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INTRODUCTION

The term RS-232-C refers to a specific EIA (Electronic Industries
Association) standard which defines a widely accepted method for interfacing
data terminal equipment with data communications equipment. The RS-232-C
Interface is, by far, the most universally used standard for interfacing data
processing equipment. Most video terminals, 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 line printer, Radio Shack Telephone Interface, or a
video terminal. 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 terminal

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 command in
Level 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 provided ir thic manual.
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Tréensmission 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 té
connect the transmitting and receiving devices. One of two general transmission
tecaniques - asynchronous or synchronous - is commonly used. The transmission
technique used in the Radio Shack implementation is asynchronous-bit-serial.

No further reference will be made to synchronoﬁé techniques in this document.
Asynchronous transmission does not require the use of a synchronizing clock

to be 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 f
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
limrit 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

stcp 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 this transition and is used to Tocate the center

of each data bit.

STOP ELEMENT STOP ELEMEN

L 1 | l T 11
7

' START ELEVIENT ONE 8 BIT CHARACTER START ELEMENT ONE 8 BIT CHARACTER
’ (11001000) (00100000)

FIGURE 1. ASYNCHRONOUS DATA
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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 communications 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 accomph'shedI

at moderately high baud rates (10K 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 information transmitted between :
equipment. For data interchange purposes, the signal is considered in the marking
condition when the voltage measured at the interface point is more negative j
than minus 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 voltage on
+he interchange c¢irzuit is more pos'iive thar olus three volts with respect to
ciana: GrOUNC, &TL § Lins.cerac

. . .- - - - o - e w e Y .
Ane AT IR Y TR e e )

e =w = - L



minus three volts with respect to signal ground. The "on"condition corresponds
to a logic zero and the 'off"condition corresponds to a logic one. Table 1

summarizes this information.

Notation - ‘ ""lnterchange Vo]fage
- - ﬁegﬁé{Qé - L Positive
Binary State i 1 0
Signal Condition ’ Marking | Spacing
Function OFF ' ON

———— —— —— — eI e - = ~ i S e S 3 e i e

Table 1. On/0ff Condition

Pin Designations and Signal Descriptions

The mechanical aspects of the RS-232-C specify a 25 pin connector
(generally called a DB-25) which electrically connects the needed signals to
each device. Table 2 specifies the pin assignments and signal descriptions

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

Pin_Number Abbreviation Description

1 PGND Protective Ground
2 D 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

Tahle 2. Pin Negigratiops and Sional Descriptions



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

frame. It may also be connected to the Signal Ground.

Transmit Data: Direction-to data communication 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 communication equipment. Signals on this

circuit are received from remote equipment which transmits data to the terminal.
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 communications 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 "on"
condition maintains the data communications equipment in the transmit mode. The
"off" condition maintains the data communication equipment in the non-transmit
mode.

On a half duplex channel, the “on" condition maintains the data communication
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 communication 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 circuit.

wl



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

indicates the status of the local data set to the data terminal equipment. The

“on" condition of this circuit indicates that the data communication equipment is
not in test, talk or dial mode and has completed any timing functions required

to complete call establishment (answer tone, etc.). The "off" condition shall
appear at all other times and indicates that the data terminal should ignore signals

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

Data Terminal Ready: Direction-to data communication equipment. This signal is

used to control the switching of the data communication equipment to the
comnunications channel. The “"on" condition indicates to data communication
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 communication equipment to be removed from the

communications channel following any in-process transmission of data.

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

this circuit indicates that a ringing signal is being received on the communications
channel. In general, this means that the data set is being polled and that data
communication 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.

Carrier Detect (Received Line Signal Detector): Direction-from data communication

equipment. This signal indicates, when "on", that the data set is receiving a
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carrier from a remote data set via the communications channel. The "off"
condition indicates that no carrier is being received or that the signal

quality is unsuitable for data demodulation.



RS-232-C INSTALLATION AND CHECKOUT
RS-232-C Installation

NOTE: Some of the first TRS-80 Expansion Interface units were
@anufactured 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 installation 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
illustrated.

5. Reinstall the expansion door.
Checkout
1. 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 S5 S4 S3 7 |

Baud rate = 300 CLOSED CLOSED OPEN

One stop bit and CLOSED  CLOSED
parity enabled

Word length = 7 bits CLOSED OPEN
of data plus one parity bit

Even parity OPEN



MACHINE SCREWS

— /

RS-232C m‘rsamcs/
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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" command using "TERM"
as the label. Type a slash symbol (/) and press ENTER to activate the program
. (which is located at 5ppp-Hex).

3. Correct activation of the TERM tape will be indicated by a clearing of the
Video Disﬁ]ay 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 indicating correct operation of the Interface and TERM

program.



THEQORY OF OPERATION

The Radio Shack RS-232-C Interface is a versatile programmable interface
which allows the TRS-30 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 terminal equipment and data-comm (data communications)
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, programmable 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 follows: The word 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
block 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.



BAUD RATE S6 S7 S8
110 Closed Closed Closed
150 Closed Closed Open
300 Open Closed Closed
600 Open Closed 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 Disabled | 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 Sl

0dd Parity ) Closed

Even Parity Open

TABLE 3. Operation ¢f Sense Switches

=
.



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, sﬁown
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 (3.5V or
more = Logic 1, and .8V or less = Logic ). 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 (E8H, E9H, EAH, EBH) for communication with the CPU. I/0 mapped
devices in a Z-8Pp system use the lower address bits (AP - A7) in conjunction with
the IN* and QUT* signals to address the desired ports. Figure 4 shows the timing

associated with this addressing scheme.

—
on
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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 OUT (I/0 PORT WRITE) | IN (i/O PORT READ)
E8H Master Reset (Any Data) Modem Status Register
ESH Baud Rate Select Configuration Sense

: Switches
EAH i UART Control Register ; UART Status Register

and Handshake Latch i

EBH Transmit Data Register Received Data Register
Table 4. 1I/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 (E8H) 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 Z8f instruction:
OUT (PEBH), 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 (E8H) 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, (PEBH) ; READ MODEM STATUS REGISTER



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 Z8p instructions:

LD A, 22H ; LOAD CONSTANT IN A
OUT (PESH), H ; 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 (D7 - D4) loaded into the BRG determines the transmit baud
rate, while the low order nibble (D3 - DP) 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-pole
single-throw switches. Any switch when open, pulls up (+5V) the input of an octal

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

i)



NIBBLE

TRANSMIT OR

SWITCH

~ LOADED RECEIVE BAUD RATE 10x CLOCK FREQ. % ERROR SELECTABLE ?
fH 5P f.8 KHz p No
IH 75 1.2 KHz i No
2H 110 1.76 KHz P Yes
3H 134.5 2.1523 KHz P.816 No
4H 150 2.4 KHz (] Yes
SH 300 4.8 KHz i} Yes
6H 600 9.6 KHz i} Yes
7H 1200 19.2 KHz ) Yes
8H 1800 28.8 KHz 2 No
9H 2000 32.981 KHz p.253 No
AH 2400 38.4 KHz 2 Yes
BH 3600 57.6 KHz p No
CH 4800 76.8 KHz )] Yes
DH 7200 115.2 KHz p No
EH 9600 153.6 KHz ] 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 ESH, 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.

following Z8P instructions:

IN A, (PE9H) ; LOAD SWITCH SELECTIONS

This operation is performed by executing the



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 (D2 - DP) 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 summarizes the registers

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

MODEM STATUS

CONFIGURATION
SENSE SWITCHES

UART CONTROL REGISTER |
AND HANDSHAKE LATCH

Baud Rate 2

Even Parity Enable
1 = even, @ = odd
Word length Select 1

Word length Select 2

Stop Bit Select
1 =2 bits, § =1 bit
Parity Inhibit

1 disables parity

- Baud Rate 3

BIT REGISTER

07 Clear to send
Pin 5 DB-25

D6 Data Set Ready
Pin 6 DB-25

D5 Carrier Detect
Pin 8 DB-25

D4 - Ring Indicator
Pin 22 DB-25S

D3 Unused

D2 | Unused

0p Unused

D1 Receiver Input UART P20 Baud Rate 1

—

IN PEBH

Table 6.

IN PESH

21

Pin 20 DB-25

Even Parity Enable

1 = even, P = odd

Word length Select 1 |

Word length Select 2
Stop Bit Select

1 =2 bits, § =1 bit
Parity Inhibit

1 disables parity

Break

P Disables Transmit data

Data Terminal Ready |

Request to send
Pin 4 DB-25

OUT PEAH

BIT ALLOCATIONS FOR REGISTERS AND LATCHES \



UART STATUS

_REGISTER
DATA RECEIVED

D7 1 = Condition true

TRANSMITTER HOLDING REGISTER
_D§ __EMPTY 1 = Condition true

OVERRUN ERROR

D5 1 = Condition true
. FRAMING ERROR

D4 1 = Condition true

|
| PARITY ERROR
D3 1 = Condition true

D2  unused
Dl unused

D@  unused

\ IN PEAH

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



The following example, in Z8f 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, (QESH) :
AND QF8H 3
OR @SH :

OUT (PEAH) 3

LD (IMAGE), A 3

READ SENSE SWITCHES

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 I[MAGE in the last line above refers to a memory location which is used

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

Suppose that the programmer wished 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.



LD A, (IMAGE) ; LOAD CURRENT STATE OF UART CONTROL REGISTER AND HANDSHAKE LATCH
RES D,A ; RESETS BIT ZERO IN A (REQUEST TO SEND)

OUT (PEAH),A 5 LOADS NEW BIT PATTERN

LD (IMAGE),A » SAVE NEW PATTERN FOR UPDATES

An input operation to port address EAH reads the UART status register. Bits
07-D3 convey information 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-DP are unused. The programmer can read this

register by executing the following Assembly Language instruction.

IN A, (DEAH) ; READ UART STATUS REGISTER

Execution of this instruction loads the "A" 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).
This 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.

; OUTPUT CHARACTER TO UART FOR TRANSMISSION
; A SHOULD CONTAIM CHARACTER TO BE TRANSMITTED
PUSH A ; SAVE CHARACTER TO BE TRANSMITTED
STATIN IN A, (DEAH) ; LOAD UART STATUS REGISTER

BIT 6#A ; TEST TRANSMITTER HOLDING REGISTER FOR A HIGH
JR Z, STATIN 3 TRY AGAIN IF NOT

24



POP AF ; RESTORE CHARACTER TO BE TRANSMITTED
OUT (PEBH),A  ; 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 register. 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.

; INPUT A CHARACTER FROM THE UART
; CHARACTER RECEIVED WILL BE IN A
INCHAR IN A, (PEAH) ; LOAD UART STATUS
Bit 7, A 3 TEST DATA RECEIVED FOR HIGH
JR Z , INCHAR 3 TRY AGAIN IF NOT
IN A, (PEBH) ' 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
differ as to which pins on the DB-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 Tabelad TERM (data terminal and other COMM EQUIP (communications

equipment).
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The RS-232-C Interface requires four power supply voltages (+5V, -5V, +l2vVv,
-12V). The Expansion Interface provides the +5V 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 -5V supply (refer to
schematic diagram). OC to DC converters are inherently noisy and must be
properly decoupled from the input supply and the outputs must be properly
filtered. Components L1, L2, C1, C1P, Cl11, C3, and C9 perform this decoupling

and filtering function.
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TERMINAL PROGRAM

Hardware prerequisites: * Level II TRS-80 with 16K RAM

* Expansion Interface with RS-232-C installed.

Program Description:

The "TERM"inal program will 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
increments to the right. Line overflow goes onto the next iine, and therefore
is not truncated. As the screen is filled, incoming text causes it to roll-up
(scrol1) with the new text directed to the screen bottom.

Back space (hex P8) and return (hex PD) are recognized and executed by the
display program. Other ASCII control codes are ignored, including the null
(hex PP) which may be used as fill to allow the display function to scroll after

return at high baud rates (12pp, 24PP, etc.) as indicated in Table 7.

Table 7 - Nulls Required after return

Baud Rate #Nulls
119 None
159 None
309 None
60p None

1209 2
2409 4
48pp 8

9609 16




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

cannot display lower case without hardware modification raot supported by Radio
Shack ).

Keyboard Output tu 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 transmisgfon.

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 FDX.

If pins 2 and 3 on the RS-232-C connector are shorted together, the terminal
can act as a "local" mode and keyboard action will directly display on the CRT.
Hotice also that such keyboard activity is not stored in memory for later
transmission as is sometimes an option with certain expensive CRT terminals.

The Radio Shack acoustic coupler has a switch that, if set to "half
duplex” (or HDX), will allow communication over a telephone line and
provide (within the coupler) the echo function which allows the TERM program to
be used in HDX situations. Most other low speed (300 Baud) modems will aiso
allow 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 ¢, A 5P B9H @3H = EOT
shift v, B 50 BAH 1BH = ESC
shift ¢+, C 5p BBH FCH = 1

shift ¢, D 50 BCH FFH = DEL

Table 8. Keyboard Output Codes
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To generate any of these codes it is necessary to (1) hold down the 'shift
key, (2) hold down the "*" key, (3) strike A, B, C, or D. The keys may
be released in any order.

Other, standard, control codes may be generated by the same process with
E through 0 generating @§5H through @FH and P through Z generating 1EH

through 1AH (You can test this by generating P8H shift y,H which 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 5@B9 through 5@BCH. Use TBUG to re-enter
TERM by a jump to 5@@@H. Note that TERM is located at 5@P@H through 5PBC 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 is 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.

")
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HINTS and NOTES

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

In data communications, problems readily occur if the wrong settings for
even/odd parity, parity enable, baud rate, terminal/data set,(input/output
correspondence with pins 2 and 3, etc.) are made.

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.
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EXAMPLE APPLICATIONS PROGRAM

A common application which will interest many Radio Shack RS-232-C owners,
is the output of serial data to a line printer.

Before continuing with the specifics of the software, an overview of the
I/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
I/0 drivers as needed (ie. LPRINT, PRINT, CLOAD, CSAVE, LIST LLIST,.etc.).

These addresses remain in low memory as long as power 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 crder to direct BASIC to an I/0
driver of our own design. The addresses above along with other 1/0 specific
information is referred to as device control blocks, or DCB s. The DCB for the
line printer begins at memory address 4f25H and is organized as shown below.

MEMORY ADDRESS MEMORY CONTENTS

4p25H DCB TYPE (Input, or output operation)
4026H DRIVER ADDRESS (Low order Bytie)
4p27H DRIVER ADDRESS (High order Byte)

The line printer driver normally referred to by the DCB is located in the Level
11 ROMS and expects a Centronics parallel type interface to be utilized. If

we purposely alter this DCB to point to an address in RAM and place our own 1/0
driver at this address, we can utilize fhe Level II commands which refer to the

line printer (LPRINT, LLIST) with the serial line printer.

o
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Let us assume for this example that we wish to interface a Level II TRS-80

to a serial Tine 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 determine 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
(tTS. DSR, 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 assembly
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
(1ines 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.
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Assembly Language Printer Driver Program
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BASIC Program for Line Printer

19 FEN s+ FOKE :Eu DOB TVPE AND ADDPESS IN PR
20 FGKE 164212 . PONE 164209  POKE 16423427
34 PEM a4 POKE

(2T -

S 1) DRIV INTO RIGH MEH (7F@RH) s

38 FOR K=32512 T0
S0 RERL

52 POKE a Y

T8 HEXT 4

75 BND

-ﬁ&ds‘a

89 _DATA 223,197, 245.58, T8 427, 254, L 4@ 32
33 DATH 62, 4. 5. 73 ._.m 32, 249,253

162 DATA 2531 40: 146: &4 98, 70, 427, d.&i) 234, 2&3
118

o
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129 DATR 237,241, 153,225, 215, 222, 283, 115, 413 258
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— 148 ORTA L. 24,4, lmi._w_é:’r 264, 34. 63, 3.5»_1%1

158 D‘F\Tﬂ ii:*: "9,2'}4 r._‘HD.p 13,




The initialization code must 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 (indicating the UART can accept a new character for trans-
mission), loops if not, or loads the UART holding register with the next character
if so. The character just loaded is then tested to see if it was a carriage
return (PDH) and if so, a 1ine feed (PAH) 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 trahsferred 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 (1ine 20) and writing the actual printer driver code into high memory
(1ines 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.

1. Power up TRS-80 and Expansion Interface.

MEMORY SIZE? ; should be displayed on video monitor.
The operator should respond with:

32511 AND PRESS ENTER  ; Decimal equivalent of 75FFH.

L=



This response reserves the top 256 bytes of a 16K TRS-80 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 printer 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 7FPPH (as in
this example), the user may reassemble the source code on Page 36 with a different
origin (1ine 140) using the TRS-80 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 1ine 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).

40
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P/O TRS-80 EXPANSION INTER-
FACE CARD EDGE CONNECTOR

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

(,__‘
16 1
18 2
22 3
36 4
32 - 5
40 ]
20 7
30 8
34 20
38 22
— e
40-Conductor to 25-Conductor
Cable Diagram
APPENDIX B B2

PGND

TD

RD

RTS

CTS

DSR
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PARTS LIST

SYMBOL DESCRIPTIGN PART NUMBER

Cable

RS-23:-C, 40 Conductor-to-25 Conductor

Capacitors

C1 33 uF, 16V, Tantalum 1500086
c2 3.3 uF, 10V, Tantalum 1500085
C3 10 uF, 16V, Electrolytic 1500012
C4 0.1 uf, 50V, Ceremic Disc 1500053
C5 0.1 uF, 50V, Ceramic Disc 1500053
Cé 0.1 uF, 50V, Ceramic Disc 1500053
Cc7 0.1 uF, 50V, Ceramic Disc 1500053
c38 0.1 uF, 50V, Ceramic Disc 1500053
cs 10 uF, 16V, Electrolytic 1500012
C10 33 uF, 16V, Tantalum 1500086
Cl1 3.3 uF, 10V, Tantalum 1500085
Chokes
L1 500 uH, 0.1 Ohm
L2 500 uH, 0.1 Ohm
Resistors
R1 10K, %W, 5%, Fixed 4704068
R2 10K, %W, 5%, Fixed 4704068
R3 10K, %W, 5%, Fixed 4704068

APPENDIX C C1



SYMBOL

R10

R11

Sl
S2

ul
uz
U3
ué
us

uo

u7

us

us

uld

ull
APPENDIX C

DESCRIPTIGN

Resistors (cont)

10K, %4k, 5%, Fixed
10K, %W, 5%, Fixed
10K, %W, 5%, Fixed
10K, %W, 5%, Fixed
10K, M, 5%, Fixed
4,.7K, %Ll, 5%, Fixed
0.2K, 4W, 5%, Fixed

4.7K, 4W, 5%, Fixed
Switches
Slide, DPDT

SPST - 8 Position

Integrated Circuits

7415155, Dual 2-Line to 4-Line Decoder
7415367, Tri-state HEX Buffer

1439, EIA to TTL Converter

1489, EIA to TTL Converter

74L5244, Octal Tri-state Buffer

TR1602, Universal Asynchronous
Receiver/Transmitter

7415244, Octal Tri-state durfer
74LSC0, Quad 2-Input NAND Gate
74LS04, HEX Inverter

BR2941L, Dual Bauc Rate Generator

74LS174 HEx D Fiip-Floo

-

L2

PART NUMBER

4704068
4704008
4704068
4704068
4704068
4704061
4704064
4704061

5100016
5106002

3102022
3102024
3108023
3108023
3106008

3110003
3106008
3102006
3102008
31020338
3102015



SYHMBOL

ule

VR1

Ya

APPENIDIX C

Integrated Circuits (cont)

1483 TTL to EIA Converter
Converter

DC-to-UC Converter

Crystal
5.0688 MHz

€3

PART NUMBER

3106607

4000010
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0j0|0}|0 0 NUL | DLE SP 0 @ P a p

0|0]0|1 1 SOH | DC1 ! 1 A Q a q
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010(1{1 3 ElrX | DC3 = 3 C S c s

0{110{0 4 EQT | DCa S - D 2 d t

0{1{0]1 5 ENQ | NAK % 5 E U g u

0f{1}(110 6 ACK | SYN & 6 F v f v

Of111{1 7 BEL | ETB ! 7 G W g w

110{01(0 8 BS CAN ( 8 H X h X

1{0|0}1 9 HT EM ) 9 I Y i \

110(1]0[ 10 LF | SuB | * : J Z i z

1101141 ] 11 VT ESC + : K [ k {

111{0{0] 12 FF FS . < L \ | i

1110114 13 CR GS - = M ) m '

B I 6 0 5 AS z > N ~ n -~

111 1l1 15 Sl us / ? O — o DEL

L S B

b3 b0

ACK — Acknowledge ESC — Escape RS — Record separator

BEL — Bell
BS — Back space
CAN — Cancel

CR — Carriage return

DC1 - DC4 — Device controls
DLE — Data link escape

EM — End of media

ENQ — Enquiry

EOT — End of transmission

PENDIX

L |

ETB — End of transmission block
ETX — End of text

FF — Form feed

FS — File separator

GS — Group separator

HT — Horizontal tab

LF — Line feed

NAK — Negative acknowledge
NUL — Null

ASCII CODE

S| — Shiftin

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 NO.12, APPLICATION NOTES
ON INTERCOMNECTION 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
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