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ACIA6850

Serial input and output

H. J. C. Otten

This article introduces the ACIA6850. As a widely used IC for serial communication in
microprocessor systems, the ACIA is an example of similar ICs. Besides the general
characteristics of the ACIA and of serial communication, programming and a practical
implementation are covered.

Important building blocks in a computer system serve for data communication.

Data communication deals with the transport of data between computers and between
computers and peripherals such as terminals, printers and the like. This requires a
connection and an agreement about the data to be transported.

Two kinds of connection are possible:

- Parallel: each bit of the data to be transported needs its own wire.

- Serial: the bits are transported one after another over a single line.

We have already mentioned the elementary form of data: the bit. In general, data is
organised as a group of bits: a character. The character is interpreted as a code by both
devices connected to each other by data communication. A well-known example is the
7-bit ASCII code. The agreement in data communication consists first of this character
code and then of the order in which the characters are sent. In data communication this
agreement is called a protocol.

Asynchronous serial communication

In serial communication the bits follow one another. To be recognised by the receiver,
receiver and transmitter must know when a bit has its valid value and how long it is
present on the line. Two techniques can be used for this:- Synchronous: transmitter and



clock are synchronised by a common clock signal.

- Asynchronous: from the change on the line the receiver can see that a character
follows.

The absence of a common clock signal in asynchronous serial communication does not
mean that there are no fixed agreements about timing between transmitter and receiver.
The time during which a bit is validly present on the line (the bit time) determines the
transmission speed. The speed is measured in baud, defined as the number of bits per
second that can be transmitted in this way.

Character format
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To detect whether transmission is proceeding correctly, a parity bit is often added. With
even parity the parity bitis true ("1") if an odd number of bits in the character are true
("1"). Odd parity is the reverse. The end of a character is indicated by one or two stop
bits, starting with a transition to the "MARK" state and thereby automatically passing
into the rest state.
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As a member of the 6800 IC family, the ACIA is easy to
use in microprocessor systems based on the 6502, 6800 and 6809. Although in this
article we limit ourselves to these microprocessors, it is not difficult to use the ACIA in
other systems as well.

The most common application of the ACIA is communication between terminal and
computer, but computer-to-computer, printer and other peripheral communication is
also realised with the ACIA.

Fig. 2 shows the pinout of the ACIA. The following signals are needed for



communication with the microprocessor system:

- 8-bit data bus, DO through D7.

- E clock signal. In 6502 systems this is $2: the system clock.

- IRQ output. This allows interrupts to the microprocessor on transmitting and receiving.
- Select inputs: CS0 and CS1 must be true and CS2 must be false to address the ACIA.

The ACIA occupies two addresses in the memory map. The ACIA contains four registers.
R/W (Read/Write) selects between two read-only registers and two write-only registers.
The RS signal (Register Select) selects one of the two addresses.

A notable feature is the absence of a RESET input on the ACIA. The IC has a built-in
power-on reset circuit and, as will be discussed later, can be reset by software. The
ACIA requires a supply voltage of +5V and a ground connection.

Peripheral interface

The ACIA has three kinds of connections for communication with peripherals:

- Data transport. TxD is the output on which the data appears serially. RxD is the input to
which the serial data must be applied.

- Clock signals. The baud rate at which data is transmitted can be set separately for
transmitter and receiver. RxC is the clock input for the receiver and TxC the clock input
for the transmitter. Under software control this clock signalis divided by a factor of 1, 16
or 64 to obtain the baud rate. Because on reception the data is sampled at the clock
frequency, the divide ratio of 1 can only be used if the clock is taken from the
transmitting side of the peripheral. With a divide ratio of 16 or 64, the clock signal need
not come from the peripheral.

- Control. Two inputs and one output are available to control the communication. Clear
To Send is an input with which transmission of a character can be held off, for example
because the peripheralis still busy with the previously sent character. The CTS input
must be high to be able to send a character. Data Carrier Detect is an input that controls
the ACIA's receiver. When the DCD input is low, the ACIA can receive characters. A low-
to-high transition can generate an interrupt if desired. If the peripheral is a modem this
signal is used; otherwise it has few applications. Request To Send is an output that is
set under program control.

The combination of CTS and RTS is usually used to establish a handshake between two
devices. By connecting CTS of one device to RTS of the other peripheral and vice versa,
sending and receiving can be fully controlled by both devices.
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Because only one input (Register Select) is available for selection, of the registers only
RDR and SR can be read, and only TDR and CR can be written. The R/W signal
distinguishes between registers that share the same address. Table 1 shows the register
selection.

Transmit and Receive Data Registers

The character to be transmitted is written into the TDR register. A received character can
be read from the RDR register. Because of the selection described above, both registers
are at the same address, the RDR register being read-only and the TDR register write-
only.

Control Register

The Control Register has the same address as the SR register; the registers are
distinguished by reading, which selects the SR register, and writing, which selects the
CRregister.

The Control Register selects among the transmit and receive options offered by the
ACIA. Fig. 3 shows the meaning of the bits in the CR register.

CRO and CR1 together set the divide ratio of the transmit and receive clock signals,
common to both transmitter and receiver. Master Reset (CR0O and CR1 high) initialises
the ACIA.

CR2 through CR4 set the word length of 7 or 8 bits, the parity, which may be even, odd or
absent, and the number of stop bits, one or two.

CR5 and CR6 set the transmitter interrupt option and the state of the RTS output. They
allow an interrupt to be generated when a character has been sent. The interrupt
condition is cleared by writing data into TDR.

CRY7 sets the receiver interrupt option. The receiver can generate an interrupt when a
character has been received, when DCD has gone from low to high, or when a character
has been received while the previous one has not yet been processed (Overrun). The
interrupt condition is cleared by reading RDR.



Status Register

This register shows the status of both transmitter and receiver. It is at the same address
as the CR register; the SR register is read-only (see table 2). Bit 0 is Receive Data
Register Full (RDRF) and goes high when a received character is available in RDR.

RDRF goes low again when the character has been read from RDR. DCD being high
causes RDRF to go low.

Bit 1 is Transmit Data Register Empty (TDRE) and goes high when a new character to be
sent can be placed in TDR. Doing so also immediately starts the transmission.

Bit 2 reflects the DCD input.

Bit 3 reflects the CTS input. As already mentioned, CTS can block the transmitter.

Bits 4, 5 and 6 reflect error conditions: respectively Framing Error (no valid stop bit
found by the receiver), Receiver Overrun (previous character not yet read and the next
already received; at least one character has been lost) and Parity Error (incorrect parity
received). Reading the RDR register or a Master Reset clears these bits again.

Bit 7 indicates the state of the IRQ output. As is usual with 6800 and 6502 ICs, this bitis
used to find the IC that generated the interrupt.

The interrupt bit goes low again when RDR is read or TDR is written, if the receiver or the
transmitter respectively was the source of the interrupt.

Program examples

Listing 1 contains a number of practical example routines for using the ACIA for input
and output.

The routines are written for the 6502, but can be used for the 6800 and 6809 without
many essential changes.

Before the ACIA can be used for input and output, initialisation is required. First a
Master Reset of the ACIA is performed with the following instructions:

ACIARS LDA " #$03

* 77" STA "ACIACR

Here ACIACR is the address of the ACIA Control Register; it, like the Status Register,
Transmit Data and Receive Data Register, is defined in lines 140 through 170.

Next the ACIA must be told what the character should look like: number of data bits,
stop bits and parity bit.

The interrupt option and the state of the RTS output are also set. The divide ratio by
which the transmit and receive clock is divided is set now as well. Lines 270 through 390
illustrate this with an example.

The routines INACIA and OUTACI are the simplest routines for doing input and output
respectively with an ACIA. The accumulator holds the character received or to be sent.
The first action is to test the flag and wait until it is set. Reading or writing a character
makes the ACIA ready again for the next action.

The routine INTERM is useful when a so-called full-duplex terminal is used. The



computer must then, for example, send the characters typed by the user and received
back to the screen. This is done by calling the routines INACIA and OUTACI in
succession. Note that the routine OUTACI does not change the contents of the
accumulator.

The receive routine INACER makes better use of the error checking performed by the
ACIA. When a protocol is used, for example, this routine will serve better than the
simple routine INACIA.
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Table 1 - Internal registers of the ACIA. CR and SR, like TDR and RDR, share the same
address.

RS R/W Register Access

0 0 CR(Control Register) write only
0 1 SR (Status Register) read only

1 0 TDR (Transmit Data Register)  write only
1 1 RDR (Receive Data Register) read only

Table 2 - ACIA Status Register.

D7 D6 D5 D4 D3 D2 D1 DO
IRQ parity OVRN FE CTS DCD TDRE RDRF
error receiver framing not not transmitter receiver
overrun error data empty data

register full
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Practical design

Fig. 4 shows a circuit for connecting two ACIAs to a microprocessor system. Around the
ACIA, three parts of the circuit needed to use the ACIA can be identified:

- Connection to the microprocessor bus and selection of the ACIA address.

- Interface between the ACIA and the peripheral according to the RS232C standard.

- Generation of the transmit and receive clock signal.

ACIA address selection

The circuit is designed for use with a 6502 or 6809 microprocessor system. For a 6800
microprocessor, VMA will have to be included in the selection.

Connected directly to the ACIA are: the data bus, address line AOQ, interrupt line IRQ,
read/write line R/W and the system clock ¢2 or E.

It was decided to give the ACIA a space of 16 addresses by notincluding A1 to A3 in the
selection. The ACIA select lines CS0 to CS2 must now be derived from address lines A4
to A15. The circuit shows only the selection from A4 to A9; the input line Kx is derived



from A10to A15 and is a common line for a 1K space in which all I/O is placed.
Generating this Kx signal has been covered before in Radio Bulletin, notably in the

articles "Memory support for 6502 systems."

Fig. 5 shows how a Kx signal
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X inverting A7, A8 and A9 and by
the three-to-ten decoder IC

type 7442.

An example will now make clear how a desired address for the ACIAs can be setin this
way.

The desired address is $C000 for the Control and Status Register and $C001 for the
Transmit and Receive Register. AO and R/W select one of these registers, and the rest of
the selection need only select $C000 as the base address. For ACIA2 this is $C010. The

Kx signal, as generated in fig. 5, selects the range $C000 to $C3FF.

Fig. 6 shows how the selection is split up starting

cooo from the address.

T L’““re’“ff'”@“ 4043, aleen ADgebnikt | A4 to A7 lead to CS2, by making the selection low.
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g—g | Sé gﬁggzgg connecting CS2 of ACIA2 to output 1/A.
28 | A5 | x300 . x3eF A8 and A9 lead to the select signal CS0, which must
5 go low for selection. To obtain a zero as the third

digit of the address, both A8 and A9 must not be
inverted. A8 and A9 lead to CSO0 via the NAND function of the 7400 gate.

Interface according to RS-232C
A widely used standard in asynchronous serial data communication is the RS-232C

standard. The standard itself is discussed in more depth below; the circuit includes two
ICs and a few other components to meet the electrical requirements of the RS-232C
standard. According to the standard, -3 to —15 V is the logical true state (MARK) and +3
to +15V the logical false state (SPACE). The ICs, types 1488 and 1489, are made



specifically to convert the signals of an ACIA, which are at TTL level, to RS-232C levels.
The DCD inputis converted in a simple way with a transistor and a few other
components.

ACIA2 has the option of working with an inverted CTS input signal.

Transmit and receive clock

The transmit and receive clock signal is generated in a way that has been published
before in Radio Bulletin. Starting from the 1 MHz system clock, dividers produce the
frequencies for the common baud rates: 9600 to 600 baud with the ACIA set to divide by
16, and 300 baud if we use the frequency marked 1200 baud with the ACIA set to divide
by 64.

The 74123 IC turns the 1 MHz clock signal into 2 MHz by frequency doubling. The divider
IC divides this 2 MHz frequency by 13, giving 153840 Hz. That is the frequency needed
for communication at 9600 baud. The 7493 divider IC repeatedly divides this signal by 2.
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PCB design

A PCB layout in Eurocard format has been made from the circuit. The layout is shown in
fig. 7 and the component layout in fig. 8. The board is single-sided, so a number of wire
jumpers are needed.

The address selection also requires a number of wire jumpers to be fitted, for inverting
or notinverting A7 to A9 and for choosing the output of the 7442 IC, namely 0/8 to 7/F.
For ACIA2 a wire jumper must also be used to choose between an inverted or non-
inverted CTS signal. The baud rate requires a wire jumper for each ACIA or, if an IC
socket is fitted, a header plug with a wire jumper on it.

The board has a 31-pole connector to DIN41617; the pin assignment is given in table 3.

RS-232C standard

The well-known RS-232C standard was set up by the EIA, the Electrical Industry
Association, to bring uniformity to the jumble of connections and specifications of
modems. Modems are devices that can transport digital signals over telephone lines by
modulation and demodulation.

RS-232C is a standard for the connection between Data Terminal Equipment, usually
abbreviated to DTE, and Data Communication Equipment, abbreviated to DCE, which
use a serial signal as their interface.

An almost identical standard was developed by the CCITT, a part of the United Nations.

The standard consists of the following parts:

- Electrical characteristics of the signals.

- Mechanical construction of the interface.

- Functional description of the circuits and a list of subsets for special purposes.

The RS-232C standard is excellently described in the book mentioned at the end of this
article, and the interested reader is referred to it for many aspects of and practical
guidance on data communication.

The ACIA circuit and interface meet the electrical requirements of the RS-232C
standard, and besides the input and output lines the ACIA has enough control lines to
connect most devices working to the RS-232C standard.

Unfortunately, many devices whose manufacturers claim they are RS-232C-compatible
cannot simply be connected to each other. The use of the control lines in particular
varies considerably.

For simple cases, a little experimenting and study of (hopefully complete)
documentation will usually reveal how things should be connected.

RS-232C connector

A 25-pin connector with the layout of fig. 9 is the most commonly used connector for
RS-232C. Afemale connector is used for DTE equipment and a male connector for DCE
equipment. DTE equipment is usually a terminal, teletype etc. DCE equipmentis a
modem etc. For a DCE peripheral the computeris a DTE, and for a DTE the computer is



a DCE.

Table 4 contains the most widely accepted use of the connector. The other pins can be
used for all kinds of purposes, ranging from test points to a 20 mA current-loop
interface.

Two examples will hopefully illustrate the use.

Printer H14

Besides the data transmit and receive lines, the H14 printer has an RTS handshake line
which, on the first models, has the reverse of the usual polarity. The ACIA2 interface is
suitable for this.

The H14 printer is regarded as a DCE device, and a female connector is connected to
the ACIA. The following pins are used:

1 =frame ground.

2 = Tx data sent by the computer.

3 = Rx data sent to the computer.

4 = RTS of the printer, connected inverted to CTS of the ACIA.

7 = signal ground.

20 = DTR of the printer, connected to DCD of the ACIA, indicates printer on.



Modem

A standard 300 baud modem, being a DCE, requires a male connector on the computer
as a DTE device. The following connections were used:

1 =frame ground.

2 = Tx data from the modem to the computer.

3 = Rx data to the modem from the computer.

4 = RTS from the computer to the modem.

5= CTS from the modem to the computer.

7 = signal ground.

8 = DCD from the modem to the computer.

20=+12Vvia a 1 kQ resistor to the modem: DTR (Data Terminal Ready).

DSR (Data Set Ready) from the modem is ignored here.

The two examples above were arrived at by carefully studying the documentation and
experimenting. A handy aid for this is a small box, available from several manufacturers,
with indicator lamps and easily changed connections, which is placed between the two
devices.

Literature

A handbook on data communication offering a wealth of information is the English-
language book "Technical Aspects of Data Communication" by John E. McNamara,
published by Digital Press, Digital Equipment Corporation.

Table 4 - Most widely accepted use of the RS-232C connector.

Pin Meaning Source
1 protective ground n/a

2 transmitted data DCE

3 received data DTE

4 RTS (Request To Send) DCE

5 CTS (Clear To Send) DTE

6 DSR (Data Set Ready) DCE

7 signal ground n/a

8 Data Carrier Detect (DCD) DCE

20 Data Terminal Ready DTE



Table 3 - Pin assignment of the bus connector of the board.

Pin Meaning

1 ground
2 NMI

3 A0

4 A1

5 A2

6 A3

7 RESET
8 DO

9 D1

10 D2

11 D3
12 D4
13 D5
14 D6
15 D7
16 $2/E
17 IRQ
18 R/W
19 Ad

20 A5

21 A6

22 A7

23 A8

24 A9

25 A10
26 - 5V
27 analog ground
28 -12V
29 +12V
30 Kx

31 +5V



