






































































































































































































































































































































































































































































































































































































































If it is desired to exclude the character after next, D84 TX
BCC EXCLUDE (15-8) L is asserted. This signal directly
sets the TX BCC EX flip-flop which puts a high on the D
input of TX BCC EX NEXT. When the TX bit counter
overflows (end of character), its overflow pulse generates
D9-5 TX CL via the M7813 and M7816 modules. When this
pulse times out, its positive-going trailing edge clocks TX
BCC EX NEXT which sets it and asserts D8-5 INH SHTX
BCC L. This pulse also clocks TX BCC EX which clears it
because its D input is permanently connected to ground.
Both flip-flops are cleared whenever TX ACTIVE is cleared
(D5-6 TX ACTIVE (1) H goes low).

PAD Logic

When nothing else is being transmitted, a PAD character is
sent. A PAD character consists of all 1s; that is, the serial
data out line is held in the mark state. Protocol control
logic allows insertion of a PAD character following the last
character to be transmitted. A PAD character is required to
ensure that the BCC register is empty (BCC character is
flushed). During an odd-character count, a PAD is required
to fill the receiver shift register so a word transfer can be
made. A jumper (W1) on the M7817 module allows
selection of 1 or 2 PAD characters. The moduie is shipped
with jumper W1 out which selects one PAD. Inserting W1
allows two PAD characters but this configuration is not
supported by the DQ11 diagnostics.

Assume that jumper W1 is out and it is desired to send a
PAD character. The PAD 2 and PAD 1 flip-flops start
cleared. PAD 1 is not involved in this case. When it is
desired to send the PAD character, the sequence decoding
logic asserts D8-5 SEND PAD L. This signal directly sets
PAD 1 and asserts D8-5 PAD RQ L. This request signal is
sent to the TX control logic on the M7813 module (print
DS5-6) and allows transmission of a PAD character. When
the TX bit counter overflows, pulse D9-5 TX CH is
generated which clocks PAD 1 and clears it because its D
input is low via the 1 output of PAD 2. When PAD 1 is
cleared, D8-5 PAD RQ L goes high which removes the
request for a PAD character.

If two PAD characters are desired, jumper W1 must be
installed. When D8-4 SEND PAD L is asserted, both PAD 1
and PAD 2 are directly set. Request signal D8-5 PAD RQ L
is asserted and the first PAD character is initiated. When the
TX bit counter overflows, PAD 1 and PAD 2 are clocked.
PAD 1 does not change state and the request signal remains
asserted so the second PAD character is initiated; however,
PAD 2 is cleared and puts a low on the D input of PAD 1.

When the TX bit counter overflows again, PAD 1 is cleared
and the request signal is removed.

TX Transparency Control Logic

To enter TX transparency text requires a TX double-
character match, sequence register bit 1 set and a TX strobe
pulse. TX strobe A allows entry on the next character while
TX strobe B allows entry on the character after that.

To exit TX transparent text requires the use of REG/ERR
CSR bit 13 (EXIT T). The circuitry is located on the
M7816 module (print D9-5). However, with TX protocol
control, EXIT T allows transmission of a DLE character
and then permits character recognition to function again.

The TX transparency control logic is shown in the right
center section of print D8-5 and in Figure 4-80.

In addition to flip-flops TX TRANS NEXT (E61) and TX
TRANS (E60), flip-flop EXIT ONLY (E26) and one-shot
E66 are part of this logic.

As an example, assume that it is desired to enter the TX
transparent text mode during the next character.

1. At the start, flip-flops TX TRANS NEXT, TX
TRANS, and EXIT DLY and one-shot E66 are
cleared.

2. The sequence decoding logic asserts. D84
1 > TX TRANS L which is sent to the E77 pin
5. The other input (pin 4) of this gate is high so
its output (pin 6) goes low and directly sets TX
TRANS.

3. Setting TX TRANS asserts D85 TX TRANS
(1) L which is sent to the strobe logic (print
D8-3). This signal inhibits the character detect
logic but serves as a qualifying input to the
DLE add logic.

4. DS-6 LD TX SH REG H is generated each time
the TX shift register is to be loaded. This signal
is the clock signal for EXIT DLY and the
trigger for one-shot E66. While in transparency,
EXIT DLY does not change state because D9-5
TX EXIT PULSE H is low and is sent to its D
input. EXIT DLY remains cleared and the low
from its 1 output inhibits triggering of one-shot
E66 by the negative transitions of D9-5 TX
EXIT PULSE H.
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Figure 4-80 TX Transparency Control Logic

When coming out of transparency (controlled
by M7816 module), D9-5 TX EXIT PULSE H
goes high. The next TX load pulse (DS-6 LD
TX SH REG H) clocks EXIT DLY and sets it.
The 1 output of EXIT DLY puts a high on pin
10 of one-shot E66. This same TX load pulse
drives D9-5 TX EXIT PULSE H low via the
M7816 TX BCC control logic.

The next TX load pulse (D5-6 LD TX SH REG
H) triggers one-shot E66 which directly sets
DLE NEXT FRAME to assert D8-5 DLE RQ L
and allows a DLE character to be transmitted.
This load pulse also clocks EXIT DLY and
clears it. The negative-going transition at the 1
output of EXIT DLY clocks TX TRANS which
clears it. This drives D85 TX TRANS (1) L
high which enables character recognition again.

TX BCC Control Logic

Under protocol control, the first TX BCC start-up control
character is excluded from the TX BCC accumulation. On a
message basis, the first BCC occurrence is the one imme-
diately following Initialize, Master Clear, or the enabling of
TX GO. Within the same message, if the TX BCC generator
is stopped and restarted then the start-up control character
is included in the BCC accumulation.

The first TX BCC start-up control character can be included
in the TX BCC accumulation if jumper W2 is installed on
the M7817 module. This mode of operation is not
supported by diagnostics.

The TX BCC control logic is shown in the lower right
section of print D8-5.
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As an example, assume that the first TX BCC start-up
character desires to turn on the TX BCC generator.

1. At the start, the following flip-flops are
cleared: TX BCC, TX BCC NEXT, TX BCC
CONT, TX BCC ON, and BCC SH ON.

2.  With sequence register bit 3 set (CLEAR/
START RX/TX BCC) and a control word
match detected (TX strobe A generated), the
sequence decoding logic asserts D84 TX BCC
ON L.

3. D84 TX BCC ON L directly sets TX BCC
NEXT. The high from the 1 output of this
flipflop goes to pins 1 and 2 of 3-input AND
gate E28. The other input (pin 13) is also high
because D9-5 TX C L is not asserted (no
overflow pulse from the TX bit counter). The
output of E28 is driven high, inverted by E2
and directly sets TX BCC ON.

4.  The high from the 1 output of TX BCC puts a
high on the D input of BCC SH ON and also

goes to E85 pin 9. The other two inputs {pins
10 and 11) of this NAND gate are low because
BCC SH ON is cleared. At this point, the
protocol logic has tried to turn on the TX BCC
generator but it has been delayed one character

time.

5.  When the current character has been serialized,
the TX bit counter overflows and generates a
positive carry out (CO) pulse. This pulse is
inverted once on the M7813 module and twice
on the M7816 module to become D9-5 TXCL
on this module.

6.  The trailing edge of D9-5 TX C L clocks BCC
SH ON which sets it. This drives E85 pins 10
and 11 high (pin 9 is already high) and asserts
D8-5 TX BCC SH EN L. This is a qualifying
signal for the TX BCC control logic on the
M7816 module (print D9-5). The low from the
0 output of BCC SH ON is double inverted by
ESS and E60 and is fed back to its own preset
input (pin 10) which holds it in the set state.
This state can be overridden only by a low to
the direct clear input (pin 13) when TX
ACTIVE is cleared (message completed).

SUMMARY OF OPERATION

At this point, the TX BCC generator is running
and the BCC character for the particular block
of data within the message is being
accumulated.

Assume now that it is desired to end the current data block,
transmit the required number of BCC characters and restart
the BCC generator immediately to accumulate the BCC for
the next data block. An Intermediate Block Check Char-
acter (ITB) appears right after the current data block. It
must tell the logic to append the correct number of BCCs
(SEQ bits 4 and 5) and clear and restart the BCC generator
(SEQ bit 3). The word in the SEQ register corresponding to
the ITB in the CHAR DET register must have SEQ bits 3, 4
and 5 set to perform these functions. The BCC character(s)
follows the ITB and then the next data block starts. In the
logic, the assertion of D84 TX BCC ON L allows the BCC
generator to restart without another control character.

7.  The program sets sequence register bits 3, 4 and
5 to select the required number of BCC
characters to append (transmit) then clear and
restart the BCC generator. When a control word
match is delected {(TX sirobe enabied), the
sequence decoding logic asserts D84 TX BCC
ON L.

8. D84 TX BCC ON L directly sets TX BCC
CONT and its 1 output puts a high on the D
input of TX BCC ON.

9. The TX BCC control logic on the M7816
module (print D9-5) stops the BCC generator
and automatically appends the required number
of BCC characters. When the last BCC has been
appended, D5-6 BCC EN (1) L goes high and
clocks TX BCC CONT which clears it and puts
a low on the D input of TX BCC ON. This
flip-flop (TX BCC ON) is clocked simul-
taneously with TX BCC CONT, but at that time
its D input is low so it does not change state.
D8-5 TX BCC SH EN L stays asserted so the
TX BCC generator is still running.

SUMMARY OF OPERATION

The current block of data ends and the selected
number of BCC characters have been trans-
mitted. The hardware restarts the BCC gener-
ator and it accumulates the BCC for the next
block of data.
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As previously mentioned, if jumper W2 is installed, the first
TX BCC start-up control character can be included in the
TX BCC accumulation. The jumper completes the circuit
between the 0 output of TX BCC ON and pin 5 of ESS.
When TX BCC ON is directly set, the low from its 0 output
is double inverted by E55 and E60 and directly sets BCC
SH ON. This enables D8-5 TX BCC SH EN L without the
character time delay.

4.7.7 Receiver Protocol Control Logic

4.7.7.1 Functional Description — A simplified block dia-
gram of the receiver protocol control logic is shown in
Figure 4-81. The logic performs several functions that can
be discussed separately. The major functional areas are
listed below in order of discussion.

RX BCC Control Logic

This logic functions similarly to the TX BCC control logic
in that it excludes the first RX BCC start-up control
character from the RX BCC accumulation. The next RX
BCC start-up control character within this message is
included in the BCC accumulation. It can be omitted only
by using the BCC exclude logic.

RX DLE DET L—
RX SEARCH DONE L —
RX BCC ON L—— RX BCC
CONTROL
RX BCC CONT L—]  LoGIC
RX BCC CYCLE L—

——NOT RESTART L

——BCC ON SYNC (1) L

Character Strip Logic

This logic prevents the detected character from being
transferred to the PDP-11 memory but allows it to be
included in the RX BCC accumulation.

RX BCC Disabling Logic

The RX BCC generator can be stopped by this logic to
exclude a detected character from the BCC accumulation.
The categories of characters to be excluded are listed
below.

1. All DLE characters during transparent text
mode.

2. A SYNC character foliowing a DLE character.

3. SYNC characters in non-transparent text
operation.

4.  Any detected character, if sequence register bit
11 (RX BCC EXCLUDE) is set.

Clear GO/Set DONE Logic

This logic. allows RX GO to be cleared and RX DONE to be
set at the end of an NPR transfer only. The circuit is
independent of the clearing of RX ACTIVE.

X GO/DONE L —
RX GO/DONE L —— O—=RX GO/DONE L

END NPR CYCLE L— CLEAR GO/
SET DONE
RXCYCLEH—] ~ _oGic

B RX ACTIVE H
RX ACTIVE (1) H—

RX TRANS (1) L

— RX BCC EX(O) H

1—=RX TRANS L —

——DES RX BCC SH L

RX BCC
0—=RX TRANS L—— DISABLING
RX BCC EXCLUDE L— LOGIC

H—RX TRANS (1) L

B RXCH—

CHARACTER
STRIP SYNC (1) H— STRIP
SYNC DET H—— LOGIC | oyp fRAME L
CHAR STRIP L—

DLE STRIP L—
RX CLK H—

#1-2800

Figure 4-81 Block Diagram of Receiver Protocol Control Logic
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4.7.7.2 Detailed Description

RX BCC Control Logic

The RX BCC control logic is located in the upper left
portion of print D8-6. In general, it operates similarly to
the TX BCC control logic in that it excludes the first BCC
start-up control character from the RX BCC accumulation
but includes subsequent RX BCC start-up control char-
acters within a message.

As an example, assume that the first RX BCC start-up
control character occurs and the data block within the
message ends with a BCC character.

1. At the start, the following flip-flops are
cleared: BCC CONT, BCC RESTART, and
BCC ON SYNC.

2. When the RX BCC start-up control character is
detected, D84 RX BCC ON L is asserted. It
directly sets BCC RESTART and puts a high on
the D input of BCC ON SYNC.

3. The next positive transition of the receiver
clock (D4-3 RX CLOCK H) clocks BCC ON
SYNC and sets it. The low from its O output is
D8-6 BCC ON SYNC (1) L which is fed back to
the preset input (pin 10) of BCC ON SYNC to
hold it in the set state until it is directly cleared
at the end of the message (RX ACTIVE
cleared).

4.  Signal D8-6 BCC ON SYNC (1) L is sent to the
RX BCC control logic on the M7816 module
(print D9-6). This signal is required to turn on
the RX BCC generator. The RX BCC generator
stays on as long as D8-6 BCC ON SYNC (1) L
remains low. A one character time delay is built
into the M7816 RX BCC turn-on logic.

SUMMARY OF OPERATION

The first RX BCC start-up control character
requests that the RX BCC generator be started.
The RX BCC start-up logic on the M7816
module starts the RX BCC generator after a one
character time delay. This excludes the start-up
control character from the RX BCC accumu-
lation. The data in this block is being run
through the RX BCC generator.
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Assume that it is desired to end this block of data, receive
the required number of BCC characters and restart the RX
BCC generator immediately.

5.

The program sets sequence register bits 4 and 5
which allows the M7816 RX BCC control logic
to test the selected number of BCC characters.
Sequence register bit 3 is also set to allow
restarting of the RX BCC logic. Actually, the
RX BCC generator does not turn off. This set
of conditions prevents the RX BCC control
logic on the M7817 module from clearing the
RX BCC generator.

When the control character defined in step 5
arrives, D8-4 RX BCC CONT L is asserted. This
signal directly sets BCC CONT and puts a high
on the D input of BCC RESTART.

When the selected number of BCC characters is
tested, the M7816 logic drives D9-6 RX BCC
CYCLE L high. This signal clocks BCC CONT
and BCC RESTART simultaneously. BCC
RESTART does not change state. BCC CONT is
cleared which puts a low on the D input of BCC
RESTART. Signal D8-6 NOT RESTART L
remains high so the RX BCC generator is not
cleared. Instead, it keeps running and the
restart control character is included in the BCC
accumulation.

SUMMARY OF OPERATION

The first RX BCC start-up control character is
excluded from the BCC accumulation but the
first block data is included. The required
number of BCC characters are tested. The RX
BCC generator keeps running so that the next
control character that requested immediate RX
BCC start-up is included in the BCC accumu-
lation for the second block. The data in the
second block is being run through the RX BCC
generator.

Assume now that it is desired to end the second block of
data, receive the required number of BCC characters and
not restart the RX BCC generator.

8.

The program sets sequence register bits 4 and 5
which allows the M7816 RX BCC control logic
to test the selected number of BCC characters.
Bit 3 of the sequence register is cleared because
it is not desired to restart the RX BCC
generator.



D8-4

As in step 6, when the control character arrives,
the M7816 RX BCC control logic tests the
selected number of BCC characters and then
drives D9-6 RX BCC CYCLE L high. Because
sequence register bit 3 is cleared, D8-4 RX BCC
CONT L is not asserted. BCC CONT remains
cleared and when D9-6 RX BCC CYCLE L goes
high, BCC RESTART is cleared. This puts a
high on pin 10 of 3-input NAND gate E86. Pin
9 is high because BCC ON SYNC is set. After
every character detect search operation, D8-3
RX DONE (SEARCH) H is asserted and via
E88, it drives pin 11 of E86 high. The output
of E86 goes low which asserts D8-6 NOT
RESTART L. This signal directly clears the
BCC generator. The RX BCC generator is
allowed to run and if the accumulation is not
wanted the RX BCC generator is cleared. This is
accomplished on a character basis. This method
is used because in the receive mode only one
character time is available to react to BCC turn
on/off.

is completed.

Low when SEARCH mode

Character Strip Logic
The character strip logic is located in the right center
portion of print D8-6. It is also shown in Figure 4-82.

Normally, an RX character strip operation prevents the
detected character from being transferred to the PDP-11
memory but allows it to be included in the RX BCC
accumulation.

Sequence register bit 8 (RX CHARACTER STRIP) is used
to control this function. When this bit is set and a control
character match is detected, D84 CHAR STRIP L is
asserted as a negative pulse. It directly sets SKP FRAME via
gate E77. The high from the 1 output of SKP FRAME goes
to pins 1 and 13 of AND-OR-invert gate ES8 which asserts
D8-6 SKP FRAME L at the output of E58. Signal D8-6
SKP FRAME L is ANDed with D8-3 RX DONE in the
character detect control logic (print D8-3) to generate D8-3
RX SEARCH DONE L. This signal goes to the RX
character control logic on the M7813 module (print D5-8).

L

CHAR STRIP L 19 8
9,
4

2 5

1 4,
D
1 Ee2 1l. 6 13 6
= 7474 P~ 8 5
SKP p—=— 9
3 FRAM(E;G 14

1 I-—D4-6 RX SYNC DETH

E75 D8-3 RX SEARCH DONE L

D8-6 SKP FRAME L

D8-3 RX DONE (SEARCH) H

6
E78
110
559\'3 12 Pees | 98
J 7474 bg_' I—De-s DLE s;xVE mL
DLE D8-5 TRANS (1)L— 8
9 SAVE, R 2, W—\wo '
@) 8_ 13NV 3 o|ET4 2 6
1| E75 / D8-2 HB MATCH H—5 ES57 D8-3 DLE STRIPH
?13 TEST PULSE H—]
D8-1 SEQ 9H-

D8-6 B RX ACTIVE H—,

High when in
RX SEARCH mode

Figure 4-82 Character Strip Logic

4-136

n-2798



It is this logic that actually inhibits the transfer of the
detected character. When the RX bit counter overflows
(end of current character), it generates a positive carry out
pulse which is double buffered and goes to the M7817
module as D9-6 B RX C H. At overflow, this pulse clocks
SKP FRAME which clears it because its D input is
permanently connected to ground. The strip logic is back in
its original state and the detected character has been
stripped.

The character strip logic also includes some associated logic
to strip the DLE, SYNC sequence encountered in the
receive transparent text mode. In this case, the DLE is
stripped; and if the next character is SYNC, it is stripped
also.

To clarify this discussion, some logic on print D8-3 is
shown in Figure 4-82.

1. The SKP FRAME and DLE SAVE flip-flops are
cleared; therefore, D8-6 DLE SAVE (1) L is

high.

2. D8-6 DLE SAVE (1) L goes to E75 pin 2. The
other input (pin 1) of this gate is high also
because the DQ11 is in the RX search mode
and the M7816 module is not inhibiting char-
acter recognition. This drives the output of E75
low and it goes to E74 pin 9. The other input
of this gate is low also because the DQI11 is in
the transparent text mode (D8-5 RX TRANS
(1) L is asserted). This drives the output of E74

high.

3. The high from E74 goes to pin 1 of 4-input
AND gate E57. This represents one qualifying
input to the gate that asserts D8-3 DLE STRIP
H. The other three inputs are high, providing
the following conditions have been
met: sequence register bit 9 set, RX search
active, transparent text mode active, high byte
match detected and a TEST pulse generated.

4. With all inputs high, the output of E57 goes
high and asserts D8-3 DLE STRIP H. This signal
goes to E78 pin 4 (print D8-6) and drives its
output low.

5. The low output of E78 directly sets SKP
FRAME which asserts D8-6 SKP FRAME L.
This signal also directly sets DLE SAVE and
asserts D8-6 DLE SAVE (1) L.

6. Signal D8-6 DLE SAVE (1) L drives D8-3 DLE
STRIP H low which inhibits the stripping of the
next character if it is a DLE.

7. Signal D8-6 SKP FRAME L generates D8-3 RX
SEARCH DONE L when the RX search opera-
tion is finished. Signal D83 RX SEARCH
DONE L goes to the RX character control logic
on the M7813 module (print D5-8) to strip the
current DLE character.

8. At the end of the RX search operation, D83
RX DONE (SEARCH) H is asserted. This signal
clocks DLE SAVE but it does not change state
because its D input is high via E59 pin 13. This
action saves the fact that a DLE has been
detected and puts a high on pin 9 of ES8.

9. When the RX bit counter overflows, D9-6 B RX
C H clocks SKP FRAME and clears it which
drives D8-6 SKP FRAME L high. At this point,
the DLE character has been stripped and the
strip character logic is conditioned to respond
only to a SYNC character.

10. When the SYNC character arrives, D4-7 RX
SYNC DET H is asserted on the M7812 module
and goes to pin 10 of E58. The other input (pin
9) is already high (step 8); therefore, D8-6 SKP
FRAME L is asserted and the RX character
control logic on the M7813 logic strips the
SYNC character.

11. At the end of this RX search operation, D8-3
RX DONE (SEARCH) H clocks DLE SAVE
and clears it because its D input is low. The
character strip logic and associated DLE SAVE
logic are now back in their original states.

RX BCC Disabling Logic

Once started, the RX BCC generator can be stopped by the
RX protocol logic to exclude a detected character from the
BCC accumulation. This logic is located in the right center
position of print D8-6.
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When the character to be excluded is detected, the logic
asserts D8-6 DES RX BCC SH L. This signal goes to the RX
BCC control logic on the M7816 module (print D9-6)
which inhibits the clock for the RX BCC generator. D8-6
DES RX BCC SH L is the inverted output of E76 and can
be generated by any one of four inputs to this gate. The
conditions that cause a detected character to be excluded
from the RX BCC accumulation are discussed below.

1. In transparent text, all DLE characters are
excluded. When a DLE is detected in the
transparent text mode, D8-5 RX DLE DET L is
asserted, inverted by E80 and sent to pin 1 of
E87. Pin 2 of this gate is high because RX
TRANS is set in transparent text mode. The
third input (pin 13) of E87 is also high because
BCC DLE SAVE is cleared. The output (pin 12)
of E87 goes low and is double inverted by E76
and E67 to assert D8-6 DES RX BCC SH L.

2. A SYNC character following a DLE is stripped
also because the DLE, SYN sequence is an idle
condition. As a continuation of condition 1
above, the BCC DLE SAVE flip-flop is clocked
when the RX bit counter overflows (end of
current character). This sets BCC DLE SAVE
and puts a high on pin 9 of E87. If the next
character is a SYNC, pin 10 goes high via E79
pin 3 because a SYNC character is detected and
RX CSR bit 1 (STRIP SYNC) is set. The third
input (pin 11) of E87 is also high because RX
TRANS is set. These conditions drive E87 pin 8
low which asserts D8-6 DES RXBCC SH L.

3. In non-transparent text or non-total trans-
parency operation, SYNC characters can be
stripped from the BCC. When a SYNC character
is detected (D4-7 RX SYNC DET H asserted)
and RX CSR bit 1 is set (D44 STRIP SYNC (1)
H asserted), the high from E79 pin 3 is ANDed
with the fact that the DQI1 is not in total
transparency (D9-6 RX TOTAL TRANS (1) L
is high) to assert D8-6 DES RX BCC SH L.

4.  Any detected character is excluded from the
RX BCC accumulation if sequence register bit
11 (RX BCC EXCLUDE) is set. Setting this bit
generates D84 RX BCC EXCLUDE L which
directly sets the RX BCC EX flip-flop. The low
from the O output of this flip-flop asserts D8-6
DES RX BCC SH L.

Clear GO/Set DONE Logic

In the character recognition mode, sequence register bit 6
clears RX ACTIVE and sequence register bit 7 clears RX
GO and sets RX DONE. The logic for clearing RX ACTIVE
is shown in print D8-4. The logic for clearing RX GO and
setting RX DONE is located in the lower left portion of
print D8-6. The output of this logic is D8-6 0->RX
GO/DONE L. It goes to the M7813 module (print D54)
and when it is asserted RX GO is cleared and RX DONE is
set. Signal D8-6 0 -+ RX GO/DONE L can be asserted only
when the following conditions exist: the RS flip-flop (two
E48 gates) has been set by D8-4 RX GO/DONE L being
asserted, D5-3 RX CYCLE H is asserted, and D6-2 END
NPR CYCLE (1) L is asserted. Signal D6-2 END NPR
CYCLE (1) L is asserted only at the end of an RX transfer;
therefore, RX GO is cleared only after completion of the
transfer.
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APPENDIX A
INTEGRATED CIRCUIT
DESCRIPTIONS

A.1 INTRODUCTION
The MSI integrated circuits (ICs) shown in the engineering

Table A-1
Integrated Circuits

drawings are discussed in the following paragraphs. The
descriptions include one or more of the following Manufacturer’s Name Paragraph
items: pin/signal designations, equivalent logic schematic, Part Number
and truth table. This information is intended as a main-
tenance aid for troubleshooting to the IC level. Table A-1 3101 64-Bit Read/Write Memory A2
lists the ICs by manufacturer’s part number, name, and
paragraph number. 4015 Quad D-Type Flip-Flop A3
7442 4-Line to 10-Line Decoder A4
7474/74H74 Dual D-Type Edge- AS
Triggered Flip-Flop
8838 Quad Bus Transceiver A.6
74123 Retriggerable Monostable A7
Multivibrator with Clear
74153 Dual 4-Line to 1-Line Data A8
Selector/Multiplexer
74157/748158 | Quad 2-Line to 1-Line A9
Data Selector/Multiplexer
74161 Synchronous 4-Bit A.10
Counter
7417474175 Hex/Quad D-Type A1l
Flip-Flop with Clear
74197 Presettable Binary A12
Counter/Latch




A.2 3101 64-BIT READ/WRITE MEMORY

Function Table

ME | WE Operation Condition of Outputs

L { L | Wrte Complement of Data Inputs

L | H | Read Complement of Selected Word
H | L | Inhibit Storage | Complement of Data Inputs

H | H | Do Nothing High

DATA SENSE DATA SENSE
SELECT INPUTS | NPUT QUTPUT INPUT OUTPUT
Ve B c D 4 4 3 3
el sl )zl ol dwells
B C b Dpa sS4 D3
A s3
ME WE DI S1 D2 S2
1 2 3 a sHe M8
SELECT MEM WRITE DATA SENSE DATA SENSE GND
INPUT INPUT QUTPUT INPUT OUTPUT
A ENABLES 1 1 2 2

1H-1117

A.3 4015 QUAD D-TYPE FLIP-FLOP

The 4015 contains four flip-flops with single-rail outputs (Q
only). Each flip-flop has its own preset input (SET). All
flip-flops are cleared by a common clear input (RESET).

Truth Table
D Q-1 Q,
0 0 0
0 1 0
1 0 1
1 1 1

Q,-1 = time period prior
to clock pulse

Q,, = time period follow-
ing clock pulse

SET 34—

4
D3 2 Q 6 R3 (1)
cLK 13
CLR 3 if
SET2 5 )
D2 1 Q 7 R2 (1)
SET 1 11 1
D1 45 Q 9 R1 (1)
SETO 12 P\
00 14 Q 10 RO (1)
13 3
CLOCK CLR
03 L L L
2

]

L
Do

B

1/4 OF DEVICE SHOWN

CLOCK AND RESET COMMON TO ALL FOUR FLIP-FLOPS

Vee=PIN 16
GND:=PIN 8

11-0739



A.4 7442 4-LINE TO 10-LINE DECODER

In the DQ11, the 7442 is used as a 3-wire binary to octal
decoder. Input D is used as a strobe and when it is low, data
is taken from outputs 0—-7.

A.5 7474/74H74 DUAL D-TYPE EDGE-TRIGGERED
FLIP-FLOPS

The 7474/74H74 D-type flip-flops are triggered by the
positive edge of the clock pulse. They feature direct-clear
and direct-preset inputs and complementary outputs.

A
2 ") OUTPUT O
(15} A D
INPUT AO—DC A 2 2
B (2) Vec CLEAR 2D  CLOCK PRESET  2Q 2qQ
A C OUTPUT 1
“—DO—‘ 5 ) 14 13 12 1" 10 9 8
A
B ) (3)
_ E OUTPUT 2
INPUT ao(ﬂ-Dc 8 Z
B (4 A A
_—{>c 8 £ )’ OuTRUT 3 CLEAR PRESET
A ") [*] e CLOCK @
B (5)
C OUTPUT 4 —
i CLOCK Q@ D Q
2 PRESET CLEAR
- C ))(—S)OOUTPUT 5 ? ?
(13) C ]
INPUT C ’ =
| > . | A
8 (7
L{>€ C c OUTPUT & _—l
2 1 2 3 4 5 6 7
8 (9 1 1D \ 1 1Q 1Q GND
_ ¢ OuTPUT 7 CLEAR CLOCK PRESET
(12) *] D
INPUT DO—DC ' 2
T B N o POSITIVE LOGIC: LOW INPUT TO PRESET SETS Q TO LOGICAL 1
T j—oourpu‘r 8 LOW INPUT TO CLEAR SETS Q TO LOGICAL O
D p) PRESET AND CLEAR ARE INDEPENDENT OF CLOCK
A
Vee=PIN 16 =
GND=PIN 8 : ): U1 ouTRUT @ 11-0766
D
1-0734
Truth Table (Each Flip-Flop)
Truth Table
BCD Input Octal Output tn tn+1
D | C B A 0 1 2 3 4 5 6 7
Input Output Output
0 0 0 0 0 1 1 1 1 1 1 1 D Q -6
0 0 0 1 1 0 1 1 1 1 1 1
0 0 1 0 1 1 0 1 1 1 1 1
oo |1 |1 t 11y ot 1|1 0 0 1
o1 [o0]oO 1|1ty frjof1]|1f1 1 1
0 1 0 1 1 1 1 1 1 0 1 1
of1|11]o0 p{1 111 fof1 L
o111 tlr bt 1do Notes: 1. t, = bit time before clock
1 | X[ X|X AN T U S T T S A O pulse
2. th+1 = bit time after clock
X = Irrelevant pulse

A3



A.6 8838 QUAD BUS TRANSCEIVER

The 8838 consists of four identical receiver/driver com-
binations in one package for use on the PDP-11 Unibus.
Data from the equipment on DATA IN 1, e.g., appearing on
pin 2 will be driven out of pin 1 (BUS 1) to the Unibus (if
enabled). A BUS 1 signal received from the Unibus on pin 1
will be fed out of pin 3 (DATA OUT 1) to the equipment.

Signal/Pin Designations
Signal Name Circuit
1 2 3 4
BUS 1 4 12 15
DATAIN 2 5 11 14
DATA OUT 3 6 10 13
ENABLE A B
7 9
GROUND 8
BUS 1| —— -°— vee
DATA INT —2— B gusa
DATA OUT1 i- DATA IN 4
sus 2 2 23— pataout 4
DATA IN 2 —L BUS 3
DATAOUTZ—G- n DATAIN3
ENABLE A -—7-4 0 DATA OUT 3
GROUND i ENABLE B
DATA IN 12 \\_/’.
ENABLE A DATA OUT)
ENABLE B

ONE OF FOUR

1-1860

A.7 74123 RETRIGGERABLE MONOSTABLE MULTI-
VIBRATOR WITH CLEAR

The 74123 Multivibrator provides dc triggering from gated
low level active (A) and high level active (B) inputs. It also
provides overriding direct clear inputs and complementary
outputs. The retriggering capability simplifies generation of
exiremely iong duration output pulses. If the input is
triggered before the output pulse is terminated, the output
pulse is extended. An overriding clear feature allows any
output pulse to be terminated at a predetermined time,
independent of timing components.

TRyt 1 _ 2
VCC Cext Cext 1@ 2Q CLEAR 2B  2A
Ixsl 15].]!3|l!2[|”|l!0]|9!
CLEAR
Q G
Q -
CLEAR Q
1 3 4 5 6 7 8
18 18 1 w20 2 22.,, GND
ext
positive logic
Low input to clear resets Q to low
tevel ond inhibits data inputs
n-1864
TRUTH TABLE
INPUTS | QUTPUTS
A BlQ Q
H XL H
X LjL H
L tn u
t HITL uy




A.8 74153

SELECTOR/MULTIPLEXERS

STROBE 16

(ENABLE) ')

DUAL 4-LINE-TO-1-LINE DATA

>

(cico (6) :)_
1C1 (5) |
o
DATA 1+ 7) A
iy
1C2 (4) P
O
1C3(3) —-}
~ O |
B(2)
ADDRESS - OUTPUTS
{14) »—1*—9
O—d
[ 2c0(10) j_
O
[ iem—
2C1(11)
o2
DATA 2 4 | (9)
2C2 (12) 2y
o J
[
2C3 (13) _>__
- O
STROBE 26 _(15) |
(ENABLE) Vec *PIN 16
GND=PIN 8
LOGIC DIAGRAM
STROBE A DATA INPUT OUTPUT
Vee 26 SELECT - A ~ 2y
16 15 14 13 12 11 10 9
CONTROL INPUT | STROBE | OUTPUT r-—-l |——l r—] l—l l_| I——I m r—-l
3 F [ Y Vee 26 A 203 262 201 28 2Y
LOW LOW LOwW A
HIGH LOW LOW 8 )
LOW | HIGH LOW c
HI
GH | HIGH | Low o 16 B 163 1c2 161 1K@ 1Y GND
DON'T CARE HIGH LOW [ A N (A N [ A
1 2 3 a4 5 6 7 8
TRUTH TABLE (EACH HALF) STROBE B S————~——— OUTPUT GND
IG SELECT DATA INPUT 7
8E-0138

A-S



A9 74157/745158 QUADRUPLE 2-LINE-TO-1-LINE

MULTIPLEXER

SELECT W_ [“?»ENABLE

1A B
(2) (3)

2A 2B 3A 38
(5) (6) (11) (10)

aA
(19)

qA
(13)

Pin 16:=Vgc :

Pin 8 =GND v
(4) (7) (9

:QG_”{_C—”

(12)

TRUTH TABLE

1Y a4y =

745158 DIAGRAM INPUTS OUTPUT Y
ENABLE | SELECT | A B | 74157 | 74Si58

H X X X L H

L L L X L H

L L H X H L

L H X L L H

L H X H H L

74157 LOGIC DIAGRAM
(2)

1A ©
[ 1 (4) -
18 0.
*—
2a o2
P (n 2y
28 c>(6)
*—
o @
38 ol
-
an o1
— (12) ay
18 12
~—
seLecT o —-Do—
Pin 16 Voc, Pin8 = GND

ENABLE O3 {>

A6

1-n3t

H=High level, L=Low level,X=Irrelevant




A.10 74161 SYNCHRONOUS 4-BIT COUNTER

OUTPUTS
CARRY -~ - ~ ENABLE
Vec outruT 9 9% 9% 9 T  LOAD

16 15 14 13 12 11 10 9

CARRY @y Qg Qc  OpENABLE

OUTPUT

CLEAR LOAD
ENABLE

CLOCK A 8 C D P

1 2 3 4 5

(1)

7 8

CLEAR CLOCK A B c D ENABLE GND
b g P

DATA INPUTS

11-220%
19
0aD i a (14,
= P ou ) 58,
al 1 ) croex
CLEAK L —
{34
O ! g—
DATA - | K
7 g
O
— lcv.ocx
@
DATA | X
2]
,N,U‘T - | cLock P OUTPUTS
1 )
{51
o o |
DATA L3
2
cLock o
f] Q
Ul
O—| - | cLocK
EnABL € I > =
P
6)
DATA

10,
ENABLE
T

(s

W

RIPPLE
CARRY




A1l 74174 HEX/74175 QUAD D-TYPE FLIP-FLOPS
WITH CLEAR

The 74174 contains six flip-flops with single-rail outputs (Q
only). The 74175 contains four flip-flops with double-rail
outputs (complementary Q and Q). Both devices have
common clock and clear inputs.

A3} 2)
TRUTH TABLE A Da 9afZoan
INPUT OUTPU'TS
tn L} —o CLOCK
- CLEAR
D Q Q
T T
L L H
tn = Bit time before (4) (5)
clock pulse. B o D, —o0Q
tn+1=Bit time after e % 8
clock puise.
glcLock
CLEAR
¢ 48 oc o Hoqc
-QJCLOCK
CLEAR
" (10
b o) Op Qp 10, Qp
QJ CLOCK
CLEAR
1
E ‘Q) Dg Qg -QQOQE
QlcLock
CLEAR
¢
(14) (15)
F o— OF QfF—o0Qf
CLOCKO—(S) CLOCK
CLEAR
1
CLEAR L
Pin (16)= V¢ ¢, Pin (8)= GND

TRUTH TABLE

INPUT | OUTPUTS
th thel
D Qe @
H H L
L L H
tn =Bit time before
clock pulse.
tnt1=Bit time after
clock pulse.

) on o2
CLK ENﬂo
CLEAR
o8 o ol
QcLK aa'ﬂ"
CLEAR
12 1
(12) De Qc (10)
ek G
CLEAR
13) op aplte!
cLock o2
Da ck @l
CLEAR
: i
cLEAR o1 -

Pin (16)= Ve, Pin (8)=GND

-tz

74174 Diagram

74175 Diagram

-3



A.12 74197 PRESETTABLE BINARY COUNTER/
LATCH

J ORN DUAL-IN-LINE OR
W FLAT PACKAGE
(TOP VIEW)*

DATA INPUTS
r———J————w

CLOCK
Vee CLEAR Qp D Qg 1
]
CLEAR QD D B g
COUNT/LOAD CLOCK {
oc c A QA CLOCK 2

COUNT/ Q¢ Qa CLOCK GND
LOAD “————v————J
DATA INPUTS

ASYNCRONOUS INPUT: LOW INPUT TO CLEAR SETS Qp
Qp,Qc AND Qp LOW.

11- 0482



DATA A o—

—]
COUNT/LOAD
CLEAR - p PRESET
Qa2 Q,
CLOCK{ o~ —dr
CLEAR
\—--l‘
DATA B O—
@ A
PRESET
Qg —o0 Qg
CLOCK 2 o— = hi
CLEAR
]
DATAC o
PRESET
QC O Qc
—Q T
CLEAR
L
DATAD o—
?—— tL
PRESET
Q=
—OT
CLEAR
-

11-0481
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APPENDIX B

PDP-11 MEMORY ORGANIZATION
AND ADDRESSING CONVENTIONS

The PDP-11 memory is organized in 16-bit words consisting
of two 8-bit bytes. Each byte is addressable and has its own
address location: low bytes are even numbered and high
bytes are odd numbered. Words are addressed at even
numbered locations only and the high (odd) byte of the
word is automatically included to provide a 16-bit word.
Consecutive words are therefore found in even numbered
addresses. A byte operation addresses an odd or even
location to select an 8-bit byte.

The Unibus address word contains 18 bits identified as
A(17:00). Eighteen bits provide the capability of addressing
256K memory locations, each of which is an 8-bit byte.
This also represents 128K 16-bit words. In this discussion,
the multiplier K equals 1024 so that 256K represents
262,144 locations and 238K represents 131,072 locations.
This maximum memory size can be used only by a PDP-11
processor with a memory management unit that utilizes all
18 address bits. Without this unit, the processor provides 16
address bits which limits the maximum memory size to 64K
(65,536) bytes or 32K (32,768) words.

Figure B-1 shows the organization for the maximum
memory size of 256K bytes. In the binary system, 18 bits
can specify 2'® or 262,144 (256K) locations. The octal
numbering system is used to designate the address. This
provides convenience in converting the address to the
binary system that the processor uses as shown below.

The highest 8K address locations (760000—777777) are
reserved for internal general registers and peripheral devices.
There is no physical memory for these addresses; only the
numbers are reserved. As a result, programmable memory
locations cannot be assigned in this area; therefore, the user
has 248K bytes or 124K words to program.

A PDP-11 processor without the memory management unit
provides 16 address bits that specify 2'® or 65,536 (64K)
locations (Figure B-2). The maximum memory size is
65,536 (64K) bytes or 32,768 (32K) words. Logic in the
processor forces address bits A(17:16) to 1s if bits
A(15:13) are all 1s when the processor is master to allow
generation of addresses in the reserved area with only 16-bit
control.

Bit 13 becomes a 1 first at octal 160000 which is decimal
57,344 (56K). This is the beginning of the last 8K bytes of
the 64K byte memory. The processor converts locations
160000177777 to 760000—777777 which relocates these
last 8K bytes (4K words) to the highest locations accessible
by the bus. These are the locations that are reserved for
internal general register and peripheral device addresses;
therefore, the user has 57,344 (56K) bytes or 28,672 (28K)
words to program.

17 (16 |15 |14 |13 [ 12 {11 |10 {09 {08 |07 {06 {05 |04 103 | 02 {01] 00| AddressBit
0 0 1 0 0 1 1 1 1 1 1 0 0 0 0 0 1 0 | Binary
1 1 7 6 0 1 Octal
Address Word Format

B-1



000001
000003

%7777
760001

»*

/L

*

777777

l1s os|o7 00

le— 16 BIT DATA WORD —»
HIGH BYTE  LOW BYTE

000000
000002

757776
760000

777776

LAST ADDRESS IS BYTE NUMBER 262,143,
MAXIMUM SIZE WITH 18 ADDRESS BITS IS 256K(262,144) BYTES OR 128K (131,072) WORDS.

USER ADDRESS SPACE
AVAILABLE USING 18
ADDRESS BITS ON

POP-11 PROCESSOR

ViTH MEMORY
MANAGEMENT OPTION.
INCLUDES 248K (253,952)
BYTES OR 124K(126,976)
WORDS.

HIGHEST 8K (8192}
BYTES OR 4K (4096)
WORDS RESERVED FOR
DEVICE REGISTER
ADDRESSES.

Figure B-1 Memory Organization for Maximum Size Using 18 Address Bits

000001
000003

157777
160001

177777

lis oslo7? 00
je— 16 BIT DATA WORD —»

HIGH BYTE LOW BYTE

— T )

000000
000002

157776
160000

177776

LAST ADDRESS IS BYTE NUMBER 65,535,
MAXIMUM SIZE WITH 16 ADDRESS BITS IS 64K (65,536) BYTES OR 32K(32,768) WORDS.

o~

USER ADDRESS SPACE
AVAILABLE USING 16
ADDRESS BITS ON
PDP-11 PROCESSOR
WITHOUT MEMORY
MANAGEMENT OPTION.
INCLUDES 5€K (57,344)
BYTES OR 28K (28,672)
WORDS.

ADDRESSES 160000-
177777 ARE CONVERTED
TO 760000-777777 BY
THE PROCESSOR. THUS,
THEY BECOME THE
HIGHEST 8K (8192) BYTES
OR 4K(4096) WORDS
RESERVED FOR DEVICE
REGISTER ADDRESSES.

Figure B-2 Memory Organization for Maximum Size Using 16 Address Bits

B-2

11-1690
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Memory capacities of 56K bytes (28K words) or under do
not have the problem of interference with the reserved area,
because designations less than 160000 do not have a binary
1 in bit A13. No addresses are converted and there is no
possibility of physical memory locations interfering with
the reserved space.

PDP-11 core memories are available in 4K or 8K incre-
ments. The highest location of various size core memories
are shown below.

Memory Size Highest Location
K-Words K-Bytes (Octal)
4 8 017777
8 16 037777
12 24 057777
16 32 077777
20 40 117777
24 48 137777
28 56 157777
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