‘e.g., through bypassing the
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CENTRONICS A-D/D-A

CONVERTER

J. Ruffell

To the many PC users who would like to interface their computers
with the real world we present an analogue-to-digital and
digital-to-analogue converter. The low-cost, versatile, unit with
accompanying control software is unconventional in that it is
connected to the PC’s Centronics port, which is normally used for a
paratllel printer.

The use of standard interfaces
forapplications they are notin-
tended for is widespread and
goes back to the days of the
first hobby computers. The ad-
vantages ave obvious: there is
ne need to get to grips with the
computer havdware, and the
function of the peripheral is
not dependent on extension
connectors peculiar to the sys-
tem. Thus, the software re-

quired to contrul the
‘custom-made’  peripheral s
often hardware-dependent

and obtained by rewriling the
system-resident 1/0 routines,
or accessing the relevant cir-
cuitry in a non-standard way,

BIOS (basic input/output sys-
tem),

Many modern PCs contain
large gate arrays instead of in-
dividual 170 circuits. The A-
D/D-A converter  described

may be used without the need
of rewriting the control rou-
tines available for parallel [/0
operations.  Note, however,
that this does not imply complete inde-
pendence of the hardware, since the BIOS
routines normally used for controlling the
Centronics printer port are not suitable for
the controlling the present converter
Loard. Fortunately, the degree of hard-
ware dependency is low and restricted to
a few addresses in [/0 routines. The con-
trol program available for the converter
boeard should not, therefore, give prob-
lenms on most M5-DOS computers. Note,
however, ihata number of older PCs have
a printer port with incomplete handshak-
ing. The absence of cerlain lines generally
does not couse problems when a standard
printer is nsed. The converter board, how-
ever, may require these lines for a number
of functions.

Centronics port inputs
The block diagram of the A-D/D-A con-
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verter is given in Fig. 1. The operation of
the circuit is based on the use of the output
as well the input lines of the Centrenics
port. The latter are normally used to con-
vey ‘paper empty’, ‘busy’ and other infor-
mation from the printer to the computer.
The converter, however, uses these inputs
to convey digital data, such as the state of
two comparators, to the computer. The
two comparators enable two analogue
input voltages to be compared with an
analogue cutput voltage supplied by the
DAC (digital-to-analogue converter). By
writing a series of rising values to the
DAC and monttoring the relevant com-
parator output, the computer is able to
determine the value of the analogue input
voltage applied to the board. Such an
operation is generally referred te as suc-
cessive approximalion. In the present
case, its advantage lies in the use of a
single computer input only instead of a
number equal to the conversion resolu-

tion in bits {in this case, eiglt).
This is an important consider-
ation since there are few inplts
on a Centronics interface. A
LED monitor circuit enables, by
selection, either the state of the
Centronics data lines or those of
the digital outputis of the circuit
to be indicated.

Circuit description

The actual cireuit (see Fig. 2} is
just as straightforward as fhe
biock diagram, although sij'me
details may create an impress-
ion of greater complexity. The
eight databits on the Centronics
port are fed direct to the inpiits
of the DAC, ICia. Provided the
PC port meets the drive spedifi-
cations set out in Centrortics
standard, these lines are driven
by open—collector (OO Outpu ts,

+ 4 multi-purpose OC outputs
o :; = dogmaxy=100 MAL HeEman=30 V': =
"3, 4 or 5 digital inputs o

= switching threshaoid; approx. 2.5 V.

- CM{}S ang TTL compatlbie i

o



—4— SELECTIN +5V
5V CHASSIS
N.C. LOGIC GND
LOGIC GND N.C.
»— ERROR AUTGFEED
4— RESET SELECT
GND PE
GND BUSY
GND ACK
GND DATAT
GND DATAG
GND DATAS

DATA 4
DATA3

GND DATA 2
GND DATA
GND DATA &
GND STROBE

L‘ =3
>

S Q
B

. Yo

M Iz
¢ 4-’—< 55
.

900037 - 11

Fig. 1.

whence the use of pull-up network R3. The
output current supplied by the DAC is
determired by the value of the dataword
supplied by the computer. This current is
convérted into a voltage with a range of
—5 V ko +5 V with the aid of ICs and [Cio.
The relation between the applied data and
the output voltage, U, is expressed by

L, = Urer (data-128}/128  [V]

The'reference voltage, L., is supplied

jumper jumper
LED G
D7 00 Do
pa o1 D1
DY 02 D2
(5311) 03 D3
D11 " D4
Dig 12 D5
D13 13 D&
Dt 14/AH D7
D15 I5/A12 15/412

Tabe 1. LED function overview.

Biock diagram of the Centronics-compatible A-D/D-A card.

either by an external source (via jumper
B), or by an internal source. The internal
source is either a REF-02 or a TL317; the
REF-02 provides the highest stability and
accuracy, but is more expensive than the
TL317. The choice between these two de-
vices is up to you.

Cpamps ICita and [Cie form the pre-
viously mentioned comparators. Their in-
puts are protected against overvoltage by
two diodes (D3-Du/Ds-Ds) and a resistor
{Rs3/R4e). The input sensitivity may be
adapted by medifying attenuators Raz-Ras
and Ris-Rsu. The indicated resistor values
provide an attenuation: of 2 times, which
creates an input voitage range of -10 V to
+10 V. In case one or both analogue inputs
are not used, the associated input on the
Centronics interface may be set to func-
tion as a digital input. This is achieved by
means of & jumper (C-D; E-F).

Each digital input consists of a darling-
ton transistor {T1-Ts), a collector resistor
and two base resistors. The inputs switch
at about +2.5 V, which makes them suit-
able for driving both TTL and CMOS
logic. The maximum input voltage is
about +30 V.

The digital outputs, Te—Ts, are of the
open-ceflector type to allow direct con-
nection to smali loads, such as LEDS or

relays. Note, however, that any relay coil
must shunted by a diode to prevent the
transistor being damaged by inductive
voltage surges. The maximum voltage
that can be switched by the output transis-
tors is 30 V.

Two three-state buffers, IC: ard (C:.
and a LED array, allow the cperations of
the ADC and the DAC to be checked vis-
ually. Depending on the connection made
by jumper G-I, the LEDs indicate either
the data applied to the DAC, or the state
of the digital inputs on the Centronics
port. Since the monitor circuit falls short
of one line to provide an indication of SEL
(select), this is taken over by two inver-
ters, [C3:-1Cw, and LED IDis. The function
of each LEIY is shown in Table 1.

Construction

The converter is best constructed on the
double-sided, threugh-plated printed-cir-
cuit board of which the component
mounting plan is shown jn Fig. 3 (the
track lay-cuts are not given because this
through-plated beard is virtually im-
possible to make without special equip-
ment).

The construction itself is precision
work, but none the less entirely straight-
forward with reference to the component
overlay and the parts list. As already
stated, the choice between the REF-02 and
the TL317 is up to youw: simply fitand omit
the relevant components as indicated in
the parts list. Connector K is a standard
36-way Centronics socket with angled
pins for PCB mounting. This type of con-
nector is often used on matrix printers.

Control software and
sefting-up

A 360-KByte MS-DOS formatted 5¥-inch
diskette is available for this project. The
programs on the disk are helpful for ad-
justing and testing the converter board. A
Turbo-Pascal source file is provided that
contains the basic routines for the /0
operations with the A-D and the D-A con-
verter. This program uses a set of default
[/Oregister addresses, which may have to
be changed depending on the computer
used. It should be noted that the logic
evels in the status-, data- and controi-reg-
isters must correspond to those of the in-
puts and outputs. This point is made
because the levels of the active-low lines
are inverted either by hardware or sofl-
ware, again, depending on the type of
computer. Obviously, the LED indicator
array comes in handy here.

Adjustment

The first routine given in the form of a
flow-chart is the adjustment procedure
{see Fig. 4). All indicated voltages are
measured with respect to the analogue
ground potential. The relevant connection
for the DVM may be found between the
two analogue inputs and the analogue
output.
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Fig. 2. Circuit diagram of the A-D/D-A card. The computer is connected to the circuit via Centronics socket K1,
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First, adjust either Ps (reference:
TL317) or P: (reference: REF-02) until a
reference of 5.00 V is obtained. Next, can-
cel the off-set voltage of 1Ce by adjusting
P2. Set the current that flows into the Vi
input by adjusting P1. Finally, adjust Ps to
cancel the off-set voltage of ICio.

Writing data to the DAC is simple: in
nearly ali cases, this involves loading one
register with the desired value: One shte.—
ment, '

FORT IDATAREG] := DATA;

Component mounting plan of the double-sided, through-plated PCB.

is sufficient in Turbo Pascal. Since L =
5 V, the relation between the value of the
dataword and the resultant analogue out-
put voltage is expressed by
U, =5 (data-128}/128 [VI

Data ‘0’ therefore produces -5 V; data
‘80 0 V; and data ‘FFy” +4.961 V. Since
the circuit is capable of producing 0V, the
highest output veltage remains 39 mV
below +5 V. A slightly different setting-
up procedure allows you to reach +5 V,

Resistors: ' S
2 -?OOK . Rif2
i tkSwaySIL R
1 k(1% | : .
5 16k 1% Rs:R47;Rag;Rae;
Rsb :
? 20k 1% a7
1 1k8 ' Re
1 47082 1% He ™
1 2200 1% _ Rig™
9 10k . Rn-Rw
1268k, . Res-Rat
6 oKz sz ~ Ras;Fes:R4e
9 4700 Rae - Ris
¥ 2k multiturn preset Py
3 - 10k multiturn preset Pz2iPa
t 10k muliturn preset P4
1. SOOQ multiturn preset P
Capacitors T
6 1000 L 0407
2 103.{?16\! "-'Cs‘;Cs 1
1 12;3!: . Cro -
Semlconductors .
"2 AN4eo] ERA eI
4 1N4148 Da—Ds
9 LED 3mm red b7~ D15
1. LED Smm green . .. . Dig
5 _"BCS1? B
4 BE54TC Te~To
1 74HCTS4% Hefl
1 74HCTS40 iCz
i 74HCT14 iC3
i 7808 .~
1 7808 ) ICs
1 7B80B 1Cs
1 TL317 Icr
1 HEF-02 ICs ™"
2 LFai1 1Co1C1s
1 -LM393 S
1:. PM7524 (PMI) 1w
or AD7523 (Analog Devices)
" Miscelizhequs: _
a. .SB-way Cenfronics socket . Ka
2ot PCB mounting; angled pins
:1 : 26-way header;angled © - Kz. .
7 pins; with eject handles : B
1~ pinted-circuitpoard - 1900037
“1 - gontrol program on digk - 14217
** ot fitted wheri 1Ca is used . -
“*4 not fitted when IC7 g used

but this in turn makes it impossible to
achieve 0V, which can not be approxt-
mated at a difference better than 39 mV or
1ALSB at data = 80y. In practice, it is casier
to state a voltage and calculate the corre-
sponding DAC data from
data = 128 (L, /5+ {5 < L, £ 4.961)
where ‘data’ is rounded offto give a whole
number. Both the checking of U, and the
required conversion computation to pro-
vice the necessary bit combination for the
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adjustment

connect common
terminal af DVM
to ANALOGUE
ground

REF -02
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valtmeter connact
voltmater
ta centre 5 pin &
pin of IC7 pn
(TL317}
adjust P5 adjust P4
untit the ualit tha
reference reference
vollage vallage
s 5,000% is 5,000

I%_J___J

write value O
(Uout = - 5v)
ta DAC

—_—

cannecl

voltmeter
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of €3

—

adjust P2
far gmV

v
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value 123
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adjusl P1
tor 2,50y
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valtmater
to analogue

cutput

%

adjust P3
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Fig. 4. Flow diagram of the adjustment
procedure.

DAC may be included in the routine that
controls the voltage setting.

A-D conversion

As already noted, this is effected on the
basis of successive approximation. The
unknown analogue voltage is approxi-
mated by comparing it to analogue volt-
ages generated by the DAC, whose
reselution causes the longest (worst-case)
approximation to requive the maximum
number of steps, 2° or 256. The use of a
different approach may reduce this num-
ber o 8, vr the width {in bits) of the data
input of the DAC Figure 5 shows the
flow:chart of the D-A routine. This proce-
dure is invoked with two variables: the
input channel and the attenuation (for
which variable K must be greater than 1).
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external variables:
Ui, input,
K (= input attenuation}

begin procedure A-D conversion

intermediate value := 0

bit position := 7 down to O

DAC := intermediate value OR

(SHL 1 bit position)

wait {DAC and comp. settling

time)

comparator number (input) <>

0 (Ui < Upac)

ﬂG\’f Yes
won e Y

bit position)

intermediate value ;= intermediate value OR (SHL 1

# K * lintermediate value - 128)/128

and ot procedure

Fig. 5.

Volures in drive A iz ESS_t42t
Dirzitory of At

CENTRRME EXE 41328 2=1Z-90 3:06p
CIQPUBLI EaS 4241 3-16-90  10:32a
TIOFUBLI TRU 2316 2-29-50 9:57a
EXAMPLE EXE 1313 2-20-90 2:53a
CONFIG DAT 386 3-16-90 10:35a
EXsMPLE PAS 16897 F-16-99  10:-3%a

s Fila(s} 300032 bvtes fraee

Fig. 6. Directory of the PC-MSDPOS pro-

gram disk, number 1421, for the project.

Variable ‘data’ is used for intermediate
data storage, starting with value 0. Next,
a for-next loop is entered. This is passed
eight times, during which the A-D conver-
sion is effected. A program within the
loop checks for each bit whether this must
become 0 or 1. The most significant bit is
treated tirst with an intermediate value of
0 (all bits are (). The sum of these two is
obtained with the aid of an OR function
and is subsequently written to the DAC,
When the relevant comparator indicates
that the voltage is too high, the corre-
sponding bit in the intermediate value
must rernain at 0. When the voltage is too
low, the same bit must become 1. Al eight
bits are treated in this manner by shifting
the 1 to the left (SHL). After the eight
steps, the input voltage may be calculated
on the basis of the intermediate value.
Short wait times are inserted between
the write operation to the DAC and the
read operation to the comparator. This is
done to allow for the respense time of the
[Cs. This wait time is so short, however,
as to make the use of standard time fune-
tions in the PC impossible, since their
minimum delay of about 1 ms is much too
long. Hence, a for-next loop is used. An
obvious problem caused by this approach,
dependency on the clock speed of the
computer, may have to be resolved em-
pirically with differentloop repetitions. In
many cases, a single repetition is suffi-.

Flow diagram of the successive approximation routine

cient to establish the required wait time.
In that case, the loop may be replaced by
one or more useful statements of your
own, A statement like ‘repeat until tfue’
does effectively nothing but last a nuritber
of clock cycles and does not require a pre-
viously declared auxiliary variable.

Test program :

The diskette supplied for this project con-
tains the basic routines in a Turbo-Pascal
unit, both in the form of compiled code
and source text. Also on the disk is an
auxiliary program for testing and adjtist-
ing the card. This program, CENTR&ME.EXE,
searches for a file called CONFIG.DAT,
which contains five numbers that indicate
the printer port number, the attenualion
on input channel 1, the attenuation. on
input channel 2, the reference voltﬁge,
and the number of iterations in the wait
loup, in that order. This configuration file
may be edited to individual requirement
with the aid of any ASCIH compatible
word processor, like EDLIN or the orie in
SideKick or PCTools. The numbers are
separated either by a comma or a spice.
The file also contains a few lines to explain
the meaning of the numbers. These iines
are comment and have nothing to do with
the actual operation of the test program,
which, inciduntally, may be run without
the A-D/B-A card connected to the com-
puter. This is particularly useful to
become acquainted with its structure and
commands, ]



