





























Theory of Operation

The Radio Shack RS-232 Interface is a versatile programmable
interface which will permit you to interface with almost any
equipment which is RS-232-C compatible. There are essentially two
different categories 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 interfacing with data-comm equipment.
You can control the configuration of the Interface two ways, by
sense switch selection or by direct selection using software control.

Universal Asynchronous Receiver-Transmitter

Figure 4 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 can be programmed as follows:
The word length can be 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.
%

The UART contains several internal registers which will permit you
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. Later we will discuss the UART registers in more
detail.
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FIGURE 4. RS-232-C BLOCK DIAGRAM
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Baud Rate Generator

Directly above the UART in Figure 4 is a block labeled 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 frequen-
cies needed by the UART. For both transmit and receive operations,
the UART requires a clock at 16 times the baud rate desired. The
BRG transmit and receive frequency outputs can be independently
programmed by loading the appropriate constants into its internal
registers. Thds feature of the BRG makes it possible to transmit and
receive data at different baud rates.

Sense Switches

Directly below the UART in Figure 4 is a block labeled SENSE
SWITCHES. This section is made up of eight single-pole single-throw
switches (S1-S8) which you use to 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. If you want, you can
ignore these switches and under software control, directly configure
the Interface for non-standard baud rates, different receive and
transmit frequencies, etc. Table 3 summarizes the operation of the
sense switches.

Handshake Latch

The Radio Shack RS-232-C Interface can control (with proper soft-
ware) 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 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 4. 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.
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Logic Conventions

Q
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 Bits Open
N’
~ WORD LENGTH S2 S3
(Excluding -
parity bit) s
S Bit Word Closed Closed /
6 Bit Word Closed Open B
7 Bit Word Open Closed ”
8 Bit Word Open Open ¥
PARITY SELECT S1
Odd Parity Closed
Even Parity Open
o’
TABLE 3. OPERATION OF SENSE SWITCHES
N/

The logic internal to the RS-232-C operates with TTL logic levels
(3.5V or more = Lagic 1, and 0.8V or less = Logic 0). The logic
convention used for interfacing two RS-232-C devices is EIA levels
(=3V or less = Logic one, +3V or more = Logic 0). The logic

levels must therefore be converted from one convention to the other

.

when interfacing two devices. The blocks in Figure 4 labeled
EIA To TTL and TTL To EIA provide this level conversion.

R —
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Port Addresses

The Radio Shack RS-232-C Intertace is an 1/O-mapped device which
uses four port addresses (E8H, E9H, EAH and EBH) for communica-
tion with the CPU. 1/O-mapped devices in a Z-80 system use the
lower address bits (A0-A7) in conjunction with the IN* and OUT*
signals to address the desired ports. Figure 5 shows the timing
associated with this addressing scheme.

T T2 ™ 13 T4
SYSTEM CLOCK 0 _J \ \ \ \ \ 1.8 Mhz
aoar X PORT ADRESS
IN® v /] READ CYCLE
DATA BUS UNY
ourt* \ ——
WRITE CYCLE
DATA BUS ——t——of ouT P
FIGURES. I/O TIMING DIAGRAM
Decode Logic
The block labeled DECODE LOGIC in Figure 4 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 1/0 port address allocation as implemented in the
RS-232-C Intertace and the tunction performed. p///\
6y | Gir .| G

ADDRESS OUT (1/0 PORT WRITE) | IN (I/O PORT READ)

E8H F FMaster Reset (Any Data) | Modem Status Register EE!
E9H Baud Rate Select £4£10LABl Configuration Sense
Switches

EAH EBUART Control Register UART Status Register | Z D7
ECand Handshake Latch
EBH g4 Transmit Data Register £ §| Received Data Register E4

TABLE 4. /O MAPPED MEMORY ALLOCATION
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Each of the above registers performs 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 Z80 instruction:

OUT (§E8H), 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 iriput 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, (FE8H) ; 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 Intertface.

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 Z80 instructions:

LD A, 22H : LOAD CONSTANT IN A
OUT (§E9H),f : LOAD BRG WITH CONSTANT

Execution of this sequence results in the serial channel being con-
figured 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-D0) determines the receive baud rate
of the serial channel.

L]
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Summary of BRG Programming

Radio Shack software supports the baud rates which have a yes in
the Switch Selectable column of Table 5. You can program
non-standard baud rates by loading the BRG with the appropriate
constants. An input operation from port E9H loads H register in the
CPU with the bit pattern programmed by the Configuration Sense
Switches. As we noted before, the Sense Switch Block in Figure 4
consists of eight single-pole single-throw switches. When a switch

is open, it pulls up (+5V) the input of an octal tri-state buffer;
when a switch is closed, it pulls an input low.

NIBBLE TRANSMIT OR SWITCH
LOADED | RECEIVE BAUD RATE | 10x CLOCK FREQ. [% ERROR | SELECTABLE?
OH 50 0.8 kHz 0 No
#1H 75 1.2 kHz 0 No
72H 110 1.76 kHz 0 Yes )
“3H 134.5 2.1523 kHz 0.016 No
.4H - 150 2.4 kHz 0 Yes
7 SH £307 4.8 kHz 0 Yes
‘6H 600 9.6 kHz 0 Yes
%TH 1200 19.2 kHz 0 Yes
78H 1800 28.8 kHz 0 No
9H 2000 32.081 kHz 0.253 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
fEH - 9600 113.6 kHz 0 Yes
FFH 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 of its inputs to the data bus fof loading

into the CPU. This operation is performed by executing the
following instructions:

IN A, (JE9H) : LOAD SWITCH SELECTIONS

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’.
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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, (pE9H) : READ SENSE SWITCHES

AND @§F8H . ZERO LOWER 3 BITS

OR @5H :SETS REQUEST TO SEND, RESET DATA
TERM READY, AND SETS BREAK

OUT (§EAH) :LOADS UART CONTROL REGISTER &

HANDSHAKE LATCH
LD (IMAGE), A ;SAVESBIT PATTERN FOR UPDATES

The label IMAGE in the last line above refers to memory location
which is used to save the current state of the UART Control Register
and the Handshake Latch. Suppose you want 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 CURRENTSTATE OF UART
CONTROL REGISTER AND HANDSHAKE
LATCH
RES ¢,A i RESETS BIT ZERO IN A (REQUEST
TO SEND)
OUT (PEAH),A ;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 D7-D3 convey information about the current status
of the UART (Receive Data ready for input, Transmitter Holding
Register empty, overrun error, framing crror, and parity error).

The remaining bits D2-D0 are unused. You can read this register by
executing the following Assembly Language instruction.

iN A, (FEAH) i READ UART STATUS REGISTER

Execution of this instruction loads the “A” register with the contents
of the UART Status Registers. Additional software instructions 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 EBI loads the UART Trans-
mitter Holding Register with a new character to be transmitted by

the UART. You should not do this until the holding register is found
to be empty (meaning that the previous character has been transferred
to the transmitter register for transmission). Do this by reading the
UART Status Register and checking the proper bit for a logic one

(1). The following Assembly Language instructions illustrate how
this is done.

5
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|
: OUTPUT CHARACTER TO UART :
FOR TRANSMISSION ’ ¥ L
; A SHOULD CONTAIN CHARACTER [/ '
TO BE TRANSMITTED T i f
PUSH A ; SAVE CHARACTER TO BE . L
TRANSMITTED C 4
STATIN IN A, (pEAH) . LOAD UART STATUS REGISTER " - 4
BIT 6#A : TEST TRANSMITTER HOLDING :
REGISTER FOR A HIGH s _ 4
JR Z,STATIN ; TRY AGAIN IF NOT J
POP AF . RESTORE CHARACTER TO BE A _ -
TRANSMITTED _ L
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. You should not do this until the Received
Data bit is set in the UART Status Register (meaning that a com-
plete character has been received and transterred to the Receiver
Holding Register). The following sequence of Assembly Language
instructions illustrate how this is done.

. INPUT A CHARACTER FROM . o
THE UART o colp
. CHARACTER RECEIVED WILL BE
IN A i, . .
INCHAR IN A, (PEAH) : LOAD UART STATUS ' )
BIT 7, A . TEST DATA RECEIVED FOR HIGH
JRZ,INCHAR ; TRY AGAIN IF NOT
IN A, (JEBH) ; LOAD RECEIVED CHARACTER

Execution of this sequence will load the character received into
register A und the UART Control Register Received Data bit will
be reset.

Earlier we told you that there are two categories of RS-232-C
equipment, data terminal equipment and data communications. The
two categories differ in 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 ot these two signals, depending on the specific interface
requirements. A double-pole double-throw switch is provided in

the Radio Shack RS-232-C Interface for this purpose (refer to
Schematic Diagram). One position is labeled TERM (data terminal)
and other COMM (communications equipment).
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