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PREFACE

This manual provides the necessary information for the user to
install and wmaintain the Perkin-Elmer 2-Line and 8-Line
Communications Multiplexors (COMM MUX). The COMM MUX interfaces
the multiplexor bus of a Perkin-Elmer processor systenm with a
variety of half-duplex (HDX) or full-duplex (FDX) asynchronous
‘data sets or local terminals. The system conforms to the RS-232C
transmitters/receivers interface and can be programmed for a
variety of baud rates and character formats.

Chapter 1 contains a general description of the COMHM MUX.
Chapter 2 <contains the installation of the COMN MUX. Chapter 3
contains the COMM MUX operations and maintenance information,
including a block diagram analysis and a functional schematic
analysis.

The following manual provides programming information on the COMH
MUX:

2-Line and 8-Line Communications Multiplexors Programming
Manual, Publication Numter 29-6E4

Revision 19 provides circuit modifications and ascociated drawing
changes to allow odd address interleaving.
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CHAPTER 1
GENERAL DESCRIPTION

11 INTRODUCTICN

The Perkin-Elmer Communication Multiplexors (COMM MUX) are I

available in two formats: The 2-line COMM MUX (Product Number
M47-104) and the 8-line COMM MUX (Product Number MN47-105). The
COMHM MUX interface the multiplexor bus of a Perkin-Elmer
processor system with half-duplex (HDX) or full-duplex (FDX)
asynchronous data sets or lccal terminals. The system conforms
to the RS-232C interface and can be programmed for a varlety of
baud rates and character formats.

1.2 SCOPE

This document describes the installation and functional operation
of the COMM MUX and provides useful maintenance information for
digital technicians who maintain these devices. A block diagram
analysis and a functional analysis of major areas of each COMM
MUX (2-line and 8-1line) are included.

1.3 SIMPLIFIED BLOCK DIAGRAM

Figure 1-1 shows simplified block diagram of the COMM MUX.

This figure covers the 2-line and 8-line COMM MUX.

29-650 R0O6 5/79 1-1
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CHAPTER 2
INSTALLATION

2.1 INTRODUCTION

This chapter provides the necessary information for the
installation of two Perkin-Elmer Communications Multiplexors
(COMM MUX). The 2-1line COMM MUX (Product Nunmber Mu7-104) 1is
contained on a 178mm (7*) half Dboard. The 8-line COMM MUX
(Product Number M47-105) is contained on a 381mm x 381mm (15" x
15") board. The COMM MUX (2-1ine or 8-line) interfaces a
Perkin-Elmer processor system, via a multiplexor bus, to various
device controllers. These include half-duplex (HDX) or
full-duplex (FDX) asynchronous data sets or local terminalse.

2.2 178MM (7") BOARD CONFIGURATION

The chassis accepts the 381mm (15") single board and two 178mm
(7") half boards per chassis slot.

Two 178mm (7") boards (half boards) can be inserted into the
designated <chassis slot via the 16-398 Half Board Adapter Kit.
Refer to Figure 2-1. Depending on reguirements, the half board
adapter kit can strap two active 178mm (7") boards or one active
and one blank 178mm (7") Dboard. Wiring does not take ©place
between the boards and the adapter. Due to the adapter's design,
the connectors on the board plug directly into the chassis slot
connector.

The 2-1line COMM MUX 178mm (7") half board may be in either the
right half or the 1left half position, as required. Refer to
Figure 2-1.

The 8-1line COMM MUX 381mm (15") full board may be installed in
any I/0 slot.

23 INSTALLATION

2.3.1 Unpacking

When the COMM MUX is shipped with a system, jt 1is 1installed at

the factorye. Therefore no special wunpacking procedure is
required. It is only necessary to ensure that the module is
properly seated in its connector. If the module assembly is

purchased separately, it should be wunpacked carefully and
inspected for damage prior to installation.

29-650 RO6 5/79 2-1
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Figure 2-1 16-398 Half Board Adapter

2.3.2 lLocation

The CCM MUX, 2-line or 8-line, may be installed in any I/0 slot.
After installing the module, remove the applicable RACKO/TACKO
strap, as explained in the following paragrabphs.

2¢3+.3 Interrupt Priority Back Panel Wiring

The acknowledge control 1line from the processor carries the
interrupt acknowledge (ACK) =signal. This 1line breaks into a
series of short lines forming the daisy-chain priority systen.
The ACK signal must pass through every controller egquipped with
interrupt control circuits, Refer to Figure 2-2 for the priority
order.

2=-2 29-650 RO6 5/79



Back panel wiring route for interrupt control at a given slot is:
the received acknowledge (RACKO) signal is input at pin 122-0 and
pin 122-1 and the transmitted acknowledge (TACKO) signal |is
output at pin 222-0 and pin 222-1. The daisy-chain bus is a
series of isolated lines which connect pin 222-0 and pin 222-1 of
a given slot to pin 122-0 and pine 122-1 of the next 1lower slot
(lower priority)e. On unequipped interrupt slots, jumpers short
pin 122-1 to pin 222-1 and pin 122-0 to pin 222-0 of the same
slot to complete the bus. Back panels are wired with jumpers on
all slots. Whenever a chassis slot is equipped with a controller
that has an interrupt capability, the jumper betwen pin 122-1 and
pin 222-1 or pin 122-0 and pin 222-0 of that slot must be removed
from the back panel.

As the 2-line COMM MUX may be installed in either the 0 or 1 side
of a chassis slot, the 1location determines which Jjumper |is
removed from the selected chassis slot (i.e., jumper 122-0 to
222=-0 for the zero side or jumper 122-1 to 222-1 for the one
Side). .

The 8-~1line COMM MUX connects to both the 0 and 1 side of a
chassis slot. The jumper between pin 122-1 and pin 222-1 must be
removed from the selected chassis slot.

0302 CONNECTOR 0 PROCESSOR BACK PANEL CONNECTOR 1
PROCESSOR :
AND — 2220 o\
MEMORY : o
™ (RACKO) 1220 1221 (RACKO)
| Tacko 2220 2221 (TACKO)

222:0
122:0 1340 122-1

2220 I ’ 2221

122:0 1340 © 1221
2220 » 2221

ol-lwlelafe]o]-

V\

122-0 134.0 1221
2220 2221

l
—
/
<«
ol—-lmlwlblmlmlu

EXPANSION BACK PANEL

TO NEXT
EXPANSION

Figure 2-2 Standard Interrupt Priority
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2.3.4 Cable Connections

A 2-1ine, half board, COMM MUX has one 17-463 ribbon cable
connected between the connector at the edge of the board and the
cable entry panel.

An 8-line, full board, COMM MUX can have up to four 17-463 ribbon
cables connected between the four connectors at the edge of the
board and the cable entry panel. Refer to Figure 2-3.

2034 8 LINE COMM. MUX BOARD, TOP VIEW, FRONT
O:I’

];0 CONN 5 CONN 4 CONN 3 CONN 2

AVEVARAVEVARIVIEVRAVEVE

LINE 6 7 4 5 2 3 0 1
Figure 2-3 8 Line CCMM MUX Board, Top View, Front

The cables are routed from the board connectors through a flat
cable clamp, secured to a bracket (14-531) on the 1left side of
the mounted chassis (looking from the front), to the cable entry
panel. Refer to Figure 2-4,

2033

BRACKET
14-531
/
d:
FLAT CABLE
CLAMP
f
TO CABLE

ENTRY PANEL

Figure 2-4 Cable Routing via Flat Cable Clamp

2.4 ADJUSTMENT

An oscillator and a strap option select the baud rate. This
procedure is described in Section 2.5 This adjustnent is preset
at the factory.

The CCMM MUX is normally strapped for 300/1200/ 7,200/19,200 baud
rate, FDX operation. the preferred address for the 2 1line COMM
MUX is X'"10°'-X"13* (the least significant address switch must be
set to one of the following boundaries: X'0*, X*'u*, X*'8*', X*'C*),
and preferred address for the 8 line COMM MNUX 4is X'10*'-X°1F'.
Refer to Figure 2-5,

2-4 29-650 R18 3/81
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2«5 OPTIONS
2.5.1 2-Line Communications Multiplexor Options
Baud Rate - To select a group of four baud rates, connect straps
as indicated (i.e., strap J6 to J9 and J8 to J9).
Baud Rates
50, 110, 75, 134.5 150, 600 300, 1200
Channel 1800, 2400 2000, 3600 4800, 9600 7200, 19200
1 J6 to J9 J6 open J6 to J9 J6 open
J8 to J9 J8 to J9 J8 open J8 open
0 J5 to J9 J5 open J5 to J9 J5 open
J7 to J9 J?7 to J9 J7 open J7 open
Half/Full Duplex - to select half or full duplex connect straps
as required.,
Channel Full Duplex Half Duplex
0 I1 to I3 I1 open
1 I2 to I3 I2 opren
Address Interleaving - If both channels are strapred for half
duplex, the board can be strapped to respond to only even
addresses or only odd addresses. To strap for even addresses

connect

K3 to K2.

To strap for odd addresses connect K3 to K1.

No strap is required if address interleaving is not desired.

29-650
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To select RS-232C

Channel Function
| 1
A3 to A4 B3 to B4 TRANSMIT DATA
A5 to A7 BE to B7 RQ2S
Cé6 to C8 C2 to Cu RING
D4 to D5 D1 to D2 RING
E4 to ES G1 to G3 DATA SET READY
F2 to F3 F5 to F6 RECEIVE DATA
E27) E1)
E3 E3
E7 H1
E8 HZ
E9 D3
E6 »~0OPEN G2 » CPEN
C5 D3
Cc7 Fy
D6 C1
F1 C3
A6 Bé
A2 B1
A1) B2
E7 to E9 HY to H3 DSR
E8 to E9 HZ to H3 CAR
E2 to E3 E1 to E3 CTS
C5 to C6 C1 to C2 RNG
c?7 C3
C8 OPEN C4 OPEN
To select 20ma current loop
Channel
Function
0 1
A6 to A7 B5 to B7 TRANSMIT DATA (+)
A2 to A3 B2 tc B3 TRANSMIT DATA (-)
A1 to A4 B1 to B4 TRANSMIT DATA (-)
D7 to D5 DO to D2 DUO
C7 tc Cé6 C3 tc C2 DUO
F1 to F2 F4 to F5 RECEIVE DATA (+)
F2 to F3 F5 to G1 RECEIVE DATA (+)
E6 to F3 F6 to G2 RECEIVE DATA (+)
AS BS
ES CPEN G3 OPEN
C8 CYy
Dy D1
E7 to E9 H1 to H3 Disable DSR
E8 to E9 H2 to H3 Disable CAR
E2 to E3 E1 to E3 Disable CTS
D4 to D6 D1 to D3 BAFL1 (if reguired)

2.5.2

Baud Rate - To select
applicable switches as follows:

2-6

a

group

of

8-Line Communications Multiplexor Options

four baud rates,

set

the

29-650 R18 3/81



Baud Rates
50, 110, | 75, 134.5, 150, 600, 300, 1200,
Channel | Switch |[1800, 2400 | 2000, 3600 4800, 9600 | 7200, 19200
0 A97-5 ON OFF ON OFF
A97-7 ON ON OFF OFF
1 AQ7-6 ON OFF ON OFF
A97-~8 ON ON OFF OF¥
2 A97-1 ON OFF ON OFF
A97-3 ON ON OFF OFF
3 A97-2 ON OFF ON OFF
A97-4 ON ON OFF OFF
4 A16U4-=5 ON OFF ON OFF
A1AL-=T7 ON ON OFF OFF
5 A16Uu=-6 ON OFF OoN OFF
A16u-8 ON ON OFF OFF
6 A164-1 ON OFF ON OFF
A164-3 ON ON OFF OFF
7 A164-2 ON QFF ON OFF
A16UL-U ON ON OFF OFF
Half/Full Duplex - To select half duplex (HDX) on a specific
channel, set the appropriate switch to the ON position as
follows:
Channel 0 1 2 3 4 5 6 7
Switch A67 7 5 3 1 2 4 6 g
To disable the following data set status, set the indicated
switch to the ON position.
RS-232C
STATUS 0 1 2 3 4 5 6 7
DSR A160-3 | A160-5 | A122-1 | R122-2 | A82-2 A82-5 1 A25-1 A25-6
CAR n160-1 |A160~-6 | A122-5 | R122-6 | A82-1 | AB2-6 A25-4 | A25=-5
CTS A160-4 |A160-8 | A122-3 | A122-4 | A82-3 A82-7 | A25-2 | R25-8
RNG 160-2 |A160-7 | A122-7 | A122-8 | AB2-U A82-8 | A25-3 | A25-7
Address Interleaving - To conserve address space, the COMM HMUX

may

be strapped for address interleaving.

strapped for half duplex, the board can be

only even addresses cr only 0dd addresses.

addresses

connect 1 to A and X to Z.
strap X to Y if addresc interleaving is not desired.

29-650

R19 8/81

connect 1 to B and X to Y.
No strap is required on 1,

If all 8 channels are
strapped to respond to

To

strap

fo

r even

To strap for odd addresses

A

or Re

2-7/2-8




CHAPTER 3
OPERATIONS AND MAINTENANCE

3.1 INTRODUCTICN

The COMM MUX interfaces the multiplexor bus of a Perkin-Elmer l

processor system with a variety of half-duplex (HDX) or
full-duplex (FDX) asynchroncus data sets or local terminals. The
system conforms to the RS-232C inteface and can be programmed for
a variety of baud rates and character formats. It can also
operate in a 20 milliampere current loop (2-line only).

Data transfers between the data set and COMM MUX are bit serial
at a baud rate selected under program control. The COMM MUX
contain circuits to generate and detect the control signals
required to set up, take down, supervise the data communications
channel, and provide proper status and interrupt information to
the processor.

The 2-1ine COMM MUX is contained on a 178mm x 381mm (7" x 15")
board. The 8-line COMM MUX is contained on a 3831mm x 381mm (15"
x 15") board.

The interfaqe operation of the 2-line and the 8-~line COMM MUX are
similar; therefore, the block diagram and its explanation
references both multiplexorse.

The logical functions of the 2-line and the 8-line COMM MUX are
different. Therefore, their functional schematics are explained
in serarate sections of this chapter.

3.2 SCOPE

This chapter covers the normal asynchronous operation of the
systen. specific communication techniques are not described
because the system is transparent ot valid characters passing
through it.

29-65C R06 5/79 3-1



3.3 COMMUNICATIONS MULTIPLEXOR STATUS AND COMMAND BYTES

Table 3-1 contains the Communications Multiplexor Status and
Command byte data.

TABLE 3-1 COMMUNICATIONS MULTIPLEXOR STATUS AND COMMAND

BYTE DATA
BIT NUMBER
8 9 10 11 12 13 14 15
INSTRUCTION
STATUS ov PF FR| RCR BSY EX CARR | RING
or ERR OFF
€ C%‘zs ©n -~ ] ) 3\
7 { U U | ™~ \ \
RCY DIS EN
COMMRND 1 DTR| ECHO- | RCT TRANS| WRT 1
SND DIS EN PLEX or LB or
DTB RD
COMMAND 2 CLKB | CLKA| BIT SEL STOP
BIT PARITY 0

STATUS BYTE

ov»*

PF*

CL2sS

The overflow (0V) status bit is set to one if the

previously received character is not read before the
present character 1is assembled. Double-character
buffering in the COMM MUX permits a full-character
*grab-time”. The CV status bit can be one in the
receive side only. It is reset at the next end of
character, only if the failure condition disappears
(ise., 1is <cleared by a read data instruction). The
character <causing overflow 1is assembled and the
previous character is lost.

In the read mode, the priority fail (FF) status bit
is one when the received parity disagrees with the
programmed parity. If parity is not selected via an
output command, this bit remains zero. Once set, the
PF status bit remains set until the failure condition
disappears (i.e«, a character with correct parity is
assembled).

The lack of clear to send (CL2S) signifies that the

modem can no longer transmit data. In the write
mode, this status bit set indicates that CL2S is not
being received from the data set. This condition
also forces BSY=1 on the transmit side. A transition
from CL2S5=0 to CL2S=1 causes an interrupt if enabled.

29-650 ROO 7/78



FR ERR* The framing error (FR FRR) status bit is set to one to
indicate that the received <character has no stop
bit(s). That is, the 1line is in the space state
instead of the mark state at stop bit time. If the
character has two stop bits, only the first is
tested, and the character assembly terminates after
the first stop bit. In the case of a FR ERR, the
character is assembled. A zero character can signify
the beginning of a line break sequence. In the case
of a 1line break (prolonged space), if the line
remains spacing, only the first character is

assembled. Subsequent space characters are not
assembled until a mark to space transition is
received. Note that because of this charactistic

where the line break facility is being employed, a
line break decision must be based on a single zero
character with FR ERR. Once set, this bit remains
set wuntil the. assembly of a character with a stop
bitl -

RCR The reverse channel receive* (RCR) 1is an option in
some 2-wire (half-duplex) data set (e.g., 202C).
This status bit is set if the reverse channel 1ine
from data set is active. This bit is reset if the
reverse channel line from data set is inactive. If
the data set dces not have the reverse channel
option, this status bit is always 1inactive. Either
transition of this signal causes an interrupt, if
enabled.

BSY If the busy (BSY) status bit 1is set, one of the
following occurs:

1. Data set ready (DSR) from the data set \is
inactive (EX=1).

2. Character is not assembled in read mode.

3. Clear to send (CL2S) 4is inactive (CL2S=1) 1in
write mode.

4. When the interface has not yet transmitted the
last character in the write mode.

If the BSY status bit is reset, the interface is able
to transfer data in the read/wvwrite mode. An
interrupt 4is generated, 1f enabled, when the BSY
status bit changes from a one to zero. In the read
mode, when an overflow occurs, the BSY status bit is
reset to zero and a read data instruction must be
issued to set the BSY status bit to its correct (one)
state.

* The PF and FR FRR status bits are set at end of character time
when the busy bit is zero. Since the resetting of busy causes an
interrupt (if enabled), these bits do not generate indivdual
interrupts. At this point a read data instruction must be issued
to set the BSY status bit.

29-650 R0OO 7/78 3-3



EX Examine=0OV+PR+DATA SET READY + FR ERR., The examine
(EX) status bit is disabled in FDX on the write side.
Loss of data set ready (DSRDY) cannot be detected on
the write side in FDX operation. On the receive
side, DATA SET READY is indicated by busy and examine
being one; however, if other bits are set at this
time, the state of DSRDY is not defined.

CARR CFF The carrier off (CAR OFF) status bit is one to
indicate that no valid incoming data is being
received. In the receive side, this bit 1is one to
indicate that carrier is not being received from the
data set. In the write mode, this status bit is zero
when request to send (RQ2S) is active. A transition
of this status bit in either direction causes an
interrupt, if enabled.

RING The ring (RING) status bit is one when the ring signal
from the data set 1is active. This indicates the
reception of a call. An interrupt is generated, if
enabled, when ring <changes to one. In U-wire
(full-duplex) oreraton, ring is always zero on the
transmit (send) side. The ring status represents the
present state of the equivalent data set signal.

The COMM MUX needs two one-byte commands.

COMMAND 1-BYTE (refer to 3,5.2)

In the COMM MUX command 1, the DRT, ECHO-PLEX, RCT/DTB, TRANS LB,
and WRT/RD bits are shared by the transmitter and receiver.
However, +the EN/DIS bits are separate for transmit and receive
sides.

If the disable (DIS) command bit is reset and the enable (EN)
command bit is set, interrupts are enabled. Interrupts are
queued if the DIS bit is set and the EN bit is reset. If both
the UDLIS bit and the EN bit are set, interrupts are disarmed (no
interrupts are queued), but if both are reset, no change occurs.

DIS, EN In 2-wire operation, the unused side interrupts remain
disarmed. The used side interrupts can be enabled or
disabled. In 4-wire operation, the DIS,EN bits must
be independently programmed as follows. To change
EN/DIS on the receive side, issue a command with the
WRT/RD bit = 0. To change the EN/DIS on the transmit
side, issue a command with the WRT/RD bit = 1. The
WRT/RD bit 1is gated to the data set as RQ2S.
Therefore, 1in U4-wire operation, it is essential that
a command with WRT/RD = 0 be followed with a command
WRT/RD = 1 to insure that RQ2S does not deactivate.
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DTR

ECHO-PLEX

RCT/DTB

TRANS LB

WHhen the data terminal ready (DTR) command bit to the
data set is set, DTR is active, allowing automatic
answering of an incoming <call. This line must be
active to permit the data set to enter and remain in
the data mode. When this bit is reset, if does not
permit automatic answering of an incoming <call and
causes an existing connection to disconnect if held
reset for a periocd specified by the manufacturer of
the data set.

When the echo-plex (ECHO-PLEX) command bit 1is set,
data Treceived from the data set is transmitted back
to the data set on the transmitted data 1line. The
COMM MUX also assembles the character as in the
normal data mode. This feature is normally used for
4-wire HDX operation in the read mode to provide
visual verification at the terminal of the data
received by the computer. This command must not be
issued tc the transmit side. Note that in the 2-wire
HDX read mode the RQ2S line is not active. If the
associated data set regquires RQ2S to be active, the
data will not pass to the communication 1link. This
bit takes effect immediately. Therefore, a write to
read (with ECHO-PLEX) mode change requires
transmitting X*FF* <(an ASCII DEL character) as the
last character.

The reverse channel transmit (RCT) command bit is
optional on 202C-type data sets, the data terminal
busy (DTB) command bit to optional on 103-type data
sets. For the RCT option, this command bit is gated
directly to the secondary transmitted data 1line.
When this bit is set, RCT is inactive, i.e., reverse
channel is not transmitted. When this bit is reset,
RCT 1is active, i.e., reverse channel is transmitted.
For data sets equipped with the data terminal busy
option, the reset condition of this command bit will
busy-out the terminal thereby not allowing a call to
be answered and returning the busy signal to the
calling terminal.

When the transmit line break (TRANS LB) command bit
is set, a continuous space 1is transmitted to the
data. This condition overrides the ECHO-PLEX
feature. If this command is issued while data is
being transmitted, the transmitted data is mutilated.
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WRT/RD The write/read (WRT/RD) command bit controls RQ2S to
the data set. When this bit is set, RQ2S is gated to
the data set if DSRDY* is active. When this bit is
reset, the hardware deactivates RQ2S after the
following delays: If character transfers are in
progress., the hardware insures that the last
character has been transmitted, then delays one
millisecond to permit the last data bit to clear the
data set before dropping RQ2 265~ S except as noted
under ECHO-PLEX. BSY 1is set during this line
turn-around and does not reset until a character is
received. However, CL2S, CARR OFF, RING, RCR, and
DSRDY may still generate interrupts, if enabled. In
2-vwire operation, setting this bit places COMM MUX in
the write mode; resetting this bit places the COMHM
MUX 1in the read mode. In U-wire operation, this bit
is normally programmed set except noted under DIS, EN
above.

COMMAND 2 BYTE (refer to 3.5.2)

CLKB, CLK bits select one of four strapped baud ratese.
CLKA Refer to Table 3-3.
BIT SEL BIT SEL selects the number of data bits/character

(not including parity)

1T % |1

0 [ 1 NO. OF DATA BITS
0 0 5
0 1 6
1 0 7
1 1 8

If fevwer than eight data bits are selected when a write data 1is
issued in the write mode, the data must be right-justified and
unused bits are don't care. In the read mode, when a read data
is issued, the character 1is presented to the processor
right-justified with unused bits forced to the zero state.

* Data set ready (DSRDY) does not appear in the =status byte on
the transmit side in FDX operation. It should be noted here that
one must rely on the receive side of the adaptor for notification
of the loss of DSRDY. Loss of DSRDY on the transmit side in FDX
operation does not cause an interrupt. It does however hold busy
high thus preventing any more end of character interrupts.
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STOP RIT O stop bit
) 1 s

=1
=2 stop bit

When the line is programmed for 2 stop bits, the COMM MUX
transmits both bits. However, the receiver only samples the
first stop bit.

PARITY
[BrT # |13 | 14 PARITY
1] o oDD
1] 1 EVEN
o X NONE

In the write mode, if parity is enabled (bit 13=1), the COMH HMUX
generates and transmits the selected parity.

In the read mode, if parity is enabled, the COMM MUX compares the
received parity with the selected parity and generates the PF
status if a disagreement is detected.

If parity is disabled (bit 13=0), the hardware ignores bparity.
When transmitting, the hardware appends stop bit(s) after the
last data bit; and when receiving, disables the parity detection
circuite.

NOTE

The least significant bit of the
command byte must be a 1 or 0 as
indicated to permit the hardware to
distinguish between the two commandse.
Command 2 should never be issued while
data transfer is in progress.

3.4 BLOCK DIAGRAM ARNALYSIS

Sheet 1 of Functional Schematics 35-701 (2-1ine) and 35-702
(8-1ine) shows the block diagrams of the COMM MUX.

An oscillator provides the four groups of four baud rates for the
COMM MUX. One of the four baud rates are selected via strap
options.

The CCMM MUX includes an MOS/LSI device, the universal
asynchronous receiver/transmitter (UART), which provides
character status, and character assembly/disassembly. The UART®S
character format register can be programmed to provide one or two
stop bits; odd, even, or no parity and five to eight data
bits/character.
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The programmed baud rate generator selects one of the four baud
rates. The selected baud rate is input to the UART. It
serializes the character to the data set when transmitting and
deserializes the character from the data set when receiving.

The UART 1is conditioned to transmit as follows: a command sets
up the proper character format in the UART. At this time, BSY is
active. The BSY status bit output from the UART indicates to the
processor that another <character <can be loadeds A write data
follows this command to load the character into the UART transmit
data register. The UART aprends the start bit, the programmed
parity, one or two stop bits, and then transmits the character.
Data transmissions continue with the same character format until
the write data instructions are terminated.

Since the UART is a full-duplex (FDX) device, characters <can be
received/transmitted simultaneouslye. The UART has a separate
busy status bit for the receiver. This BSY remains active until
the UART has assembled a character. At this time, the BSY goes
inactive and the character is read into the processor by a read
data instruction. The programmed character format is applicable
to the transmitter and receiver in the UART.

The UART receiver has three status bits: PF, 0OV, and FR ERR.
They are updated immediately before busy goes inactive on the
receive side. The processor's sense status instruction
interrogates these status bits.

The RS-232C provides the logic level conversion between the TTL
levels and the bipolar levels that the data set requires. A 20
milliampere current loop level conversion is provided for 2-line
only, using RS-232C receivers and a transistor driver.

The following sequence establishes a connection, transfers data,
and disconnects the <«call in the HDX mode over the switched
network: A call is initiated when an operator, at a remote data
set, dials the data set number connected to the local COMM MUX.
This dialing causes the RING 1lead to become active. The
processor detects an active ring by acknowledging the RING
interrupt from the COMM MUX (assuming interrupts are enabled) or
sensing status to determine when RING is active. In either case,
the processor responds with an output command to set the DTR in
the modem command register. This response causes the call to be
answered (RING terminates); and, if the local data set is in the
data mode, it responds with DSRDY to the COMM MUX.
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Again, DSRDY status can be determined with a sense status
instruction. If the COMM MUX is to transmit first, the processor
responds by activating RQ2S in the modenm command register. The
local data set returns clear to send (CL2S). With CL25S on, the
call is established and handshaking is complete. The COMM MUX is
connected to the remote terminal. The processor loads the UART
with he proper character format and the clock select with the
selected baud rate. This loading is followed by a series of
write data instructions. The write data loads the transmit data
register. The UART +then shifts the data serially to the local
data set. Data ¢transmission continues wuntil the processor
terminates the write data instructions.

For data transfers in the receive mode, the call set-up is the
same except that the processor does not activate RQ2S. This
causes CL2S from the local data set to remain off. The COMN MUX
is ready to receive characters. Each character is preceded by a
start bit. When the UART detects this bit, it shifts the serial
data into the receive data register. When a complete character
has been assembled, the BSY status bit drops causing an
interrupt, if enabled. :

As each character is being assembled, the presence of the stop
bit and correct parity is determined. These are compared with
the programmed number of stop bits and paritye. If an error 1is
detected, one or more appropriate status bits are set.

In FDX operation, data transfers may occur in both directions
simultaneously. This requires changing the HDX/FDX straps
(2-1ine) or switches (8-l1ine).

To transmit to a data set, the character format and baud rate
must be loaded via an output command.

To select the mode, an output command with D15=1 loads the moden
control register. For transmitting, DTR should be set (D10=1)
and RTSX0 should be low (D14=1).

The DTR signal, to the data set, is turned on. If the data set
is ready to transfer data, it responds with DSRDY. This response
causes DSRDY1 to go high, returning RQ2S to the data set because
the WRT1 line is high. The data set then responds with CL251,
indicating +that the data set is ready to receive data fron the
COMM MUX, thus completing the handshaking required to establish
the telecommunications link.

When CL2S goes active, an interrupt is generated. With BSY=0, a
write data is issued to load the first character. The trailing
edge of the DAGO loads the character into the UART and sets UART
pin 22 which forces the BSY high. Since the UART transmit shift
register is empty, this character is immediately loaded into the
shift register. This cuases UART pin 24 to go low (shift
register busy) and BUFE1 to go high (buffer register not busy).
The UART pin 22=1 generates an interrupt and the processor loads
another character.
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The serial data from the UART (TXDX1) <contains, in order of
occurrence: the start bit, data bits, and parity and stop bits.
Serial data TXDX1 is gated to the data set provided that the
modem command register has ECHO and LB reset. If LB=1, the
transmit data is forced into a permanent space condition. 1f
FCHO=1 and LB=0, the serial data from the data set is transmitted
directly back to the data set, inhibiting TXDX1.

Character transfers continue as outlined previously wuntil the
write data ceases. After the last write data, the UART finishes
transmitting the last character and drives the TXDX1 1line high.
This guarantees that the transmit data line, to the data set, is
in the mark condition when idle ({which is an RS-232C
specification).

As in the transmit mode, the character format, baud rate, and
mode must be loaded via an output command.

For the receive mode, the RTS flip-flop is programmed reset and
DTE 1is set, Normally, when not receiving data, the UART RXDX1
input is high and the BSY status output, UART pin 24, 1is 1low
(BSY=1). When the RXDX1 input goes 1low, the UART starts to
assemble the character. When the complete character is
assembled, pin 284 goes high, generating an interrupt and dropping
the BSY status to the processor. At this time, if an OV, PF, or
FR ERR has occured, the approrriate output from the UART is high.
These status bits are only reset when another character is
received without the error condition.

With BRSY=0, the processor responds with a read data that
activates DRGO causing pin 24 to go low (busy condition)e.

If a read data is not 1issued before the next character |is
assembled, the OV status bit is set. This bit is reset only with
SCLR or a read data.

In the HDX operation, the data flow direction can be reversed by
commanding the WRT/RD bit to complement.

To turn the line from receive to transmit, the RIS line goes low,
forcing the WRT .flip-flop set. If DSRDY is active, RQ2S is gated
to the data set. Data may be transferred when the data set
responds with CL2S.

To turn the line from transmit to receive, the COMM MNUX must
ensure that the last character has been transmitted to the data
set before initiating a turnaround. Figure 3-1 shows the
required timing.

Referring to Figure 3-1, a LAGO is issued for the last character
to be transmitted; but, the UART is transmitting the previous
character from the shift registere. An output command read is
issued causing WT to reset.

3-10 29-650 ROO 7/78



0301

WT1
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BUFE1

/

EOT1 (\

BSY

BSY DROPS WHEN A CHARACTER

IS ASSEMBLED. 7
BUFFER (WTO) (RQ2S1) EOC=0
l‘_REG. FULL“""I‘ — e ’

WRITE MODE “#—— | — % READ MODE

Figure 3-1 Write Read Line Turnaround

In this case, the buffer register busy and the shift register
busy are both set (BUFE1=EOT1=0). Buffer register busy forces
TBSY=1. When +the UARRT finishes transmitting the character
presently in the shift register, it loads the buffer into the
shift register and the buffer register is reset. After this
character is transmitted, the shift register is reset and after
approximately one millisecond, RQ2S to the data set is finally
turned off. After a delay in the data set, CL2S turns off and
the COMM MUX is not in the receive mode. The BSY continues
active until a character is received.

3.5 2-LINE INTERFACE FUNCTIONAL SCHEMATIC DESCRIPTION

3.5.1 2-Line Multiplexor Bus Interface

Functional Schematic 35-701L08 Sheets 2 and 5 shows the
multiplexor bus interface. This dinterface <consists of 6
sections:

1. bus driver/receiver
2. data multiplexing
3. address decoding

4, control decoding

5. SYNC return

6. RACKO/TACKO

The bus driver/receiver 1logic consists of bus transceivers
(19-118) (2H2) (2L2). The internal bus inputs are from 4 to 1
mulitplexors (19-177) (5A8-5J8). The multiplexor inputs are
data, status, and interrupt address.
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The 2-line COMM MUX responds to U4 consecutive adiresses.
Therefore only six address 1lines are input to the address
comparator circuit (19-117) (2J7 and 2M7) and ¢two hexadecimal
switches (33-032) (2H5 and 2NS). 1In addition, bits D060 and D070
used at one comparator (2M7) must be high at the interface for
the board to respond. The comparator output sets the Dboard
addressed signal AD1 and latches the 2 least-significant address
bits in a quad latch (19-131) (2C7).

The active low control input signals (2A2-2C2) are ORed with the
ADO signal (2D9). If A0 1is 1low, indicating the board is
addressed, the output of one of the 19-159 OR gates 1is 1low,
indicating an active <control =signal. The control signals are
decoded by gating on Sheet 7.

Sheet 2 shows the SYNC return circuit with the SYNC flip-flop
(2B6). A 19-042 one shot delays the SYNC flip-flop (2B7) setting
200 nanoseconds.

Sheet 2 shows the RACKO/TACKO circuit. RACKO is internally
synchronized to the scanner clock by the flip-flop at 6L7. This
flip-flop delays the SYNC return to the processor until the
internal interrupt scanner logic is at an update state.

3.5.2 Commands

Section 3.3 and the Communications Multiplexor Programming
Manual, Publication Number 29-654, show the command and status
bytes. Command 2, defined as D150 +true, sets up the UART
(19-081), the baud rate generator (19-239), and it is decoded by
the AND gate at 7C2. This signal 1s further decoded for the
2-lines by the AND gates (19-160) (7C3). The 2 output lines go
to the UART and baud rates generator (Sheet 5). Refer to Tables
3-2 and 3-3 for formats.

Command 1, defined as D150 false, sets up the interrupt
conditions and the modem c¢ontrols. Sheet 7 shows the interrupt
enable/disable circuit.

BITS
D08 D09 MEANI NG
0 0 NO CHANGE
0 1 ENABLE
1 0 DISABLE
1 1 DISARM

When interrupts for a channel are enabled, both enable and gueue
latches (19-140) (7F3 and 7H3) for that channel are set. When
interrupts are disabled, only the gqueue 1latch 1is set. When
interrupts are disarmed, neither latch is set.

Sheet 4 shows the modem control registers at the top of the page.
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TABLE 3-2

CHARACTER FORMAT

COMMAND BITS

CHARACTER FORMAT

START | DATA | PARITY [ STOP
10 | 11 12 | 13 | 14 BIT BITS BIT BITS
0 0 0 0 X 1 5 NONE 1
0 0 1 0 X 1 5 NONE 2
0 0 0 1 1 1 5 EVEN 1
0 0 1 1 1 1 5 EVEN 2
0 0 0 1 0 1 5 oDD 1
0 0 1 1 0 1 5 oDD 2
0 1 0 0 X 1 6 NONE 1
0 1 1 0 X 1 6 NONE 2
0 1 0 1 1 1 6 EVEN 1
0 1 1 1 1 1 6 EVEN 2
0 1 0 1 0 1 6 oDD 1
0 1 1 1 0 1 6 0DD 2
1 0 0 0 X 1 7 NONE 1
1 C 1 0 X 1 7 NONE 2
1 0 0 1 1 1 7 EVEN 1
1 0 1 1 1 1 7 EVEN 2
1 0 0 1 0 1 7 0DD 1
1 0 1 1 0 1 7 oDD 2
1 1 0 0 X 1 8 NONE 1
1 1 1 0 X 1 8 NONE 2
1 1 0 1 1 1 8 EVEN 1
1 1 1 1 1 1 8 EVEN 2
1 1 0 1 0 1 8 0DD 1
1 1 1 1 0 1 8 oDD 2
29-650 R13 3/80
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A 5.0688 MHz crystal feeds baud rate generator 19-239 (5G4).
This IC can generate 16 possible baud rates using a d4-bit code.
Refer to Table 3-3. Two independent generators are in the
package. The 2 most-significant bits (2MSB) of the select code
can be strapped and the 2 least-significant bits (2LSB) are
program selectable, allowing program selection of 1 of U4 possible
baud rates. Refer to Section 2-4.

TABLE 3-3 BAUD RATE SELECTION

Strap Program Control Baud Rates
00 00 50
00 01 110
00 10 1,800
00 1 2,400
01 00 75
01 01 134.5
01 10 2,000
01 11 3,600
10 00 150
10 01 | 600
10 10 4,800
10 11 9,600
11 00 300*
11 01 1,200*
11 10 7,200*
11 11 19,200*

*Normal baud rates
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3.5.3 Universal Asynchronous Receiver/Transmittr (UART)
Operation

The UART is a 40 pin MOS/LSI device that has TTL compatible
inputs and outputs. The control section of the UART directs the
transmitter and receiver sections. The control register is
loaded with a positive CMGB1 pulse. This pulse must be > 250
nanoseconds. This pulse selects a character format as defined in
Table 3-2. Do not change the control register while a character
is being transferred.

The control section also has system clear (SCLR1) input (pin 21).
This resets internal registers and ensures that the serial
output, TXDX1, from the transmitter is high.

The transmitter section provides parallel to serial conversion,
generates start and stop bits, and parity, if selected. The
transmitter contains a double character buffer. A busy indicator
is generated in the UART for each of these registers. If the
transmitter buffer register 1is empty, pin 22 is highe. If the
transmit shift register is empty, pin 24 is highe.

When pin 22=1, the processor issues a write data that causes DAGO
to go low. This parallel loads the buffer register and causes
pin 22 to go low. If the transmit shift register busy bit, pin
24, is high, this character is immediately loaded into the shift
register. Pin 24 goes 1low and the buffer register busy goes
high. At this time, the processor loads another character. The
logic within the UART automatically loads the shift register at
the correct time. Refer to Figure 3-2 for the transmitter timing
diagrame.

0303

\ 7 N N ‘ I—jﬁ A N/ 15’ N S Y
X
DXX1 X X Jx\. X 4 X X ¥ X X
DAGO o : p
__/F II,

BUFE1 (PIN 22) /

| |y /1 S | I
EOT1 (PIN 24) K

4’/ l,;

TRANSMITTING TRANSMITTING
FIRST CHARACTER SECOND CHARACTER

PN

Figure 3-2 UART Transmitter Timing
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The UART receiver section performs the serial to ©parallel
conversion on received characters and also tests parity, stop,
and start bits. The receiver pin 19 output is the Dbusy
indicator. A high is BSY=0. Figure 3-3 shows the timing for a
received character.
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FRERR SEE NOTE 1 —
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1 CLOCK CYCLE,

—» Je—1/16BIT TIME

RDAX1(PIN 19) SEE NOTE 2

DRGO

NOTES

1« THIS IS THE TIME WHEN THE ERROR CON-
DITIONS ARE DETECTED, IF ERROR OCCURS.

2. RDAX1 IS SET ONLY WHEN THE RECEIVED
DATA, PF, FR ERR, OR OV HAS BEEN TRANS-
FERRED TO THE HOLDING REGISTERS.

3. ALL INFORMATION IS GOOD IN OUTPUT REG-
ISTFR UNTIL EOTO TRIES TO SET FOR NEXT
CHARACTER.

4. ABOVE SHOWN FOR 8 LEVEL CODE, PARITY
AND TWO STOP BITS, FOR NO PARITY, STOP
BITS FOLLOW DATA.

5. FCR ALL CCDE LEVELS, THE DATA IN THE
HOLDING REGISTER IS RIGHT JUSTIFIED.

Figure 3-3 URART Receiver Timing

The UART received data input to pin 20 is normally high (binary
1)e When this line has a 1 to 0 transition, the UAxl starts an
interval timer that samples the data at the middle of the bit
cell. (The first bit received is always a start bit that should
be in the logic 0 state for one bhit time.) If the input is logic
1 at the sample time, the UART assumes a noise condition and
returns to the idle state. If the 1line is still 1low at the
sample time, the receiver assembles the character. The received
parity is compared with the programmed ©parity; and, if they
differ, the UBRT raises the PF status bit. In addition, the
receiver tests the first stop bit. If this is a 1logic 0, the
UART sets the FR ERR status bit.
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After the completed character is assembled, the receiver tests if
the processor has read the previcus character; if not, the UART
sets the OV status bit. The receiver then gives a read data to
read the assembled character. The received character is
right-justified with unused bits forced to logic 0, including
parity and stop bits. When the processor executes the read data,
the receiver busy condition, pin 19 goes 1low {BSY=1) until
another character is assembled.

The PF and FR ERR status bits are only reset when another
character is received. The OV bit and EOC are reset only with
system clear or when read data is issued.

The UART status and parallel data outputs are tri-state and
assume the high impedance output when the status register or the
receiver data register is not enabled. In this application of
the UART, both registers are always enabled with pins 4 and 16
grounded.

3.5.4 Interrupt Circuit

The interrupt generator (Sheets 6, 8, and 9) uses one-shots %o
detect edge transitions of the status lines to set the interrupt
flip-flops. Refer to Figure 3-4.

Nine one-shots (19-042) on Sheet 8 and nine one-shots (19~-042) on
Sheet 9 are used to convert the edge transitions for each channel
into pulses. These pulses are ORed to form preset signals for
the interrupt flip-flops.

The one-shot outputs that generate an interrupt on the receive
side o©f a channel are input to a 19-157 NAND gate (8HS5, 9H5) to
perform the OR function. The one-shot outputs that g¢generate an
interrupt on the transmit side are input to a 19-161 AND gate
(8M8, 9M8) followed by a 19-154 invertor (8N8, 9N8) to perform
the OR function.

The receive interrupt channel X (RINTX1) and transmit interrupt
channel X (TINTX1) outputs go to two input NAND gates (19-153) on
Sheet 6 which have the appropriate interrupts enabled signals
(ENXX1). The outputs from these NAND gates are used to preset
the respective interrupt flip-flops (19-166) on Sheet 6. The
outputs from the four interrupt flip-flops feed a latch (19-027)
(6J5). As 1long as the enables on the latch are high, the "Q"
outputs will follow the *“D" inputs. Thus when an interrupt flop
sets, the low level seen on the latch input is also on the latch
output and the input to the priority encoder. The priority
encoder then generates as low level signal, “GS%, which becomes
ATNO, and encodes the interrupting address on the encoder
outputse.

When the computer acknowledges the interrupt by returning RACKO
the interrupt flip-flop for the channel is reset. The J inputs
of the interrupt flip-flops are grounded and the K inputs are fed
by (19-160) two input AND gates that decode the address of the
interrupting channel. The flip-fop clock is generated by a two
input NAND gate (19-153) (Sheet 6) whose inputs are MRACK1 and

SYN1. Only one flip-flop has its K input high at a time and is
clocked reset.
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14

Three conditions direct clears the interrupt flip-flops;

or enabled (QUXX1),
input
If any input is 1low,

clear (SCLRORA),
half duplex disarm functione.
three input AND gates (19-161) on Sheet 6.

interrupts

queued
These conditions are the

the corresponding flip-flop is cleared.
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GENERATION
LOGIC -
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LATCH MUX
BUS
INTERRUPT INTERRUPT PRIORITY
STEERING FLIP-FLOPS ENCODER
LOGIC
ATN
FLIP-FLOP
Figure 3-4 2-LlLine Interrupt Block Diagram
3545 Status
The COMM MUX status word defined Communications
Multiplexor Programming Manual, Publication Number 29-654, The
status word generated to 1 multiplexors (19-177)

(3R6-3K6).

3.5.6 RS-232C Interface (2~line or 8-line)

Sheets 3 and 4 on 35-701D08
25-702D08 (8-1line)
bipolar RS-232C signals and
RS=-232C specification
the electrical characteristics

w
]
Py
@

show

data set

(2=-1line) and sheets 14 through 17
interface
the TTL circuits on the Dboard.
defines the interface lines and specifies
of these lines.

The logic is shown below the multiplexors on Sheet 3.

on
between the
The
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The RS-232C voltage specification classifies all interface lines
as signal or control. The signal 1lines are the data paths:
i.e., receive data (RDATA), transmit data (TDATA), reverse
channel receive (RCR), and reverse channel transmit (RCT). The
logic conditions on these signal lines are described by being in
the mark or space condition. Refer to Figure 3-5.

0306

NOTATION NEGATIVE (BINARY 1) POSITIVE (BINARY 0)
SIGNAL LINE MARK SPACE
CONTROL LINE OFF ON

Figure 3-5 RS=-232C Interface Lines

The control lines convey information to control the state of the
telecommunications 1link and indicate the status of the
connection. These lines are data set ready (DSRDY), ring (RING),
carrier (CARR), request to send (RQ2S), clear to send (CL2S), and
data terminal ready (DTR). The logic conditions on these lines
are described as being in the off or on condition as Figure 3-6
shows.

Figure 3-6 shows the RS-232C electrical specifications in
relation to the mark/space and off/on conditions.

The communications multiplexor RS-232C transmitters have a +12V
power supply, causing the outputs to swing between approximately
+10V and -10V. The transmitters (19-046) are inverting. A high
input (+5) results in a negative output. A ground on the input
results in a positive output. The receivers (19-047) are also
inverting.
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Figure 3-6 RS-232C Voltage Specification
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A 20 milliampere current loop interface, available on the 2-line
COMM MUX only, uses the RS-232C interface. To change a RS-232C
receiver into a current loop receiver, a 1.5k Ohm pullup resistor
to P12 is attached to receiver input (19-047). a 250 Ohm
resistor to N12 forms the other end of the 1loope. The RS-232C
driver (19-046) drives a transistor that forms one end of the
current 1oop. A 330 Ohm resistor to N12 forms the other end of
loop.

The device unavailable (TDU) signal is received by an
optically-coupled 4isolator (19-112). the output is strapped in
place of the ring signal, and its state appears at the
least-significant bit of the status wvword.

The buffer almost full (BAFL) from the Carousel 30 is ANDed with
the transmit buffer empty signal from the UART (19-081, pin 22).
BAFL is pulled up to P5 when the Carousel 30 is not in use.

3.6 8-LINE INTERFACE FUNCTIONAL SCHEMATIC DESCRIPTION

3.6.1 8-Line Multiplexor Bus Interface

Functional Schematic 35-702D08 Sheets 3 and 4 shows the
multiplexor bus interface. This 4interface consists of 6
sections:

1. bus driver/receiver
2. data multiplexing
3. address decoding

4, control decoding

5« SYNC return

6. RACKO/TACKO

The bus driver/receiver 1logic consists of bus transceivers
(19-118) (3E1) (3E6). The internal bus inputs are from 4 to 1
multiplexors 819-177) (3B1-3B9). The nmultiplexor inputs are
data, status, and interrupt addresse.

The 8-line COMM MUX responds to 16 consecutive addresses.
Therefore, only four address 1lines are input to the address
conparator circuit (19-117) (3G4) and a hexadecimal switch
(33-032) (3E4). In addition, bits D060 and D070 used at the
comparator (3G€) must be low at the interface for the board to
respond. The comparator output sets the board addressed flip
flop (3J6) and latches the 4 least-significant address bits in a
quad latch (19-131) (3E8).

The active low control input signals (3K1) (3L1) are ORed with
the ADO signal (3Ké6). If ADO is low, indicating the board is
addressed, the output from cne of the 19-159 OR gates is 1low,
indicating an active control signal. The control signals are
decoded by 3 to 8 decoders (Sheet U4).
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Sheet 3 shows the SYNC return circuitry with £he SYNC flip-flop.
A 19-042 one shot (3NS) delays the SYNC slip-flop setting. 200
nanosecondse.

Sheet 4 shows the RACKO/TACKO circuit. RACKO is internally
synchronized to the scanner clock by the flip-flop at UF1. This
flip-flop delays the SYNC return to the processor until the
internal interrupt scanner logic is at an update state.

3.6.2 Commands

Secton 3.3 and the Comunications Multiplexor Programming Manual,
Publication Number 29-654 show the command and status bytes.
Command 2, defined as D150 true, sets up the UART (19-018), the
baud rate generator (19-239), and it is decoded by the AND gate
at 4G6. This signal is further decoded for the 8-lines by the 3
to 8 decoder (19-140) (4J7). The 8 output lines go to the
respective UARTS and baud rate generators (Sheets 10 through 13).
Refer to Tables 3-2 and 3-3 fcr formats.

Command 1, defined as D150 false, sets wup the interrupt
conditions and the modem controlse. Sheet 8 shows the interrupt
enable/disable circuit.

BITS
D08 LO9 MEANING
0 0 NO CHANGE
0 1 ENABLE
1 0 DISABLE
1 1 DISARM

When interrupts for a channel are enabled, both the enable and
gueue latches (19-140) for that channel are set. When interrupts
are disabled, only the queue latch is set. When interrupts are
disarmed, neither latch is set.

Sheet 9 shows the modem control registers at the top of the
page.

A 5.0688 MHz crystal feeds the baud rate generators 19-239.
These ICs can generate 16 possible bpaud rates using a 4-bit
each package. The 2 most-significant bits (2MSB) of the select
code can be strapped and the 2 least-significant bits (2LSB)
are program selectable, allowing program selection of 1 of 4
possible baud rates. Refer to Secten 2-4.
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3.6¢3 Universal Asynchronous Receiver/Transmitter (UART)
Operation

The UART is a 40 pin MOS/LSI device that has TTL combatable
inputs and outputs. The control section of the UART directs the
transmitter and receiver =sections. The control register is
loaded with a positive CMGB1 pulse. This pulse must be > 250
nanoseconds. The pulse selects a character format as defined 1in
Table 3-2. Do not change the control register while a character
is being transferred.

The control section also has an SCLR input (pin 21). This resets
internal registers and ensures that the serial output, TXDX1,
from the transmitter is highe.

The transmitter section provides parallel to serial conversion,
generates start and stop bits, and parity, if selected. The
transmitter contains a double character buffer. A busy indicator
is generated in the URRT for each of these registers. If the
transmitter buffer register is empty, pin 22 is high. If the
transmit shift register is empty, pin 24 is highe.

When pin 22=1, the processor issues a write data that causes DAGO
to go low. This parallel lcads the buffer register and causes
BUFE1 ¢to g¢go 1low. If the transmit shift register busy bit, pin
24, is high, this character is immediately loaded into the shift
register. Pin 24 then goes lcw and the buffer register busy goes
high. At this time, the processor lcads another character. The
logic within the UART automatically loads the shift register at
the correct time. Refer to Figure 3-2 for the transmitter timing
diagram.

The UART receiver section performs +the serial to parallel
conversion on received characters and also test parity, stop, and
start bits. The receiver pin 19 output is the busy indicator.
A high is BSY=0. Figure 3-3 shows the timing for a received
character.

The UART received data input to pin 20 is normally high (binary
1). When +this line has a 1 te 0 transition, the UART starts an
interval timer that samples the data at the middle of the bit
cell. (The first bit received is always a start bit that should
be in the logic 0 state for one bit time.) If the input is logic
1 at the sample time, the UART assumes a noise «condition and
returns to the idle state. If the line is still low at the
sample time, the receiver assembles the character. The received
parity 1is compared with the pregrammed ©parity; and, if they
differ, the UART raises the PF status bite. In addition, the
receiver tests the first =stop bit. If this is a logic 0, the
UART sets the FR ERR status bit. After the completed character
is assembled, the receivers tests to see if the processor has
read the previous character; if not, the UART sets the 0V status
bit.
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The receiver then gives a read data to read the assembled
character. The received character is right-justified with unused
bits forced to logic 0, including parity and stop bits. When the
processor executes the read data, the receiver busy condition,
pin 19, goes low (BSY=1) until another character is assembled.

The PF and FR ERR status bits are only reset when another
character 1is received. The OV bit and EOC are reset only with
system clear or when a read data is issued.

The UART status and parallel data outputs are tri-state and
assume the high impedance eutput when the status register or the
receiver data register is not enabled. In this application of
the UART, both registers are always enabled with pins 4 and 16
grounded.

3,6.4 Interrupt Circuit

The interrupt logic is the scanner type. A 5.0688 MHz crystal
controlled oscillator (19-123) (uB6) feeds a 19-035 binary
counter) (9C7). The least-significant bit of the counter |is
delayed one-half of a clock period by the SCADOD flip-flop (9G7).
The combination of the counter, flip-flop, gating, and a delay
line, generate the signals needed to control ¢the interrupt
scanner circuitrye.

Figure 3-7 is a block diagram of the interrupt circuit. Figure
3-8 is the 8-line timing diagram. Incoming status that creates
interrupt conditions are multiplexed by 8 to 1 mulitplexors
(19-173) (Sheet 7). The output of the multiplexors are latched
by 19-167 (7M2) (7B8). The latched outputs reflect the current

status state. The current state is compared to the previous
state that is latched in the 19-041 register files (Sheet 19) and
the comparison logic is shocwn (Sheet 7). If an interrupt

condition is detected, one of the 8-bit addressable latches for
receive (18D1) or for transmit (18D5) 1is set. Eight to one
multiplexors (18C3 and 18C7) provide a feedback path for the
addressable latches so they remain set after the interrupt
condition 1is removed. The feedback path is disabled when the
interrupt is acknowledge to allow the 1latch to reset. The
interrupt latches outputs are fed into priority encoders (19-074)
(18H1 and 18H6). The outputs of th priority encoders are latched
by a 19-167 (18L2) to provide the interrupt address. At the end
of a scan cycle for a particular channel, the register files
(Sheet 19) are updated frcm the current status in the 19-167
latches (7M2 and 7B8). This now becomes the previous status used
in the next scan cycle. INT1 (18Ku4) sets a 19-165 flip-flop
(4A3) that pulses the preset of the 19-165 flip-flop (4B4) in
turn generating ATN on the mulitplexor Dbus. When the CPU
responds with RACKO a flip-flop (19-165) is set (4F1). This
allows the reset of the interrupt latch at a time that does not
conflict with the normal operaton of the scanner. The 2 to 1
multiplexor (19-175) (9K8) switches the address 1lines of the
interrupt latches (Sheet 18) from the scan counter to the
interrupt address.
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3.605 Status
The COMM MUX status word 1is defined in the Communications
Multiplexor Programming Manual, Publication Number 29-654. The

status word is generated using the 8 te 1 multiplexors at the top
of Sheets 5 and 6. The gating directly below the multiplexors
select the appropriate status for the transmit or receive side,
and half of full duplex.

3¢6¢46 RS-232C Interface (2-line or (8-1line)

Section 3.4.5

For 8-l1line RS=-232C interface information refer to
and Figures 3-%£ and 3-6.

3.7 MNEMONICS

The following list provides a brief description of each mnemonic
found in the 2-line and the 8-line COMM MUX. The 35-701D0S8
(2-1line) and the 35-701D08 (8-1line) source of each signal is also
provided.

SCHEMATIC
MNEMONIC MEANING LOCATION
2-Line 8-Line
35-701 35-702
ADO/1 Board addressed signal 2D9 3J6
ADL1 Address latch load - 3L8
ADR0O0O/01 Latched address lines 2C9 -
ADRO1: 31 Latched address lines - 3E9
ADRSO Address control line from the 2C1 3J1
processor
ATNO Attention request line from a 2E9 4Dy
device to the multiplexor bus
BA RS-232C transmitted data Sht 4 Shts 14-17
BAFLO1/ 11 Buffer almest full Sht 5 -
BUSENO Bus enable 2C5 3R4
CA RS-232C request to send Sht 4 Shts 14-17
CRR00/10 Carrier signal from data set Sht 3 --
CB RS-232C clear to send Sht 3 Shts 14-17
CcC RS=-232C data set ready Sht 3 Shts 14-17
CE RS-232C ring indicatcr Sht 3 Shts 14-17
CD RS-232C data terminal ready Sht 4 Shts 14-17
CF RS-232C carrier Sht 3 Shts 14-17
CK1/0 5.0688 MHz clock - 4upDe
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MNEMONIC

CMD
101
111,
001
011

CMDO

CMD001:701
CMG1
CRTS00/10
CRST00:70
CTS00/10
CTS00:70

D060,070
D080: 150
DAO
DA0OO/ 10
DAOO:70
DAGO
DAT081:151
DCAR1
DCTS1
DDSR1

DLACKO
DRO

CR0O01:071
DRCR1

DRG1
DRNGO

DRXRO

DSR01/11
DRS00:70
DTR00:70
DTXRO

MEANING

Decoded command strobes

Command control line from the
processor

Decoded command strobe

Command strobe gated

Set signal for request to send
Set signal for regquest to send
Clear to send from data set
Clear to send from data set

Bidirectional I/C bus 1lines
used for 10-bit addressing

8 bidirectional I1/0 bus data
lines

Data available ccntrol line
from the processor

Decoded data available
Decoded data available

Data available strobe gated
Internal data for I/0 bus
Latched carrier status from
previous scan

Latched clear to send status
from previocus scan

Latched data set ready status
from previous scan

Delayed RACKO

Data request control line from
the processor

Decoded data request strobe
Latched reverse channel receive
status from previcus scan
Data request strobe gated
Latched ring status from
previous scan

Latched data available status
from previous scan

Data set ready

Data set ready

Data terminal ready

Latched transmitter ready for
data status from previous scan

29-650 ROO 7/78

SCHEMATIC

LOCATION
2-Line 8-Line
35-701 35-702
Sht 7 -

2A1 3L1

- 4K8

2A3 3M5
Sht 5 --

- Shts 10-13
Sht 3 --

- Shts 14-17

2M1 3M1
Sht 2 Sht 3

2B1 3K1

774 -

-- UR6

2A3 3K5
Sht 5 Sht 3

- 19F2

-- 19M1

- 19F2

- 18C9

2C1 3M1

- Shts 5’ 6

- 19F3

2C3 3N3

-- 19F3

- 1942
Sht 3 - 4

-- Shts 14-17

- Sht 9

- 19M2



SCHEMATIC

MNEMONIC MEANING LOCATION
2-Line 8-Line
35-701 35-702
ECHO10/11 Echoplex Sht 4 -
ECHOO1:71 Echoplex - Sht 9
EN
001
011 Enable interrugrts Sht 5 -
101
111
ENOO1: 151 Enable interrugts - Sht 8
FEO Framing error - 5J5
FULLO:7 Full duplex - 18N7
HALF Half duplex - 4Ky
HALFO1/11 Half duplex 6J3 -
HOR1 Half duplex or receive - uM3
INT1 Interrupt - 18Ky
INTADO/1 Interrupt address Sht 6 -
INDTDAO1:31 Interrupt address . - 18N2
INTF1 Interrupt flip flop 6M7 4cy
INTRX1 Receive side interrupt source - 7NB
INTTX1 Transmit side interrupt source - N9
LB0O:70 Line break - Sht 9
MRACKO/1 Internal receive acknowledge 2F9 QF2
MUX0/1 Select scan counter or interrupt - 18C9
address
OEO Overrun error - 5B5
PEO Parity errer -- S5E4
QU
001
011 Queue interrupts Sht 7 -
101
111
QUEVO11 Queue even channel interrupts - Sht 8
QUODO/1 Queue odd channel interrupts - 8J9
RACKO Receive acknowledge interrupt 2F1 4nz2
signal from next higher priority
device
RCR0O0O/10 Reverse channel receive Sht 3 -
RCRO0O:70 Reverse channel receive - Shts 14-17
RCTO01:71 Reverse channel transmit -- Sht 9
3_
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MNEMONIC

RD101:871
RDAOO/10
RDR0O0O:70
RDA101:801
111:811
RINTO1/11
RNGOO,10
RNGO0:70
RSRO/1
RSTATO
RTS01/11
RTS00:70
RTDO1/11
RXDO1/71

SA
SB

SB001:271
SCADO1:31
SCARO/1
SCLRO
SCTS0/1
SDSR0O/1
SENO
S1001:071

SRO
SRCRO/1

SRG1

SRNGO/1
SRXRO/1
STO1:71
STATENO
STXR0O/1
SWO01:31
SYINO

MEANING

Read data bits from UART
Receive data available
Receive data available
Receive data available

Receive channel interrupt
Ring signal

Ring signal

Receive status request
Receive status enable
Request to send

Request to send

Received data

Received data

RS-232C reverse channel
transmit data

RS~232C reverse channel
received data

UART status bits

Interrupt scanner address bits
Current carrier status

System clear

Current clear to send status
Current data set ready status
Transmit status enable

Status control line frem the
preccessor

Status control line from the
processor

Current reverse channel receive
status

Status request gated

Current ring status

Current receiver ready status
Internal status for I/0 bus
Status enable

Current transmitter ready status
Hexadecimal address switch bits
Verification signal from the
device to the prccessor

29-650 ROO 7/78

SCHEMATIC

LOCATION
2-Line 8-Line
35-701 35-702

- Shts 10-13

7B3 --

- 4R5
Sht 5 -

Shts 8' -

Sht 3 -
- Shts 14-17
- Shts 14-17
7K7 -

Sht 4 -

-- Sht 9
Sht 3 -

- Shts 14-17
Sht 4 Shts 14-17
Sht 3 Shts 14-17

- Shts 10-13

- Sht 9

- N2

2D1 331
- 789
- TIN2

TK7 -

2B1 3L1

2B1 311
-- IN2

2B3 3ML

- N3

- 789
Sht 3 -

- 18J8

- 789
Sht 2 Sht 3

2A9 3R8
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MNEMONIC

TACKO

TBMTO01/11
TBMTO01:71
TDUO/1

TINTO1/11
TXDO1:71

WRO30,470

w
1

30

WEANING

Transmit acknowledge signal to
next lower priority device on
multiplexor bus

Transmit buffer empty

Transmit buffer emtpy

Terminal device unavailable 20
ma only

Transmit channel interrupt
Serial transmit data

Write strobe for latched status

SCHEMATIC

LOCATION
2-Line 8-Line
35-701 35-702

2E9 4E3
Sht 5 -

- Shts 10-13
Sht 3 -
Shts 8’ 9
Shts 10-13

- 9E9
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INDEX

Acknowledge control line, 2-2
Address

decoding, 3-11, 3-20

(AD) signal, 3-12
Asynchronous data set, 2-1
Attention (ATN) signal, 3-23

Back panel wiring, RACKO/TACKO, 2-3

Baud rate generator, 3-14

Bit Select (BIT SEL) bits, Command 2, 3-6

Buffer almost full (BAFL), 3-20

Bus driver/receiver, 3-11, 3-20

Busy (BSY) status bit, 3-2, 3-3, 3-6, 3-8, 3-9, 3-10, 3-11,
3"15' 3'16' 3"17' 3"22

Bytes, status and command, 3-2, 3-4, 3-6

Cable connections, 2-4
Carousel 30, 3-20
Carrier Off (CARR OFF) status bit control line, 3-4, 3-6, 3-19
Clear to Sent (CL2S) status bit control line, 3-2, 3-3, 3-6,
3-8, 3-9, 3-10, 3-11, 3-19
Clocks (CLKB, CLKA) bits, Command 2, 3-6
Command bits, 3-4, 3-5, 3-6, 3-7
Command 1 byte
DIS, EN, 3-4
DTR, 3-5
ECHO-PLEX, 3-5
RCT/DTRB, 3-5
TRANS LB, 3-5
WRT/RD, 3-6
Command 2 byte
CLKB, CLKR, 3-6
BIT SEL, 3-6
sTCcP BIT, 3-7
PARITY, 3-7
Communications multiplexor block diagram, 1-2
Communications multiplexor installation,
2-1line, 2-1, 2-3
8’11“‘3' 2-1' 2"“
Communications Multiplexor (COMM MUX) baud rate strapping, 2-4
Connections, cable, 2-U
Control decoding, 3-11, 3-20
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INDEX (Continued)

Control lines
Carrier (CARR), 3-19
Clear to Send (CL2S), 3-8, 3-9, 3-10, 3-11, 3-19
Data Set Ready (DSRDY), 3-19
Data Terminal Ready (DTR), 3-8, 3-9, 3-19
Request to Send (RQ2S), 3-9, 3-10, 3-11, 3-19
Ril’lq' 3-8' 3—19
Current loop 2-line COMM MUX, 20 milliampere, 3-8, 3-20

Daisy-chain priority system, 2-2

Data bits per/character, 3-7

Data multiplexing, 3-11, 3-20

Data Set Ready (DSRDY) control line, 3-4, 3-9, 3-10, 3-19

Data Terminal Ready (DTR) ccntrol l1line, Command 1, 3-4, 3-5,
3-8, 3-9, 3-10, 3-19

Data transfer, 3-1, 3-2

Disable, Enable (DIS, EN) bits, Command 1, 3-4

Device Unavailable (TDU), 3-20

Driver/receiver, bus, 3-11, 3-20

ECHO~-PLEX bit, Commard 1, 3-4, 3-5, 3-6
Examine (EX) status bit, 3-3, 3-4

Flip-flops
SCADOD, 3-16, 3-23
SYNC, 3-12, 3-21
WRT1, 3-10
RTS, 3-10
Interrupt, 3-17, 3-18
Framing Error (FR ERF) status bit, 3-3, 3-10, 3-16, 3-17, 3-22,
3-23
Full-Duplex (¥DX), i/ii, 1-1, 2-1, 3-1, 3-4, 3-6, 3-8, 3-9, 3-10

Half-Duplex (HDX), ir/ii, 1-1, 2-1, 3-1, 3-5, 3-6, 3-8, 3-9, 3-10

Interrupt
acknowledge (ACK) signal, 2-2
circuit, 3-16, 3-23
enable/disable, 3-12, 3-21
flip-flop, 3-17, 3-18

Local terminal, 2-1

MO0S/LSI device, 3-17, 3-15, 3-22
Multirlexor inputs

data, 3-11’ 3-20

status, 3-11, 2-20

interrupt address, 3-11, 3-20
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INDEX (Continued)

Optically-coupled isolator (19-112), 3-20
Overflow (OV) status bit, 3-2, 3-4, 3-8, 3-10, 3-17, 3=-22
Parity ,
(PARITY) bit, Command 2, 3-7
Fail (PF) status bit, 3-2, 3-8, 3-10, 3-16, 3-17, 3-22, 3-23

RACKO/TACKO strap, 2-2, 3-11, 3-12, 3-20, 3-21

Read (RD) bit, Command 1, 3-4, 3-6, 3-10

Receive Data (RDATA) signal line, 3-8, 3-18, 3-19

Reguest to Send (RQ2S) control 1line, 3-4, 3-8, 3-9, 3-10, 3-11,
3-19

keverse Channel _
Eeceive (RCR) status bit signal 1line, 3-3, 3-6, 3-19
Transmit (RCT) signal line, Command 1, 3-4, 3-5, 3-19

Ring status bit, 3-6, 3-8, 3-19, 3-20

RS-232C Transmitters/Receivers interface, i/ii, 1-1, 3-1, 3-8,
3-18, 3-19, 3-20, 3-26

RTS flip-flop, 3-10

SCADOD flip-flop, 3-16, 3-23
Signal lines
Receive Data (RDATA), 3-19
Reverse Channel Receive (RCR), 3-19
Reverse Channel Transmit (RCT), 3-19
Transmit Data (TDATA), 3-19
Status bits, 3-2, 3-3, 3-4
Status byte
OV, 3‘2
PF, 3-2
CL2s, 3-2
FR FRR, 3-3
RCk, 3-3
BSY, 3-3
EX, 3-3
CARKR OFF, 3-3
RING, 3-3
Status word, 3-18, 3-26
Stop (STCP BIT) bits, Command 2, 3-=7
SYNC
flip-flop, 3-12, 3-21
return, 3-11, 3-12, 3-20, 3-21
System Clear (SCLR) signal, 3-10, 3-15, 3-18, 3-22

TRANS LB bit, Command 1, 3-4, 3=5
Transmit Data (TDATR) signal line, 3-19
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INDEX (Continued)

Universal Asynchronous Receiver/Transmit (UART), 3-7, 3-8,
3-9, 3-10, 3-11, 3-12, 3-15, 3-16, 3-17, 3-22

Write l1line (WRT), 3-9
Write/Read
bit (WRT/RD), 3-10
line turnaround, 3-11
(WRT/RD) bit, Command 1, 3-4, 3-6, 3-10
WRT flip-flop, 3-10
l 2-line communications multiplexor, 178mm (7") half board,
installation, 2-1, 2-3
cabling, 2-4
8-line communications multiplexor options, 2-6
2-line communications multiplexor options, 2-5
] 8-1line communications multiplexor, 381mm (15") full board,
installation, 2-1, 2-4
cabling, 2-u
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