Register. Clears the 16-bit BCC Register.

6117 RCTC Maintenance Test Clock. If test point DA1 on the module
is grounded, this instruction causes a single clock pulse to
be applied to the logic; the technician can use this pulse for
single-step testing of the KG8-E.

When a CRC/LRC follows the VRC, or when such a check is performed alone, each character is first loaded into
the VRC logic Parity Register. 9.5 MHz clock pulses shift the character from the VRC logic, via the BCC parity
line, to the BCC logic. A BCC is accumulated in the BCC Register in either CRC or LRC format. The generated
BCC is transferred to the AC Register on DATA lines 0—11 in a format determined by the type of check per-
formed and by the number of bits per message character. The transfer is directed by either the RCRL instruction
or the RCRH instruction, or both.



SECTION 4 DETAILED LOGIC

6.3 10T DECODER LOGIC

The IOT Decoder logic is shown in Figure 6-4. Bits MD3—8 are gated with the I1/0 PAUSE L signal to generate
the 611X signal. NAND gate E3 asserts the OMNIBUS INTERNAL /0O L signal, causing the positive 1/0 bus
interface to ignore the IOT instruction. During TS3, the 611X signal is gated with bits MD9—11 in the 8251
BCD-to-decimal decoder to produce the listed 10T signals.

Ts2 L MD9 L d
£39 OF—RcTv L
1 —— RCRH L
I/0 PAUSE L ————————g MD10 L — ¢ £39 2 ——RCRL L
pu— 4 q
MD3 L : P £3s 3 RCCV L
- MD11 L—}—d 8251 41— RcGB L
E39
MD4 L ——d +—d 5 —— RCLC L
J .E 611X = 6 —— RCCB L
MD5 L c:L l E7 )0_— 7}—RCTC L
MD6 L — d -—J
E10
[ q
MD7 L — .b
Lo
MD8 L ———————— E3 INTERNAL I/0 L

BE-0485

Figure 6-4 10T Decoder Logic

6.4 CONTROL REGISTER LOGIC

The Control Register logic is shown in Figure 6-5. The logic includes seven flip-flops and a BCD-to-decimal
decoder, E8. When the RCLC IOT instruction is issued, the information in the AC Register is gated onto the
DATA lines during TS2; the information remains on the lines for the rest of TS2 and throughout TS3. At TP3
time, all seven flip-flops in the logic are clocked. The resulting state of each flip-flop depends on the state of the
appropriate AC Register bit. The AC Register bits are related to the control signal functions as follows:

AC5=1: CRCBCC
0: LRCBCC

AC678
000 16-bitBCC
001 12-bitBCC
010 8-bitBCC
011 7-bitBCC
100 6-bitBCC

AC9 = 1: Generated parity bit to AC11
0: Generated parity bit to AC4

AC10=1: A VRC check (RCCV) is performed prior to a BCC accumulation.
AC11 =1: A VRC test (RCTV) is performed prior to a BCC accumulation.
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6.5 VRC LOGIC

The VRC logic is shown in Figure 6-6. The logic includes an Exclusive-OR circuit, comprising gates E16, E20,
and E1, and jumper locations E and O, and an 8-bit Parity Register, comprising ICs E14 and E34. Both the
Exclusive-OR circuit and the Parity Register are used when an RCCV instruction is issued. This instruction causes
a character to be gated from the AC Register onto the DATA lines. The Exclusive-OR logic examines the charac-
ter and generates a parity bit, if one is required. The character and the parity bit are then loaded into the Parity
Register (the parity bit is loaded into either bit position 4 or bit position 11), gated from the register onto the
DATA lines, and returned to the AC Register.

Only the Exclusive-OR circuit is used when an RCTV instruction is issued. This instruction also causes a character
to be gated from the AC Register to the DATA lines and examined by the Exclusive-OR circuit. However, a
parity bit is not generated, and the Parity Register is not loaded. Rather, the 1/O Transfer logic monitors the
PARITY signal to determine if a program instruction must be skipped (Paragraph 6.7). Thus, the RCCV instruc-
tion is used to provide the correct parity for characters that are to be transmitted from memory; conversely, the
RCTYV instruction is used to check the parity of characters that have been received and stored in memory (the
term ““‘a VRC"' is used to indicate the execution of either an RCCV or an RCTV instruction). The RCTV instruc-
tion logic is described in Paragraph 6.7; the discussion that follows details how the VRC logic provides the correct
parity for characters destined for transmission.

A VRC can be performed independently or in conjunction with either an LRC or a CRC. If only a VRC of a
character is to be made, the program issues an RCCV 10T instruction. This instruction gates the character from
the AC Register onto the DATA lines and causes the IOT Decoder logic to generate the RCCV L signal. This
signal enables NOR gate E28 (Figure 6-6) to assert the COMPUTE VRC signal and causes the Parity Register to
be placed in parallel-load mode (pin 13 of both E14 and E34 is taken low).

The VRC flip-flop in the Control Register logic will have been set or cleared by a previous RCLC instruction.
Therefore, either the LEFT PARITY signal or the RIGHT PARITY signal is high when the COMPUTE VRC sig-
nal is asserted. This discussion assumes that the LEFT PARITY signal has been asserted; thus, the character bits on
DATA lines 5—11 are gated to the parallel-load inputs of the Parity Register and to the Exclusive-OR circuit,
which checks for odd or even parity (the state of the DATA 4 line is immaterial, because NAND gate E9A is
disabled). The discussion assumes that an odd-parity check is desired; thus, jumper O is connected. If the char-
acter contains an odd number of 1s in bits 5—11 (odd parity), the PARITY signal is asserted; the DATA 4-bit
input of E14 (pin 3) is low, i.e., a parity bit need not be added to the character. However, if the character con-
tains an even number of 1s in bits 5—11, the PARITY signal is negated. AND-NOR gate E32B is enabled, and
pin 3 of E14 is high. The Parity Register is loaded with an odd number of 1s, a parity bit being loaded into the
bit 4 position.

If an even-parity check is desired, the E jumper, rather than the O jumper, is connected; if the character gated
from the AC Register contains an odd number of 1s, a parity bit is added. The parity bit can be loaded into the
bit 11 position if the RIGHT PARITY signal, rather than the LEFT PARITY signal, is asserted.

The Parity Register is loaded at TP3 time of the RCCV instruction, on the leading edge of the pulse at pin 6 of
both E14 and E34. At the same TP3 time, but on the trailing edge, the VRC XFER CNTL flip-flop is set, gating
the character in the Parity Register onto the DATA lines. The character is gated to the AC Register and loaded
into the register at BUS STROBE time (see Paragraph 6.7 for details).
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As noted earlier, a VRC can be performed in conjunction with either an LRC or a CRC. The VRC (RCGB) flip-
flop in the Control Register logic must be set by an RCLC IOT instruction. Then, an RCGB instruction causes
the 10T Decoder logic to generate the RCGB L signal. This signal causes the COMPUTE VRC signal to be gene-
rated (via NAND gate E28 and NOR gate E28) and the Parity Register to be placed in the parallel-load mode.
Thus, the VRC is carried out in the same way as the RCCV instruction. However, after the character in the
Parity Register has been gated to the AC Register and loaded, the same character must be transferred to the BCC
Register so that a BCC can be computed. When the RCGB L signal goes high, pin 13 of both E14 and E34 goes
high, placing the Parity Register in the right-shift mode. The BCC Clock logic (Paragraph 6.6) begins generating
9.5 MHz clock pulses; each pulse shifts the Parity Register. As a bit is shifted out of the Parity Register, it is
shifted into the LSB position of the BCC Register. After eight clock pulses, for example, the character has been
shifted out of the Parity Register and into the BCC Register. Figure 6-7 is a timing diagram that includes the
important signals of the VRC logic. Some of the signals shown have yet to be explained in detail; however, this
diagram is helpful in understanding VRC logic operation.

I/0 PAUSE L

TS3 L I
TP3 I l
RCCV L | l
*RCGB L
COMPUTE VRC ___J L______.
VRC XFER CNTL (1) J_—__—|—_
NOT LAST XFER L [ I

|

/— LOAD AC
L]

/—— DATA TO AC
coL,CiL l—_I_——__—

CHARACTER FROM AC—y CHARACTER PLUS PARITY BIT

ot A
ey eereren oy O PARITY RECISTER —ITTITIIIIIIITITA

PARITY REG TO DATA LINES/"

%9.5 MHz CLOCK L_I_-LJ_

BUS STROBE L

*BCC REGISTER BITS V

*|F A BCC ACCUMULATION FOLLOWS THE VRC.

8E-0488

Figure 6-7 VRC Logic Timing

6-14



If the VRC (RCGB) flip-flop in the Control Register logic is not set by an RCLC instruction, the COMPUTE VRC
signal cannot be asserted when the RCGB instruction is issued (NAND gate E28 is disabled). Thus, a VRC is not
performed; rather, an LRC or a CRC, alone, is carried out, and the VRC logic is used as the input network for the
BCC logic. When the RCGB instruction is issued, it causes a character to be placed on the DATA lines. Neither
the LEFT PARITY L signal nor the RIGHT PARITY L signal is asserted; consequently, the character bits on

\ DATA lines 4—11 (if the character contains eight data bits) are gated to the Parity Register inputs, and the output
of the Exclusive-OR circuit is ignored by the logic. As before, the register is parallel-loaded at TP3 time; however,
because the VRC XFER CNTL flip-flop is not set, the register outputs are not gated onto the DATA lines. When
the RCGB L signal goes high, 9.5 MHz clock pulses begin shifting the Parity Register contents to the BCC Register.

6.6 BCC CLOCK LOGIC

The BCC Clock logic is shown in Figure 6-8. The logic generates clock pulses that shift both the Parity Register
and the BCC Register. Figure 6-9 is a timing diagram that helps explain the logic operation.

+3V
13 |mss
n 12 12
3 E43
= E2
12 BITS L 74197 ¢
E3 10 R
6 BITS L
78ITS L VL4 s
E25 8 1 6 3
p——9.5MHz
cLocK
+3V
RCGB L
BE-0489
Figure 6-8 BCC Clock Logic
6 BITS L

RCGB L L ]
E43, P12 I_II___II.__ILIUI-—J
oo, b3 VAVAVAVAVAVAN

9.5MHZ CLOCK I__l I._l I_] U I._I l—J
MSBI I

BE-0490

Figure 6-9 9.5 MHz Clock Pulse Generation
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The logic includes a 4-bit binary counter, E2, and a free-running multivibrator, comprising NAND gates E43 and
E40, and the RC network. The binary counter is preset with a count that is determined by the signals at the
parallel inputs. Figure 6-9 indicates that the 6 BITS L signal has been asserted by the Control Register logic.

Thus, when the RCGB L signal goes low, E2 is preset with a binary count of 0010. When the RCGB L signal goes
high, the free-running multivibrator is triggered. The multivibrator output alternately enables and disables AND-
NOR gate E31, thereby producing clock pulses at a frequency of approximately 9.5 MHz. Six clock pulses advance
the binary count in E2 to 1000, at which count the MSB signal is asserted. This signal cuts off the multivibrator
and no more clock pulses are generated.

The RCTC L signal is generated by the IOT Decoder logic when the maintenance test clock instruction, RCTC, is
issued. If test point DA1 is grounded, the RCTC L signal causes a single pulse to be produced; thus, single-step
testing of the BCC generating logic is possible.

6.7 1/0 TRANSFER LOGIC

The 1/0 Transfer logic is shown in Figure 6-10. The logic asserts OMNIBUS control signals to enable transfers of
data characters and BCCs from the KG8-E to the AC Register. In addition, the logic is used to assert the
OMNIBUS SKIP L signal when odd parity is detected during a character parity test (RCTV).

E448 Jo— NOT LAST XFER L
0 vyrc ! <

- XFER E4 v
¢ CNTL p 4

l E25A BUS STROBE L
COMPUTE VRC I
TP3 d E258
E26
Q
RCRL L £43

RCRH L

E25C CtL

I

E250 p— CO L

Y

VRC (RCGB)(0) ———————
E44D

RCGB L —<{>-£ TEST VRC
E28 l
VRC TEST(RCGB) (1) — | E28 ’e .
E44A
RCTV L

E3 SKIP L

i

PARITY

BE-0491

Figure 6-10 1/0 Transfer Logic

When a VRC is performed on a character transferred from the AC Register (as a result of an RCCV instruction or
an RCGB instruction), the character and the parity bit must be returned to the AC from the Parity Register. In
normal operation, the AC Register is loaded at TP3 time. However, the Parity Register outputs are not gated
onto the DATA lines until TP3 time; consequently, with normal computer timing, the information on the DATA
lines would appear at the AC Register data inputs too late to be loaded into the register. The 1/O Transfer logic
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solves this difficulty by asserting the NOT LAST XFER L signal. This signal prevents the AC Register from being
loaded at TP3 time; instead, the register is loaded when the |/O Transfer logic asserts the BUS STROBE L signal
(see Volume 1, Section 6, for more details).

The timing diagram of Figure 6-7 demonstrates how the NOT LAST XFER L signal affects the character transfers
from the Parity Register. The NOT LAST XFER L signal is asserted by NAND gate E44B, Figure 6-10, when the
VRC logic asserts the COMPUTE VRC signal. At TP3 time (trailing edge), the VRC XFER CNTL flip-flop is set,
gating the Parity Register outputs onto the DATA lines (see VRC logic) and causing E44B to negate the NOT
LAST XFER L signal. At the same time, both the CO L signal and the C1 L signal are asserted, via NOR gate E43,
and NAND gate E4 is enabled. The output of E4 rises exponentially until, approximately 200 nanoseconds later,
it causes the BUS STROBE L signal to be asserted. Because the C1 L and CO L signals are asserted, the BUS
STROBE L signal jam transfers into the AC the information on the DATA lines. The long delay in asserting the
BUS STROBE L signal ensures that the AC Register input lines have settled before the register is clocked.

When an LRC or a CRC is performed on a message, the generated BCC must be transferred to the AC Register.
This is accomplished by the RCRL instruction, alone, or by both the RCRL and RCRH instructions. Either
instruction generates a signal that enables NOR gate E43. The output of this gate enables NAND gates E25C and
D to assert the C1 L and CO L signals. The BCC is gated onto the DATA lines and jam transferred into the AC
Register at TP3 time of the RCRL or RCRH instruction (the BUS STROBE L signal is not asserted by the 1/0
Transfer logic).

A VRC can be carried out on a character in response to an RCTV instruction; i.e., a parity test is made on the
character. This instruction causes the RCTV L signal to be asserted, thereby enabling NOR gate E28. The
resulting TEST VRC signal enables NAND gate E3 to pull the OMNIBUS SKIP line low, if the PARITY signal is
asserted by the VRC logic. Remember that the PARITY signal, when asserted, indicates that the tested character
either does exhibit correct parity (VRC logic wired for an odd parity check) or does not exhibit correct parity
(VRC logic wired for an even parity check). Therefore, in the case of an odd parity check, the asserted PARITY
signal would cause the program to skip over an error-handling instruction; in the case of an even parity check, the
asserted PARITY signal would cause the program to skip to an error-handling instruction.

Note that the TEST VRC signal also asserts NAND gate E44A, thereby asserting the CO L signal. This action
results in the AC Register being cleared at TP3 time of the RCTV instruction (to be exact, the AC is loaded with
zeros at TP3 time). Because the character is merely tested by the RCTV instruction, it need not be returned to
the AC, as is the case with the RCCV instruction. A similar situation exists when only an LRC or a CRC is per-
formed. Each character is transferred from the AC Register to contribute to the BCC generation. The character
need not be returned to the AC. Consequently, the RCGB L signal causes NAND gate E44D to be enabled,
thereby asserting the CO L signal (remember that the VRC (RCGB) flip-flop is set only if a VRC is to be initiated
by the RCGB instruction).

6.8 BCC LOGIC

A block diagram of the BCC logic is shown in Figure 6-11. The logic is used to generate a BCC for either an LRC
or a CRC. Each character that contributes to the BCC accumulation is parallel-loaded into the 8-bit Parity
Register at TP3 time of the RCGB 10T instruction. The character is then shifted from the Parity Register into
the 16-bit BCC Register by 9.5 MHz clock pulses. The accumulation is held in the BCC Register until either an
RCRL or an RCRH IOT instruction is issued.

Each bit of the character in the Parity Register is Exclusive-ORed with the bit in the LSB position of the BCC
Register. The result is placed on the SERIAL QUOTIENT line and shifted into the BCC Register. The particular
bit position into which the SERIAL QUOTIENT signal is shifted depends on the state of the control signals
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shown in the bottom of the figure. The LRC/CRC (0) signal manipulates the register for an LRC or a CRC, while
the X BITS L signal produces the correct gating configuration for the bit length of the characters.

DATA O-11 L
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I
l
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Figure 6-11 BCC Logic, Block Diagram

Consider an LRC parity check, which can be carried out on 6-, 7-, 8-, 12-, and 16-bit characters. The BCC is
accumulated in the BCC Register with the LSB right-justified. Therefore, a number of left-most bit positions in
the BCC Register must be ignored when a BCC of less than 16 characters is accumulated. For example, the 8
left-most bit positions (CO—C7 in Figure 6-11) must be disregarded when an 8-bit BCC is accumulated. This con-
figuration is illustrated in Figure 6-12, a logic-block diagram that also shows the configuration for 6- and 7-bit
characters.

When the character is parallel-loaded into the Parity Register, the LSB of the character is Exclusive-ORed with the
bit in the C15 position (E42). The result is placed on the SERIAL QUOTIENT line. The first clock pulse of the
burst (see the VRC logic and the BCC clock logic) shifts the SERIAL QUOTIENT bit into either the C8, C9, or
C10 position of E22, while at the same time shifting the next character bit into the LSB position of the Parity
Register.

Assume that the data character loaded into the Parity Register is 6 bits in length. The 6 BITS L signal and the
CRC/LRC (0) signal are asserted by the Control Register logic (consequently, the 16 BITS L signal is negated).
Therefore, each SERIAL QUOTIENT bit is shifted into the C10 position of the BCC Register and shifted right
by each succeeding clock pulse (note that although E22 is in the parallel-load mode, a right-shift operation is
carried out because of the IC’s external wiring). After six clock pulses, the character has been shifted out of the
Parity Register. Each bit of the character has been Exclusive-ORed and shifted into the 6 most significant bit
positions of the BCC Register. Each character of the message is handled in the same way. When the last character
has been operated on, the BCC has been accumulated. The RCRL instruction can then be issued, causing the
character to be gated tc the AC Register via DATA lines 4 through 11, as shown. If the last character of the mes-
sage is a BCC accumulated by a transmitting station, the final content of the BCC Register is O, if no errors
occurred.
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Figure 6-12 6-, 7-, and 8-Bit LRC BCC Accumulation

Figure 6-13 shows the actual logic involved in the 6-bit LRC BCC accumulation. Note that many connections
shown have been left off the logic block diagram of Figure 6-12. One should study Figure 6-13 thoroughly to
pick up fine points not illustrated in the logic block diagram. Refer to engineering drawing no. E-CS-M884-0-1 for
the complete logic presentation.

An LRC can be used to accumulate a 12-bit or 16-bit BCC, also. The BCC Register configuration in each case is
shown in Figure 6-14. Consider the 12-bit BCC first.

To accumulate such a BCC, the 12 BITS L signal and the CRC/LRC (0) signal are asserted by the Control Register
logic. Therefore, ICs E18 and E42 are placed in the right-shift mode, while E22 is in the parallel-load mode.

IC E38 is wired so that it is always in the right-shift mode. The output of E38, the C7 bit, is applied to the serial
input line of E22. However, E22 is in the parallel-load mode and ignores the output of E38. Instead, the C3 bit
is gated to pin 10 of E22, the parallel-load input of the C8 bit. Thus, the 12 register bits used for the 12-bit BCC
are CO—C3 and C8—C15.

To fill these 12 register bits, a 12-bit character must be transferred from the PDP-8/E memory. Because the Parity
Register can accommodate only 8 bits, one must use the following technique:

a.  The 12-bit character is brought from memory and loaded into the AC Register by a TAD instruction.

b. The RCGB instruction is issued, causing the character to be gated via the DATA lines to the Parity
Register. At TP3 time, the 8 least significant bits are loaded into the Parity Register (bit 11 of the
character is loaded into the LSB position). The AC Register is cleared (see the |/O XFER logic).

¢. The BCC Clock logic generates a burst of 6 clock pulses, shifting the 6 least significant bits of the
character into the 6 most significant bit positions of the BCC Register (C0—C3, C8, C9).

d.  While the registers are being shifted, another TAD instruction loads the same character into the AC
Register.

(continued on next page)
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e. A BSW instruction (swap bytes in AC) is issued, causing the 6 most significant bits of the character to
be placed in the 6 least significant bit positions of the AC (the MSB of the character goes to AC bit 6).

. Another RCGB instruction is issued. Now the Parity Register is loaded with the 6 most significant bits
of the character; bit 0 of the character is loaded into the Parity Register LSB position. The AC Register
is cleared.

g.  Six clock pulses shift the 6 most significant bits of the character into the BCC Register and shift the 6
least significant bits of the character to the right.

h.  The 12-bit character is now contained in the 12-bit BCC Register. Each succeeding character is handled
in the same way.

When the BCC has been accumulated, the RCRL instruction causes the character to be gated to the AC Register.
The 4 most significant bits are gated via DATA lines O through 3, as shown. [f the last character of the message is
a BCC accumulated by a transmitting station, the final content of the BCC Register is 0, providing no errors
occurred in transmission.

When a 16-bit BCC is accumulated, all 16-bit positions of the BCC Register are used, and each IC is placed in the
right-shift mode, as Figure 6-14 illustrates. Because the PDP-8/E cannot store an entire 16-bit character in one
memory location, two locations are required. The 8 most significant bits of the character are stored in location
“A"”, in a right-justified format, while the 8 least significant bits of the character are stored in location ‘B, also
in right-justified format. A TAD instruction brings the contents of location B to the AC Register first. An RCGB
instruction transfers the 8 least significant bits to the Parity Register; clock pulses then shift the bits into the

8 most significant bit positions of the BCC Register. Another TAD instruction brings the contents of location A
to the AC. A second RCGB instruction results in the 8 most significant bits of the character being shifted into the
8 most significant bit positions of the BCC Register. At the same time, the 8 least significant bits of the character
are right-justified into the 8 least significant bit positions. As Figure 6-14 indicates, the 8 least significant bits of
the BCC are transferred to the AC Register via DATA lines 4 through 11 by the RCRL instruction, while the 8
most significant bits are transferred by the RCRH instruction.

The BCC accumulation during a CRC parity check is basically the same as during an LRC: the message characters
are parallel-loaded into the Parity Register; the bits in the LSB positions are Exclusive-ORed; the result is placed
on the SERIAL QUOTIENT line and shifted into the BCC Register. However, to implement the generating
polynomial, P (X), additional Exclusive-ORing is carried out, as illustrated in Figure 6-15.

The logic block diagrams shown in Figure 6-15 illustrate Exclusive-OR gating for both CRC-12 and CRC-16. The
gating enables the logic to implement the two generating polynomials. For industry-compatible application,
CRC-12 is used with 6-bit characters, while CRC-16 is used with 8-bit characters. CRC-12 could be used to gene-
rate the BCC of a message consisting of 12-bit characters, but this would require the same sort of program manipu-
lation as described for LRC-12. The same can be said when considering CRC-16 with 16-bit characters. Because
the CRC logic is so similar to the LRC-12 and LRC-16 logic, no further logic description is presented.

SECTION 5 MAINTENANCE

See Volume 1 for maintenance information that can be applied to the KG8-E option. The diagnostic program
and the single-step test feature should be used to isolate problems that are traced to the KG8-E.
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Figure 6-14 Logic Block Diagram: LRC-12, LRC-16

SECTION 6 SPARE PARTS

Table 6-2 lists recommended spare parts for the KG8-E. These spare parts can be obtained from any local DEC
office or from DEC, Maynard, Massachusetts.
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Table 6-2
KG8-E Recommended Spare Parts

DEC Part Number Description Quantity
19-09704 IC DEC 314 1
19-09485 IC DEC 380 1
19-05575 IC DEC 7400 1
19-09004 IC DEC 7402 1
19-09686 IC DEC 7404 1
19-05576 IC DEC 7410 1
19-05580 IC DEC 7450 1
19-05547 IC DEC 7474 1
19-10011 IC DEC 7486 1
19-09594 IC DEC 8251 1
19-09615 IC DEC 8271 2
19-09705 IC DEC 8881 2
19-10035 IC DEC 74197 1
10-00016 Capacitor, 100 pF, 100V, 5% 1
10-01610 Capacitor, 0.01 uF, 100V, 20%, DISC 5
10-00027 Capacitor, 820 pF, 100V, 5% 1
13-00293 Resistor, 33052, 1/4W, 10% 1
13-01401 Resistor, 75082, 1/4W, 5% 1
13-00271 Resistor, 220%2, 1/4W, 5% 1

6-24



PART 6
CARD READERS



CHAPTER 7
CM8-E/CR8-E CARD READERS

SECTION 1 INTRODUCTION

Two card reader options are available for use with the PDP-8/E. Both transfer data from ElA-standard data cards
to the CPU AC Register. The CM8-E Optical Mark Card Reader option reads data from pencil-marked or punched-
hole data cards; the CR8-E Card Reader option reads only from punched-hole cards. Each option uses the same
control module to interface the card reader and the computer. This module, DEC M843, plugs into the OMNIBUS
and connects to the external card reader via a signal cable that is supplied with the option.

The card reader used with the CM8-E option is the GDI Model 100-M Optical Mark Reader. That used with the
CR8-E option is the Documation Model M200 Card Reader. These card readers are discussed only to the extent
necessary both to fully describe the control operation and to present supplementary information concerning in-
stallation and checkout of the option. Details of the installation, operation, troubleshooting, and maintenance
of the card reader, itself, can be found in the respective technical manual. Other publications and documents
relevant to the CM8-E and CR8-E are:

PDP-8/E & PDP-8/M Small Computer Handbook — DEC 1972

PDP-8/E Maintenance Manual, VVolume 1

CM8-E Diagnostic, MAINDEC-8E-D2DA, CR8-E Diagnostic, MAINDEC-8E-D2EA
DEC Engineering Drawing, Card Reader Control, E-CS-M843-0-1.

QU O T

SECTION 2 INSTALLATION
The CR8-E/CMS8-E Card Reader option is installed on site by DEC Field Service personnel. The customer should
not attempt to unpack, install, checkout, or service the equipment.

Insert the option control module (DEC M843) into the PDP-8/E OMNIBUS. Refer to Table 2-3, Volume 1, for
information concerning recommended module priorities (the CR8-E/CM8-E is a “‘non-memory’’ option).

Connect the control to the card reader with the signal cable provided. J1 of the control connects either to J2
(CR8-E) or to J5 (CM8-E) of the card reader. See Section 5 for cable and connector pin assignments.

The CR8-E/CM8-E option can be checked for correct operation by running the appropriate diagnostic program.
Refer to the respective card reader instruction manual for card reader checkout procedures.
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SECTION 3 BLOCK DIAGRAM DESCRIPTION

Figure 7-1 is a block diagram of the CR8-E/CM8-E Control. OMNIBUS pin numbers can be found on DEC engi-
neering drawing E-CS-M843-0-1. The pin assignments for connector receptacle J1 are given in Table 7-4.
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Cc1 LI __l l
1/0 PAUSE L p—————s 10T v SELECT ]
! DECODER %872 o “Caro READ
MD 3-11 L[ LoGic  —» 10T 6631,6632 LOGIC
. e :
6674,6675 READY/ON-LINE
| 6677
SKIP L ‘e
INT RQST L e Py |

e6716672667 [T e
LOGIC

| TT

|
1
1
1
|
|
|
DATA 07,2,3 L:~ | :
6677
DATA O-11 L pe 6637 SJéA(;I'IL(J:S '
DATA 6-11 L o—

DATA 04-11 L e l I T ¥ |
| 6632 DATA |
| 6634 GATING |
l 6636 Py LOGIC '

. }
| ZONE 12,11,0-9 I
]
! gi#g DATA READY (1) |
| LOGIC |
| ¢ INDEX MARKER/DATA STROBE |
| ZONE INPUTS 12,1,0-9 |
| |

BE-0354

Figure 7-1 CR8-E/CM8-E Control Block Diagram

The signals shown on the block diagram are related in the timing diagram, Figure 7-2. The 10T instructions are
listed in Table 7-1 (the same instruction set is used by both the CR8-E and the CM8-E; thus, the two card readers
cannot be used in the same system). Refer to Figures 7-1 and 7-2 and Table 7-1 while reading the block diagram
description.

The card reader asserts the signal READY/ON LINE when the reader is clear of errors and ready to receive a card
read command. When the 6672 instruction is issued, the control’s IOT decoder logic asserts the 6672 L signal.
At TP3 time, the select card logic asserts the READ signal that initiates the card pick cycle in the card reader.

A card is brought into the reader card track and advanced toward the read station. The CIR signal is asserted by
the reader when the card has arrived at the read station.

The card columns pass sequentially before the read station sensors beginning with column 1 {note that an 80-
column card is illustrated in the timing diagram; this applies only to the CR8-E, the CM8-E being limited to use
with 40-column cards). The information in the 12 data rows of the column is transferred, via the Zone Input

lines, to the 12-bit Zone Register of the read data logic. The reader generates an INDEX MARKER/DATA
STROBE signal for each card column; this signal clocks the information on the Zone Input lines into the Zone
Register. At the same time, INDEX MARKER STROBE causes the read data logic to assert the DATA READY (1)
signal.
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Table 7-1
CMS8-E/CR8-E Instruction List

Octal Code Mnemonic Function

6631 RCSF Skip on the Data Ready flag. Senses the state of the DATA
READY flip-flop. If the flip-flop is set, the program counter
is incremented so that the next sequential instruction is
skipped.

6632 RCRA Read alphanumeric. Causes a 6-bit alphanumeric code, which
is translated from the 12-bit code of a card column, to be gated
to AC bits 6—11. Clears the DATA READY flip-fiop.

6634 RCRB Read binary. Causes the 12-bit code of a card column to be
gated to AC bits 0—11 (column rows 12, 11, and O are gated to
ACO, 1, and 2, respectively; rows 1—9 are gated to AC3—11,
respectively). Clears the DATA READY flip-flop.

6635 RCNO Read conditions out to card reader. Selectively sets or clears
two flip-flops that control the INT/skip logic. If AC11 is logic
1, the RCNO instruction sets the DATA AND CARD INT flip-
flop, thereby enabling the DATA READY flip-flop and the
CARD DONE flip-flop to cause a program interrupt and an
instruction skip. If AC10 is logic 1, the RCNO instruction
sets the RDY/TROUBLE INT flip-flop, thereby enabling a
transition in the READY/ON LINE signal to cause a program
interrupt and an instruction skip.

6636 RCRC Read compressed. Causes an 8-bit code, which is translated
from the 12-bit code of a card column, to be gated to AC bits
4—11. Gates a logic 1 into AC bit O, if a hardware validity-
check circuit has detected more than one hole or mark in
rows 1—7 of a card column. Clears the DATA READY flip-
flop.

6637 RCNI Read conditions in from card reader. Causes the state of the
DATA READY flip-flop and the state of the CARD DONE
flip-flop to be placed on DATA lines O and 1, respectively.
Causes the transition of the READY/ON LINE signal to be
represented by DATA bits 2 and 3. If the signal has gone
high, the DATA 3 L signal is asserted, while the DATA 2 L
signal is negated; if the signal has gone low, the DATA 3 L
signal is negated, while the DATA 2 L signal is asserted.

6671 RCSD Skip on Card Done flag. Senses the state of the CARD DONE
flip-flop. If the flip-flop is set, the program counter is incre-
mented so that the next sequential instruction is skipped.

6672 RCSE Select card and skip if ready. If the card reader has asserted
the READY/ON LINE signal, the program counter is incre-
mented so that the next sequential instruction is skipped; a
card is started toward the read station. Clears the CARD
DONE flip-flop.

(continued on next page)
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Table 7-1 (Cont)
CMS8-E/CRS8-E Instruction List

Octal Code Mnemonic Function
6674 RCRD Clear Card Done flag. Clears the CARD DONE flip-flop.
6675 RCSI Skip if interrupt being generated. |f any one of four conditions

has caused a program interrupt, the program counter is incre-
mented so that the next sequential instruction is skipped.

6677 RCTF Clear Transition flag. Clear the TRANSITION flip-flop in the
status logic.

If the control is programmed to operate in the interrupt mode, as the timing diagram illustrates, DATA READY (1)
causes the INT/skip logic to assert the OMNIBUS INT RQST L signal. The computer then begins to execute the
interrupt servicing routine. When the appropriate instruction (6631 in this example) in the servicing routine is
decoded, the INT/skip logic asserts the OMNIBUS SKIP L signal. The computer proceeds to an appropriate sub-
routine to transfer the data from the read data logic to the OMNIBUS DATA lines, via the data gating logic. The
6634 instruction is used in the present example to transfer the data; this instruction is decoded and the resulting
signal, 6634 L, gates the data through the data gating logic to the DATA 0—11 lines. At TP3 time, the infor-
mation is loaded into the AC Register and the DATA READY (1) signal is negated. When the data from all
columns has been transferred, the CIR signal is negated and the select card logic asserts the CARD DONE (1)
signal. This signal asserts the INT RQST L signal, the card pick subroutine is entered, and a new 6672 instruction
is decoded.

The control status logic allows the program to check the status of the DATA READY (1) signal, the CARD
DONE (1) signal, and the READY/ON LINE signal. The significance of this status logic is explained in detail in
Paragraph 7.5.

SECTION 4 DETAILED LOGIC

7.1 10T DECODER LOGIC

The |OT decoder logic is shown in Figure 7-3. Bits MD3—8 are decoded by NAND gates E12 and E16 to produce
signals 667X, and 663X, respectively. Each of these signals causes the OMNIBUS INTERNAL /0 L signal to be
asserted, ensuring that the positive I/0 bus interface ignores the 10T instruction. Also, each signal is gated with
bits MD 9, 10, and 11 in decoder E3 to produce the 10T signals shown. The inverted 663X signal, likewise, is
gated with bits MD 9, 10, and 11, but in decoder E2. This decoder produces the six 10T signals shown, four of
which cause the OMNIBUS C1 L signal to be asserted. When the C1 L signal is asserted, information placed on
the DATA lines is gated through the CPU Major Register Gating and ORed into the AC Register (a jam transfer is
unnecessary because a card reader program always clears the AC Register before data is transferred from the card
reader control).
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7.2 SELECT CARD LOGIC

The select card logic is shown in Figure 7-4. When the 6672 10T instruction is decoded, the |IOT decoder logic
generates the RCSE L signal. If the card reader is ready, the signal at pin J1J, READY or ON LINE, is high and
NAND gate E20 asserts OMNIBUS SKIP L. The two E40 NAND gates at the READY/ON LINE input comprise
a Schmitt trigger that prevents noise on the input line from triggering the select card logic (a Schmitt trigger is
placed in the J1N input for the same reason).

At TP3 time of the 6672 instruction NAND gates E24 and E27 are enabled. Thus, the CARD DONE flip-flop is

cleared and the READ flip-flop is set, the latter flip-flop causing NOR gate E39 to assert the READ signal. This

signal causes the card reader to begin processing the data card. When the card is in the read station, the signal at

pin JIN, CIR (Card In Reader), goes high, clearing the Read flip-flop. When the card has been processed the CIR
signal is negated. The negative-going edge of the signal sets the CARD DONE flip-flop.

Note that both the CARD DONE flip-flop and the READ flip-flop are cleared by the OMNIBUS INITIALIZE
signal via NOR gate E29. The CARD DONE flip-flop, in addition to being cleared by this signal and by the RCSE
instruction, can be cleared by the RCRD instruction (Clear Card Done flag). Normally, the CARD DONE flip-flop
generates an interrupt request when it is set; the result of the program interrupt is a re-issue of the RCSE instruc-
tion. Thus, another card is fed into the read station and processed. However, the programmer might wish to halt
the reading operation when a particular card has been processed. Such a halt can be carried out easily by a sub-
routine; but, the subroutine must issue the RCRD instruction so as to clear the CARD DONE flip-flop and

remove the ground signal from the OMNIBUS INT RQST line.

The READ flip-flop can also be cleared by a signal other than INITIALIZE. This other signal is taken from the
J1J input Schmitt trigger, as Figure 7-4 illustrates. Thus, when the READY/ON LINE signal goes low, the READ
flip-flop is cleared, negating the READ signal. This action prevents an uncontrolled start of the card reading
operation when the reader is manually re-started following a trouble condition.

7.3 READ DATA LOGIC

As each card column passes the read array in the card reader, 12 data row bit signals and one INDEX MARKER/
DATA STROBE signal can be generated (a data row bit signal is generated if a hole/optical mark is present in a
data row). The data row bit signals are transferred to the Zone Register in the read data logic, as illustrated in
Figure 7-56. Each bit is applied to the data (D) input of the corresponding Zone Register flip-flop; i.e., the Data
Row 12 bit is applied to the ZONE 12 flip-flop, the Data Row O bit is applied to the Zone O flip-flop. The INDEX
MARKER/DATA STROBE signal is also transferred to the read data logic. However, before it is applied to the
clock (C) input of the Zone Register flip-flops, it is delayed for approximately 2 us by a network that includes
the one-shot multivibrators E32 and E45. This network ensures that the D-input lines of the Zone Register flip-
flops have settled before the flip-flops are clocked by the INDEX MARKER/DATA STROBE signal. This pre-
caution must be taken because some card readers do not provide a sufficient amount of time between generation
of the Data Row bit signals and the INDEX MARKER/DATA STROBE signal (those listed in Section 1 do pro-
vide sufficient time; see the various card reader instruction manuals for clarification).
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Figure 7-5 Read Data Logic

The INDEX MARKER/DATA STROBE signal clocks not only the Zone Register flip-flops, but also the DATA
READY flip-flop. Thus, when the data from a card column is loaded into the Zone Register, the DATA READY
(1) signal is asserted. The state of this signal can be tested by a program instruction or by using the interrupt
mode. In either case, the program then enters a subroutine that contains one of the read instructions, RCRA,
RCRB, or RCRC. Asiillustrated in Figure 7-5, these instructions generate signals that cause the data in the Zone
Register to be gated through the read gating logic to the OMNIBUS DATA lines. At TP3 time of the instruction
the DATA READY flip-flop is cleared and the procedure is repeated for the next card column of data.

7.4 INTERRUPT/SKIP LOGIC

Four conditions in the Card Reader option can cause a program interrupt; viz., the data from a card column is
ready to be placed on the DATA lines, all columns of the present card have been read, the READY/ON LINE
signal has gone high, the READY/ON LINE signal has gone low. The first two conditions are represented,
respectively, by the set state of the DATA READY flip-flop and of the CARD DONE flip-flop; the last two con-
ditions are represented by the set state of the TRANSITION flip-flop. These three flip-flops are illustrated in
Figure 7-6.

Also shown in Figure 7-6 are two interrupt control flip-flops, identified as DATA AND CARD INT and RDY/
TROUBLE INT. These two flip-flops are set under program control and enable the three condition flip-flops to
assert the OMNIBUS INT RQST L and SKIP L signals. Specifically, consider the DATA AND CARD INT flip-
flop, E23A. This flip-flop can be set at TP3 time of the RCNO instruction, if the AC11 bit is logic 1 (this flip-flop
is set by the INITIALIZE signal for program compatibility with other PDP-8 family computers; if the programmer
does not want the set state, he must clear the flip-flop by programming the RCNO instruction with a logic O in
the AC11 bit). The 1-output of E23A is applied to two NAND gates, E15, and an AND/NOR gate, E19. The E15
gates enable the CARD DONE flip-flop and the DATA READY flip-flop to assert the INT RQST L signal. Gate
E19 enables the same two flip-flops to assert the SKIP L signal when an RCSI instruction is issued. The RDY/
TROUBLE INT flip-flop, E23B, operates like E23A. It, too, is under program control of the RCNO instruction;
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however, AC bit 10 determines if the flip-flop is set or cleared (note that this flip-flop is cleared, rather than set,
by the INITIALIZE signal). Its 1-output is also applied to gates E15 and E19; however, in this case, E15 and
E19 are enabled by the TRANSITION flip-flop rather than by the DATA READY or CARD DONE flip-flops.

As with many other PDP-8/E options, the Card Reader option can engage in a programmed 1/0 transfer of data or
it can operate in the more efficient interrupt mode of data transfer. If the interrupt control flip-flops, E23A and
E23B, are not set, a background program must execute a loop that tests for a desired condition. For example,
the program can repeatedly test the DATA READY flip-flop with the RCSF instruction. When the flip-flop is

set the RCSF L signal causes NAND gate E20 to assert the SKIP L signal. The program then proceeds to an
appropriate subroutine. The same method can be used to test the CARD DONE flip-flop with the RCSD instruc-
tion, and to test the READY/ON LINE signal with the RCSE instruction.

If the programmer wishes to use the interrupt mode, he can proceed in a number of ways. For example, if E23A
is set, the DATA READY flip-flop, when set, causes NAND gate E15 to assert the INT RQST L signal. The pro-
gram executes the interrupt servicing routine; the RCSF instruction in the routine results in a jump to the appro-
priate subroutine. The same method can be used for the CARD DONE flip-flop. However, note that the
READY/ON LINE signal does not directly cause an interrupt request. Rather, the TRANSITION flip-flop, which
reflects the state of the READY/ON LINE signal, is used to assert the INT RQST L signal. Thus, if E23B is set,
the TRANSITION flip-flop, when set in response to a transition of the READY/ON LINE signal, causes NAND
gate E15 to assert the INT RQST L signal; the appropriate subroutine is ultimately carried out.

Perhaps the most efficient way of using the interrupt capability of the Card Reader option is that which tests all
the interrupt flip-flops simultaneously with the RCSI instruction. |f both E23A and E23B are set, AND/NOR
gate E19 is enabled when any of the interrupt flip-flops is set. The RCSI instruction in the interrupt servicing
routine causes NAND gate E20 to assert the SKIP L signal. A card reader routine is then entered and the specific
reason for the interrupt request must be determined. This determination involves testing with the skip instruc-
tions, which is a satisfactory method in the case of the CARD DONE and DATA READY flip-flops. However,
when the TRANSITION flip-flop has caused an interrupt request another method is necessary. Because the flip-
flop is set by a transition of the READY/ON LINE signal, the program must also determine if the signal went
from low to high or vice-versa. The RCSE instruction could determine a low to high transition by causing an
instruction skip via NAND gate E20; however, the opposite transition could be detected only if the absence of
such a skip caused an error routine to be entered. Another method of making the transition determination is pro-
vided by the status logic, shown in Figure 7-7 and discussed. in the following paragraphs.

7.5 STATUS LOGIC

As detailed in Paragraph 7.4, any of four conditions can cause a card reader interrupt request. Two conditions
involve the READY/ON LINE signal; the status logic has been devised, primarily, to deal effectively with these
two conditions. The READY/ON LINE signal is applied to the Schmitt trigger, E40 (Figure 7-7). The Schmitt
trigger provides an input signal for NAND gate E5D and for a delay network consisting of inverter E8, delay line
DL1, and AND/NOR gate E19. The delay network gates the Schmitt trigger output in such a way that gate E19
is enabled when the READY/ON LINE signal undergoes a transition. Figure 7-8 is a timing diagram illustrating
how the output is obtained.
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Figure 7-8 Timing, Transition Network

When a change in the READY/ON LINE signal occurs, the output from E19 sets the TRANSITION flip-flop, E7.
The O-output of E7 is one input of NAND gate E35. The other input of E35 is asserted when the RCNI instruc-
tion is issued. When E35 is enabled, NAND gate E5C or E5D is enabled, depending on the direction of the
READY/ON LINE signal transition. For example, if the READY/ON LINE signal has gone from low to high,
E5D asserts the DATA 3 L signal when the RCNI L signal enables E35. Note that the RCNI L signal also enables
NAND gate E1. This gate, in turn, can enable gates E5A and/or E5B, depending on the state of the CARD DONE
flip-flop and the DATA READY flip-flop. Thus, a signal representing the status of each of the card reader



conditions can be placed on a DATA line by the RCNI instruction. The DATA line information is then gated to
the AC Register and loaded at TP3 time. Although the status logic is more sensibly applied in the interrupt mode,
it could be used to advantage in the programmed 1/0 transfer mode, particularly when the DATA READY flip-
flop is considered. For example, the program could concern itself with a task, periodically issuing a RCNI instruc-
tion, followed by a SMA Operate microinstruction. If the DATA READY flip-flop were set, the ACO bit would
become logic 1 at TP3 time of the RCNI instruction. This is defined as a ““minus AC"’; thus, a program instruction
would be skipped and a subroutine could be entered. This procedure could conceivably be extended to the other
three DATA bits (1, 2, and 3) by making use of the rotate microinstructions.

The status logic is more efficient when used in the interrupt mode. The program can be interrupted when one of
the card reader conditions becomes true. The RCSI instruction can then direct the program to a card reader
routine that checks each bit of the status word with the rotate microinstructions. This method is particularly
effective in monitoring the state of the READY/ON LINE signal.

7.6 READ GATING LOGIC

The read gating logic is illustrated in Figures 7-9, 7-10, and 7-11. Each figure shows the logic for one of the three
read instructions, RCRA, RCRB, and RCRC.

The simplest form of reading is that which is accomplished by the RCRB instruction, Read Binary. This logic is
shown in Figure 7-9. The RCRB L signal gates the Zone Register bits through the 12 NAND gates to the DATA
lines; the bit-for-bit correspondence is as indicated. The DATA bits are gated to the AC Register and loaded at
TP3 time.

A more complex form of reading is that which is accomplished by the RCRA instruction, Read Alphanumeric.
This form of reading converts the code represented by the holes or marks of each card column to a 6-bit alpha-
numeric code. The alphanumeric code is gated onto DATA lines 6 through 11 by the RCRA L signal (Figure 7-10)
and loaded into the AC Register at TP3 time.

The data card can be punched or pencil-marked to represent any code desired by the user. However, the most
common code in use, particularly with punched cards, is the Hollerith code. The 47 characters of the Hollerith
code can be converted easily to the 6-bit alphanumeric code, thereby minimizing the size of translation tables.
Table 7-2 shows the relationship between the Hollerith code and the alphanumeric code carried by the DATA
lines. Each character of the topmost group, numerals 1 through 9, is translated into an alphanumeric code as
follows: The numeral is represented in BCD code in the four least-significant DATA bits; the two most significant
DATA bits are logic 0. The next three groups of characters are translated in a similar manner; the BCD code for
numerals 1 through 9 is repeated (the fourth group repeats 2 through 9) in each group, but DATA bits 6 and 7 are
changed. The last group is translated with less extensive but still noticeable similarities.

The third form of reading, RCRC (Read Compressed), is accomplished by the logic shown in Figure 7-11. This
form of reading is designed to handle a proposed expansion of the Hollerith code. The expanded Hollerith code

is converted to a 9-bit compressed code that features a validity-check bit. The 9-bit compressed code is gated onto
DATA lines 0 and 4 through 11 by the RCRC L signal and loaded into the AC Register at TP3 time.

Table 7-3 shows the relationship between the Hollerith code (excluding whatever characters may be added as a
result of expansion) and the compressed code. Note that DATA bit 0 is always logic 0. This bit is the validity-
check bit. Only one of rows 1 through 7 in a card column can contain a hole or mark. |f more than one row is
punched or marked, an error exists and the DATA 0 bit becomes logic 1. This error condition could be checked
by the program, for instance, with a SMA Operate microinstruction.

7-13



ZONE 9 (1)
E33 DATA 11 L
ZONE 8 (1)
E33 DATA 10 L
ZONE 7 (1)
E37 DATA 9 L
ZONE 6 (1)
E37 DATA 8 L
ZONE 5 (1)
E13 DATA 7 L
ZONE 4 (1)
E13 DATA 6 L
ZONE 3 (1)
E17 DATA 5 L
ZONE 2 (1)
E17 DATA 4 L
ZONE 1 (1)
E9 DATA 3 L
ZONE 0 (1)
E9 DATA 2 L
ZONE 11 (1)
E9 DATA 1L
ZONE 12 (1)
E9 DATA O L
RCRB 3
(6634) L . .b
9 Q
®
8E—-0362

Figure 7-9 Data Gating, RCRB Instruction

DATA bits 4 through 11 represent the Hollerith code characters in compressed code. Each character of the top-
most group, numerals 1 through 9, is translated into compressed code as follows: numerals 1 through 8 are
represented in BCD code in the four least-significant DATA bits (all other bits are logic 0); numeral 9 is repre-
sented by logic 1 in DATA bit 4. The next three groups of characters are translated in a similar manner; the code
for numerals 1 through 9 is repeated (the fourth group repeats 2 through 9) in each group, but DATA bits 5, 6,
and 7 are changed. The last group is translated with less extensive but still noticeable similarities.
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