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@IF@ [ID(1D@~ RS-232 & TTY DRV/REC CARD 
The 7301 combines the I/O !=)orts and the voltage 
trans'ation needed to interlace a microprocassor to 
R5-232-C and TTY serial data communications 
lines. The RS-232.:.c and TTY circuits feature sepa
rate contro' ports for programming convenience. 
and cable interiocks which can be tested. The 
microprocasacr card used in conjunction with the 
7301 is programmed to provide timing and senaU 
paraUet conversion for both interface circuits. 

The RS-232-C section of the 7301 provides four line 
drivers and four line receivers (which aracompatibie 
with E1A Standard R5-232-C), and a 2S-pin 0 type 
cab'e connector. A pair of OIP sockets on the card 
enabtes user-setected Oata Terminai or Oata Set 
(modem) configurations by simpiy inserting a 
shorting ptug (inciuded) into one of tne sockets. 
Operating speed ranges between 0 - 20,000 baud. 

The TTY sed10n 01 the 7301 consists 01 se"arate 
send and receive 20mA current loops. a relay driver 
for remote controi of an ASR-33 type console tape 
reader, and a 9-pin 0 type cab •• connector. Operat
ing speed ranges between 0 - 300 baud. 

FEATURES 

• EJA A8-232...c C4m"atlb'. Interlaea 
• ASA/KSR TTY Interface 
•. SlmuHan.aus FuU Cu"tex O".ratton 
• On-card Industry Standard C~ •• Connectors 
• Program Readaa.e Cae •• Intenocks 
• U ........ ectaa •• eata TerminaUCata Set 

Con'llguratlon 
• U ......... ectaa •• Port Add ...... 
• System Processor G.nerated Saud Rate 
• Socketed Ie .. 
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RS-232 Introduction 

EIA::Standard RS-232-C (and equivalent international standard CCITI '1.24) defines· ni 0 
the e 1 ectr i ca 1, mechan i ca 1, and proc:edura 1 aspects or a ser i aIda ta coc:nmun i ca t ion 
1 ink between two dig ita 1 sys terns named·: the Data Termi na 1 Equ i pment (DTE, or Oa ta 
T~f'Tftrna1) and the Data Communication Equipment (DCE, or Data Set). "" 

The Standard specifies thirteen distinc:t interface configurations'and. a:~ ,mJmcer of 
;;'Spti6ns for eac:h, resulting in a highly flexible data 1 ink that is app;rop,riat~ 
. for'·a wide variety of appl ications 
!s.f~,.r::", , 

For complete familarization' with the Standard, the user should obtain:. the 'Following 
publications from ELE:CTRONIC INDUSTRJES ASSOCIATION, Standards Sales Office, 
2001 Eye Street N.W., Washington, DC 20006: 

t;:'. , 

,. 

EIA Standard RS-232-C: Interface Between Data Terminal Equipme'ft:t'" 
and Data Corrmunication Equipment Employing Serial Binary Data, 
Interchange -,. -

b~ Industrial Electronics Bulletin #9: Application Notes for EIA 
Standard RS-232-~ 

Hicrooroeessors and RS-232 

tJnc classical RS-Z32 appt ication is a computer terminal (OTE) eonnect,.~!i, J.i.~ RS-Z32 
~o a,modem (DeE) wh i ch COrm1un j cates with a remote computer over te I ephq'n..e '1 i nes. 0 

•. A.. E'lJ:ero~,..oc:essor can be used in the implementation of any portion of ~).iq'h a 'system 
that is wi thin its speed <:apab i 1 i ty. " 

More frequently, however, a simplified version of RS-Z32 is used to link a micro
processor with its 1 oc:a 1 per i phera 1 s, or to 1 ink mi croproeessors together,.,·j n a 
loeal distributed proc:essing application. The reason for this class ,of 
app 1 i ca t ions is the wide ac:cep tanc:e of RS- 232 as a standard i nterfac:eop t ion for 
terminals, printers, sensors and ac:tuators, instruments, and potential microprocessor 
peripherals of all types. The ex is tenc:e of plug-compatible cables andava i Jab J e 
operating software provide a strong bias in favor of RS-232. Other ch.aracteristics 
which contribute to the popularity of RS-232 are: 

a. ~any electrical 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~atabi licy is assured by known signal voltages and polarities 
plus standardized drivers w-ith known loading, short~ct-rC:lJit and power-off 
eharac:teristics. 

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

I d.-Within the Standard, RS-232 characteristics are highly adactable 
and easy to interface to. ' 01 

I 
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RS-232 Characteristics Summary 

The electrica'l·and mechanical standards are explained in detai 1 in RS- 232-C , ... al1d~,: ~ 
are summar- i zed' in Fi gures 1 , 2 , and :3 • . .. ' .. $ ~ ,' . 

. ~!"', i 

RS-232.-C defines an interface cable with up to 25 conductors that is u·p to 5a.F.~t .. · 
(15 meters) long. The cable1s connectors have a fixed pinout, and are used to 
i ntarconnect a De ta Set and a Data renni na 1 • The 25 poss i b 1 e signa I s cons is t "',; ::>6-
of data, con~rol (handshake), and reference (clocks and grounds) signals, not-.l!~ef 
wh i en need be used in' a given app 1 i cati on. Signa 1 s not used are ignored at both .. ! ;~'.~ 
ends of the cable. The signals that are used are either driven by the Data Terminal 
and rece i ved by the Da ta Se t, 0 r vice ve:sa. " (,,": 

.' 
,;. '..1;;': 

Sin~ the Data Set might be a modem capable of ha·ndl ing telephone 1 ine protocol,:'".;"-
the Data Set is given precedence over the-Data Terminal in some appl ications, and'--
the majori.ty'of available Signals are generated by the Data Set. In other applications 
the Data Set and Data Terminal '~re 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 distilnction 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. tn asynchronous operation, the clock is omitted and 
data reception and decoding relies on a known, accurate data rate (baud . 
rate) and the inc 1 us i on of START and STOP bits in the ser i a 1 data wh i ch a 11 ow".::~'l.~ 
i ncom; ng bits to be framed into· charaeters (Sect ion 6.). MOS.t mi croproce.ssor 
per i phera 1 rriterfaces use the ;)synchronous mode wi tn ASC t r da ta encod i ne;, and .. ~"'lr.,. 
these are ,~tJ. applications the 7301 is optimized for .. However, a spare driver!: ;::-;:. 
receiver parr (Section 4) can be used to transmi t a clock for I imi ted synehronoU:~ j •. 

• " ... ". ~* opera t 1 on. ." ';;"'''' 

Control Sicinal Handshake 

----------.~~----------
Certain signal protocol must be met before data can be transmitted over the 
interface.' The order or operat ions is as fo 11 ows : 

a. Q.~ta Terminal drives the Data Term-jna1 Ready signal (OTR, pin 20) ':""'~C 
active to signify that its power is' on, it's not in a test mode, . "I::;O{';, 

and it1s ready to participate in conmunicating with the Data Set. '. :-.,. 

b. Data Set drives the Data Set Ready signal (OSR, pin 6) active to 
signify that power is on, it's not in a test mode, and it1s ready 
to communicate with the Data Terminal. 

(NOTE: T.he more' complex configurations described by the Standard 
may requ i re more signa 11 i n9 before the R.eady signa 1 s are 
asserted .• ) 

c. Data Tenni na 1 now drives the Reques t To Send (RTS, p j n 4) act i ve 
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: tn synchronous systems, c10ck synchronization occurs before 
RTS and CTS are asserted.) 

e. Serial data can now be transmitted from the Data Terminal over 

PRO-LOG CORPORATION A 106420 
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the Transmi tted Data (re*, pin 2) 1 i ne or from the Da'ta".~~l",," 
over the Received Data (RO*, pin 3) line. This can be half 
duplex or full duplex according to the application requirements. 

The 7301 provides driver/receiver pairs for the following signal pairs: TO*/RO*, 
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 a Data Terminal or a Data Set. The Signai 
Configuration Sockets J3 and J4 allow the user to make the selection by inserting 
a programming plug, which swaps the driven lines and the received lines to the 
desired configuration. 

Potential System Incom~atibilities 

The user should realize that meeely meeting RS-Z3Z-C does not guarantee that two 
systems will be able to communicate as soon as they're interconnected. Besides 
incompatabilites 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-Z3Z-C only specifies binary data. Although 
ASCI I (Section 6) is widely used in English and some other 
language applications, its usa is not mandated in the Standard. 

b. I nformat jon PT"otoco 1 . The i nformat ion conta i ned j n the data 
transmitted (meaning, ma9nitude~ order, ete.) must be 
intelligible to both systems. For example, both systems must agree 
on whether the least signifieant or most significant di~it 
in a large number is transmitted first. 

c. Sot:ed- comoa~ability. Even if the Data Set and the Data ienninal 
operate at the same baud rate, the receiving system may not be able 
to process 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. 
In some cases the receiving system. has additional RAM which allows 
it to accumulate a block of d~ta before processing. 

A J~,l~ .. ,cf these areas of i ncompat i b i 1 i ty are app 1 i cat i on dependent and requ i re the 
attention of the system design engineer. 

, "' 

PRO-LOG CORPORATION A 
REV 

106420 A 
" .. -

o 

o 

-I 

01 

SHT S I 

OF 621 



" J. 

SECTt ON 2 - '" F'UNCTt aNAL OEseR I1'T1 ON 

'0 Card Addr"ess Maoping 

:0 

. 
" 

, .•.. " 

The 7301 is enabled when its jumper-selected addr"ess corresponds to the addr"ess -, 
issued by the processor ~ard during an I/O read or wr"ite operation. 

,: :!-~ t," 

The 7301 decodes address 1 ines AI-A7 for card selection, 'Hith AO used to select 
~I , 

between the two onboard sequential port addresses. RO* and WR* control the input 
ga t i ng and ou tput 1 atc:, i ng functi ons for the ports. " :,i' 

The 7301 is shipped with hexadecimal port addresses CO and Cl selected 
by 'II ire jumpers. To change the card address se 1 ect jon see r~pp, NG z Sect i on 3. 

RS~232. Sect ion 
" , ' 

The 7301 provides four line drivers and four 1 ine receivers that are compatible ",.;.,_: 
wi th EIA Standard RS-232-C. The drivers and receivers are control ted and :;~d~ 
men i tored by one 4-b it output pert and one 4-b it j npu t port on the 7301. One . _/;: 
add i tiona t i npu t port bit prov i des a program-readab 1 e cab 1 e inter lock wh i ch ',: ~:-;" i 

allows the program to determine whether an RS-232 cable is connected to the card .• ~,j 

Complete programming information for the RS-232 section of the 7301 is given ~ .. !~ 
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-Logls Series 90 PROM Programmers, and 
for i=nteriacing with Pro-Logls 7304 UART card and UARTs from other manufacturers. 
The card can occupy either the Data Terminal (OTE) or Data Set (OCE) position 
in a serial communication sY5tem depending on the position of a shorting plug 
provided with the card. To adapt the 7301 to special appl ications, refer to 
RS-232 SIGNAL OPTIONS in Section 4. 

Reference information and programming for asychronous ASCI I-encoded data applications 
is found in ASCII coce I NFORMATl ON, Section o . 

I I 
---' ! 

'. . ~ '. . ,. , . 
~ ..... -- ~ 

o [ J Denotes user-selectable alternate function 
Shaded area represent~ the 7301 ~l R~232 circ~it 

Fi cure 1 - RS-232 Programmino ~1odeJ 

(7301 shown in Data Terminal configuration) 
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20 M i 11 i am" TTY C i r-eu i t 

The 7301 provides one 20 rnA current driver, one 20 mA current receiver, and 
one open-collector current-sink relay driver for paper tape motion control in 
modJfied ASR-33 TT'r consoles. The d .. i·vefPS' and I"ecievers are. contr-ol1ed and 
mOt,i tored oy two outpu'l; port 0 its and one input port bit on the 7.3Q1 ~ One 
additional input port bit provides a program-readable cable interlock which 
aI1pws the program to determine whether a TTY cable is connected to the card. 
Co~lete programming information for the TTY section of the 7301 is given 
in TTY PROGRAMMING, Section 5. G .... 
~aeeause of the 1 ac:k of an industry standard govern j ng 20 rnA ser j a 1 commun i cat ions, 
the 7301 is characterized for operation only with modes KSR-33 and ASR-33 pI" 
equivalen~ electromechanical TTY consoles, or with another 7301. However, a 
number of strapping OPtions are provided to allow the 7301 to be used reliably 
in other "20 rnA current loop" applications. Refer to TTY SIGNAL OPTIONS in 
Section uS.. 

If desired, a. user-added modification to the model ASR-33 console allows program 
control of paper tape motion using the 7301 1 s relay driver. Details of the 
modification are given in APPENDIX A. 

Reference information and programming for ASCII-encoded data applications is found 
in ASCI I CODE INFORMATION, Section 6. 

?.~ .. 

OUTPUT 
f'ORT Cl 

LINE 
DRIVERS 

! h? ~"( sAolaS Ihl ~) 
j..{ • ~"CEP. C .... ml'e(., 

J,o 

Fl GURE 2 

KSR/ASR TTY CONSOLE 

1IY 

LINE 
RECEIVER 

TTY 
Printer, 
f'unch 

Keyboard, t),...-r ..... ;fo 

Reader i 
20 mA TiY PROGRAMMING MODEL 

INPUT 
f'ORT C 1 

i 

~ w!.3 
'I ,~ ..c-<:. 
! 

I .,L / 
! 

o 

-0 

o 

PRO-LOG CORPORATION I A I 106420 
~EV ISiH 7 

A OF 62 



· . 
4 .....• ----------------------------------------~~----~----.~-----------~~~ 

o 

o 

. 0 

7301 Reset Characteristics 

The 7301 is reset by the SYSRESET* signal which is generated by the system 
processor card at power-on or in response to the PBRESET* input to the p,..ocess.~.r'. 
card. 

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

The SYSRESETf: signal clears a1 t of the 7301's out~ut port bi ts wi tn the rollowin:~ 
effect on the commun i c:a t j ons c j rcu i ts : '. 

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 Bit (Space) condition such 
that idle TTY chatter .stops; the 20 mA driver is in the ON state. 

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

All of the output port bits and cor~espondin9 drivers remain in the above states 
after SYSRESET* until specifically addressed and changed by the program. 

Spare TTL I/O Lines 

Input Port Cl bit 3 and Output Port Cl bits 2 and 3 are one spare input tine 
and two spare output tines, respectively (Figure 2 ). Pads are provided for 
these bits, wh i ch are jumper-connected by the user to spa re pins a t cab 1 e connec to rs 
Jt and J2 as needed. Refer to the Schematic and Assembly Diagram for the 7301 
to determi ne the locat i on of these 5 i gna 1 s. 

With respect to the system processor1s accumulator and the sro Data Bus, the 
spare input port tine is low level active and the spare output port 1 ines are 
high level active. The spare TTL lines are similar to the TTL lines provided 
in Pro Logls 7600 Series TTL I/O cards and are suitable for the same applications . 
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SECTION 3 - MAPPING 

I/O Port Address Selection 

The 7301 occu~ies two port addresses with one in~ut port and one output port 
residing at eacn address. When shipped, port addresses CO and Cl hexadecimal 
are selected by jumper wires •. If only one 7301 card is used in the system, 
o·r i f no exi s t i ng ports are ass i gned these addresses, then the add ress se 1 ect ion 
is often arbitrary and no enange need be made. However, the ports may be 
assigned any two of four sequential addresses in the range OO-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). 

b. 

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

Figure 4 shows where to place jumper straps at SX and SY to 
obtain any group of four sequential addresses in the range OO-FF. 
Use the lowest or the group or rour addresses desired when 
determining the jumper positions, and note that this lowest address 
must end in one of the rol1owinghexadecimal digits: 0,4,8, or C 
(e.g- co is the lowest of the group CO, Cl, C2, C3). 

Find the most significant hex address digit along the vertical 
axi s of the tab 1 e· in fi gure 4 ,then fi nd the intersect i on along 
the horizongal axis that coincides with the desired group of 
por't addresses. At that intersection, read the two eonnections 
to be made to SX and SY. 

For example, the card is shipped with jum~ers at x6 and YO, selecting 
the group CO, Cl, C2, C3; the group 28,29, lA, 28 is selected with 
jumpers at Xl and Y2. 

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

For examp 1 e, the card is sh i pped with SZA j umpered to 20 and SZE 
jumpered to ZI. This provides the final configuration for the card 
as ship~ed, with the RS-232 circuit addressed at hexadecimal address 
CO and the TTY/cable interlock circuit at hexadecimal address Cl . 
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o Fi gure 3 Location or 7301 Address Decoder Outcut Select Matrices 

I.UaT SIGJIII"c:.AfeT MIX AOOR.sa JUMSI«R 
MOST UUC"l'1CH 

SJGNIII1CANT Q I 1 I 2 , 3 .. I 5 I S I 1 S I , I A I s e ) 0 I ! I F X. 'f,,: 
MUAOaRua ZO I Z1 I Z21 ~ ZQ I Z1 I Z2 I z:s ZO I Z1 I Z2 I z:s ZO I Z1 I Z2 I z:s .... z 

a xo vo xo v, xo V~ xo v~ !"' 1 xo V .. xo V5 xo ya xo Y1 

2 X1 yo X1 .", X1 . v~ x, v3 

3 X1 V .. x, Y5 x, ,va X1 V7 

.. ;(2 vo X2 Y1 x2 '12 x2 v~ 

5 x2 " .. ;(2 Y! ;(2 ya X2 V7 

• X3 VO :<3 V1 X3 Y2 x3 V3 X 
1 X3 v .. x3 v5 X3 vs X3 V1 

AHa 
s x. yo x. .,., X4. Y2 X4 V3 

9 X4. V, X4 V5 X4. vs X4 V1 'f 
A xs yo xs Y'I xs Y2 xs V3 

S xs 'f4 xs V! X! V6 I X! V1 

e X5 yo xs V1 xs v~ xe V3 

0 xs Y4 X5 y! xs V6 xs V1 

! X7 yo X1 V1 X1 v'2 X1 13 , .'(7 "'4 X1 vs X1 V6 X1 V1 l/ 

Figure 4 7301 Address Decoder Jumcer Selections 
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SECTION 4 RS-232 SIGNAL OPTIONS AND PROGRAMMING 

General 

The 7301 provides four line drivers and fou~ line receivers that are 
c:cmpatibte with EtA Standard RS-232-C. These func:tion as voltage translator.s 
between the bipolar RS-232 signal levels and the TTL levels required by the 
S7D BUS. The driver/receiver pairs are c:ontrol1ed and monitored by onboard 
input/output po~t bits that are in turn controlled by the program. 

Since the 7301 does not employ UART devices, the system program is responsibl~ 
for generating baud rate timing t serial/parallel conversion or data, and hand-
shake control·i. Flow diagrams and coding forms in Section 9 show how 
this is done.by manipulating the onboard I/O ports. 

RS-23Z Signal Options 

RS-Z3Z-C defines a 25-=nduc:tor cable with fixed cable eonnector pinout that 
1:inks a Data Terminal (OTE) with a Oata Set (OCE). The Data Terminal drives 
the set of signa I 1 ines that are rece i ved by the Data Set; the Oata Set dr i ves 
the set of signal lines that are received by the Data Terminal. The 7301·s 
two Signal Configuration Sockets (Fig~re 1 ) allow the user to select either 
the Data Terminal .~r. Data Set confiqurat.ion for tbe card by inserting a shorting 
plug into one o·f the sac:kets. The short i n9 pI ua swaps a 11 four 1 i ne dr i vers 
and four 1 ine receivers simultaneousJy,.4read..,,·fng it ror c:cnmuni~ation wi th 
equipl'n«!nt wi . .th. the ··ccmpl imentary CQnfrg.uration. 

o 

In the~~yn:hronous RS-Z32 appl ications for which the 7301 is intended, the 0 
equipment at either end or the link·drives one serial data line and up to two 
~~hronous handshake lines t as shown in Figure 5 A spare driver/receiver 
pair is provided for applications requiring another control or clock signal. 

~s I GNAL SIGNAl. \ eASLE DRIVEN REeE I~VED 
}1NEMON Ie NAME { PIN BY BY 

I TD* Transmi tted Z DTE DCE Data ! 
l 

I 

RD* I Received 
, 

I t 3 Des: 'OTE ! Data I 

! 

I OTR IOTE i ZO oTE DeE 
t . Readv 1 

I OSR DeE I 6 DCE oTE I . Readv 
RTS Request 14 OTC: OCE To Send I 

I 
CTS Clear \s DCE DTE To Send 

I 
( Spare) 

I 
~4 
I 

DTC: DeE 

(S~are) I 
1

8 DCE DTE I 
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 TO* line and uses DTR, RTS, and (Spare) optionally to handshake with 
the Data Set. The Data Set drives serial data to the Data Terminal via the 
RD* line and uses DSR, CTS, and (Spare) optionally to handshake with the Data 
Terminal. If 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 ccm~atible equipment drive· all of these lines. 
For example, a CRT terminal might produce the DTR signal by sim~ly routing 
the DSR signal back to the Data Set by a wire jumper. Or, it might produce 
OTR by =onnecting the line to a positi·ve power supply greater than +3 Volts 
so that OTR is active anytime the terminal is turned on. In either case 
the Data Set cou 1 d not i nh i bit the termi na I' s operati on by dropp i ng its DS.R 
signal since OSR is probably not monitored by the terminal in this instance~ 

The 7301 provides a matrix of signal option pads near the RS-232 connector . 
(Figure 29) where the user can dis~nnect three of the four driver/receiver pairs 
and rei:onnec t them with wire jumpers as .needed in. spec i f i c app 1 i ca t ions. 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/receiver pairs. Note that reconnections made 
by the user will be swapped jf the Signal Configuration plug is swapped. Refer 
to the 7301 Schematic and Assembly diagrams ror details of this option. 

RS-232 Prosramming 

Figures 7 and 8 show programming models or the RS-232 drivers and 
receivers, respectively. The four' output port bi ts di rectly control the 
states of the line drivers, and the states of the line receivers can be 
read directly from the input port. 

Note that the RS-~32 serial data lines are low level active (inverted) 
while the handshake control and 

spare drivers are high level active. The 7301 provides inverters on both the 
TO* and RD* lines so that the serial data is high level active in the micro
processor's accumulator. 

Figure 6 shows the bit functions of the 1 ine driver/receiver control ports 
according to whether the Data Terminal or Data Set signal configuration is 
selected. . 
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lIT ~HC'TIOH 
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RS-Z32 Cable Interlock 

Input Port Cl, used for TTY .Receive, prQYides bit 2 as an RS-232 cable 
interlock. The purpose or this interlock j's to allow the program to determi ne 
whether an RS-232 cable, active or inactive, is plugged into the card. This 
feature can be used in system error-checking or as a convenient technique 
to determine what system options are present (if the RS-232 opti·on is not in 
use, the program need not expend time in cnecking for incoming data) . 

To use this feature, the user's RS-232 cable assembly should provide a connection 
between SIGNAL GROUND, pin 7 of J2, and CA8L£ INT£RLOCK*, pin 25 of J2. When 
the cable is connected, Input Port Cl bit 2 will be in the I state when read; if 
the cable is missing, bit 2 will read o. (Figure 9 ). 

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 ror this 
purpose in the vicinity of J2 (see Figure 29). Input port CO bit 3 is 
available for this purpose. 
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SECTION 5 - TTY PROGRAMMING AND CONFIGURATION OPTIONS 

General 

The 7301 provides nominal 20.mA current loop circuitry designed to interface 
with eJect~omechanr~l KSR-33 and ASR-33 (or equivalent) consoles, and to 
Pro Log's Series 90 PROM Programmers. Figure 11 il1ust~ates the intended 
interfac:e, and Figure 27 shows the recommended wrring for the TTY cable 
assembly used with the 730~. 

The TTY interfac:e circut'try can be alter-ed by the user-at pads provided on the 
7301 to interfac:e wi th a variety of other "TTY compatible" instrumentation and 
communications interfaces. Figures 12 and 1 3 il1ust~ate possible variations 
in the interfac:e circuit. 

TTY Programmi n9 

o 

Figure 9 shows the bit func:tion of the TTY I/O programming port ct. Input Port Cl 
bit 0 reads the a mA/20 mA (mark/space) state of the TTY .receiver, which 
is intended to be driven by a mechanical commutating switch contact. Outout Port Cl 
bit 0 cont~ols the state of the 20 mA drivel"'. 

TTY c:s.IRlillNT ,"celt 

PO..,. CJ lIT PUNC'TION 
7 • 5 I 4 ~ 2 1 ~ 

INIIVT t t , I 1 41' ... ~ TTY OATA 
lHnJ<t INTU< IN 

o 
0UTNr X X x I x 4/1' ~,., TAPE DATA 

4 C'T'Al. OUT 
X • 0cIn't c:... ·t..ow~~". 

FIGURE 9 : PORT C·l BIT FUNCTIONS 

Figure JO shows the logical meaning of I/O Port Cl bit 0: 

PROGRAMMED Nomi na I State ' lAse I I True I Li ne 
STAT! Current Name Data State' Vo 1 taae 

INPUT PORT Cl bit 0 • 0 UIM MarK \ ~ fAR T ) U I HIOh 
i 7301 RECEIVE bit 0 -1 lOmA Space STOP 1 Low 

OUTPUT PORT Cl bit 0 • 0 I 20mA Space STOP . 1 Hioh 7301 TRANSM I T I bit 0 =- 1 ! OmA Mark (START 0 Low 

FIGURE to PORT Cl 81T 0 LOGICAL MEANINGS 

A specific programming example with flow diagram and 80S0/80SS/zaO coding forms 
are shown in Section 9. See Section 6 for ASCII code information. 
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TTY Cable Inte~Iock 

Input Port Cl provides bit 1 as a TTY cable interlock status bit. The purpose 
of th is i nte~ lock is to a 11 ow the program to determi ne 'r"Ihether a TiY cab 1 e, 

active or inactive, is connected to the card. This feature can be used 
in system er'~or-checkjn9, or as a· convenient technique to detennine Ir"Inat 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 userls TTY cable assembly should provide a connection 
between LOGIC GROUND (JZ pin 8) and CASL£ INTERLOCK* (JZ pin 2). When the cable 
is connected, Input Port Cl bit 1 will be in the 1 state when read; if the cable 
is mi S5 i ng, bit 1 wi 11 read O. 

TTY Taoe Reader Control 

.... 

o 

Appendix A describes a modification to the ASR-33 console which allows a user-added 
relay to stop and start the paper tape reader automatically via the processorls 
program. The 7301 provid~s a switchable current source and -12VDC relay supply 
which power the relay and allow it to be switched according to the state of 
Output Port Cl bit 1 as shown in Figure 14. Figure 15 shows a typical nardwa~e 
ccnfi"gurqtion. 

PROGRAMMED STATE NOMINAL CURRENT RELAY 'TAPE MOT ION 
.. -. 

BIT 1 • 0 OmA Ooen Stooped OUTPUT PORT Cl 
BIT 1 • 1 60mA Closed Moving 

FIGURE 14 ASR-33 PAPER TAPE MOTION CONTROL o 
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SECT ION 6 - AS C t teo 0 e: nl FORMA T t Of'i 

ASCI I (American Standard Code For fnfoMmatfon tnterchange)' is an a-bit code For 
data transmission. The cede consists of 7 bits For inronnation, allowing a 0 
l28-eharacter set to be encoded, and one bit for error-cheeking (parityl. 

a-bit microprocessors can conveniently handle the ASCII characters as one 
parallel byte of inroMmation. In serial data applications such as RS-232, one 
START bit and one or more STOP bits are added to the ASCII code for asyehronous 
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 received bit stream into ASCI I 
characters and to decode them accurately. 

Format 

Fi gure 16 shews the seri ali zed ASC 1.1 character IS vo 1 tage waveform as it wou 1 d be 
seen on the 10* or RO* lines (RS-232 pins 2 or 3), consisting of: 

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

b. Seven low level active data bits, beginning with the 
least significant bit (bO) and progressing to the 
most s igni ficant bi t (b6); (b7) 

c. Low level active parity bit/which, if used, causes the 
data field (bO through b7) to have an even number of 
ae: t i ve bits (lI·even par i: tyll) or an odd number of act i ve 
bits ("odd par j ty") ; 

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 character set but increasing the character 
transmission rate; 

b. Parity bit may be held 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 
implemented as extra STOP bits. 

10."" SITS 

Fiaure 16 RS-232/,~SC II Seri a 1 c;,aracter Format -
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Inverters on the 7301 allow the prog~ammer to use positive true logic. 
ASC 1 I da ta i. n i nterna I p~ocesso r req i s ters is opera ted on and commun i ca ted 
to the po~ts as true data. Internal ly the START bit is a logic 0 and the 
STOP bit is a logic 1, and the ASCI I character appears as the 2-digit hex 
value shown in Figure 17. 

ASC l' I Cha ~a cter Set 

Figure 17 shows the 2-digit hexadecimal number requi~ed to produce a binary 
bit pattern equivalent to the ASCII code for the standard TTY keyboard character 
set. Locate the charac:ter des tred, then fi.nd the I east sign i fi cant hexadec i rna 1 
digit or the code along the left axis and the most significant digit across the 
top or the table. 

Parity adds or subtracts hexadecimal 80 from the code, depending on the odd, 
even, suppressed, set, or clear s tate or the par i t:yb it requ i red by the 
US er 's sys tent. 

Control Characters are the codes produc:ed when the keyboard's CONTROL (CTRL) key 
is depressed wh i 1 e one or the alphabet or [,', 1, A, .;.' or ~ keys is depressed. 
The standard meaning or the control characters is shown below. the. code table. 
Their advantage in keyboard control applications. is thattwo'simultaneous 'seystrokes 
a~e required to produce them, so operator errors are reduced. Note that a control 
character can be produc:ed arithmetical Iy by subtracting hexadecimal 40 from the 
equivalent alphabet or special character. 

Some equipment, particularly i~tetligent teMminals, monitor and react to certain 
control characters while generating them. Consult the equipment user's manual 
ror special control character considerations. 

Lower Case alphabet characters ;.are rreCluent 1 y omi tted in low cos t term ina 1 5 and 
printers, with the SHIFT key a~ion limited to the subset of punctuation and 
special characters. Lower case characters are generated arithmetically by adding 
hexadecimal 20 to the equivaler.~ upper case c~aracter . 
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HEX 11-1 a 9 A B C 0 MSD 
11- 0 1 0 I 1 2 3 I 4 I s 
b7 II I p P I' P P 

BITS ~(o 0 0 0 0 1 1 

~ 0 0 1 1 0 0 

~ I 1.SD bl ~t " 
0 1 0 1 0 , 

'co 

0 0 Q Q 0 NUL oul SP 0 @ I p I 
1 0 Q Q 1 SOH OCS ! 1 A I Q 

2 0 0 1 Q STX OC '" 2 B R 

3 0 Q 1 .,. en OQ ;; 3 C S 
4 0 1 0 "0 EOT 0C4 $ 4 0 T I 
5 0 1 0 ·_·t ENQ NAK Ofo 5 E U 

S 0 1 t Q ACX SYN & 6 F V 

7 0 t t 
.. 

1 BEl. ens J 7 G W 

8 1 Q 0 0 as CAN ( 8 H X I 
I 

9 1 0 0 t HT EM ) 9 f Y 
A 1 Q 1 0 I.F SUB .. I • J Z • 
B 1 0 1 1 VT ESC .f- • K C , 
C 1 1 0 Q FF FS , c 1- I , 
0 I c" as M 

1 

1 1 1 0 1 - --
E 1 , 1 .0 ~O RS e > N '" 
F 1 , 1 1 .sa us / 7 0 -

CONT~OLCHAAACT!RS 

NUL NuU FF F1mIt F_ CAN 

SOH Stan of H..ainq ~ CMn ... Aecum EM 
STX Stan of i txt SO Shift Out SUB 
en End of i txt SI Shift I". ESC 
EOT end of rrammiaion OLE 0 .. I.ink ~ . FS 

ENQ Enquiry oCt 0.,. C4ntra' 1 as 
ACX Adcnow ... OC2 Oewtca C4mr0' 2 RS 

BEl. a..1 (audib'e or mantion sigNIU OQ 0." .. C4nvot 3 US 
SS Sack~ CC4 0." .. C4n1l'O' 4 (S~; eeL 
HT Homonta. i abu4ation (puncfted card skio; NAK Neqative AcXnawiedqe 

L.F I.in. FtIId SYN Svncnronous Idle 

'IT Ven1c:a' iabu.ation ETS end of ir ..... iaiOft Slack 

FIGURE 17 ASCI I Character Code Table 
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Baud 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 numb~r of characters transmitted per second, or the 
baud rate divided by the number of bits per character. For example, standard 
serial ASCII characters are 10 bits 10ng, so 110 baud should produce eleven 
characters per second. However, electromechanical KSR/ASR-33 consoles require 
Z step bits for 11 bits per characte~, so their character rate at 110 baud is 
110/11 • 10 characters per second. 

Figure 18 shows the standard baud rates, bit times, and standard ASCI I character 
rates for most of the RS-232 equipment used in the United States. 

,._ .. _--- .' ....... CHARACTERS PER SECON 
BAUD RATE TIME FOR ONE BIT ~.ASC 11 w/one. s to bit 

50 2Q.00::.ms 5 
1 . ... ms 

t 10 9.09 ms 11 
1 4. .44 ms 1 . 
150 6.66 ms 15 
2 0 
300 3.33 ms 30 

1 60 
1200 833.3 us 120 
7.800 
2 00 240 
4800 
9600 104.2 us 960 

19200 52 .. 08 us 1 

FIGURE 18 ~ BAUD RATE TIMING TABLE 
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ASC I I P.Y-og r-amm ina Cons i dera t ions 

ASCI I transmit and receive operations via RS-232 require the following: 

a. Paraltel-to-5erial conversion by the processor- for transmit, and 
serial-to-parallel conversion for receive; and 

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

ParaTl e 1 Iseri at conyers ion is genera l1y performed by a comb i nat i on of sh i ft 
or rotate commands which isolate or accumulate' individual bits, and the 

01 

OR, AND, and Exclusive OR logic commands which allow individual bits to be masked f 

set, cleared, and complemented. The routines in Section 9. illustrate these 
techniques, along with ASCll-to-hexadecimal conversion and related operations. 

Timing depends on the program's ability to generate a constant time delay based 
on the time requ'ired to manipulate the data (usually a small fraction of the 
bit time) plus a prograrrmed tlme 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 cha r"acter. For examp 1 e, a J% error" I n the wid th of the START bit 
would be a 9 % error at the Par"ity bit if the same time delay routine is used for 
.a 11 nine bits (the START. bit, seven da ta bits, and pa r i ty 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 pr"ocessor 
to read the state of the incoming data line in the nominal center of the received 
data bi ts (Figure 19), al towing -. up to a 50% error to accumulate by the time . 
the Parity bit is received. The maximum allowable error in bit timing is then 0 
50% I 9 • 5.5"%, or 2.7 % for the I/2-bit time delay-.; Yhile the crystal
controlled micropr"ocessor can achieve much more precise deJays for" low and 
moderate baud rates (Tabl~ 1 ), the~ accumulated error for an electromechanical 
term ina J may be 'as high. as 20%.. -_.... ._-- '._--

I 
I 

FIGURE 19 : SUGGEST~D ?ROGRAMMED TIMING 
FOR ASC II CHARACTER RECE I VE 

p,~o~~ 
'j\>\( 

.' -I 
(.,~~ ~~::r =.~ 

Note that system noi se immuni ty can be improved .by rereadi ng the START b j t 
1/2 bit time after its initial detection. If the START bit is not still present 
at that time, the receive operation was initiated by a noise spike and can be 
terminated without introducing a system error. o 
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SECTION 7 - 7301 El.ECTRICAL SPECIFtCATIONS 

0 

E1..ECTRICAL 

-vee a +(iV, :6' 
.4Ce a S~mA maximum (38OmA typicaj) 
-AUX -V a -12V :~'*a 
.AUX I a -200mA maximum 
-Address. data. and centro. buses meet aJi STO BUS 
genera1 e'ecmca' specifications. 

* See Figur~ 28 i~ Section 8 for STD BUS loading 

RS-2~2 Electrical SeecifTcations 

• PARAMET!R MIN MAX UNIT NOn 

VOH High '--"_ Out;)ut VoHage +3 v 

:OVOL 

, 
I..ow I...,.' Ou~ut Vo.tage -3 V 

lOS 
OutQut Short Clrcuit Current. Ouq,ut Shorted To :1~ 

85 mA (Cutation 1 S..:cnd Maximum) 

C1.. OutQut t.oad CaQacitanca 
-~ 

2SOO pF 2 

Tr 
Ou~ut Aate Of Change 30 VI. I Tf 

V1M InQut High I..., .. Vo.tage +3 +25 V 

vtl. Input L.ow l...,. Vo.tage -2S -3 V 

11M Input High l...., .. Current 
3 . +0.5 +8.5 mA 

Ill. Input l.ow l...., •• Current ~ • .5 -0.5 mA 

a OutQut Termination eilS -2.0 +2.0 V 

BAUO Aate (BitslS.ccnd) 0 20.000 SAUD 

Aeccmmended Cae'. l.sngttl SO feet 
I 16 meters 

VO Cliver OQen CJrQJit O~ut Vo.tage -12 +-5 V -- -
FtO Oliv.r Ou~ut Aesistanc:a. ~.r Off 300 onm I 
AL Input l.oad Resistanc:a 31< 6K onm 3 

N01'U: 
1. MinimUm lOad resiatlnt:a ~K 0""" 
2.'" IndUQae c:aoc. 8nd termin.tor ~itanCi 
l. ucaot CIA .. ImettOdC. 'lldtICft is • l.STTl. irtOUt I~ 

FIGURE 20 : 
~g] B~-2~ ~QDDas=,U: ..12 • 
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Typical RS-232 Line Voltaces 

Figure 21 shows the VIH/VIL range of the 7301 1 5 RS-232 receivers to the left 0 
of the center axi s, and typ j ca 1 VOH/VOL performance IN i th other than the spec i f i ad 
3K toad for the 7301'5 RS-232 drivers on the right. 

,. 

1""""'--.' OUTltUT--.' 

.~----~--------~----------------~ 

[ . 
VIM "ANG. 

TRANSITION 10 
"IG10N 

o 

FIGURE 21 Typical 7301 RS-232 Driver/Receiver ?erformance 
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:0 
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TTY Eleet~ical Soeeifications 

1 

2 

3 

4 

5 

6 

7 

a 

9 

FUNCTlON 

Paper tape motion centro' relay CQii ~ower source; ~rovides -, 2V through a '00 ohm. , 14 Watt. 
S~ resistor (djode c~amp to pin 6) 

Interface caefe inter10cx input; active low logic; use is optiona" Oesigned to be connected to 
logic ground (pin S) by tne interface cab'e when the cac~e is p~ugged into 7301 J1. Read into 
the proc:assor as input pert C1 bit 1; a logic 1 is retumed when pin 2 is grounded, or a logiC 0 
when open. Input loading 4l.STTl loads. 

S~are pin; c:;,nnected to a pad on the 7301 adjacent to pads supp~yjng .5Vor-12V. User may 
CQnnect a jumper wire or a 1/2 Watt resistor to either vo~tage for speciaf appUcations. 

Current leep return (7301 receive); suppUes -12V through a 470 ohm, 1/2 Watt. S% resistor 
supptying 20 mA retum and pin 9 voltage puJldown when the TTY CQmmutator is c10sed 
(spacing). Not required in some instrument interlaces. 

20 mA source (7301 receive); supplies .20 mA from .-sv through a 220 ohm, 1/4 Watt. S~ 
resistor when the TTY commutator is dosed (st:'acing) and puUs up pin 9 when tne 
commutator is open (marking). 

Paper t~e centrot refay drive; suppUes up to -+-50 mA through a switching transistor and 100 
ohm, 1/4 Watt. 5% resistor when out~ut port C1 bit 1 is at logic 1 (+5V current source). When 
output pert C1 bit 1 is at logic 0 ortne 7301 is reset, output leakage current is 0.1 mA maximum 
(pin 6 at OV). 

20 mA source (7:301 transmit); provides .;.20 mA minimum (measured witn pin 7 atOV) from the 
.,.5V supply through a switching transistor and a 2000. 1/4 Watt. 5% resistor when output port 
C1 bitO is at logic O. Output leakage current (ptn 7 atOV) with output port C1 bit 0 at logic 1 is 0.1 
mA maximum. Note that this output supplies +20 mA when the 730' is reset. Pads are provided 
for jumpering across the 2000 resistor in instrument interlace applications requiring 
additionaj drive voltage. 

Logic ground out; connects to LOGIC GROUNO (STO SUS pin 3. 4). 

Current Loop Receive (7:301 receive); a transistor base input through a 4. 7K ohm, 1 14 Watt~ S% 
resistor and negative current c~amp djode. A voltage greater than +2.5V appHed to pin 9 is 

. returned to tne processor as input port C' bit 0 at logic 1. A voltage tower than +O.8V is read as 
logic O . 

FIGURE 21: J1 Current l.ooJ) C~nnedcr SpecifIcations 

PRO-LOG CORPORATION A 106420 
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SECTION 8 - 7301 MECHANICAL SPECIFICAT10NS': 

The 7301 meets all STn SUS genera I mechan i ca 1 spec i fica t ions 'N i th the excep t ion 0 
of the TTY connector Jl and the RS-232 connector J2 which protrude from the 
card front 0.375 inches (0.953 em). With interface cable connected, two card 
slot widt~s may be required. 

Cable Connector Pinouts 

Figures 23 and 24 show the RS-232-C Standard pinout ror 25-pin cable connectors, 
and ror the 9-pin TTY connector, respectively. Figure 25 gives vendor model 
numbers ror Jl and J2 mating connectors. 

1IIS43Z C= .... CTCJt ..... UST 
~N NUMiet PIN NUMiER 

SIGNAL ORIGIN SIGH~ ORIGIN 

SIGNAoL SlGNAoL 

PflloTICnVe GROUNO 1 ,. T"C sac. T'AAHSMlTT'II:) 0. TA-

~ .. NSMtTnC C" T"- i"8 Z 15 S "...HS SIGNAL nM'NG 
RECSVED OAT"" s. 3 1a s sec. AIC!JVec OAT"-

ReouesT TO SINO 1'0 " 17 S AICV. SIGHA&.. TIMING 

Cl.JE..tIA TO SCloIO SC 5 ,. (UNASSIGNIEDl 

CAT ... SET RIAOY SC S 19 T SEC. AEOueST TO SINO 

SIGHAoL GROUNO . OUT ., 20 T"C OATA nAM ..... '" REAOY 

CAARIe;:t oane:" sa a 21 S SIG*I. QUAUTY OET!CT 

(Tan 9 22 S RING INOICATOR 

(Tb-n 10 23 TIS OATA SIGNA6. RAT! sa.. 

(UNASSlGH&D) 11 26 ,. 
~"NS. SIGNA'" nM'NQ 

sec. CAARleR OET!C"r S 12 25 INC CASU IN1"eAl.OCX· 

sec. Cl.!AA 1"0 SENO S 13 

• .,. • ..- AcInIe .... UNt &...-

t..aGEHD: 
i • Signa! Originates At Oata ierminaj (CTe) 
S • Sign" Originates At Oata Sat (CC!) 
•• ~an.nt Connectton On 7301 
o • Jumt:). ~nnection On r.301; May a. Fletocattld By User 

~,~u~e: 23 : RS-232 C4nnector P'n Ust (J2.) 

SIGNAoL Fl.OW SiGNA&. ~OW 
SIGN .... SIGN .... 

e t2'/'1oaa SOUFICI 

CASU IN~l.OCX- IN I 2 ., OUT C:-.JFlflleNT LOOP ~ANS" 
3 S OUT 1.0GIC GROUNO 

OUT " 9 I IN CUFlFleNT ,-cOP !=Iec:-r 
.wl:zoa SOUFICI OUT 5 

F t ~URE 24 : TTY Connector p," L.jst (J t ) 

CONNECTOR MOe!].. 

MANUFACTURER 
R8-232-C (g;.~oO (25-P'N 0) 

AMPMENOL 17-~2S0-16 17·9QCJ9O.=16 

ITT· CANNON OSM-2!P OEM-9P 

~W • CINCH OSM-2~P OEM-9p 

lli JR E Z 5 : Mating CQnnector In1ormation 

Fi gures 26 and 27 show the end-()n pin. numberi"g used by the RS-232 connector J2 
and the rTf connec-tor Jl, re~pectively, as seen from the card front. 

The recommended wiring diagram shown ror the TTY connector Jt results in KSR/ASR-33 
console compatibility, and compatability with Pro Log's Series 90 PROM Programmers 
wi th 9102 and 9112 TTY options. CMUItIft ... oc:a 

re I I I I I I - 1 ---
T.:::O ~~9 9. 9 . 9 ¢A~ f ....... .., •• 

l 
t • ,. = .. .....,,,~1' 
99Q9 C:O ... 

... ~_III~J ~oooo-ooooooooo~ 
t~ 12 11 10 t • ., • 5 , ~ Z t I 
000000000000 
%5 %, z:s %2 %1 2G 1t " 17 T' 15 ,. 

26 RS-232 C4nnectcr P'nr, F~.'. 
(7301 J2 Front Vlew) 

1 L-~1= 
F'I G UR C : Z 7 Rec~mmended TTY Hoojcu~ 

(J1 Front V1ew) 
0

1 

1-
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• 7301 STU BUS EDGE CONNECTOR 

.0 

PRO-LOG 

STD~ aaaa COHH.C'TOIit -'H UST 

,....NUM.IR -'H NUM.IR 
ou~ (DIIt."., a 

I 
OUTPUT (DttIVI) .oJ 

IHIIUT (\'~ING) a JH~T (\.QACING' t3 
MNOIIONIC 

~ VO\.TS 
GIIOUNC 

-511 
07 
01 
05 
o. 
A15 

... 1£ 

""3 
""2 

... " 
""0 .... .. 
RC· 
MIMIIIIJO· 
MIMO" 
MaYNe" 
STAT1JSO· 
IU~· 

IN,",O" 

NMtAO" 
~IIIIJISIT" 

CHTAL' 
~, 

AUXGNC 

AU~V (·'M 

MHOIOHIC 

IN 2 I IN ~"Ol.rs 
IN " 3 IN GFIOUNC 

5 5 -5V 
a 1 ~~ 1 03 

10 9 •• 1 02 
12 11 ~ 1 01 
14 13 44 1 00 

" lS 1 A7 

" 
11 1 .to. 

20 191 1 .toe 
22 21 1 .10£ 

24 23 1 .103 

21 25 1 .... 2 
21 21 1 111 

~ 29 1 ....0 
1 32 31 1 'NA" 

3" 33 1 IORQ" 

31 l5 1 . lOOp· 

31 37 
40 3 
~ 41 

u 43 1 

4 46 

'" 47 1 

50 '" IN 52 51 OUT 
IN Sol 53 IN 
IN 56 55 

·~ .. I'_ ..... 1.4w u..i I.OIiC a O'fI.N.~~ U7?'l. ,.,.os 

PtVA!SW 
ST10TUS 1-

eUSAK" 
INTAK" 

W"'ITAO" 
SYSFlESEi" 
C1.0Cl<" 
pe:Q 

.... UXGNC 
IIUX .1/ 

FIGURE 28: Connector Pin Li~t 
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Straooing Oction Loca~ions 

fl GURE 29 : 

~ 

NOTE: 

73Ql USER OPTION LOCATIONS 

GoE) OTR 
GoE) CO 

00 
00 
~ INfL)(Z,:t 

AS-= 
SIGNAL 
OPTlON PADS 

Designates as-shipped jumpe~ location 

Signal Configuration Se1ect Plug Pl 

.. 

o 

o 
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~ ~ 
.375 (.953 C'-', 'NJI 

shown in Data Set (DeE) select position (J3). 
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.. 

o S;anal Configuration Select !'lug (RS-232 C"ireuit) 

o 

Signal Configuration Select Plug Pl is used to establish the 7301 cardls 
position as Data TeMminal or Data Set in an RS-232 communication link as 
. shown inSect i on 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. Soc:ket J4 or the Data Set Select Socket J3, though the source of the 
signals changes with the plug's position. If the user elects to change the 
driven and received tines by changing jumpers at the RS-232 signal option pads, 
the test points at Pl reflect these changes. 

1 

2 

3 , 
5 

• 
1 

• 

01'R 

s= 
RTS 

TO-
OSA 

CD 

c:rs 
AD-

-

1. 
15 

1. 

1~ 

12 

11 

10 

t 

Data TenninaUCata s.t S.tect P'ug P1 Wiring 
Shorting Bars exposed for Scope Test Points 

FIGURE 30 
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SECTION 9 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 anothe~ processor's assembly language, although timing constants 
generally require modification acccrding to va~iations in instruction execution 
time between processors and in crystal oscillator frequency. 

These routines may be used without· licensing 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 inrringement. 

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 CO of the 
7301 card. The other group is dedicated to a 29mA current loop interface and 
uses input and output port C1. The user can implement an RS-Z32-C interface with 
no control lines, by changing the current loop routine port address to CO. All 
RS-232-C routines are independent or 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 01'" A register. Upon exit From all receive routines, the re<:eived 
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 a cemmon delay subroutine called (t BIT~T). This counting loop 0 
retrieves a 16 bit delay count, N, from two adjacent memory locations, then down-
counts N to zero. Th 1 d d . 1· 1 1 ose memory oat Ions, eSlgnate In the Istlng by the abe 

\ 

., ~ 

0 
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OELAY COUNT, can be two RAM locations or ~NO ROM 1 ocati ons. If they are ; n RAM, 
the SAUD rate can be varied under program control. If in ROM~ the BAUD rate '.oJi 11 

I renai" fixed. If in RAM, these loca'tions must be loaded with N prior to the first 
4Irccess of the serial routines. 

All listings include the object code of all instructions in Hex. A11 address de-
pendent locations are blank and can be filled in by the user, permitti~g 
assignment of the routines to any area of memory desired. The Co~ent section.of 
the Program Assembly Forms Should be read carefully prior to using these routines. 
Certain locations ~ay be modified to further allow the user to adapt the routines 
~ specific needs. . 

The OELAY COUNT, ~:, can be obtained from.Table 1. provided herein. The table is 
arranged to provide a count, N, for the BAUO rate, the microprocessor, and at the 
c10ck rates pro'!; ded on PRO-LOG processor cards.1 

MODULE OESCRIPTIONS 

(ReV & ECHO) 

: OsEND) 

This routine receives one character each time it is accessed, and 
echoes t~e character as it is received~ CTS/RTS is raised high 
prior to reading the start bit and droppe~ low during the recep
tion of the step bit. FOR RS-23Z-C USE ONLY. 

This routine transmits one character each time it is accessed. 
RTS/CTS is raised during transmnssion of the start bit and dropped 
during transmission of the·stop bit. If the 7301 is used as a 
DATA TERl·1INAL, the ANAI ; nstruction fo11 owi ng the 1 abe 1 FINO OrR 
must be modified as shown. FOR RS-232-C USE ONLY. 

(AUTOSAUO) This routine, upon receiving an ASCII CR (carriage return), measures 
the width of the start bit and· determines the SAUO rate. A count~ 
N, is generated whi ch is subsequent 1-y stered ; n the two adj acent 

(PTRD & PRNT) 

(RD & PRNT) 

(PTRO ONLY) 

RAM memory 1 ocati ons spec; fi eo: ·by the 1 ace 1 DELAY COUNT. The rout; ne 
must precede any transfer of data, since it automatically adjusts 
the system BAUO rate to that of the sending device. FOR RS-23Z-C 
USE ONLY. 

This routine reads and echoes one character from the paper tape 
reader. FOR USE WITH ZOmA CURR~~ LOOP ONLY. 

This routine reads and echoes one character from a 20mA c~rrent 
loap interface, or from an RS-Z32-C interface that uses only the 
transmit and receive data lines (TO, RD). . 

This routine reads one characte~ from the paper tape reader with
out echOing it. FOR USE WITH 20mA CURRENT LOOP ONLY. 

This routine reads one character from a 20mA current 100p inter
face. or from an RS-23Z-C interface·. that uses on 1y the transmi t 
and receive data lines (TO, RO). Data is not echoed. 
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(SAUD RATE) 

(RO-PT) 

(2 BITA T) 

(SIT ~ T) 

(~ BIT AT) 

(DELAY) 

., 

This routine, u~on receiving an ASCII CR (carriage return), 
measures the width of the start bit and determines the SAU~ 
rata. A cQunt, N, is generated which is subsequently stored 
in the t~o adjacent RAM memory locations specified by the label 
OELAY cOUrtT. The rout; ne must preceded any transfer of data, 
sines it automatically adjusts the systa~ BAUD rate to tnat 
of the sending device. FOR USE WITH 20rnA CURRENT LOOP ROUTINES. 
OR RS-232-C INTERfACES TH~T USE ON1.Y THE RECEIVE ANO TRANSMIT • 
DATA LINE. . . 
This routine activates the. paper tape reader for the transmission 
of one charactar only, then deactivates it. 

, . 
This routine implements an approximate 2 bit de1ay at the cur
rent BAUD rate. 

This routine implements an approximate 1 bit delay at the cur
rent SAUD rata. 

This routine i~lements an approximate ~ bit delay at the cur
rent BAUD rata. The current BAUD rate is dependent upon the 
16 bit c:ount~ N, storad in the two adjacent memory 1ocations 
identified as DELAY COUNT. N can be found from Tab 1 e 1., or 
set by the (BAUD Clil<) or (SAUD AATE) ~utines. 

This routine implements a time delay de~endent upon some count 
N9 determined and preset by the user prior to entry. The delay 
can be found by the relationship: 

T • altt, 

and the val ues of a and t can be found a t: the 
bottcm of Table 1. 

q 
I 
I 
I 
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:n 
-0 
0 
:0 

~ -0 
z 
» 
-
0 
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-t:-
N 
a 

P~ 
..::: 

0 (/) 

:r ..." 
-1 

(J'\ 
~ 

N 0' 

IIEXADECIMAL. TI.OElAY COHSTAtlT 

BAUD PERIOD Z-80 Z-80A 8085A 80S5A 

RATE ,tS 0.41JS Error 0.25JJs Error O.32.ts Error O.20ps Error 

50 20000.00 040E .05% 067f .03% 0513 .0021 0820 .01% ----
75 13333.33 0283 .04X 0454 .007X 0361 .0011 056A .0131 

.. -
110 9090.91 0106 • 06% 02F2 . .05% 0240 .03~ 0300 .OO)~ 

.. - -. 
134.5 74]1\.94 0180 .01% 0268 .06~ 01El .003~ 0303 .05l 

.. -
150 6666.67 0158 .011 0228 .07% OlAf .0001 0203 .06% 

0'---" -
200 5000.00 0101 .09~ 0190 .121 0142 .141 0206 .041 

.- . .. - . 
)00 33]3.33 OOAA .24~ 0113 .15% 0006 .021 0158 .05~ 

-.. .. 
600 1666.67 0054 .43:t 0088 .21% 0069 .411 OOAD .26% 

-
1200 833.33 0028 .49~ 0042 .37% 0033 .35~ 0054 .30l - a_ ,---
1800 555.56 OOIA .86% 00211 .24X 0021 .30% 0031 .33% 

.--------- -_. --
2000 500.00 0017 .65% 0026 1.16% 0010 1.53i 0031 .. 041 

---- ----- . --
2400 416.67 0013 2.192: 0022 1.32% 0018 .24~ 0028 .19'-' 

3600 277.78 oooe 4.74% 0014 .17% OOOf .122: OOIA .43% 

4eOO 208.33 0008 3.011 OOOE I.Ott 0008 3.54% 0013 1.64~ 

1200 138.89 0004 .64% 0008 3.46~ 0006 .22S 0000 2.881 

9600 104.11 0002 4.50% 0006 5.521 0004 3.98~ 0008 1.911 

19200 62.08 0001 36. 22Xlr 0001 3.65% 0001 16.53~ 0002 1.16%(1 

T II·'E STATES 48fl ... 147 

2NtlO.2S- -l~. 36Nt47 .04-1-9.6Nt 29.4-I TIME has) -19.2N"6 

IIEXIOECIMAl TIME DELAY CONSTANTS fOR RS232 AND CURRENT LOOP SUDROUTINES 
(For use with 1301 card) 

TABLE 1. 
NOTE (i) : NOT RE"(!oMMENDeD btlE. TO £)((!ESS,\lE. ER~DR.. 

• 
.. -. 



S E,. D S K , COt 
CTS ,STOP H I~~ 
(DTR,SCD,RTS) 

START SIT 

DELAY ls aIT 
TIME 

SET SIT 

COUNTER'· a 

14fl 

ECHO 
START 

SIT 

, ,:t:,:,': 

NO 

R S 2 3 2 

. . 

0 
/'if S 1~'Z.f 

DELAY 1 B.!T 
(j) 

DEl..AY 1 SIT 
® 

TIME TIl,,£ 

1'1/8 t 14"t ~ • 
READ DATA ECHO STOP SIr 

& 
BIT DROP CTS(RTS} 

I'UA I"'~o 

SHIFT IT' SET OR Cl.EAn 
111TO HOLD I N PARITY 
REGIST!R SIT 

\~,. ,~~~ 

ECHO THE a £ 1.A Y Y,. a I T cr.> 
RECEIVED TIME 
BIT 

I ~"'''f 1'13Cf O· 
caUNT AriO OUTPUT REC'O 
CHEClC FOR DATA TO A 
8 SITS ou~nY PORT 
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ti, ", • 

*. . . • 

0 
SEND ,. 

14f.4f.l I-+SF 

SET OSR, CO, SHIFT NEXT 
CT~ .STOP H [i. DATA aIT INT , (OTR.SCO,JtTS) ACCUMULATOR 

RESISTER 

l~c:t ,''''_, 
II. WAIT FCIt SENO 
I OTR.RTS DATA SIT 

(OSR,CTS) 

I.fWt 

PlO DELAY 1 arT 0 
TIME 

'i~' 
• SEND COUNT ANO 

START CHECK FOR 
BIT a SITS 0 

\.!: 
~ DE1.AY lSIT r-ro 

TIME 

\~'5' 

SET aIT SEND STOP 
COUNTER a a SIT ANO DROP 

CTS (RTS) .. . 
.'-

1477 . 
: CEG ~ ,j 

'.- DEl.AY 1 aIT 

T1ME 

RETURN 
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TU1U4 ON 
!lEADER FO~ 
O~Ie: CHAR. 

l.OOK FOR 

START aIT 

DE1.AY ~ aIT 
TIr"! 

'''00 

ECHO 
STJ\RT 
aIT 
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COUNTER :II S 

o 

CUR REM T L a a ? 

MO 

--- ----.--------,---~-~---~---'-'--~ .. -... 

4· . . 

I~Ca 

DE~AY 1 SIT 
TInE 

l"O~ 

READ 
DATA 
atT 

I~OF" 

ECHO 
DATA 
aIT 

. SHIFT IT 
IltTO HOLD trtG 

REGISTE~ 

COUt:T AND 
CHECl< FO? S 
BITS RECEI'/E 

• 

OElAY 1 BIT 
TIMe 

ECHO 
STOP 
SIT 

CEl.~. Y l/z S! T 

Tlr·tE 

SET OR CLEAR 
PARITY SIT 

\4t:7 

OUT~UT TO .~ 
our·u~y ? CRT 
FOR V I £v1 HtG 
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iUIU. ON 
:t£.AOER Fon 
ONE CHAR. 

1.00K FOR 

STAIT SIT 

DELAY Is aIT 
TIME 

SET SIT 
C%lUlIT!ll • a 

151S 

OEL-AY 1 SIT 
TIME 

ISl !J 

1510 

READ 
DATA 
aIT 

. SHIFT IT 
I1ITO KOlO 1::E 

IESISTt: 

1 Sl F 

COURT AND 
Cif£CX FOP. a 
BITS ftECEIVE 

. ,S~ 

DEl.AY 1 aIT 
TIMe 

DELA Y 1/% a IT cIG) 
T114£ 

'~1.£ 

SET OR C1.£,AR 

PARITY SIT 

15"!O 

C t! R R E R T 

OUT'UT TO A 
DUt1~Y PORT 
FOR YIEvlIMG 
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APPENDIX A 

TTY INTERFACe: 

The TTY connects to the 7301 Card via the 9 pin Serial tnterface,connectQr 
mounted below the card ejector. This interface within the 7301 
is a t~re~ circuit six wire connection. The three, t~o-wire circuits are: 

Oata to TTY, 20 milliamp neutral loop receive. 
Oata From TTY, 20 milliamp neutral loop send. 
Reader ControJ to TTY, 15 volt OC neutral loop reader control. 

TE1.iTYPE 

OA T A TO TT"f 
PRINT!~ 

RECV 
IoU • c.J . PUNOf 
C 
~ 

730/ = '" I- I(!YSOAAO ! OAf A I=~OM T"'I"Y 
SENO >-

l- • REAOER J- -- 1 
A!MOT! ADeeR CQN'TROI. 

FIGURE A-I TTY tNT£RFAC! 

l 
d 

This Interrace allows Full-duplex send and receive, and remote reader control. The separat 
send and recelv.e of full-duplex allows the system proc:essor to edit the input data 

beFore printing and/or punching the output data. Remote reader control allows ,the 
system processor· to operate the TTl reader at a rate cornpat j b 1 e ~i th the app 1 i cat ion. 

TTY OPTIONS AND MOOIFICATIONS 

The TTY interface requires the Following options and modification in the teletype 
un it: 

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

The 20 mill iamp current loop and the full duplex connection are options avai lable 
on the TTY unit. The remote reader control requires the addition of a 12 to 
15 volt OC relay capable of switching the high voltage read~r circuit inside the 
TTY • 

A number of mini-computers specify a similar interface thus many TTY consoles 
have the required conFiguration. Detailed instructions for modifying a TTY to this 
configuration are given in the Fo1 lowing paragraphs. 
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RE~OVtNG THE TTY HOUSING 

It is necessary to r~move the TiY housing to inspect or modiFy the TTY options. 

1. Unplug the TTY From any power source. 

2. Remove the roll of TTY printer paper From its cradle. 
. . 

3. Remove the manual paper Feed knob by pull ing Firmly. 

4. Remove the mode select knob located on the right Front by pulling Firmly. 

5. .Re.'T1Qve. the met a 1 t rim pane 1 beh i nd the mode se 1 ec t knob by pry i ng downwa rd . 
'. 

6. Remove the 4 screws under the metal trim panel. 

7.· Remove the screw on the left side or the paper tape reader housing. 

8. Remove the four knurled knobs .10ng the lower. rear edge of the hQusing. 

9. LiFt upward on the housing to remove, being careful of the controls on the 
paper tape reader as they clear their openings in the housing-

MOOE SWITCH - ____ t 

MOUNT 
REUY 

TO 8& AOOED 

ClJAAENT 
$CURes 

RESISTOR 

14!OOHM 
TAl' 

CONNEC"OR 
SANK 

nRMINA", 
STRIP X 

.' 

I 
I 
I 
I 
~ 
I 

@: 

FRONT 

. . 

KEY SOARD 

PRINTER UNIT 

01 ST;:U8UTOR 
TRIP NlAGNET 
ASSiMBLY 

o 

REAR • 

I 

PAPER 
TAPE 

REACER 

PAPeR 
TAPE 

PUNCH 

F'''yU A. .. 1 TOP V I E1oI- with Housing Removed 
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CURRENT LOOP OPTION 

1he TTY send and re~sive current loo~ can be o~tio"aly selected to ~r. fro. .ith.~ 
20 Ifti 11 i am" or 60 mi 1 I i amp. '.hen the se J ect jon; s m.ade both the i nt.t'n~ J current 
soures and tne selector drive ~urrent bia~ must be mcdifled to 0. =-~.tlbJ •• 

INTERNAL CURRENT SOURCE 

The internal current source is sec to 20 mil tiam~ by putting the blue wire on the 
1450 ohm tap of power resister RJ located on the right side of the TTY. 

SEL£CTOR ORIVE CURRENT BIAS 

The selector drive current bias is set to 20 milliam9 by o~tj~naJ wiring on terminal 
strip X located below the QOnnector bank in the right rear cerne,. of the TTY. In 

-making this change various wiring configurations may be enceuntered as shown in 
figure A-5, de~ending on whether tne unit has an elapsed time meter. 

Tn WITHOUT ELAPSED TIME METIl 

A TTY without an eJa~sed time metar may be wired either as IA or 18 of 'igure A-5 
To modify for 20 mLl1iamp: 

I f wired as I A: 
Do nothing; this is the cerrec~ c=nnection for 20 mil1iaap without an 
elapsed time meter. 

If wired as 18: • 
Remove the violet wire fOMn terminal x8 and move it to terminal X9 with 

. the yet low wi re. 

m WITH El.APSED Tl ME MEnK 

A TTY with an elapsed time meter may be wired as lA, 18, 2A or 2B. To modify for 
20 milliamp: 

I f 'tV i red as 1 A : 
Remove the black/gre.n wire from x8, ta~e the exposed end and tie-back into 
the wire bundle. Locate a black wire and a blue wire on terminal X5. Move 
both wires From X5 to terminal xS. 

I f 'tV i red as 1 a : 
Remove the violet wire from xS and move it to X9. Remove the black/green 
wire From xS; tape the exposed end and tie-back into the wire bundle. Locate 
a blacx wire and a blue wire connected on tenninal XS. Move both wires from 
X5 to xS. 

I f wired as 2A: 
. 00 noth i n9; th i s j s the correct connect ion for 20 mill i amp with an e 1 aps~d 

time meter. 

I f w j red as 2B: 
Remove the blacx wire and blue wire From X9. Remove the violet wire and 
black/green wire Form xS. Conne~t the black wire and blue wire to xS. 
Connect the violet wire to X9. Locate the yellow wire taped back in the 
wire bundle. Connect the yellow wire to X9. Tape the expos~d end of the 
blacx/9re~n wire and tie-back into wire bundle. 
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SI.ACl</GR EEN 

20 MILl.J AMP elAS 

SiL.ECiOR ORIVER 

60 MII.I.J AoMP alAS 

-------------------

o 

18 
WIRED FOR 
60 M I I.1.J AMPS 

S;TUAT10N 2 

2A 
WIRED FOR 
2Q MI L1.! AMPS 

X9 

X8 

VE1.l.0W 

VIOLET 

BLACK/GREEN 

TTY WITH eLAPSED 11M& METER ANO FUl.L. OU~LEX 
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,...-------, 
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----------------------
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FULL DUPLEX OPTION 

Th~ ful I duplex oPtion is wired into the TTY on cermrnal strip X loc~ted below eMe 
conllec: to r b.lnk in the r i gh t rea r co rner 0 f the un it. 

If the TTY is wired For half-duplex, tarmin~J ~trip X should appear as ·in Figure A""o 

If the TTY is wired For Full-duplex, terminal strip X should appear as in Figure A-7 

x, 0 #> -~ 
xa 0 
'-
~ 

WHT·8RN ~ 

X7 

REO· /'lRN 

< .. \ ~"T". 8LX UNO 
AHO 

XI FlECaIV~ 

WHT·"C1. < 7 -

XI 

--------WMT·8LU 
X4 OAa ·GRtI <, 

;:UED 

------JRN.Y1!1. 

X3 GltAY 

WMT·"ID (5 

X2 0 
"'-oJ ,.......,.. 

::(1 0 

Figure A-6 TTY HalF-Ouplex Option 

To convert From half-duplex to FuJl-duplex: 

t. ConFi rm that screw lug X5 has no \vi res connected. I F there is a SLACK wi re 
and a BLUE wire on XS an elapsed time meter is installed. Refer ~o eMe 
current LOOP option For instructions on moving the black wire and blue wire 
f rOI11 X 5 to X 8 • 

2. Move the white-blue wire form screw lug x4 to XS. 
3. Move the brown-yellow wir~ from screw lug X3 to XS. 
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Figure A-7 TTY Ful1"O~plex Option 

REMOTE TTY READER C01~TROl. 

The wi~ing or standard tele:ype does not allow the TTY paper tape reade~ to be 
used remotely as a stand-alone input device. By modifying the distributor trip 
circuit for remo~e operation the TTY reader can be advanced one character at a 
time for total reader control. 

TTY circuits operate from 115 VAC'or 48VOC requiring remote logic control circuits 
to be relay buffered. Two basic reader circuits ~il1 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 nas a four position switch labeled MANUAL START, AUTO, MANUAL STOP, FREE. 

MANUAL REAOER OPERATION 

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

The mClnual reader circuit can be contro1led remotely by adding a relay to control 
. the reader trip coil in the LiNE mode. Modifying the reader circuit as shown in 

Figure A .. 8 a 11 ows norma 1 op~rat i en in the LOCAL mode and remo te con t ro lin the 
LJNE mode. 
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MANUAL REAOER MoorFICATION 

Locate Plug P4. 
Locate the blue wire connecting p4 pin 3 and P4 Rin 11. .() 
Locate ehe o~ange wire on s~rew lug Ll of the mode swiech. 
Locate L2 of ehe mode swiech (no wire,) 
Locate che orange/9~ay wire on screw lug t of che mode switch. 
If th~ wire colors do not agree, do nof proceed with ehis modification unl~ss 
the connections can be verified eo agree with those or Figure A-a 

20 Cut the blue wire near P4 pin 3 
3. Spt ice wire A From the new reJay to the portion or the blue wire still connected 

to P4 pin 11. 
40 Connect wire a to s~rew lug L2 or the mod& switch. 
5., Connect wire C to serew lug 1 of the mode switch. 

WIRE C 
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Fi gure A-a TTY Mod i ricat ion (Manua I Reader) 

AUTO READER OPERATION 

The 115 VAC automatic reader circuit 
The 48 vae TOC relay can be operated 
reader or by the Del data Function. 
energized unti I the moment~ry MANUAL 
OC3 and ENQ data functions wi 11 also 

is normally o~en due to the TOC relay contact. 
by the momentary MANUAL START swiech·on tne 
Once the TOC relay operat~s, it holds itself 
STOP switch on the reader is activated. The 
stop the reader. 

The automatic reader circuit can be controlled remotely by adding a relay to con
trol a contact closure in para1 l~l across the iOC relay ~ontact as sh~wn in 
Fi gure ~~ •. 
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AUTO REAOER MODIFICATION 

o 1. 

o 

2. 
3. 

~oeate Jack J6 connected to plug P6. 
~ocate the yellow/green wire at J6-13. 
~ocate the blue wire at J6-14. 
If the wire colors do not aqree, do not proceed with this mOdification unless 
the connection can be verified to agree with those 'of Figure A-9 
Connec t wi re A from the new ra J ay to the blue wi,re at J6-14. 
Connect wire a from the new relay to the yellow/green wire at J6-t3. 
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Fi gure A-9 nY Mod i fi ca r: i on (Au to Reader) . 
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