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Chapter 1 
General Information 

Manual Introduction 
This manual describes the installation and operation of the HP 98036A Ser ial 110 Interface 

when used with an HP Desktop Computer and a data communi cat ions device . Theory of 

operat ion and troubleshooting chapters are also included to provide servicing information . 

Comp lete background information about seria l interfacing IS provided by the Interfacing Con­

ce pts Manual for your Desktop Computer . 

For those who are familiar wi th Hewlett -Packard Interfaces and sellal 110 . Chapters 2 and 4 

provide su ff icient hardware and p rogramming informat ion to enable you to " get on board" 

quickly . 

Chapter Summaries 

• Chapter 1 describes the 98036A Interface, the interface speci fications , and th e cable 

options available . 

• Chapter 2 exp lains how to set the hardware contiguration switches and how to Install the 

Interface . 

• Chapter 3 descllbes tile vallous 110 reg iste rs that are conta ined on the Interface card . 

• Chapte r 4 exp lains how to program the interface . Examp les show how to read the status , 

set mode and control words , and tran smit and receive data. 

• Chapter 5 contains the theor y of operation. 

• Chapter 6 prOVides troubleshooting and repair in fOimatlon . 

• AppendiX A contains example programming applications. 



2 General Jnfulln(:Hlon 

98036A Description 
The HP 98036A Serial 1/0 Inter face al lows the computer to commu nicate with serial asyn ­

chronous data communication dev ices . The 98036A is equipped with both RS-232C and 20ma 

cu rrent loop drivers and receivers for Ihe data transmitter and receiver. Data can be transfer­

red at bi ts rates of 75 10 9600 b its per second . The interface is capab le of asynchronous 

communication. A universa l receiverl transmitter integrated circu it (USART) is used to manipu­

late data and provide the bas ic hardware protocol for asynchronous operat ion . The 1/0 ROM 

must be Installed in the compu ter in order to use the inte rface. The interface is availab le wi th 

two cab le conf igurations to allow the computer to act as a data te rminal or the dig ital port ion of 

a modem. 

Power Requlremenls. 
(from the computer) 

Operating Temperature Range 

Bit Rates: 

Mode of Operat ion: 

Data Buffer : 

DimenSions: 

Net Weight: 

Cable Length . 

Specifications 
+5 Volts at 300ma typo 400 max. 
:!: 12 Volts at 20ma typo 40 max 

O°C to 45°C 

9600, 4800, 2400, 1800, 1200. 600 . 300, 150, 110, and 
75 b its/second. 

Asynchronous 

Transmitter-one character 
Receiver-one character 

Approximately 16.3xB .9x3 .8cm (6.4x3 .5x t .5 Inches) 

4 .16kg (1 lb . 14 oz) 

2 met res (6.5 ft.) 
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Cable Options 
The 98036A interface IS available in three cable configura tions: standard , Option 001 and 

Option 002. 

The interface can be ordered fo r spec ifi c Desktop Computers by specifying the appropriate 

ordering option . See the following tab le. 

Cable Ordering Option 

Configuration System 25 System 35 System 45 

Slandard Standard 335 445 

Option OOt 001 301 401 

Option 002 Not Available 302 402 

For example , 10 order a standard interface for a System 45, speci fy ordering Opt ion 445. 

The standard 98036A Interface cable is shipped with a 2 metre (6 .5 ft.) cable terminaled With a 

standard female EIA 25 pin connector . The standard interface is connected between the 

computer and a data termina l. 

Standard Cable Connector 

USing the standard Interface cable , the computer takes the p lace of a modem or computer 

communicat ing with a terminal. 

c::~:::~::.--~ Terminal 

DesKtop Computer 

Using Normal Data Communications Using Desktop Computer/98036A(Standard) 

rev 1/8 1 
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The 98036A Options 001 and 002 Interface cables are shipped with a 2 metre (6 .5 ft.) cab le 

terminated with a standard male EIA 25 p in connector . The following drawings show the 

differences between the Option 001 and 002 cables. 

, ... ~ # .. : j... I .... 

) 1 """ .. ,. 
~~--

Cable Connector 

Option 001 Option 002 

Using the Option 001 interface cable . the computer acts as a data terminal connected to a 

modem. 

EJ--B 
Using Normal Data Communications 

Ll"'( 11 
Ctlanlld 

,-_--, ~8036A 

Mooem ~-~D~':":":P :co~m::p:::Jule, 
Using Desktop Computer/96036A (Option 001 ) 

980468 

Using Desktop Computer / 96036 (Option 002) 
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NOTE 

The Option 002 Interface cable is used ONLY with the op­

tional Distributed Sys tem Software for System 35/45 desk­

top computers . No reg ister control/access should be at­

tempted for Option 002 inter faces. See your software man­

ual for Option 002 interface prog ramming details . 

Generall nforrna tlor l 5 

Here IS a list of the signal lines and the corresponding connector pin numbers used I[) the 

standard and option 001 cab les 

Table 1. Cable Signals 

DCE (Standard) 

Register Standard Direction 
Access Pin ~ 

n.a t -read 3 ~ 

wri te 2 ~ 

R4E . b ll 7 6 ~ 

A4D, bit 5 4 ~ 

R4D. bit 1 17 ~ 

n.a. 7 ~ 

R6 OUT , b it 0 16 ~ 

n.a -
n.a -
n.a. - <--0> 

A6 OUT, b it 1 13 ~ 

n.a - ~ 

n.a. - ~ 

n.a. - ~ 

n.a. - ~ 

n.a - ~ 

n.a -
R6 IN . b tt 0 8 ~ 

(Notes 1,4) 5 ~ 

R6 OUT, bil 2 11 ~ 

A6 OUT, b it 3 to ~ 

A6 IN, bit t 9 ~ 

n.a. - ~ 

n.a -

Note 1: thiS line cannot be read 
Note 2: this line unassigned by RS-232-C 
Note 3. switch se lectab le on 98036A 

RS232-C 

Pin # Signal Name 

1 Protective Ground 
2 Transmitted Data 
3 Received Data 
4 Request to Send 
5 Clear to Send 
6 Data Set Ready 
7 Logic Ground 
8 Camer Detect 
9 (Reserved lor test) 
to (Reserved for test) 
11 Uata Rate Select (U ,K ) 

(Nole 2) 
12 Second Carrier Delect 
13 Second crs 
14 Second TXD 
15 Transmitter Clock 
t6 Second RXD 
17 Receiver Clock 
18 -
19 Second RTS 
20 Data Terminal Reaoy 
2t Signal Quality Detect 
22 Ring Indicator 
23 Data Rate Select 
24 T {ansmi! clock (term) 
25 -

Note 4: can be set high by switch on 98036A 
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DTE (Option 001) 

Opt ion 001 Register 
Pin #; Access 

t n,a. 
2 write 
3 read 
4 R4D. bit 5 
5 (Note 1) 
6 A4E, bit 7 
7 n.a. 
8 R6 IN, bit 0 
- n.a. 
- n.a. 
11 A6 OUT, bit 2 

12 A6 IN, bll 2 

- n,8. 
- n.a. 
15 (Nole 3) 
- n.a 
14 (Note 3) 

- n.8. 
16 R6 OUT, bit 0 
17 R40 . bit 1 
- n.a. 
9 R6IN , b it 1 
13 R6 OUT, bit 1 
- n.a. 
10 n.a. 





Chapter 2 
Installation 

Introduction 
Before Insta tting the Interface In your Desktop Compu ter It will be necessary to con fig ure the 

interface for your particular app licat ion . Two methods are p rovided for interface configuration : 

hardware (sw itches) and software (p rogram control). The hardware config urat ion switches 

determine the preset state of the interface when power is first app lied or the computer is reset. 

Software configuration enables you to change the state of the mode and control words from 

within a program. The mode and control words remai n in this configuration until either a new 

program statement changes them, the computer is reset , or power is switched off . 

Hardware Configuration (Exterior Access) 

The fo llowing ha rdware configuration SWitches cannot be changed from withi n a prog ram but 

Interface d isassembly is not required for access to these switches . 

Bit Rate (or Baud) Switch 

The b it rate can be changed through the access hole In the Side of the Inte rface (see the next .'. 

d rawing ). Set the bit rate switch to correspond to the bit rate of the data communications 

device connected to the interface . The fo ltowing tab le shows the bit rates prov ided and the 

corresponding switch positions . Rotate the switch to the desired position with a small screw-

driver. 

Switch Pos ition Bit Rate 

1 9600 } 2 4800 
Use 11 t 6 Bit Reso lution 

3 2400 
4 t800 
5 1200 
6 600 
7 300 Use 1/64 Sit Resolution 

8 150 
9 110 
0 75 

., 

.. ' 
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Select Code Switch 

The interface select code sWitch IS changed through the access hole provided In the top of the 

Interface. The standard and Option 002 interfaces are preset at the factory to a select code of 

10. The Option 001 interface is preset at the factory to a select code of 11. The select code 

should be checked for the proper setting as requ ired by your system . Each Interface must be 

set to a different select code. The Desktop Computer rese rves certain select codes for its own 

internal peripherals. The Owners Manual supplied with your Desktop Computer lists the se lect 

code settings that may be used . To change the select code, use a small screwdriver and turn 

the switch to the desired setting (see the following drawing) . 

Selec t Cooe Smtcn .. 

, 
8 '1 Rate S""l cn 

Hardware Configuration (Interior Access) 
The foll OWing hardware configuration switches set the default stalus of the USART mode word . 

Control of the following is provided by the USART mode word: 

• Number of stop bits . 

• Parity type . 

• Enable-Disable parity 

• Character length . 

• Bit Resolution. 
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NOTE 

Although you ca n configure the USART mode word with re­

gister I/O program statements , the USART mode word is set 

to the default condition whenever power is applied, the 

computer is reset, or an interface reset is executed . 

Irlstalla tlon 9 

The interface MUST be disassembled in order to gain access to the USART mode word 

configuration switches . The following switches also require interface disassembly for access: 

• I/O Mode Switch 

• Driver Power Switch 

• Receiver Clock Switch 

• Transmitter Clock Switch 

• Clear To Send Line Switch 

The following table shows the factory settings for all interface configuration switches . 

Interface Configuration Factory Can be changed Disassembly required 
Switches Setting from software to change setting 

Select Code 
Standard Cable 10 No No 
Option 001 Cable 11 No No 
Option 002 10 No No 

Bit Rate 300 No No 

I/O mode Switch RS -232 No Yes 

Driver Power SWitch RS-232 No Yes 

Receiver Clock Switch Internal No Yes 

Transmitter Clock Switch Internal No Yes 

Clear to Send Line Switch 
Standard Always High No Yes 
Option 001 Always High No Yes 
Option 002 Dev ice No Yes 

Controlled 

Stop Bits 2 Yes Yes(default) 

Parity Disabled Yes Yes (default) 

Character Length 8 Yes Yes(default) 

Bit Resolu tion 1/64 Yes Yes(default) 

Instructions for setting these switches and the USART mode switches are provided following 

the next section. 

rev 1/81 



10 Inslallation 

Interface Disassembly 
This section describes how to disassemble the interface. To disassemble the interface, use 

the procedure outlined below and refer to Figure 1. 

• Remove the four sc rews that hold the rear housing to the front housing . 

• Pull the rea r housing off the front housing slightly, disconnect the cable connector from 

the PC assembly and remove the rear housing. 

• Remove the four remaining screws in the front housing and separate the front housing 

cases . 

• Carefully separate the printed c ircuit assemblies. 

• See Figure 2 for the various switch locations. 

• After sett ing the switches, reverse this procedure to assemble the interface . Be sure that 

the pins on the A2 assembly are properly seated in the connectors on the A 1 assembly . 

• 
10 Compultlf , 

Se le ct eooe Sw olcr, 
Acces s 

Figure 1. Interface Disassembly 



Figure 2. Interface Configuration Switches 
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Figure 2.(cont.) 
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Setting The Switches 
This section describes how to set the interface con figuration switches for your particular 

requirements. 

The following questions Wil l help you determine how the In terface sWitches should be set 

• What IS the number of bit s per character? 

• Will parity be used? 

• Even or odd parity? 

• How many stop bits will be used? 

• What b it resolu tion will be used? 

• Wi ll the operation be RS -232C or current loop? 

• Will the Internal clock be used for the Iransmltter and receiver clock? 

• Does your data commun icat ions device prov ide the clear to send li ne (option DOt cab le)? 

• Does your data communications device provide the data termina l ready line (standard 

cable)? 

Mode Word Switches 

The mode word switches (see figure 2) determine the default mode word used by Ihe ",ter­

face . The mode word determines the mode of interface operation. The default mode word is 

used when power is applied to the interface or when the interface or computer is reset. The 

defau lt mode word can be overr idden by subsequent mode words from the computer . Here is 

a description of each mode word bit position . 

Any sWitch set to the open posit ion sets the switch to a logica l 1 (high) Any switch set to the 

opposite position sets the sWitch to a logical 0 (low) . 

t = open 0= closed 
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Bits 7 and 6 - Delermlne tile number 01 stop bits used 

Bit5 - Determines whether odd or even par ity IS to be used (when parlly IS enab led) . 

B lt4 - Enables or disab les parity . 

Bits 3 and 2 - Ind icate how many bits per character (cha racter lengl11) 

Bits t and 0 - Determine the bit resolution . Characters ca n be transfelred at elthel the rate 

of the bit rate clock, or t i t 6 the rate of the bit rate clock , or 1/64 the rate of the 

bit rate clock . The 1/64 position is recommended for increased immunity to 

signa l d istort ion . 

NOTE 

Do not use the 1/64 bit resolution setting when the b it rate IS 

set to 4800 or 9600 bits per second . Use the 111 6 bit resolu ­

tion 

NOTE 

Sett ing bits 1 and 0 both to ze ros Will result In erroneous 

Interface operat ion Do not operate the Interface w ith bits 1 

and 0 of the mode word both set to zero. 



14 Installa tion 

Input/Output Mode Switch 

Set the I/O mode switch (See Figure 2) lor either RS-232C or 20ma current loop operation 

depending on the dev ice to be connected to the interface . 

The RS-232C position IS used when Ihe Interface IS to be connected to a RS-232C compat ible 

dala terminal or modem. 

The 20ma curren t loop position IS used when the Interface IS to be connected to some teletype 

terminafs . On ly the transmit data and receive data lines are switched in current loop operat ion . 

The RS-232C control signals are not avai lab le in the current loop mode. 

The fol lowing d iagram shows a typica l current loop connec tion. 

, ---- - -l 
I 
I Q dla 

I Tra nSlI1l lt(J 1 

I 
I 
I 
I 

20fl1i:1 I 
Sou rce 

/ 
, 

\ 

rl:!l !:d y~~ 

, ------ 1 
I -v I 

Tr an",m,l1€" 

I 
I 
I 
I 
I 
I 
I 
I 
I L __ _ __ _ ~ 



Installation 15 

RS-232C Driver Switch 

The RS-232C driver sWitch MUST be set to the same posi tion as the 1/0 mode switch If the 1/0 

mode switch is set for RS-232C operation. then the RS-232C driver swi tch MUST be set to the 

RS-232C posit ion . If the 1/0 mode switch is set for current loop operation. then the RS-232C 

driver switch MUST be set to the current loop position. 

Internal/External Clock Switches 

Externa l transmit and receive clocks may be used Instead of the Internal bit rate c lock. This 

feature is not usually used for asynchronous operation. The external clock should have a 50% 

duty cycle , and be sure that the interface bit resolution is the same as the external c lock 

resolut ion. 

When either the transmit or receive clock sWitch is set to the Internal position. the Internal bit 

rate clock is used. When either the transmit or receive clock switch is in the external position, 

an appropriate external clock must be input to the interface. See Tab le 1 for the cab le signal 

line numbers. 

Clear to Send Switch 

If the device connected to the Interface does not provide the clear to send signal (data 

te rminal ready line) , set the clea r to send sw itch to the 'a lways high' position. If the device 

does prov ide the c lear to send signal , set the switch to the 'device controlled' position . 

RS - 232 Dr iv er SWit ch 

Rec eiver Cloc k SW i tCh 

f ransrnllte r Clock SW itCh 

C lear 10 Se nd SWit c h 

DE.v ICE 
CON TROLLI:: D 

ALWAY S 

HI GH 

RS 232 

EXTERNAL 

CURREN T 
LOOP 

Factory Preset Switch Positions for Standard and Option 001 
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H~ 232 O live r SWitch 

Receive, Clock SWitch 

TransrTlluer Clock SWitCh 

Clear 10 Send SWitch 

DEVI C E 
CONROLLEU 

AL W AYS 
HIGH 

RS 232 

EXTE RNAL 

EXTERNAL 

Factory Preset Switch Positions for Option 002 

Interface Installation 

CURRENT 
LOOP 

After the Interface configuration switches have been set , assemble the Interface housing by 

reversing the disassembly procedure . Be sure that the pins on the A2 assembly are properly 

seated in the connectors on the Al assembly . With the computer switched off , install the 

interface into anyone of the li D slots on the back of the computer. Connect the other end of the 

Interface cable to an applicab le data communications device (e .g ., data terminal , modem) . 

rev 1/8 1 



Chapter 3 
The Interface Registers 

Introduction 

This chapter describes the con tents of the various 98036A interface registers . Access to these 

registers is described in Chapter 4. The 98036A interface is cont rolled by I/O ROM state­

ments. When writing to and reading from the interface, internal interface registers (R4, R5 , and 

R6) are written into, and read from, to control and monitor the interface operation. All registers 

are 8-bits long . Each register bit enables or disables an interface function or operation . In the 

following description of the registers , notice that some of the R4 and R6 bit definitions are 

different depending on whether the standard or the option 001 cable is used. Option 002 bit 

definitions are nol shown . 

Bit Position Values 

Each 8-bit register (R4 , R5 , or R6) has a decimal value assigned to each bit. To set a b it in a 

register, you add the decimal value for that bit to your register I/O statement value. For 

example, to set bit 4 to a 1, the value speci fied is decimal 16 (see the following drawing) . 

Bit Pos'toon 8 1 T 7 BIT 6 B IT 5 BIT <1 BIT 3 BIT 2 8 11 , BIT 0 

Duennal Value ". " 32 " 8 , 2 , 

To set bits 5 , 4 , and 1, add the values of those bits and specify the result (i .e. , 

32 + 16 + 2 ~ 50) . 

In this manner, any bit or combination of b its can be set in the R4 , R5 , or R6 regis ters. 

When writing into a reg ister , all the register bits are accessed . Thus when changing a bit in a 

register , the entire register word must be sent. For example. setting only bit 3 of a register wil l 

clear all the other bits of that register. Always send the sum total value of a regis ter when 

setting or chang ing a register. 
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R4 Registers 
There are two R4 reg isters (R40UT and R4IN) . All communication between the computer and 

the USART passes through either R40UT or R4IN . Transmit data, the USART mode word , and 

the USART control word are sent through the R40UT reg ister while received data and the 

USART status word are entered through the R41N regis ter . With th is In mind, the R4 registers 

can be thought of as five distinct pseudo-reg ister s (R4A throug h R4E) . Here are the functions 

provided by the R4 reg isters 

Function Register Used Pseudo Register 

Data Output R40UT R4 A 

Data Input R41N R4B 

USART Mode Word R40UT R4C 

USART Control Word R40UT R4D 

USART Status Word R41N R4E 

Transmit Data Register (R4A) 

Each character sent from Ihe compu ter enters this registe r before it IS sent seflally to the data 

commu nications device . A reg is ter 1/0 operati on is used to output characters from the compu­

ter to this register through R40UT . All 8-bits of the transmit data register are used for the data 

character . 

Received Data Register (R4S) 

Seriat data received from a data communlcatlons device IS assembled into an 8-blt cha rac te r 

before it is input by the computer . A register 1/0 operation from the computer is used to inpul a 

c haracter from th is register through R4IN . All 8-bits of the received data reg ister are used for 

the data character . 

NOTE 

The USART mode and control words allow configurat ion of 

the 98036A via program control. These words are set to the 

defau lt condi t ions when power is app lied or the computer is 

reset. They can be changed under program control. 
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The USART Mode Word (R4C) 

The mode word determ ines the mode of opera ti on of the Interface A mode word IS sent to the 

Interface using reg ister 1/0 statements from the compu ter. A mode word from the computer 

ove rr ides the default mode word th at wa s se t (from the defaul t mode word sWitches) dUring an 

In terface reset. Here is a descr iption of the USART mode word bit pos itions . 

BIT 7 I 8" 6 B" 5 BIT , B" 3 I B" 2 BIT 1 I BIT 0 

Number of Stoo Bits Chardcter Le ngth 8,t Rate ractor 
OO=nOI val .o Par ty Type PariTy En,.,!) c 00=5 :Jlts OO=l1ot u sed 

01 = 1011 O=Odn O=D lsa t) lc 01 =6 t)IIS 0 1= l x b 'tratec IOc!' 

10= 1.5 Dll s 1 Even 1 Enab le 10-71)'15 10=1 16 x bl t ra t t; C I Q C ~ 

11 =2 b its 1 1=8blS 11 = 1 64 x D,I rate clod 

8 1T VALUE- 128TSIT VAlU[-64 81T VALUE - 32 BITVI',L UE- 16 BITVALUE = 8 ] B IT VALU E= 4 BITVALUE-2 I BIT VALUE-l 

Bits 7 and 6 - Dete lml ne the number of stop b its used 

Bit 5 - Determines whether odd 01 even panty IS to be used (II parrty IS enabled) 

Blt4 - Enables or d isab les pa ri ty . 

Bits 3 and 2 - Indicates the number 01 b its pel chalacter (character length) 

Bits I and 0 - Deterrnlne the rate at wh ich characters w ill be transferred . Chalactels can be 

translerred at ei the r the ra te of the bit rate clock , or 1/16 the ra te of the bi t rate 

cloc k, or 1/64 the rate of the bit ra te clock The 1/64 posit ion is recommended 

lor increased Immunity to signal distorti on . 

NOTE 

Do not use the 1/64 bit resolut ion sett ing when the bit rate IS 

set to 4800 or 9600 b its per second . Use the 1/ 16 bit resolu ­

tion . 

NOTE 

Setting b its 1 and 0 both to ze ros Will result In erroneous 

in terface operation Do not operate the Interface with bits 

and 0 of th e mode word both set to 0 



The USART Control Word (R4D) 

The USART is the Integrated circuit in the Interface that transmits and receives data In the 

proper format. The USART cont rol word is accessed when bit 0 of the R50UT register is a one 

The USART control word is output from the computer with reg ister 1/0 statements . Here IS a 

descrrptlon of the USART control word bit positions. 

BI T 7 B IT 6 BI T 5 B I T 4 B IT 3 8 1T 2 B IT , BIT 0 

Clear To Send Data Set Ready 

USART 
Pin 5(Standard ) Resel Status 

Send Bl eak EnaDle Data 
Pin 6(Standard) 

Ena ole Data 
Alwa ys 0 

Reset Request To Bits 01 USART 
Charac ter Receiver 

Da ta Term inal 
Tra nsm itter 

Send Pi n 4 Status Word Ready Pin 20 

(Opt ion 001 ) (Option 00 1) 

BIT '/ALUE-1 28 BIT VALUE - 54 B IT VALUE = 32 BIT VALU E- t6 BI T VALUE .. S BIT VALUE - 4 BI T VAL UE- 2 BIT VALUE -l 

Bit 7 - Bit 7 IS not used and must always be a O. 

Bit 6 - Is used to reset the USART When bit 6 IS ai , the USART IS forced Into an Idle mode . 

The next byte sent to the interface Will be accepted as a USART mode word . 

Bit 5 - ThiS IS a programmable RS-232C Signa l I n the case of the standard cable, the Signal 

IS sent to the dev ice on the Clear To Send line (pin 5) . In the case of the option 001 

cable , the signal IS sent to the dev ice on the Request To Send line (pin 4) . 

Bi t 4 Resets status bi ts 3 , 4 , and 5 of the USART status word to O. 

Bit 3 - Enables the USART to output a ··break" to the data communicat ions dev ice Th iS 

causes a cont inuous space to be output. The ··break" Signal IS not automatically 

te rm inated. Your software must reset th e '·break" signal . 

Bit 2 - When th iS bit IS a 1, It allows the Interface to receive c haracters for transfer to the 

computer 

Bit 1 For the standard cable , wIlen bit 1 IS a 1, a Data Set Ready Signa l IS sent to the data 

term inal of p in 6 of the terminal connector . For the option 001 cable, when bit 1 is a 1, 

a Data Termina l Ready sig nal is sent to the modem on pin 20 of the modem connec­

to r. 

Bit 0 - The USART tra nsm itte r IS enabled when thiS bit IS a 1 

NOTE 

The power -up default con trol word is 5. Bits 0 and 2 are set. 
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The USART Status Word (R4E) 

The status word can be accessed when bit 0 01 R50UT IS a 1 A read binary statement from the 

compu ter is used to in put the status word to the computer . Here is a descrrption of the USART 

status word bit positions 

81T 7 8n 6 BIT 5 B IT 4 B IT 3 8 1 T 2 B>T , BIT 0 

Request To Send 
Pin 4(Standard) 

Framing Overrun Panty T!ansm ltte r Receiver T ra l lSIll It1e r 
Data Set Ready Always 0 

Error Error Error Empty R!:ady Ready Pin 6 

(Option 00 1) 

BITVALUE- 128 BIT VALUE -64 BIT VALUE - 32 BIT VALUE -16 BIT VALUE=8 BIT VALUE-4 BIT VALUE-2 BIT VALUE - l 

Bit 7 - USing the standard cable, b it 7 indicates the status of the Request To Send line , pin 4 

of the term inal connector . USing the option 001 cable , bit 7 indicates the status of the 

Data Set Ready line, pin 6 of the modem connector . 

Bit 6 - Not used , always 0 

Bit 5 - This bit IS a 1 when the received data did not contain the proper number of stop bits 

or when a break has been received . 

Bit 4 - This b it is a 1 when data is received before the data rece iver buffer IS empty (overrun 

error) 

Bit 3 - ThiS bit IS a t when a parrty error occurs . 

Bit 2 - ThiS bit IS a 1 when the USART's data transmitter buffer IS empty 

Bit 1 - Th is bit IS a 1 when the USART's data receiver IS ready Wi th a received character . 

Bit 0 - ThiS bit is a 1 when the USART's data transmitter buffer IS ready to transmit data 
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R5 Reg isters 
Tr,ere are two R5 leglstels R50UT nolds the interface cont rol word . The Inter face con trol word 

IS sent to the R50UT register uSing register 1/0 statements from the com puter 

R51N holds the Interlace status word . The Interlace status word IS Input by the compu ter Irom 

the R51 N regis ter . 

Here IS a descrrpt lon 0 1 the R50UT and R51N bit positions 

R50UT Register 

M S' S Y''' ' l n'i Bl L "~"; :;"l "'"L d' '' " ' 
1'11 1 7 BIT 6 S IT S BIT ! B I T 3 BI T 2 8 1 T 1 BIT 0 

R4 Cont rol 
l'l terrupt Interrupt 

O - Oa:a IN 
ContrOl 2 Co ntr ol i 

Transmitter 
O UT 

",c ecl"c' 
Co ntr Ol 

CO'l frot Con tr ol 
S'alus 

l 'llt, 't,KE' p, ~0,,,rn'\lP( : 

Inte"l,PI trl1 -?'f}cc 

E~ ,'I:" " PCSH 

BIT VALU E ~ 128 BI T VALLJ I:: = 6~ BIT VAL LJE ~ 32 BIT VALU E= 16 BIT VALUE - 8 B IT VALUE= 4 BI T VALUE~ 2 BIT VALU E ~ 1 

Bit 7 -

Bit 6 

Bit 5 -

When bit 7 IS a 1 , the Interlace IS enab led to Interru p t the computer's opela 

tlon Eithe r bit 1 or bit 2 should be a 1 when bi t 7 IS a 1 . 

Not used 

When bit 5 IS set to a 1, the Interface IS reset to the power up default condition 

The power up delault con d itions are 

The defau lt mode word will be used . 

2 . Th e USART control word IS set to 5 

3 Al l other reg isters are set to O. 

Bi t 5 IS reset durrng the Interface reset 

Bits 4 and 3 - Not used 

Bit 2 

Bit 1 

Enables the Interface 's rec e ive r fo r Inter rupt ope rati on Whe n b it 2 IS a 1 and 

the rece iver is ready , an interrupt 1/ 0 operat ion wi ll be performed (il b it 7 IS 

also set) . Bi t 2 must be a 0 for normal prog rammed Input ope ration. 

Enables the transmitter lor Interrupt opera tion WI,en bit 1 is a t and the 

transm itter IS ready , an IIlterrupt 1/0 operation wil l be performed (i f bit 7 is a lso 

set) Bit 1 must be a 0 for norma l prog rammed outpu t operat ion. 



Bit 0 
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Det8rflll nes whelrle r trle next transfer to or from the computer w ill be a data 

character or a control or status word . When bit 0 IS a 1, access to the USART 

mode, status , and control words is enabled With th is access estab li shed , 

control words can be sent or changed and the USART status can be read 

When bit 0 is a 0 , data can be received or transm itted depending on how the 

USART control word wa s set. 

NOTE 

Bit 1 and bit 2 01 R50UT must be cl eared for non-interrupt 

1/0 operat ion . 

fl "' lbl!1 tho r --------. 

Ready (BI ; 1) 
o 

111\"I'Upl l~lntelru Pll 0 
En iih le (S,; 7) .,/ Operat,on 

o· 

r 

Hece""r / 
Ready (B" 2) -

0 ........ - --- Pruy ri:H Tl llibj I ·U 
Opera tion 

R51N Register 

~ . 
BIT 8 BIT 7 BIT 6 B il 5 BIT 4 B IT 3 BIT 2 BIT I 8110 

Imedace Ime rT ace Inte rface 
Cont rOl Conliol 

Pe'lpneral 
Interrupt 0 10 0 10 I 0 0 

Status 2 STat us 1 

Status 1 Rece iver Transm ITT er 
EnatJle Status Alway s 0 A lway s 1 

r;1 ode Moae 

BIT VALUE", 256 BIT VALU E= 128 BIT VALUE =64 BIT VAl UE =32 BITVALUE = 16 BIT VALUE .. 8 BIT VAlUE = 4 BIT VALUE = 2 BIT VALUE~l 

BitS - Is the interface status bit. This b it is a lways 1 whe n the Inte rface IS Insta ll ed 

and ope ra tiona l in the computer . 

B it 7 - Is a 1 when the Interface inte rr upt IS enab led (b it 7 o f R50U T) 

B it 6 Not used , a lways O. 

Bit 5 and 4 - Identify the Interface as a sella l Interface . Bit 5 IS a lways 0 and bit 4 IS a lways 

1 . 

Bits 3 and 2 - Not used , always 0 

Bit 1 - IS a 1 when the rece iver 111Ierrupt control IS enab led (b it 2 of R50UT) 

Bit 0 IS a 1 when the tran smitter Interrupt contro l IS enab led (bit 1 of R50UT) 



R6 Registers 
There are two R6 registers The R6 registers are accessed by Interface read and write opera­

tions . 

R60UT IS cont rolled by the compu ter and IS used to send control In forma ti on to the data 

communications deVice . the conten ts of R60UT are changed by a register 110 operation to the 

interface . The cont rol information is then sent to the data commun icat ions device . 

R61N monitors the RS-232 statuS lines from the data communications device . The contents of 

the register are input to the computer by a regi ste r 110 operation. 

Here IS a description ot the R60UT and R61N bit pOSitions for both the standard and option 001 

cables . Remember, when using the standard cable, the Desktop Computerl 98036A Interface 

acts like a modem in communicat ing with a termina l and when using the option 001 cable, the 

Desktop Computerl98036A Interface acts like a terminal connected to a modem. 

R60UT Register (standard cable) 

BIT 7 BIT 6 BIT 5 81 r <I BIT 3 BIT 2 B" , BIT 0 

HalllFull Ring 
Signal Seconaary 

-- -- Speea ContrOl IndlcalOr 
Quality Camer Data Ca'''er --
Delee! Delect Detect PinS 

(Interlace) P,n22 
Pin 21 Pin 12 

BIT VALUE ~ 128 BIT VAlUE~ 64 BIT VAlUE-32 BIT VALUE - 16 BIT VALUE-a BIT VALUE "'-4 BIT VALUE",Z BIT VALUE - 1 

Bit s 7 thru 5 - Not used . 

Bit 4 

Bit 3 

ThiS bit IS used to Signal it1e Interface that either 11alf of fu ll speed data 

transfer is being done (see R6IN , bit 1). When bit 4 is a 0, normal bit rate clock 

speed is being used . When bit 4 IS a 1, data transfer is hal f the switch 

se lected bit rate clock speed Bit 4 in formation is used internal ly by the 

Interface 

Normally H1dlcate s a ringing Signa l to the data terrnina l on pin 22 of the 

terminal connector when bi t 3 is a 1 Since no ri nging signal is involved In a 

standard cable appl ication , th is b it IS not normally used , however it is avai la­

ble . 
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Bit t -

Bit 0 
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Normally is used to Indicate to the data te rm inal whether or not there is a high 

probability of an error in the data rece ived by the modem. If bit 2 is a 1, the 

received data is probably in error . This signal is sent to the terminal on pin 21 

of the term inal connector. Since no data channel is involved in a standard 

cable app lication, this bit is not normally used however it is available . 

Normally Indicates to the data terminal that the secondary channe l ca rrier is 

being sent, when bit 1 is a 1. This signal is sent to the data termina l on pin 12 

of the terminal connector . The secondary channel in a standard cab le app li­

cation is a pseudo-channel since no ca rrier is involved . 

Normally indicates to the data term inal that the pr imary channel carner IS 

being received , when bit 0 is a 1. This signal is sent to the data term inal on pin 

8 of the term inal connector . The primary channe l in a standard cab le appl ica­

tion IS a pseudo-channel since no ca rr ier is involved . 

R61N Register (standard cable) 

81T 7 BIT 6 BIT 5 B IT -1 BIT 3 BIT 2 BIT 1 BIT 0 

Data Signal 
Secondary 

Alwavs 1 Always 1 Always 1 Always 1 Always 1 Always 0 Rate Selee1 
Request 

Pin 23 
To Send 
Pin 19 

BIT VAlUE - 128 BIT VALUE =64 BIT VALUE-32 BIT vALUe - 16 BIT VALUE- B BIT VALUE .. 4 BIT VAlUE-2 BIT VALUE-l 

Bits 7 thru 2 - Not used . 

Bit t -

Bit 0 

ThiS signa l IS sent to the Interface from the data termina l on pin 23 of the 

te rminal connector . This signal is used when the te rminal has tw o data signal­

ling ra tes or tw o ranges of data signalling rates. When bit 1 is a 1, th e higher 

data signalling rate or range of rates is selected 

ThiS signal IS sent to the interface from the data terminal on pin t 9 of the 

termina l connector . When bit 0 is a 1, the secondary request to send line is 

ra ised high ind icating to the inter face that the term inal has informat ion to 

send . 
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R60UT Register (option 001 cable) 

BIT , 81 T 6 6 1 T 5 BIT 4 BIT 3 BIT 2 BIT , Bil 0 

Testing DaTa Signal Data Signal 
SeConoary 

Ha lt /Fu ll Request - - -- --
Speed COTltr OI 

Purposes Rate Selec! ROlle Selec t 
To Send 

Pin 25 (UK )P on ll Pon 23 
P on 19 

BIT VALUE= 128 BI T VALUE = 64 BIT VAL UE .. 32 6ITVALUE - 16 BIT VALUE ,., 8 BiT VALUE= 4 BIT VALUE - 2 BIT VALUE ", 1 

Bits 7 thru 5 - NO! used . 

Bil 4 

Bit 3 

BIl2 -

Bil 1 

BIlO -

ThiS b it IS used to Signa l the interface that elttle r ha lf or lull speed data 

transle r is In effect (see R60UT, b it 1). When th is bll is a 0 , normal b it rate 

clock speed IS be ing used . When bi t 4 IS a 1, data transfer IS half the switch 

se lected b it rate . Bit 4 inlormation is used internally by the interlace . 

Is used lor testing pu rposes only. Th iS bit IS outpu t to pin 25 01 the modem 

connector 

ThiS Signa l IS sent Irom the Interlace to tile modem on pill 11 of the modem 

connector . Pin t 1 IS used In the United Kingdom for the Data Signal Rate 

Selec i signa l. The sig nal is used to se lect between two data signall ing rates 

or two ranges of data signalli ng ra tes . When b it 2 is a 1, the higher data 

signalling ra te or range of da ta signalli ng rates 01 the modem is being re­

quested . 

fh ,s Signa l IS sent Irom til e inlerlace to the modern on pin 23 of the modem 

connec tor. Pm 23 is used for the Data Signal Rate Select signal. The si gnal is 

used to se lec t between two da ta signall ing rates or two ranges of data signal­

li ng rates . When b it 1 is a 1 , the higher data signalling ra te of the modem is 

requested 

Is sent from the Inte rfa ce to the modem on pill t 9 of the modem connector 

When this signal is a 1, the Secondary Request to Send signa l is sent to the 

modern ind icat ing to the modem tha t the computer has information to send. 
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R61N Register (option 001 cable) 

81T 7 611 6 81 r 5 B I T ~ 81 T 3 (3 I T 2 611 , BIT 0 

Secon(Jar\ 
Ring 

Carrier Data Carrier 
Alw(lys 1 Always' A Iv, <l Yl> 1 Always 1 MWel tS I 

Detect 
Indicator 

Delect Pin 8 
Pin 12 

Pin 22 

SIT VALUE-128 BIT VALUE- 54 BIT VALUE-32 BIT VAL UE-1 6 BI I VALUE .. a BIT VALUE - 4 BIT VALUE-2 BII VALUE .. 1 

BIt,; 7 thru 3 Not used 

Bl t 2 -

Bit 1 

Bit 0 

The signal IS sen t to the IIlterface Irom ttle modem on pin 12 01 tile modern 

connector When bit 2 is a 1, It indicates that the secondary channel ca rrier IS 

being re ce ived 

ThiS 5rgna l rn d rcates to til e Interlace that a nngrng signal IS be ing received by 

the modem when b it 1 is a 1. The signal IS sen t to the inte rface on pin 22 of the 

modem connector 

Th iS si gna l, Carner Detect . Indica tes to the Interface that the modem IS rece iv­

Ing an acceptab le signa l. when b if 0 is a 1. This sig nal IS sent to the Interface 

on pin 8 o f the modem connector . 



28 Tt,e Ilileitace Re»lslers 



Chapter 4 
Talking to the Interface 

Introduction 

This chapter descri bes how to program the 98036A interface for you r particular data com­

munications app licat ion. It is assumed that you have set the hardware confi guration switche s 

(Chapter 3) as requ ired . A se lect code value of lO Is assumed for all program statements 

shown . BASIC and HPL program statements are prov ided .' The appropriate 1/0 ROM(s) must 

be installed in your Desktop Computer . 

Setting Control or Data Mode 
Since the same Interface register (R4) is used for transfer of USART control and status informa­

tion as wel l as data, some method of determining "wh ich is which " must be prov ided . Bit 0 of 

the R50UT register is used for this purpose . 

When bit 0 of R50UT is 0 , all data transferred to the R40UT register from the computer IS sent 

over the data communications link by the USART as serial data and all data entered into the 

compu ter from the R41N register is the serial data received by the USART from the data 

communications link. 

When bit 0 of R50UT IS t , the data transferred to the R40UT regis te r by the compu te r IS 

Interpreted as either the USART's mode or control word , and the data entered fr om the R41N 

register into the computer is the USART status word . 

NOTE 

When you set b it 0 of R50UT , you are then In the USART 

cont rol or status mode . You must clea r bit 0 of R50UT be­

fore you can resume data transfers . 

1 n il: progr arn lines shown must be modi fied tor System 4SA or 9825A Systems Progr ammmg RO M a pplic ations See 
Appendix A 

29 
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Here's the R50UT register. 

Most S,gndlcanl B·t 

BIT 7 BIT 6 BIT 5 BIT , 
Interlace Programmco 
Interrupt --- Interface ---
Enable Reset 

BIT VALUE-128 BIT VALUE-64 BIT VALUE-32 BIT VALUE ~ 16 

Here's how to change bit 0 of R50UT. 

10 WAIT WRITE 10,5;1 
28 WAIT WRITE i0~5;0 

HF'L 

0: 1, • .lt.;: lr~1, 1 
1: !, • .It.: l~J.O 

Bll 3 

---

BIT VALUE-8 

Status 

Bll 2 Bll , 81T 0 

Inle"~pl 
R4 ContrOl 

Interrup! 
O",DataiN 

Cor'r:)12 Carlt'oll 
OUT 

Rpu;','er Transmitter 
1 = ContrOl 

C:;r',:rr~ ContrOl 
Status 

BIT VALUE-4 BITVALUE-2 BIT VALUE "" 1 

Se t R50UT ~o [:ONTROL made 
Se t R50Ul .u DATA mode 

One important requirement of an interface is to provide you with status information. The 

98036A interface returns two types of status information: 

• I nterface status . 

• USART status. 

I nterface Status 

The status of the interface IS contained in the R51N register. Here's how to read the interface 

status from the R51N register. 

HF'L 

10 STATUS (10);R 0: r·'d:~.(10)-"A ! GE""!: i nt",,-t"'-t'ac.::' ;;:.t ·3.1:· I.E,· 

28 DISP "STATUS=';A 1: dsp"STATUS=',A Iii ".f) I .0:..') the :::::1: .. 'lt.u:::;. ;.},,~1 u.:,; 

1 The program lines shown must be modified for System 45A or 9825A Systems Programming ROM applications. See 
Appendix A 
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Here is the R51N register. 

B IT 8 BIT 7 BIT 6 BI T 5 BIT 4 BI T 3 BIT 2 B" , BIT 0 

'nlerlace Interlace Interface 
Conuol Control 

Peripi'leral 
Interrupt 0 I D. O 1.0 , 0 0 

SISluS 2 S IS' uS 1 
Status 1 

Enable Slalus Always 0 Always 1 
ReceIver Tra nsmItter 

Mode Mode 

BIT VALUE"'256 BIT VAL.UE - 128 BIT VALUE-S4 BIT VALUE - 32 Bll VALUE-IS 81T VALUE- 8 BIT VALUE - 4 BIT VALUE ., 2 BIT VALU E- I 

The value returned into variable A is the summed total of the bit value(s) of all bits that are set 

(1). In the above example the status value is 272. This value means that bits 4 and 8 are set 

(16+256=272), and all other bits (0 through 3 and 5 through 7) are O. 

USART Status 
I n order to obtain the status of the USART, you must first set bit 0 of R50UT to the control mode 

(1), then perform an R41N operation to return the USART status word . 

The- fo 11 OIAI i nq pr-O;;lt-·.::lrn :,::.e t So R50UT t, l) the- c ,:.nt, r o 1 mode, r eads t. he- USFtRT 
s t-:itu:.:;- t-- €' 9 i s t, ET i ntQ ')ar-; .:ib l e "Ft", di ::;;.pl avs the" USART st atu£. \.Jall.J€, and 
.?J.nd :;:·e ts R50UT b.::lck t.el t.hE' data mo,je", 1 

BASIC 

10 WRIT WR ITE 10, 5;1 
20 A=READBIN(10) 
313 DISP tlSTATUS="; A 
40 WRIT WRITE 19 , 5 ;0 

ST ATU:;= 5 

Here is the USART status word. 
,,/ 
) 

Most SIQOIhcant 8, t 

BIT 7 

Request To Send 
Pin 4(Standard) 

B IT 6 

Data Set Ready Always 0 
Pin 6 

(Option 001) 

8 1T 5 

Flaming 
Error 

HPL 

0: tllte 10 ,1 ! Se't, R50UT t.o con trol r(p;:,de 

1: r,j b( ltD-:t1 ! Read lJSFlRT St_:..tl.lS f"';'91 s tE"t"· 
2 : d sp"'3TATUS= ",A ! Dlspla)) t hE" ::.T~ atu :s 

3: 1 • .Jt!: 10,121 ! SE"t R50UT t- ,~- oj .ata_ rnode 

8 1T 4 6 1T J 81T 2 BIT , BITO 

Overrun Pa"ty Transmtl!er Receiver Transmiltei 

Error Error Empty Ready Read)' 
, 

BIT VALUE-t28 BIT VAlUE"64 BIT VAlUE .. 32 BIT VALUE", 16 BIT VAlUE -8 artv~~ .. '4 ' BIT VAlUE ", 2 el~VAUJE,,",1 

1 The prog ram lines shown must be modi lied lor System 4SA or 9825A Systems Programming ROM applications. See 
Append ix A . 
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The value returned into variable A is the summed total of the bit value(s) of all bits that are set 

(1). In this example the value of A is 5. This value means that bits 0 and 2 are set (1 +4=5), and 

all other bits (1, and 3 through 7) are O. 

Resets 
Three programmed resets are provided by the 98036A interface. The resets provided are: 

• Programmed interface reset. 

• Error bit reset. 

• USART reset. 

Programmed Interface Reset 
When the programmed interface reset is executed, the 98036A interface is reset to the power 

up default condition. The power up default conditions are: 

• The USART mode word is reset to the default condition specified by the mode word 

switches. 

• The USART control word is set to a decimal value of 5 (Bits 0 and 2 are 1) . 

• All other interface registers are cleared (set to 0) . 

In order to reset the interface, simply send a control word to set bit 5 of the R50UT register. 

Here's the R50UT register. 

Most S'9rof,cant 8 ,1 l east S'gn,f'cant 611 

BIT 7 BIT 6 Blf 5 BIT 4 BIT 3 BIT 2 BIT , BIT 0 

Interrupt 
R4 Contro l 

Interface Programmed 
Inter rupt 

0 = Dala IN, 
Conl ro l 2 Cont ro l 1 

Int ellupl --- Ir'IIerface --- - - - OUT 
ReceIver Tr3nsmltle r 

Enable Reset 
Control Control 

1 = Cannol, 
Slaws 

BITVALUE = 128 BIT VAlUE "' 64 BIT VALUE .. 32 BIT VALUE-1 6 8ITVALUE _a BIT VALUE - 4 BIT VALUE - 2 BIT VALUE - l 

Here's a program line to set bit 5 of R50UT. 

ThE' feo 11 01..J; ng pt"'crgrarrt 1 i ne' or:!'X€'Cl~t.. e-s a. PROGRANMED I NTERFACE RESET . 
R50UT is .:luto~)atical1 v s·et to the dat.a [(lode when t.his i ::. e:":e'cutE'd . 1 

BASIC ' HPL 
• . < • 

10 ,lAIT WRITE 10, 5;32 ! Execute the RESET 

1 The program lines shown must be modified l or System 45A or 9825A Systems Programming ROM app lications. See 
Appendix A. 
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Error Bit Reset 
When an error is detected in the received data, the USART sets an error bit in the USART 

status word . If you suspect that errors may exist in your input data you can periodically check 

the USART status word (see USART Status) for the presence of error bits. If errors have been 

detected you should reset the error bits in order to detect any subsequent errors. 

To reset the USART error bits you must first set bit 0 of R50UT to the controt mode (1), then 

perform an R40UT operation with bit 4 set. 

Here 's the USART control word. 

Most S'QnI' ,cant 6'1 least Sog .... ftcant Bit 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT I BIT 0 

Cleaf To Send Oala Set Ready 

USART 
Pin 5(Standard) Reset Status 

Send Break Enable Data 
Pin 6(Standard) 

Ena ble Data 
Always 0 

Reset Request To Bits of U$ART 
Character Receil/ar 

Dala Terminal 
Transml11er 

Send Pin 4 Status Word Ready Pin 20 
(Option 001) (OpItOnOO1) 

BIT VAL.UE-128 BIT VALUE-54 BIT VALUE - 32 BITVALUE _ 16 BI T VALUE-B 8ITVAL.UE ~ 4 eirVAlUE- 2 BIT VALUE=1 

Here's how to reset the USART error bits. 

The" f coll CII,,1i ng pt"' ogt"am "I i rIE'S :.:.et R50UT to the" c ontr·o:tl roode, r'e-sets the 
USART e· t~r-'or bi ts, and so?t·s R50UT back to t h e dat, a fftode. ' 

BR,3IC 

10 WAIT WR ITE 10, 5 ;1 
20 WRITE BIN 10;1 6 
30 WAIT WRITE 10,5;0 

USART Reset 

0: 
1 : 
2 : 

HPL 

wtc 
1.<ltb 
1.,lt, c 

10,1 
10,16 
1O, 0 

! Set R50UT to e ,:-ntr.:.l fflode' 
! Rese·t the' USART E't"·t-- ,:' t"' td ,. s 
! Se·t R50UT t. 0 ,jat a mode' 

When a USART reset is executed, the USART is forced into an idle mode.' The next data byte 

sent to the interface must be a new mode word for the USART. The USART then begins 

operating in the mode specified by the new mode word (see "USART Mode Word ," page 34). 

The USART reset does NOT reset the interface but does reset the error bits . In order to reset 

the USART you must first set bit 0 of R50UT to the control mode (1) , then perform an R40UT 

operation with bit 6 set . 

1 The program lines shown must be modified lor SySlem 45A or 9825A Systems Programming ROM applications . See 
Appendi)( A. 

2 Because the USART is for ced into the id le mode , data may be lost if it has not been completely transmitted . To avoid thi s 
pOlenlialloss, 2 nu ll (0) or del (255) characters should be sent belore reselling the USART . 
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Here's the USART control word. 

Most Signoficant Bit Least Sigmficant Bit 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

Clear To Send Data Set Ready 

USAflT 
Pin 5(Standard} Reset Status 

Send Break Enable Data 
Pin 6(Standard) 

Enable Data 
Always 0 

Resel Request To Bits of USART 
Character Receiver Data Terminal 

Transmitter 
Send Pin 4 Status Word Ready Pin 20 
(Option 001) (Option 001) 

BIT VALUE - 128 BiT VAlUE- M BIT VALUE=32 BITVALUE - 16 BIT VALUE - 8 BIT VALUE - 4 BIT VALUE - 2 8ITVALUE _ l 

Here's how to reset the USART. 

ThE' follol.,Jin.,;l f:w-c,,;w·a.m 1 inE':::. set R50UT to contr'ol mode- and t-·E"SE-t. thE' USAF:T. 
ThE U:3APT t he"n i nt Erpr'e-t s. t he" next dar..3. bVt ",,·ft-·om t hI? De'::;:.k t· O~) COmpl"lt, er-' .3.::­
a.::' a. nE'1,,1 U~:ART modE" IoJ!Jt-·d . ' 

BASIC 

10 WAIT WRITE 10)5;1 
20 WRITE BIN 10;64 

HPL 

0: 1 .• .It-C 10~ 1 
1: 1 •• J1:.b 1f.l~64 

! Set- R50UT to o:ont,rol mode' 
! Re:: . .;;;·t- t- he' USART 

ThE:" ne·::<1:. 1,.1[""'1 t-e opera.t.; on to the' i nte-n .... 3,.ce· t1UST be .:'1. tlE·r,) 1",1::;Rf;n mode ; .. .IOt-·.j. 

The tJSART mode I..Jor·d i::;;. e::p 1.3. i ned ne·::{t. 

USART Mode Word 
When the USART reset has been executed (see USART reset, page 33) the USART clears the 

previous mode word, goes into an idle state, and waits for the computer to send a new mode 

word. A new mode word can NOT be sent to the USART unless a USART reset (setting bit 6 of 

USART Control word) has been executed. 

Here's the USART mode word. 

Most Significant Bit 

BIT 7 I BIT 6 BIT 5 BIT 4 BIT 3 1 BIT 2 BIT 1 I BIT a 

Number oj Stop Bits Character length Bit Rate Factor 

OO - not valid Parity Type Parity Enable 00 - 5 bits OO=not used 

01 - 1 bit a - Odd a - Disable 01 - 6 bits 01 =1 xbit rate clock 

10- 1.5 bits I-Even I-Enable 10 - 7 bits 10~ 1/16xbit rate clock 

11 =2 bits 11 =S bits 11 = 1/64xbit rate clock 

BIT VALUE=12SI BIT VALUE=64 BIT VALUE - 32 BIT VALUE=16 BIT VALUE-S I BIT VALUE-4 BIT VALUE=2 I BIT VALUE=1 

1 The program lines shown must be modified for System 45A or 9825A Systems Programming ROM applications. See 
Appendix A. 
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Assume that you want to set a new mode word to specify the following mode of operation. 

1. Bit resolution of 1/64 is selected. 

2. 7 bit character length specified. Note that character length only specifies the number of 

data bits that make up a complete character - start, stop, and parity bits are NOT 

considered part of the character and are NOT to be included when determining charac­

ter length. 

3. Parity is used and is specified as odd . 

4 . One stop bit is specified. 

Here's how to determine the value of your new mode word. 

Parameter Permissible Value Example Value 

Bit Resolution 1 =Bitl1 

2=Bitl16 

3=Bitl64 3 
----------- - ------------- --------
Character Length 0=5 bit characters 

4=6 bit characters 

8=7 bit characters 

12=8 bit characters 8 
------ ----- ------------ --------
Is parity used O=no 

16=yes 16 
---------- ---- --------- -------
If parity what type O=odd 

32=even 0 
----------- ------------ f---------
How many stop bits 64=1 stop bit 

128=1Y2 stop bits 

192 = 2 stop bits 64 

Summed total of the example values= 91 

To send the example USART mode word , simply send the summed total of the example values 

(91) to the interface after a USART reset (see USART reset , page 33) has been executed . 
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Here's how to send a new mode word. 

ThE" fo 11 <:)(1 1 ng pr·clI;lr .arfl i 1 ne i::. e':< E"( ut. ed .af t e· t~ 1:. hE" USART t' esE"t t'out· i no? 
The e ::< 3.fftp1 e v a l LIe of' 91 i $ sent as a new USART mode" t,.,lor'd . ' 

BASIC HPL 

30 WRITE BIN 10;9 1 

The ne:x: t 1.Jr it e opE"r .3.t. i on NUST be .:;1 ne t.,J USART C ontr',:.l 1,.K .t··d. Th€;' US ART 
control word i s described next. 

Transmitter/Receiver Control 
This section describes the programming steps that provide control of various USART func­

tions . The control functions described here are accessed via the USART control word . In order 

to change the USART control word you must first set bit 0 of R50UT to the control mode (1), 

then write the USART Control word value to the R40UT register. 

Here's the USART control word. 

Most SIgnificant B" Leut SIgnIfIcant a,1 
BiT 7 BIT 6 BIT 5 BIT 4 BIT .3 BIT 2 BIT 1 BITO 

Clear To Send Data Set Ready 

USART 
Pin 5(Standard) Roset Status 

Send Break Enable Oala 
Pin 6(Standard) 

Enable Dala 
Always 0 

Reset AeQuest To Bits 01 USAAT 
Charac ter Receiver 

Dala Terminal 
Transmiller 

Send Pin 4 Status Word Ready Pin 20 
(Option 001) (Oplion OO1) 

BIT VAlUE-126 BIT VAlUE"" 64 BIT VALUE-32 BIT VALUE _ 16 BIT VALUE- 6 BITVALUE _ 4 BIT VALUE - 2 BIT VALUE- 1 

Bit 0 allows you to enable or disable the USART's transmitter . Bit 2 allows you to enable or 

disable the USART's receiver . 

Here's how to control the transmitter and receiver. 

The roll ol .• Ji ng pt-'og r' a m 11 nes -~o? e :><1?cuted aftE't'· the- USART mode- I.oJC,r' d 1 S 

:=..€t . Tho=:- ~n'ilu€ (37) sets the "Re-qu",·s t:. 1:- ,:. Send;' or· "C1E".ar t o ~:;E·ndu 1 ine 
and E'n.3.b 1 E"S thE· t r·a.nsrfl; t t E·~'· and re-c E· i '·.iE·t-·. ' 

BFt::;I C 

40 WRI TE BIN 10;37 
50 WAIT WRITE 10~ 5;0 

HPL 

3 : I,-.ltto 10,:37 
4: I,J1, 0: 10, (1 

I Set new US ART control wor d 
! Set R5 0UT to data mo de 

1 The p rogram lines shown musl be modified IOf System 45A or 9825A Systems Programming ROM applic ations. See 
Append ix A . 
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Break and R4 Modem Control Signals 
This section describes the programming steps that enable you to send a "break," Data Set 

Ready/Data Terminal Ready, and Request to Send/Clear to Send. The controls described here 

are accessed via the USART control word . In order to change the USART control word you 

must first set bit 0 of R50UT to the control mode (t) . 

Here's the USART control word. 

81 T 7 

Always 0 

BI T VALUE .. ,2e 

BIT 6 81T 5 BIT 4 SIT 3 B IT 2 BIT 1 

Clear loSend Oata Set Ready 

USART Pin SiStanaard) Reset SlalUS 
Send Break Enable Data 

Pin 6(StoIndard) 

Reset Request To Bits 01 USART 
Character Receiver Data Terminal 

Send Pin 4 Status Word RMdy Pin 20 
(Option 001) (Oplion 001) 

BIT VALUE=64 BiT VALUE-32 BIT VALUE - IS 81T VAlUE-8 BIT VALUE - 4 BI.TvALUE_2 

NOTE 

The modem lines affected by bits t and 5 of the USART 

control word depend upon your particular cable options 

(see cable options, page 3). 

Sending a "break" 

Least SI9",hcan! 6u 

BIT 0 

Enaote Data 
Tra nsmitter 

BIT VALUE - . 

A " break" is defined as a space condition held on the RS232 data line for ;;.200msec. 

Here's how to send a 200 msec "break" over the communications link. 

Th E' fol l l:.wi ng pt~ogr.am 1 i ne-s s e nd a 200 mi 11 i second " BREAK " .' 

BASIC 

10 WAI T WRITE 10 , 5;1 
20 WR ITE BIN 10;8 
30 l·JAIT 200 
40 WRITE BIN 10;37 
50 ,JAIT ,JR ITE 10, 5 ;0 

HPL 

0: 1.,ltc lJ.)~ 1 
1: 1"ltb 18, 8 
2 : wa; t 20 £1 
3 : I..,tb 11.3,37 
4: wtc 10,0 

! Set R50UT t o e ont, t~ O 1 mode 
! Se nd "Br'6'akl! signal 
! Wait 200 mi ll iseconds 
! Send NEI4 USART con tt' o l wopd 
! Set R50UT to data H\ode 

1 The program lines shown must be modified for System 45A or 9825A Systems ProgrammIng ROM applications, See 
Append ix A, 
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Clear to Send/Request to Send 
Here's how to send Clear to Send (standard cable) to the terminal or Request to Send (option 

001) to the modem. 

Th.:' Po ll ow; ng Pt-'o,;w-.3;.m 
C 1 O;;:',::;,t" to ::;.;:"nd 
Req!"~& :E.1, to ::;o::'nd 

BASIC 

10 WA IT WRITE 10 , 5;1 
20 WRITE BIN 10;32 
30 WAIT WRITE 10,5;0 

lines control the following modem signa1s: 1 

(S'tan,j.:tt-- d Ca.b "!.;;· - Pin 5 ) 
( Option 001 Cable - Pin 4) 

HF'L 

0 : wt, O: 

1 : lJ1:.b 

2: 1 •• )to: 

10,1 
1 ~3 ~ 32 
1O,0 

! Set, R50UT 1:· 0 ,:ontrcd ffl'JdE' 
! Send eTS / RTS signal 
! Set R50UT t,o d.::t.t.a. mode 

Data Set Ready/Data Terminal Ready 
Here's how to send Data Set Ready (standard cable) to the terminal or Data Terminal Ready 

(option 001) to the modem. 

ThE- f.::. 1; .J (.J; rl';l pt-'ogt-'arn 
Data Set Ready 
D.:tta Te·rminal Rea.d~) 

10 WAIT WRITE 113,5;1 
20 WRITE BIN 10; 2 
30 WAIT WRITE 10 ,5;0 

1 i nes 0: ,:.nt roo 1 t hE fftOde-tll 
(St :tnd.=u"·d cabl e 
(Optiot) 13131 Cable 

HF'L 

0 : 1"ltcC 1O, 1 
1 : lo.l'tb H3~ 2 
2: l.oJ t, .: 1O, 0 

signa l:E. 1; s t, .;:"d bE' ] 0 1,,1, 1 

- pin 6> 
- p i n 20) 

I Set R50UT to;:. ': ont roo 1 
I S,:;:-nd DSR,"DTR mo:,der(, 1 

ffI (llj ~ 

ine 
I S,:;:·t, R50UT to data. rnod>? 

1 The program lines shown must be modllied for System 45A or 9825A Systems Programming ROM appl ications . See 
Append ix A 
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Additional Modem Signals 
This section describes the modem signals contained in the R61N and R60UT registers. Ac­

cess to the R6 registers is obtained by performing an R6 read or an R6 write operation to the 

interface. 

Here's the R6 registers. 

R6 OUT (Standard Cable) 

MDst S'qnlocarn e " Lea.1 SIgn'flcant 9 " 

BIT 7 BIT 6 BIT 5 81T 4 81T 3 BIT 2 81T , BIT 0 

Hall /Ful l Ring 
Signal Secondary 
Qua li ty Carner Data Carrier - -- --- --- Speed Cormal Indicator 
Deleel Deleel Deleel Pin B 

(Interlace) P,n 22 
Pin 21 Pin 12 

BIT VALUE-126 BIT VAlUE-64 BIT VAlUE- 32 BIT VAlUE- 16 BIT VALUE .. e BIT VALUE- 4 BIT VALUE -2 BIT VAlUE - l 

R6 IN (Standard Cable) 

Most S,gn,1 ,:am 8,1 LeaSt S'9n·hcan[ Bot 

BIT 7 BI T 6 BIT 5 BIT 4 BIT 3 BIT 2 81T , BIT 0 

Data S'g r>a l 
Seco r'ldary 

AI .... ays 1 Always 1 Always 1 Always 1 Always 1 Always 0 Rate Select 
Request 

P,n23 
To Send 
Pm 19 

BIT VALUE = 128 BIT VALUE-64 BITVAlUE-32 BIT VALUE-1 6 Bt TVALUE_ a BIT VALUE - 4 BIT VAlUE-2 BIT VALUE ~ 1 

R6 OUT (Option 001 Cable) 

BIT 7 BIT 6 BIT 5 BIT 4 BIT J BIT 2 8 1T , BIT 0 

Testing Data Signal Data Signal 
Secondary 

Hall/Full Request - - - --- --- Purposes Rate Select Rate Se lect Speed Cont rOl 
Prn25 (U.K.)Prn 11 PIfI 23 

To Send 
Pin 19 

BIT VALUE .. 128 SIT VALUE = 1)4 SIT VALUE=32 BIT VAlUE - 16 BIT VALUE",8 BITVALUE _~ BITVALUE'"'2 BIT VALUE = 1 

R61N (Option 001 Cable) 

B IT 7 alT 6 B IT 5 B IT 4 BIT 3 BIT 2 8 1T , BITO 

Secondary 
Ring 

Carrier Data Carrier 
Always 1 Always 1 Always 1 Always 1 Always 1 

Detec l 
Indicator 

Detecl Pin 8 
Pin 22 

Pin 12 

BIT VALUE-128 BIT VALUE - 54 BIT VALUE - 32 B1TVALUE - 16 BIT VALUE_8 BIT VALUEd 8 ITVALUE -2 BIT VALUE - l 
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Carrier Detect 

The two most commonly used R6 modem signals are the Carrier Detect signals. 

The Carrier Detect signal from the modem is monitored by performing an interface read 

operation to the R61N register (option 001 cable only). Here 's how to check for the Carrier 

Detect signal. 

10 
2 0 
:30 
40 

BASIC 

F:EAD 10 H\6;A 
IF BIT I A,B) THEN 40 
STOP 
PRINT "BIT 0 S e t" 

513 :3TOF' 

HPL 

(1: 1,_.It, i o~ 10 
1: r·di (6)..;.fl 
2 : if bit ( 0,A ) ;jrftj) 
3 : ::. tp 
4 : prt "BIT 0 Set " 
5: s~. p 

! Select s se lect code 10 
! RE' .:::..d R6 H4 

2 I Check for Bi t 0 se t 

Print Bit. '3 !"IH:'S S :ige 

The Carrier Detect signal is sent to the terminal by performing an interface write operat ion to 

the R60UT register (standard cable only). 

Here's how to send the Carrier Detect signal. 

The f.:)l"!olo.li n9 pt"ogt~ <71m $,E'nds Dat.:.. Car'r' ;er' Det e,:t (Stand.3.r',j C.:.'1bl€')1 

BASIC HPL 

0: ~,;t i 0, 1(1 ! Selec ts select code 18 
10 WRITE 10 113,6;1 1 : i,)t i 6; 1 I :3en,j D.:at. a C.:S.rT i Er ne1:. 121: t 

1 The plogram lines shown must be mod ified for System 4SA or 9825A Systems Programming ROM applications See 
Appendix A 
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Other Modem Signals 
Access to the following modem signals is also provided by the R6 registers: 

• Data Signal Rate Select (for two speed modems). 

• Data Signal Rate Select (United Kingdom applications). 

• Ring Indicator. 

• Secondary Carrier Detect.' 

• Secondary Request to Send.' 

Complete descriptions of these modem lines and their functions are found in Chapter 3, R6 

Registers. These lines are monitored or sent as shown in the previous examples. 

Half/Full Speed Interface Control 
The RS-232C Data Signal Rate Select signal provides program selectable full or half speed 

transfer rates when two speed modems are used. Half speed transfer rates can be specified 

when error rates become unacceptable during full speed operation. 

Interrupts 
The 98036A provides interrupt-driven transfer capability. The interrupts are enabled under 

program control. The 9825A prOVides the enable interrupt (eir) statement, and the System 

35/45 provides the CONTROL MASK and CARD ENABLE statements. These statements con­

trol bits 7, 2, and 1 of the R50UT register. Bit 7 enables the interface to interrupt the computer 

when a pre-defined condition occurs and bits 2 and 1 define the condition(s). Bit 2, when set 

to a 1, causes an interrupt to be generated when received data is ready for transfer to the 

computer. Bit 1, when set to a 1, causes an interrupt to be generated when the transmitter is 

ready to accept more data from the computer. 

Here's the R50UT register. 

Most Significant B,t Least Significant Bot 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

Interrupt Interrupt 
R4 Control 

Interface Programmed 
Control 2 Contrail 

0 - Data IN.' 
Interrupt -- Interface -- -- OUT 
Enable Reset 

Receiver Transmitter 
1 - Control/ 

Control Control 
Status 

BIT VAlUE":',28 BIT VALUE=64 BIT VALUE - 32 BIT VALUE-16 BIT VALUE - 8 BlTVALUE""4 BITVALUE-2 BIT VALUE=l 

1 Secondary channel not implemented but these lines are provided. 
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Enabling Transmitter Interrupts 
Here's how to enab le transmitter interrupt operation. 

ThA: f'o~ 1 ol,l in'] Pt--C";l r arl: 1 1ne.5 shol,. helt.) to E"na,bl,::' "tnt: i nte~--f-:iCE .;: ar,j 
~,,,,) 9 E' n .::r .:;,1,E" ;';:'1"1 ; nt. I~'rru pt 1.,I~·It;,'n t hE- t, ~"'ans m it, 1,. E· t~ -j:=;. t·'€'a.dv '1:·0 .O1( C ",·pt 
:"(I ,:;'f'''-:,' d -:lt ':1 f t" om r hE" (: ornput et"' . 

BHSIC HPL 

to ON IN TI 10 GOSUB Xmlt 0: Qni 10, " :o::r(l; t." ! DEFINE THE BRFH·1CH 
20 COtHROL t1Ast< 1121 , 130 1: eir 10,138 I SET CONDITIONS 
30 CARD Et~ABLE 10 

Enabling Receiver Interrupts 
Here's how to enable rece iver interrupt operation. 

ThE" fOl-! Dl.)in9 Pt-- 'J';Ir'd.~·1 line:::. ::,.h0 IJ.I f-p:;'I,1 to E'na.t, "i..:,.:- thE:' i n 1:.,,~ r'· f-'i(~· c ard 
to o;,1et'p:-I --.::Lt E' ·an ; nt €' r~ t~upt l..Jhefi the rec E- i VE-t"' has d.;:..t.a r"'eadv f ot" ; nr.,ut 

1._0 t, hE- COrl)f.'lj tE-r". 

E~i S J C 

1 I) GH! ~lT:j:j: 1 ~::1 GOSUB F.~:;<,.) 

20 COHTROL !1A:~: K 1 ~j, 1 :32 
30 CARD EN ABLE 10 

Clearing Interrupts 

HF'L 

'j: ,;:.ni H::t, "r·x .... '" 
1: o? i t-' 10,132 

Here's how to clea r (disable) interrupt operation. 

,:AS ] C HP L 

10 WRITE 10 10.0 

I DEF HjE THE BRml(:H 
! SET COHDITI ONS 

! CLEAR THE P.5 REGI:=:TER 

The System 35/45 110 ROM automatically provides for interrupt enable when BINT or WINT 

transfer types are specified. BINT and WINT transfer types can be used with serial peripheral s 

such as printers, termina ls, etc . 



Chapter 5 
Theory of Operation 

Introduction 

This chapter desc ribes the 98036A theory of operat ion Refer to the block d iagrams and the 

98036A schematic diagram while read ing this chapter 

The 98036A Serial Inte rface converts 8-b lt paral lel data from the computer IIl to a seria l bit 

stream compatible with RS-232C hardware protocol. A Universa l Rece iver- Transmit ter 

(USART) IS the heart of the interface , performing the ser ial-to-para ll e l and para ll e l-to-ser ial 

converSions , Only the 8 least Significant b its of the 16 b it computer I/O bus are used by the 

interface, 

I nterface Registers 

The cornputer communicates with the Interface through the R4 , R5 , and R6 reg isters, The 

registers have been ass igned the fo llowing basic du ties : 

• R4 Primary USART data regis ter , 

• R5 Interface con trol and status register 

• R6 Secondary data regis ter 

The 98036A has an extended set of registers , expanding the R4 register Into five unidirectional 

registers (from the computer 's viewpoint) , R4A through R4E, Bit conf igurat ions for the R4 

registers are detai led in chapter 3, The actua l locat ion of R4A thr ough R4E is in the USART 

Integ rated Clrcuil. 

The R40UT register (U26 and U27) holds the data from the computer until the USART can 

accept the transfer, 

The R41 N register (U29 and U30) holds received data unti l requested by the compute r 
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The least significant bit of the R50UT reg ister (U10) is the control ldata bit (C/O) , which defines 

R4 register access, Bits 1 and 2 are the interrupt control bits (INC1 and INC2) wh ich allow the 

transmitter or receiver in the USART to be interrupt driven , Bit 7 is the interrupt enable , 

allowing the interface to interrupt the computer based on conditions defined by the INC1 and 

INC2 bits , 

The R51N register IS not really a register but a group of tri-state buffers connected to indicate 

various states of the 98036A , These gates are in U24 and U32 , 

R60UT is a partially implemented register used for controlling those RS-232C functions 

needed for more comp lex serial links, U28 comprises bits 0 through 3 of R60UT , Bit 4 is used 

to control the halfl full speed feature of the interface , This feature , implemented in U7 , U20 and 

U21 , wil l cut the bit rate of the interface in half when bit 4 of R60UT is set. This is accomplished 

by either routing the bit rate clock directly to the USART or through a flip-flop divider (U21) , 

and then to the USART, 

R61N is not a register but is Similar to R5IN , being composed of t"-state gates , These gates are 

connected to RS-232C-to-TTL level translators and report the real-time condition of the as­

sociated RS-232C status lines, These tri -state gates are in U35, 

Register Control 
The computer control Signals OOUT, 10SB, ICt , and IC2 indicate the current Interface opera­

tion to be performed , No operations will be performed by the 98036A unless the periphera l 

address lines (PAO trough PA3) match the select code on the select code switch Sl , A match 

generates the My Peripheral Address (MYPA) signal which activates the register control de­

coder, U2, 

The register control decoder takes the four computer control signals mentioned above and 

generates four output register strobe signals and four input register activation signals , 

Flag Signals 
Normally, If the interface is busy , the flag (FLG) line is low In some cases , it may be deSirable 

to operate the 98036A under programmed 1/0 in one direction and under interrupt driven 1/0 in 

the other direction, A section of the 98036A being operated under interrupt does not have 

control of the flag line and may therefore be operated independently of the other section , 

During this simultaneous operation, the tri-state USART data bus is controlled by the linked R4 

state machines which control bus direction , At worst case , there may be a 2 microsecond 

delay in granting the bus to a requesting section, which is well within the minimum character 
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time in the Interface , (approximately t millisecond) . This character time varies with the bit rate 

and is important due to the nature of the RS-232 link. The computer usually has no control 01 

the remote device , which may suddenly decide to transmit a block of text. If each character is 

not removed before the next rece ived character is assembled , an overwrite will occur and the 

original character wi ll be lost. Th is is why the operation of the receiver under interrupt is a 

good idea. 

Interrupt Circuits 
The Interrupt poll responder (U22) has a two level interrupt scheme . Interfaces with se lect 

codes 2 through 7 (1 and 0 are illegal) are low priority while interfaces with se lect codes 8 

through 15 are high pr iority . The 98036A select code is set as a high priority device from the 

factory to redu ce the possib ility of character overwrite . The select code however, is eas ily 

changed . To request an interrupt the interface sets an interrupt request l ine. If the interface 

has a low prior ity , it will set interrupt request low (IRL). If the interface has a high priority , it will 

set interrupt request high (IRH). The computer re sponds by setting interrupt poll (INT) and 

signifies whether a high or low level pol l is occurring by placing the peripheral address line 

PA3 at the proper level. The interfaces that have interrupted at that level respond on the 

appropriate data line, for example if interface 3 requested serv ice , it wou ld respond on 1003. 

Interrupt control in the 98036A is implemented in U4 , U10, U 13, and a gate from U9 . U22 is the 

interrupt poll responder. 

The following simplified logic diagram shows how the Ilag and interrupt signals are generated 

by the interface card . The " read busy" and "write busy" signa ls are output by the input and 

outpu t state machines. 

R", .. o Busy ! - - - - - - - I 

Wille Busy 

A5bii2 I 

I 
L _ ___ _ _ _ ..J 

I 
I 

Reao Ready I 
r---,L/<>----t---- ' NT , 

AS 0 111 

W,ue Reaoy I 
L _ ___ ___ -.J 
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For example, if R5 bit 1 and R5 bit 2 are both true then the flag line (FLG) IS disabled , but an 

interrupt is generated (INT) when either Read Ready or Write Ready becomes true . Con­

versely , if R5 bit 1 and R5 bit 2 are both false then interrupts (INT) are disabled , but a flag 

(FLG) is generated when either Read Busy or Write Busy become true . 

Clock Generator 
The Interface timing Signals are all generated by the bit rate generator. U36 . Th iS includes the 

USART master clock. the state machine clocks and the bit rate clocks . U36 is a crysta l 

controlled oscillator/divider. 

I/O Drivers-Receivers 
The Signals In side the 98036A are al l In the 0 to +5 volt range Since the RS-232C speCifica ­

t ions ca ll for at least a ± 3 volt sw ing , signal leve l translation is requ ired This is suppl ied by 

U37 , U38 . U39. and U40 . The teletype-current-Ioop driver is composed of a discrete. switched 

20ma. current source. The current receiver is a simple resistor divider with a zener diode 

clamp . 

Setting Registers 
Here IS a description of the typical operations that occur in the Interface when writing to and 

reading from the R4, R5 , and R6 registers . The following sequence is described: 

• WRITE 10 statement to set bit 0 of R50UT . 

• WRITE BIN (or OUTPUT USING # ,B) to set bit 6 of the USART control word , resetting the 

USART. 

• WRITE BIN (or OUTPUT USING # ,B) statement to set the USART mode word. 

• WRITE BIN (or OUTPUT USING # ,B) statement to set the USART control word. 

• READBIN statement to read the USART status word. 

• WRITE 10 statement to c lear bit 0 of R50UT . 

• STATUS statement to read interface status R5IN. 

• WRITE 10 statement to change R60UT. 

• READ 10 statement to read R6IN . 
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Before any operation IS started , the select code Irom the computer on the PA lines must match 

the interface select code, A match generates MYPA INT from U5 p in 3, 

A WRITE 10 statement from the computer results in an R5 strobe signal (R5SB) from pin 11 of 

U2 , 

The R5SB signa l clocks the RSOUT reg ister (Ul0) on pin g , Since we want to set R50UT bit ° 
to at , 100 f shou ld be high, Bit 1 (U t ° pin IS) is high when RSSB clocks Ul 0 , U14C is enabled 

and pin 12 of the USART (C/O) goes high, This sets the USART to accept the next byte as a 

control word , 

A WRITE BIN (or OUTPUT USING # ,B) statement to reset the USART (bit 6 of the USART 

control word) will result in 1006 going high, The R40 UT strobe (R4SB) is generated to clock 

the 100 line information into R40UT (U26 and U27) 

R4SB also generates WRI from U 16 pin 13 and GEN from U t 7 p in 1, WR t strobes pin to (WR) 

of the USART, GEN enables the R40UT data to be sent to the USART on th e 0 l ines , Since the 

C/O line (pin 12) of the USART is set , thi s data byle is interpreted as a control word to the 

USART, 

Since the prevIous byte reset the USART, the next WRITE BIN statement will be used as the 

USART mode word , Thi s byte is input in the same sequence as described in the preceding 

paragraph , 

The next byte after the mode word is handled in the same manner Thi S is Ihe new con trol word 

for the USART, 

Whi le bit ° of RSOUT is set the USART status word can be read , The REAOBIN statement 

generates R41N from pin 4 of U2 which resets U19 pin 4 taO , Then 0 OUT from the computer 

goes to a 0 , The R7SB signal (U2 pin 9) generates RO on p in 2 of U 16 and GEN on pin 1 of 

U17, The RO signal sets pin 13 of the USART and clocks the R41N reg ister (U29 and U30) 

When 0 OUT returns high, another R41N strobe is generated which enables the R41N tr i-state 

gates (U29 and U30), The status word is then sent to the computer on the 100 lines, 

Executing a WRITE 10 statement with a decimal value of 0 wil l enab le the interface to transmll 

and receive data , Ul0 pin IS will be a 0 and the C/O line to pin 12 of the USART wi ll be a 0, 
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Transmitting Data 
Data transmitted to the data communications device is handled in the same manner as send­

ing the USART mode and control words . The only difference is that pin 12 of the USART (C/O) 

is O. 

Receiving Data 
Data rece ived from the data communications device is hand ted In the same manner as read­

ing the USART status word . The only difference is that pin 12 of the USART (C/O) is O. 

A WRITE 106 statement from the computer will generate R6SB on pin 12 of U2 . This clocks the 

R60UT register (U28) and sends information to the RS-232 signal lines . 

A READ 10 statement from the computer wi ll generate R61N on pin 6 of U2. This enables the R61N 

register (U35, U37, and U38). The R61N informat ion is sent to the computer on the 100 lines. 

Reset 
An Interface reset (R50UT b it 5) generates BUSY 2 from U5 p in 11 and RESET from U 12 pin 6. 

RESET is app lied to pin 21 of the USART (U31) to reset the USART tatches. C/O from U14 p in 

10 sets the USART to the control mode (pin 12= 1) so the default control word and mode word 

can be written in the USART. WR2 from U6 pin 4 enables the defau lt words to be written . MSEN 

from U6 pin 10 enables lhe default mode word from U34 and U3310 be written into the USART. 

CSEN from U6 pin 3 enables the control word (decimal 5) from U33 and U32 to be written into 

the USART. The lasl step of the reset operation is to set the C/O line to a 0 to enable data 

transfer. 
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The USART 
The USART (U31) IS the heart of the interface . Once the control and mode words are set, the 
USART provides the asynchronous mode format and the parallel-to-serial and serial-to-parallel 
data conversions . Here is a block d iagram of the USART and a brief description of the mnemonics. 

Data Bus Buffer I, D a,- 0, 

Re"tl l 

1 ~RDl C" Reao WIle Transmit r ,E CiO COnllol Contr Ol 
hC i'iiS Log ic 

ViR 

CS 
Rece ive 

DSR Buller H,D 
(S-P) 

DTR Modern 
Control 

CTS 
Imer nal R~ rlO1 

RTS Data Bu" 
Receive 
Control 

R,C 

Pin Name Pin Function 
0 7-00 Data Bus (8 bits) 
C/O Control or Data is to be Written or Read 
RD Read Data Command 
WR Write Data or Control Command 
CS Chip Enable 
Clk Clock Pulse (TTL) 
RESET Reset 
TxC Transmitter Clock 
TxD Transmitter Data 
RxC Rece iver Clock 
RxD Receiver Data 
RxRDY Receiver Ready (has character lor Interface) 
TxRDY Transmitter Ready (ready for character from interface) 
DSR Data Set Ready 
DTR Data Termina l Ready 
RTS Request to Send Data 
CTS Clear to Send Data 
TxE Transmitter Empty 
Vcc + 5 Volt Supply 
GND Ground 
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Chapter 6 
Troubleshooting and Repair 

Introduction 
The fo llowing procedures assume that the computer, ROM. and peflpheral device are operat­

Ing correct ly. If necessary, disconnect the interface from the computer and perform all other 

app licable test p rocedures before assuming that the interface is defective. 

Recommended Equipment 
The fo llowing is a list of equipment that will aid in troub leshooting the 98036A Seria l Interface: 

• Oscilloscope or Logic Probe 

• Test Connector 98241-67936 

• Extender Board 98241 -67901 

• Compu ter and appropr iate ROM(s) 

For checking most signals within the Interfac e, any genera l purpose osc illoscope or logic 

probe can be used, if it is capable of indicating the presence of TTL leve l signals with pu lse 

widths greater than tOOns. 

Test Programs 
Test programs to check the operat ion of the 98036A Interface are provided on the systems 

test tape suppl ied with your Desktop Computer . See the Systems Test Manual supplied with 

your computer for these test procedures. 
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Troubleshooting 
To perform tests or checks on the interface , remove the front housing covers from the interface 

circuit assemblies . Use the Extender Board (98241-67901) to reconnect the interface to the 

computer (see 1he following photo) . 

Broken Trace Repair 

If one or more traces are open or have high resistance , the trace should be bridged using wire 

on the back of the boards where possible. 

NOTE 

The boards are of multi-layer construction and, therefore , 

require good soldering technique to prevent damage, 

CAUTION 

TO HELP PREVENT DAMAGE TO THE CIRCUIT BOARDS 

USE A LOW-TEMPERATURE SOLDERING IRON WHEN 

MAKING REPAIRS OR REPLACING PARTS. 

"-" ,,'------• 
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Replaceable Parts 
The next table li sts the 98036A interface mechanical and electrica l pans . The numbers 111 Ihe 

quantity column indicate the total quantity of a pan used on a part icular interface assembly . 

The quantity is given on ly the first time the part number is listed . 

REFERENCE -hp-
TQ DESCRIPTION DESIGNATOR PART NO. 

Al el038·H501 Inlertace A ••• mbly 
Cl thru C4 0160-3847 4 C-F: 01 UF 25V 

CAl 1902·3030 1 010: BKDN·3.01V 
CA2 1902-3002 1 010: BKDN·2.37V 
01 1853-0010 1 XSTR; PNP SM47' 3 
02 1854-0215 1 XSTA; 2N3904 

Rt , R2 0757-0442 3 A-F : 10K 1% 
A3 0683-1565 1 A-F: ISMS% 
A4 0757-0401 2 R-F : 100 1% 
A5 0757-0465 1 A-F: 100K 1% 
A6 0757-0288 1 R-F : 9.09K 1% 
A7 0757-0279 1 R-F: 3. 16K 1% 

AS , A9 0757-0443 2 R· F: 11K 1% 
AID 0757·0401 R-F: 100 t % 
All 0757-0442 A-F : 10K 1% 
A12 181 0-0203 1 A-Network 
A1 3 1810-0139 1 A-Network 

SI 3100-3364 1 Select Code SWitch 
S2 3101 -2179 1 Switch, Current Loop 

Ul 1820-1297 2 Ie: 74LS266 
U2 1820-1 427 1 Ie : 74LS156 
U3 1820· '297 Ie : 74LS266 
U4 1820- 119'" 1 Ie : 74LS03 
U5 1820-1197 1 Ie: 74LSOO 

us, U7 1820-0949 2 Ie : C04011 
U8 1820-1208 1 IC: 74lS32 
U9 1820-1199 1 IC: 74lS04 
Ul0 1820-1562 1 IC: 74C175 
Ul1 1820-0938 1 IC: C04027 
U12 1820-1145 1 IC: C04049 
U13 1820-1386 1 Ie: MCI4t506 

U14. U1 5 1820-1483 3 IC: C04071 
U16 1820-0939 2 IC: C04013 
U17 1820-0938 IC : CD4027 
U18 1820-1486 1 IC: C04081 
U19 1820-1440 1 IC: SN74lS279 
U20 1820-1483 IC: C04071 
U21 1820-0939 IC: CD4013 

VI 0410-1004 1 XTAL 
1251 -421 5 9 6 Pin Connector 
1251 -4216 3 3 Pin Connector 

A' 81031-81502 Control A ••• mbly 
Cl thru C4 0160-3847 5 C-F: .0IUF 25V 

C5 0180-0229 1 C-F : 33UF 10V 
C6 0160-3847 C-F: .01UF 25V 

C7thru Ct4 0160-3694 8 C-F: 330PF 10% 

CAl 1902-3030 1 010: BKDN 3 .01 V 

Al thru A4 0757-0442 4 A-F: 10K 1% 
A5 thru A9 1810-0269 3 A-Network 

51 3101 -1983 1 Switch , Default Mode Word 
52 310 1-2172 1 Switch , Toggle 
S3 3100-3378 1 Switch . Bit Rate 



54 Troubleshooting and Repair 

Replaceable Parts (conI.) 

REFERENCE -6,- TQ DESCRIPTION DESIGNATOR PART NO. 

U22 1820~1427 1 Ie: 74LS156 
U23 1820-1584 1 IC Binary Interface Buffer 
U24 1820-1266 4 IC, BOG9? 
U25 1820-1562 1 Ie: 74C175 

U26, U27 1820-1190 4 Ie: 74C173 
U28 1820-1195 1 Ie 74LS175 

U29,U30 1820-1190 Ie: 74C173 
U31 1820-1844 1 Ie: USART 

U32 thru U34 1820-1266 Ie: 80C9? 
U35 1820-1492 1 IC:74LS368 
U36 1820-1779 1 Ie: Bit Rate Generator MC14411 

U37,U38 1820-0510 2 Ie: MC1489 
U39, U40 1820-0509 2 Ie: MC1488 

P11 1251-3691 1 Connector Header 
P1 thru P1 0 1251-4326 2 Connector Pins (36 pins per connector) 

98036-67901 Front Housing Assembly 
(Includes A 1 and A2) 

2200-0536 8 Screw, 4-40 
7120-5911 1 Label 
7120-5171 1 Plate, USA 
5040-8163 1 Right Case 
5040-8158 1 Spring Latch 
5040-8161 1 Left Case 
7120-5717 1 Front Label 

98036-67902 Rear Housing Assembly (standard) 
2200-0510 2 Screw, 4-40 
5040-8174 1 Left Cover 
5040-8211 1 RighI Cover (with hole) 
7120-5718 1 Rear Label 

98036-61601 1 Cable Assembly (standard) 

98036-61601 Cable Assembly (standard) 
1251-0392 1 Connector Hood 
1251-0688 17 Terminal Connector 
1251-2942 2 Connector Lock 
1251-3396 1 Connector Body 
1251-3399 17 Contact Connector 
1251-3808 1 Polarizing Plug 
1251-4701 1 Rod Housing 
1251-4702 1 Locking Rod 
5040-7859 1 Molded Cable 

98036-67903 Rear Housing Assembly (Option 001) 
7120-5719 1 Rear Lable, Option 001 
5040-8174 1 Left Cover 
5040-8211 1 Right Cover (with hole) 

98036-61602 1 Option Cable Assembly 

98036-61602 Cable Assembly (Option 001) 
1251-1438 1 Connector Hood 
1251-3397 17 Contact Connector 
1251-0063 1 Connector Body 
1251-3399 25 Connector Contact 
1251-3808 1 Polarizing Plug 
1251-4701 1 Rod Housing 
1251-4702 1 Locking Rod 
5040-7859 1 Molded Cable 

98036-67904 Rear Housing Assembly (Option 002) 
7121-0715 1 Rear Label, Option 002 
5040-8174 1 Left Cover 
5040-8211 1 Right Cover (with hole) 

98036-61603 1 Option Cable Assembly 

98036-61603 Cable Assembly (Option 002) 
1251-4998 1 Connector Hood 
1251-0688 17 Terminal Connector 
1251-6166 13 Contact Connector 
1251-3398 1 Connector Body 
1251-3808 1 Polarizing Plug 
1251-4701 1 Rod Housing 
1251-4702 1 Locking Rod 
5040-7859 1 Molded Cable 

rev: 1/81 
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System 45A Programming Notes 

THE FOL.LOIHf~G :':Hm'~'3 THE 110DIFICATIOtlc,: REQUIF:ED TO THE BASI C 
F'ROCRAI1 LmES ':HOI~t~ Hl THE 11At·ruAL FOR USE l~lTH· THE ',:YSTEI'I 45A 

BASI C PROGRAN LINES 

10 NAIT WRITE 10,5~0 

EQU IVALEm SYSTEM 45A 

10 IF flO T IOFLAG(['J) THEt~ 10 
11 I~R:lTE 10 10 , ~ , 0 

ALL I<AlTWRITE ,:TATH1ENTS ~IUST BE REPLACED l~lTH THE IOFLAG AND 
«RITE IO STATE~IEtn ';Er!UEf~CE AS :3Hmm. 

10 WRITE BIN 10,4;64 10 OUTPUT 113 OSIHG ';#,B " ;64 

ALL. I~RITE BIN STATEI'IENTS MUST BE REPLACED IHTH AN OUTPUT USWG 
'#, B" S:TATaIHn A',: :3HO~It~. 

9825A Systems Programming ROM Notes 

THE S')'S TEt'1S PROGRA~1M H~G ROt1 FOf': THE 9E: 25A PROV IDES S IMPl IF I ED 
:,:TATEMEflTS FOR ACCE:;SH~G THE R4 I'IODE, CONH:OL , mm :3TAW,: 'IORII:,:. 
THE FOL.LOIHNG ~::H m,jS l'IODIFICATliJt·I:3 FOP THE HPL PF:OGR RI'I LINES 
:,:HOI~N HI THE l'iAtKIAL !,IHEfl THE S'I'3TEI'le: PROGF: AM~lItIG F:Ot·1 I~: USED , 
PFWGRAt'lS SHmm ARE EQU I VALENT C:;EE ::;'lS TE t'lS PF~OGF~At1N H1G t'lAt'~UAL-

0'3825-'='0027 FOR DETAILS). 

R4 MODE flORD ACCESS 

HPL PR:OGRAI1 L HIES. 8,('STEI'12, PRClGPAMI'Il NG ROM EG!U 1\,'flLEflT 

0: I.,i't-,: 10,1 
1 : I,r~· b 10,64 
2: 1.,.Itb 1O,91 

O!,"' 

3: wt b 1O,37 0: 1.,Js m 1121 ,91,37 ! s..:·ts MODE and CONTROL wor-d. 
4 : wt,.,: 1~) ~ 0 

55 
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~:4 CONT f<: OL HORD RC:CES~3 

HPL PROG RAM LINES SY ST EMS PROGRAMMING ROM EQUIVALENT 

g: I.'J~·C 1O, 1 
1 : l"lt b 10 , ;;-~ 

2: I.lt ': 1 [,,0 

R4 STATUS ~·lORD ACCESS 

HPL PR OGRAM LINES 

0: l,lt(..: 10 ~ 1 
1 : d c,+, ,-·db 0:1 (I, 
;2: (·J tc 1';:1 ;, [I 

Example Program 

HERE I " A :,;HIPLE CHAPACTH: ,'lODE Ei'IULATOP THAI TF:AI6FER:,; DATA TO All 
.;~ H. P. :;:009 CO~1F'UTER fn 11£1 BAUD. TH I S PROGRAt'l REOUI RE8 tKi ~lOD Et1. 

3 ,·IHErl "READ'," Al1!! THE COrlPUTER PROI'IPT <: : ) APPERR 01·1 VOUR DISPLAY, 
4 KEY IH 'lOUR DATA AHD PRESS THE COmnlUE KEY OR THE STORE KEY TO 
5 rt~DICATE THE END OF YOUF" TRANStHSSIOt'l. 
IS 
7 
1~~1 Car'd= 10 
20 ml KE:D GOSUB f.::ev 
30 f<:ESET C.3['d 
4~j OH I tH #Cat~d, 2 GC;'::UB I ;:::x' 

513 I.<JA I T F~EAII Car'd, 4 ; DUffr«. ~, 

60 ~<lRITE 10 Cat~d,7;0 
70 COtHROL MASK C.::u~d: 1 :3:2 
80 CAF:D EI1ABLE Card 
90 ~'~RITE 10 Car'.j ,4;13 
100 DISP "READY" 
110 H.:s.it. ing: GOTO ~J.::s.it i~g 

120 1::;.1": READ 10 Car'd~4;Dat,a 
130 ~'lRITE II] Ca.t~d,7;0 
140 1F Data>127 THEH I1ata"'Data-128 
150 IF Data< >5 THEN Printout 
160 ~~RIT ~lr;'ITE C.at··d~ 4;6 

.t 70 CAF::II Et'~ABLE Car-.j 
180 RETURt~ 

190 P'''intout.: PRIHT USIHG "# ,B ";Data 
2 00 CARD H1ABLE C.::srd 
21 (1 F~ ETUR t~ 

220 
23~3 K€:.): K:t:=I<BD::t· 
240 IF t'lUM n~$)=255 THEN K$=CHR$ ( 13) 
250 WAIT l·JRITE C.::u---d ~4; t·lUt'10a:) 

2E:O PETURt·~ 

I [lEF IHE THE '3ELECT CODE 
! CHECK FOR KE'r'PRESS 
I RESET THE IHTEF:F ACE 
, [lEF HIE HlTmRUPT 
, [lUMt'W RE AD TO CLEAR Ii1PUT BUFFER~; 

I OUTPUT Atl R? STROBE 
I [lEFHIE THE HITERRUPT CotIDITlOIE: 
I EI1ABLE THE HITERRUPT:3 
I SEtlD Etm-L111E SEWJEIICE TO THE RE,'IOTE 

, I,IA IT FOR At! I IHERRUPT 
I F:EAD HI THE DATA 
! OUTPUT AH R7 STROBE 
! CHECK FOR HOl4 ASCI I DATA 
! DATA FROf'1 REt10TE I S NOT AN "ENO" . 
! ANS~lER THE "Et·K~" ~HTH At·l " Aey" • 
I RE -EtIABLE THE HITERPUFT'; 

, PRUIT THE lHPUT DATA 
I RE -ENABLE THE CARD 

! Otl KE YBOARD ROUT HIE 
I HOtl-RSC II KEY TO OUTPUT EljD-L HIE 
I n:At6tn T THE Kt DATR 
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COMPONENT SIDE 
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