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tem has a 16-channel analopue multi-

plexing facility and a 12bit a-to-d con-
version accuracy. K incorporates an on- -board
digitally-controlled variable gain amplifier,
offering gains of 10, 100 and 10G0.

Input voltage is in the range from -5V to
+5V with an accuracy of about 1uV. The con-
version rate is 7Hz, In addition, the system has
an 8-bit digital output port. This allows the

The present pfeéision data acquisition sys-

Fig. 1. Precision data logger/controller
comprises an a-to-d converter board

providing 16 analogue input lines and 8 til device not only to read analogue signals into
outputs. It is controlled by a pc or laptop the computer, but also to send data out of the
_ computer via the centronics printer port computer for controlling external eqnipment.

' using appropriate ifo card. There are two main modules in the data log-
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ging system — an a-to-d conversion board and
an interfacing card. The former deals with
analogue signal multiplexing, amplifying and
analogue-to-digital conversion; the interfacing
card manages conumnunication between the a-
to-d board and the computer.

1 have designed two versions of the inter-
facing cards. The first is intended for inter-
facing with the centronics port of the com-
puter and the second for interfacing with the
RS232 ports. Both cards incorporate an 82535
programmable peripheral interfacing (ppi) IC.
This provides three programmable eight-bit i/o
ports through which the a-to-d converter board
is connected. In this article, only the design of
the centronics /o card is discussed.

The a-to-d board can be connected to any Vo
potts, provided that two 8-bit outputs and one
8-bit input are available. A complete data log-
ging system connected to a pc or a laptop
computer is illustrated in Fig. 1.

The description of this system is divided
into two parts. The first one concentrates on
the works of the a-to-d conversion board and
the second on the centronics i/o card.

A-to-d conversion module

The system comprises five blocks. These are
the analogue multiplexer unit, the digitally-
conirolled variable gain amplifier unit, the a-
to-d conversion unit, the digital output unit
and power supply unit. Figure 2 shows the
block diagram of the a-to-d board while Fig. 3
gives the circuit diagram.

Analogue multiplexer. The analogue multi-
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plexer unit is built around two DG508 eight-

1O 1eCHANNEL DIGITALLY CONTROLLED channel analogue multiplexer 1Cs, namely
VARIABLE GAIN = - - B
- Mﬁfﬁ&:g.in AMPLIFIER {GAINS: 10, 100, 1000) ;_TC; 2{ These provide 16 channels of analogue
Y npuis.
e . o w
ANA PORT A OF 8255 FP . - . .
PR e ,N,ffﬁ“s AL 52._; % (ORAN 3-BIT The 508 is a high quality analogue switch
52 Lo N [* T Y PUT PORT exhibiting very low on resistance and high off
Q . . - .
$3 I3 Ne- resistance. On resistance is virtually constant
5 o & over the entire analogue signal range. The IC
I z= can handle analogue input voltages up to
= Za : ,
ool 85 corTER 240V, A dual balanced power supply is need-
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¢ * DATA émpm PORT) Fig. 2. Block diagram of the a-to-d conversion
| LaTCH (T B ! board. One of the 16 anafogue inputs is
: selected by the analogue muftiplexer, The
POWER UNIT & BIT OUTPLT portacrassee  selected signal is first amplified by the
oM. B BUFFER O ok digitally-controlled variable gain amplifier,
oA then fed into the 12-bit a-to-d converter.
Data from the computer is stored in the
oatput buffers. The board communicates with
"""""""" the pe via one 8-bit input port and two 8-bit
output ports.
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and —10V rails of the power supply. Pins Sy
through 57 are the analogue inputs while D, on
pin &, is the analogue output.

Analogue input is selected by applying an
address at Ag.o address lines. During the oper-
ation, the enable input should be pulled high.
Address lines Ap, are connected to the lines
DBy on port C of the 8255 peripheral IC.
Enabling for IC; connects directly to DB of
port C and the enable for JC) connects to DB,
via inverter /Cs. This ensures that only one
multiplexer works at a time.

Analogue ouiputs of the ICs are wired
together and then connected to the input of the
amplifier, Fig. 3.

Variable-gain amplifier. Analogue outputs
from the multiplexers connect to the input of
the PGA204 amplifier. This device is a high
performance, low cost, general purpose instr-
mentation amplifier with programmable gain.
1t is laser trimmed for very low offset voltage
and drift combined with high common-mode
rejection, In addition, it will operate with sup-
plies from 4.5 V to 18 V and its quiescent cur-
rent is abont SmA.

Inputs ¥+ and V- of the PG4204 connect to
the +3V and -5V rails of the power supply.
Gains of 1, 10 100 and 1000 are digitally
selected by two ttl/cmos-compatible address
lines, Ag ; on pins 15 and 16.

There is no latching for the address lines. A
change in the address inputs immediately
selects the new gain. However, a delay of
around a microsecond is needed for the ampli-
fier to settle to a2 new output voltage in the
newly selected gain. .

Input connects between' Fy. and Fig,.
Internal input protection allows overloads up

w|w|o

L] 1
s
1 1

Fig. 4. Centronics port to 8255 peripheral
interface chip. Communication between the
computer and the 8255 is achieved by several
il chips. Data and status ports centronics
interface are used for sending data to and
reading data from the 8255 peripheral IC.
The control port manages operation of the
8255 peripheral chip.

to +40V on the inputs without damage. Cutput
¥V, is referred to the output reference REF,
which nommally connects to the analogue
ground via a low impedance.

The PGA204 has an output feedback con-
nection at pin 12 which must be connected to
the V, output terminal for proper operation.
Normally, a constant current of approximate-
Iy 1.3mA flows through the digital ground pin.
This makes it necessary to return the digital
ground through a separate connection path so
that the analogue ground is not affected by
current in the digital ground, )

Pins 6 and 7 allow offset of the input stage
to be trimmed. Address lines 4y connect to
BD, 5 of the 823575 port C, which is config-
ured as an output port.

A-to-d conversion unit. Amplified analogue
signal is finally fed into the JCL7109 12-bit a-
to-d converter. This IC is a high-performance,
low-power, integrating a-to-d converier. It
needs +5V and -5V power supplies on pins 40
and 28 respectively. Pin 1, GND, connects to
the ground.

References REFpy; and REFpy_ connect to a
bandgap voltage reference. The 7109 provides
an on-board voltage reference which is nor-
mally 2.8V below F+ and has a typical tem-
perature coefficient of 80 ppm/°C. This ref-

IG5 1/4 74L502

erence voitage is at REFoyT.

The IC needs some capacitors and resistors
for the analogue side of the converter, values
of which should be calculated according to the
manufacturer’s data sheet. An on-chip oscil-
lator operates with an inexpensive 3.5795MHz
tv crystal producing 7.5 conversions per sec-
ond.

Digital communication with the 7709 is con-
figured in direct mode, achieved by making
the mode input pin open or low. In this mode,
output data is directly accessible under control
of the chip. The RUN/HOLD pin is uncon-
nected and thus pulled high by the 7709’s
internal pull-up resistor. This allows the con-
verter {0 perform a-to-d conversions contini-
ously and to update the 14 tri-state outputs
Bj.12, OR and POL. Lines By_j» present the 12
bits of the conversion data, Input over-ranging
is indicated on the OR pin while POL indi-
cates polarity of the signal.

Puring a conversion cycle, the status output
goes high then low after new converted data
has been stored in the cutput latches. It is used
as a “‘data-valid® flag for monitoring the status
of the converter. In this design, STATUS and
data bit B} share the same line, which con-
nects to DBy of port A of the 82335 peripheral
interface. Data line DBy of port B selects
whether STATUS or B is read into the pe.

Chip enable line —CE/LOAD connects to the
ground to enable the IC. When —LBEN is low,
the low eight bits B, g output the data while
;llgh bits Bg_u, OR and POL are hlgh
impedance. When ~HBEWN is low, Bg_ |2, OR
and POL will output data and the low bits are
in high-impedance state.

In Fig. 3a, some outputs in the two groups
are connected together to form an eight-bit
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Select & byte to be sentto the 8255 Pﬂ Address lines AC and A1 ara output from the Control port
an with other fwo lines, -WR and -RD, held high
(A0 and Al are selected according 1o the specific
Y peripherial registers of the PP
This byte is converted and output from the Data port
{dala conversion is needed dus i hardware arangements) V
A high-to-low pulse is sent to the card from the -RD line
* of the Control port
Address lines AD and A1 are output from the Control port +
(Aoww'tziu:er two :::I;-WR a:fj -FtD.t:el: hi.Qh o Bit 0 of the Data port s set low, DSL =0
an are sel aceording to the designa .
paripherial registers of the PRI} The Stalus port reads the data from the 8255 PP the first time
(Vhe first reading is the 4 low bits of the byte from the 8255)

l ‘,

P oo e ot ) Bit 0 of tha Data port is set high, DSL =1
igh-to- ;:\:ren-frf ;:s;::::‘ ?( & Ca The Status port reads the data from the 8255 PPl the second time
on -WR line from ol pol {Tha second reading is the 4 high bits of the byts from the 8255}

(This wilt fatch the data into the coresponding register) ‘
The -RD fine is setto higﬂ
\ ¥

l The two readings are bit-manipulated and combined into a
The writting procedurs is completed

single byte

Y

The reading procedure is compEetedJ

Fig. 5. Software flow for writing data to, and
reading data from, the peripheral registers of

the 8255 p .‘;ra"ef i nterfa::e. _thfn wr mng} 'the Output an address to select one of the sixteen analogue inpuis
data port of the centronics inferface supplies (address is issured by DBO through DB1 of Port C of 8255 PPI)
data to the 8255 and the control port controls

transfer. During reading, data from the 8255
is read into the pc via the status port. As only
four inputs are used by the status port, the
eight-hit data is loaded into the pc in two Output gain selects AQ and A1
consecutive readings, which is controlled by {They are issued from DB4 and DBS of Port C of 8255 PP1)
the first Ish of the data port. Operation of the
8255 is again managed by the centronics
control port. |

Read the status of the STATUS of ICL7108 A/D converter

(DB6 of the Port C of the 8255 PPl is held low and
the status is read into the PG via DBO of the Port A of the 8255 PP}

output instead of 14 bits. Lines ~HBEN and

~LBEN are used to select the lines either in the Read the STATUS line uni it goes low

high byte or in the Tow byte. These eight-bit {STATUS high indicates the conversion is in progress; STATUS
“data buses connect to port A of the §255 low Indicates that a valid data is available from the outputs)

peripheral interface which is configured as an

input pori. Line ~HBEN connects to DBy of l

port B while —LBEN connects to DBy of port

B via inverter ICs. : Read data from the ICL7109 A/D converter

(DBE of the Port C of the 8255 Is pulled high to enabis the dala bit, B1.
Digital output unit. An L5374 octal latch 1s DED of the Port B of the 8255 goes low to read the low bytes B1 through B3

used. Inputs to the IC are supplied by port B It goes high to read the high byte, B9 through B12, OR and POL.
of the 82535, which is configured as an output. |

This data is latched to the outputs by taking
the clock line from low to high. The clock is l
connecied to BD; of the §2557s port C.

‘The low and high bytes are combined fo form a 12-bit data, together with

Power unit. The power unit derives -5V and signs and over-range indication

210V dc supplies from a 5V dc rail via two
voltage conversion chips, Fig. 3b. The
ICL7660 converts +5V to -5V while.a
MAX680 bOI’lVCI‘tS +5V to +10V and -10V. Data reading comptleted

Interfacing to the pc

Interfacing via the cenironics prm‘tcr POMLWas o 6 Analogue-to-digital conversion begins with selecting one of the 16 analogue inputs. it is
d‘S‘mSSﬁd' In an 3{11013 entitled Rea_l world  followed by sending a command to select the gain of the amplifier. After this the status of the a-
control via LPT in the September issue of  to-d converter is polled continuously until it indicates that conversion is finished. The 12 bit
EW+WW. Briefly, the centronics port consists  dafa — plus polarity and over-range flags — are read into the pc twice. They are finally combined
of three independent ports, namely, the'data  fo forma single 12-bit word. i :
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output port, the control oufput port and the sta-
tus input port.

For the data logger, the centronics data port
is used to send information to the interface
card while the status port is used to read data
from the IC. The control port manages reading
and writing operations of the 8255 interface
chip.

The 8255 is an industry standard pro-
grammable peripheral interface with four
internal registers. Three of these are called
peripheral registers and are associated with
ports A, B and C. The fourth is the control
register.

All three peripheral registers are used for
data transactions between the 8255 and exter-
nal circuits while the control register is used to
initialise the operation modes of the parallel
interface.

There are cight bidirectional data lines,
DBy 4, through which data is written to or read
from the internal registers under the control of
read and write lines. Address lines 4 ; select
a particular register,

Data transfer is facilitated by JC, and JC;,
which are tri-state buffers. Control over the
8255 is made by IC, and /Cs which are a tri-
stage buffer and nor gate respectively.

You can see from Fig. 4 that two lines of the
centronics control pert, pins 31 and 36, are

connected to address lines 4g; of the 8255
peripheral interface via ICy — a tri-state buffer.

The other two lines of the control port, pins
1 and 14, connect to —RD and —WR of IC| via
1C4. A problem could cccur when these two
lines are both low, since the 8255 —RD and
—WR lines cannot be set low simultaneously.
To prevent this, a nor gate is used. Its two
inputs connect directly to the two control lines
from the centronics port, pins 1 and 14, and its
output conngcts to the enables of 1€y

When the two lines from the control port are
both low, output of the nor gate goes high.
This disables the buffers on the L5365 and
sets all the ouiputs at high impedance.
Resistors Ry, pull the -RD and ~#R lines
high.

To write data to an 8255 register, firstly the
required data is written to the centronics data
port together with an address to the control
port, then a high-to-low-then-high pulse is
issued from the coatrol port write line. This
enables data on the inputs of ICy buffers to be
transferred to the $255 data bus and in the
same time written into the selected register.

Reading data from the 8255 is slightly com-
plicated, since the centronics port only has five
input lines. In order to read eight bits of data,
the cornputer has to read at least twice, This is
done by 1C,, an L8241 tri-state octal buffer.

PC INTERFACING

In Fig. 4, when the first enable, pin 1, is low,
the four left hand side buffers work, ie, the
outpuis follow the inputs. When pin 19, the
second enable, goes high, the four right-hand
side buffers operate.

By connecting pins 1 and 19 together to
form a data-select line and by putting the line
low and then high, the status port can read the
four bits connected to the left and right hand
buffers in turn. These two readings are then
bit-manipulated and combined to form a sin-
gle eight-bit byte.

Operating in such a manner, the 8-bit data
appearing on the input lines of IC| can be read
into the centronics port. Refetring to Fig. 2,
the data-select line is controlled by DB, of the
centronics data port.

The card incorporates a 7085 1A, 5V regu-
lator. An external 8-12V dc supply capable of
delivering about 100mA is needed. In my
design, the regulated 5V supply also feeds the
expansion socket for conveying power to the
a-to-d conversion board. An 800mA on-board
fuse is used.

Programming

1 have written a control program in Turbo
Pascal 6 for this data logging system. Flow
charts for the centronics i/o card and data log-
ging system are shown in Figs 5 and 6. ]
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TEST & MEASURING INSTRUMENTS
A SUPERB RANGE OF OVER 100
GUALITY INSTRUMENTS. :
Available from
B.K.ELECTRONICS
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Tirming Analyser * Video Noise Meter
* Distortion Meter * Waveform Monitors
* Vectorscopes *Audio Generators * Wow and Flutter
Meters * Electronic Voltmeters
* Digital Multimeters * Function Generators
* Frequency Counters * Bus Analyser
* Resistance Attenuator « Oscilloscopes % Fully

Programmable Digital Storage Oscilioscopes

* Regulated O.C, Power Supplies

A free, 50 page caolour brochure, including price
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