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" SECTION 1< INTRODUCTION

» A. Product Qverview

7000 -

STD BUSE===RS-232 & TTY DRV/REC CA

The 7307 combines the 1/Q ports and the voitage
transiation needed tc interface a microprocessor to
RS-232-C and TTY serial data communications
lines. The RS-232-C and TTY circuits feature sepa-
rate control ports for programming conveniencs,
and cabie interlocks which can be tested. The
microprocessor card used in conjunction with the
7301 is programmed to provide timing and seriai/
parailel conversion for both interface circuits.

The RS-232-C section of the 7301 provides four line
drivers and four line receivers (wihich are compatibie
with ElA Standard RS-232-C), and a 25-pin D type
cable connector. A pair of DIP socksts on the card
enabiles user-selected Data Terminal or Data Set
(modem) configurations by simply inserting a
shorting plug (inciuded) into one of the sockets.
Operating speed ranges between 0 - 20,000 baud.

The TTY section of the 7301 consists of separate
send and recsaive 20mA current |0ops, a relay driver
for remote controi of an ASR-33 type consoie tape
reader, and a 9-pin D type cable connector. Operat-
ing speed ranges between 0 - 300 baud.

FEATURES

¢ ElA RS-222-C Compatibie interface

+ ASR/KSR TTY Interfacs

+ Simuitaneous Fuil Dupiex Operation

+ On-card industry Standard Cable Connectors

* Program Readabie Cabie Interiocks

¢ User-seiectabie Data Terminai/Data Set
Configuration

¢ User-seiectabie Port Addresses

+ System Processor Generated Baud Rate

¢ Socketed ICs3
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RS=232 Introduction
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El1A"Standard RS-232-C (and equivalent international standard CCITT V.24) defines AT (;)
the electrical, mechanical, and procadural aspects of a serial data communication-:

link between two digital systems named the Data Terminal Equipment (0TE, or Data
Teffing!) and the Data Communication Equipment (DCE, or Data Set). i :

MThglséandard specifies thirteen distinct interface configurati0n5~aﬁdfa:n&mber of

"@ptiéns for each, resulting in a highly flexible data link that is appropriate

;ggr;;kwide variety of applications ST L T

i For complete familarization with the Standard, the user should obtai%zkhé ?o§Iowing

; publications from ELECTRONIC INDUSTRIES ASSOCIATION, Standards Sales 0ffice,

; 2001 Eye Street N.W., Washington, DC 20006: _ Coansl

i ) S PR S

PrUPISEY g, EIA Standard RS=232-C: Interface Between Data Terminal Equipment *

£ B “ and Data Communication Equipment Employing Serial Binary Data '
Interchange

PO X

{ b. Industrial Electronics Bulletin #9: Application Notes for EIA
! _ Standard RS-232-C

o

i Microprocassors and RS-232

: Jne classical RS-232 application is a computer terminal (DTE) ¢onnected via RS=-232

j to a modem (DCE) which communicates with a remote computer over telephone |ines. m:)
f - A glicroprocessor can be used in the implementation of any portion of such a system

; that is within its speed capability. C

More frequently, however, a simplified version of RS=232 is used to link a micro-
procassor with its local peripherals, or to link microprocessors together-in a

loeal distributed procassing application. The reason for this class of
applications is the wide acceptance of RS-232 as a standard interface option for

! terminals, printers, sensors and actuators, instruments, and potential microprocessor
peripherals of all types. The existance of plug-compatible cables and available
operating software provide a strong bias in favor of RS-232. Other characteristics
which contribute to the popularity of RS=232 are: T

a. Many §Iectrical problems avoided by limiting driver/receiver
bandwidth to 20,000 bits/second maximum, and by limiting the
cable length to 50 feet (15 meters).

b. Electrical co@patability is assured by known signal voltages and polarities
: plus standardized drivers with knewn loading, short~circuit and power-off
! characteristics.

c. Standard cable connector pinout and industry-adopted standard
D-type connectors assure mechanical compatibility and availability.

d.-Within the Standard, RS-232 characteristics are highly adaptable
and easy to interfaca to.

PRO-LOG CORPORATION [A] s |7 [0
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the Data Set is given precedence over the-Data Terminal in some applications, and

R NPE

RS-232 Charactaristics Summary

The e¢lectrical and mechanical standards are explained in detail in RS-232-C, and; -
are summarzzed in Figures 1 , 2 , and 3 . R

RS=232=¢C def‘nes an interfaca cable with up to 25 conductors that is up to 50 fﬁﬂt“
(15 meters) long. The cable's connectors have a fixed pinout, and are used to
interconnect -a Data Set and a Data Terminal. The 25 possible signals consist . ..~
of data, control (handshake), and reference (clocks and grounds) signals, not-all.ef

which need be used in'a given application. Signals not used are ignored at both. .=
ends of the cable. The signals that are used are either driven by the Data Terminal

and recsived by the Data Set, or vnce versa. e

LS

Since the Data Set might be a modem capable of handling telephone line prctccol,~$3

the majority-of available signals are generated by the Data Set. In other applications|
the Data Set and Data Terminal are regarded as having equal weight and may operate

on a first come=first served basis with many of the potential Data Set signals left
unused.

A major distinction between RS-232 systems is whether they are synchronous or

asynchronous in nature. In synchronous operation, a timing clock is transmitted
along with the serial data. !n asynchronous operation, the clock is omitted and
data reception and decoding relies on a known, accurate data rate (baud .
rate) and the inclusion of START and STOP bits in the serial data which allow.Tlzll
incoming bits to be framed into characters (Section 6). Most microprocessor )
peripheral interfaces use the asynchronous mode with ASC!! data encoding, and ~ °7~
these are the applications thé-7?Tr11?7Eﬁﬁ?ﬁEEE'?EFT"FSEEVE?"Z'EEE?éidr1ver/‘ =
receiver pair (Section 4) can be used to transmit a clock for limited synchronous o
operation. . gt

\)

Control Signal Handshake el
Certain s?gha] protocol must be met before data can be transmitted over the ,1ﬁ0?
interface. The order of operations is as follows: e

a. Data Terminal drives the Data Termsnal Ready szgnal (0OTR, pin 20)
active to signify that its power is on, |t s not in a test mode, SRR
and it's ready to participate in communicating with the 0ata Set. = ™

b. Data Set drives the Data Set Ready signal (DSR, pin 6) active to
signify that power is on, it's not in a test mode, and it's ready
to communicate with the Data Terminal.

(NOTE: The more complex configurations described by the Standard
may requiremore signalling before the Ready signals are
asserted.)

c. Data Terminal now drives the Request To Send (RTS, pin 4) active
to condition the Data Set for an imminent transmission of data.

d. Data Set now drives the Clear To Send (CTS, pin 5) active to
indicate that conditions have been met to begin transmitting data. -

(NOTE: In synchronous systems, clock synchronization occurs before
RTS and CTS are asserted.)

a. Serjal data can now be transmitted from the Data Terminal over

‘PRO-LOG CORPORATION |A| == |07,
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the Transmitted Data (TD*, pin 2) line or from the Data Set -~
over the Recaived Data (RD#*, pin 3) line. This can be half

duplex or full duplex according to the applicaticon requirsments. —_—

The 7301 provides driver/recaiver pairs for the following signal pairs: TD*/RD*,
DTR/DSR, RTS/CTS, and Spare/Spare (spares are connected arbitrarily to Carrier
Detect and Secondary Transmitted Data). See Section 4 for use and modification
information.

; Note that the 7301 can be either 3 Data Terminal or a Data Set. The Signal

| Configuration Sockets J3 and J4 allow the user to make the selection by inserting
; a programming plug, which swaps the driven lines and the recsived lines to the

! desired configuration.

Potential System Incompatibilities

; The user should realize that merely meeting RS-232-C does not guarantee that two
systems will be able to communicate as socon as they're interconnected. Besides

incompatabilitas arising fron the choice of signals, modes, and options outlined
in the Standard and the selection of baud rate, the systems may be incompatible

due to:

a. Data codes. RS-232-C only specifies binary data. Although
o ASCI| (Section 6) is widely used in English and some other
L language applications, its use is not mandated in the Standard.

b. Information Protocol. The information contained in the data
transmitted (meaning, magnitude, order, etc.) must be
intelligible to both systems. For example, both systems must agree
on whether the least significant or most significant digit
in a large number is transmitted first.

ITHot . ¢. Sowed compatability. Evdn if the Data Set and the Data Terminal
| operate at the same baud rate, the receiving system may not be able
; to procass the data as fast as the transmitting system can send it.
The use of the RTS/CTS signal handshake can be used to reduce the
transmission rate, as well as the inclusion of extra stop bits.
T In some cases the receiving system.has additional RAM which allows
L s it to accumulate a block of data before procsssing.

i PR

All-ef these areas of incompatibility are application dependent and require the
atteation of the system design engineer. :

o A
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SECTION 2 - .. FUNCTIONAL DESCRIPTIGN

m Card Address Mapping

M~ o

The 7301 is enabied when its jumper-selected address corresponds to the address
issued by the proceassor card during an 1/0 read or write operation. .

The 7301 decodes address lines Al-A7 for card selection, with AQ used to select ;fyh
between the two onboard sequential port addresses. RD* and WR* control the input
gating and ocutput latching functions for the ports. .

L

The 7301 is shipped with hexadecimal port addresses CO and C! selected
by wire jumpers. To change the card address selection see MAPPING, Section 3.

RS=232 Section

v

The 7301 provides four line drivers and four line receivers that ére compatible

with EIA Standard RS-232-C. The drivers and recaivers are controlled and L
monitored by one 4-bit output pert and one 4-bit input port on the 7301. OQne ...
additional input port bit provides a program=readable cable interlock which P
allows the program to determine whethar an RS-232 cable is connected to the card. .;
Complete programming information for the RS-232 section of the 7301 is given st

in RS=232 PROGRAMMING, Section 4.

The 7301 is shipped in a configuration that is suitable for most commercially
‘available computer terminals and modems, Pro-Log's Series 30 PROM Programmers, and
for interfacing with Pro-Log's 7304 UART card and UARTs from other manufacturers.
The card can occupy either the Data Terminal (DTE) or Data Set (DCE) position

' ‘:D in a serial communication system depending on the position of a shorting plug
provided with the card. To adapt the 7301 to special applications, refer to
RS-232 SIGNAL OPTIONS in Section k4.

Reference information and programming for asychronous ASC!l-encoded data applications
is found in ASC!! CODE INFORMATION, Section 6.

~ouTPUT LINE f/f-SlGNAL CONFIGURATICON SPCKET-—~\\\ LINE INPUT

PORTCD DRIVERS RS-232 CABLE\‘ _ RECEI}ERS PORT &2
A S | 4 — = . " - T
124

: i ‘ 5 ! 4@z (FoaweT | 1 |

é 2r3 [>> i%ﬁﬂﬁﬂ, smmf?wl ] [>>f &:3%& {

Ytz ' N TE R‘TSJ‘ZYSI DATA SET crslers] DT:: N 2.9 !

r » - [pee] 7 barta 2 [ec] e I

2 1 | NG SSLECT ’J‘:R (BsRY | remmwmac] [DSR] %‘K] 5 SELECT] RR 2,-1 1 .
Lo " . H “ - ! -

l'.» 6?3!." - !——‘ TD.* C«D‘l EQU!PMﬁNT‘ Mz_’l / } g A\' l | !
e 1 e i B :L//’ o ’

L 3 Denotas user-salectable altermate function
_ 0 Shaded area represents the 73Q1'3s R3232 circuit

Figure | - RS-232.Programminq Mode |

(7301 shown in Data Terminal configuration)
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20 Milliamo T7Y Circuit

The 7301 provides one 20 mA current driver, one 20 mA current recsiver, and
one open-collector current-sink relay driver for paper tape motion control in
modified ASR=33 TTY consoles. The drivers and recievers are controlled and
monitored By two output port Bits and one input port bit on the 73Ql, OQne
additional input port bit provides a program-readaole cable interlock which
allpows the program to determine whether a TTY cable is connected to the card.
Complete programming information for the TTY section of the 7301 is g:ven

in TTY PROGRAMMING, Section S

Secause of the lack of an industry standard governing 20 mA serial communications,

, the 7301 is characterized for operation only with models KSR=33 and ASR-33 er
equivalent) electromechanical TTY conscles, or with another 7301. However, a

i number of strapping options are provided to allow the 7301 to be used reliably

in other ''20 mA current loop'' applications. Refer to TTY SIGNAL OPTIONS in

f Section S,

i If desired, a user-added modification to the model ASR-33 console allows program
control of paper tape motion using the 7301's relay driver. Details of the

| modification are given in APPENDIX A.

f

Reference information and programming for ASC!l-encoded data applications is found
in ASC!! CODE INFORMATION, Section 8.

UTPUT LINE o LINE INPUT

| PORT C1 ORIVERS RECEIVER PORT C!

| g—zg | KSR/ASR TTY CONSOLE smes o—a L3

% ’ SPAdES - |
.Z?. — . >

% ,ﬁ{ ' - PTALER Cuwal.D_ — Il — } /z/

i | : :

%0 l t\um Printer, | Keyboard,~ iadkadx :{> ,ZD :

: ‘ L~ Punch | Reader rr —

| FIGURE 2 : 20 mA TTY PROGRAMMING MODEL
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7301 Resat Characteristics

The 7301 is reset by the SYSRESET* signal which is generated by the system
procassor card at power-on or in response to the PSRESET* input to the processor
card. o

The SYSRESET* signal has no effect on the 7301's input ports or RS=232 and TTf
line receivers.

The SYSRESET* signal clears all of the 7301's output port bits with the following
effect on the communications circuits: %

a. RS=232 serial data line driver is reset to the Stop Bit (Space)
condition; the driver outputs a negative voltage.

b. RS-232 control signal line drivers are reset to the inactive
condition; the drivers output negative voltages.

c. TTY transmitter is reset to the Stop B8it (Space) condition such o
that idle TTY chatter stops; the 20 mA driver is in the ON state. cr

d. TTY paper tape motion control relay driver is in the OFF state such
that the paper tape reader (if present) is not rumning.

All of the output port bits and corresponding drivers remain in the above states
after SYSRESET*® until specifically addressed and changed by the program.

Spare TTL |/0 Lines

lmput Port C1 bit 3 and OQutput Port Cl bits 2 and 3 are one spare input line

and two spare output lines, respectively (Figure 2 ). Pads are provided for
these bits, which are jumper-connected by the user to spare pins at cable connectors
J1 and J2 as needed. Refer to the Schematic and Assembly Diagram for the 7301

to determine the location of these signals.

With respect to the system processor's accumulator and the STD Data Bus, the
spare input port line is low level active and the spare output port lines are

ﬁigh level active. The spare TTL lines are similar to the TTL lines provided
in Pro Log's 7800 Series TTL !/0 cards and are suitable for the same applications.

0F 62
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SECTION 3 - MAPPING

|/0 Port Address Selection

| The 7301 occupies two port addresses with one input port and one output port
' residing at each address. When shipped, port addresses CO and C] hexadecimal

are selected by jumper wires. |If only one 7301 card is used in the system,
or if no existing ports are assigned these addresses, then the addrass selection
is often arbitrary and no change need be made. However, the ports may be
assigned any two of four sequential addresses in the range Q0-FF hexadecimal
as follows:

|

|

|

|

\

; a. Locate card and port select decoders U3, U4, and US (all 74LS42;
refer to figure 2 or to the Assembly Diagram 104868).

Each decoder device has a dual row of pads adjacent to it which
forms 3 decoder output select matrix. Matrix SX is adjacsnt to
l . U3 and matrix SY is adjacant to U4. Make one and only cone connection
I to each.of these matrices. The wire jumper provided when the 7301
; is shipped is removed only if 3 new selection is to be made at that
; matrix. '

. Figure 4 shows where to place jumper straps at SX and SY to

; cbtain any group of four sequential addresses in the range 00-FF.
Use the lowest of the group of four addresses desired when

| determining the jumper positions, and note that this lowest address
B must end in one of the following hexadecimal digits: 0,4,3, or C

§ (e.g. CO is the lowest of the group CO, C!, €2, €3).

j Find the most significant hex address digit along the vertical
axis of the table in figure 4 , then find the intersection along
the horizongal axis that coincides with the desired group of

i port addresses. At that intersection, read the two connections

! to be made to SX and SY.

§ ' For example, the card is shipped with jumpers at X6 and Y0, selecting
| the group €0, C1, C2, C3; the group 28, 29, 2A, 2B is selected with
; jumpers at X1 and Y2.

b. Next, select two of the four jumpers at matrix SZ adjacant to US.
SZA selects the RS=232 circuit ports, and SZB selects the TTY and
cable interlock circuit ports.

For example, the card is shipped with SZA jumpered to Z0 and SZB
jumpered to Zl. This provides the final configuration for the card
as shipped, with the RS$S-232 circuit addrassed at hexadecimal address
CO0 and the TTY/cable interlock circuit at hexadecimal addrass C1.

pRO - LOG COR PO RAT’ON A 106420 RE,:
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;2 00000060
[f=I<]e]olo] 10]
Yo 2343547

mﬁ Figurs 3 : Ltocation of 7301 Address Decoder Output Select Matrices
MOST LEAST SIGNIFICANT HEX ADORESS dfm

SIGNIFICANT | 0 ] 11213 ] 4186171 8193]A|8lClolE]¢F X,

MEX AQORESS %70 12122 23] 20) 211221231 20121]22123120]21 122123 -— 2
] X0 YQ X0 Y1 X0 Y2 xQ Y3
1 X0 Y4 X0 YS X0 Y8 X0 Y7
2 X1 YO X1 Y1 X1, Y2 X1 Y3
3 X1 Y& X1 Y$§ X1 8§ X1 Y7
4 X2 YO X2 Y1 X2 Y2 X2 Y3
H X2 Y& X2 Y38 X2 Y8 X2 Y7
s X3 Yo 3 N X3 ¥2 X3 v3 X
7 X3 Y4 X3 'S X3 Y8 X3 Y7 ANO
] X4 YO X4 Y1 X4 Y2 X4 Y3
9 X4 Y4 X4 Y$ X4 Y8 X4 Y7 Y
A X8 Y0 X8 v1 X8 VY2 xs Y3
3 X8 Y4 xS Y$§ xS Y8 Xs Y7
c X8 YQ X8 Y1 X8 Y2 X8 Y3
Q X8 Ya X8 YS X8 Y$§ X8 Y7 . -
£ X7 Yo X7 1 X7 Y2 7 Y3
* X7 v4 X7 s X7 Y6 X7 Y7

Figure 4 : 7301 Address Decader Jumper Selections
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SECTION 4 - RS-232 SIGNAL OPTIONS AND PROGRAMMING

General q:)

The 7301 provides four line drivers and four line raceivers that are
compatible with EIA Standard RS-232-C. These function as voltage translators
between the bipolar RS=232 signal levels and the TTL levels required by the
STD 8US. The driver/recaiver pairs are controlled and monitored by onboard
input/output port bits that are in turn controiled by the program.

Since the 7301 does not employ UART devices, the system program is responsible
for generating baud rate timing, serial/parallel conversion of data, and hand-
shake control.;. Flow diagrams and coding forms in Section § show how

this is done.by manipulating the onboard 1/0 ports.

RS=-232 Signal_Options

RS-232-C defines a 25~-conductor cable with fixed cable connector pinout that
links a Data Terminal (DTE) with a Data Set (DCE). The Data Terminal drives

the set of sSignal lines that are received by the Data Set; the Data Set drives
the set of signal lines that are received by the Data Terminal. The 7301's

two Signal Configuration Sockets (Figure 1 ) allow the user to select either
the Data Terminal or Data Set configuratian for the card by inserting a shorting
plug into one of the sockets. The shorting plua swaps all four line drivers

and four line recesivers simultanecusly, Teadying it for Communicaticon with
équipment wizth. the ‘complimentary configuration.

In the asyrchronous RS-232 applications for which the 7301 is intended, the (:N
equipment at either end of the link drives one serial data line and up to two
syrchronous handshake lines, as shown in Figure 5 . A spare driver/recziver
pair is provided for applications requiring another control or clock signal.

SIGNAL | SIGNAL | GABLE | DRIVEN RECE LVED
MMEMANIC | NAME ; PIN 8Y BY
TD* Transmntteq 2 OTE ocE
Data !
RO* Received i
Data | 3 OcE | 0TE
OTR  |OTE 1 20 OTE OCE L e
eady e
SR |0CE 6 DCE OTE
Ready
RTS Reguest
To Send 4 OTE OCE o
CTS Clear
To Send 5 OCE 0TE
, (Spare) ?4 0TE 0CE
| (Seare) 8 dce DTE C
FIGURE 5 7301 DRIVER/RECEIVER PIN ASSIGNMENTS
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As shown in Figure 5 , the Data Terminal drives serial data to the Data Set
via the TD* line and uses DTR, RTS, and (Spare) opticnally to handshake with
the Data Set. The Data Set drives serial data to the Data Terminal via the
RD* line and uses DOSR, CTS, and (Spare) optionally to handshake with the Data
Terminal., |f the Data Set wishes to inhibit the Data Terminal, for example,
it might do so by dropping CTS to the inactive state.

Note that not all RS=232 compatible equipment driver all of these lines.
For example, a CRT terminal might produce the DTR signal by simply routing
the DSR signal back to the Data Set by a wire jumper. Or, it might produce
OTR by connecting the line to a positive power supply greater than +3 Volts
so that DTR is active anytime the terminal is turned on. I[n either case
the Data Set could not inhibit the terminal's operation by dropping its OSR
signal sinca DSR is probably not monitored by the terminal in this instanca.

The 7301 provides a matrix of s:gnal option pads near the RS~232 connector
(Figure 29) where the user can disconnect three of the four driver/receiver pairs
and reconnect them with wire jumpers as needed in specific applications. The
positive and negative power supply potentials are available at this matrix so
that permanent enable/disable signal levels can be connected to the RS-232

cable in addition to the driver/recaiver pairs. Note that raconnections made

by the user will be swapped if the Signal Configuration plug is swapped. Refer
to the 7301 Schematic and Assembly diagrams for details of this option.

RS=232 Programming

Figures 7 and 8 show programming models of the RS-232 drivers and
raceivers, respectively. The four output port bits directiy control the
states of the line drivers, and the states of the line racaivers can be
read directly from the input port.

Note that the RS=2732 serial data lines are low level active (inverted)
while the handshake control and

spare druvers are high level active. The 7301 provides inverters on both the
TD* and RD* lines so that the serial data is high level active in the micro-
procassor's accumulator.

Figure § shows the bit functions of the line driver/recaiver control ports
according to whether the Data Terminal or Data Set signal configuration is
selected.

OATA TERMINAL CONFIGURATION

81T FUNCTION
poRT S b4 [ s 4 3 2 1t | o
INGUT (RECTIVERS)| 1 1 1 1 OSR| co ! cTs | 8O’
GUTPUT (DRIVERS) | X X X X |[oTR{sco| ATS | TO° .

OATA SET CONFMGURATION
3IT FUNCTION
poRTco ? s | 8 s | 3 | 2] + {9
INPUT (RECIIVERS) { ! 1) 1 OTR | sco | AaTs | O
QUTPUT (DAIVERS) | X X X x |0sR| ¢o | ¢TS| 30"
X = Con't Care
FIGURE A& : PORT €0 BIT FUNCTIONS
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RS=232 Cable |ntarlock

Input Port Cl, used for TTY Receive, proyides bit 2 as an RS-232 cable
interlock. The purpose of this interlock is to aliow the program to determine
whether an RS-232 cable, active or inactive, is plugged into the card. This
feature can be used in systam error-checking or as a convenient technique

to determine what system options are present (if the RS-232 option is not in
use, the program need not expend time in checking for incoming data).

" To use this feature, the usar's RS=232 cable assembly should provide a connection

between SIGNAL GROUND, pin 7 of J2, and CABLE [NTERLOCK%*, pin 25 of J2. When
the cable is connected, lnput Port Cl bit 2 @ill be in the | state when read; if
the cable is missing, bit 2 will read 0. (Figure g

If J2 pin 25 is in use in the application, unassigned pins 11 and 18 can be
used for the cable interlock function. Jumper pads are provided for this
purpose in the vicinity of J2 (see Figure 29 ). Input port CO bit 3 is
available for this purpose, )

PRO-LOG CORPORATION [A] == [T[%

gf 62

-~V ERYY - Y. TY-V.7 3




SECTION 5 - TTY PROGRAMMING AND CONFIGURATIQN OPTIONS

General

- The 7301 provides nominal 20 mA current loop circuitry designed to interfaces

N with electromechanical KSR-33 and ASR-33 (or eguivalent) consoles, and to

: Pro Log's Series 90 PROM Programmers. Figure 11 illustrates the intended
interface, and Figure 27 shows the recommended wiring for the TTY cable

assembly used with the 7301.

The TTY interface circuitry can be altered by the user at pads provided on the
; 7301 to interface with a variety of other "TTY compatible'' instrumentation and
\ communications interfaces. Figures 12 and 13 illustrate possible variations
in the interface circuit. '

TTY Programming ;

Figure 9 shows the bit function of the TTY [/0 programming port Cl. Input Port CI
bit 0 reads the 0 mA/20 mA (mark/space) state of the TTY recaiver, which

is intended to be driven by a mechanical commutating switch contact. OQutput Port C!
bit Q controls the state of the 20 mA driver.

TTY CURRENT LOGP
SOt 63 BT FUNCTION
e ? [ [ 4 3 2| 1 [
} NeUT 1 1 1 1 4;?' mlm OATA q
‘ .
¥ oureur x | x| x| x 4;“¥§'2g5 cATA
X = Oont Care “Low Levet Active
FIGURE § : PORT €1 BIT FUNCTIONS

Figure 10 shows the logical meaning of 1/0 Port Cl bit Q:

' : PROGRAMMED || Nominal State ' |ASCII True Line
' STATE Current Name Data State- Volitaqge
- Bit 0 =0 3Tk _(START) niah 7101 RECEIVE

INPUT PORT Cl M5 =1 I|_20mh | Spaca (5T0P] 1 Low
bic 0 =0 || 20mA_| Soace (STOP] 1 Figh
OUTPUT PORT C! Mir o =1 OmA__ | Mark (STARTY O Tow ) 7201 TRANSHIT
FIGURE 10 : PORT C! 8IT 0 LOGICAL MEANINGS

A specific programming example with flow diagram and 3080/8085/Z80 coding forms
are shown in Section g. See Section 6 for ASCI!| code information.
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TTY Cable lnterlock

Input Port Cl provides bit | as a TTY cable intarlock status bit. The purpose (:)
of this interlock is to allew the program to detarmine whether a TTY cable,

active or inactive, is connected to the card. This feature can be used
in system error-checking, or as a convenient technique to detarmine what system
options are present (if the TTY option is not in use, the program need not expend
time in checking for incoming data).

To use this feature, the user's TTY cable assembly should provide a connection
between LOGIC GROUND (J2 pin 8) and CABLE INTERLOCK* (J2 pin 2). When the cable
is connected, Input Port Cl! bit | will be in the 1 state when read; if the cable
is missing, bit | will read Q.

TTY Tape Reader Control

Appendix A describes a modification to the ASR-33 conscle which allows a user-added
relay to stop and start the paper tape reader automatically via the processor's
program. The 7301 provides a switchable current source and -12VDC relay supply
which power the relay and allow it to be switched according to the state of

OQutput Port Cl bit 1 as shown in F‘gure 14, Figure 15 shows a typical hardware
configuration,

_ [PROGRAMMED STATE | NOMINAL CURRENT | RELAY [TAPE MOTION
g s BIT 1 =@ OmA Qpen S topped
QUTPUT PORT Clf——a7s—2 ZOmA Tlosed|  Moving

FIGURE 14 : ASR-33 PAPER TAPE MOTION CONTROL O
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SECTION 6 - ASC!! CODE INFORMAT!ON

ASC!! (American Standard Code for Infermation !nterchange) is an 8-hit code for
data transmission. The code consists of 7 bits for information, allowing a
128-character set to be encoded, and one bit for error-checking (parity).

8-bit microprocassors can conveniently handle the ASCI! characters as one
parallel byte of information. In serial data applications such as RS-232, one
START bit and one or more STOP bits are added to the ASC!| code for asychronous
operation. These bits, in conjunction with an accurate serial bit timing

rate (baud rate) and the convention that the least significant bit is transmitted
first, allow the receiving system to frame the recesived bit stream into ASC!!
characters and to decode them accurately.

Format

Figure 16 shows the serialized ASCl! character's voltage waveform as it would be
seen on the TD* or RD* lines (RS-232 pins 2 or 3), consisting of:

a. High level active START bit which begins the character
and triggers the recesive operation;

b. Seven low level active data bits, beginning with the
least significant bit (bQ) and progressing to the
most significant bit (b8); (67)

c. Low level active parity bit/which, if used, causes the
data field (b0 through b7) to have an even number of
active bits ('even parity'') or an odd number of active
bits ("odd parity');

d. Low level active STOP bit, which lasts one or more bit
times and which represents the idle condition when no
data transmission is taking place.

Note that in some applications the following variations may be encountered:
a. Data field may be reduced to 5 or 6 bits, reducing the

size of the charactar set but increasing the character
transmission rata; '

b. Parity bit may be heid in one state or omitted;

c. 1, 1.5, 2 or more STOP bits may be needed, and special
timing for certain mechanical printer operations such as
carriage return, line feed, and top-of-form may be
impiemented as extra STOP bits.

NEXT CHARACTER

STAART BIT PARITY 3IT START BIT
> -3y } o &l Gqs L& 45 LC i—
Q {fomte —_—
< -3 ~ —
7 OATA SITS T—ONE STOP T
Fiqure 16 : RS=-232/ASC!! Serial Character Format
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Inverters on the 730! allow the programmer to use positive true logic.
ASCl| data in internal procassor registers is operated on and communicated

to the ports as true data. Internally the START bit is a logic QO and the
‘n’ STOP bit is a logic 1, and the ASC!| character appears as the 2-digit hex

value shown in Figure 17.

ASCIl Charactar Set

Figure 17 shows the 2-digit hexadecimal number required to produce a binary

bit pattern equivalent to the ASCl! code for the standard TTY keyboard character
set. Locate the character desired, then find the least significant hexadecimal

digit of the code along the left axis and the most significant digit across the

top of the table.

Parity adds or subtracts hexadecimal 80 from the code, depending on the odd,
even, suppressed, set, or clear state of the parity bit required by the
user's system.

Control Characters are the codes produced when the keyboard's CONTROL (CTRL) key

is depressed while one of the alphabet or [,\, ], A, _,or@keys is depressed.

The standard meaning of the control characters is shown below.the code table.

Their advantage in keyboard control applications is that two simultaneous keystrokes
are required to produce them, so operator errors are reduced. Note that a control
character can be produced arithmetically by subtracting hexadecimal 40 from the
equivalent alphabet or special character.

Some eguipment, particularly idtelligeﬂt terminals, monitor and react to certain
control characters while generating them. Consult the equipment user's manual
for special control character considerations.

i .
Lower Case alphabet characters are frequently omitted in low cost terminals and
printers, with the SHIFT key action limited to the subset of punctuation and
special characters. Lower case characters are generated arithmetically by adding
hexadecimal 20 to the equivalert upper case character.
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HEX MSD | 1l 8 9 A B cC D E F
p=0| @ 1 2 3 4 5 8 7
) 57 n P 9 p p B 5 9
BITS 1Y) 0 ] ] 0 1 1 1 1
% 0 ] 1 1 0 9 1 1
B4 *
LSO | B3 | 5z | %l | g 0 1 e 1 0 1 0 1
0 | o| of| of ¢ INUL|DLE| SP 0 @ P t p
1 ] 0 a 1 § SOH | DC! ! 1 A Q a q
2 0 o | 1 o JsTX|DC2]| " 2 B R | » r
3 0 9 1 1 ETX | DC3 # 3 C ] c s
4 0 1 0 |0 | EQOT| DCAa S 4 D T d t
5 0 1 o |~r JeNQ| NAK| % 5 E u e u
] 0 1 1| 0o JACK|SYN| & 8 F v t v
7o 1| 1|1 |BEL|ETB| 7 | 7 G | W g | w
8 1 0 0 ] BS | CAN! ( 8 H X h X
9 1 0 0 1 HT | EM ) 9 I Y i b
Al 0 1 0 LF |SUB| = H J Z j 2z
B| 1] of| 1|1 ]vrlesc| + H K| C k | {
Cl1| 1| 0| o || PP | FS| g < L N | |
D | 1 o | 1 CR | Gs - = M ] m }
E | 1 1111.0 ] SO|JRS| , | > N Al n |~
F 1 1 i 1 .Si us / ? O | cummee| O | DEL
CONTROL CHARACTERS
NUL Nl FF  Form Fesd CAN Cancsi
SOH Sstart of Heading CR  Carrisge Return EM  &nd of Medium
STX Startof Text SO shiftOue SUB substitute
ETX Endof Text St Shift inv « ESC Escape
EOT end of Transmission DLE Ouam Link Escape P8  File Separator
ENQ enquiry DC1  Oavica Controi 1 GS  Group Separstor
ACX Acknowiedge DC2 Oevica Controi 2 RS  Record Secarator
BEL  Seil (audibie or attantion signai) DC3  Devics Contrai 3 US  Unit Separaror
BS  Sackspacs DCA  Oevice Control 4 (Stop) DEL Oeters {Runout)
HT  Horizontl Tabuiation {punched card skip)l NAK  Negative Acknowiadge
LF Line Feed SYN Synchronous idie
VT  Verticai Tabuiation ETB &nd of Transmission Block
FIGURE 17 ASC!! Character Code Table
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83ud Rate Timing

The baud rate is the rate at which bits are transmitted over the serial data
line, expressed as bits per second.

The character rate is the number of characters transmitted per second, or the
baud rate divided by the number of bits per character. For example, standard
serial ASCI| characters are 10 bits long, so 110 baud should produces eleven
characters per second. However, electromechanical KSR/ASR-33 consoles require
2 stop bits for 11 bits per character, so their character rate at 110 baud is
110/11 = 10 charactars per second.

Figure 18 shows the standard baud rates, bit times, and standard ASCl| character
rates for most of the RS=232 egquipment used in the United States.

F— ——— = ~- | CHARACTERS PER sacouﬁg
BAUD RATE | TIME FOR ONE 81T | (ASCI| w/one stop bit
50 20.00:gs 5
75 13.33. . ms 7.5 :
110 9.09 ms 1
134.5 7.44 ms 13.5
150 6.66 ms 15
200 5.00 ms 20
300 3.33 ms 30
600 1.66 ms 60
1200 833.3 us 120
1800 §55.5 us 180
2400 416.6 us 240
4800 208.3 us 480
3600 104.2 us 360
13200 52.08 us 1920

FIGURE 18 : BAUD RATE TIMING TABLE
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ASC!!| Programming Considerations

ASCl! transmit and receive operations via RS-232 require the follcwing: (:)
a. Parallel-to-serial conversion by the processor for transmit, and
serial-to=parallel conversion for receive; and

b. Accurate bit timing within the processor's program.

Parallel/serial conversion is generally performed by a combination of shift

or rotate commands which isolate or accumulate individual bits, and the

OR, AND, and Exclusive OR logic commands which allow individual bits to be masked,
set, cleared, and complemented. The routines in Section 9 illustrate these
techniques, along with ASC!I-to-hexadecimal conversion and related operations.

Timing depends on the program's ability to generats a constant time delay based
on the time required to manipulate the data (usually a small fraction of the

bit time) plus a programmed time delay which adds to the processing time for

each bit to produce the bit time required by the baud rate. Accuracy of one
programmed bit time is important because the one-bit error is cumulative for all
the bits in the character. For example, a ]% error in the width of the START bit
would be a 3% error at the Parity bit if the same time delay routine is used for
all nine bits (the START bit, seven data bits, and parity bit).

The routines provided in Section 9 employ a technique where the basic timing
unit is 1/2 the bit time required for the baud rate. This causes the processor
to read the state of the incoming data line in the nominal center of the received
data bits (Figura 19), allowing up to a 50% error to accumuiate by the time
the Parity bit is received. The maximum allowable error in bit timing is then
50% / 9 =‘5.5"2, or 2.7 % for the 1/2-bit time delay. |While the crystal-
controlled microprocassor can achieve much more preci‘se delays for low and
moderate baud rates (Tdble | ), the, accumulated error for an electromechanical
terminal may be as hlgh as 20%. T T

O

-

aer NN AN /N N /N /\ / A
START 449 STIP
i A\ f2 | 83| 44| £ | 28 | 47 o f
\ , .\ K \ '\. /,/” S i ‘ e N ! cagy Y
[ — Y \ L . -\ ! S Z - e — o
4 4 A A \
WaiT 34 PN 24 24 | 24 8
T34 | 22 { le 24 TdyrsA
STA&T RE'AD ReEsi - - - L
P ReAd (A D] REA Re SAD /?:rJ.Q ﬁ-,SD K:;"O L20¥ =08
O=TECTED MY stagT 2p
A z'k gir rme
L34 )
FIGURE 1 SUGGESTED PROGRAMMED TIMING iu: _
FOQR ASC!! CHARACTER RECEIVE CHARAST S

Note that system noise immunity can be improved by rereading the START bit

1/2 bit time after its initial detection.
at that time, the receive operation was

terminated without introducing a3 system error,

{f the START bit is not still present
initiated by a ncise spike and can bhe

O
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SECTION 7 - 7301 ELECTRICAL SPECIFICATIONS

ELECTRICAL

VCC = +5V, +5%

+(CC = 525mA maximum (380mA typicai)

eAUX -V 2 212V +53%

AUX | = -200mA maximum

sAddress, data, and control buses meet ail STD 8US

general siectrical specifications.
* Sge Figure 28 in Section 8 for STD BUS loading

RS=-232 Efectrical Specifications

" PARAMETER MIN MAX UNIT NOTE
VO High Lavel Qutput Voitage +3 v ;
: w vouL Low Lavei Qutput Voitage -3 v
10S Output_ Short Clreuit Curynnt. Qutput Shorted To 12V 25 mA
(Quration 1 Second Maximum)
cL Qutput Load Capacitance ' 2500 oF 2
;; Qutput Rate Of Change 30 Vius
ViH Input High Lavel Voitage +3 +25 v
viL Input Low Level Voitage <25 -3 v
I Input Migh Lavei Current +0.5 +A.5 mA 3
no input Low Lavel Current -4.5 0.5 mA
EL Qutput Tarmination Sias -2.0 +2.0 v
BAUD Rate (Bits/Secsnd) Q 20.000 BAUD
Recommended Cabie Length f‘s’ m‘;’g‘n
\"o) Oriver Qpen Clrcuit Qutput Yoitage =12 -5 v - -
RO Oriver Qutput Resistancs, Power Off 300 ohm
RL Input Load Resistanca K 6K ohm 3
NOTES:
2 Inchucen canie 4nd torminator Capacitance
3. Excapt Cadbie interiock, which is 4 LSTTL input lcacs
FIGURE 99 7301 RS-232 Connecior U2
O |
REV |swr26
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Typical RS=232 Line Voltages

Figure 2! shows the VIH/VIL range of the 7301's RS=232 recaivers to the left
of the canter axis, and typical VOH/VOL performance with other than the specified

O

3K load for the 7301's RS=232 drivers on the right,

777
22777

-3V
TRANSITION 9
REGION

ViL RANGE

I

FIGURE 2!

4.8V TYP 27X LOAO

= -2V Ty 2 1.5K LOAD

ay

4V TP 3 1.5K LOAD

v TYP 2 7 LoAD

-8V

Typical 730! RS=232 Oriver/Recsiver Performanca

PRO-LOG CORPORATION

REY
106420 :

SHr 27
0f 82

SAM NO. 101908




s -

TTY Electrical Scecifications

! J1PIN FUNCTION

0 Paper tape motion control refay cQil power source; provides -12V through a 100 ohm, 1/4 Watt,
§% resistor (dicde ciamp to pin 6)

Intertace cable interiock input; active low logic; use is optional. Designed to be connected to
logic ground (pin 8) by the interface cabie when the cable is piugged into 7301 J1. Read into

2 the processor as input port C1 bit 1; a logic 1 is raturned when pin 2 is grounded, or a logic Q
when open. Input loading 4 LSTTL loads.
Spare pin; connected to a pad on the 7301 adjacent to pads supplying +5V or -12V. User may

connect a jumper wire or a 1/2 Watt resistor to either voitage for special applications.

Current loop return (7301 receive); supplies -12V through a 470 ohm, 1/2 Watt, 5% resistor
4 supplying 20 mA return and pin 9 voitage puildown when the TTY commutator is closed
(spacing). Not required in some instrument interfaces.

20 mA source (7301 receive); supplies +20 mA from +5V through a 220 ohm, 1/4 Watt, 5%
5 resistor when the T1Y commutator is closed (spacing) and pulls up pin 9 when the
commutator is open (marking).

Paper tape control reiay drive; supplies up to +50 mA through a switching transistor and 100
ohm, 1/4 Watt, 5% resistor when output port C1 bit 1 is at logic 1 (+5V current source). When
output port C1 bit 1 is at logic Q or the 7301 is reset, output leakage currentis 0.1 mA maximum
(pin 8 at QV).

20 mA sourcs (7301 transmit); provides +20 mA minimum (measured with pin 7 atQV) from the
+8V supply through a switching transistor and a 20002, 1/4 Watt, 5% resistor when output port
7 C1 bitQis atlogic 0. Qutput leakage current (pin 7 atQV) with output port C1 bitQ atlogic 1is 0.1
mA maximum. Note that this output supplies +20 mA when the 7301 is reset. Pads are provided
for jumpering across the 200Q resistor in instrument interface applications requiring
additional drive voitage.

8 Logic ground out; connects to LOGIC GROUND (STD 8US pin 3, 4).

Current Loop Receive (7301 recaive); a transistor base inputthrough a4.7K ohm, 1/4 Watt, 5%
resistor and negative current clamp diode. A voitage greater than +2.5V applied to pin S is

9 -returned to the processor as input port C1 bit 0 at logic 1. A voitage lowerthan +Q.8Visread as
logic Q.
FIGURE 22: J1 Current Loop Connector Specifications
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SECTION 8 - 7301 MECHANICAL SPECIFICATIONS™

The 7301 meets alil STD BUS general mechanical specifications with the excepticn O
of the TIY connector J! and the RS-232 connector J2 which protrude from the

card front 0.375 inches (0.953 ecm). With intarface cable connected, two card

slot widths may be requirad.

Figures 23 and 24 shew the RS=-232-C Standard pinout for 25-pin cable connectors,
and for the 3=pin TTY connector, respectively. Figure 25 gives vendor model
“numbers for J1 and J2 mating connectors.

AS-232 CONNECTOR N UST | TTY CONNECTOR OWN LIST
PN NUMBER PIN NUMSER AN NUMBER BIN NUMBER
SIGNAL ORIGIN SIGNAL QRIGIN , SIGNAL FLOW SIGNAL FLOW
SIGNAL 1 SIGNAL SIGNAL SIGNAL

PROTECTIVE GROUND 1] 14| TO | SEC. TRANSMITTED OATA® -12v/1000 SOURCE QUT| 1 | &8 |QUT|SWITCHED RELAY SINK®

TRANSMITTED DATA® TH | 2 [15] S | TRANS SIGNAL TIMING___| CABLE INTERLOCK® IN 21 7 |OUTICURRENT LOOP TRANS®

RECEIVED OATA® S® | 3{18{ S |SEC. AECEIVED OATA® (SPARE) 3| 8 |OUTILOGIC GROUND

[AECUEST TO SENG TO | 4 | 17] 3 | RECY. SIGNAL TIMING _ [-12v/4700 SOURCE QUT [ 4 |3 "IN [CURRENT COP SECY-

[CLEAR TO S2NO sa | 5]18 (UNASSIGNED) ~5V/2200 SOURCE QuT| §

OATA SET REAQY SS | 8 {19] T | SEC. AEQUEST TO SENO - “Cesiqrates Active Low Levei Logie

SIGNAL GROUNO. QUT| 7 | 20| TG | OATA TEAMINAL AEAOY |

| CARRIEA OSTECT S8 13 21] S | SIGNAL QUALITY DETECT | .

| (TEST) 312l s _|AING INOICATOR FISURE 24 ;. TTY Connector Pin List (1)

(TEST) 10] 23| T/S | DATA SIGNAL RATE SEL,

(UNASSIGNED) 11 26| T | TRANS. SIGNAL TIMING | o

SEC. CARRIER OETECT S | 12| 25| ING | CABLE INTERLOCK® CONNECTOR MODEL

SEC. CLEAR TO SENO s 113 —— ==

*Ceniqnetes Active Low Level Lagie

LEGEND: . MANUFACTURER (25-PIN D) (9-PIN DO

T - Signai Originates At Data Terminai (DTE) - -

S - Signal Origigatu At Da‘tg S;; c(,DCE} ) AMPHENOL 17-90250-16 | 17-830090-16

8 - Permanent Cannection On 7301 : - M- -3P

3 - Jumper Cannection On 7301; May Se Reiocated By User ITT - CANNON 08M-25P OEM
TRW - CINCH O8M-25P OEM-9P

7 13URE 23 : RS-232 Connector Pin List (J2)

F1G JRE 25 :Mating Connector information

Figures 26 and 27 show the end-on pin numbering used by the R$S-232 connector J2

‘ Cable Connector Pinouts
|

i

\

|

and the TTY connector Jl, respectively, as saen from the card front.
|

The recommended wiring diagram shown for the TTY connector J1 results in KSR/ASR=-33
‘\ console compatibility, and compatability with Pro Log's Series 30 PROM Programmers
| with 3102 and 9112 TTY options. Sasue wmIROS

- O—

MOTE: CONNECTON

es ARE FEMALS —_— 0

—ime RS-232 Connector Pins; Femaie
FIZURE: 26 (7201 J2 Front v";:') F1GURC:27 Recommended TTY Hookup

(41 Front View)
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7301 STD BUS EDGE CONNECTOR

FIGURE 28:

STO/7301 EDGE CONNECTOR PN LIST
P NUMBER 2N NUMBER
QUTPGT (DAIVE) G| [ QUTPUT (OAIVEY = |
INPUT (LOADING) G | [T NPT (COADINGY O]
MNEMONIC MNEMONIC

-4 VOLTS IN 2 1 IN | -4 VOLTS

GROUND IN 4 3 IN | GROQUNQ
L_-_S_V ] S -5V

o7 3 7] 58] 1 o3

=[] 10§ 9| % 1 2

[-I] 12111 s€ ] 1 | O1

04 14)113) 66 | 1+ | Q0

A1S 161118 1 | A7

Ald 18{f17 1 | A8

A13 204{] 19 1 AS

A2 21 1 Ad

A1 FLES t | A3

A10 284128 1 A2

A9 8|27 1 | A1

AS 01129 1 AQ

RD" 1 321131 1 ‘WA
TMEMRQ® YD) T | IORG"

MEMEX" 381]3s 1 | IQEXP®

MCSYNC® 18 |{37 REFAESH"

STATUS Q* 40 {139 STATUS 1

SUSRQ* 42 {4 usSAK®

INTRQ* “wila 1 | INTAK®
[RaaiRG* 16| [as WAITRG®

PERESET* 48] 47 1 SYSRESET®

CNTRL (] 49 CLOCK"®

[t] IN $21) S jOUT PCO

AUX GNO IN S4{1531 IN AUX GNO

AUXeV («12V) IN I E] AUX ~¥

Law Lavet Logic

g o8sIenarss LiTFL Lamos

Connector Pin List

CORPORATION

A 106420

SHT 20
afF 82




Straoping Ootion Locations

SIGNAL
CPTION
PADS

20; 20
! Q| @]EE&EBO

& &3d6 & &6 dé@ééo

sx 90000090
33386689

e @ww@feqqq@ww@ :

-

3 I a—

[

2

g 3883 g 3555 & l Qb0 g
o 3D

DATA 32T PR
(eIrXeleYeloYX~ EE gg ATS e
c3 SR
et | |11 i 23 &id p—
DOQDQ AN mmmm———
’ G® 0TR e——
9 C0 em———]
‘efelefeYoalofei ] ) ]
QQ SR
QQ S
[eXoIoleleNeXe] © INTLK2®
TA TERMINAL RS-232 :
oa SIGNAL 3
OPTION PADS

| I

e
375 (.953 CM) TYP
FIGURE 29 : 7301 USER OPTION‘LOCATlONS
o= Designates as-shipped jumper location
NOTE: Signal Configuration Select Plug Pl
shown in Data Set (DCE) select position (J3).
| - -
O
| ' REV
PRO-LOG CORPORATION [A] e |5 [0

|
'ORM_NQ. 101908




o Sianal Configquration Select Plug (RS=-232 Circuit)

Signal Configuration Select Plug Pl is used to establish the 7301 card's
position as Data Terminal or Data Set in an RS=232 communication link as
‘shown in Section 2.

The plug's shorting links are exposed to allow for test points. The signals
shown in Figure 30 are independent of the plug's position in the Data Terminal
Select Socket J4 or the Data Set Select Socket J3, though the source of the
signals changes with the plug's position. |f the user elects to change the
driven and received lines by changing jumpers at the RS-232 signal option pads,
the test points at Pl reflect these changes.

1 otR — 1§
pp- Sco > 18
3 = RT3 > 14
‘- TO° > 13
§ < OSR > 12
s e » 11
? e cTs -> 10
PP RO* —_ 3

Data Terminai/Data Set Select Plug P1 Wiring
Shorting Bars Exposed for Scope Test Paints

FIGURE 30

"PRO-LOG CORPORATION [A] wew [V

Qf




SECTION 2 = 7301 OPERATING FIRMWARE

~The following routines are provided for the 7301 user. They will operate in
either Z80 or 8085 systems; the flow diagrams which describe them allow easy
conversion to another processor's assembly language, although timing constants
generally require modification according to variations in instruction execution
time between procassors and in crystal oscillator frequency.

These routines may be used without licansing from Pro Log, or they may be used

as models for modification. Although they have been tested and are believed to be
correct, they are not represented to be appropriate to any specific application

or free from errors or copyright infringement.

The subroutine modules are devided into two groups. One group is dedicated to
effecting a full RS=232-C interface, and uses input and output port CQ of the
7301 card. The other group is dedicated to a 29mA current lcop interface and
uses input and output port Cl. The user can implement an RS-232-C intarfacs with
ne control lines, by changing the current loop routine port address to C0. All

' RS=232-C routines are independent of the 7301 signal configuration, i.e. they
may be used if the 7301 is set up for DATA SET or DATA TERMINAL.

Upon entry, all transmit routines require that the data to be transmitted be in
the accumulator or A register. Upon exit from all racsive routines, the recaived
data is in the accumulator or A register. All registers used by the routines are
saved and unaltered upon completion of the routines.

All routines use 3 common delay subroutine called (§ 8ITAT). This counting locp
retrieves a 16 bit delay count, N, from two adjacent memory locations, then down-
counts N to zero. Those memory ]ocations, designated in the listing by the label

O

O

REV

PRO-LOG CORPORATION [A| == |\
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OELAY COUNT, can be two RAM locations or two RCM locations. If they are in RAM,
the BAUD rate can be varied under program control. I[f in RCM, the BAUD rate will
1 remain fixed. I[f in RAM, these locations must be lcaded with N prior to the first
chess of the serial routines.

All listings include the object code of all instructions in Hex. A1l address de-
pendent locations are blank and can be filled in by the user, permitting
assignment of the routines to any area of memory desired. The Comment section.of
the Program Assemgcly Forms should be read carefully prior to using these routines.
Certain locations may be modified to further allow the user to adapt the routines
to specific needs.

The DELAY COQUNT, M, can be obtained frcm Table 1. provided herein. The table is
arranged to prov1d= a count, N, for the BAUD rate, the microprocassor, and at the
¢lock rates provided on PRO- LDG processor cards. ¢

MODULE OESCRIPTIONS

(RCVY & ECHO) This routine receives one character each time it is accessed, and
echoes the character as it is recaived. CTS/RTS is raised high
prior to reading the start bit and dropped low during the recep-
tion of the stop bit. FOR RS-232-C USE ONLY.

: mSEND) This routine transmits one charactar each time it is accessed.
RTS/CTS is raised during transmission of the start bit and drapped
during transmission of the stop bit. If the 7301 is used as a
DATA TERMINAL, the ANAI instruction following the label FIND O7R
must be modified as shown. FOR RS-232-C USE ONLY.

(AUTOBAUD) - This routine, upon recaiving an ASCII CR (carriage return), measures
the width of the start bit and detarmines the BAUD rate. A count,
N, is generated which is subsequently stored in the two adjacent
RAM memory locations specified':by the label QOELAY COUNT. The rcutine
must precade any transfer of data, since it automatically adjusts
tge System BAUD rate to that of the sending device. FOR RS-232-C
USE ONLY.

(PTRD & PRNT) This routine reads and echoes one character from the paper tape
reader. FOR USE WITH 20mA CURRENT LOOP ONLY.

(RD & PRNT) This routine reads and echoes one character from a 20mA current
loop interfaces, or from an RS-232-C interface that uses cnly the
transmit and recaive data lines (TD, RD).

(PTRD ONLY) This routine reads one character from the paper tape reader with-
out echoing it. FOR USE WITH 20mA CURRENT LOOP ONLY.

, 020 ONLY) This routine reads one charactar from a 20mA current laop inter-
‘ face, or from an RS-232-C interface.that uses only the transmit
and receive data lines (TD, RO). O0ata is not echoed.

PRO-LOG CORPORATION | A| 1osu WP




(BAUD RATE)

(RD-PT)
(2 BITAT)
(BITAT)

(3 BITAT)

(DELAY)

This routine, upon racsiving an ASCII CR (carriage return),

measures the width of the start bit and detarmines the SAUD

rate. A count, N, is generated which is subsequently stored

in the two adjacent RAM memory locations specified by the label

DELAY COUNT. The routine must precaded any transfer of data,

sinca it automatically adjusts the system BAUD rate to that

of the sending devica. FQR USE WITH 20mA CURRENT LOQP ROUTLNES

g§T§SL§3§ -C INTERFACES THAT USE ONLY THE RECEIVE AND TRANSMIT °
N

This routine activatess the.paper tape reader for the transmission
of one character only, then deactivatas it.

This routine implemeﬁts aﬁ approximate 2 bit delay at the cur-
rent BAUD rate.

This routine implements an approxxmate 1 bit delay at the cur-
reant BAUD rate. :

This routine implements an approximate % bit delay at the cur-
rent BAUD ratz. The current BAUD rate is dependent upon the
16 bit count, N, stored in the two adjacent memory locations
identified as OELAY COUNT. N can be found frcm Table 1., or
set by the (BAUD CHKX) or (BAUD RATE) routines.

This routine implements a time delay dependent ypon some count
N, determined and preset by the user prior to entry. The delay
can be found by the relationship:

T = aNt,

t-', and the values of a2 and t can be found at the

bottom of Table 1.

PRO-LOG CORPORATION [A] e ™
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V| NOILYHOdH0O D0O1-04Hd

0301

4
A3¥

T3 40

S¢ IHS

? HEXADECIMAL T ll*alELAY CONSTANT
BAUD PERIOD 1-80 1-B0A 8085A B8085A
RATE ps ‘0.4ps Error | 0.25ps | Ervor | 0.32ps | Evror | 0.20ps | Evror
50 20000.00 | 040 .05% | 067F .03 | 0513 | .002% | 0820 .01%
15 13333.33 | 0283 .04% | 0454 .007% | 0361 .001% | 056A | .013%
110 9090.91 | 01D6 .06% | 02F2 .05% | 024D .03% | 0380 | .001%
134.5 | 7434.94 | 0180 .01% | 0268 .06% | 01E1 .003% | 0303 .06%
150 6666.67 | 0158 .01% | 0228 .07% | OVAF | .008% | 0203 .06%
200 5000.00 | 0101 .09% | 019D J12% | 0142 .14% | 0206 -04%
300 3333.33 | 00AA .24% | 0113 .156% | 00D6 .02% | 0158 .05%
600 1666.67 | 0054 .43% | 0088 .21% | 0069 1% | ooan | .26%
1200 #33.33 | o028 .49% | 0042 .37 | 0033 .35% | 0054 .30%
1800 556.56 | O01A .86% | 0028 .24% | 0021 .30% | 0037 .33%
2000 500.00 | 0017 652 1 0026 | 1.16% | 001D | 1.53% | 0031 ~.04%
2400 416.67 | 0013 | 2.19% | 0022 | 1.32% | 0018 .24% | 0028 .719%
3600 277.78 | 000C | 4.74% | 0014 .17% | 000F .12% | C01A .43%
4200 208.33 | 0008 | 3.01% | OOOE 1.01% | oooB | 3.54% | 0013 | 1.64%
7200 138.89 | 0004 .64% | 0008 | 3.46% | 0006 .22% | oooB | 2.88%
9600 104.17 | o002 | a.50% |ooo6 | 5.52% | 0004 | 3.98% | o008 | 1.91%
19200 52.08 | o001 |35.22¢®) o001 | 3.652 | 0001 }16.53d0} 0002 7.162dy
TIHE STATES 46N + 153 480 + 147
TIME (ps) —19.2N+61.2—|—12N+38.25 — | — 15.36N+47.04~|—9.6N+29.4 —

HEXTIDECIMAL TIME ﬂELAY CONSTANTS FOR RS232 AND CURRENT LOOP SUBROUTINES
(For use with 7301 card)

TABLE 1.
NOTE O © NOT RECOMMENDED DOE TO EXCESSNE ERROR




RCVEECHN

l4c0 >

SET 0SR,CD,
CTS,STOP HleH
(OTR,SCD,RTS)

TR

LOOK FQOR
START 8IT

DELAY % BIT
TIME

140 & L

SET 8IT
COUNTER = 8

I \ 4

ECHO
START
8IT

,

RS232

s vy

DELAY 1 B8IT
TIME

Y E ,L

iy ‘L

READ DATA
BIT

1418 ,L

SHIFT IT
INTO HOLDING
REGISTER

ECHO THE
RECEIVED

L _8IT

(ExS ] L

COUNT ARD
* CHECX FOR
8 8ITS

RECEIVE

ROUTINE

(42)

99

OELAY 1 B8IT
TIME

}“3)

142 3

QP 81T

=

ECHO

DROP CTS(RTS)

1430 ~é

SET OR CLEAR
PARITY
8IT

v

DELAY A 8IT
TIME

R

14239 ¢

QUTPUT REC'O

4 DATA TO A

QuMnIlY PORT

RETURN
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sno-L0a corscration SO08SA /280

° PRAOGRAM ASSEMSLY FORM

e mett e === e 7301 _RS2z8 ROUTWI:‘S oare 7 -5-2Q
aony | acos e Y T | oeean | 'ar)iNpiE B
\A& 10 o |ES | (ACV-ECHO) |PSP | HL ~I<(Rscs:vs § ECHO L.CHARACTER. UPAN )___
' DS gse__L DE EXIT,_CHARACTER_IS_IN _RESZISTE j .
2LIE LDAL T SET_DSR,.CD, QIS _ACTIVE L/ IH STCE
IlOF - OF 21T (sm. DIR Sch,RIS SrTom)
+1D3 opA
s |CO - co < )
28108 | STamT ea T _LOOK AR START 2T .~
7129 - _1¢9 -
si|F RRAC
3 | DA, IR cl
Alnd .= START
] | & : L .
slch I3 . T DELAY 7 RUT TIiME
o[ Ee_ = _(heiTAL -
£ [ - <
rlle LoD = SET RIT CoUNTER = 9
14 1t alos = COUNT 2
1138 LA T _Scua sTaRpT AT
21 Q& > 28
3 D_3 QPA
C —— 20 ]
1S CD_ | __RO{EQHA IS r DELAY 1 RIT TIiM=
s - (RIT AT
L4 ‘5 — >
s |1 DR LPA T R=AD DATA 21T
1ice I -Y-) >
A RRAC! L SHIST 1T JNTA RESISTED £
3\ 72 LRA £
el /e | SRAL
ol 8F - -
£117 LRLAC! r ECHO DATA T
e ;E [ Hé '
14 iz, 0107 - o7
j 1117 RLAC
21 D3 SBA A
3160 = =f=] >
s113 L&D T _COUNT AND ceeECx R g 21Ts )
s c:% IB2 22
st - RD {Seug
—E - K= T
sichD. Is T. . BeEray 2 RIT TIME
)| €3 = (81T AT :
A 1S - - ,
s | 3= LDAT T _Eoue sToe 2T dDrap aTs (RT<)
clan - oD f
21D32 PA
£Elco = o)
r 7R oA LS —
& s lFeg CRAT! T SET magiTy 2T (o Masx caiTv |
1 180 = L PARITY RIT AT ANAT TE)
2 LSF LDS [ A >
3¢ IS T . DELAY V2 RIT TIME
4| Eb - (rBiTAT)
s| 1S - 4
st 7B, RRA_LE.
11D lpep | De KesBes gales
s LE) [2LP_ | HL N
1 1D2 |_OPA . T OUTPUT_TO. DUMMY PORT FCR__ |
| _alxx = _l.xx_____ o VIEWING ON ANALYZER._ .
8G9 ' RTS EXIT WL‘:H_.RE”_LuELDAra_L&_R..LL&‘:E L-L__.
[+
ol
£
g




14412 , 145F Ty
SET OSR,COD, . SHIFT NEXT
| CTS,STOP HIGH 0ATA BIT INTO
: ACCUMULATOR
f 3 (DTR,SCO,RTS) oy
| TG B 1461 -l
- NAIT FOX SEND
O0TR,RTS | DATA BIT
. (OSR,CTS)

1460 i

QELAY 1 BIT CD

TIME
| e 4
. . SEND . . COUNT AND
- START CHECK FOR
‘ BIT 8 8ITS
1982 wl CJ
DELAY 1 31T
f - TIME '
‘ \455' L
SET 81T ; 5§¥QA5709R .
. : - BIT AND DRO
COUNTER 8 CTS (RTS)
R ' | 477 '
o ! h 4
- | DELAY 1 8IT
. : TIHE

| | ‘ RETURN

RS232 SEND ROUTINE

Y A S R Y Y -




PRA-L0G CORPORATION

FOFSA/259

PAQGRAM ASSEMOLY FONM

b T 8 e i DATE
M “m [122711] ) Ade Y 8.0 P L XN CRELE L NITEN
ld 20 |ES5 [ (SEND) . |PSP | KL i SEND QNE CHARAGTER. UPON ENTRY, 2)..
11 DS PSP. pE CHARACTERMUST B N _RZGISTE ,
2 SE LDE |_A :
13E LDAT T SET_DSR,CD;.CIS ACTIVE WITH_STHP 81T
4| QF = _LOE {oR.D TR, SCD, RIX,STa)
s 1D CBPA_ :
s 1 CO - $O <
L72\DB.[_EiNOC DTR _LEXPA T QoK FOR_RTS. CETS)ANO/CR_DTR(DSA]
I ¢ I1CO = («]=] NATE: IF 7301 USED ASDATA TERMINAL
3 E2 ANAT USE 22;IF DATASET USZ oA
A | = Q2 (sR cA) 3 o= CA _ag 02, .
3 ICA LT | =1 TIE NOT THERE WAIT SCR T
cldn = e DTR ,
oll4 - 3
e 138 LDAT TSEND START =2uT
Flng | - Qe
4 |S sinz QPA
"E 1169 - [T=1
2.CD IS TDELAY 1 RIT TIME
31 el (RIT AT
4| 1S - ]
sllé LDDL TSET RIT CauNTER =3
slog hd SQUNT 8
ri1é LDDI T (neEray ADigsT)
3 QR - 28
: BN LBDT
Alog | = [=F-]
3i0m i Nop <
SceiZe | SNO-NXT 1DAT T (=i ay ADIUSTY
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APPENDIX A

TTY INTERFACE T -

The TTY connects to the 7301 Card via the 9 pin Serial Interface connector -

mounted below the card ejector. This interface within the 7301
is a three circuitl six wire connection. The three, two-wire circuits are:

Data to TTY, 20 milliamp neutral lcop racasive.
Data from TTY, 20 milliamp neutral loop sand.
Reader Control to TTY, 1S volt 0C neutral loop reader control.

A
'\

TELETYPE
DATA TO TTY l PRINTER
- RECV
[T} m——i
} ] . PUNCH
U
73! |&
z OATA FAGM TTY KEYB0AAD
| ; Q SENO
= - AEAOER
—iy T
AEMOTE READER CONTROL
FIGURE A-~] TTY INTERFACE ‘:’
This interface allows full-duplex send and receive, and remote reader control. The separatp

send and recaive of full-duplex allows the system procassor to edit the input data
before printing gnd/or punching the output data. Remote reader control allows the
system processor to operate the TT¥ reader at a rata compatible with the application.

TTY OPTIONS AND MOOIFICATIONS

The TTY interface requires the following options and modification in the teletype
unit:

1. 20 milliamp current loop option
2. Full duplex option
3. Remote reader control modifications

The 20 milliamp current loop and the full duplex connection are options available
on the TTY unit. The remote reader control requires the addition of a 12 to
1S volt DC relay capable of switching the high voltage reader circuit inside the
TTY. -

A number of mini-computers specify a similar interface thus many TTY conscles
have the required configuration. Detailed instructicns for modifying a TTY to this
configuration are given in the following paragraphs.
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r=

5.
6.
7.

8
9.
p

Unplug
Remove
Remové

Remove

Remave.

Remove

Remove

Remove

the
the
the
the
the
the
the

the

REMOVING THE TTY HOUSING

It is necessary to ramove the TTY housing to inspect or modify the TTY options.

TTY from any power source. .
roll of TTY printer paper from its cradle.
manual paper fead knob by pulling firmly.

mode select knob located on the right froat by pullfng Firmly.

metal trim panel behind the mode select knob by prying downward.

‘t
4 screws under the metal trim panel.
screw on the left side of the paper tape reader housing.

four knurled knobs along the lower. rear edge of the housing.

Lift upward on the housing to remove, being careful of the controls on the

aper tape reader as they clear their openings in the housing.

FRONT
I . |
| |
| KEY B8OARD | | PAPER
o | TAPE
————
TO 8 ADDED l l i
o { * ‘ l
} . PRINTER UNIT { PAPER
‘ TAPE
. al | ] puncw
CURRENT 5 } * — l
SOURCE o :
~ - ] - i
RESISTOR 'ﬂ + DISTRIBUTOR |
A TRIP MAGNET
— ASSEMBLY |
1450 QHM l l
TAP .@
CONNECTOR ] O l
SANK L |
TERMINAL | ‘ I
STRIP X

Figuee A-3 TOP VIEW- TTY with Housing Removed
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CURRENT SOURCE
RESISTOR R1 TERMINAL STRIP X

F\GOQE— “A\d{ - SIDE VIEW- TTY  with Houslng Removed




CURRENT LOOP QPTION

The TTY send and recsive current locop can be optionaly seliected to work from either
20 milliamp or 60 milliamp. when the seiection is made both the internal current
source and the selector drive current bias must be modifled to be compatible.

INTERNAL CURRENT SQURCE

The intermal currsnt source is set to 20 milliamp by putting the blue wire on the
1450 ohm tap of power resister R! located on the right side of the TTY.

| SELECTOR ORIVE CURRENT BIAS

The selector drive current bias is set to 20 milliamp by optipnal wiring on terminal
strip X located below the connector bank in the right rear corner of the TTY. In
.naking this change various wiring configurations may be encountered as shown in
figure A=5, depending on whether the unit has an elapsed time meter.

TTY WITHOUT ELAPSED TIME METER ' .

A TTY without an elapsed time meter may be wired either as |A or B of figure A-5
To modify for 20 milliamp:

If wired as lA:
Do nothing; this is the correct connection for 20 milliamp without an

elapsed time meter.

if wired as 18: . ‘
Remove the violet wire form terminal X8 and move it to terminal X9 with

the Yellow wirs.

TTY WITH ELAPSED TIME METER

A TTY with an elapsed time meter may be wired as A, 18, 2A or 28. To medify for

20 milliamp:

If wired as lA:
Remove the black/green wire from X8, tape the exposed end and tie-back into

the wire bundle. Locate a black wire and a blue wire on terminal XS5. Move
both wires from XS to terminal X8. :

if wired as 18:
Remove the viclet wire from X8 and move it to X9. Remove the black/green
Locate

wire from X8; tape the exposed end and tie-back into the wire bundle.
a black wire and a blue wire connected on terminal X5. Move both wires from

X5 to Xx8.

1f wired as 2A:
Do nothing; this is the correct cennection for 20 milliamp with an elapsed

time mecar,

|f wired as 28:
Remove the bBlack wire and blue wire from X9. Remove the violet wire and
black/gresn wire form X8. Connect the black wire and blue wire to X8.

Connect the violet wire to X9. Locate the yelilow wire taped back in the
wire bundle. Connect the yellow wire to X9. Tape the exposed end of the

black/green wire and tie-back into wire bundle.

(1)
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SITUATION t

TTY WITHOUT ELAPSED TIME METER CGR TTY WITH
ELAPSED TIME METER AND HALF DUPLEX OPTION

cm
Y
ELtow . J 20 MILL] AMP S1AS
" A
4 cm
: VIOLET y:
1A X9 \? <—<> SSLECTOR ORIVER
WIRED FOR
20 MILL] AMPS —_— o
BLACK/GREEN
X8 @ 7 60 MILL] AP BIAS
N
Y
A
v M
YELLOW /
X9 ¢ 20 MILLI AR:P BIAS
18 @ N\ < 9
60 MILLI AMPS _— ' ™M
VIOLET y,
X3 { 9&=Q SELECTOR DAIVER
l‘ cm

———
—

\ucx/caesn

/\‘\
4\

60 MILL! AMP BIAS

l SITUATION 2

TTY WITH ELAPSED TIME METER AND FULL DUPLEX

c™
Y
ELLow s éi 20 MILLI AMP SIAS
/ A
cM
VIOLET
2A X9 g ' <9 é@ SELECTOR ORIVER
WIRED FOR —
20 MILL! ANPS ~—| _— stacx cM
BLK/GRN
X3 ¢ p— 7 §0 MILL] AMP BIAS
. APE AND
~N— - TO ELAPSED TIE BACK
-P- SLUE TIME METER
J» /- BLACK ™
28 X9 @: YELLOW /4 20 MILL! AMP BIAS
TAPE AND
: N —__ TOELAPSED
;‘3?&?22 o — 8LUE TIME METER TIE BACK
& VIOLET

X3

\au&:x/cazm

SELECTOR DRIVER

80 MILL! AMP S1AS

Ids

FIGURE A-s < Current Loop Option
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FULL OUPLEX OPTION ’’

The full duplex optionm is wired into the TTY on terminal strip X located below the
connector bank in the right rear corner of the unit.

A e e

O

|f the TTY is wired for half-duplex, terminal strip X should appear as -in Figure A-$

If the TTY is wired for Fu!i-duplex, terminal strip X should appear as in Figure A-7
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Figure A-8 TTY Half-Duplex Option

To convert from half-duplex to full-duplex:

1. Confirm that screw lug X5 has no wires connected. |f there is a BLACK wire
and a BLUE wire on XS an elapsed time meter is installed. Refar to the
current LOOP option for instructions on moving the black wire and blue wire
from XS to X8. '

2. Move the white-blue wire form screw lug X4 to XS.

3. Move the brown-yellow wire from screw lug X3 to XS.
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gure A-7 TTY Full-Ouplex Option

REMOTE TTY READER COKTROL

The wiring of standard teletype does not allow the TTY paper tape reader to te
used remotely as 3 stand-alone input device. By modifying the distributor trip
circuit for remo.e operation the TTY reader can be advanced one character 3t 2
time for total reader control.

TTY circuits operate from 115 VAC or 48VDC requiring remote logic control circuits
to be relay buffered. Two basic reader circuits will be encountered in TTY

reader modification, Manual and Automatic. The Manual and Automatic readers are
identified by the reader control switch located on the Paper Tape reader. The
Manual reader has a three position switch labeled ON, OFF, FREE. The Automatic .
reader has a four position switch labeled MANUAL START, AUTO, MANUAL STOP, FREE.

MANUAL READER QPERATION .

The 115 YAC manual reader circuit is operated in either the LINE or LOCAL modes
by the reader QN-OFF switch located on the reader.

The manual reader circuit can be controlled remotely by adding a relay to control

. the reader trip coil in the LINE mode. HModifying the reader circuit as shown in

Figure A~8 allows nermal operation in the LOCAL mode and remote control in the
LINE mode.
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MANUAL READER MQOIFICATION

Locate Plug P4,

Locate the blue wire connecting P4 pin 3 and P4 pin 11,

Locate the orange wire on screw lug L] of the mode switch.

Locate L2 of the mode switch (no wires)

Locate the orange/gray wire on screw lug | of the mode switch.

If the wire colors do not agre=e, do nol procsed with this modification unless
the connections can be verifiad to agrae with those of Figure A-8

O

2. Cut the blue wire near P4 pin 3

3. Splicea wire A from the new relay to the portion of the bBlue wire still connected
to P4 pin 11, ,

4. Connect wire 8 to screw lug L2 of the mode switch.

S. Connect wire C to screw lug | of the mode switch.
118 vae -%-—.—O—-O Wr"z"
not :

YOCE sSWITCH

Mma.LO0G
i .%E
INTERBACE
Tare ~
REAQER .
CONTROL
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] SHADED AREA IS ADDED OR NETWORK
“ MODIFIED SY CUSTOMER
L B~ ] F- P P ] ) e i
mevae /L NN Ll N\ oo oo e Lo
RETUANR NN\ 7 7/ NN 7/ NN \\\"m on
\ /

]
MANUAL AEAOER ONLY

Figure A-8 TTY Modification (Manual Reader)
AUTO READER QPERATION

The 115 VAC automatic reader circuit
The 48 VDC TDC relay can be operated
reader or by the DC! data function.

energized until the momentcry MANUAL
0C3 and ENQ data functions will also

by the momentary MANUAL START switch on the

Once the TDC relay operates, it holds itself
STOP switch on the reader is activated. The
stop the reader.

The automatic reader c¢ircuit can be controlled remotely by adding a relay to con-
trel a3 contact closure in parallel across the 70C relay contact as shown in

is normally open due to the TDC relay contact.
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AUTO READER MODIFICATION

o 1. Locate Jack J6 connected to plug P§.
Locate the yellow/green wire at J6-13.
Locate the blue wire at J6-14,

If the wire colors do not agree, do not procsed with this modification unless

the connection can be verified to agree with those 'of Figure A-g
2. Connect wire A from the new relay to the blue wire at J6-14,
3. Connect wire 8 from the new relay to the yellow/green wire at J6-13.
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. Figure A-9 TTY Modification (Auto Reader)
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