This article discusses a compact interface that allows PC users to
communicate with °C compatible ICs and circuits. The interface
comprises an I/0 port and a combined 8-bit analogue-to-digital and
digital-to-analogue converter. Also, system software is described
that brings life to the | 2¢ PC insertion card described ast month.

AS promised last month, this article
tackles the software necessary to con-
trol the I°C interface for PCs (Ref. 1}. This de-
vice driver is basically an extension of the
disk operating system (DOS) implemented
on the PC, and contains all the routines
necessary to write and read I*C codes to and
from ¥Cs connected to any I'C bus system.
The device driver has been written to com-
ply with the protecols drawn up by Philips
for the T'C bus.

Device drivers are used at several levels
in a PC. Examples of device drivers include
‘software handles’ for the screen, the printer,
the RAM disk, and the keyboard, to mention
but a few. There are basically two types of
device driver: block drivers and character
drivers. Block drivers are used for media
such as disk drives, while character drivers
are used for the screen, the keyboard and, in
this case, the I'C bus. Any device driver iz an
extension of the DOS, and is invariably
called via the DOS. According to the DOS
specification, a device driver can contain up
0 17 routines (i.e., not all of these need to be
implemented). They are:
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0* Driver initialisaticn
1 Mediacheck

2 Build BIOS parameter block
3 1/0control read

4* Read

5 Non-destructiveread

6 Inputstatus

7  Eraseinput buffers

8 Write

9* Write and verify

16 Output status

11 Erase output buffers

12# 1/0 control write

13* Open device

14* Close device

15 Removabie media

16* Output untit busy

The routines marked with an asterisk are im-
plcmente_d in the present ' ’C device driver,
which is written in machire language, and

available ona diskette (along with the source
file} supplied through our Readers Services,
A full description of the operation of the de-
vice driver is beyond the scope of this articie,
and readers interested in the programming

MAIN SPECIFICATIONS

+ Controlled via I°C bus

« 4 analogue inputs (256 sieps}
« 1 analogue output (256 steps)
+ B /O lines (bidirectional)

« Up to 8 boards on one I°C bus

» Adjustable ADC/DAC reference
voitage

+ Complete with MSDOS
compatible device driver

+ Spurce code available in
assembler, Pascal and C -

aspects arcadvised to print the source file for
close analysis. Furtherinformationon device
drivers for PCs, and machine code pro-
gramming, may be found in the many books
and other publications that have been writ-
ten on these subjects.
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Fig. 1.

installation

The device driver disk contains the assem-
bled file 2CDRIV.SYS, which may be placed
in the root directory of the PC. Next, the
CONFIG.SYS file has to modified by adding
the line

Jdevice = [2CDRIV.SYS

You may type iwo  parameters after
TCDRIV.SYS: Baeoxx and for Cry, where

. xxx is the base address of the I'C insertion

card. This addruss is set to a value between
30y and 31°Ey with the aid of DIP switches.,

y is & code that selects the clock frequency,
SCE, vsed on the FC bus, Theavailable clock
frequencivs deviate stightly from the those
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mentioned in the datasheets, because a clock
of 7.16 MHz is used instead of the more
usual 8§ MHz. Parameter y can take the fol-
lowing values:

0: fec=81kHz
1: fsc[, =40 kHz
2 fic,=98kHz
30 fsoo = 1.3 kHz

The default values for parameters B and C
are 300 and 9.8 kHz respectively.

When the PC is switched on or reset, it
reads the new CONFIG.SYS file, and from
then on recognizes all routines that support
the I"C interface. That is when the real work
can begin. .

Useful for your own software experi-
menis, the example programs on the diskette
itlustrate the use of the I'C driver routines in

Circuit diagram of the I°C extension card, which contains an /O port and an 8-bit ADC/DAC.

assembler as well as in the higher pro-
gramming languages C and Pascal.

Hardware

The circuit diagram of the ADC/DAC and
I/0 card for the I'C bus is shown in Fig, 1.
The main components in the circuit are the
PCF8574 1/0 port and the PCF8591
ADC/DAC. These I'C compatible building
blocks prove that interface circuits with I°'C
control can be kept very simple indeed, The
8-bit 1/O port is simplicity itscif. Its eight
1/0 lines may be linked to external digital
devices via connector Ki. Address lines AU,
Aland A2 are connected to the positive sup-
ply line via pull-up resistors. Three switches
in DI switch: block St are used to set the pro-
grammable part of the I/ O address of the IC.
The DIP switch allows up to cight PCF8574s




10 be used simultaneously via the I'C bus.
As with all FC devices, the addresses are

partly fixed in the ICs. The two ICs on the

present card are addressed as follows:

PCF8574: 0100 A2 Al AOR/W
PCF8591: 1001 A2 A1 AOR/W

In both cases, the first four bits cannot be
changed by the user. The next three bits can
be set on the DIP switches, and the last bit se-
lects between reading and writing of data.
Read operations are enabled when R/W is
'], write operations when R/W is “0’. As re-’
gards the device driver routines found on
the diskette, it is assumed that all DIP swit-
ches are closed, which means that the 1/0
port and the ADC/DAC ar¢ located at the
address pairs 401-41; and 90,-91y respec-
tively. If other address pairs are set on'the
switches, the software requires to be
changed accordingly. Given that the
example files have a copious amount of com-
ment, this should not cause problems.

The quasi-bidirectional 1/Q port Type
PCF8574, of which the block diagram is
shown in Fig. 2, has only one read /write reg-
ister. Depending on the application, this de-
vice allows its output lines to be used as
input lines. The output-fines have a current
sink and source specification of 25 mA and
0.4 mA respectively. If a port line is to be
used as an input, it is first made logic 1"
Next, the tevel of the ‘output line’ is read
back to see if itisstill at ‘1" If not, it is appar-
ently pulled low (i.e, held at ‘0°} by an exter-
nal device. Thus, the low level supplied by
an external device to the port line overrides
the previously programmed ‘1", and is s0
recognized by the software. The open-drain
outputs allow this to be done with impunity.

The circuit around the PCF8591
ADC/DAC is far more complex than that
around the 1/0 IC. The analogue inputs of
the ADC/DAC are protected against over-
voltages by resistor-diode combinations R1o-
R13 and D1-D8. Here, too, the three address
inputs are connected to DIP switches thaten-
able the variable part of the address to be set
by the user. The external voltage reference is
set up around precision zener diode D9, a
TLC431CLP. Resistors R1, Ris, Ri7 and 1 are
used to set a reference voltage between 2.8 V
and 4.1 V. The user may set the value in this
range required for the desired A-D/D-A
step size. One step corresponds to U/ 256.
Capacitors C4 and C5 serve to suppress noise
on the reference voltage. Jumper JP1 allows
the ADC/DAC to be fed with an external ref-
erence voltage, which may be useful in cer-
tain cases when there is a danger of accurate
measurements being spoilt by noise on the 5-
V supply. For most applications, however,
an external reference will not be required.

Figure 3 shows the block diagram of the
T'C compatible ADC/DAC. Because it has
many more possibilities, the PCF8591 is
more complex to control than the PCF8574.
Apart from data bytes, the converter IC re-
quires a contro] byte to determine a number
of settings as shown in Fig. 4. The highest
nibble in the control byte determines the con-
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Fig. 2. Block diagram of the PCF8574 1?C compatible YO port.
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Fig. 3.

The combined ADC/DAC Type PCFB591 is a fairly complex integrated circuit. An

external voltage reference allows the conversion step size of the ADC and the DAC io be set

as required.

figuration of the analogue inpuis (either two
differential inputs, or four ordirary inputs),
and in addition switches the analogue out-
put on and off, The low nibble selects one of
four A-D inputs, and may be used to enable
the auto-increment flag.

The thizd byte, sent to the IC after the ad-
dress byte and the control byte, is stored in
the DAC register. Next, the previously
stored value is converted into an analogue

voltage that appears at output of the DAC.
The ocutput voltage increment equals
Ue/256. This means that a value of '00' re-
sults in 0 V at the output, and ‘255" in an out-
put voltage of 255x Uei/ 256.

The reading back of ADC output values
is performed in a slightly different manner.
An A-D conversion cycle is started on the
posilive-going edge of the acknowledge
pulse, which is returned to the master device
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after the converter has been set to ‘read’
mode with the aid of a read command. The
IC performs another A-to-D conversion
cycle while it sends the data resulting from
the previous conversion. At the start of the
conversion, the voltage Jevel at the selected
input is sampled and subsequently con-
verted into an 8-bit binary code. Input volt-
~ages supplied by a differential input are
converted into an 8-bit two's complement
code. The result is stored in the data register
of the ADC, from which it can be trans-
mitted. When the auto-increment flag is ac-
tuated, the next input 15 selected. In this
manner, all inputs are selected insuccession.

Construction

The ADC/DAC and /0 extension is easy to
build on the printed circuit board of which
the copper side layout and the component
mounting plan are shown in Fig. 6. The 6-
way miniature DIN-style connectors enable
the extension card to be readily connected Lo
the I'C interface in the PC. In principle, only
one of the two mini-DIN sockets needs to be
fitled on the board. The second socket is re-
quited only if further I'C boards are to be
connected to form a chain. [f a number of 'C
extensions are fitted inte a common enclo-
sure, there is, of course, no objection against
omitting the connectors, and using perma-
nent wiring instead. The +5-V, ground, SCL,
SDA and [NT lines of the units are then con-
nected from board to board.

The pinning of cennector Ki is such that
it can be linked direct to the "Measurement
amplifier’ described last month {Ref. 2). All
that is required to implement computer con-
trol on this amplifier is a short length of flat
cable to link it to the ADC on the present
board. By studying the source code of the
test program ‘AIHOY, you wilt notice that the
combination of the ADC and the measure-
ment amplifier is readily turned into an
3] Llil)l'ﬂl'lg‘lﬂg measurement SySthﬂ.

The reference voltage is set to the re-
quired value by adjusting preset P1oand
measuring the voltage across C8 with a digi-
tal multimeter. Since the program”ADIO on
the diskette is based on a reference voltage of
4.0V, itis advisable to set this value initiaily.
Later, vther values may be chosen, provided
the relevant statements in the program are
changed accordingly.

That completes the construction and ad-
justment of the I'C extension card, which is
then ready to be tested. Testing is done in a
‘hands-on’ way with the aid of a well-do-
cumented test program, of which a Turbo
Pascal and a C version is available on the dis-
kette. Both versions of the test program cycle
through a number of routines, including one
Lhat reads the Tevels at /O port lines b4 to b7,
and copies these to outputs bl to b3. To run

the test, force port lines bd to b7 logic high -

with the aid of 10-k& pull-up resistors, Con-

nect push-buttens that switch to ground to’

the same lines. Conrniect four LEDs bebween
the b0 to b3 outpui lines and +5 V via 330-03
series resistors. Run the est program, and
check that one of the LEDs lights when the
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ADC/DAC AND I/O FOR I’C BUS

LSB

X | CONTROL BYTE

>
——
o
b3
b

i

AD CHANNEL NUMBER:

00 channel O
01 channel 1
i0 channel 2
1Al channel 3

AUTOWCREMENT FLAG:
{switched an if 1}

ANALOGLIE INPUT PROGRAMMING:

o] Faur single ended inputs

AING ————————— channel 0
ANt~ channel 1
AINE ——————=—=msam channel 2
AlN3 ——————————— channel 3

a1 Three difterentiat inpuls

AINO
D channsl 0

AlNY
l} channat 1

AIN2
'} channel 2

AINI

i} Single ended and differential mixed

AING —————— channel 0
AIN1 ———————— channel t
AINZ
channel 2
AIN3
" Two difterential inpuls
AIND
— channegl 0
AN
AlNZ
channel 1
AIN3

AMNALCGUE OUTPUT ENABLE FLAG:
{analogue output active it 1)

910131-2-14

Fig. 4. Bit functions in the control byte sent to the PCF8591.

begin (* TestADDA *}
Cerl:sGetControlByte{l}
Rhddress (ADA_Addr) ;

write (bus,Ctrl);

with AD do

read {Bus, Durmy, Data (0]

end; (% TestaDDA *)

|-Load centrol byte with optionk 1}
|-Becavse the R/W_ bit (= LSB ADA_Addr)
equals zero, the PCFES59L enters the
write-mode. Therefore, the next krans-

mitted byte is interpreted as a
contral byte,l}

[-Transmit control byte.}

{-The next byres sent to the BCF8591
would be stered in the DAC register.
But at this point, we switch to
read-moda. ..}

,Datafl],Data[2},Dataf3}); (-I2CDRIV.SYS now
generates a repeated start (same
address, but with R/W_ = 1} and reads
five AD-conversion bytes from the
PCFB591. This is done by using the
channel aute-increment function of
the chip. The first read byte {Dummy)
is the convertion resolt code of the
previous cyclel We are not interested
in that sample, so it is thrown away.!

write {bus,Ctrl,AD.Para[Chan3]}; {~I2CDRIV.5Y§ generates a repeated

start conditien; same address, but
with R/¥_ = ©. Thus, the BCFASY) is
in write-mode again and expects a
control byte and one oc more data-
bytes. all datsbytes are siored in
the DAC-register, but the analogue
output voltage is always calculated
from the previous DAC-register
contents-}

for Channal:=Chan0 te Chan3 do
ShowVeltage (Channel,Ab.Data(Channel]);
ShowWoltage {4,AD_Data{Chandl);

Fig. 5. Extract from the I’C device driver listing. This

Pascal.

source code is written in Turho
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Fig. 6. Track side layout and component mounting plan of the PCB designed for the FFC
extension card. Six-way mini-DIN connectors are used to connect I°C boards to the 2C

interface fitted in the PC.

corresponding push-button is pressed.

The ADC/DAC is tested simifarly. The
program reacls the voltage levels at the anal-
ogue inputs 10, T, B2 and 13, and puts the
level of I3 on cutput OO0

I (he circuit passes the above tests, it s
ready for use with your own applications. i
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Fig. 7. This demonstration set-up shows
how different modules can work with a single
interface. The display driver shown will be
discussed in a future publication.
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