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I~TRODUCTION 

The term RS-232-C refers to a specific EIA (El ectronic Industries 

Association) standard which defines a widel y accepted method for interfacing 

data terminal equipment with data conmunications equipment. The RS-232-C 

Interface is, by far, the most universally used standard for interfacing data 

processing equipment. Most video tenninals, modems, card readers, line 

printers, mini-microcomputers, etc., utilize the RS-232-C standard for data 

interchange between devices. 

The addition of the RS-232-C to the TRS-80 Expansion Interface opens up 

a whole new world of compatibility to the user. The RS-232-C Interface is 

designed to mount inside the TRS-80 Expansion Interface. A cable is also 

provided for connection to external equipment. The external equipment could 

be, for example. a serial 1i ne printer, Radio Shack Telephone Interface, or a 

video tenninal. The list of equipment could continue indefinitely! The point 

is, the user can now easily interface with any equipment which is RS-232-C 

compatible. 

One application program of the RS-232-C Interface, which will be useful to 

many TRS-80 and Expansion Interface owners, allows this hardware combination in 

conjunction with a Telephone Interface to be used as an interactive tenninal 

for communication with a remote time sharing computer system. This program is 

supplied with the RS-232-C Interface at no additional cost. Many TRS-80 owners 

would like to be able to use their serial printers with the LPRINT conmand in 

Lev~l II BASIC . This is now possible with the RS-232-C Interface installed 

in the Expansion Interface. A programming example and listing for this appli-

cation 'S ~r0vided 1r ~h•s manua1. 



Tr,nsmission of Digital Data 

The transfer of digital data over relatively long distances is generally 

accomplished by sending data in serial form using a single twisted wire pair t6 

connect the transmitting and receiving devices. One of two general transmission 

tec,1niques - asynchronous or synchronous - is commonly used. The transmission 

technique used in the Radio Shack impl ementation is asynchronous-bit-serial. 

No further reference will be made to synchronous techniques in this document. 

Asynchronous transmission does not require the use of a synchronizing clock 

to oe transmitted with the data and. the characters need not be contiguous. This 

implies that indeterminate gaps may be present between transmission of individual 

characters. The bits which comprise a data character (generally from five to 

eight bits in length) and synchronizing start and stop elements are added to each 

character as shown in Figure 1. The start element is a single logic zero(~) 

data bit that is added to the front of each character. The stop element is a 

logic one (1) that is added to the end of each character. The stop element is 

maintained until the start element of the next character is transmitted. There 

is no upper limit to the length of the stop element. There is however, a lower 

linit that depends on system characteristics. Typical lower limits are 1.0. 

1.42 or 2.0 data bit intervals although, most modern systems use 1.0 or 2.0 

step bits. The negative going transition of the start element defines the 

location of the data bits in the character being transmitted . A clock source 

at the receiver is reset by th.is transition and is used to locate the center 

of each data bit. 

STOP ELEMENT STOP ELEMEN I -. -u ___ n __ _ 
. . 1 .. 

.... 1 __ __.n ... ____ n __ _ 
I - ~ -

START ELE 'w1ENT ONE 8 BIT CHARACTER 
··· t110016ooi · -

START ELEMENT/ . . . . -
- - ,..,, 
ONE 8 BIT CHARACTER 

(00100000) .. 

FIGURE ~. ASYNCHRONOUS DATA 



There are several good reasons for using asynchronous data transmission. 

A clock signal does not need to be transmitted with the data, therefore, equipment 

requirements are greatly simplified. Additionally, the characters need not be 

contiguous in time and can be transmitted as they become available. This 
last feature is particularly useful when transmitting data from manual entry 

devices such as a keyboard. The major disadvantage of asynchronous transmission 

is that it requires a significant portion of the corrmunications bandwidth for 

start and stop elements. 

The rate at which asynchronous data is transmitted is usually referred to 

as the baud rate. Baud rate is defined to be the inverse of the time duration 

of the shortest signal element. In general, this is one data bit interval. 

The baud rate is equal to the bit rate if one stop bit is used, but for systems 

which use more than one stop bit, the baud rate does not equal the bit rate. 

Asynchronous transmission over a simple twisted wire pair can be accomplished ! 

at moderately high baud rates (lOK baud or higher depending on the length of wire, , 

type of drivers, etc.). Transmission over the telephone network is generally 

limited to approximately 2K baud and a modem similar to the Radio Shack 

Telephone Interface is required to convert the data pulses to tones that can be 

transmitted through the telephone network. 

Signal Conventions 

The RS-232-C specification defines voltage levels and corresponding logic 

conventions associated with data and control infonnation transmitted between 

equipment. For data interchange purposes, the signal is considered in the marking 

condition when the voltage measured at the interface point fs more negative 

than m1nus three volts with respect to signal ground. The signal is considered 

in the spacing condition when the voltage is more positive than plus three volts 

with respect to signal ground. The marking condition corresponds to a logic one 

and the space condition corresponds to a logic zero. For timing and control 

interchange circuits. the function is considered to be" on ''when the vo 1 tage on 



minus three volts wi th respect to signal ground. The'b~'cond i tion corresponds 

to a logic zero and the''off"condition corresponds to a logic one. Table 1 

surrmarizes th is information . 
---·- · - -- - --- - -

Notation Interchange Voltage 

Negative Positive ----------·- - - ---·- · 
Bi nary State 

Signal Condi tion 

Function 

1 0 

Marking Spacing 

OFF ON 

Ta b le 1. On/Off Condition 

Pin Designat i ons and Sianal Descriptions 

The mechanical aspects of the RS-232-C specify a 25 pin connector 

(generally called a 08-25) which electrically connects the needed signals to 

each device. Table 2 speci fies the pin assignments and signal descriptions 

as they apply to the Radio Shack RS-232-C Interface . 

Pin Number Abbreviation Descrietion 

1 PGND Protective Ground 

2 TD Transmitted Data 

3 RD Received Data 

4 RTS Request to Send 

5 CTS Clear to Send 

6 DSR Data Set Ready 

7 SGND Signal Ground 

8 CD Carrier Detect 

20 DTR Data Terminal Ready 

22 RI Ring Indicator 
- ·-· -- -- ·---· - -----



Protective Ground: This conductor should be bonded to the chassis or equipment 

frame. It may a 1 so be connected to the Si gna 1 Ground . 

T_r_a_n_s_m_i_t __ D_a_t_a: Direction-to data cormiunication equipment. Signals on this 

circuit are generated by the data terminal equipment for transmission of data 

to remote equipment. This signal should be held in the marking condition during 

intervals between characters and at all times when no data is being transmitted . 

Received Data: Direction-from data convnunication equipment. Signals on this 

ci rcuit are received from remote equipment which transmits data to the tenninal. 

This signal should be held in the marking condition during intervals between 

characters and at all times when no data is being received. 

Request to Send: Direction-to data conmunications equipment. This signal is 

required by the terminal equipment to control the direction of data transmission 

by the data communication equipment. On one way or duplex channels, the 11on11 

condition maintains the data conmunications equipment in the transmit mode. The 

"off" condition maintains the data conmunication equipment in the non-transmit 

mode. 

On a· half duplex channel, the "on" condition maintains the data conmunication 

equipment in the transmit mode and inhibits the receive mode. The "off" condition 

maintains the data communication equipment in the receive mode. 

Clear to Send: Direction-from data communication equipment. This signal is 

generated by the data conmunication equipment and indicates whether or not the 

data set :(.modem) is ready to transmit data. The "on" condition is an indication 

to the data terminal equipment that the data set can accept data on the transmit 

data circui t. 
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The "off" condition is an indication to the data terminal equipment that 

it should not transfer data to the data set. 

Data Set Ready: Direction-from data communication equipment . This signal 

i ndi cates the status of the local data set to the data tenninal equi pment. The 

"on" condition of this circuit indicates that the data co11111unication equipment is 

not in test. talk or dial mode and has completed any timing functions required 

to complete call establ i shment (answer tone, etc. ) . The "off" condition shall 

appear at all other times and indicates that the data tenninal should ignore signals 

appearing on any other i nterchange circuit (exception - Ring Indicator). 

Data Terminal Ready: Direction-to data colllJ\unicati on equipment. This signal is 

used to control the switching of the data corrmunication equipment to the 

co1m1unications channel. The 11 on" conditi on indicates to data conmunication 

equipment that it should connect to the communications channel and that it 

should maintain the connection as long as the "on" condition is present. The 

"off" condition causes the data co11111unication equipment to be removed from the 

co11111unications channel following any in-process transmission of data. 

Ring Indicator: Direction-from corrmunication equipment. The "on" condition of 

this circuit indicates that a ringing signal is being received on the colllllunications 

channel. In general, this means that the data set is being polled and that data 

co1T1Tiunication is desired by the polling device. The "off" condition is held during 

the off segment of the ringing cycle (between actual rings) and at all other times 

when ringing is not being received. 

Carri er Detect (Received Line Signal Detector) : Direction-from data comnunication 

equipment. This signal indicates. when ''on", that the data set is receiving a 



carrier from a remote data set via the communications channel. The "off" 

condition indicates that no carrier is being received or that the s i gnal 

quality is unsuitable for data demodulation. 

-
I 



RS-232-C INSTALLATION AND CHECKOUT 

RS-232-C Installation 

NOTE: Some of the first TRS-80 Expansion Interface units were 
manufactured without the 42-contact connector needed to 
interconnect the Expansion Interface and the RS-232-C 
Interface. Because of warranty limitations and the need 
for some technical expertise, we recommend that the owner•s 
of these first units return them to a Radio Shack Service 
Center for installat1on of the connector and RS-232-C. 

Perform the following steps to install the RS-232-C 

Interface: 

1. Position the TRS-80 Expansion Interface. as shown in 

Figure 2 and remove the expansion door. 

2 . Remove two machine screws and one washer from the 42-

contact connector. 

3 . Position the RS-232-C Interface as shown. Mount it in 

the housing so that the 42-contact connector mounting holes 

align with the screw holes in the RS-232-C Interface printed 

circuit board. 

4. Install the washer and two machine screws in the positions 

i 11 us tr a t ed • 

5 . Reinstall the expansion door. 

Checkout 

l. Set the RS-232-C Sense Switches (listed in Table 3) to the desired baud rate, 

parity, etc. as shown in the following example: 

S8 S7 S6 SS S4 S3 S2 Sl 

Baud rate .. 300 

One stop bit and 
parity enabled 

Word length; 7 bits 
of ·data p 1 us one parity bit 

Even parity 

CLOSED CLOSED OPEN 

CLOSED CLOSED 

CLOSED OPEN 

OPEN 

8 
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-- Further, presuming that you are connecting to a modem, the TERM/COMM EQUIP 

switch should be set to TERM. 

2. Load the cassette tape via the Level II BASIC "System" co1T111and using "TERM" 

as the label. Type a slash symbol (/) and press ENTER to activate the program 

. (which is located at 5000-Hex). 

3. Corr~ct activation of the TERM tape will be indicated by a clearing of the 

Video Display screen and the positioning of the cursor symbol to the upper left 

corner of the Video Display screen. 

NOTE: If pins 2 and 3 of the 25 pin connector (DB-25) on the RS-232-C cable 

have been connected together, the keyboard output will be "echoed" back to the 

Video Display screen i ndicating correct operation of the Interface and TERM 

program. 



THEORY OF OPERATION 

The Radio Shack RS-232-C Interface is a versatile programmable interface 

which allows the TRS-80 owner to interface with most any equipment which is 

RS-232-C compatible. There are essentially two different catagories of RS-232-C 

equipment, namely data tenninal equipment and data-convn (data conrnunications} 

equipment. The Radio Shack RS-232-C Interface is configured from the data terminal's 

point of view for the purpose of interfacing with data-comm equipment. 

The user has control of the configuration of the Interface by one of two 

methods, sense switch selection or direct selection by software control. 

Universal Asynchronous Receiver Transmitter 

Figure 3 is a block diagram of the RS-232-C Interface. The heart of the 

Interface is the UART (Universal Asynchronous Receiver Transmitter). This MOS 

LSI device (TR1602A) contains most of the hardware needed to receive and transmit 

serial data. The UART is an industry standard, general purpose, progranmable device 

for interfacing an asynchronous serial data channel to the parallel data structure 

of a microprocessor. The transmitter section of the UART converts parallel data 

from the microprocessor into a serial word which contains the data along with 

start, parity, and stop bits. The receiver section converts a serial word with 

start, data, parity, and stop bits, into parallel data, and verifies proper data 

transmission by checking parity and receipt of a valid stop bit. The operation of 

the UART may be programmed as fa 11 ows: The \'lord length can be either 5, 6, 7, or 

8 bits; parity generation and checking can be inhibited, the parity may be even or 

odd and the number of stop bits may be either one or two, with one and one half 

when transmitting a 5 bit code. 
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The UART contains several internal registers which allows the programmer 

to configure the serial data channel, monitor the UART status, load data to be 

transmitted, and read data that is received on the serial data channel. The UART 

register will be discussed in more detail later. 

Baud Rate Generator 

Directly above the UART in Figure 3 is a block called the BRG (Baud Rate 

Generator). This section of the interface outputs two clock signals essential 

to the proper operation of the UART. The two clock signals (TRANSMIT FREQ & 

RECEIVE FREQ) determine the transmit and receive baud rates of the serial channel. 

A 5.0688 MHZ crystal is used as a timing reference for the BRG. The BRG can be 

programmed to divide this reference frequency down to the frequencies needed by 

the UART. The UART requires a clock at 16 times the baud rate desired, for both 

transmit and receive operations. The BRG transmit and receive frequency outputs 

can be independently programmed by loading the appropriate constants into its 

internal registers. This feature of the BRG makes it possible to transmit and 

receive data at different baud rates. 

Sense Switches 

Directly below the UART in Figure 3 is a block labeled SENSE SWITCHES. This 

bl ock is used to communicate to the Interface, the mode of operation desired by 

the user. Eight single-pole single-throw switches (S1-S8) can select the baud 

rate, bits per word, parity (odd or even), stop bits (one, one and one half, or 

two), and enable or disable parity generation. The user may elect to ignore these 

switches and under software control, directly configure the Interface for non­

standard baud rates, different receive and transmit frequencies, etc. Table 3, 

b~low, summarizes the operation of the sense switches. 

13 



BAUD RATE S6 S7 SB 

110 Closed Closed Closed 

150 Closed Closed Open 

300 Open Closed Closed 

600 Open Cl osed Open . 
1200 Closed Open Closed 

2400 Closed Open Open 

4800 Open Open Closed 

9600 Open Open Open 

PARITY ENABLE S4 STOP BITS S5 

Parity Enable Closed One Stop Bit Closed 

Parity Disabl ed Open Two Stop Bit Open 

WORD LENGTH S2 S3 
{Excluding 
parity bit) 

5 Bit Word Closed Closed 

6 Bit Word Closed Open 

7 Bit Word Open Closed 

8 Bit Word Open Open 

PARITY SELECT S1 

Odd Parity Closed 

Even Parity Open 

TAStE 3. Ooeration ::.c Sense s~itches 



• 

Handshake Latch 

The Radio Shack RS-232-C Interface can, with proper software, control the 

logic state of two of the control signals on the Interface (request to send and 

data terminal ready). This is accomplished by loading the Handshake Latch, shown 

in Figure 3, with the appropriate bit pattern. Four of the interface signals can 

be sensed by the-CPU (clear to send, data set ready, carrier detect, and ring 

indicator) by reading the modem status register, shown in Figure 3. The Handshake 

Latch and modem status register, with the appropriate software, allows a handshake 

dialog to occur between the CPU and the equipment connected to the RS-232-C Interface. 

Logic Conventions 

The logic internal to the RS-232-C operates with TTL logic levels (3.SV or 

more= Logic 1, and .av or less= Logic 9,1). The logic convention used for inter­

facing two RS-232-C devices is EIA levels (-3V or less= Logic one, +3V or more 

=Logic~). The logic levels must therefore be converted from one convention to 

the other when interfacing two devices. The blocks in Figure 3 labeled EIA to 

TTL and TTL to EIA provide this level conversion. 

Port Addresses 

The Radio Shack RS-232-C Interface is an I/0 mapped device which uses four 

port addresses {EBH, E9H, EAH, EBH) for colllTlunication with the CPU. 1/0 mapped 

devices in a Z-8~ system use the lower address bits (A0 - A7) in conjunction with 

the IN* and OUT* signals to address the desired ports. Figure 4 shows the timing 

associated with this addressing scheme. 

lS 



SYSTEM CLOCK 0 

AO.A7 

DATA BUS 

DATA BUS 

TW iJ 

OUT 

Figure 4. 1/0 Timing Diagram 

T4 
- ·-- --:-::~---
- _ 1.8 Mhz 

READ CYCLE 



Decode Logic 

The block labeled DECODE LOGIC in Figure 3 provides eight low going strobes 

that are used by the RS-232-C . These strobes allow the CPU to select any of the 

registers and latches in the RS-232-C Interface for an input or output operation. 

Table 4 summarizes the I/0 port address allocation as implemented in the RS-232-C 

Interface and the function performed. 

ADDRESS 

ESH 

E9H 

EAH 

EBH 

OUT (l/0 PORT WRITE) 

Master Reset (Any Data) 

Baud Rate Select 

UART Control Register 
and Handshake Latch 

Transmit Data Register 

IN (1/0 PORT READ) 

Modem Status Register 

Configuration Sense 
Switches 

UART Status Register 

Received Data Register 

Table 4. I/0 Mapped Memory Allocation 

Each of the above registers perform a specific function related to the 

RS-232-C Interface. An output to the master reset port (ESH) resets the UART 

into a known state. This operation should be performed once before attempting 

to load or read any of the UART's registers. This operation is performed by executing 

the following 280 instruction: 

OUT (0E8H), A; OUTPUT TO MASTER RESET LOCATION 

The contents of A are not important and do not relate in any way to the 

result of the operation. An ·input operation from this port address (ESH) causes 

the contents of the modem status register to be loaded into a register of the CPU. 

This is accomplished by executing the following Z80 instruction: 

IN A, (0E8H) READ MODEM STATUS REGISTER 

.• I 



Execution of this instruction loads the contents of the modem status register 

into A. The information now in A represents information relevant to the status 

of external equipment connected to the interface. 

Any output operation to Port E9H loads the Baud Rate Generator with a 

constant which determines the receive and transmit baud rates of the serial 

channel. This is accomplished by executing the following Z8~ instructions: 

LD A, 22H 

OUT (0E9H), H 

LOAD CONSTANT IN A 

LOAD BRG WITH CONSTANT 

Execution of this sequence results in the serial channel being configured to 

transmit and receive data at 110 baud . Table 5. summarizes the relationship 

between the constants loaded into the BRG and the resultant baud rates selected. 

The high order nibble (07 - 04) loaded into the BRG determines the transmit baud 

rate, while the low order nibble {03 - 00) determines the receive baud rate of 

the serial channel. 

Summary of BRG Programming 

Radio Shack software supports the baud rates which have a yes in the switch 

selectable column of Table 5. The user may program non- standard baud rates by 

loading the BRG with the appropriate constants. An input operation from port 

E9H loads a register in the CPU with the bit pattern programmed by the Configuration 

Sense Switches . The sense switch block in Figure 3 consists of eight single-~ole 

single-throw switches. Any switch when open, pulls up (+5V) the input of an octal 

tristate buffer and, when closed, pulls an input low. 



-- - ·- ·-···----- .. - - ---·-- ·- ---- ···•·-• --- -- -·. - -- n•• • • -
NIBBLE TRANSMIT OR SH ITCH 
LOADED RECEIVE BAUD RATE lOx CLOCK FREQ. % ERROR SELECTABLE 

itt 50 0.8 KHz 0 No 

lH 75 1.2 KHz 0 No 

2H 110 1.76 KHz 0 Yes 

3H 134.5 2.1523 KHz £1.£116 No 

4H 150 2.4 KHz 0 Yes 

SH 300 4.8 KHz £1 Yes 

6H 600 9. 6 KHz 0 Yes 

7H 1200 19.2 KHz 0 Yes 

SH 1800 28.8 KHz 0 No 

9H 2000 32.£181 KHz £).253 No 

AH 2400 38.4 KHz 0 Yes 

BH 3600 57. 6 KHz 0 No 

CH 4800 76.8 KHz 0 Yes 

DH 7200 115.2 KHz 0 No 

EH 9600 153. 6 KHz 0 Yes 

FH 19,200 316. 8 KHz 3.125 No 

TABLE 5. SUMMARY OF BRG PROGRAMMING 

The decode logic, in response to an input operation from port E9H, provides a low 

going strobe which is connected to the enable input of the tri-state buffer. This 

strobe, when low , allows the buffer to present the logic state on its inputs to the 

data bus for loading into the CPU. This operation is perfonned by executing the 

following Z80 instructions: 

IN A, (£1E9H) LOAD SWITCH SELECTIONS 

19 
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After execution of this instruction, the A register on the CPU will contain the 

bit pattern which corresponds to the switch settings . This information must now be 

interpreted by the software and the proper sequence of commands issued by the CPU 

to configure the Interface. 

An output to the port address EAH loads the UART control register and handshake 

latch. These two functions are separate and distinct, with each function using 

different bits of the register for control. The upper five bits (D7 - D3) of this 

port address determine the word length, stop bits, and parity convention of the serial 

channel. The lower three bits (02 - 00) are latched control outputs, one of which 

disables transmitted data when low, and the remaining two control data terminal ready 

and request to send. A certain degree of caution should be used when outputting to 

this port address to avoid an unwanted interaction. Table 6 su11111arizes the registers 

and bit allocations of each for the RS-232-C Interface. 

20 



DATA MODEM STATUS 
BIT REGISTER 

07 Clear ta send 

Pin 5 08-25 

06 

05 

D4 

CONFIGURATION 
SENSE SWITCHES 

Even Parity Enable 

1 = even. 0 = add 

Word length Select 1 

Ward length Select 2 

Stop Bit Select 

.. 
UART CONTROL REGISTER 
AND HANDSHAKE LATCH 

Even Parity Enable 

1 = even, 0 = odd 

Word length Select 1 

Word length Select 2 

Stop Bit Select 

Data Set Ready 

Pin 6 08-25 

Carrier Detect 

Pin 8 08-25 

Ring Indicator 

Pin 22 08-25 1 = 2 bits. 0 = 1 bit 1 = 2 bits, 0 2 1 bit 

03 

02 

00 

01 

Unused 

Unused 

Unused 

Parity Inhibit 

1 disables parity 

Baud Rate 3 

Baud Rate 2 

Receiver Input UART P20 Baud Rate 1 

--- -·-· ··- - - - ---· ... ------- ----···· -- - .. 
IN OEBH IN 0E9H 

Parity Inhibit 

1 disables parity 

Break 

0 Disables Transmit data 

Data Tenninal Ready 

Pin 20 08-25 

Request to send 

Pin 4 08-25 

OUT 0EAH 

Table 6. BIT ALLOCATIONS FOR REGISTERS AND LATCHES 
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UART STATUS 
REGISTER --·-------

DATA RECEIVED 
07 1 = Condition true 

TRANSMITTER HOLDING REGISTER 
06 EMPTY 1 = Condition true 

OVERRUN ERROR 
05 1 = Condition true 

FRAMING ERROR 
04 1 = Condition true 

PARITY ERROR 
03 1 = Condition true 

02 unused 

01 unused 

00 unused 

IN 0EAH 

Table 6. BIT ALLOCATIONS FOR REGISTERS AND LATCHES (Cont.) 

22 



The following example, in Z80 assembly language, shows how to read the sense 

switches. Combine this with the latch bits desired, load the UART control 

register and handshake latch, and save the current state of these control bits 

for later updates if necessary. 

IN A, (0E9H ) 

Alm 9.IF8H 

OR 9.ISH 

OUT (9.IEAH ) 

LD (IMAGE), A 

READ SENSE Sl41TCHES 

; ZERO LOWER 3 BITS 

SETS REQUEST TO SEND, RESETS DATA 

TERM READY, AND SETS BREAK 

LOADS UART CONTROL REGISTER & HANDSHAKE 

LATCH 

SAVES BIT PATTERN FOR UPDATES 

The label IMAGE in the last line above refers to a memory location \vhich is used 

to save the current state of the UART control register and the handshake latch. 

Suppose that the programmer \vished to change the logic state of Request to Send. 

The following example shows how to do this without changing the UART control register 

or the other handshake bits. 

23 



LO A, ( IMAGE) 

RES 0,A 

OUT (0EAH) ,A 

LO (IMAGE) ,A 

LOAD CURRENT STATE OF UART CONTROL REGISTER AND HANDSHAKE LATCH 

RESETS BIT ZERO IN A (REQUEST TO SEND) 

LOADS NEW BIT PATTERN 

SAVE NEW PATTERN FOR UPDATES 

An input operation to port address EAH reads the UART status register. Bits 

D?-03 convey infonnation about the current status of the UART (received data ready 

for input, transmitter holding register empty, overrun error, framing error, and 

parity error). The remaining bits D2-00 are unused. The prograrrmer can read this 

register by executing the following Assembly Language instruction. 

IN A, (0EAH) READ UART STATUS REGISTER 

Execution of this instruction loads the "A11 register with the contents of the 

UART status registers. Additional software instruction can interpret this status 

information and determine if a new character can be loaded for transmission, if a 

new character has been received or if received errors have occurred. 

An output operation to port address EBH loads the UART transmitter holding 

register with a new character to be transmitted by the UART. In general this should 
/ 

not be attempted until the holding register is found to be empty (meaning that the 

previous character has been transferred to the transmitter register for transmission ) . 

Thi s is done by reading the UART status register and checking the proper bit for a 

logic one. The following Assembly Language instructions illustrate how this is done . 

PUSH A 

STATIN IN A. (0EAH ) 

BIT 6#A 

JR Z, STATIN 

; OUTPUT CHARACTER TO UART FOR TRANSMISSION 

; A SHOULD CONTArn CHARACTEH TO BE TAANSHITTEO 

; SAVE CHARACTER TO BE TAANSMITTED 

; LOAD UART STATUS REGISTER 

TEST TRANSMITTER HOLDING REGISTER FOR A HIGH 

TRY AGAIN IF NOT 
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POP AF 

OUT (.0EBH) ,A 

RESTORE CHARACTER TO BE TRANSMITTED 

LOAD HOLDING REGISTER WITH CHARACTER 

An input operation from port address EBH reads the UART receiver holding 

register and resets the received data bit in the UART status ~egister. In 

general this should not be attempted until the received data bit is set in the 

UART status register meaning that a complete character has been received and 

transferred to the receiver holding register. The following sequence of Assembly 

Language instructions illustrate how this is done. 

INCHAR IN A, (.0EAH) 

Bit 7, A 

JR Z INCHAR 

IN A (.0EBH ) 

INPUT A CHARACTER FROM THE UART 

; CHARACTER RECEIVED WILL BE IN A 

LOAD UART STATUS 

TEST DATA RECEIVED FOR HIGH 

TRY AGAIN IF NOT 

' LOAD RECEIVED CHARACTER 

Execution of this sequence will result in the character received being loaded 

into register A and the received data bit in the UART control register being reset. 

Earlier it was stated that there are two categories of RS-232-C equipment, 

data terminal equipment and data communications. The two categories of equipment 

di ffer as to which pins on the 08-25 connector are used for the transmit data and 

receive data functions . Data terminal equipment transmits data on pin 2 and receives 

data on pin 3. Equipment which interfaces to data terminal equipment must therefore 

receive data on pin 2 and transmit data on pin 3 (refer to Table 2). This means that 

it is sometimes necessary to reverse the operation of these two signals, dependent 

upon the specific interface requirements. A dual-pole dual-throw switch is provided 

in the Radio Shack RS-232-C Interface for this purpose (refer to schematic diagram). 

One position is label~d TERM (data terminal and other COMM EQUIP (cormiunications 

equipment). 
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The RS-232-C Interface requires four power supply voltages (+SV, -SV, +12V, 

-12V ) . The Expansion Interface provides the +SV supply from which the other 

voltages are derived with the aid of a DC to DC converter . A DC to DC can be 

thought of as a black box which inputs one DC voltage and provides one or more 

different output voltages. The DC to DC converter used in the Radio Shack 

RS- 232- C Interface inputs +5V and outputs +12V and -12V. A simple resistive 

voltage divider is used with the -12V to produce the -SV supply (refer to 

schematic diagram). DC to DC converters are inherently noisy and must be 

properly decoupled from the input supply and the outputs must be properly 

filtered. Components Ll, L2, Cl, Cl0, Cll, C3, and C9 perform this decoupling 

and filtering function. 
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TERMINAL PROGRAM 

Hardware prerequisites: * Level II TRS-80 \'l'ith 16K RAM 

* Expansion Interface with RS- 232-C installed. 

Program Description: 

The "TERM"inal program wil l cause the TRS-80/RS- 232-C to function as a 

full duplex terminal which displays ASCII encoded text inputted from the 

RS-232-C port, and which outputs keyboard input to the RS- 232-C port. 

RS-232-C Input to Display 

Activation of program causes screen to be cleared and cursor to be 

positioned to upper left. As text is input it is displayed and the cursor 
I 

increments to the right. line overflow goes onto the next line, and therefore 

is not truncated. As the screen is filled, incoming text causes it to roll - up 

(scroll) with the new text directed to the screen bottom. 

Back space (hex .08) and return (hex ,00) are recognized and executed by the 

display program. Other ASCII control codes are ignored, including the null 

(hex .0.0) which may be used as fill to allow the display function to scroll after 

return at high baud rates (12.00, 24.0.0, etc . ) as indicated in Table 7. 

Table 7 - Nulls Required after return 

Baud Rate #Nulls 

110 None 

150 None 

3.0.0 None 

6.0.0 None 

12.00 2 

2400 4 

48.0.0 8 

960.0 'h 
.\ -~, 

- - - -



Lower case ASCII input will be converted to upper case for display (The TRS-80 

cannot display lower case without hardware modification (not supported by Radio 

Shae~). 

Keyboard Output to RS-232-C 

The keyboard is continually scanned for new key depressions. New key strobes 

are converted to ASCII and outputted to the RS-232-C Interface for transmission. 

A keyboard downstrobe (depression) will not cause an input to the display 

unless the RS- 232-C output is echoed back to the input section of the RS-232-C 

port. This is called full duplex or FOX. 

If pins 2 and 3 on the RS-232-C connector are shorted together, the terminal 

can act as a 11local 11 mode and keyboard action will directly display on the CRT. 

tlotice also that such keyboard activity is not stored in memory for later 

transmission as is sometimes an option with certain expensive CRT tenninals. 

The Radio Shack acoustic coupler has a switch that, if set to "half 

duplex11 (or HDX), v,ill allow conmunication over a telephone line and 

provide (within the coupler) the echo function which allows the TERM program to 

be used in HOX situations. Most other low speed (300 Baud) modems will also 

all ow this. 

Special provision has been made to allow four 7- bit codes (selected by the user) 

to be output from the keyboard. Refer to Table 8. 

Keys depressed Code at Address Default Code 
-------· - .... -- ·--·. ·- . .. 

shift .J, • A SfJ B9H 03H = EOT 

shift ' l', B SD BAH lBH = ESC 

shift t ' C 50 BBH FCII = 1 

shift .J,. D 5.tl SCH FFH = DEL 
- -·. .. . ·-· .. .. 

Table 8. Keyboard Output Codes 
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To generate any of these codes it is necessary to (1) halo down the 'shift' 

key, (2) holCJ' down the 11
/

11 key (3). st ·1 A B C D , r1 ,e , , , or • The keys may 

be released in any order. 

Other, standard, control codes may be generated by the same process with 

E through O generating 05H through 0FH and P through l generating 10H 

throughlAH (You can test this by generating 08H shift v.H \•Jhich is 

back space). 

If the default special codes are not appropriate, TBUG LEVEL II may be 

loaded via the SYSTEM command in BASIC (use the reset push button) and 

the desired codes entered into 5089 through 50BCH. Use TBUG to re-enter 

TERM by a jump to 5000H. Note that TERM is located at 5000H through 5~BC so 

that it can be resident in RAM along with TBUG. 

Some Specific Disclaimers 

1. The price of the RS-232- C and the organizational structure of Radio Shack 

do not allow special help such as applications and support beyond the 

information herin provided. 

2. Although an attempt has been made to provide the common RS- 232-C modem 

control signals, use of the RS- 232-C and TERMinal program with modems other 

than the Radio Shack Telephone Interface is not guaranteed and i s not 

supported. 

3. The TERMinal program and RS- 232- C do not provide a means of loading 

BASIC LEVEL II data or program material via RAM, cassette, disk, etc. 



HINTS and NOTES 

1. Shorting pins 2 and 3 of the RS-232-C connector is a good way to test 

programs and hardware. 

2. In data comnunications, problems readily occur if the \'lrong settings for 

even/odd parity, parity enable, baud rate, terminal/data set,(input/output 

correspondence with pins 2 and 3, etc.) are made . 

3. The TERM program does not check for the various error status flags providad 

with the RS-232-C hardware such as parity error, overflow, etc. It is 

possible for a skillful customer to use TBUG to make use of this ignored 

. information in a particular application. 



1)( 11)1_11 

IJl.1(.11_1,L 

t)(.H.)1
4
1..,;: 

(11)(1(15 

1)(1<)(1 ; 

0(101)8 
1)(.)(11.,.,,;-

(ll) .j.,:: 

oc1.::B 
l.ll)4t:-

5(1(,HJ 

1)1)1) 1 .:: 51.11:,1) ..3E 1 C 
(1(11..114 50(12 C[1.;:.;1LII) 

1Jl)( 1 1 5 51) 1.15 ..3E 1 F 
0001~ 5007 CD33u0 
1)0U 1 7 5(10f4 3EuE 
00018 SOOC CD33 00 
1)(11) 1 ,;· SuvF CD5851.1 

00021 

j 

PROG B • RI, Uf::MLH, RE'Jl S li:Jl•J l HUR ~(, ,JUL, 1978. 

DSF·$ 
KBD$ 
Cl0$ 

EL'.!U 1)(1.,:;:.::H 
E.G.!U (,c)2BH 
EQU U<J46H 

ORO 5(>00H 

LO H • lCH 
CHLL LISF· ~ 
LO i-i , lFH 
C1-1LL LISP$ 
LD A, 1)EH 
CALL D:3P~ 
(.f-1LL MRU.-1Rf 

: HOt-lE L-URSOR. 

; flJRN CURSOR ON 

I 
' 
I 
I , 
I 

I 
I 

t'li:.tlN PR(tGR,.,M - ,._IIJGGLE:3 RS-23~-C., KB, t, CRT. 

I 

00023 5U12 CD4F5(l > It..!$ CHLL SIN 
(JR H 

; SEE IF UEW UART INPUT. 
0(11)24 5015 B 7 
1)0025 51) 1 I;, 2 :=i 12 
( 1(11:,2 .~ 5(118 E,~. 7 F 
t)OOl 7 51.11.,. FEt.:-ll 
00028 501C FM2150 > 
1)1)1)2S' 51J 1 F E.::,5F 
(11) 1).3(1 51) 21 FE l.lH 

I_IUt) ,31 51)-'-3 28EO 
00032 5025 CD3300 
1)0033 5u28 18E8 

(10035 502M C.D2B0(1 
1)0036 Su.20 l":$7 
000:37 502E 28E2 
,)0038 51) .31) FE05 
O(lu39 5032 F23D50 > 
00040 5035 21B85u > 
00041 5(>38 4F 
1)0042 503S· 061)0 
00043 503B 09 
00044 S1) 3C 7E 
00(>45 5'18(1 FE 1 ~ 
1)01:>40 so:3F 2eo 1 
00047 5041 CD46~0 ) 
1)00413 51.144 18CC 

,JR l , OIJ T ::, 
HND 7 F-H 
(,P 01JH 

,JP 1·1. $+5 
MMD SFH 
CP t)AH 
-JR Z, INS 
CALL DSF'~ 
,.JR II..!$ 

OUT$ CHLL ~BDJ 
OR A 
,JR 2 , ll'JS 
CP OSH 
,JP F', UOSl-'E.C... 
LO HL , SF•ECTB-1 
LD C,1-1 
LO B,0 
ADD HL,BC.. 

. LO A, \ HL 1 

MOSPEC. Cf-· 1 HH 
JR Z, Il~S 
CHLL SOUl 
JR If..!S 

; CF UOI, LOOK AT KB. 
;SlRlP PARITY FROM ASCII . 

; COIN LOUER TO UPPER CASE. 

; l GNORE ,. LF II . 

\ 

; [I 1 SPL ~ , [t I SPLA .r .. ABLE CHAR. ON CRT 
1 

; SPEC I HL CODES TABLE. 

;HL =:..> SELECTED SPEC CODE 
:GET SPECIAL COD~ 

1 1 t)NORE SH I FT DOWN-ARROW. 
; CJUlPUl l~B INPUT TO RS-.232-C. 
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1:,..:11:,5-' 5,:,4,::, 11,::, 1 ~.1., 
•J1)t.1ti..?, 5,.,4,;· (.5 
(1(11:,54 S(,4,:., 1J.::,20 
•JA.11.155 51:,.au.:. C-34,:.:,,;n:, 

1.,(,\.1!5 7 5t.,4F 1 1,:, l 51..1 
t.MJl.158 51.15.:. (.5 
IJ(l1.159 51:,5.:;1 lJ,:,41.1 

•.1(.1(1,::,1.:, 51)55 C:34,::,1.11.1 

(11J(.1.:.;."' s1.,5::: 1 1 .::.1 s,.1 
1i(1t.1,::,..3 5,:,58 C5 
IJIJU.::A 51)5(, (l.::.::S0 
1.11Ju-::.~ 505E C:.34.::,1_,1_, 

01.)1.1,::, i 

•.t1)06~· 51.1:~. 1 Ev 

... 

VV1.171.1 51.1,::-2. .::.Y51J ·, 
t.)IJI.J i 1 51.1.::,4 IJIJ 
IJl)IJ/2 5(1.~5 IJl.1 

I JI.II) i ,3 !51.,1.:,,;. (It.I 

1.11.».• ') 4 !:',(1.:.:, i 1:11) 

•_tt)<)75 St.1,·:-8 t.H) 

(. It ,II.I / i 
•.u)t.1 ,.- =:: 
, ... t.1(,:··~ 

•.•(n.1i::a., 
1.11.11.181 

•.u.A.•8.:. 
(.1(11.183 

•.11.1(,::;5 51.1;:,·, · _.::.: 
tJ()(_l:;<.:;, 5•.••::•"1 1 
')IJt.•S 7 5tJ.:;,):: .;:82 l 
1.1uv8::: 5(,,:;.Lt l i 
1.11)1:,::;~· 5,:,::,E .;;:::1.15 
Ut)l.1,S,,1.1 5•.J I t.• 1 ;, 
,_,.:,._,y l 51.1 ·' 1 .3:;:uE 
•.st.u . .1·;, ~ !:••.I / .;: HF 
,:,t;,(,j·.,3 s,:, ;- 4 1:-:-:· 

(11)0'?5 51)75 (11:IEH 
,.11.1(1~·.:.:, 5,:, ;: : LID .? .::-1.15 
(11.,c.,·~· 7 51.1 '7 H (.fs .:- F 
•.ll.ll:1-;">::: 51.1 ·' ·-· 2:c::,F 5 
•A•« • .1S•·;· 51.1 ... E DBEB 
'·"·'II }I.I 51.•8• .1 1.-j· 

,: ... , 1,.,.~ ~.1.18.3 uo ~: , 1_,5 
,_.,., 1 •.•4 51.18,::. CB7 7 
(11., 11.1!':, 51.1:::8 ~8F ·, 
I _It) ~ I.I'_:- 51_1::,i-, / j • 

0(• 11> .i 5 (,:::1.:: D .::EB 
<HJ ' ,_.::· ~ .. _,,c: :. - ';•• 

Sl.11.11 

$1.1(.8 

LLt DE.. :: ,I.IL.I:: 
F'U~:H BL 
LD B,..!I.IH 
,JP ( . I 05 

L LI L•E. . ::;uc E:: 
PIJ:SH BC. 
LLJ 1:1 , 4(1H 
,JP 1.:. 1U5 

U.1 DE., ::;U1.,B 
F•IJSH BC 
LD B, 8(,H 
,JP C.105 

8, IE 1.1E1.1H 
W1)FcL1 f,:::;..:;:. .:::"'-
B·, IE . ., 
B r IE '·' 8 ·, IE t) 

E: r IE I.I 

B·, IE 1:, 

; 01.l'J PU I B , TE. 

ll'JPUl B1 IE, IF Af,fr. 

; RE.SE 1 LIHf..:T. 

; F I.IMl I I Ot J:; Mi=tSK 
; L•Rl I/ER ... LIDRESS 
; IER11 SUI I CH COMFIG. 
; BMUll kHIE. CODE 
;1J1-1RI SIHI us. 
; MUllE.tl S I ... TUS. 
; 1.:.1 RL. REG IMHGE. 

El·l Ir:, : 1,-. = J 1.11_.B+(, 

E...1.ll : 

RSRIJ 

c. = P,..P.,..r·IE I E.F: 
B = FCI CC•UE 

M = Sl~lUS OR LJMI~ 

LD ,., , 13 
kLH 
,JR i_:. , 11.1 ... r-: I 
RU .. 
.JF: 1.:., R~:F:L) 
RU .. 
JR (., RSLJR 
XUP. H 

REI 

HJ ,... , CI RL, 
Lll , 1 X +-5 , , ,., 
Bl I .i, i◄ 
,JR Z., RS~ 
ltl 1-t, \ UMIH J 

REI 

lM ,... , l CI RL J 

L Lt , l x+s, . H 

BI I ,';,, H 

, IR l , f<::;L-Jk 
LO ,.., 1: 
OU I \ (.I.,. I i-t 1 , 1-1 
i:::E < 

32 

;GE.I IJHkl STATUS REG 
; 111HGE 11) IJCB. 
: lS R~VO BYTE AVAI L? 
; lF M(H 
; GEl 1J,.,flll1. DO l·JOT STRIP Fi:.P.IT ·,· FOSI· 

1uE.l LIHRI STi=tTUS REG. CQNTENTS 

; l l111GE. I u UCB. 
; 1$ AMII HOLDING REG. EMPT~? 
; l F l'JIJ I , 1,JA IT. 

; (JI.rt PU 1 BY TE 



1)1 I 1 } (1 •.n)E::: 
t)ul 1 J (H) E.:: : 
tJt...i l 12 Ut.1E;· 
(1(111 .::: OUE.;.; 
1)1)1 14 ( H)EB 

0(, 11 ,::, 

1)(1118 50~:E D3E8 
0011 ·;, ~1\)'i>() DBE9 
,:,012.0 so·;·2 0077(1.j 
:)0121 5,:,,;,5 E ,::,F :3 
1.1(,122 5l)•;•/ F,.:-1.15 
(1( , 12.3 5(1';1";1 Do-;; ,_, 1 
1)1.1 124 sos·c [t:~:Et4 

(11) 12,:;. 5 09E DBE~1 

1)1)127 50A(l E 1.:,1) 7 
(ll) l 2 :~ soi-:.;: 21815(1 ~· 
,)(112 ,;· 5Uf45 01.:.(n) 
1)(11 '.:>0 5 (H-ti 4F 
1)0181 5UA8 th· 
(1013.2. ~•I.JR':>' 7 E 
,)1) 1 .:..: :: 51Ji-tl-\ [1(17 7 ,:,4 
1)1.1 l .?-4 5ui-tD [13E·~ 
1)1) 1 • ,c,, 

; ,,..1 51)1-tF HF 
1)(113,:;, 50Bu c-:, .. 
(II.I l '.::8 

(11)1 41) 50Bl 22 
,_11) 141 5082 44 
0(•142 508:3 55 
1)(114:3 5084 1:,1":, 

1)(1144 5(1BS Ti 
1)1)145 5t)8,::, HA 
(11) 14,::, 5(187 cc 
1)014 7 5 1)88 EE 

(>0 14·;, 

(JI) 151 50BS· 1)3 
()(1152 50BA 1 I3 
(J(l 15.J 51)8B 7(~ 
(11)154 5 (1BC 7F 

0015·6, 

l·lf;: 
l'luLIEl·1 
( .01 JF 1 (, 
ClRL 
DHTH 

IUt4R r 

IBR(; 

Bf'ilJD 

BAUD18 

E•)U 1.1E::::H 
EC!U t.,E::::H 
E•;.!U 1•1E·:-:·H 
EC,!U 1.lEHH 
E @.I ,)Ef:H 

c,u 1 t r·1R i • 1-1 

II J t-t , l CC11·JF lG J 

LO \I;(+.3>,.-i 

l)R 1.15H 
Lll I l .x + 1 , . 1-1 

OU I l ( . I RL J , A 

11-J H, l CCcl·JF lG > 
I-ti.JO ( >7H 
L[1 HL. E:1-;IJ[ll B 
L D B, 1) 

L[J C , H 

; REi-E I IJMRT l✓ ITH ANY OUT DATA. 
;GEl fERH CONFIG. SWITCHES STATE • 
; :::;i-tVE I t·IHGE. \ 
; MHSI:, UF F BAUD RATE INFO. I 
:SE r BRK, RESET DTR, SET RTS. 
;S~VE IH~GE OF CTRL. REG. 
; Ht.JD Pl.I I IN CTRL. REG. 

; GE 1 t::,:.;1_1[1 RATE SWITCH STATE. 
; B;.;1J(1 RM T'E BI TS OML Y. 

HOO HL. BC ; HL = j 81-tl.lD RATE CODE. 
LD A, lHL, ;GEl B~UD RATE CODE. 
LD ( I ;;.+4 ,, ~ ; SHl..'E IMf41JE IN UCB. 
1)1_1 I l CCJl·JF 1 G i, 1-1 ; LU1-1D l:.,-1UL1 RATE C.EN. 
,::,1)R H 

REI 

Rf4 f E CODE fRBLE. 

E:rlE 22H ; 11 ,:, BHU[J 
81 IE 44H ; 15(1 c:HUD 
E:1 lE 55H ; .::H.1(1 8MI.Jll 
BvfE '~•C•H ; <;,(11) Bl-1UO 
BrlE 7 :i H ; l L(ll_) 

B\ fE (>i-:t14H ; 24(11) 
BdE OCCH ; 48(,u 
8 ·, fE 1.)EEH ; $·1;.t.ll) 

I 

IHBLE OF SPEClHL CODES. 

E: ·r rE 1):.::H 
8'1E 11::H 
1:: 1 fE iCH 
BYlE 7FH 

ENO 
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• L•EF HI.IL I : EOT - CTF:L II A .. ( ALSO II ATTN .. 
; [IEF RI.IL I : ESC - C"JTRL II B II 
; DEFt-1UL r : VEF:T . BAR - CNTF:L"C " 
; DEF HI.IL I : DEL - CTRL II [I" 



CIOS 
t<.130$ 

0046 
0028 

CCtl·JF lG - (1(1E9 ClRL --- (11.>E,:;.;. 
l"IODEM (h)ES MR ----- 1)UE8 

¼TERMO \DEF~ULl > SECTION \ 5 0 BD > 

8HIJ0r8 - SuBl !BRl3 5,:,-;·E !NS ---- 51) li 
NOSPEC - 503D OUTS 5(>2~ r RS232 -- 5 ( 1-:,~: 
RS ;r. ---- 5073 SIN ---- 51.14F sour -·-- 51)46 
lERM --- 5000 

156 SOURCE LINES 156 MSSEMBLED LINES 127 19 BrfES ~VHIL~BLE 

>>> NO ASSEMBLr ERRORS DElECrED <<< 

34 

DATA -- OOEB 

IUART -- 508E 
RSRD --- 5075 
SPECTB - 50B9 



EX A :,1 PL E APP LI CAT I () r i S PROGRAM 

A common application v1hich ~-1 ill interest many Radio Shack RS-232-C ovmers, 

is the output of serial data to a line printer. 

Before continuing with the spec ifics of the software, an overview of the 

1/0 driver organization of Level II BASIC is in order. Shortly after power on 

in Level II BASIC.a set of addresses relating to the I/0 drivers is written into 

the lower part of RAM. These addresses direct the BASIC software to each of the 

1/0 drivers as needed (ie. LPRINT, PRINT, CLOAD, CSAVE, LIST LLIST, etc.). 

These addresses remain in low memory as long as pm·1er is supplied to the 

computer or unless they are written over with new information. In general, 

these addresses are not written over in normal operation and are purposely 

located in an area of memory which is not disturbed by Level II BASIC. We can, 

however, purposely write over the addresses in order to direct BASIC to an 1/0 

driver of our own design. The addresses above along with other 1/0 specific 

information is referr.ed to as device control blocks, or DCB s. The DCB for the 

line printer be~ins at Jllemory address 4025H and is organized as shown belm-1. 

MEMORY ADDRESS MEMORY CONTENTS 

4025H DCB TYPE {Input, or output operation) 

4026H DRIVER ADDRESS (Low order Byte) 

4027H DRIVER ADDRESS (High order Byte) 

The line printer driver normally referred to by the DCB is located in the Level 

II ROMS and expects a Centronics parallel type interface to be utilized·. If 

we purposel y alter this DCB to point to an address in RAM and place our own l/0 

driver at this address, we can utilize the Level II commands which refer to the 

line printer (LPRINT, LLIST) with the serial line printer . 
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let us assume for this example that we wish to interface a Level II TRS-80 

to a serial line printer operating at 300 baud. The line printer expects a seven 

bit word, one stop bit, and even parity. Let us also assume that the printer has 

one output line which can be tested to detennine if the printer can accept data. 

This status line, when low means that the printer is not busy and can accept data 

from the Interface and when high, means that the printer is busy and cannot accept 

data for the time being. 

This status information from the printer can be tested by the TRS-80 CPU if 

we connect it to one of the four inputs available on the RS-232-C Interface 

(CTS, OSR, DC, RI). A jumper wire to pin 6 of the printer connector (assuming 

the standard DB-25 is used on the printer}, to the status output of the printer 

should be the only modification needed. 

The printer should now be ready to print if we can provide the proper 

software to interface with it. Before we can actually output data,the printer and 

the RS-232-C Interface must be properly initialized as to the baud rate, word 

length, parity convention and stop bits required by the printer. This is one 

of the tasks which must be taken care of by the driver software. The assemhly 

language listing on pages 36 and 37 illustrates one of many possible approaches 

to this problem. Lines 180 through 440 of the listing comprise the initialization 

section of the driver routine. This section of code tests a flag in memory to see 

if the Interface has been initialized and,if so.branches around the rest of the 

initialization section and goes directly to the actual output section of the code 

(lines 500 through 620). The initialization occurs the first time the driver 

program is called by BASIC and a flag is set indicating this fact. This section 

of code is bypassed on succesive calls to the driver routine . 



Assembly Language Printer Driver Program 

~~ 

.)•:i~C: 

,;~,j_~l,:o ;_=:• . .; 7 ~,}u ~E:::i, . n/'I (ilY'i 70 1:ii; u:,c ;;'i:SEiS iliE ,JriF:T. nit iN r:En,S iHE R52?2 wl-ffr:'.01... BITS 
~rj:_:~:i 5.in · cH E[!IJ .j£:!-i , r.?: ,:,~:~ T(; rnr; 1..,G;: :..GP.~·S 7 ~E ;F-:..iC· r ri!C GEN~~:ATO~ t,r; !:I RERDS iH! sE,-;x SWiiCHES 
1;1,r..: -.;1 -:-!t;R-:,j B:i!i •:rE~ ; AH ff.Jl ;1}- iHfS t.£1'~ i..•:i!'ii,S ,lit IJ-F,?T (:(ISTffit, ?.=GiS'FER, flll Iii r::fiij 7i:: IJ. i.,~fm:15-f.E( 
,3-:·::~· ~; .. ;:::~ c:::,u ~1Ec::; · :=-11 O,.:j , .:· -;;:~. i..vC LORCS iH UA.:'.i :1.iili iii:CilliG i=:EG. , RH lH REfivS iHE F:ECEIVEi) DnTft 
~.~1~,:i -r,_:j r;:;:,m ~-2s:12t• (+;:G ~~-~ v-r .. 1vc;, 
;);3: :'.3 ~:s::~2;: c;_,j:~;, ~i>F i (; a:: u'SEc' i.;;-:-;; 7r.E L?Ritii ,:OHMRN[i He LEVEL II 8f1SIC. 
e;~:..6-:l , ir.E t>R! \JEP iS ?f,;'fi, ili,O HiuH r.Er.1.."iR'i (1.6r- r~1iHiE) fil-i[,, THE t,£','lCE COHT~·OL BLOCK 
~0.:.73 , Ch:=i!,~[, ,;) '·icI,,)F: Tri i • .?R:NT .:-::1t•ii'inlii· ~c TiiE F:Sz~·?:c vr:l',ER i,HTii ft SHORT 2,P.S,C PROORrn'i. 

---1"1, r .... ~..,.·t-. .,..c:.,.:.-·----tEm1a,i,;i-;;3&--iliii ?USl++r----,-- SfWc: R:E6. -aS:£-----
?F~l. .:5 0613c ?t.lSri ~;:-
Tr82 FS 002i!a PUSr. fr 

0221.i!' 
013220 ; 

TriiS SECiIW u: C;)t,E 15 usa.1 TO n;r:-Ifii.12£ i~ P.S21.2C ilff~RrriCE iO CGRR~Sr'OND iO 
Tn"E OPilGi;S S?ECIFIED BY THE SEiix 5.liic:-i£S lH THE lh'TERFfiCE (8AU(l RftTE. S,G? ans. B!TSi(mi:t ETC. ) 

~~: ?.~~E~r 002:J __ r, 11, ,FU,G, , C"riECK FL.1,1; ii) SEE !F u;,RT r!ND E:RG m'./E BEB-l rnn 
iT,:,:, r:,i --0K~--- -- · - -·----
7F~ 282~ ~0::<13 JF 2' EESTOR At-iv O:JTf"Ji CHAR ff SO 
Tr0M 3Ef11 
7F0C ~4E7F 
7FaF C.3E8 
7;:u (>SE9 

~6..l LD R, clH 
00270 LD (FLAG), n , SET FL-=tG iO WiCPtir: iNF. 
80230 Q;jj -:F:'"'6.JRT), fl ; P.Env 3i'vi..n TO P.5ET UAA, 
fl0u8 iN R, (SioiliCH) P..EAD xNx 51,l!iliES 

' l..!! 
+-ni-+1------tt88r+',:➔0t.1a----fH!;!'ffii9HilBF-+1311HI~---; -ta?- B,i '...Gu } &HS--- -cure 

... .-. I;" 
< r .I.,., i:: - .... "" ... 
Tr17 ~.it,;;: 

i'F 1li [GC:n 
7HC ii56 

O~?llil 
003''8 
m:c,a 
!303~ 8ni..iv5T 
eaJ.5a 

~ 041, RESITS RiS, RESETS Di~, SETS aRK IN HHI-IOSrin~ LnTCH 
LD <S:..ili'!Gi, A , LCirlD S..:Tli-iG ioi/lMAGE CF LATCH BITS 
~ •• :-;- ,Cliir·E: ! , ;; , ... Gn~- vn~i ,;;S',·il iCi-l !MR(i: 
lH R, {SioiiTCW, Sci Br-:.iv ;;;,,Tc .:,.:.C~;R[·i»G ii) 5,ilT(JI SELECT!(~ 
~j(J tl?r: , LGP vrr UPPER 5 BiiS 

_,, ... , .-2·-1-1~t.-" .. i .... •~C' .... ; ... --...;; .. · : .... ·:;;.·c ... J----U,-rit.,~ri8t-·-.-P~l;.t:: ·TU Fl'°.;~ L.flG. Ht~-~ -~------- ---
Tr23' -~c-0\j 
7F~ 4F 
7r;;:.; a, 
7f27 7E 
iF2:3 D3E9 

~1'3]78 
00:;se 
0~i:~ 
0S~tl\:l 
00416 

LD 8, f1(q, , za;:e B REG 
lD C, R , PUT Orrxi IN C 
ADC rL BC , AOO OFFSET TO iii. 
LO R, (HU LCf,[; ?(; HlTED Y~UE 
i)lJT ,:s;.incii;,, ti ' Lixiv ciRG 1,1/TRBLE 1/Fi.UE 

- , .. F .. 2tl ....... ~F .1.----Ma..,,.,21 FBTIJ~, "'ffl'""'"Ar ---·--- - --- ·-·- -----
7F2B C1 ~t&,G0 FOP BC 

~ POP iiL ; RESTORE i;;~c:G. 
00.;:,..; , THIS Sc:CilOH GF wVC: v05 iHE ACn.Jh'l ou;an Gr THE CiiAA. iO THE UnRi FOR SER,fll XMii 11 riRSi 
0'11451 ; CrECi~S TO '.:-EE IF [>flT;, SET REROV 15 HIGH, LOOPS lF NOT, OTfm!ISE C.:OES ON .TO CHECK THE 
00452 , linRT ~O SEE IF IT'S iiOLDING F.EGl3iE 15 8-l?T'r', i..&G?S UNTIL IT IS F-3'lr, inEH OOT?UTS iHE CHnR 

- ------11jForij;,.;4.-;5--~-,-:V-~'1~~1i,.!.,~:~7l'W:'"HotrnN(rf!:ftll~IDt- !F- M -~ ·ftt::lfttrm:· Rf~,;-tttiE Fe-- - ·-

7F2D DE--SS 
?F2F C877 
iB1 ZSrfl 

?F!3 7'? 
Tr~n v~Ec: 
7F3C FE2:: 

01)46(1 t·HKDSR 
0047:J 
004;30 
~>34~ STAT.ti 
~0..,.,0 
0135!.fl 
dl:!5""1) 
88:,~·(; 
ei:<540 

IN ii, (RE;lJl<T J 

Bii 6, A 
JR ~, CHKDS~ 
IN Ft, (CNTREG i 

F:Eff.; !tt:-£,;Ff1CE CONTROL BITS 
TEST v~ F,jR A iiIGn 

, ".'EST AO!il'.i tF ~lOT <CAN'T OUTPUT Df1Tfl> 
, i..ORD ur,Rl S7ATUS 
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--1r ~:. 
......... ,. 
- • .. <:- 130:5~ ;~ ti:, '..Gli 

:;:~) tlE~ ~~ L~• C, ~n 
:;:.;z 12,~3 3<15':'0 .. ... , - .-.-. 

' - ,_:--.: .. :-r - ·· ,._,.. ~5;:: ~Mi ~.~ -.. --, ,,._-.;..,- "~ ' 
0fl59'o3 ' T~E ;::-,llo-,111:G iA;.E - -~ ....... ., ~ ~~ 

... ,,.. - , -., 
01., '"°'- ~·va .:2H 

;;:~ +4 fri\619 :>EFB ~ -·-f r .. , S5 0002d vErB 55H 
7r4a 00 000..w iiEFB o6H - ........... - - -..#'~ -- ~- ~~.;,,o .,.,... 

KFO - · ..... 
;;:..i, AA 01,)6.'50 DEFB aAAH 
it~ cc ~~ i>Ero 0CCH --~ ,.,..., . ., :E ,:J067'::\ r-cFB DEEH ....... .. .r..,_.. ~ OOo3a $-7~r\G ::-EFB D3n 
ir.;E % 0069a Fui1} .;c:-~ ~~ 

-~--- .Ja."w,. ____ -- -Sl::L . .. 
000,)'j iGi fi. w"':"0RS 
~Eii..li i'F..4 
STr1TiN ir33 
CHKCStl 
BDiSL 

,, ..•..... 
~ I 1; ;,J 

~T;)« 

FlM 
nm 7FOO 
C·in~;il B0S 

ii:Eii,i;:li :r liOT 
;;::- S.1 l)J7?Ui n i..!lic r::D r;.s., 

Culiic ~ 6ttvO AAiE £.£Ci@ 'ffr' TriE SBiSE Si,iiiCr.ES ill rnE UITE?.FnCE 
il0 m.Z 
1S0 8nl.JO 

' 300 ~ 
61-30 on!L 

I ~~ &fi:N 
, Z400 8"1.tl 
, ~BAw 

~Qmli 
ii-~ Or inlC~ u,,c;; 

--1,;~ .. i , .. -.. -"le:~;,-.. ·,'2·~)1,EJ~.,---- ----- -------- .. ------- -------------· 
Si-.IiC°ri ~E3 
~T cftlES 

----------------- - ·------------- -··--------
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BASIC Program for Line Printer 

18 ii'E,·: ~ r~i ti£;.! DCB T,PE ri:·iv n[l[i~ESS Hi RAM : -.;325H) .... 
~ F·(tE 16421, 2 POVE ~c-422, 3 -POKE 16423, 1.27 
3€1 P.Ei'i ..... POKE RS~~ v-.:.1 ~,F:l'~s· INTO HIG'~. tlErl_ (7F~~ljL~_-------------------- -------1 
4<1 rOR ;{:;2512 iO ~590 
50 RE.Fie· ... 

POKE ;<, 'i' 

·~-:- :.: 
75 ENL; 
30 DHiM 223 .. 197 .. 245, 5S, 7:3. iZi, 254, L 40, !2 
53 ORTA .;z, i, ':,3 , 73, i27, ill, z:2., ~,. 23.~ 
100 Dfi'i'A 210, 248, 246, ~. 50, i7. 127, 2a, 234, 215 
ue vR7R 233,230, ,,33,69, .i27, 6,0,79,3, 12o,211 
1za vnin ~:. 2 .. 1, 1.51.z:<:., 21:, 2:~233, .a:, ~J.258 
L--0 DATA 219, 234, 20~. 119, 40,244, !.21.. 211., 23-':i, ~4 
~ :•r,iR J;, ;;-z, 4,.l:h1G, ~.;, ~~,.2.0l-<J4. 6S .. ~i..1~--- ·- · 

150 CRin 1Lq, 170, 2:34, ~--S, a. ;.:1 
-··- ·---------------

. -----·-- ... --- ·-·· - --------- - ·---· -- --------, 

. --· - -- ------· --- ·----------- -----; 

------- --·-- - ------ -- -----

----- -- -- - - ··- -- - · - · ... - - ----·- - · . - ------------------
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The initialization code ~ust reset the UART, read the configuration sense 

switches, load the UART with the control information specified by the switches 

(stop bits, word length, and parity convention), load the BRG with the correct 

code for the baud rate specified by the switches, and set the initialization flag 

in memory. 

Lines 500 through 620 accomplish the actual output of data to the printer. 

The software first checks to see if data set ready is low and loops testing each 

time if not . When found low, it checks the UART's transmitter holding register 

status bit for a high (i ndicating the UART can accept a new character for trans­

mission}, loops if not, or loads the UART holding register with t he next character 

if so. The character just loaded is then tested to see if it was a carriage 

return (~DH) and if so, a line feed (~AH) is transmitted also. This line feed 

may or may not be necessary depending upon the specific printer being interfaced. 

This part of the code can be deleted if desired. Control is now transferred back 

to BASIC. 

Following the assembly language driver on page 36 is a BASIC program listing. 

This BASIC program accomplishes two tasks, writing a new address in the line 

printer DCB (line 20} and writing the actual printer driver code into high memory 

(lines 40 through 120) . Lines 80 through 150 are data statements which contain 

the decimal equivalents of each byte of the driver object code shown in the 

second column of the assembly language listing on pages 36 and 37. 

Assuming the specific interface requirements are identical to this example, 

the user simply types in the BASIC program listed on page 38, runs it and is now 

ready to use his serial line printer with BASIC. A step-by-step illustration of 

this procedure is shown below. 

l. Power up TRS-80 and Expansion Interface. 

MEMORY SIZE? ; should be displayed on video monitor . 

The operator should respond with: 

32511 AND PRESS EfHER Decimal equivalent of 71:FFf-l. 



This response reserves the top 256 bytes of a 16K TRS-8O for the 

printer driver. 

2. Set configuration switches for desired baud rate, stop bits, word 

length and parity convention required. See example on page 8. 

3. Type in the BASIC program listed on Page 38 with appropriate modifi­

cations for specific application or load from cassette tape a previously 

saved version of above. 

4. Run the BASIC program. 

5. Connect the Line Printer to the RS-232-C with the provided or modified 

cable. 

6. We can now utilize the serial line pri nter with the Level II BASIC 

commands LPRINT and LLIST. 

Any BASIC programs which utilize this technique must include the BASIC 

program on Page 38 as a part of the coding and this section of code must be 

executed prior to using the serial line printer. If it is undesirable to the 

user to locate the object code for the line printer driver at 7F~0H (as in 

this example), the user may reassemble the source code on Page 36 with a different 

origin (line 140) using the TRS-8O Editor Assembler and modify the BASIC program 

to correspond to this new location. The response to the memory size question must 

also be modified to be the decimal equivalent of one byte less than the beginning 

address of the line printer driver object code. The data statements in the BASIC 

program on Page 38 must be altered to reflect any change in the object code due 

to relocation or modification. The last two poke statements on line 20 Page 38 

must be changed to correspond to the decimal equivalent of the new beginning 

address of the driver object code (argument of second poke statement is the low 

order byte of the new address, and the argument of the third poke statement is 

the .high order byte of the new address). 
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Printed Circuit Board ( Component Side) 
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APPENDIX B 
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40-Conductor to 25-Conductor 
Cable Diagram 

B2 

P/O RS-232-C 25 PIN 
SERIAL CONNECTOR . . . -

-r 
1 PGND 

2 TD 

3 RD 

4 RTS 

5 CTS 

6 DSR 

7 SGND 

8 CD 

20 DTR 

22 RI 
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PARTS LIST 

SYMBOL DESCRIPTION PART NUMBER 

Cable 

RS-232-C, 40 Conductor- to-25 Conductor 

Capacitors 

Cl 33 uF, 16V, Tantalum 1500086 

C2 3.3 uF, lOV, Tantdlum 1500085 

C3 10 uF, 16V, Electrolytic 1500012 

C4 0.1 uF, 50V, Ceramic Disc 1500053 

C5 0. 1 uF, 50V, Ceramic Disc 1500053 

C6 0. 1 uF, 50V, Ceramic Disc 1500053 

C7 0. 1 uF, !.iOV, Ceramic Di SC 1500053 

C8 0. 1 uF, 50V, Ceramic Disc: 1500053 

C9 10 uF, 16V, Electrolytic 1500012 

ClO 33 uF, 16V, Tantalum 1500086 

Cll 3.3 uF, lOV, Tantalum 1500085 

Chokes 

Ll 500 uH, 0.1 Ohm 

L2 500 uH, 0.1 Ohm 

Resistors 

Rl lOK, l.IW, 5%, Fixed 4704068 

R2 lOK, ¼I~, 5%, Fixed 4704068 

R3 lOK, ~w . 5%, Fixed 4704068 

AP? EtlD IX C Cl 



SYMBOL 

~4 

RS 

R6 

R7 

R8 

1<9 

RlO 

Rll 

Sl 

S2 

Ul 

U2 

U3 

U4 

us 

U6 

U7 

U8 

U9 

UlO 

Ul 1 

AP P~ ;: OI X C 

DESCRI PTlGN 

Resistors (cont) 

lOK, !4\,J' f CV 
~ .·~, Fixed 

lOK, ¼W ' 5%, Fixed 

lOK, !.iv/, 5%, Fixed 

lOK, i,.w, 5%, Fixed 

lOK, !4~J ' s,~ , Fixed 

4.7K , ¼\~ , 5~., Fixed 

6.2K, ¼\✓ , s,., Fixed 

4.7K, ¼H, 5%, Fixed 

Switches 

Slide, DPOT 

SPST - 8 Posit.ion 

Integrated Circuits 

74LS155, Dual 2- Line to 4- Line Decoder 

74LS367, Tri-state HEX Buffer 

1439, EIA to TTL Converter 

1489, EIA to TTL Converter 

74LS244, Octal Tri-state Buffer 

TR1602, Universal Asynchronous 
Receiver/Transmitter 

74LS244, Octal Tri - state auffer 

74LSOO, Quad 2- Input NArm Gate 

74LS04, HEX Inverter 

BR294ll, Dual Baud Rate Generatcr 

74LS174 HEX D F1i~- F1op 

".: 2 

PART NUMBER 

4704068 

4704068 

4704068 

4 70Ct068 

47i)4068 

4704061 

4704064 

4704061 

5100016 

5106002 

3102029 

3102024 

3108023 

3108023 

3106008 

3110003 

3106008 

3102006 

3102008 

3102038 

3102015 



sn,iBOL 

lJ12 

VRl 

/\PPEi!DIX C 

DESCR I rn ON 

Integrated Circuits (cont} 

1483 TTL to EIA Converter 

Converter 

DC-to-~C Converter 

Crystal 

5. 068<3 ~1tiz 

C3 

PART NUMBER 

3106007 

4000010 



0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 1 0 0 12 

I 1 1 0 l 13 
I 1 1 ~ I Q ~4 I ' 

1 1 1 1 15 

L s B 
b3 bO 

ACK - Acknowledge 

BEL - Bell 
BS - Back space 

CAN - Cancel 

CA - Carriage return 

0 
0 

0 

0 

NUL 
SOH 
STX 
ETX 
EOT 
ENO 
ACK 
BEL 
BS 
HT 
LF 
VT 
FF 
CR 
so 
SI 

DCl - DC4 - Device controls 
D LE - Data link escape 
EM - End of media 
ENO - Enquiry 
EQT - End of transmission 

0 
0 

1 

1 

OLE 
DCl 
DC2 
DC3 
DC4 
NAK 
SYN 
ETB 
CAN 
EM 
SUB 
ESC 
FS 
GS 
RS 
us 

0 0 1 1 
1 1 0 0 

0 1 0 1 

2 3 4 5 

SP 0 @ p 
! 1 A Q .. 2 B R 
# 3 C s 
s 4 D T 
% 5 E u 
& 6 F V . 7 G w 
( 8 H X 
) 9 I y 
• J z 
+ K [ 
, < L \ 

- = M 1 
> N .,..,. 

I ? 0 

ESC - Escape 
ETB - End of transmission block 
ETX - End of text 

FF - Form feed 

FS - File separator 
GS - Group separator 

HT - Horizontal tab 
LF - Line teed 
NAK - Negative acknowledge 

NUL - Null 

ASCII CODE 

') 1 

1 
1 
0 

6 

I 

a 
b 
C 

d 
e 
f 
g 
h 
i 
j 
k 
I 

m 
n 
0 

1 M b6 
1 s 

1 B b4 

7 

p 
q 
r 
s 
t 
u 
V 

w 
X 

y 
z 
~ 
' ' 
} 

~ 
DEL 

. 
RS - Record separator 
SI - Shift in 
SO - Shift out 
SOH - Start of heading 

STX - Start of text 
SUB - Substitute 

SYN - Synchronize 
US - Unit separator 
VT - Vertical tab 



TECHNICAL REFERENCES 

1. EIA STANDARD RS-232-C 

2. INDUSTRIAL ELECTRONICS BULLETIN N0.12, APPLICATION NOTES 
ON INTERCONNECTION BETWEEN INTERFACE CIRCUITS USING 
RS-499 and RS-232-C 

3. WESTERN DIGITAL TR1602A/B DATA SHEET 

4. WESTERN DIGITAL BR2941L DATA SHEET 

5. WESTERN DIGITAL TR1602A/B APPLICATION REPORT #1, ASYNCHRONOUS 
RECEIVER/TRANSMITTER 


