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PREFACE

This manual describes the IK611-A equipment which is mounted
in & 1750-1/2 Computer Interface Unit. A GD128-A, +15 Volt
Power Supply, is needed for each 1750 module to power the
IK611-A units. One GD128-A can provide power for up to

15 IK611-A equipments.

Additional information may be found in the following publications:

Description Publication Number
1700 Computer Reference Manual 60153100 -
1700 Computer System Manual 60152900
Introduction to Data Communications 13798900
1500 Product Family Index ' 88980000
1750-1/2 Computer Interface Unit 88980100
Key to Logic Symbols Manual 88981500

Data Communications RS232-C Specification

iii
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Section One
GENERAL DESCRIPTION
GENERAL

The serial I/O card (hereafter called the SIO) provides‘a flexible
communications interface between the computer and serial data (RS232-C
or 2oma current loop) compatible devices such as cathode ray tube (CRT)
terminals, printers, etc. Its primary functions are to convert serial
déta from the communications line to parallel format for input to a
computer and to convert parallel data received from the computer for

serial output to the communications line.

The SIO consists of two functional sections, send and receive, which

are composed of data handling and control. The send section aecepts
various function commands from the computer which are used in the data
transfer process. The receive section provides necessary interface and
control circuits to transfer the status of the modem or communications
facility to the computer via the CIU/CIE. ‘The send and receive controls
are contained on & 40 pin Universal Asynchronous Receiver Transmitter

(UART) integrated circuit.
The SIO card features include:

e A crystal-controlled clock - 0.01% overall stability
o Selectable baud rates - 50 to 19,200

e RS232-C Compatible option

Current loop/photodiode send/receive option for high
common mode voltage environments
® Selectable send/receive word lengths - Five, six, seven, or eight data bits

® Send and receive parity select - 0dd, even, or no parity

1-1



@ Modem control for full duplex operations - RS232-C Standard interface
type A through E .

¢ Selectable detect of character (EOT)- Detecting end of buffer data block,
specific character, etc.
@ Selectable Transmit inhibit by Clear to Send (R8232) or an external

restraint signal (current loop)

Interface cable connection from a terminal deviée to a SIO card 1is made
by connector insertion over the CIU/CIE backplane. (See Figure l.1.for

a typical system configuration.)

1.2 PHYSICAL DESCRIPTION

The SIO card occupies one unit location of the CIU/CIE module which has

‘a total single module capability of 15 SIO cards. The SIO card uses the
read status capability (Q bit 7=1), and therefore cannot use station O

of the CIU/CIE module. (See the Computer Interface ﬁhit/Computer Interface

Expander Manual, Section 2.3.4). The SIO card dimensions are 7-3/4 x 9 inches.

1.3 ELECTRICAL DESCRIPTION

.The SIO card requifes +5 vdc power, supplied by the CIU/CIE module,
plus a +15 vdc power supply which is a standard supplement to the CIU/CIE
module power. One #15 vde pover supply 1s adequate for up to 15 SIO cards.
The logic elements used on the SIO card are primarily transistor-transistor
logic (TTL). The TTL voltage levels are:
Logical one = +2.Uv to +5.0v
Logical zero = O to +0.kv

The interface to terminals and modems are +12 volt signals per the RS232

specification.
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1.4.1

1.h.1.1

l.k.1.2

The current loop drive levels for the photodiode detection option ére:
Logical one = 20 ma (Marking)
Logical zero = O to 0.1 ma (Space)

Logic levels can be reversed (Mark = no current ) by adding a jumper.

Refer to Section Three for details.

PERFORMANCE/CHARACTERISTICS SUMMARY

PERFORMANCE
The following paragraphs outline the performance characteristics of the

SIO unit.

Baud Rates

The SIO contains a crystal-controlled dual (separate Send/Receive) baud

rate generator which provides 16 rates of 50, 75, 110, 13&.5; 150,300, 600,
1200, 1800, 2000, 2400, 3600, 4800, T200, 9600, 19200 baud. Send and
Receive have a separate set of four Dual Inline Package (DIP ) switches

to select one of the 16 rates. See Table 2.4 for the switch settings vs
output baud rate.

s

Line Driving Capability

Terminals up to 50 feet away may be wired directly to the SIO with the

RS232 convention provided the ground common mode voltage is 2V or less,

Data transceivers (modems) would be required if the RS232-C terminal is
greater than 50 feet away or high common mode voltages exist. The oﬁtically
isolated option is used with current loop (nominal ooma) in a high common
mode voltage environment. Unipolar voltage current loop operation at rates :to
9600 baud over 1000 ft of cable are possible. Bipolar operation is available

for longer cable lengths.



1.4.1.3 Error Detection

Parity, line break, and lost character errors are detected and available

for interrupt and status.

1.4.1.4 Modem Capability
Full or half duplex modem communications control, excluding auto answer,

"disconnect, auto dialing and secondary chennel operation is available.

1.hk.1.5 Data Word Lengths
Word lengths of five, six, seven, or eight data bits may be selected by

DIP switches on the board.

1.4.1.6 Parity

0dd, even or no parity may be selected by DIP switches on the board.

1.h.1.7 Inhibit Transmit
Clear-to-Send (RS232-C) or an external current loop signal (Restraint)
may be selected by soldered wire jumpers to inhibit the request for new

" Transmit data.
1.k.2 RELIABILITY
The mean time between failures (MTBF) is 75,000 hours.
1.4.3 MAINTAINABILITY
The mean time to repair (MTTR) is 0.5 hours (card replacement).

1.5 EQUIPMENT CONFIGURATION

The SIO card connects into one unit location of the computer interface unit.
One interface cable per card is required to interface to a terminal device
or modem. Terminal devices will require interface cables assembled per

the system requirement.

1-4
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Figure 1.1 Typical System Configuration
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Section Two

OPERATION
CONTROLS

The Serial I/O card has several modes of operation. A specific mode
willl be selected for a system application by pre-setting a number of
minature DIP switches and wire jumpers. Minature (DIP) switches are
used to select the send or receive baud rates, word lengths, parity
mode, stop bit (s) and the EOT character. Individual wire jumpers
on the board select operation of the external current loop Restraint
signal. The mode of operation (RS232 or current-loop) is selected
by a set of pre-wired jumpers and components on a 28-pin adapter

plug that mates with an integrated circuit socket.

Miniature Switches

There are three minature switch modules, S1.- 53, which are used to
set word lengths for the UART (S3), set the send data rate and/or
receive data rate (S2) and select a character for the special charac-

ter detection (EOT detect) circuitry on receive.(Sl). Tables 2.1

through 2.l list the functions selectable by S1-S3.

Teble 2.1 Transmit and Receive Word Length Select

Lo Shell cpee

(

S3 switch

3 2 Word Length Word length is the number of bits in the
Ooff | Off 8 bits |V data word. Start, stop, and parity are
Off | On T bits |z additional bits. These switches set the
On | Off 6 bits ’ word length for both send and receive.
On | On 5 bits f
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Table 2.2. Parity Select

S3 Position
1 > Parity Condition No parity means no send bit generated
and no receive parity checked. Even
X Off No parity bits or odd means the total number of logic
Off On Even Parity ones in the word length and the 'parity
On On odd Vo Dbit (inclusive) is either o odd or even.
x= don't care. 19.52{4, Spel

Table 2.3 Stop Bit (s) Select

S3-Position L Stop Bit (s) ,
If the word length selected by S3-2

on One and-3 is 5 bits and the switch Sk is

off Two (1.5 special) bff, one and a half (1.5) stop bits
| ill be sent and checked on receive.

Special Character (EOT) Select

S1 switches 1-8 set the special character detect character. The switch is
programmed so if a one is desired, the switch position is off. A zero re-
quires the switch be set to the on position. Any word select (0O-FF) 16
may be configured. The numbers above the switch correspond to the bit
position. For example, detecting a @Bwould require a data bit setting of
01101011 for bits OT thru 00 so 7, 4 and 2 would be on and 6, 5, 3, 1 and O
would be off. Note that if less than eight bits is programmed with switches
2 and 3 of S3 the word will be right justified - i.e.,bit 0O will contain
the least significant bit and the unused bit (s) will be zeros (low).

For the shorter word lengths, the unused bit switch(es) must be on. For

example, to detect a special 6 bit word, bit positions O7 and 05 must be on.
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Table 2.4 Send (Receive) Baud Rate Select

S2 is divided in two groups of U4 switches. Switches 1-4 are used

to select one of 16 possible baud rates for the send circuitry while

switches 5-8 select a separate one of 16 baud rates for the receive

-

circuitry.
$2 switch
1 2 3 N Transmit (Receive)
() 1(6) 1(7) ] (8) Baud Rate
on on on |on 50
on on | on | off T5
on on | offjon 110
on on | off|off 13k4.5
on off| on {on 150
on off| on | off -300
on off| off|on 600
on off]| off| off 1200
off | on | on |[on 1800 .
off | on | on |off 2000 ¥
off | on | off|on 2400
off | on | off|off 3600
off | off| on |on 4800
off | off| on | off T200
off .| off| off|on 9600 v
off | off| off|off 19,200
NOTE: Extreme care should be taken when using current-mode at 19,200

baud, Long line cable length resistance and capacitance can cause
transition times to approach the Saqsec period.

Wire Jumpers

Wire Jjumpers are used to connect the options selected when using the

current-mode restraint.

A wire jumper between E 13 and E 14 is necessary

to enable the restraint input to the inhibit transmit gate. The other

Jumpers are used to condition the receive circuit for loop power supply-

SIO or the external send circuit provided.
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2.4

2.4.1

Table 2.5 Restraint Receive Jumpers

Jumpers Condition

E9 toE1l

E 10 to E 12 SIO supplies +12v loop power

E9 toE 12 External circult supplies power

.
If the external circuit supplies power, the limiting resistor, R15, may
need to be changed. See Appendix A for examples and calculations.
Jumper Module

Selection of RS-232-C or the various types of current mode is programmed
by insertion of a pre-wired jumper plug into the 28 pin socket at E 8.

Several types of jumper plugs are described in Appendix A.

CAUTION: Extreme care must be taken when changing jumper plugs. Particular
attention should be paid to making certain not to reverse the Jjumper module.

With certain jumper configurations this could short the +12v to ground.

PROGRAMMING INFORMATION

GENERAL

The basic technique for generating I/O operations via the CIU/CIE is a
direct comnect mode with no continue feature. Station addresses are used
to communicate with I/O unit devices. The CIU responds to two equipment
code numbers: N and N+l, where N is even (i.e., O and 1, 8 and 9, etc.).
Data transfers are performed on equipment number N and function/status

operations on equipment number N+1.



2.h.2 Q--REGISTER DESCRIPTION

1514131211109 8 7T 6 5 4 3 2 1 0O
Q Register

0 0 0 0 O

\. A

~ Y
W Field= O j -l L——Station Location (1 of 15)

0001l Location 1
Equipment number

.

1111 Location 15 (F)

— Module (1 of 8)
00O0=CIU
001 CIE1l

111 CIET
Bits O - 3: The station I/O address; decoded for 1 of 16 station
address locations in the module
Bits b - 6 The module address; decoded for the CIU module or up to
seven CIE modules in the system
Bit T: Function/Status bit contained in the equipment number
| - If O, write operation loads station devices with data
from the A register; read operation gates data from
station device into the A register.

- If 1, write operation loads station device with function
command contained in the A register; read operation gates
status from station device into the A register.

Bits 8 - 10: The remaining bits of the CIU/CIE equipment number. The CIU
responds to two equipment numbers: N and N+1, where N is even.
Data transfers are performed on equipment number N and function/

status operations on equipment number N+1.

Bits 11 - 15 All zeros for the W field.
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A-REGISTER DESCRIPTION

The A register is used to transfer all information to/from the SIO
unit devices. The type of information contained in the A register
is dependent upon bit 7 of the Q register:

e If O(data), bits 0-15 of A contain data to be transferred to/from

the SIO station device during write/read operations

e If 1 (function/status), bits 0-15 of A contain, for write operations,
function bits for setting up the SIO unit, and, for read operations,

status from the SIO unit.

Function Write Operation
Bits T-15 of the A register provide the write function operation to the

SIO. The A register functions are as follows:

1514131211109 8 7 6 5 h.;“:3 2 10
Function :
Out N/A

[ [_AL——Transmit Empty -

A Register

Request-to-Send (RTS)
Transmit Buffer empty
Receiver flag
Error flag
FAuxilliary detect
Clear receiver flags enables
Clear transmitter flags enables and RTS
—Clear card

Bit T7: If set, enables the flag for interrupt to the CPU when the transmit
section serial shift register is empty.
Bit 8: If set, enables the request to send signal for data write transfers

to a terminal device or moden.

Bit 9: If set, enables the flag for interrupt to the CIU when the trans-
mit section is ready to accept a data word.

Bit 10: If set, enables the flag for interrupt to the CIU when a data char-

acter is received from an external device.



Bit 11: If set, enables the flag for interrupt to the CIU on the
following received data errors:
- Parity error (Incorrect parity)
- Line break (absence of stop bit in character received)
- Lost character (Two or more characters received without inter-
vening read operation)
Bit 12: If set, enables the flag for interrupt to the CIU when a

preselected 5 to 8 bit character code has been detected.

Bit 13: If set, disables receiver error, receiver, and auxilliary flags,
and clears receiver flag enable flip flop.

Bit 1hk: If set, clear the transmit flag and request to send flip flops.

Bit 15: If set, provides a combined function of bits 13 and 14 and resets
the entire card.

NOTE: All bits must be set to the desired state for each function command:

1l = enable function and 0 = disable function.

2.4.3.2 Status Read Operation
Bits 5 - 15 of the A-register will contain the SIO card status on a read

status operation. A description of the A-register status read is as follows.

1514131211109 8,7 6 5 L3 2 1 0

Status In l a A Register
A
! ' —Transmit Shift Register Empty
lear to Send
~—Restraint .
ta set ready '
OT detect

Receive line signal detect
—Character request

=—Parjity error

-l ine break

be=] OSt character

~—Valid character

Bit'S: If set, indicates the transmitter serial shift register is empty.

Bit 6: If set, indicates the clear to send signal is valid.



2.4.3.3

2.4.3.4

Bit 7: If set, indicates the external current mode restraint line is
enable which will inhibit transfer of data from the CPU-to
the transmit section. Up to two characters can still be transmitted
to the external device after restraint is enabled.

Bit 8

e

If set, indicates ready status of external device or modem.

Bit 9 If set, indicates that a preselected character has been detected.

- Bit 10: If set, indicates that a signal has been received from a terminal

device or modem verifying it is receiving suitable data.

Bit 1l: If set, indicates that the transmitter will accept the next data
word to be transmitted. |

Bit 12: If set, indicates a parity error condition occured during a read
data operation.

Bit 13: If set, indicates absence of stop bit in received character.

Bit 14: If set, indicates two or more characters received without an in-
tervening read operation.

Bit 15: If set, indicates that a complete character has been received.

DATA READ/WRITE OPERATION

Bits O - 7 of the A-register contain the received data (read) or data to
be transmitted (write). Bits 8 - 15 will contain partial status information
on a read data operation as defined above.

15 _ 8 7T 6 5 4 3 2 10

Data In/Out A Register
STATUS (ON READ)

[\ _J
NS
Data

Interrupt Flag

The following conditions, if functionally enabled, generate an interrupt flag:

@ Received character (Data available for read operation)

e Transmit Buffer Empty (unit is ready for next character)

® Character transmitted (Transmitter is empty)



2.4.3.5

2.5.

® Error detect on recelved character

® EOT

The Interrupt/ Flag is cleared by any one of the following conditions:

® Function disable

® Inverse buffer conditions of the transmitter or recéiver that caused
a flag

@ Clear receiver flags and enables or clear transmitter enables

® Card master clear - All conditions

The interrupt flag line number is selected by nut/bolt jumper selection

on the interrupt/flag status card of the CIU/CIE.
Rejects

An external reject will occur on a write data operation if the»transmitting

buffer register (UART chip) is full.

An external reject will occur on a read data operation if the input buffer

register (UART chip) is empty.
An internal reject will occur on an improper station address of the CIU/CIE.
RESPONSE TIME

The response time of the SIO is dependent upon the serial I/O data communi-
cation rate (baud rate). Table 25 shows the typical response times for

either a data transmit or receive character.
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Table 2.6

Response Times

BAUD RATE RESPONSE TIME/CHARACTER

19200 % millisecond
9600 1 millisecond
4800 2 milliseconds
2400 4 milliseconds
1200 8 milliseconds
600 16 milliseconds

300 32 milliseconds

150 64 milliseconds

75 128 milliseconds

SAMPLE PROGRAM

The following is a sample machine language program (1700 Series Computers)

which illustrates a closed loop test when serially transmitted data (card

pin B19) is connected

to serially received data (card pin B20) of the SIO

with the RS-232-C jumper module inserted. Jumper RTS (pin B21) to CTS

(pin B22) also.

EOOO} Load Q with equipment number/function/slot location (slot 10

068A.
C000

arbitrarily selected).

~8000§ Load A with SIO CLEAR commend.

0300}
03FEJ Output A.
£000

0100} Load A with SIO TRANSMIT ENABLE command. (RTS set)

OBOO,
O3FEJ Output A.
EO00O

OéOA} Load Q with equipment number/data. (Comnand slot location)

CO000

0055} Load A with data pattern

OBOO}
0O3FE) Output A.
€000

TFFF) Load A with initial count value.

O9FE Increase A.

0101 Skip if A = O. t:}- 32 msec delay (accommodates 300 - 9600
t.

18FD Jump back to coun

baud rates).

18FA Jump back to data output.



TRANSMIT/RECEIVE CODE SET

Table 2.7 shows the transmit/receive code set of the T752-10 terminal. This
is a standard ASCII 128-code set, consisting of 33 control codes (columns

0 and 1 and row 15 of column 7) and 95 alphanumeric character codes. The
heavily outlined portion of the figure represents the bU-character ASCIT
subset of alphanumerics available when the 96/6L switch on the terminal
keyboard is in position 6L4. Notice also that the table uses the traditional
communications method of identifying bits bl through b7, rather than the data

processing method of bO through b6.

by 0 0 0 0 1 1 1 1
0 0 | 1 0 0 | 1
& balbs P2 [?,g\cgmuu . H— : . : : ‘

HEEON, fow \\‘ 0 1 2 3 4 5 6 7

0} Of OH0 0 NUL DLE SP o P . b

0§ Of Ok 1 SOH pct | 1 A o} a q
choft1iio 2 STX DC2 " 2 8 R b '

0fj 0f 1|1 3 ETX DC3 7 3 c s c s
of1folo 4 EOT bC 4 $ 4 D T d 1

Cf1g 2 5 ENQ NAK %o 5 3 u e u

O 1140 6 ACK SYN a 6 F v f v

off 1] th 1 BEL ETB ‘ 7 G w 9 w

M0y o0 8 BS CAN ( 8 H X h x

11 0f Of 1 9 HT EM ) ) I Y i y

1H0f 1HOE 10 LF suB " : J b4 i 2

él’ of tf1ll 1 fvr  Jesc + ; K i K {
Tp1fogoy 12 FF FS , < L \ I :

th1f O 18 13 fcr GSs i : M 1 m }

tf1F 1g0F 14 SO RS . > N ~ n ~

1] 1Eg 15 jQl us / ? o — 0 DEL

Table 2.7 752-10 Terminal Code Set
All codes shown in Table 2.7 may be generated and transmitted by the ter-
minal. All codes may also be received by the terminal; however, a terminal

only sctively responds to the following 13 control codes:

o
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ASCII Octal

Mnemonic Code Function

BEL 007 Sound audible alarm for 250 ms

BS 010 Backspace cursor without affecting displayed data

LF 012 Move cursor down a line from present position without
affecting displayed data

CR 015 Move cursor to beginning of current line or next
line, depending on setting of internal AUTO LINE FEED
switch )

NAK ' 025 Move cursor shead a character position without affect-

ing displayed data

SYN 026 Clear line containing cursor from position of cursor to
end of line; cursor does not move

CAN 030 " Clear display memory and reset cursor to home position

EM 031 Reset cursor to home position without affecting dis-
played data

SUB 032 Move cursor up a line from present position without
affecting displayed data

ESC 033 Idle character or X-Y positioning characters follow,
depending upon position of internal X-Y positioning
switch

S0 016 Advance cursor one position and initiate a low inten-

sity field¥

SI 017 Terminate a highlight field (low intensity or blink)
and advance cursor one position¥*

ETB o271 Initiate blink field#

Control characters, other than those listed, act only as idle characters if
sent to the terminal unless the INTERNAL TEST switch is in the enable position.
In this case, a symbol is displayed for each control code received (see
appendix for list of symbols); control codes, including those previously listed,
do not perform any function other than displaying their associated symbol.

* These functions only occur in terminals having the highlight features

installed.
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Section Three

INSTALLATION AND CHECKOUT

3.1 INSTALLATION REQUIREMENTS

The non-synchronous serial I/O card (SIO) is a one-card device, 7-3/4
by 9 inches in size. It can be inserted into any even-numbered slot
location (slot 10 and above) of the Computer Interface Unit (CIU) or
a Computer Interface Expander (CIE). Signals are connected between
the SIO and the external device by connecting a cable onto the back-
plane of the CIU or CIE module at the odd-numbered slot location (s10
card location plus one). A power cable, supplied with each SIO card,

is connected onto the backplane at the SIO card slot location (see

Figure 3.1).

3.2 POWER REQUIREMENTS

Logic power of +5 vdc is supplied by the CIU or CIE module. A +15 vdc
power supply is also required and is provided by a standard power supple-

ment to the CIU or CIE rack system.

The typical current required for one SIO card is as follows:

+5v 600 milliamps
+15v 75 milliamps
-15v L5 milliamps

Note: Primary power for the supplies is 115vac, 60Hz or 230vac, 50Hz.

3.3 CABLING AND CONNECTORS

3.3.1 POWER

A cable assembly, CDC No. 39970700, connecting ground and *15v is required

to the even-numbered slot location where the SIO card is used. See Figure 3.1.
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3.k

3.k.1

3.k.2

EXTERNAL SIGNALS

External I/O signals are connected to the respective SIO card by placing
a cable assembly on the rear of the CIU or CIE module at the odd-numbered
slot locatioﬁ. A cable assembly, CDC Part No. 3991T7Lxx, is used when
connecting to a modem. A cable connector kit, CDC Part No. 39932L00, is
required for interfacing with terminal devices other than modems. Items

in the kit are:

e Comnector Housing---CDC Part No. 39498600
e Connector Block----- CDC Part No. 94261810

® Contacts------oce-aa CDC Part No. 94245600

A Berg Electronics Inc., crimp tool number HT-66 is required for connecting
the contacts to the customer-furnished cable. Figure 3.2 illustrates a
recommended assembly for the input cable. Figure 3.3 illustrates a typical

SIO card to terminal device interface cable.

INTERFACE CHARACTERISTICS

CIU/CIE DATA/CONTROL BUS INTERFACE

The data/control bus between the SIO and the CIU/CIE module is described in

the Gomputer Interface Uhit/Computer Interface Expander Manual.

EXTERNAL I/0 INTERFACE
The signal and pin assignments for interfacing an external device are

listed in Table 3.1.
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Figure 3.2. Input Cable Conncctor Assecmbly



TO SIO CARD TO TERMINAL DEVICE

T |

(AB) SIGNAL GROUND B18 1 PROTECTIVE GROUND
(BA) TRANSMIT DATA | B19 | 2 | TRANSMIT DATA
(BB) RECEIVE DATA | B20 3 | RECEIVE DATA
N/C | B21 4 | REQUEST TO SEND

A
5 CLEAR TO SEND

—— e —— ———— D)

6 | N/C
| \ 7 | SIGNAL GROUND
N/C | B31
8 | N/C
CONNECTOR BLOCK l |
CDC PART NO. 94261810 .
|
|
| \
25 N/C

CONNECTOR COMPATIBLE
WITH TERMINAL DEVICE

Figure 3.3. Typical Interface Cabling, SIO Card to 'l‘ermin_al (without Modem)



3.k.2.1 Data Signal Levels

The RS232-C data communication signal levels for the data lines (TRDAT

and RCDAT) are as follows:

+3 vdc min. to

-— e—— e - a—

—— — — — — S
+15 vdc max. e
OV e e o -_— = - _— T = e— e
-3 vde min. to
—_— - ] Mark

-15 vdc max.
The internal logic has a mark as a one and a space a logic zerc.

The timing and control circuits (Request to Send, Clear to Send, Data
B8et Ready, Data Terminal Ready and Received Line Signal Detector) are
defined as being ON when a space is on the line. Conversely, a -3 to

-15 volt level on a control circuit line means the function is OFF.

Nominal interface signal levels for unipolar‘current/photo—diode operation

are as follows:

Internal logic level Loop Current
ONE (Mark) 2oma + 2ma
ZERO (Space) 0 to O.lma

Note: If the marking sense control jumper is installed (pin 13 to 16 of
thevjumper module), the current/photo-diode logic is reversed-i.e., a
mark becomes no current flow and & space is 2oma. For bipolar operation
current always flows but changes direction between mark and space.

3.5 _ Cooling Requirements

An air flow of 350 fpm is required across the SIO card in system applications
to assure adequate component life. Standard air flow is provided when the

SIO card is inserted in a CIU/CIE system.
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ENVIRONMENTAL LIMITATIONS

See paragraph 3.6 of CIU/CIE manual.

PREPARATION FOR USE

Verify the (+15v)power cable is connected between TBO2 and Al6, B16
and ALlT7 on the backplane at the even slot position. Verify the UART
switches (word length, stop bit, parity), the baud rate switches and
the EOT (if used) switches are in their proper settings. Make certain
the appropriate jumper module (see Appendix A) is seated firmly in its
socket. Verify the appropriate cable is connected from pins 18-31 of

the odd slot of the backplane to the external device.
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TABLE 3.1. SIO EXTERNAL INTERFACE SIGNALS

PIN RS232
NUMBER SIGNAL SIGNAL DESCRIPTION
a8 \ PDDL Current receive data low#
B18 //*" GRD AB\ Signal common
B19 TRDAT BA | RS232 deta trensmit (current transmit
_; daf:a_ common )
B20 /’j RCDAT BB Receive deta RS232 (current receive
data high#)
B2l RTSTR CA Requesé-to-Send transmit
B22 CLRTS CB Clear to send
B23 DSRDY dC Date set ready
BL DTRDY Ci) Date terminal ready
B25 RLSD CF Receive line signal detect
A29 TRDAH Current Trensmit Data High Bipolar#
B29 TRDAL Current Transmit Data Low Bipolar#®
A30 RESH Restraint receive high#
B30 RESL Restraint receive low#
B3l GRD Signal common

oy

- Current loop operation
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Section Four

THEORY OF OPERATION

GENERAL

The non-synchronous serial I/O unit, connected in a Computer Ihterface
Unit or Computer Interface Expander, provides a communication link
between the control computer and a serial-data device. The serial
I/0 unit (SIO) consists basically of two sections, send and receive.
Each section is controlled by either function writes, read/write data,
or status read operations from the control computer via the CIU/CIE.
Minature switcheé on the SIO card provide a wide range of general-
purpose serial data communication applications. These include baud
rates, character word lengths, parity and specilal character detection.
Current 1oop/photodiode or RS232-C data communication capabilities

are provided as alternate features on a component-swapping basis.

Table 4.1 contains a glossary of the terms used in this section.

PRINCIPLE OF OPERATION

A functionél block diagram of the SIO unit is shown in Figure 5.1.
Information flow in this block diagram has basically four paths which are:
® Parallel data from the computer via the CIU/éIE

® Serial data and control to a terminal device or modem

® Serial data and control from a terminal device or modem

® Parallel data to the computer via the CIU/CIE

.



The nucleus of the SIO operation is the MOS/LSI Universal Asynchrdnous
Receiver Transmitter (UART) which performs the parallel-to-serial con-
version for the send logic and converts incoming serial data to para-

llel for transmission to’the CPU on receive operations. Operating con-

ditions are established by DBOT-DBLl5 during a function write.

A data write will load DBOO-07 into the buffer register of the UART which,
in turn, will add the eppropriate parity and stop bits and transmit the
data seriélly. The serial data may be either RS232 voltage levels or

current loop depending on the system application.

Serial received data may also be either RS232 voltage level or current loop,
depending on system application. The UART checks the parity and stop
bits and converts the serial input to parallel data for input to the

CPU on & read data operation.

The status of the SIO card and the communication facility is sent to the
compufer on a status read operation. The serial bit times are selected

(separately for send and receive) by the baud rate generater logic.

L.3 DETAILED THEORY OF OPERATION

k,3.1 UART
In éeneral, the operation of the UART is controlled by the inputs to its
control register (word length, parity and stop bit select) which are
strobed by the load mode register signal. Provided the UART is in a
reset state (no data to be transmitted), the control register can be set
allowing selection of the number and type of data bits, parity and stop .
bits fdr both the send and receive sections. For SIO operation, the con-
trol register strobe 1s wired high and the control register inputs are
controlled by switch S3. Thus, as soon as the power master clear pulse
is generated, the SIO is set to the desired mode of operatién. The UART

has two transmit status outputs (input buffer empty and transmitter empty.)



am

and four receive status outputs (receive data available and parity,
overrun and frame errors) that are controlled by the status strobe at pin 1€.
For the SIO, the strobe has been hardwired (in this case to & low) to allow

status to always be available.

The operation of the UART during transmit operations is the following.

After reset, the transmit clock at 16x baud rate is applied and datsa

are loaded into the transmit buffer register with a data write which

becomes the negative-going load buffer register pulse at pin 23. The

UART will send serislly a start bit, the selected number of data bits,

a parity bit (if selected) and the required number of stop bit (s). Note
that if less than 8 data bits are selected the unused bits are ignored.

The data is right justified such that DBOO-Oh4 are always transmitted. A
further point is that if the UART is programmed for 2 stop bits and the worc
length selected is 5 bits, the UART will actually output a 1.5 stop bit.

This closely approximates the 1.42 stop bit for the 5 bit Baudot code.

Assuming the receive clock at 16x the baud rate is input, the UART will
begin searching for a start bit on receive as soon as the reset signal

has gone. Reset leaves the error flags and the receive register full
status lines at a low level. After receipt of a valid start bit, the UART
shifts in the number of bits selected by the word length control, tests for
parity (if selected) and checks for the programmed number of the stop bit (s).
The UART will test for and set error flags if parity, framing or overrun
errors are detected. Depending on the control register, the receiver will
test for even, odd or no parity. A framing error flag will be set if,

after detection of a start bit, no stop bits are found. This condition also
cah indicate a line break. An overrun error flag is set if-two consecutive

characters have been received and the first character has not been read into

the computer. The fourth receive flag is receive register full which is
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set when a full character including stop bit (s) has been received and
transferred to the receive buffer register. When the receive data 1s

read from the UART, a low level signal is applied to pin 18 which

resets the receive register full signal and prevents generation of an over-
run error. The computer has a full character time to read the receive
data after first character was received before an overrun error can occur.
If less than an 8 bit word length is programmed, the data will be right-
justified and the unused bits will be at low levels (logic zeros). Thus,
receive register bit 1 is the least significant bit and bits 1 to 5 will
always be present. However, bits 6 through 8 may be logic zeros depending

upon the word length programmed.
For further information on the UART, see Section VII-Parts Data

Dual Baud-Rate Generator

Generation of the 16x baud rate clocks is accomplished by a erystal-con-
trolled oscillator. Each half of the baud-rate generator is basically

e progfammable 15-stage feedback shift register which is capable o
dividing a modolo up to (215-1) or 32k. The chip contains a Read-Only
Memory (ROM) that is pre-programmed to provide the shift register with
appropriate counts to generate a pulse trains at 16x times a set of
asyﬂchronous baud rates. The ROM is programmed to allow division of the
crystal frequency by 32, 6k, 128 . . . etc to give 16x the baud rate of
19200, 9600 down to T5 baud. In eddition, frequencies of 16x baud rates
of 50, 110, 13k4.5, 1800, 2000, 3600 and 7200 baud have been programmed.
Selection of appropriate one of 16 possible frequencies is accomplished
by a b bit address for each half of the baud rate generator. The two
halves of minature DIP switch S2 are used to select the transmit and receive

clocks for the UART at 16x the baud rate. Section 2, Teble 2.k, lists

the switch position vs baud rates.



4,3.3 Function Write |
As described in Sectien;II, if the eguipment field is odd (Q7=1), the
computer is requesting a function or status. When the station (slot)
address is correct with Q7=1 and the computer generates a write, the
inputs to the lower gate of AT are all enabled causing the function
strobe<:>to go high. The function strobe gates DBO7-12 to their re-
spective flip flops setting the flag enables. DBO8 sets the Request
to Send flip flop which gates this signal through an R3232 level con-
verter to an external terminal or modem. This enables the external
device so when it returns Clear to Send (RS232 operation) the trans-
mit section can request date allowing transmission to begin. DBOT and
09 set the flag flip-flops to enable the UART to generate a Tx flag(:>
when the UART serial shift register or the buffer register, respective-
ly, are empty. The buffer register empty flag/interrupt is used to
request a new character for transmission while the shift register flag/
interrupt lets the program know all the data has been transmitted. DB1O,
11 and 12 set the Rx enable flip.flops for buffer full, error or special
character flag/interrupts. The buffer full flag/interrupt signifies a
full character has been received and needs to be read before an overrun
error occurs. The error flag/interrupt will occur if a parity, frame or
overrun error is detected. The special character (EOT) flag/interruét
will occur when a received character matches that set in switch S1.
DB 13 and 14 and function write clear the Receive and Transmit functions
respectively, that were previously set. Function write with DB 15 set clears

the entire SIO card including the UART.
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Function Read (Status)

When Q7=1 and a read input operation is programmed by thé‘computer, the
SIO will present its status on DBO5-15. READF at the left of logic

sheet 2 1s inverted and ANDed with Functionnd station@to generate

a status enable signal. The status enable ORed with Read data gates
status onto the DB 08-15 lines. A separate status enab]&a(Z)gates

status to DBO5-07 on function read only. The three error flags and the
buffer full signal are gated from the recelve section of the UART to

DB 12-15. The buffer empty and shift register empty flags of the trans-
mit section of the.UART are gated to DBll and O5 respectively. DBO6,

08 and»lo (the Clear to Send, Data Set Ready and Receive Line Signal
Detected, respectively) are the RS232 interface controls returned from an
external terminal or modem. DBOT is the status of the external restraint
signal which can be used in current loop operation. DBO9 is the special
character (EOT) detected flag. The status lines are 202 elements which
are open collector circuits which have collector resistors supplied by

the CIU/CIE bus receivers.

Data Write

When Q7=0 and a write (output) operation is programmed by the computer

data can be written to the SIO provided the transmit buffer of the UART

is empty. If thé Tx Buf Empty (@)\or (::) i8 high and there's no restraint
(CLR to Send and Restraint are high), the data input to the Tx Ready
flip-flop (sheetl) is enabled. The computer will load a character by doing
a data write which will enable the upper gate of AT and generate a
pésitive-going pulse to clock the dats into the Tx Ready flip-flop.

The -Q.side@is sent to a one-shot (sheet 2) which generates a one

s signal @'which is sent to the two-imput NANDCE. The output of this
gate is a one wus negative-going pulse which is used to clock the character

on DB 00-07 into the UART. If the computer should try to load a character



and the Transmit Buffer Register is not empty, two things would océur.
One, a reject would be genersted from the logic on Sheet 2 and also, the
Inhibit Tx Request signal would be high keeping the Tx Ready flip-flop
reset which would allow no strobe to the UART. If less than eight bits
have been selected\as the data word length, the unused bits (DBO8, 07 ete)
will be ignored by the UART. The Transmit ready flip flop which controls
the data write operation has the slot (station) address signal(@)

as its reset signal. Thus, as soon as the canputer finishes addressing
the SIO card-i.e, after completing a read or write - the Tx Ready signal
will be reset. The two 202 open collector gates shown in the upper
right area of Sheet 1 are wire-ORed to generate the Transmit Flag(:>
signal. If enabled by function with DBO9 true, the output A3-6 will go
1ow when the Tx buffer is empty and there's no restraint. If enabled

by a function with DBOT true, A3-8 will go low when the Tx 3Shift Register

is empty.

Data Réad

When Q7=0 and a read (input data) operation is programmed, the received
seriel data can be inﬁut to the computer provided there ié data in the

UART's Receiver Register. Logic diagram sheet»2 contains most of the

iogic for data read operations. When a full character is received by the
UART, the Receive Register FuJJ.<:>signal is set high. If the Rx Flag Tlip
flop has been set by a function with DB1O set, the Rx Buffer Full signal will
cause the Rx Buffer Flag from Ak-6 to go low and generate a flag/interrupt
signal. After reading the status to determine that receive data is ready,
the program will do a read (input data) instruction. Reed, in conjunction
with Function (data) and the correct slot (station) address, will enable

the I input NAND, CT, causing CT-6 to go low. ¢7-6 is inverted by two

separate inverters and their outputs, C2-U4 and C8-10, then become Read Data.
4-7



C8-10 gates the received data onto the bi-directional DBOO-OT lines

while C2-k4, in conjunction with the Rx Buffer Full signal, sets the .
Rx Ready flip flop. When reead is complete, Rx Ready goeé high
which triggers a 300ns pulse (RR) which goes to the UART to avoid an
overrun error. also enables the reply logic shown in the lower

left corner of sheet 2. This logic causes the reply to be delayed by
one s to provide time to service the UART and allow the status inputs to
settle.b If the computer should try to read and the Rx Buffer is empty,
the Rx Ready flip flop will not set causing B5-3 to go low and generate

a reject. Note that a read data operation will also enable the Read and
status line (TP19) to put status on bits 08-15 of the data bus. Thus,
after a operation the computer will have data in the lower 8 bits and
status in the upper 8. To read the status of the Restraint, Clear to Send
or Tx shift Register Empty signal a function read rather than a data

read must be programmed.

b.3.7 Flag/Interrupts
The SIO has the capability to set a flag (or if set up in the CIU/CIE,
generate an interrupt) for any of eight situations if properly enabled.
All eight are ORed to a single flag/interrupt line at P1-Al3. There
are five flip flops (register bits) which enable the flags. The transmit
portion of the UART has two signals- Buffer Empty and Shift Register Empty-
which can generate a flag. The two Tx flags are wire ORed by the 202
gates of A3 to generate the Tx Flag@signal. The Rx Buffer Full signal,
if enabled by the Rx Flag flip flop, will generate the Rx Buffer Flag @
signal. If the EOT Flag Enable is set and the special character is
detected by the 524 elements on sheet 3, the EOT flag will be set. Enabling
the Rx Error flip flop will allow any of the receive errors (parity, Line
Bregk or Frame Error and Overrun or Lost Character) to generate a flag.
E6-6 (TP2L) is the output of a L-input OR gate which will go high if any
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4.3.9

of its flag inputs go low. The output is inverted at D5-10 and sent to

the interrupt flag status card in position 7 of the CIU and CIE modules.

Reply/Reject

The lower portion of sheet 2 contalns the reply/reject logic for the TIO.
The A6-12 output is the reject signal which will be high if the computer
tries to load the Tx buffer end it is still fullor a read data’operatiox;
is attempted (B5—3) and there is no data in the receive buffer register.
The reply logic is designed tb provide a one s delay for data read and
both data and function write operations tq allow the UART to be steady
state. An instant reply is generated if a status read is programmed. If

a data read or write is done with the UART in the proper state or a functior
write is programmed, one of the inputs to a three-input CR, A6, will go low
causing A6-8 to go high. This will trigger the one us one shot, BT, and
will enable C6-1. While the one-shot is on, the false output will delay

the reply gate output, F6-6, for one aus. Note the status reply is not

delayed.

Special Character (EOT) Detect

Switeh S1 and the 524 gates on sheet 3 and the EOT flip flop on sheet 2

are the elements in the special character detection logic. Because this
iogic is most used to detect an end-of-text character, it is also named

the EOT circuitry. Sl is set up with data bits 0-7 to select a particular
character. When this character is received in the Receiver Buffer Register,
the comparison is made by the 524 elements énd the EOT Detect €:>signal goes
high. To compare the 4 bit input at the top (8-4-2-1) must exactly compare
with the lower (8421) bits. When the character is input by a reac data
operation, the EOT flip flop is set which generates a flag if enabled and
sets status bit 09 true. Since there is a one wus delay on reply, when the

computer reads the data the EOT status will be a steady one. There is a
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potential problem with respect to the word length selected for the UART.

If less than eight bits are selected as the word length, the unused bits

8, 7, 6 etc will be logic zero for all received characters. To make

the comparison valid the corresponding switch position must be a zero.

As may be seen from sheet 3, the switches generate a high (one) when off

and a low (zero) when on so the corresponding switch positions to the

unused bits must be on.

RS232 Transmit

The SIO has the capability to transmit data and provide limited interface
control signals as defined by the EIA RS232-C standard. The RS232 signals
from the SIO come from the 900 element at D7 shown in the upper right

portion of sheet 1. The 900 element is a 1488 type and its description

is in Section VII. The operaﬁion is such that high and low inputs to the

900 result in outputs of -12V and +12 Volts, respectively. One point to
remember is that RS232 defines the data signals and control signals
differently. For data circuits a signal more negative than -3volts is
defined as marking (logic one) while a signal more positive than +3 volts

is a space (logic zero). The interval between -3 and +3volts is the tran-
sistion region and is not uniquely defined. For timing and control functions,
when the function is off the signal is less than -3volts and an "on" function
wili have signal level greater than +3volts. As an example, thg data terminal
ready signal will be at +12 (function on) so long as the SIO has power on.
The Transmitter Serial Output data from the UART is double-buffered and sent
to D7-2 with the same logic sense. Thus, the normal high output from the

UART when not transmitting data will put a -12V level (mark ) on the line.



L.3.11
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RS232 Receive

Four RS232 Signals are received and converted to logic level signals by

the 901 élement (1489 circuit) shown on the upper left portion of sheet

3. If the SIO is set up for RS232 operation, the Jumper module will have

a jumper from E8-6 to 23 which allows receive dats from P1-B20 to be input
to pin 13 of F7. In addition to RCDAT, three control signals (Data Set Ready,
Receive Line Signal Detected & Clear to Send) are also input to the FT chip.
Section VII has a description of the 1489 circuits but essentially it's a
Schmitt Trigger with a variable threshold. Only the data circuit (pins 11
and 13) use the variable threshold. By biasing the circuit with a 5k
resistor to +5volts, fail-safe operation of the data line is available. If
the data line which is normally marking (Vin more negative than -3v) should
open, the output, F7-11, which goes directly to the UART(:>will go to a low
ljevel. This in turn, will cause the UART to eventually generate a line
break. The other lines have an open control which will cause the control
signals to output a high (logic one) if these lines should open. However,
since the controls are inverted by the ET circuits, the final outputs will
be zeros. In normal operation both variable and open threshold circuits
will output a logic high for an RS232 mark (<-3v) input and a logic zero
for an RS232 space (> +3v). Note that should the RS232 cable fall off

the fail safe operation can cause two events to occur. One, the receiver
will generate a line breek and the Clear to Send signal will inhibit data

transmission if the restraint logic is enabled.

Current Loop Conventions (Marking Control)

Although current loop predates R823é operation, there is no standard defined.
However, there is a Teletypé:)convention that has been used for many years.
In this convention, a logic one is marking which is defined as current flow

in the loop. A zero is a space whereby no current flows in the loop. Wnen

(R} Trademark of Teletype Corporation
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a,lihe is not transmitting, the line is marking or current is flowing. In this
~convention the start bit is a space and the stop bit (s) are mark (é).

Note a line break generate a space. Since a quiescent line is marking

or current flows, a space is used as a flag to signal a start bit,

an open line or in some special cases a function (normally reverse channel

or restraint) is on. Although many variations of voltage and currents exist,
most data processing devices run on 2oma loops with voltages of 5 to 28 volts.
Not all peripheral devices follow the Teletype convention; however, when
they do deviate, they generally switch the iogic assignments such theat a

logic one becomes no current flow and a zero is current flow. The rationale
is that the circuits dissipate no power in the quiescent condition. The

SIO handles this inverse convention by invertiﬁg the input and output within

the logic by changing the marking control. This logic is shown in Figure k.1
+V

Output
ata P Outgut

i e

Marking Control

=

Figure 4.1 Marking Control Logic
When the jumper is out (normal convention), current flow in the loop is a
logic one. When the jumper is in, current flow then defines a space (zero)
and no current flow is a mark (one). The Jjumper, if needed, would go be-

tween pins 13 and 16 of the jumper module.

4,.3.13 Cptoisolator Operation

The optoisolator circuit used in current mode ope rations looks as follows:

See Section VII for
device specifications
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When a signal is applied to the light-emitting diode (LED), it will
generate a light with intensity proportional to the input current.
The output photo-transistor detects the light and outputs a current
that is also proportional to the light intensity . The rate of the
transistor output current to the diode input current is the DC
current transfer ratio and runs from 40 to 100% for the L4N35. As

the only connection between the input diode and the output transistor
is the 1light from the LED, the input and output are electrically iso-
lated from each other., In the SIO, two 4N35's are used isolate the
SIO current mode feceive circults from external transmitters while two
other LN35's are used to isolate the current mode transmitter from

the logic.

4.3.1k Current Loop Receive Circuits

The current loop receive circuit in Simplified form looks like figure )4.2.

INPUT + D=
Dl | .
N\, |
INPUT-- ) = MARKING CONTROL
Figure L.2 €urrent Loop Receive Logic

Current Flow, I, causes the LED to emit light allowing the phototransistor
to turn on which presents a low level to the Exclusive Or (149) gate. With
the marking control juﬁper not in, the output is inverted or is a logic one
for this case. For no current.flow, the LED is dark so the input to the
149 element is high and the output is low or a logic zero. If the marking
control jumper is used the output is X or inverted from normal. Dl keeps
reverse voltage to about 0.7 volts to avoid breakdown of the LED. In the
actual receive circuit, there is also a resistor to limit loop current znd

provisions to power the loop.
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4.3.15 Unipolar Current Loop Transmit
A simplified diagram of the unipolar current loop transmit circuit. is

shown in Figure k.3.

Marking Control ?; )

(Normally High)

Figure 4.3 Unipolar Transmit Logic

Tx Data which has the same logic sense és the serial output data from the
UART will be inverted by the Exclusive Or gate provided the marking con-
trol jumper is not used. When the UART output ié high (marking), the

output of the Exclusive Or will be a low level signal and the LED will be
turned on. In tﬁrn, the output phototransistor and the drive transistor
will be turned on and current will flow in the output loop. If the mark-
ing control jumper is in the output of the Exclusive Or gate 1s inverted

so a logic one from the UART causes no current flow in the transﬁit loop.
The main restriction on the transmit circuit is thé speed at extended cable
lengths. The 51k resistor from the base to emitter allows the circuit to
operate at the higher baud rates. With a 12v, 2oma loop, the unipolar
circuit will drive up to 1000 feet of twisted pair cable at 9600 baud. \
Note that RT which is on the jumper module is selected to limit the loop
current. Note that if the loop is powered by an external supply, the output
loop is completely isolated from the internal SIO circuitry. As & corollary,
if the SIO powers the loop, the +12v supply and its ground must be inserted

in the loop and the isolation is reduced.
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4.3.16 Bipolar Loop Transmit

A simplified diagram of the bipolar current loop transmit is shown

in Figure L.k.

RDAH
Tx Data
Marking — ) £ TRDAT
Control ! 71N | -
VHI

AR———<mDAL

Figure 4.4 Bipolar Transmit Logic

The upper set of circuitry is that discussed in Section L4.3.13 above.
Bipolar operation uses two loop supplies - one positive and the other
negative - to drive very long lines with current loop operation. For
one sense (mark arbitrarily), Ql is switched on and current flows from
the +V supply to the remote terminal as shown as I+. For a space, Ql
is shut off and.Q2 turned on _and currepﬁ I-”flows in the opposite di-
rection. Because the current is pumped in two different directions,
the signal may be rapidly switched even with long cables. The second
Exclusive Or gate is set up to invert the data enabling the unipolar
logic. Thus, one of the two LED's will be on at &ll times. This means
the receive circuit will see either I+ or I- at all times unless there
is a line break which causes no current flow. Note that bipolar trans-
mission will work well with a unipolar receiver circuit(similar to the

SIO's provided the receiver has protection for the negative voltage, -V.
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As shown in Figure L.2, diode Dl will protect the LED against a
negative voltage. The receive circuit would have the comﬁon
output, TRDAT, and the common point of the power supplies as

its two inputs. This is shown in a simplified form as follows.

et BATTERY = - ||Recelve
Circuit
mi
- marrery tdl

) B

The SIO can accept externally supplied voltages for maximum iso-
lation or can use its internal +12v supplies in which case the

receiver gets TRDAT and SIO ground as the two inputs.

h.3.17 Restraint Logic
Three-input NAND gate, A6, in the. lower right corner of sheet
1 is the transmit restraint control. Unless restrained by
Clear to Send (RS232) or Restraint (Current Loop) when the
Transmit Buffer Empty signal goes to a one, the Tx Ready
flip flop is set enabling a new character to be tranéferred
from the computer to the UART. For RS232 operations, the
Clear to Send signal from an external device may be used to
restrain the logic provided the jumper is in from pins lh.to
15 of the jumper module. For current loop operations, the
Clear to Send Jjumper is left out but an external restraint

circuit can be used.
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The restraint logic is associated with inputs RESH, RESL and F8.

In addition, soldered wire jumpers E9-Ell4 are associated with the

current loop restraint logie. If a jumper is soldered from E13

to E1l4 the current loop restraint signal will be enabled. Further,

if an external loo? supply is used E9 to El12 would need to be jumpered.

In this configurapion, the current loop restraint circuit looks like

the current loop receive as shown in Figure 4.2 of section L.3.12.

Provided the marking control is high (no jumper), current flo@ing

in the restraint loop will generate a high signal on the Restraint
(:)line. To restrain transmission, an external device will open the

restraint loop (space) which will inhibit further character transfers

from the computer to the UART Tx Buffer. As before if the marking

jumper is in, the sense changes such that no current flow is normal

and a current flow causes restraint.

NOTE: Enabling either Clear to Send or Restraint to inhibit transmission
does not cause an instant stop. Instead, the transmitter will continue

to transmit until it runs out of data. Up to two characters may be trans-
mitted after the restraint is enabled so the external device must be capa-

ble of wccepting two more characters after it has requested a restraint.

Reset

The SIO has four signals which can clear portions of the card. A function
write with DB 13 set will clear the three receiver flag enable flip flops.

A function write with DB 1L set will clear the transmitter flag enables and
the request to send signal. A function write with DB15 set or a Master Clear

from the computer will clear the entire card including the UART.

NOTE: Resetting the UART clears the Status and Transmit portions but may not

clear the receive buffer register depending upon the UART type.
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4.3.19

4-18

Jumper Module

The major mode (RS232 or current loop) of operation and auxillary control
selection is accomplished by a 28 pin jumper module that Rlugs into a

mating socket at E8. Sheet 3 of the logic shows the connections to the
socket. ‘Although the drawing is somewhat crowded and difficult to follow,

it can be seen that Jjumpers are designed to go directly across from the

left side to the right side in most cases. The upper portion of the module
(pin 1-12 and 17-28) are concerned with transmit and receive data. Pins

13 and 16 are involved if a marking sense change is required and pins

14 and 15 control the use of Clear to Send as a restrainc on RS232 operations.
The upper five positions (pins 1-5 and 2L-28) are associated with the

transmit data outputs. Jumpering pin 1 to 3 puts RS232 Tx data on the

output lines. The remaining pins are associlated with current loop operation
and pins 3,5 and 28 are the transmit‘outputs for this mode. The next five
positions (pins 6-10 and 19-23) are associated with bringing the recelve

data from the input line to either the RS232 or current loop recelve

circuits so the data may be converted to logic levels. The data input,

RCDAT, from Pl—BQOvis connected to pin 6 so that a jumper to either

pin 23 (RS232) or 22 (current) will connect the appropiate receive circuits
The remaining pins are associated with current loop operation and, specifically,
pin 19 is connected to Pi-A18 which is the other lead for current receive
data. Pins 11, 12, 17 and 18 tske the logic level outputs for recelve data
and connect to the receive serial data input to the UART. To input RS232 data
pin 11 is Jjumpered to 18 while current loop requires a Jjumper from 12 to 17.
Current limiting resistors for current loop operations may also be found

on the jumper module between pin pairs 2/27, 5/24 and 8/21, For a more detsiled

explanation of the jumper module see Appendix A.



Table 4.1 Glossary of terms

TERM DEFINITION
Baud Rate Data communication rate
Character Serial data word consisting of a start bit, 5 to 8 data

CTS, CLRTS, CLR to SEND

DBOOF ~ 15F
DSRDY
DTRDY

EOT Detect
FLXXF
FUSTF

MCLRF

PDDL

RCDAT

READF
RESETF

RESH/RESL

RESTRAINT
RJICTF

RLSD

RPLYF

RTS, RTSTR
SSXXF
TRDAH/TRDAL

TRDAT

UART
WRITF

bits, an optional parity bit and one or two stop bits.
Clear to Send from external device

Data bits 00-15 false (to/from the CIU/CIE common bus)
Data set ready from external device

Data terminal ready fram SIO

Special character (end-of-text?) detected

Flag line false (to bus)

Function/status false (from bus)

Master clear false (from bus)

Photo diode low (cathode) of receive current loop

Receive data (RS232) or photodiode high (anode) of
receive current loop

Read false (from bus)
Master clear or card clear

High (anode) and low (cathode) inputs to the photbdiode
in the current loop restraint circuit

Current loop signal to inhibit data transmission

Reject false (to bus)

Receive line signal detected from external device

Reply false (to bus)

Request to Send from SIO

Station select false (from bus)

Transmit data output High/how from current loop transmitter

Transmit data (RS232) or data output common from current
loop transmitter

Universal asynchronous receiver transmitter

Write false (from bus)
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5.1

Section Five

Diagrams

General

This section contains the following diagrams:

Figure No. Title
5.1 Serial I/0 Block Diagram
5.2 Seriel I/0 Logic Diagram
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6.2

6.3

SECTION SIX

MAINTENANCE

PREVENTATIVE MATINTENANCE

No preventative masintenance is required.

CALIBRATION AND ALIGNMENT

No calibration or alignment is required.

MAINTENANCE AIDS

Complete access to the components of the serial I/0 card

requires the use of the ZNMT card extender, CDC part 398L4100.



7.1

T.2

SECTION SEVEN

PARTS DATA

PRINTED WIRING ASSEMBLY

This section contains the printed wiring assembly

for the Serial I/0O unit. (Figure 7.1).

COMPONERT DESCRIPTIONS

This section contains specifications for the UART
(Section 7.2.1), the Baud Rate Generator (Section
7.2.2), the RS232 Trensmitter (Section 7.2.3),
the RS232 Receiver (Section T7.2.4), the current
loop transistors (Section 7.2.5) and the Opto-

isolator (Section 7.2.6).

[
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Subsection T.2.1
Universal Asynchronous

Receiver Transmitter (UART)

Either the Western Digital TR1602 or the Standard Microsystems Corp.
COMPOLT/H may be supplied as the UART for the IK611-A. The two
devices are pin compatible and differ in operation in only one area.
Master Reset will clear the receive holding register on the TR1602.
The 2017 does not clear the register with Master Reset applied.

However, the logic has been designed to operate with either UART.
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s B | V MOS/LSI O
WESTERN J) DIGITAL TR1602A & TRI5023

ASYNCHROMOUS RECEIVER/TRANSMITTER

STy

. - e

VPPN 7 VI DU S SCUt SUSRI - ¥ 3

PIN CONNECTIONS

[ PR .

NOILVHOdHO0J TVLIOI0 NYILSIM

- -l -
o SILICON GATE TECHNOLOGY — LOW THRESHOLD G w g8 e 2P TN Qe EE
CIRCUITRY [ S SR B VS T e e e e e e
X . i AON00O00 000000000 NAaOonnnn
Directly TTL and DTL Compatible — External Resistors o @ @ ~ - - - o ® ~ - ~ -
Eliminated ¢ A8 5 88 3383588233 LYL TR YA
o D.C.STABLE (STATIC) CIRCUITRY
o [FULL DUPLEX OR HALF DUPLEX OPERATION
Transmits And Receives Serial Data Simultaneously Or
Alternately ' °
o AUTOMATIC INTERNAL SYNCHRONIZATION OF DATA - N MM e B e ~oD e 2 0 T w0 r 29
AND CLOCK O0U0U00uU0uUU0Uo00 U 00U 0o ouUooyg
o AUTOMATIC START BIT GENERATION 2 888 fd " " ¥y wo g g
) > > g & € € € € € & & ° % g & °
o BUFFERED RECEIVER AND TRANSIMITTER REGISTERS
o FULLY PROGRAMMABLE — )
EXTERNALLY SELECTABLE TR1602A CERAMIC PACKAGE OUTLINE
Word Length
Baud Rate T “ W
Even/Odd Parity (Receiver/Verification — o ¢
Transmitter/Generation) wrn G/—uouaov Tisis | oare cooe
Party Inhibit — Verification/Generation l 0 / n
One, One and One-Half, or Two Stop Bit Generation -
e« AUTOMATIC DATA RECEIVED/TRANSMITTED STATUS -
GENERATION . s tui0
Transmission Complete Parity Error o 200 1ve N '
* Buffer Register Transfer Complete Framing Error | e |
Received Data Available Overrun Error -
o THREE-STATE OUTPUTS
Receiver Register Outputs onrre -
Status Flags MR T e
o AVAILABLE IN CERAMIC OR HERMETIC PLASTIC
- CAVITY PACKAGES TR1602B HERMETIC PLASTIC CAVITY PACKAGE OUTLINE
_APPLICATIONS IF z
o PERIPHERALS o CARD AND TAPE READERS "ﬂ"{—--«-w -
TERMINALS o PRINTERS : 2
.. MINI COMPUTERS o DATA SETS
o [FACSIMILE o CONTROLLERS - Smuax
_ TRANSMISSION o KEYBOARD ENCODERS k- g —|
© MODEMS o REMOTE DATA ACQUISI- 4 s B ——
o CONCENTRATORS TION SYSTEMS 5. rT T I T 'ﬁ:::‘: ' s |
‘e ASYNCHRONOUS DATA o ASYNCHRONOUS BATA - ,,,’,,,_,”,_ o o s

MULTIPLEXERS CASSETTES

GENERAL DESCRIPTION

The TR1602A & the TR1602B are ASYNCHRONOUS RECEIVER/TRANSMITTER sub-systems using silicon gate
process technology. The use of this low threshold process provides direct compatibility with all forms of current sinking
logic. Interfacing restraints, such as extersal resistors, drivers and level shifting circuitry, ace eliminated. All output lines
have been designed to drive TTL directly.

The ASYNCHRONOUS RECEIVER/TRANSMITTER is a general purpose, programmable MQOS/LSI device for inter-
facing an asynchronous serial data channel of a peripheral or terminal with parallel data of a computer or terminal.
The transmitter section converts parallel data into a serial word which contains the data along with start, parity, and stop
bits. The receiver section converts a serial word with start, data, parity, and stop bits, into parallel data, and it verifies
proper code transmission by checking parity and receipt of a valid stop bit. Both the receiver and tha transmitter are
double buffered. The array is compatible with bipolar logic. The array may be programmed as foilows: The word lenqgth
can be either 5, 6, 7, or 8 bits; parity generation and checking may be inhibited, the parity may be even or odd; and the
number of stop bits may be either one or two, with one and one half when transmitting a 5 bit code. Note: See TR1402A
Cata Sheet for operation with 5 level code-2 stop bits. )
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PIN DEFINITIONS

PIN
NUMBER NAME SYMBOL FUNCTION
1 Vgg Power Supply Vgg +5 volts supply
2 Vgg Power Supply Vge -12 volts supply
3 Vpp Power Supply Vop Ground
4 Receiver Register RRD A high level input voltage, V,,,, applied to this line disconnects the RECEIVER
Disconnect HOLDING REGISTER outputs from the FlF!BvRFi1 data outputs (pins 5-12).
5-12 Receiver Holding RRB- The parallel contents of the RECEIVER HOLDING REGISTER appear on these
Register Data RR1 lines if a low-level input voltage, V,, , is applied to RRD. For character formats ot
fewer than eight bits received characters are right-justified with RR1 (pin 12) as
the least significant bit and the truncated bits are forced to a low level output
voltage, VOL'

13 Parity Error PE A high level output voltage, V5, on this line indicates that the received parity
dogas not compare to that programmed by the EVEN PARITY ENABLE contro!
line (pin 39). This output is updated each time a character is transferred to the
RECEIVER HOLDING REGISTER. PE lines from a number of arrays can be
bussed together since an output disconnect capability is provided by Status Flag
Disconnect line (pin 16).

14 Framing Error FE A high-level output voltage, V5, on this line indicates that the received character
has no valid stop bit, ie., the bit following the parity bit {(if programmed) w not a
high level voltage. This output is updated each time a character is transferred to
the Receiver Holding Register, FE lines from a number of arrays can be bussed
together since an output disconnect capability is provided by the Status Flag
Disconnect line (pin 16).

15 Overrun Error OE A high-level output voltage, V5, on this line indicates that the Data REceived
Flag (pin 19) was not reset before the next character was transferred to the
REceciver Holding Register. OE lines from a number of arrays can be bussed
togethor since an output disconnect capability is p}ovided by the Status Flag
Disconnect line (pin 16).

16 Status Flags SFD A high-level input voltage, V,, applied to this pin disconnects the PE, FE, OE,

Dicconnest DR and THRE allowing them to be buss connected.
17 Recoiver Register RRC The receiver clock frequency is sixteen (16) times the desired receiver shift rate.
Clack
18 Data Received DRR A low-level input voltage, V|, , applied to this line resets the DR line.
Reset
19 Data Received DR A high-level output voltage, V5, indicates that an entire character has been
. rocoived and transferred to the RECEIVER HOLDING REGISTER.

20 Receivor Input Ri Serial inputdata received on this line enters the RECEIVER REGISTER at a point
determined by the character length, parity, and the number of stop bits. A high-
level input voltage, V, must be present when data is not being received.

21 Master Reset MR This line is strobed to a high-level input voitage, Vi, to clear the logic. It resets
the Trensmitter and Receiver Registers, the Receiver Holding Register, FE, OE, PE,
DRR &and sets TRO, THRE, and TRE to a high-level output voltage, VOH'

22 Transmitter THRE A high-level output Voltage, Vg, on this line indicates the TRANSMITTER

Holding Register
Empty

HOLDING REGISTER has transferred its contents to the TRANSMITTER REG-
ISTER and may be loaded with 8 new character.

_J




PIN DEFINITIONS (CONT)

PIN
NUMBER NAME SYMBOL FUNCTION
23 Transmitter THRL A low-ievel input voltage, V|, , sppiied to this line enters a character into the
Holding Register TRANSMITTER HOLDING REGISTER. A transition from a low-level input
Load voltege, V|, , to a high-level input voitage, V|, transfers the character into the
TRANSMITTER REGISTER if it is not in the process of transmitting a character.
If & character is being transmitted, the transfer is delayed until its transmission is
comploted. Upon completion, the new character is automatically transferred simul-
toneously with the initiation of the serial transmission of the new character.
24 Transmitter TRE A high-ievel output voltage, V 54y, on this line indicates that the TRANSMITTER
Register : REGISTER has completed serial transmission of a full character including STOP *
Empty bit(s). It remaing at this level until the start of transmission of the next character,
25 Transmitter TRO The contents of the TRANSMITTER REGISTER (START bit, DATA bits, PARITY
« Register bit, and STOP bits) are seorially shifted out on this line. When no data is being trans-
Output ’ . mitted, thig line will remain at a high-level output voltage, VOH' Start of trans-
mission is dofined as the transition of the START bit from a high-level output
voltage, VOH- to a low-level output voltage, VOL'
26-33 Transmitter T81 - The character to be transmitted is loaded into the TRANSMITTER HOLDING
Register TRs REGISTER on these lines with the THRL Strobe. If a character of lass than 8 bits
Data Inputs has beon selected (by WLS, and WLS,), the character is right justified to the least
significant bit, RR 1, and the excess bits are disregarded. A high-level input voitage, .
VIH' will cause a high-level output voltage, VOH' to be transmitted.
34 Control Register CRL ) A high-level input voltage, Vin.on this line loads the CONTROL REGISTER with
Load the control bits (WLS,, WLS,, EPE, PI, SBS). This line may be strobed or hard
wired to a high-level input voitage, V.
35 Parity Pl A high-level input voltage, V|, on this line inhibits the parity generation and
Inhibit . verification circuits and wiil clamp the PE output (pin 13) to V, . If parity is
inhibited the STOP bit(s) will immediately follow the last data'bit on transmission.
36 Stop Bit(s) sBS This line selects the number of STOP bits to be transmitted after the PARITY bit.

) Solect ’ A high-level input voltage, V y, on this line selects two STOP bits, and a iow-lavel
input voltage, VIL’ solects a single STGOP bit. Selection of two STOP bits when
programming a five (5) bit word gunerates 1.5 STOP bits.

37-38 Word Length WLS, — These two lines solect the character length (exclusive of parity) as follows:
Salect WLS, wLS, wLs, Word Langth
\" L Vy L 5 bits
Vi Vi 6 bits
Vin ViL 7 bits
VIH VlH 8 bits
39 Even Parity EPE Thislinodetermines whether oven or odd FARITY is to be generated by the trans-
Enable mitter and checked by the receiver. A high-level input voltage, V|, selects even
PARITY and a low-level input voltage, V, L selects ocdd PARITY.
40 Transmitter TRC The transmitter clock frequency is sixteen (16) times the desired transmitter shift
Registar Clock rate. ,
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~ MAXIMUM RATINGS

V »VGG Supply Voltags

’VDD Supply Voltage

_Clock Input Voltagz®
Logic Input Voltage®

Logic Output Voltags®

Storage Temperature

Operating Free-Air Temperature Tp Range
Lead Temperature (Soldering, 10 sec.)

QVGG =Vpp =0V

NOTE: These voltages are measured with respect to Vgg (Substrate)

ELECTRICAL CHARACTERISTICS

403V to - 20V
+03V to - 20V
HW3IV to - 20V
+03V to - 20V
+03V to - 20V
550C to +150°C

goc o+ 700C

300°C

(VSS =Vec = 5V + 5%‘, Vpp = ov, VGG =-12V + 5%, Ta= 0°C to +70°C unless otherwise specified)

SYM PARAMETER MIN - MAX CONDITIONS
OPERATING CURRENT
. lgg Substrate Supply Current 24 ma VSS =5.25V, VIN = OPEN
Iss Substrate Supply Current 60 ma Vgg = 5.25V, V| =104V
Fele Gate Supply Current 6 ma
LGCIC LEVELS
VIL Logic Low o8V VSS =4.75V
OUTPUT LOGIC LEVELS
"1 VoH Logic High Vgg — 1.0V ‘ Vgg =4.75V, Igy =-100u 2
VoL Logic Low ' 04V Vgg=5.25V, 15 =16ma
'OSD Short Circuit Current —2—.2 ma | Vgg=5.25V,Vy=0V
'OC Output Leakage 10ua Vouyt =0V. SFD=RRD=V 4
UTR Low Level Input Current —16ma | Vgg= 5.25, V|, = 0.4V

*Only one output should be shorted at any time.




/SWITCHING CHARACTERISTICS — See “Switching Waveforms”

(Vgs=Vec =5V, Vpp =0V, Vgg =-12V, Tp = 259, CLoAD = 20 pf plus one TTL load)

—

SYM PARAMETER MIN MAX CONDITIONS
felock Clock Frequency D.C. 320kHz" | Vgg =4.75V
tow Pulse Widths (See figures 1 & 2)
CRL 200 ns
THRL 200 ns
DRR 200 ns
MR 500 ns
te Coincidence Time 200 ns (See figure 1 & 2)
thold Hold Time 20 ns (See figure 1 & 2)
tget Set Time 0 {See figure 1 & 2)
Output Propagation Delays
tpd0 To Low State 500 ns (See figure 3)
Cp = 20 pf, plusone TTL load
tpd1 To High State 500 ns 7 (See figure 3)
CL = 20 pf, plusone TTL load
Capacitance
Cin Inputs 20 pf f=1MHz, V;, =5V
Co Outputs 20 pf f=1MHz, Vi, =5V
.fmax for TR1602A or B 320kHz
fnax for TR1602A or B-03 480kHz
fax for TR1602A or B-04  640kHz
frmax for TR1602A or B-05 800kHz

SWITCHING WAVE FORMS

THRL

Vin
.‘} Vie ./

ts 20 i tc

o= thold

FIGURE 1. DATA INPUT LOAD CYCLE

SFD

Vie

*PE, FG, OE, DR, THRE

o=toare=|
‘-\\ "E Vor
Ao _

'-ﬂlmo’-‘

©c QUTPUTS PC, FE, OF, DR, THRE ARE DISCONNECTED

AT TRANSITION OF SFD FROM V| TO Vi

FIGURE 3. STATUS FLAG OUTPUT DELAYS

WLSy , WLBy , SBS, PI, EPE

-

—

thoid

FIGURE 2. CONTROL REGISTER LOAD CYCLE

RRD
Vie
-—-!M,
_______ b —
N Vou
RAg - ARy N Vou
txoo-l

* RAg — RAy ARE DISCONNECTED
AT TRANSITION OF RRD FROM Vi TO Vi

FIGURE 4. DATA OUTPUT DELAYS

Intormation furmished by WESTERN DIGITAL CORPORATION is believed to be zccurate and rolwsble. Mowover, no
responsibitity is assumed by WESTERN DIGITAL CORPORATION for its use; nor for any intringements of patents or
otheor rights of third parties which may result from its use. No licenss is prentoa by impliceticn of otherwise under any
patent or patont rights of WESTERN DIGITAL CORPORATION.
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Subsection T.2.2

Dual Baud Rate Generator

The following subsection is a reprint of the Standard Microsystems
Corp's COM5016 series specification. Although the reprint covers

three separate units, only the 5016-5 is used on the IK611-A.
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Preliminary Specifications

Company

: Dual Baud Rate Generator
8 , : Programmable Divider
§
FEATURES .
0 On chip crystal oscillator or external PiN CONFIGURATION
frequency input :
0O Choice of 2 X 16 output frequencies XTar XT1 X 18 XTALEXT2
[} 16 asynchronous/synchronous +ov 2 17 fr
baud rates fa 3 16 Ta
O Direct UART/USRT compatibility : A 4 15 Te
0 Full duplex communication capability ' e I
0O Re-programmable ROM allows Ro 7 12 STT
generation of other frequencies STA 8 11 GND
O TTL, MOS compatibility : +12v 9 qw NC
O On chip input puli-up resistors
00 0.019 accuracy—typical
{3 50% Duty Cycle
O 18 pin ceramic DIP package
BLOCK DIAGRAM
i sTT >—-—'——~‘
i ot ‘
| i SN SN N FREQUENCY SELECT |
‘ 3 qguwcu Jas ) 5
i py — Ty JCONTROL Y ROM __Jl
) b { } -
©OXTALEY Y4 >—» DIVIDER -2 ——e= {.
b _
S
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! S0
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Q
R e ¢ n e e o
¢ ATAL EXT2 e DIVIDER -2 ———o~ f
S 1T T
Ra>—— 5 ;rfm_‘Ql)EN(;‘; i REPROGRAMMABLE
e \ABESODE \ FREQUENCY SELECT
:i;_.—_: """" 4 !CONTROL v ROM * l A
! +5v. GND +12v*
sm>—-———:I , ' :
A ' *Consuitfactory f + 12v
power supply unava:iabie




A Standard Microsys®m_ Company

SMC Microsystems Corporation

e

General Description

The Standard Microsystems COM 5016 Dual Baud Rate Generator/Programmable Divider is an N-channel
COPLAMOS " MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32
externally selectable frequencies.

The COM 5016 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi-
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs,
or: each of the independent dividers, as shown in Table 1.

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016 is a dual
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible.

The COM 5016 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to
(2'5-1).

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency.by
cascading COM 5016's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal
or input frequency may be used to generate numerous output frequencies.

~ The COM 5016 can be driven by either an external crystal or TTL logic level inputs; COM 5016T is driven by TTL logic
level inputs only.

MAXlMUM GUARANTEED RATINGS*

Operating Temperature Range . ... ...ttt ittt et et e e et 0°Cto + 70°C
Storage Temperature RanNge .. ...... ... i -55°Cto +150°C
Lead Temperature (soldering, 10 SEC.) . ... .. ittt et e et P +325°C
Positive Voltage on any Pin, withrespecttoground . ....... ... . i e +18.0V
Negative Voltage on any Pin, withrespecttoground ............ . . it -0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=+5V =5%, Voo =+ 12V = 5%, unless otherwise noted)

Parameter Min. Typ. Max Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
" Low-level, ViL 0.8 Vv excluding XTAL inputs
High-level, Vix Vcec—-1.5 Vcc \%
OUTPUT VOLTAGE LEVELS :
Low-level,VoL 04 \ loL = 3.2mA
High-level, Von Vcc—-1.5 4.0 Vv lon = 100uA
.INPUT CURRENT .
Low-level, I 0.3 mA  Vin = GND, excluding XTAL inpt
INPUT CAPACITANCE .
Allinputs, Cin 5 10 pf Vin = GND, excluding XTAL inpt
EXT INPUT LOAD 8 10 Series 7400 unit loads
POWER SUPPLY CURRENT
Icc 28 45 mA
loo 12 22 mA .
A.C. CHARACTERISTICS Ta = +25°C
CLOCK FREQUENCY 5.0688 MHz  XTAL, EXT
PULSE WIDTH
Clock 50% Duty Cycle +5%
Receiver strobe 150 DC ns See Note 1.
Transmitter strobe 150 DC ns See Note 1.
INPUT SET-UP TIME
Address 50 ns See Note 1.
INPUT HOLD TIME
Address 50 ns
STROBE TO NEW FREQUENCY DELAY 2.0 25 us =1/fn(12)

Note 1: Input set-up time can be decreased to = Ons by increasing the minimum strobe width by 50ns to a total of 200ns.



Table 1.
CRYSTAL FREQUENCY = 5.0688 MHz
Transmit/Receive Theoretical Actual ' Duty
Address Baud Frequency  Frequency Percent Cycle
D € B A Rate 16X Clock 16X Clock Error % Divisor
0 0 o] 0 50 0.8 KHz 0.8 KHz — 50/50 6336
0 0 0 1 75 1.2 1.2 — 50/50 4224
0 0 1 0 110 1.76 1.76 — 50/50 2880
0 0 1 1 1345 2.152 2.1523 C.016 50/50 2355
4] 1 0 0 150 2.4 24 — 50/50 2112
.0 1 o] 1 300 4.8 4.8 — 50/50 1056
0 1 1 0 600 9.6 9.6 — 50/50 528
0 1 1 1 1200 19.2 19.2 — 50/50 264
1 (¢] 0 0 1800 28.8 28.8 -— 50/50 176
1 0] 0 1 2000 32.0 32.081 0.253 50/50 158
1 0 1 0 2400 38.4 38.4 — 50/50 _ 132
1 0 1 1 3600 57.6 57.6 — 50/50 88
1 1 0 0 4800 76.8 76.8 — 50/50 66
1 1 0 1 7200 115.2 115.2 — 50/50 44
1 1 1. 0 9600 153.6 153.6 — . 48/52 33
i 1 1 1 19,200 307.2 316.8 3.125 50/50 16
Description of Pin Functions
Pin No. Symbol Name Function
1 XTAL/EXT1 Crystal or This input is either one pin of the crystal package cor one polarity
External input 1 of the external input.
2 Vce Power Supply +5 volt Supply
3 fr Receiver Gutput This outputruns at a freq.:ency as selected by the Receiver Address.
Frequency
4-7 Ra, Re, Rc, Ro  Receiver Address The logic level on these inputs, as shown in Table 1, selects
the receiver output frequency, fa.
8 STR Strobe-Receiver - A high-level inpui strobe loads the receiver address (Ra, Rs, Rc, Ro)
. Address into the receiver address register. This input may be strobed or
' ‘ hard wired io a high-level.
9 Voo Power Supply + 12 volt Supply
10 NC No Connection
*: - GND Ground Ground
i2 ST Strobe-Transmutier A high-igvel input strobe loads the transmitter address (Ta, Ts,
Addrass Te, To) into the transmitter address register. This input may be
strobed or hard wired to & high-level.
13-18  To, Te, Te, Ta  Transmitter The logic ievel on these inputs, as shown in Table 1, selects
Address the transmitter output frequency, fr.
17 fr Transmitter This output runs at a frequency as seiected by the Transmitter
Output Address.
Fraquency - .
18 XTALEXT2  Crystalor This input is either the other pir of the crystal package or the

External Input 2

other polarity of the external input.
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*When the duty cycle is n.t exactly 50% it is 50% + 10%

[able
COM 5016-
CRYSTAL FREQUENCY = 4.9152 MHz
" Transmit/Receive Theoretical Actual Duty
Address Baud Frequency Frequency Percent Cycle
D Cc B A Rate 16X Clock 16X Clock Error % Divisor
0 0 0 0 50 0.8 KHz 0.8 KHz —_— 50/50 6144
0 0 0 1 75 1.2 1.2 — 50/50 4096
0 0 1 0 110 1.76 1.7598 -0.01 * 2793
0 0 1 1 134.5 2.152 2.152 —_ 50/50 2284
0 1 0 0 150 2.4 2.4 —_ 50/50 2048
0 1 0 1 300 4.8 4.8 — 50/50 1024
0 1 1 0 600 9.6 9.6 — 50/50 512
0 1 1 1 1200 19.2 19.2 — 50/50 256
1 0 0 0 1800 28.8 28.7438 -0.18 * 171
1 0 0 1 2000 32.0 31.9168 —-0.26  50/50 154
1 0 1 0 2400 384 38.4 — 50/50 128
1 0 1 1 3600 57.6 57.8258 0.39 * 85
1 1 0 0 4800 76.8 76.8 — 50/50 - 64
1 1 0 1 7200 115.2 114.306 -0.77 * 43
1 1 1 0 9600 153.6 153.6 _ 50/50 32
1 1 1 1 19,200 307.2 307.2 — 50/50 16
*When the duty cycle is not exactly 50% it is 50% = 10%
Table 3.
COWM 5016-6
COM 5016T-6
CRYSTAL FREQUENCY = 5.0688 MKz
Transmit/Receive Theoretical Actual Duty
- Address Baud Frequency Frequency Percent Cycle

D C B - A Rate 32X Clock 32X Clock Error % Divisor
0 0 0 0 50 1.6 KHz 1.6 KHz — 50/50 3168
0 0 0 1 75 2.4 2.4 — 50/50 2112
0 0] 1 0 110 3.52 3.52 — 50/50 1440
0 0 1 1 134.5 4.304 4.303 026 50/50 1178
0 1 0 0 150 4.8 4.8 — 50/50 1056
0 i .0 1 200 6.4 6.4 —_ 50/50 792
0 1 1 0 300 9.6 8.6 — 50/50 528
0 1 1 1 600 19.2 19.2 — 50/50 264
1 0 0 0 1200 38.4 38.4 —_ 50/50 132
1 0 0 1 1800 57.6 57.6 - 50/50 88
1 0 1 0 2400 76.8 76.8 — 50/50 66
1 0 1 1 3600 115.2 115.2 —_ ~ 50/50 44
1 1 0 0 4800 153.6 153.6 — * 33
1 1 0 1 7200 230.4 230.4 — 50/50 22
1 1 1 0 9600 307.2 298.16 2.941 * 17
1 1 1 1 19,200 614.4 633.6 3.125 50/50 8




Subsection 7.2.3

RS232-C Trensmitter

The specifications for a quad RS232 trasmsmit integrated circuit - the
1488 - are included in this subsection. This de.ice has multiple sources
gsuch as Harris Semiconductor (ED1488), Motorola (MC1L88) Texes Instruments

(75188) . . . etc. The specification included is from the Harris HD 1488.

7-18"



FHARRIS
SEMICONDUCTOR

a MHARTIS

OAAT S e )

ACKAGE

16.0V OUTPUT LEVELS
SHORT CIRCUIT PROTECTED

o © 0 o

CODE 1A

TO-116 {14 LEAD CERAMIC D.I.P))

ALL DIMENSIONS IN INCHES .248
USEFUL AS LOGIC LEVEL SHIFTER ALL OIMENSIONS 010 UNLESS _:11 ) h‘:,:mo
MONOLITHIC RELIABILITY OTHERWISE SHOWN. ﬁ H
010
8o TYP -/ L A 002

DESCRIPTION . I“. o woex worar
S ~~| -.000

The Harris HD-1488 is a quadruple line driver monolithic integrated circuit T

meeting the electrical requirements of EIA standard RS-232-C for inter- !

face between data terminal equipment and data communication equipment. : '060‘ . 003

This standard assures electrical interface compatibility between data 165 » l_‘o E:O'O‘. 0

equipment made by different manufacturers. The driver circuit is useful — 4|

in any application requiring transfer of digital signals up ta 20K bits per

second using common-return signal lines over relatively short distances. _l

The circuit inputs can be driven from any of the popular DTL or TTL — I"'ms

logic families. It is available in a 14-pin hermetic dual in-line package for

operation from 0°C to +759C. The companion quad line receiver circuit

is the Harris HD-1489.

SCHEMIATIC CONNECTION DIAGRAN

Nt
18- V- V+<14
IN

2 IN1y3
3 ouT IN 12
4 IN ouT 1
5 IN IN 10
6 ouT IN )
7}6ND ouTH,

Li- 111~



SPECIFICATIONS

4
ABSOLUTE MAXIMUM RATINGS . i
Supply Voltage, V+, V- at +250C +15.0V Storage Temperature -659C to +150°C 2 '
(1] . E4
Derate by 35mV/%C Operating Temperature, T 0°C to +75°C 3
Input Voltage V- S Vi < 7.0V Power Dissipation at +250C 1000mW
Mutput Voltage Vour 2 V+ +5V Derate by 6.7mW/°C 4
<v- -8V '
i
ELECTRICAL CHARACTERISTICS 5
Test Conditions:  V+ = +9.0V, V- = -8.0V, Tp = 0°C to +75°C unless otherwise spe " 4. j;,
| LIMITS
PARAMETER SYM. | MIN. | TYP. | MAX.| UNITS TEST CONDITIONS §
' “0r | 1 1.0 13 | mA | v=00V ¥
& F IN B’
% input 0urrenf e | g 10 HA | Viy=+5.0V ks
5 “0" | VoL | -60 | -7.0 Vin=+1.9V, R = 3K
& . ¥
£  Output Voltage s | voy | +60 | 410 | Vol vin=+08V,R = 3K o
¥ !
'- . Isc+ +6 +10 | +12 Vi = 0.0V to +0.8V 4
A
Output Short Circuit Current lsc. 8 -10 -1 m Vi = +1.9V to+5.0V
i V4 =V-=0.0V i
D.C. | Output Resistance Rg 300 Ohms Vg = £2.0V :
I+ +15 +20 V+=49.0V S
i- a3 | ar | ™ | v--av :
Supply Current = Y18 | 425 | ey
I- 8 | 23 | ™| v-=-120v
L Pp 333 V4= 48,0V, V-=-9.0V
Power Dissipetion P 576 | ™ | ve=41200,v-=-120V
B - Tpps+ 250 | 300 ~
Propagation Delay Tep. 30 120 ns Ry =3KQ
AC. |
. | Rise Time (Note 1) Te 50 100 ns | Cp=15pF
Fail Time (Note 1) T¢ 25 15 ns Tp =+25°C

at ieast S30pF.

t

NOTES: 1. To mainvain a maximum rate of voltage change of 30V /Us,
the luad capacitance, including transmission line, should be

N A e s SN S R



Subsection T.2.k4

RS232-C Receiver

This subsectian includes the specifications of the éuad RS232 receiver

- the 1489A - used in the IK611-A. The specification is for the Texas
Instruments 75189/89A although the Harris HDlh89 and Motorola MC1L89 are
equivalent. Note that by connecting pin 12 to +5 volts through a 5K
resistor provides the data circuit with a fail safé indication if the

line opens or shorts to ground.
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TYP™s 5i75189, SNTG188A

QUADRUPLE LINE RECEIVERS

electrical characteristics over operating free-air temperature range, VCC = 5V + 1%, (unless otherwise noted)

TEST SN75189 SN751894
PARAMETER t -l NIT
o - Figurg|  TEST CONDITIONS MIN_TYPT MAX | MIN _TYP! v
V14 Postive-going threshold voltage 1 1 15 1.7 1¢ ’ \’
V. Nesstive-going threshold voltage 1 0.7% 125 | 0.75 0.97 K
V=075V, = —0.5 mA 6 4 5 6 4
Vo Highlevel output voltage 1 L o mA 2 2
Input open, o= —0.5mAl 26 4 5 2.6 4 4
VoL o= ‘cnl ourpeat voltage 1 V=3V, oL = 10mA 0.2 0.45 0.2 045 \%
1 High-eve! input current 2 ViZ25Y 386 8.3 38 83 mA
H Py Vi=3V 043 043
Vi=-25V -36 -83 | -3€ ~8.3
' Low el input nt 2 mA
i Lownmslimput curm Vi3V (043 043
log  Sherrcircuit  utpur current 3 -3 -3 mA
lcc  Supply currens. 2 Vg 5V, Outnuts open 20 26 20 26 : mA
tan ehurbctenst u sre messured with the responu- control termunll open.
$All iypical values are at Voe = 8V, Ta = 25°C.
switching characteristics, Vec =5V, Ta=25°C
TEST
PARAMETER TES N NS MIN TYP MAX |UNIT
FIGURE EST CONDITIONS
tpLH Prepegation deley time, low-to-high-level output Cp=15pF, R =39kQ 25 85 e
tpHL Prowegaton delay time, high-to-low-level output a CL=15pF, R =3900 28 50
tTLH - Transitica turie, low-to-high-level output CL=15pF, R =33k 120 175 s
tTHL Transition time, high-to-low-level output CL=15pF, R =3900 10 20
PARAMETER MEASUREMENT INFORMATIONS
o Yee
. r w vee
vT. Vi \; ,
o OPEN a os
X -T-:\ l,
3 RESPONSE
mj. oL { = RESPONSE CONTRO!
Ve % Voo - CONTROL OPER
; ) ) = OPEN
L:;: —i _-é l 1 Igc is tested for alt four
OTHERWIZE 3 “C = recelvers simultaneously
SPEQIFIED ;E
FIGURE 1-V5+. . . 0K VOL FIGURE 2—-tyy, YiL. IcC FIGURE 3-10s
vie
— 410~ - - 10
R g LI
. £
Lo tsaldd R NPy sox % ‘ﬁ
1L Resa ,.M----—_ -0V
Pu L.,E ls« Note ©) : H
B MnA’rcﬂ .———I 4 1PHL —de | wes
Sm.' Note A? ar—e. 1 H — VO
QUIFPLY s s v ‘v lsmL
msmnse Cy-1baF hd y N 10w 0%
-‘;quu‘_ {See Nats B) H =~ ==~ =voL
crer wr LTI TLm
TEST CIACUIT VOLTAGE WAVEFORMS
MOTES: A&, Thae p-ulse gerarator hzs thic following
chern-taristics: Zg g ™ 50 11, t,, = 50U m.
B, U, luciades probe and jig cadeci anco.
C. Al dindes era TH3CES orf wgaiveient,

FIGURE 4—SWITCHING T!MES

§ Arrows indicats sctux! direction of curront flow. Current into o tarminasl iz 3 positive volus.

Texas INSTRUMENTS

CORPORA
FCBT OFFICE BOX 3012 « DALLAD, TEXAR 78332
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TYPES SN75189, SN75189A
QUADRUPLE LINE RECEIVERS

TYPICAL CHARACTERISTICS

SN75189
OUTPUT VOLTAGE ws INPUT VOLTAGE
o .
I A= 13k0 T ng - 1180 Vet sV
vcesv veesvV Rc== vge-SV Ta=2'C
8 See Figure 1
>
é «
33
w_ﬁ Y v v-& [Yvre| vi-p Y Ve V- 4 YV
2
>
1
L 11 L1l
°
-3 -2 -1 o ) 2 3 - . ®
Vi-ingut Voltage -V
FIGURE S
SNT5189A
OUTPUT VOLTAGE vs INPUT VOLTAGE
[
Rc -5k | Rc=11k0 vec =SV
vcesV Re== ve -8V Ta=28C
s - Soe Frgure |
it
g 0
32
& v Y vre VY- 4 V. vr-&l v YTe i
2
>
1
o
2 -2 -1 ° 1 2 3 0 [
Vi-lngut Voltege-V
FIGURE 6
OPUT THRESHOLD VOLTAGE BPUT THRESHOLD VOLTAGE
A -
FREE-AIR YEMPERATURE SUPPLY VOLTAGE
u 20
vee - 8V
g J[ ll cc 18 A VTe
20 SN751gy, [
A 8
> - — > ! 1
é 16 | ] ! = Q 14 SN75189 VT
L swrsieg |- 12 oo
32 P vr 2 SNTSIE9 V.
E SNIsies : ; it SN75189A
T- o8 vVr.
301 SN751894 vy, T 3 08
[ L
u .
o oLTAITE
© 10 » 2 @ $ €@ M © 2 3 « 5 6 7 8 0 W0
Ta-Free-Ax Temperature-"C Vee-Supoly Voltage -V
FIGURE 7 FIGURE 8
"
TEXAS INSTRUMENTS © 189
INCORPORATED
POST OFFICE BOX 3012 +» DALLAS, TEXAS 73222
lhh




Subsection 7.2.5

Current Loop Transistors

This subsection includee specifications for .- “'223/3A transistors used
in the input/output circuits of the optoisolated current loops. Note
there are two separate transistors in each can. The two collectors

are on either side of the tab. Continuing away from the tab, the two
bases are next with the two emitters adjacent to each other and across
from the tab. The device has multiple sources so units from vendors

other than Texas Instruments may be found on the IK611-A.
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TYPES *  ©7I, 2N2223, 2N2223A
UAL M-P-% SlllCON TRANSISTORS

BULLETIN NO. DL-S 7211678, MARCH 1972

TWO TRANSISTORS IN ONE PACKAGE
FOR DIFFERENTIAL AMPLIFIER APPLICATIONS

o  Medium Power

© High Operating Voltage

*mechanical data

ALL LEADS INSULATED FROM CASE

Dimensions without tolerance desig-

[y sieacs nate true position. Leads having maxi-
0\”" oo o, mum dizmeter (0.019"') measured in
T’: oo gaging plane 0.054" +0.001'" -0.000"

below the seating plane of the device

| 2 ‘ shall be within 0.007'* of their true
na‘ == o position rolative to a maximum width
32, = on tab.
e—
1 _l 1. COLLECTOR 1
m__l 2. BASE 1
3. EMITTER 1
S. EMITTER 2
ALL DIMENSIONS ARE IN INCHES 6. BASE 2
UNLESS OTHERWISE SPECIFIED 7. COLLECTOR 2

TApplicable to 2N2223 and 2N2223A only. Registered minimum dimension for 2N2060 is 0.140.

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

2N2060 2N2223
2N2223A
UNIT
EACH TOTAL | EACH TOTAL
TRIODE DEVICE |TRIODE DEVICE
. Collector-Base Voltage 100 100 \Y
| Collector-Emitter Voltage (See Note 1) 80 80 \Y
Collector-Emitter Voltage (See Note 2) 60 60 Y
Emitter-Base Voltage . ’ 7 7 \Y
Continuous Collector Current 500 500 mA
&muous Devicg Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 0.5 0.6 0.5 0.6 w
| Continuous Device Dissipation at (or below) 25 C Case Temperature (See Notes 4 and 5) 1.5 3 1.6 3 w
&muous Device Dissipation at 100°C Case Temperature 0.86 1.7 0.91 1.7 w
{ Operating Collector Junction Temperature 200 200 "C
Storage Temperature Range —65°C t0 200°C
{_Lead Temperature 1/16 Inch from Case for 10 Seconds 300°C
NOTES: 1, These values apply when the base-emitter resistance (RgEg) is equal to or less than 10 ohms.
2. These values apply when the base-emitter diode is open-circuited.
3. Derate linearly to 200°C free-air temperature at the rate of 2.86 mW/°C for each triode and 3.43 mW/°C for total device.
4. Derate 2N2060 linearly to 200°C case temperature at the rate of 8.6 mW/°C for each triode and 17.2 mW/’C for total device.
5. Derate 2N2223 and 2N2223A linearly to 200°C case temperature at the rate of 9.1 mW/°C for each triode and 17.2 mw/’ 'C for

total device.

The terminals of the triode not under test are open-circuited for the measurement of these characteristics.

. This parameter must be measured using pulse techniques. tyw = 300 us, duty cycle < 1%.

- The lower of the two hgg reading is taken as hggyq.

. This parameter is measured in an amplifier with response down 3 dB at 25 Hz and 10 kHz and a high-frequency rolloff of 6
dB/octave.

© 0N

‘EDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. USES CHIP N23

TEXAS lNSTRUM ENTS 4.105

CORPORATED
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222
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TYPES 2!

2N2223, 2M2223A
DUAL N-P-N SILICOR TRANSISTORS

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

individual triode characteristics {see note 6)

2N2223
PARAMETER TEST CONDITIONS 2N2080 | 2n22234 JuNIT
MIN MAX|MIN MAX
V(BR)CBO Collector-Base Breakdown Voltage Ic=100uA, Ig=0 100 100 \
V(BR)CEO Collector-Emitter Breakdown Voltage | Ic=30mA, Ig=0, See Note 7 60 60 v
V(BRICER Collector-Emitter Breakdown Voltage Ic=100mA, Rgg = 10 2, See Note 7 80 80 v
V(BRJEBO Emitter-Base Breakdown Voltage Ig=100pA, Ic=0 7 7 \4
Vcg =80V, Ig=0 2 10 A
Icso Collector Cutoff Current cB E o n
Vcg=80V, Ig=0, Ta=150°C 10 15| pA
IEBO Emitter Cutoff Current VEg=5V, Ic=0 2 10} nA
. Vecg =5V, Ic=10pA 25 75| 15
: [ vce=sVv. 1c=100pA 30 90| 25 150
heg Static Forward Current Transfer Ratio
Vcg=56V, Ic=1mA 40 120
Vce=5V, Ic=10mA, SeeNote? 50 150| 50 200
Vge Base-Emitter Voltage Ig=5mA, Ic=50mA 0.9 09| Vv
VCE(sat) Collector-Emitter Saturation Voltage Ig=6mA, Ic=50mA 1.2 1.21 Vv
Small-Signal Ci -
hib mall-Signal Common-Base 20 30l 20 30| a
input Impedance
h Smali-Signal Common-Base v 5V le= 1mA. f " 1 kHz 3x
b Reverse Voltage Transfer Ratio cs ' c : 1074
Small-Signal Common-Base
h 0.5 | smho
ob Output Admittance
. Small-Signal Common-Emitter
hie 'gnaj Lommon-Em 1000 4000 2
Input Impedance
Small-Signal Common-Emitter
h = Ic= =1kH 60 150 40 200
fe Forward Current Transfer Ratio Vee=5V. c=1mA, f=1khz
hoe Small-Signal .Common-Emitter 16 .
Output Admittance
Small-Signal Common-Emitter
h VCE=10V, Ic=50mA, f=20MH 3 2.5
fel Forward Current Transfer Ratio CE ¢ m ?
Common-Base Open-Circuit
C Veg=10V, =0, f=1MHz 15 15| pF
obo Output Capacitarice cs E
C -Base Open-Circuit
Cibo emmon-Base Dpen-tiredt VEB=05V, Ic=0, f=1MHz 85 85| pf
‘Input Capacitance )
triode matching characteristics
2N2060_ | 2N2223 | 2N2223A T
PARAMETER TEST CONDITIONS MIN MAX|MIN MAX| MIN MAX UN :
hFE1 Static Forward Current Vcg =5V, Ic=100uA, SeeNote 8 0.9 1108 1109 1 ‘
heg2 Gain Balance Ratio Vece =5V, Ic=1mA, SeeNote8 0.8 1 :
: VCE=5V, Ic=100uA 5 15 3 ,
- -Emi - iff ial mV
NBE‘I Vagzl Base-Emitter-Voltage Di erenfua VeESEV. ic=TmA 3
A(Vge1 — VgE2)| Base-Emitter-Voltage-Differential | Vog =5V, Ic=100uA, X 10 25 25 luvr L
ATA Temperature Gradient From Tp = ~55°C to Ta = 125°C
*operating characteristics at 25°C free-air temperature
individual triode characteristics (see note 6)
PARAMETER TEST CONDITIONS 2N2050; ynIT
F Spot Noise Figure Vcg =10V, !c=300uA, Rg =510 2, f =1 kHz 8 d8
F Average Noise Figure | Vcg = 10 V, Ic = 300 A, Rg = 1 k§2, Noise Bandwidth = 15.7 kHz, See Note 9 8 a8
*JEDEC registered data
—

INCORPORATED

TEXAS INSTRUMENTS

POST OFFICE BOX 5012 « DALLAS, TEXADS 75232

PRINTED INVY*

(4
TEXAS IHSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGE B »
IN ORCER TC iMPROVE DESIGN AND 10 SUPPLY THE BEST



Subsection 7.2.6

Optoisolator, LN35

Four UN35 optical isolators are used in the current loop circuits

to provide isolation betweem the logic and the current ioops. The
specifications included are for General Electric's version but the

circuit may be supplied by other vendors. Note that the specifications

are generally stated at an optimum point (25°C, Ir = 10ma and VCE = 10 volts)

and deviations from these can cause significant changes in the specifications.

=27



SOLID STATE

GPT@.=:

Photon Coupled Isolator 4N35-4N36-4N37

Ga As Infrared Emitting Diode & NPN Silicon Photo-Transistor

The General Electric 4N35-4N36-4N37 are gallium arsenide
infrared emitting diodes coupled with a silicon photo-transis-
tor in a dual in-line package.
FEATURES:
® Fast switching speeds
High DC current transfer ratio
High isolation resistance
High isolation voltage
I/0 compatible with integrated circuits

Covered under U.L. component recognition program, reference file E51868

absolute maximum ratings: (25°C) (unless otherwise specified)

INFRARED EMITTING DIODE

* Power Dissipation Ta = 25°C w100 milliwatts
" * Power Dissipation Tc = 25°C w100 milliwatts
(Tc indicates collector lead temperature 1/32" from case)
¢ Forward Current (Continuous) 60 milliamps
® Forward Current (Peak) 3 ampere
(Pulse width 1 usec, 300 pps)
-® Reverse Voltage 6 volts

%Derate 1.33mW/°C above 25°C

PHOTO-TRANSISTOR
® Power Dissipation Tp =25°C w300 milliwatts
® Power Dissipation Tc = 25°C S 00 milliwatts
(Ic indicates collector lead temperature 1/32" from case)
* VCEO 30 volts
* VCcBO 70 volts
* VECO 7 volts
# Collector Current (Continuous) 100 milliamps

*¥Derate 4.0mW/°C above 25°C

Derate 6.7mW/°C above 25°C
S
Pr—

TOTAL DEVICE
Storage Temperature -55 to 150°C

* Operating Temperature -55 to 100°C.
® Lead Soldering Time (at 260°C) 10 seconds.
* Relative Humidity 85%@85°C
¢ Input to Output Isolation Voltage
. 4N35 2500 V(rMS) 3550 V (peak)
' 4N36 1750 V(rums) 2500 V (peak)
- 4N37 1050 V (gus) 1500 V (peak)

¢ Indicates JEDEC registered values 123

P4 see
NOTE 1
_]' hudhedhad
n 3 0 !
N |
f .‘ c (TOP VIEW) s
4 6
ol wy l [eysyey
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individual electrical characteristics (25°C) (unless otherwise specified)
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Ad; st Amplitude of Input Pulse for Output (Ic) of 2 mA

FIGURE 1

124

INERARED EMITTING| symBOL | MIN. | MAX.| UNITS |PHOTO.TRANSISTOR SYMBOL _|MIN. | TYP. | MAX.| yym
® Forward Voltage \%3 .8 1.5 | volts * Breakdown Voltage V(BR) CEO 30 - - voly
(I = 10 mA) ; (Ic=10mA, Ig=0)
® Forward Voltage VE 9 1.7 | volts * Breakdown Voltage V(BR) CBO 70 - - volts
(I = 10 mA) (Ic=100uA, Ig = 0)
= 6§60,
Tp =-35°C * Breakdown Voltage V(BR) ECO 7 - -~ volty
® Forward Voltage VF 7 1.4 | volts (If = 100uA, Ig = 0)
('lI"F : 1(1)(?(1)9()2 Collector Dark Current ICEO - 5 50 nanoam,
A (VCE = 10V, Ip = 0)
® I - i
R::',ets: ?’v.r; ent R 10 ficroamps | , Collector Dark Current ICEO - 500 | microumy
R (VCE = 30V, Ig = 0)
Capacitance Cy 100 | picofarads Tp = 100°C
(V=0, =1 MHz) Capacitance CCE - 2 - picofarss
(VCE = 10V, f = 1MHz)
coupled electrical characteristics (25°C) (unless otherwise specified)
MIN. TYP. MAX UNITS
¢ DC Current Transfer Ratio (I = 10mA, VCE = 10V) 100 - - %
DC Current Transfer Ratio (If = 10mA, VCE = 10V) Ty =-55°C 40 - - %
DC Current Transfer Ratio (IF = 10mA, VCE = 10V) T, = +100°C 40 - - %
Saturation Voltage—-Collector To Emitter (IF = 10mA, Ic = 0.5mA) - - 0.3 volts
Input to Output Isolation Current (Pulse Width = 8 msec)
(See Note 1) Input to Output Voltage = 3550 V (peak) 4N35 - - 100 microamps
Input to Output Volitage = 2500 V (peak) 4N36 - - 100 microamps
Input to Output Voltage = 1500 V (peak) 4N37 - - 100 microamps
Input to Output Resistance (Input to Output Voltage = S00V - See Note 1) 100 - - gigaohms
Input to Output Capacitance (Input to Output Voltage = 0, f = 1MHz - See Note 1) - - 2.5 picofarads
Turn on Time - ton (VCC = 10V, IC = 2MA, Ry = 100£2) (See Figure 1) - 5 10 microseconds
Turn off Time — togf (Voc = 10V, Ic = 2MA, R = 100§2) (See Figure 1) - 5 10 microseconds
Note 1: Tests of input to output isolation current resistance, and capacitance are performed
with the input terminals (diode) shorted together and the output terminals
(transistor) shorted together
® Indicates JEDEC registered values.
INPUT NPUT
ruLSE



TYPICAL CHARACTERISTICS
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APPENDIX A

JUMPER MODULE OPTIONS

Signal Groups

Mode of communication (RS232 or current-mode), Clear-to-Send
Enable to control transmit data and determination of a Mark
(current flow or not) are functions that are selectable by
the jumper module at E8. The Jjumper module is necessary
because RS232 and current-mode data outputs and inputs share
common connector pins on the external connector. Figure A.l
is the basic Jjumper module with the input/output signals and
the intra-bin clad jumpers shown. It should be noted that
with the exception of pins 13-16 all the jumpers are con-

cerned with either transmit or receive data.

Marking Sense Control

Pins 13 and 16 on the module are used to control the sense of

a Mark in current loop operation. If the connection is left
open (as it is shipped standard), a Mark indicates current
flowing in the loop. This is the standard Teletype(:)convention
and & space or no current flow causes a line breask to be de-
tedted. Connecting pin 13 to 16 on the module inverts the

sense for the Transmit, Receive and Restraint circuits such

that a Mark equals no current flow. This option is included
because some peripherals use this logic sense to reduce power

consumption in the quiescent (Mark) condition.

® Registered trademark of Teletype Corp.
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A.l.2

A.1.3

CTS Restraint Enable

Pins 14 and 15 are part of the Clear to Send (CTS) restraint
circuit which can be used in RS232 operation, only, to inhibit
(restrain) the transmission of data to an external peripheral.
A peripheral or modem can inhibit transmission of data by drop-
ping its Clear to Send signal. For example, a printer terminal
might drop CTS if its buffer was nearly full. Although labeled
as inhibit transmit, the signal actually inhibits the UART from
requesting data from the CPU. It is possible that if the UART
transmit section is full, up to two more characters could be
transmitted after the CTS signal is dropped. This CTS enable
signal can be used even if the external device does not have

a Clear to Send signal. For example an external power on sig-
nal can Se input which would inhibit data transmission if the
remote device is off. The CTS signal input should be greater

than +3v in the "on" condition.

Transmit Output Data

Pin 3 is connected to Bl9 (TRDAT) of the output connector. A
jumper from pin 1 to 3 will connect the RS232 transmit data
from D7-3 to the output connector. Current operation requires
two outputs for a continuous loop. For unipolar operation the
positive terminal of the loop supply is connected to pin 28

(or A29 if supplied externally) which is connected via pins 2
and 27 to the collector of Ql. Pin 26, the emitter of Ql, is
connected to output pin B1l9 via ? jumper between pins 3 and 26.
For bipolar operation, a negative loop supply is connected to
pin 5 (or B29 if supplied externally) which is connected to the

emitter of Q2 via pin 24. Current-limiting resistors may be



A.l.L

A.1l.5

found between the pins 2 and 27 and/or 5 and 24, Note there is a
fixed 510 ohm current-limiting resistor in the collector circuit

of Q2.

Input Receive Data

Receive data (RCDAT) from B20 of the connector is brought into
pin 6 of the jumper module. By Jjumpering pin 6 to 23, RCDAT is
connected to an input4(p1n 13) of the quad RS232 receiver, FT.

If pin 6 is jumpered to 22 and 21 connected to pin 8 (21 and 22
are connected on the board), RCDAT is connected to the anode of
the photo-diode receive circuit, C8B-1. Normally, a current-
limiting resistor is connected from pin 21 to 8 of the module.
The cathode of the photo-diode receive circuit, C8B-2, is connec-
ted to pin 10 of thg Jjumper module which if Jjumpered to pin 19
connects the other loop input, photo-diode low (PDDL), Al8 to the

circuilt.

Logic Levél Receive Data

Another set of Jjumpers connects elther the RS232 or current-loop
receive data to the serial data input of the WART. Pins 17 and
18 of the jumper module are connecfed to the UART receive data
input, DE2-20. If pin 11 is jumpered to pin 18, RS232 data is
connected to the UART. If instead, pin 12 is jumpered to 17,

current-loop data 1s input to the UART.
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Communication System Types

The SIO is designed to interface RS-232-C compatible and nominal

20 to kO ma current loop devices. The EIA RS-232-C specification
uniquely defines the interface signals; however, current loop opera-
tion is defined only to the extent that a current loop must have a
send circuit, a receive circuit and a loop power supply which are
all in series or in a loop. In full duplex operation, the SIO trans-
mitter would be connected via a current loop to the receive circuit
of a remote device. On a separate loop the SIO receiver would be
connected to a remote transmitter. There are a number of variations
of current loop systems which differ primarily in the supply of loop
power. The following describes a typical RS-232 configuration and
then follows with a number of current loop systems which are, in
turn, related to specific jumper modules. Jumpers on the jumper
module are shown as dashed lines and the numbers above the circle
refer to pins on the module. When viewing the module from the top
the cutout or index is closest to pin 1 and the pins run counter

clockwise with pin 28 opposite pin 1.



A.2.1

UART Serial Output

P1-B1
) | RS2 ?
Clear - ——O0—— Xmitter C% O——  ->>TRDAT

RS-232-C

For interfacing RS232-compatible devices the RS232 transmitter and
receiver are connected to the external connector pins Bl19 and B20,
respectively. The TTL logic-ievel data is connected to the UART
receive data input and the Clear-to-Send signal, if used, can in-
hibit transmit data. These connections are shown in a simplistic

logic diagram as follows

to 15 3
Send
P1-B20 T Logic Serial Data
RCDAT>——-(O— — = - RS232 — (- ~— ~ UART Serial Input
. Receiver _gf
23 11 1
Figure A.2 RS232 Connections
A.2.2 Current Loop

Current Loop devices are used to provide data communications in the
presence of high common mode volteges. In & properly designed current
loop circuit, the ioop is isolated from the computer on one end and a
remote device on the other.

A current loop consists of a sending unit (transmitter), a receiving unit
and a loop power supply in a series type circuit. This can be shown in a

simplified manner as follows:

I —_—
-+
N.C.
c | Loop |
N.O Power -
? Supply Receive Unit
Send UNIT




In this circuit current flows as long as the normally closed (N.C.)
contacts make. When the common (C) is connected to the normally
open (N.O.) contacts the loop is open and no current flows. This
type of current loop is defined as unipolar and the two logic states
of the circuit are current flow or an open circuit (line break) with

no current flow.

For a full duplex operation two separate loops would be used as

shown below:
N.C.
C %
-+ | Loop - - ?
N.O. ? I Supply
N.C.
™ ¢
~ Loop AR
Supply (?N.O.

This is probably the most general case - two separate unipolar loops.
A bipdler current loop is defined as & current loop with two loop
supplies. The two supplies have opposite polarities with one connected

.to the n.c. contacts and the other to the n.o. contacts as shown below:

Loop -
Supply -
N.O. #
%) —| Loop +
Supply

In this type of loop, there are three logic states - 1)current flow in
one direction, 2) current flow in the opposite direction and 3) an open
circuit (line break) eith no current flow. Bipolar operation is particu-

larly useful for long lines as current is pumped in both directions

which minimizes the effect of long cable runs.



Although the diagrams shown above have shown the loop supply as
being separate from the send or receive units, in most cases one

or the other supplies the loop voltage.

A.2.2.1 Current Loop Circuit

t5
Receive : +5
Actual Equivalent
+ 8 Q .
2.2K t €
b
CR3 0 .
o Iz QL b i
- 4N35 - 4N35
£ 3

CR3 is used to prevent reverse voltage from breaking down the LED.
The output of the UN35 and Ql form a non-inverting smplifier so

the output can be approximated by the UN35 output only.

Transmit

The actual SIO transmit circuit looks like the following:

+\] 1;1\.‘7-"
%)erla‘
ata 28 AZ3J
(N.CD
| | | 3 B9
Mar kin O—- —-O—>—C
C’or\‘WOP
VOH .__‘\/ly\-\a'\].k
5 B29
- O—3




A.2.2.2

As in the receive circuit, if the output of the LUN35 and its output

transistor are combined the following simplified circuit results:

The simplified circuits will be used in the next sectior to define

a number of current loop types.

Externally-Powered Loops

Connections to the SIO are the same regardless whether a separate loop
supply 'is used or the remote device powers the loop. For a unipolar
loop a loop supply voltage must be input with the SIO completing the
loop to the remote device. The basic configuration is two separate
loops‘each of which has a loop supply. A variation is to use one
supply for both loops and merging the loops by having a common power
lead. This variation reduces the cabling costs since only three
signals are needed for full duplex as opposed to four for separate

loops.
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Separate Send and Receive Loops

Figure A.3 below illustrates two independent send and receive loops.
Although the Figure shows the loop supplies as being external to both
the SIO and the remote terminal, the same SIO connections would be
needed even if the remote terminal contailned the loop supply. Note
that Rp and Rp are current-limiting resistors for the SIO transmit

and receive loops, respectively.

+| Loop — !\

Supply .
Receive
=1} +
—+| Loop - N
Supply y
Send
O— -O——|= >=>—
- 10 19 Remote
Serial I/0 Terminal

Figure A.3 - Separate Send and Receive Loops

Common Lead Loops

A number of terminals use a system whereby a single loop supplies

powers both loops of a full duplex system. In this system only three
leads (power, loop 1 and loop 2) are needed at either the SIO or the
remote terminal. Since the terminal is the device which determines
this mode, all references to the common power lead will be referenced

to the terminal side of the loop. Configurations of the SIO in a common

positive and negative loops are shown in the next two figures.



Rp
— _(‘4‘ -~ \f
- - -
|
| — : Receive
—Z
! i < Coil
_|,—‘ IR ! - | :(
_ 3B i
-+ Common - Positive -
— C'
- - - - - 5~ - Send
| : 10 19 Contacts
X
N.O.
| ' ! | | ?
| _ w35 || RR
-- |-< S |
8 21/22 6 l - REMOTE TERMINAL
Serial I/O
FIGURE A.4 - COMMON POSITIVE LOOPS
1 -~ N
N | —€ > 7 +
Receive
3
t - | -,
~| Loop _ s

A.2.203

|

-«<——— Powver ——————

! O ‘ Supply Send
==y
L I ' | | - '
L _ W35 1 _1 10 19 3

o
|
1
|
Q
A
}
\'2

REMOTE TERMINAL

Serial I/0 :
FIGURE A.5 - COMMON NEGATIVE LOOPS

SIO Powered Lo;ps

The SIO can provide +12 volts and ground for unipolar loops or +12 volts
for bipolar loops. In these configurations, there is a reduction in
isolation since the computer ground becomes part of the current loop
circult. As shown above, there is the general case of two distinct
loops; however, note that the same supply (+12V for unipolar) powers
both loops. The common positive or negative configurations are nearly

the same as the externally-powered versions.

A-11



Figure A.6, below, illustrates SIO configurations for separate loops.

27 2 28
—O4/y—0- -0~

Figure A.6 Separate Loops, SIO Provides Power
The next two figures illustrate common positive and negative loops

when the SIO supplies the +12 volts in a unipolar configuration.

N

RECEIVE

SEND

\V
\/

Figure A.T SIO Supplies Common Positive Loops
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Figure A.8 SIO Supplies Common Negative Loops

There are mixed versions of the separate loops whereby the SIO
provides power for one loop and the other loop is supplied externally

but these are only variations of the above.

Bipolar Operations

- Referring to Figure A.1 it canrbe seen that only the transmit section
of the SIO needs to be configured for bipolar current loops. In this
mode fhe common lead of the power supply would be connected to the
cathode of the photodiode (pin 10) of the receive circuit while the
received data line would connect from pin T to 21/22 through a limiting
resistor (if necessary) to pin 8. CR3 will shunt the negative going
voltage to avoid damage to the photo-diode. For bipolar transmission,
the negative voltage would be applied to pin 5 (connector pin B29)
externally or from pin 7 (-1év) internally. A éurrent-limiting resistor
might be needed between pins 5 and 2k; however, there already is a

510 Ohm resistor in the collector circuit of Q2 so additional resistance

may not be needed.

A-13



A.202.h

Current Loop Circuit Jumpers and Restrictions '

In order to provide the number of variations described above,

the SIO transmit and receive circuits have to have the capability

via the Jjumper module of accepting external loop voltages or pro-

viding +12 volts and ground (or +12 volts for bipolar) for loops

that the SIO powers.

The following two figures show potential

connections for the transmit and receive circuits.

e e B
\ Y — — — -———+
. \ / +V in
_— — — = ! \
M T uNss B b v 25
| 7 2
o . | =
| +12
L |
' mK L
- == ' 26 3
P1-B20
Ox - — -O—>TRDAT
\ !
/ \
AN
I
Figure A.9 Current Loop Transmit Jumpers
-B20
Rcﬁi; B2 6 22 21
>———-Q‘--—.— {
I \
9jE 3320
= +12
\ 12 17 UART
+12 - = =O—3> Receive
20(!; Data
910—_1._
\ ! =
P1-A18 ! \
PDDL -— -0
19 10

Figure A.1Q Current Loop Receive Jumpers
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The basic restrictions for the two circuits are concerned with the
magnitude and polarity of the external loop supplies. The more
positive level voltages for unipolar operation should be applied

to connector pins A29 (transmit) and B20 (receive) to avoid in-
correct biasing of the photo transistor and Ql or the receive
photo-diode. In a similar fashion, the more negative voltage

of a unipolar loop is input to SIO connector pins Bl9 (transmit)
and Al18 (receive). Bipolar transmission requires the most negative
loop supply voltage to be input on connector pin B29. The magnitude
restrictions are associated with the maximum voltages and currents
through the transmit transistors, Ql and Q2, and the receive photo-
diode portion of the 4N35 photo-isolator. Section V provides more
detailed information but a summary of the device characteristics

is as follows:

Transmit Transistor (1/2 2N2223)

ABSOLUTE MAXIMUM RATINGS ‘
Collector-Emitter Volts 60 volts

Continuous Collector Current 500ma
Device Dissipation @ 25°C Free Air Temp 0.5watt

(Derate linearly to 200°C at 2.86 mWw®/C
per each half of 2N2222)

OTHER SPECIFICATIONS
Veg (sat) @ Ig = 5ma, Ic'= 5oma 1.2 volts maximum

Receive Photo-diode Portion of LN35

ABSOLUTE MAXIMUM RATINGS

Continuous Forward Current 60ma
Reverse Voltage 6 volt
o
Power Dissipation @ 25 C Free Air 100mwatt

(Derate 1.33mW/°C above 25°C)
OTHER RATINGS

Minimum Current Transfer Ratio L%

Maximum Forward Voltage Drop @ 1Oma 1.7 volts
forward current

A-15
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The 2N2223 limitation is primarily power dissipation; however,

as can be seen from the Vpg (sat) figure, even at Soma of'collector
current the device only drops 1.2 volts and dissipates only 60 mwatts.
The photo-diode is limited by the input current which must be less than

60ma.

A.2.2.5 Limiting Resistor Calculations
Rp and Rp, the current limiting resistors for unipolar loop operation,
maintain currents within design limits to protect the SIO as well sas
the external loop circuits. For the case where the SIO provides the
loop supply with the internal +12 volts, these resistors should be
510 ohms for 2oma loops over nominal distances where the line resis-
tances are low. For long lines or when the line external voltages are
different from +12 volts the values for limiting resistors may
to be changed. Although the following discussions refer to the Ry
and RR resistors on the module, for long loops with relatively large
line resistances the limiting resistance calculation includes the
line resistance and this must be subtracted to give the module resistor

values.
Rp Value

A simplified transmit circuit for an externally supplied loop voltage looks

és follows:
+5

-+

Receive

v
chv
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The photo-diode biasing is set up to provide approximately 10Oma
which even with a 40% current transfer ratio will allow the
photo-transistor to supply b .or more ma to the Ql. This 1is

more than sufficient to turn Ql on. Assuming a 20ma loop,

Rp = Vi-Vog(sat)-Vgey | VeE(sat) for the 2N2222 is 1.2V max &t 50ma

20
but will be less at 2oma. If the receive circuit is a photo-diode
like that in the SIO, Vgpey = Ve which varies from 1.15 to 1.25 volts
with 10 to LOma forward current. Assuming values of O.5v for Vpgp (sat)

and l.2v for Vg, Rp = VL -(.5)-12 .  For a loop supply voltage of 12 volts

20
R_ .. 10.3 ~_ 515 ohms. Use 510 ohms for Rp. Note that Rp is the total
T Soma ! T
loop resistamce and includes line resistance and could also include

an external current-liming resistor in the remote device. TIt is
possible that no resistance would be needed in which case a Jjumper

would be used on the module between pins 2 and 27.
RR Vaiue

The receive circuit for an externally supplied loop voltage looks

like the following:

L Ry

R I | l - AN

———
N.C.

(e
VEXT Ve . E:' /é/_.y
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RR = L EXT f . The major restriction is the absolute

maximum continuous Ii;gﬁOma. As noted in the RT calculations,

Ve 18 1.15 to 1.25 for 10 to 4Ome loop currents. Again if we

assume a_EOma current loop with a Véxt .5V, an approximation

is Rra, 'L~ T K . As before with Vv = 12V, Ry = 515 ohm or
20 '

510 ohm using standard values. As in the case of the R., cal-

T
culations, it is possible to have a current limiting resistor

in the external circuit. In this case the RR above should be
the total of both limiting resistors. In some cases, it may
not be necessary to have a limiting resistor in series with

the SIO photo-diode.

A.3 Jumper Module Configurations
The following seven figures show the jumper module as it should
be wired for RS-232-C (Figure A.1ll.a) and six (Figures A.1ll.b
to A.1l.g) current loop variations. The jumpers afe shown

as dashed lines.

Figure A.1ll.a-RS232C

Figure A.ll.b-Current Loop, Separate Loops-Externally powered loops

Figure A.ll.c-Current Loop, Separate Loops-SIO powered loops

Figure A.ll.d-Current Loop, Separate Loops-SIO powers transmit, externally
' powered receive

Figure A.ll.e-Current Loop, Separate Loops-SIO powers receive, externally

powered transmit
Figure A.1ll.f-Current Loop, Common Positive-SIO powered loops
Figure A.1ll.g-Current Loop, Common Negative-SIO powered loops

A-18
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