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1. Introduction

1.1 Overview

The PC73A is a I;JW cost thermocouple measurement system for the IBM PC, PC/XT, PC/AT,
PS/2 model 25, PS/2 model 30 and compatible computers. It is functionally compatible to the

earlier PC73 thermocouple card but completely upgraded with new features and better noise
performance.

The PC73A consists of two boards:

i] The main PC73A PC plug-in card which contains the ADC, digital logic and signal
conditioning circuitry etc. This card connects directly into the PC's I/0 bus.

ii] The PC73A Auxiliary card contains the cold-junction sensor and thermocouple screw-
terminal input connectors. A separate calibration terminal is also on this card for
calibrating the ADC. This board is connected to the main PC73A card via a 25 way
screened cable.

1.2. Operating modes.
The PC73A can sample temperatures in two modes of operation. These are the POLLED MODE
and the INTERRUPT MODE.
1.2.1 POLLED MODE.
In this mode all register read, write and ADC operations are directly controlled by
software I/O instructions. The ADC status bit STS is polled to monitor ADC end-of-

conversions. Running the PC73A in this mode is ideal if temperatures are continuously
monitored and sampled in real time.



In this mode, on board counters are ccmﬁgured to trigger ADC conversions and'a PC
hardware interrupt signals an end of conversion. Applications and advantages of this mode
are when temperatures are sampled over large time intervals eg every hour for the next two
days. Running the PC73A in POLLED MODE is impractical, because the PC is
inaccessible to the user for other applications over the two day sampling period. However
if an INTERRUPT MODE program is made memory resident, the PC73A's I/O operations
become invisible to the user which frees the PC for other applications.

1.3 Software.

Several C source code drivers are provided on diskette with the PC73A card. These drivers allow
the user to control and run the PC73A using high level function calls when writing customised
software. Furthermore it eliminates the need to understand the low-level architecture of the card.
Also provided on diskette are pre-compiled executable files CAL.EXE, INT.EXE and STP.EXE.
These programs allow the user to operate the PC73A directly from DOS in both modes without
the need to write software.




2. Thermocouples

2.1. What are thermocouples?

A thermocouple is a temperature sensor that consists of two dissimilar metals joined at one end, as
shown in figure 2.1 This joint is the junction, and produces a small thermoelectric voitage when
the junction is heated. The temperature of the junction is derivable from this thermoelectric
voitage. '

Metal A

Junction <

Metal B

Figure 2.1. Thermocouple Junction.

The general characteristics of thermocouples are:
- Accuracy: 0.5°C to 5°C.
- Tempefature Range: -200° to 1750°C.
- Response Times: 0.05 to 5 Seconds.

- Size: Robust and very small sizes available.

- Power: Not Required.



- Output: E.M.F. Generation.
- Noise: Susceptible.

- Reference: Required.

The above data is the average characteristics for thermocouples and should be mterpreted with
caution. '

A thermocouple sensors ambient temperature by producing across the junction a small voltage
proportional to temperature. To measure that voltage, you must connect the thermocouples wires
to an amplifier or voltmeter, creating two unwanted parasitic junctions that produce error voltages
in series with the desired signal (figure 2.2). These parasitic junctions must have the same
temperature. To interpret the thermocouple voltage as an absolute temperature signal, you need to
maintain these parasitic junctions at a known temperature or compensate for their effect
electronically. The thermocouple in effect measures temperature at its "hot" junction with respect
to temperature at the two parasitic junctions - historically called the "cold" junction.

The term "cold-junction” derives from the practice of maintaining the parasitic junctions at 0°C by
immersing them in a mixture of ice and water. Although very accurate, this approach is
impractical for most application. A better approach, employs an electronic compensation circuit
which tracks the cold-junction temperature instead of maintaining the junction at a constant
temperature. The PC73A uses a LM35 temperature sensor to measure ambient {cold-junction)
temperature and compensates for this offset in sofiware.

Example.
Assume we have a type K thermocouple reading 23 millivolts, and the cold junction temperature is
21°C. What is the thermocouple temperature? "

From thermocouple tables a type K thermocouple generates 0.838 millivolts at 21°C. Thus the
measured temperature is 575°C which is the temperature for a type K thermocouple generating
23.838 millivoits. ‘




Ambient temperture sensor

Cold Junction

ThermocouK }/

Thermocoupie wires

Copper wires
®
Compensated ocutput

Figure 2.2. Thermocouple Measurements.

2.3. Temperatures from thermocouple voltag

Thermocouples are non-linear transducers. Each thermocouple type has its own unique
characteristic temperature versus voltage curve. For example a type J thermocouple has a thermal
coefficient of 22 pvolts/°C at -200°C and 64 uvolts/°C at 750°C. Calculating temperatures from
input thermocouple voltages and compensating for the non-linear behavior can be accomplished in
hardware. However software techniques are generally easier and more practical to implement.

Two software methods most commonly used are:

- Look-up tables. With this technique, a table of temperature versus all possible measured
voltages is stored and the appropriate temperature obtained via an indexing "lookup”
algorithm. The disadvantage of this method is the large memory storage required for
saving the tables.

- Polynomial compensation. Using this technique, polynomial curves approximate each
thermocouples temperature versus voltage characteristics. The order of the polynomial is
dependent on the temperature range and the type of thermocoupie used. For example type J
thermocouples can be approximated to 0.1°C over a 0°C to 70°C temperature range using



a fifth order polynomial. A type E thermocouple however requires a ninth order
polynomial for a 0.5°C accuracy.

For wide temperature ranges it is better to use several lower order polynomials over natrower
temperature ranges. The PC73A driver software uses three eight order to convert voltages to
temperatures for all thermocouples of type J, K, N, E, T, R, S and B. The range of each
polynomial is optimised for each thermocouple type. Also the cold-junction sensors temperature
input is converted to an equivalent thermocouple voltage using a second order polynomial and
used for calculating the thermocouples absolute temperature.

2.4 Thermocouple standards.

Thermocouple standards specify the voltage versus temperature characteristics, colour codes, error
limits and composition for standard thermocouples. There are five standards for thermocouples in
use. These are:

- NBS (NIST)/ANSI- American. The American NBS standard is currently the most ":wideljl
used. Colour codes are covered by ANSI and all make use of red negative leg colour

codes. The PC73A thermocouple polynomial conversion curves are based on the NBS
standard.

- BS - British. The British BS1843 standard makes use of blue negative leg codes.
- DIN - German. DIN 43714 thermocouples all make use of red positive leg colour coding.

- JIS - Japan. JIS C 1610-1981 thermocouples all make use of red positive ‘leg/white
negative leg colour coding.

- NF - French. NF C 42-323 thermocouples all make use of yellow positive l}t’eg\'"areolour
coding. i

Generally most thermocouple standards are interchangeable in terms of voltage versus temperature |
curves. The only exceptions are the DIN-J and DIN-T types.

Table 2.3. lists the extension and compensating lead insulation colour codes and standards for
several thermocouple types.




‘ British Amerjcan Germau
Code: Thermocoupie BS1843:1952 ANSI DIN
Overall
‘ Nickel-Cheominm/ Overnl Browa Parpie
E Copper-Niciel Positive Negattve Positive Negative
Broem. |  Blwe Purple Red
QOverall Black Oversil Block Oversll Blue
J Iros/Coppes-Nickel Positive |  Negative Positve |  Negative Fouittre Negative
Yellow Blae White Red Red Blwe -
Overail Red Overnll Yeliow Oveeall Green
Nickel-Chrominm/
4 Nickeh-Alominion Postitve Negative Positive Negative Posittve  Negasive
Brown Bise Yellow Red Red Graen
Overall Biue Overall Bloe Overail Brown
T Coppecs Copper-Nickel Positive Negati: Positive Negadive Positive Negasive
White - Bine Red Red Brows
Cosduciers
Copper/Coeper-Nickel Overall Geven Overnll Groea Oversll White
compensasiag forS & R
Placiovss Rhediam/
U Pladesn 050°C
range. Alernative Positive Negmiive Positive Negative Positive Nogative
Cupronie, Ca/Cou.
Copper/Ne. 11 Alley
o C e ML Dvernil Red Overnil Red Orverall Green
Alterngiive name,
Cu/Comsmatan
. c.-m, for Positive Negstive Positve Negative Pocldve Negatire
vX ‘K" ever -0 C Whie Blwe Brewn Red Red Grwes -
mage
Notes

You should establish from your supplier what standards your thermocouples conform and check

Extension Lesds are made of the ssme matenials as the thermocoupies themseives a5 in the table ‘E*, *J°, K"
and *T" Compensating Leads are made of different maierials to the thermocouples they work with but have
similar thermai/EMF factors up 10 a temperature not exceeding 80°C as in the table “U* and "VX".
Theuse of *T* wireinstesd of “VX* compensating leads for *K" can cause errors.

for any deviations from the standard of your measuring instrument supports.

Eight thermocouple types are most widely used in industry. These thermocouples are divided into

2.5. Thermocouple types and characteristics.

two groups: Base metal and Noble metal thermocoupies.

Table 2.3 Thermocouple compensation lead colour codes with standards.




2.5.1. Base metal thermocouples.

Base metal thermocouples are cheaper than noble metal types and are most commonly used. These
thermocouples with the exception of type N do not have specified metal compositions but may be
a combination of different metals that result in the appropriate voltage versus temperature curve.
Examples are type J, K, N, E, T and S thermocouples.

2.5.2. Noble metal thermocouples.
Noble metal thermocouples all have similar characteristics. They are all platinum/rhodium types
and more stable than base metal thermocouples. Normal operation is for measuring high

temperatures. These thermocouples are often covered by a nonmetallic sheath that prevents vapor
diffusion. Examples are type R and B thermocouples.

2.5.3 Other thermocouple types.

Other thermocouple types are available mostly in the form of exotic high temperature tungsten
types. Eg type G, C and D thermocouples for measurements up to 2320°C.

Table 2.4 lists the characteristics and properties of several widely used thermocouple types, while
Table 2.5 specifies the tolerances for certain temperature ranges.




Jaddo ) sa YN

mu._aum_unEum_ )
MO[ 1e Al[Rlaadss ‘JINg SA WOy
sdqqer isurede | rewsayy ySip yum Ijdnoa uewRISLDS
mdina jjoagpiw | -owaan qe)s pue eind rL61 9 ey $A WNWOIYY-PHIN .
$93yd pue atmierd | -2 ue Ing ww_n50uoi*u:_ LE6rSH 519 2,008 0 3 — 5B UmoUY cm? @
~dws umouy e o1 | felow aseq 3o se uNjo Wiy edde) =
uondunf ayy yeay | se "N'n aul ut pasn joN ) JURMOIYIININ w
12A9tN sa Jaddo) m
inolod s 4q sasnjetadusa) ol92-qns PLET § 1ed L'y 2,00t - 00T - 1 uey g
(3an150d) 1addoy) | pue moj loj pasn AjjelausD LE6rSH -ueIsuo) sa Jaddo)d —
—:SE UMOUY OS]V ..muu
1PN fy
) ) Jddoy, saddo)) _.m
uafolpiy pue ‘uoqied IVIN SA IDIN 4
onoulew Apydns | ‘aptueds Csnydins - suoip [AWnY Sa pwIoLD -
st (sane8au) ] -uod Bupnpal Aq paoayv £L61 p U ‘ZLSA L )
WNIuRUN =[N sasaydsounye Bujzipixo LE6PSH $60°Y D,0011-0 A =SB UMOUY OS]V ..m
ut sfqenns Aptenanied WMWY« 1aN4N z
B JUINIUOIYY-[NOIN e
£L61 £ 1ed UBIULISUOY) $A 24 c
sisns 7p anaufew ‘Spid€ pue suontp LE6vSH 89T 2,008 -0 r UBIUBISUO] SA UOI] %
st (aan1sod) uod| | -uo> Sulzipixo jo aiemag . - 5B Umouy os|v m
) ) ) ) . B Ja%gaN-13ddoy /uod) W.
J31m 19105 313 51 sa1aydsounse e ui aqm £L61 2 Med L49'0 J,00v1 -0 | o
{(oanedau) wnuneld | uohivaosd stwesds saanboy LE6rSE wnuge)d /wnpoyy m....
. €1 - wniie)g <t
ajdnodounay ], o~
‘ ey ©
J11m Ja1jos Ay s sassydsowse jje uraqm | fL6l 1 1ed . —:5¢ Umouy osfe =
(antedau) wnuneld | uotdaosd suresas saanbay LE6YSH S0 D,00¢1 -0 S wnupu|d /wnipoiy «
%01 - wnune|y f
SMIM 2,0 1% uopaung aBusy
aapieday pus aap aqeL 2uY ‘0,001 upuiado 15214 pawinN
=104 Jujjnuapg piRpuwI§ 45ppg 1PN snonupuo) A 31504 suops
soN vopwdddy Ay NICATIIN 0D | -uiqwio]) 10)2npuo))

1o poliapy PRI

{ensn




*Ds0 9A0qE saIniesadital 18 $30URIMOI paijdads 01 panddns AjjTwwdou E,,?mi_uu_.mE u_m_:cuoE._uz._. AE

UONEBULIGIUL JOIDAPUOD IO 1M + AT UL UDAIR DI S1013NPUOD JO SoWTY dANBWINIY ()

*sajjdde

anjeA JE218 2y, “aanieaadwz) feride Y3 Jo a8:uadISd © ST IO SNISPPD §22153D UL UOLITIAIP B SE 1ai11o passaadxs s} asuemvioI Yl (D)

D, ut aamesadwa) vopdunfownayi i st (1) (1)

i SAION
,00L1 01 2,009 2,00L1 01 2,009 gadA]
- 2:0091 01 2,0 2,0091 01 2,0 Slo Y adi],

(1) "$00°0 10 D¢
0¥ 01 2,002
U..Qw ol U:OON.

(3510040 D,6°T

Ja0F 01 2,002

(1510040 2,1

§20UE13{01 JO ANpijeA JO)

(1) °§200°040 D,6"1

J:00C1 01 2,01
2,05, 01 D0t
2,006 01 2,0t

SI2URJAJO1 JO AUPIRA

(161007040 D,6°T

2:05¢€ 01 D0t

$AMUBID|0) JO ANPIEA JO)

0)°'5L00°0 30 D, 1

sy amesadwa ]
J, [toot1-1) £00/0 + 1]

10(D,0011 010) D, 1

2,0001 01 0,0t
2,054 01 D0~
J.008 01 2,0t~

sytwi) armesadwa ]

(1) *$00°0 40 D,§°1

D008E 01 0,0t~

sHwi| aantesadwa )

(1) #00°040 D,5°0

(F) sanjea aouedjol

N adL}
[adiy

gadi)

(F) sanjea asurisjo]

ladiy

() sanjea asupsaj0 L

€

N‘

1

$§8[D) IUESA O |

€861 07 ved :LE6pSH

(2,0 18 uondUN{ UIAI) mmumacuczmulb H04d SASSVID IDNVHITOL

Table 2.5. Thermocouple Tolerances. Reference junction at 0°C




2.6 Thermocouple styles.

A thermocouples style is important in temperature measurements. Three styles are available as
shown in figure 2.6.

Metal Sheath Metal Sheath
Exposed Junction Grounded Junction Ungrounded Junction

Figure 2.6 Thermocouple Styles.

2.6.1 Exposed junction.

The exposed or bead junction has its junction directly exposed to air. These thermocouples are
recommended for measuring temperatures of static or non-corrosive gases and have fast thermal
response times.

The thermocouple junction is protected and covered by a conductive sheath which is insulated
from the thermocouple itself. Because of the electrical insulation around the junction, the thermal
time response between sheath and junction is long, typically in the order of several minutes. The
electrical insulation means it is safe to use these thermocouples in electrical systems that may be
floating at different voltage levels to the PC.

2.6.3. Grounded junction.

The thermocouple junction is protected and connected electrically to a conductive sheath. The
thermal response time is thus faster than ungrounded thermocouples. Disadvantages of this setup
are:

11



i} Ground loops can occur

and

ii] Your PC is not electrically isolated from the apparatus it is measuring. Whenever
grounded thermocouples are used for measuring temperatures in electrical systems it is
important to check that the two systems are referenced to the same ground point. Failure to
do so could result in a spectacular and catastrophic termination of your PC's life.

2.7. Using thermocouples.

Thermocouples are robust easy-to-use devices. However a certain amount of care is required to
avoid erroneous results:

2.7.1 Poor junction connections.

Poor junction connections are a prime cause of thermocouple problems. Errors of the orders of
tens of °C can occur with thermocouple wires simple twisted together. More acceptable ways of
forming the "hot" junction is using silver soldering or welding.

- Don't attempt to make up a thermocouple yourself. Amongst other problems, the ji'lfnction'
can be contaminated and excessive heat can cause decalibration. It is recommended that
commercially bought thermocouples always be used.

- Don't ever use twisted wires to form a thermocouple. this is almost guaranteed to result
in substantial measurement errors.

- Never mix thermocouple wires or replace only one lead of a thermocouple.“l The two
thermocouples of a particular batch are usually matched and the Constantin 1n a type J
thermocouple is NOT the same as Constantin in a type T thermocouple. “




No general rule is available for thermocouple sensitivities although the smaller gauge wires types
are suggested. Fine gauge unsheathed thermocouples are available with diameter ranges typically

from 0.025mm fo 0.81mm. This correlates to response times from 0.05 seconds to 40 seconds in
still air.

Insufficient thermocouple insertion into the material being measured will result in low
measurement readings. It is suggested that the thermocouples be inserted to a minimum of 4 times
the outside diameter of the protective sheath to ensure that the correct temperature is measured.

2.7.3. Decalibration. | )

Decalibration results from unintentionally altering of the thermocouples physical makeup. Thus
the thermocouples characteristics are permanently altered. Decalibration can result from:

- Diffusion of atmospheric particles into the thermocouple as a result of temperature
extremes.

- Cold-working the metal for example by drawing the wire through a metal conduit.

- Annealing due to temperature gradients in different sections of the wire.

2.7.4. Galvanic action.

Atmospheric particles as well as the dyes used in some thermocouple insulations can form an

electrolyte in the presence of water. This creates a galvanic junction resulting in an error in the
thermocouples output voltage.

2.7.5 Noise.

It is important to NOTE that electrical and electromagnetic noise can result in substantial
measurement errors when measuring low-level thermocouple signals. Using a PC fo house the
PC73A has numerous convenience and computational advantages, but a severe disadvantage in the
noise it generates. The PC73A was specifically designed to minimise noise problems from the PC

13



environment. Noise reducing design features on the card include the use of numerous RF and RC™
filters and the complete separation of analogue and digital circuitry.

2.8 Further reading.

This chapter has provided a brief overview of thermocouples and their properties. Should you
wish to learn more the following references are recommended: |

1. Jim Williams, "Clever techniques improve thermocouple measurements”, pages 145-
160, EDN 26th May 1988.

2. Paul Horwitz and Winfield Hill, The Art of Electronics, Cambridge University Press,
2nd Edition 1982, USA, pages 592-594.

3. D.H. Sheingold, Nonlinear Circuits and Handbooks, Analog Devices Inc, Norwood,
MA, 1974, pages 92-97.

4. "Manual on the use of thermocouples in temperature measurement”, ASTM special
publication #470A, American Society for Testing Materials, Philadelphia, PA, 1974.

5. "Thermocouple references tables”, NBS monograph #125, National Bureau of
Standards, Boulder, CO, 1975.

6. Jim Williams, "Designer’s guide to temperature sensors”, EDN. May 5, 1977, :'ﬁéiée 77.




Architectur

The PC73A is a PC based temperature measuring system which uses thermocouple transducers to
measure temperature. Up to eight thermocouples may be attached jointly on the external Auxiliary
card which connects to the main PC based card via a 25-way screened cable.

3.1 Auxiliary card.
The Auxiliary card has three primary functions: These are:

i] Provide screw-terminal connectors for attaching up to eight thermocouples of different

type.

ii] Positions the ambient temperature sensor (LM35S) external to the PC. The LM35
provides thermocouple cold-junction compensation and is selected when *AMBIENT" link
L2 is inserted.

iii] Provides a calibration terminal for the ADC. This option is selected when the
'"CALIBRATE' link L2 is inserted.

3.2. Analogue circuitry.

The analogue circuitry is located at the front end of the main PC73A card and is physicaily
isolated from all digital circuitry for noise reduction. The eight input analogue channels are
multiplexed to the inputs of an instrumentation amplifier. Switch SW3 sets the gain of the
amplifier which is normally set to 100 for thermocouple applications. Link L1 provides a DC bias
current path essential for thermocouple signals and should always be inserted. Low-pass LC and
RC f{ilters are placed on the inputs, outputs and power rails of the amplifier for improved noise
performance. Trimpots VR1 to VRS are used to trim the channel voltage offsets.

Amplified thermocouple signals from the instrumentation amplifier and the thermocouple cold-
junction compensation input are multiplexed to the ADC analogue input.

3.3. Analogue to digital convertor.

The AD774 ADC allows a 11 bit plus 1 sign digital conversion of input thermocouple signals.
Temperature data samples converted are read as two data bytes addressed as LDATA_73A and

15
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HDATA_73A in the software drivers. Trimpots VR9 and VR10 provided adjustment for the ADC
GAIN and bipolar OFFSETS. The maximum input voltage range for the ADC is +3 volts but it is
set to +4.096 volts for the PC73A.

* 3.4. Digital circuitry.
The digital circuitry is physically isolated from the analogue circuitry to improve the PC73A's
noise performance. A summary of digital functions are:

i] Set the base address of the PC73A.

ii] Provide registers for controlling and setting up the PC73A card. In the softwa;'e drivers
these registers are address as CHANN_73A (read only) and CNTRL_73A (read and write).

iii] Control batch and channel sampling timing during INTERRUPT MODE operations.
DIP switch SW2 provides different timing divisions for the on-board 4.9152Mhz crystal
which clocks the Intel 8254 counters. Counters 0 and 1 are connected in cascade and can
be programmed to provide timing intervals from 5 seconds to several days. After the
desired delay period, termed BATCH SAMPLING PERIOD, an ADC conversion will be
initiated. Further ADC conversions can be initiated during a batch sample by configuring
counter 2 to trigger the ADC from the interrupt servicing routine. This allows multi-
sampling of a selected channel input or the sampling of all the eight channel inputs.

iv] Interface capabilities to activate the PC's hardware interrupts IRQ3, IRQ4, IRQS and
IRQ7 during INTERRUPT MODE runs.




17

4 tting star

4.1 Hardware requirements:

i] A PERSONAL COMPUTER: IBM PC-XT/PC-AT, IBM PS-2/30, 386 or compatible personal
computer with a monitor.

ii] HARD DISK DRIVE.

ii] Main PC73A card

iii] Auxiliary card.

iv] A scregned 25 way connector cable.

v] An adjustable +35 volts calibrated voltage source (resolution +1 millivolts) for calibration.
vi] At least one or up to eight thermocouples.

vi] A basic knowledge of electronic circuitry and measuring techniques.

4.2 Software requirements:

i] Operating system: MS-DOS or PC-DOS version 2.0 or later.

ii] PC73A driver and calibration software supplied on diskette.

iii] You are software literate in C and capable of writing your own programs.

See figure 4.1 for basic PC73A hardware configurations.



{ LT LB LS L4 VYA10 VR VARH VYR8 VRAY VYR8 VRS VR4 VA3 VR2 ¥YR1 1
‘ Interrupts - |
SW3
Sw2 sSw L1
Main Card IPC I/QO Bus
Thermocouple O
— 8 25 way screened cabie
O ]
O L1 L2
C -
p swWy Address_ )
SW2 - Clock-Divider

. SW3 - AD624 Gain
VR1 to VR8 - Offsets
VR9 - ADC Gain
VR10, VR11 - Unused

Auxillary card

Figure 4.1 PC73A Hardware bonﬁguration.

4.3 Setting up the PC73A hardware.

The PC73A can be configured to suit the users requirements. Hardware conﬁguratibns should only b
be performed with the PC powered down and are selected by setting various jumpers and switches . A
(figure 4.1). Check the following hardware settings before inserting the PC73A into your PC: -




4.3.1 SW1. Setting the card address.

The base address of the card is set by using SW1. Addresses are set in hexidecimal by
setting SW1 to the binary equivalent of the required card address (eg. $200 [(hex]) and
increases in steps of eight. Eg $200, $208 etc... Note that the three least significant PC /O
address lines AD0, AD1 and AD2 are not accessible to the user. Thus the AD3 label next
to the first switch on SW1 correlates to a binary weight of 8 in the address word. Examples
of SW1 switch settings for valid card address are shown in figure 4.2.

Address DIP Switch SW1 Setting

(hex) AD9 ADS AD7 AD6 AD5 AD4 AD3
$0200 ~ ON OFF OFF OFF OFF OFF OFF
$0208 ON OFF OFF OFF OFF OFF ON
$020C "~ ON OFF OFF OFF OFF ON ON
$0300 ON ON OFF OFF OFF OFF OFF
$0308 ON ON OFF OFF OFF OFF ON
$030C ON ON OFF OFF OFF ON ON
$0380 ON ON ON OFF OFF OFF OFF

Figure 4.2 Valid PC73A Base Address SW1 Settings.

WARNING: Make sure that the PC73A addresses do not overlap with any other card address in
your PC.
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The instrumentation amplifier gain is set by switching SW3 to the appropriate GAIN
seiting required.(figure 4.3). The default and most common gain is 100.

AD624 DIP SWITCH SW3 SETTING.

Gain swd sw3 sw2 swi
1 OFF OFF OFF ON
100 OFF OFF ON OFF
200 OFF ON OFF OFF
500 ON OFF OFF OFF

Figure 4.3. AD624 Gain Settings for SW3.

Link L1 on the main PC73A main card provides a DC current bias path for thermocouples
and should always be inserted. :

4.3.4. Interrupt select links 1.4, 1.5, 1.6, and L7.

These links select a PC hardware interrupt for use with the INTERRUPT MODE. Only
one link of the four should be inserted. The interrupts are selected as follows:
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Link Number Selected Interrupt
L4 IRQ3
Ls ' IRQ4
L6 IRQS
L7 IRQ7

Figure 4.4. Link settings for hardware interrupts.

4.3.5. Auxiliary card links 1.1 and 1.2.

ONLY one link on the Auxiliary card should be inserted at any given time. The
'AMBIENT" link L2 selects the ambient sensor as an input to the ADC, while
"CALIBRATE' link L1 selects the calibration terminal as an input to the ADC.

WARNING: If both links L1 and L2 are inserted simultaneously while caliibrating the
ADC, the LM3$5 sensor may be damaged or destroyed.

4.3.6 SW2. Clock-divider switch setting.

This switch is only used when the card is run in INTERRUPT MODE. The divide by 4096
option shouid be the ONLY switch ON,

4.3.7 Calibration trimpots.

The eight voltage trimpots VR1 to VRS adjust each channeis voltage offset to zero during

calibration. Trimpots VR9 and VR10 adjust the ADC voltage GAIN and OFFSET when
calibrating the ADC. See the chapter 7 on calibrating the PC73A for details.



4.3.8 Connecting up.

Once all the above hardware settings are correct, install the PC73A as follows:
i] Insert the main PC73A card into a free 1/0 slot in the PC.

ii] Connect the 25-way screened cable to the protruding DB25 male connector.

iii] Connect the female DB25 connector on the Auxiliary card to the other end of the
screened cable.

iv] Attach thermocouples to the channel connector terminals on the Auxiliary card.

v] Connect a calibrated voltage source to the ADC calibration terminals if reqmred

Gl B PRI R I S o BB R S e

4.4 Setting up the software.

You first create a sub-directory for the PC73A software and copy the supplied software to your
HARD DISK. At the DOS prompt type the following:

C:> md PC73A < ENTER >

C:> cd PC73A < ENTER >

I N e S R b TN ) s
— !—" - E -

CAPC73A > copy a:\*.* < ENTER >
The following files are copied to the PC73A directory: |
i] PC73A.C and PC73A.H. (General C Drivers).
ii] EXAMPLES.C. (Simple examples written in C+ +).
iti] CAL.EXE. (Used for calibrating the PC73A).

iv] INT.EXE and STP.EXE. (Run PC73A in INTERRUPT MODE).
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To operate the PC73A you will have to study the manual chapter 6 "Software and Programming
Guide" and the supplied C driver software. The compiled software files CAL.EXE, INT.EXE

and STP.EXE are executable from DOS and allow the user to operate the PC73A without writing
software.




Register structur
Offset from Register Name Description
Base Address
0 HDATA_73A Read ADC MSB
1 LDATA T3A Read ADC LSB
2 CHANN_T73A Selects Analogue channel
input.
3 CNTRL_73A Controls ADC and timers
and read status of ADC.
4 ' COUNTERO Tntel 8254 Counter 0
5 COUNTERI1 Intel 8254 Counter 1
6 COUNTER2 Intel 8254 Counter 2
7 CNTRL_COUNTERS Intel 8254 Control Word
Figure 5.1 PC73A Register Structure.
5.1. Introduction.

This chapter describes the PC73A register structures for programming the card using Tow-level o
input and output I/O instructions. Note that high level source code drivers are provided with the

PC73A so the user may skip this chapter if these drivers are adequate.
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5.2, PCT3A registers.

Choose the base address of the PC73A in the PC I/O space, with DIP switch SW1. Eight
consecutive address locations from the base address are used by the card as shown in Figure 5.1.

5.3. HDATA_73A and LDATA_73A.

Analogue temperature voltage samples from the ADC have 11 bits plus one sign bit format. The
12 bit data sample is read in two operations from the HDATA_73A and LDATA_73A (figure 5.3)
registers. ADC data is only available if the STS bit 0 in the CNTRL_73A register is high.

POL { AD10 | AD9 | AD8 | AD7 | AD6 | AD5 | AD4 |

HDATA_73A

AD3 AD2 | AD1 ADO | XX XX XX XX

LDATA_73A

Figure 5.3. PC73A DATA_73A Register Structure.

Most Significant Byte:
Data bits (AD4 to AD10) [Bits 0 to 6]. ADI10 is the most significant bit of the MSB.

Polarity (POL) Bit 7. For positive ADC reading this bit is high (1). and for negative readings
low (0).

Least Significant Byte:

Data Bits (AD3 to ADO) [Bits 4 to 7]. AD3 is the most significant bit of the LSB.
Reserved bits (Bits 0, 1 2 and 3) These bits are read as zero



5.4. CHANN T3A.

The CHANN_73A (figure 5.2) is an 8 bit write only register used by the PCT3A to select the
analogue channel input for ADC conversions. The contents of CHANN_73A are clwed on
hardware reset. '

XX XX Xxx | GJc XX CH2 CH1 CHO |

Figure 5.2 PC73A CHANN_73A Register Structure

Channel Address Bits ([Ch2,Bit2], [CH1,Biil], [CHO,Bit0]) These three bits in the
CHANN 73A register select the analog channel for the next ADC conversion. These bits are only
enabled if CJC bit 4 is zero. CH2 is the most significant bit.

Cold Junction Compensation (CJC) Bit 4. Setting the CJC bit high in the CHANN_73A register
selects the ambient sensor voltage input as the next ADC conversion. This sensor measures the
ambient room temperature for thermocouple cold-junction compensation. Resetting CIC to zero
means the next ADC input is from the thermocouple channel selected by channel address bits
CH2, CH1 and CHO.

CHANN-73A Reserved Bits ( Bits 3, 5, 6, 7). These bits are reserved for future expansion and
should be written as zeros for future compatibility.

5.5. CNTRL 73A.

The CNTRL_73A (figure 5.4) is an 8-bit read and write register which controls ADC conversions.
Status information about the control bits is available when this register is read. All bits are cleared
to zero on a PC reset.

XX XX XX ET2 | 1IE C/R /DT BAC:

WRITE ONLY
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XX XX | xxx | xx | IE | C/R | /DT 8T8

READ ONLY

Figure 5.4. PC73A CNTRL_73A Register Structure.
When writing to CNTRL_73A the bits are defined as follows:

Begin AUTO Conversion (BAC) Bit 0. After the PC73A on board counters have been configured
for an INTERRUPT MODE run, setting this bit high starts the auto sampling process. The PC is
interrupted after the desired BATCH SAMPLE PERIOD where channel data is sampled.

Disable Triéger (D/T) Bit 1. This bit is used to mask the baich sample trigger pulse after a batch
sample is initiated during an INTERRUPT MODE run. An interrupt service routine would control
1/O operations, data reads and additional ADC conversions using counter 2. This allows multiple
samples of a singie channel input or samples of the other seven channels to be taken. Once
completed this bit is returned high and enables the triggering of a new batch sample after BATCH
SAMPLE PERIOD.

Convert/Read (C/R) Bit 2. Controls ADC conversions and data reads during POLLED MODE
operations. When this bit is high the ADC samples and converts the selected channels input
analogue signal. When this bit is low and the STS bit is high the converted data may be read from
HDATA_73A and LDATA_73A.

Interrupt Enable. (IE) Bit 4. The IE bit enables the selected hardware interrupt on the PC's I/O
bus. The hardware interrupt is selected by inserting one of links L4, L5, L6 and L7 on the main
PC73A card. Note the interrupts are tri-stated until the IE bit is set high. This bit should be set
before the PC73A is run in INTERRUPT MODE and ONLY if the user has written an interrupt
vector handling routine.

Enable counter 2 (EC2) Bit 4. Enables 8254 counter 2 when set high. This allows counter 2 fo
initiate ADC conversions during INTERRUPT MODE runs from the interrupt service routine.

CNTRL_73A Reserved Bits ( Bifs 5, 6, 7 ). These bits are reserved for future expansion and
shouid be written as zeros for future compatibility.



When reading CNTRL,_73A the bits are defined as follows:

ADC Status (STS) Bit 0. While an ADC conversion is in progress the STS bit is set low. After
the ADC conversion has been completed and data from the conversion is ready, the STS bit is
reset high. An end of conversion is indicated by monitoring this bit in the CNTRL_73A register
during POLLED MODE runs. This bit is also used to trigger hardware interrupts during
INTERRUPT MODE runs. '

Status of /DT Bit 1. Reading this bit indicates the status of /DT.

Status of C/R Bit 2. Reading this bit indicates the status of C/R.

Status of IE Bit 3. Reading this bit indicates the status of IE.

Undefined Bits ( Bits 4, 5, 6, 7). These bits are undefined when CNTRL_73A is read.

:
g
|
1
I

1. COUNTERD.

IC Ul4:- Intel 8254 Counter 0. 4
Counter Mode:- Set to Mode 2: Rate Generator.

Clock 0 Input:- Clock-divider crystal circuitry. Set by SW2.

Gate 0 Input:- Enabled when CNTRL,_73A SAC bit set high.

Output 0:- Cascaded to input of Counter 1.

Function - Set BATCH SAMPLE PERIOD time delays when the PC73A is used in INTERRUPT
MODE. Counter 0 and counter 1 are connected in cascade to give batch sampling periods from
seconds to days. See the 8254 data sheet and software drivers for more details.

5.8. COUNTERI1.

IC U14:- Intel 8254 Counter 1.
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Counter Mode:- Set to Mode 2: Rate Generator.

Clock 1 Input:- Counter 0 output.

Gate 1 Input:- Enabled when CNTRL_73A SAC bit set high.

Output 1:- Connects to ADC R/C input through the GAL20V3.

Function - Set BATCH SAMPLE PERIOD time delays when the PC73A is used in INTERRUPT
MODE. Counter 0 and counter 1 are connected in cascade to give batch sampling periods from
seconds to days. The output of this counter is used to trigger the start of a batch sample after time
BATCH SAMPLE PERIOD. See the 8254 data sheet and software drivers for more details.

5.9. COUNTER2.

IC U14:- Intel 8254 Counter 1.

Counter Mode:- Set to Mode 4: Software Retriggable One-shot.

Clock 2 Input:- Clock with frequency 154.75Khz.

Gate 2 Input:- Enabled when the CNTRL_73A EC2 bit 4 is set high.

Output 2:- Connected to the ADC R/C input through the GAL20v8.

Function:- Used to trigger new ADC conversions during a batch sample. Will normally be
configured from an interrupt service routine to allow for multiple sampling of a single channel
input (useful for averaging in high noise environments) or alternatively initiate ADC conversions
on any of the eight channels. A minimum delay period of 200 milliseconds is required when
switching between channels to allow for filter transient responses. See the 8254 data sheet and
software drivers for more details.

5.10. CNTRL_COUNTER.

IC U14:- Intel 8254 Control Word.
Function:- Configure counters 0, 1, and 2. See the 8254 data sheet for more details.



This chapter guides the reader in the necessary steps needed to program the PC73A for both
modes of operation. High-level software drivers are provided in file PC73A.C on diskette with the
PC73A and are described in this chapter. The driver software allows you to control the PC73A via
high-level function calls without understanding the low-level operation of the card. It is strongly
recommended that the user apply these drivers where possible or study the source code carefully
when writing custom software for the PC73A. A file called EXAMPLES.C written in C is also
supplied on diskette that gives simplified examples on how to configure the PC73A for the two
modes of operation. Note the directive BC ( see PC73A.C ) should be defined when compiling
with Borlandc C++, Turbo C etc and left undefined when compiling with Quick C and Microsoft
C.

6.1. POLLED MODE.

This mode of operating the PC73A is ideal for continuous real time temperature measurements.
The ADC is conirolled from the CNTRL_73A using software I/O operations. An end of
conversion is indicated by monitoring the STS bit in the CNTRL_73A. In this mode a dedicated
PC program is required and the following software operations are necessary:

i] Initialise PC73A.

ii] Select channel for ADC input.

iii] Initiate an ADC conversion.

iv] When completed read the sampled data.

v] Convert ADC voltage data to temperature reading.

vi] Repeat steps ii to v for each channel and the ambient sensors input.
6.2. INTERRUPT MODE.
The advantage of using this mode is when temperature readings are sampled over large time

intervals. Eg if you wished to sample channels 0, 1, 2, 3, 4, 5, 6, 7 every hour for a week. Using
the POLLED MODE to operate the PC73A would mean the PC is tied up until sampling is
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completed. With the INTERRUPT MODE option, the PC73A is configured to sample the selected

channels independent of direct program control using hardware interrupts and timers. If this
program is made memory resident the PC is free for alternative uses. The following software
operations are required when configuring the PC73A for an INTERRUPT MODE run:

i] Initialise the PCT3A.

ii] Configure the 8254 counters 0 and 1 to trigger a baich sample after the required
BATCH SAMPLE PERIOD. In the above example the BATCH SAMPLE PERIOD is 1
hour.

iii] Write an interrupt service routine for the selected PC hardware interrupt. This routine
would control ADC conversions and data reading during a batch sample. For example this
routine couid:

a] Read ADC sampled data and save to a DATA array.

b] Initiate multiple ADC conversions for each of the selected channels inputs say
200 pseconds apart. This is useful for averaging in high noise environments.

] Initiate and control ADC conversions for the different selected input channels. A
minimum switching period of 200 milliseconds is required when changing from
channel to channel.

Of course the PC73A can operate in INTERRUPT MODE under a dedicated PC program. This
would be particular useful with large programs where all data sampling can be controlled in the
interrupt service routines. This frees the main program to perform alternative tasks and functions.

Because of the rather complex nature of writing software programs to run the PC73A in
INTERRUPT MODE using a memory resident program, two executable programs are supplied on
diskette that enable the user to run this mode from DOS without the need to write the software.

The program INT.EXE initates an INTERRUPT MODE run and remains resident in the PC's
RAM allowing other application programs to be run concurrently. CAL.EXE should first be
executed to calibrate the PC73A. The input parameter format for this program are:



INT [Address] [Interrupt Number] [BATCH SAMPLE PERIOD] [Number of Batch
Samples] [Channel Sequence].

with:
i] [Address] - PC73A card address set by SW1 in hexidecimal.

ii] [Interrupt Number] - Select one of the PC hardware interrupts 3, 4, 5 or 7. Links L4,
L5, L6 and L7 select the interrupt option on the PC73A card.

iii] [BATCH SAMPLE PERIOD)] - Value in seconds in the range of 5 seconds to 40 days.

iv] [Number of Batch Samples] - Selects the number of batch samples each BATCH
SAMPLE PERIOD apart. In the above example, number of batch samples = 1 (sample per
hour) x 24 (hours per day) x 7 (days per week) = 168. During each batch sample,
channels 0, 1, 2, 3, 4, §, 6, 7 will be sampled. The ambient temperature sensor is also
sampled automatically.

v] [Channel Sequence] - Enter the channel sampling sequence and order. A maximum of |
8 channel numbers may be entered. Should you only wish to sample the ambient
temperature this variable is not entered.

Examples of valid inputs are:
a] INT 300 3 300 20 6 1 4. An INTERRUPT MODE run is initiated with a PC73A card
having address 300 hexidecimal and using hardware interrupt 3. Channels 6, 1, 4 and

ambient are sampled every five minutes (300 seconds) for 1 hour ( 20 batch samples).

b] INT 300 4 3600 24. In this run example the ambient temperature is sampled every hour
for 24 hours.

The program STP.EXE is used to halt an INTERRUPT MODE run initiated by INT.EXE v
prematurely/(when completed) and to download the sampled data to a DOS file TEMP.DAT. The .
format of the data download is raw ADC voltages which need to be converted to temperatures '
using function Volistemp(). The program INT.EXE is removed from the PC's RAM after

STP.EXE is used to halt the INTERRUPT MODE run. ' |
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Warning: When running application programs that also use interupts while INT.EXE is
memory resident, system problems may be experienced. If this occurs select another
interrupt.

6.3. C Drivers.

Driver software in C is provided on a diskette included with the PC73A card. The source file
name is PC73A.C and the include file called PC73A.H. Compilation of the drivers with most C
compilers should be possible. Note the directive BC must be defined when compiling PC73A.C
with Borlandc C++, Turbo C etc and left undefined when compiling PC73A.C with Quick C and
Microsoft C.

Include: <PC73A.H>

Function:

Initialises the PC73A card. The polynomial constants used to convert ADC data to temperature
readings are also initialised in this module and which are used by function Volts2temp(}. This
function should be called before the PC73A in run in either of the two modes.

Input Variables:
i] int iBrd_num: Enter number from 0 to 7. Eight boards can reside in the PC at any one time.

ii] int iBrd_type; Enter PC73ABRD.

iii] int iBase_addr; Eg. enter $300 or any valid PC I/O space address.
Return Variables:

i] RETURN_OK - Board Initialised successfully.

or

ii] ERR_NOT_AVAIL - Board not found or faulty.

Low Level Coding:



Include: <PC73A.H>

MODE: POLLED MODE.

Function: Lo
Gets a single ADC conversion from analogue input "iChan" on board "iBrd_num"”, and returns the
voltage result "ADC_Res". The output voltage range is +4095 millivolts. The ADC conversions
are controlled directly from CNTRL_73A.

Input Variables:
i] int iBrd_num: Enter same board number as used when initialising the PC73A card.

ii] int iChan; Enter value from 0 to 8. Note that values 0 to 7 refer to the analogue voltages from
thermocouple channels 0 to 7. iChan = 8 refers to the ambient sensor voltage input.

Return Variables:

i] RETURN_OK - Board Initialised successfully.
or

ii] ERR_NOT_AVAIL - Board not found or faulty.

iii] int *ADC_Res: Raw analogue voltage reading obtained from ADC. Note that for open
circuited channels (ie. no thermocouple attached ) a value of -4095 millivolts is returned.

Low Level Coding:
i] Write the address of the channel you wish to obtain a sample voltage from to CHAN_73A.

ii] Delay at least 200 milliseconds to allow for low-pass filter transient response delays.
iii] Check STS bit in CNTL_73A is high. This means an ADC conversion may be initiated.

iv] Write $04 (hex) to CNTRL 73A register. This initiates the ADC to begin sampling the
analogue voltage. ’

v] Wait for the STS bit in CNTRL_73A to return high. This means that a valid ADC @hversidﬁf
has occurred.
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v] Write $00 to CNTRL_73A. This allows data to be read from HDATA_73A and LDATA_73A.
vi] Read the most significant data byte from HDATA 73A.
vii] Read the least significant data byte from LDATA 73A.
viii] Combine the two data bytes to calculate the count value in the range of +2048 counts. Note
1 count correlates to 2 millivolts so multiply the count value by two to give a voltage reading in

the range of +4.095volts.

ix] Test polarity bit 7 of the most significant data byte. If high the result is positive otherwise
negative. '

x] For a more accurate reading in the presence of noise it is advisable to sample the channel
signals several times and calculate the average count reading. Remember thermocouple voltage

changes are in the pvolts range.

x] Return voltage reading *ADC_Res.

6.3.3 double Volts2temp( iThermo. dvolts, dtem

Include: <PC73A.H>

MODE: POLLED and INTERRUPT MODES.

Function:

Mathematically converts a thermocouple ADC sampled voltage and the ambient temperature to a
thermocouple junction temperature in degrees Celsius. Uses the thermocouple polynomial curves
initialised in function Init_brd();

Input Variables:

i] int iThermo: Thermocouple type that is being used to measure the temperature. Thermocouple
types supported are J,K,E,T,B,R,S and N.

ii] double dvolts: Thermocouple analogue voltage [Volts] obtairied from an ADC conversion.

ili] double *dTemp: Ambient temperature in degrees Celsius.
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Return Variables:
i] double *dTemp: Thermocouple temperature in degrees Celsius.

Low Level Coding:
None.

Include: <PC73A.H>

MODE: POLLED MCDE.

Function:

This module returns the thermocouple temperature pdTemp in Celsius from channel "iChan" on
board "iBrd_pum". This module performs high-level function calls to modules AD in() and
Volts2temp().

Input Variables:
i] int iBrd_num: Enter same board number as used when initialising the PC73A card.

ii] int iChan: Enter value from 0 to 7. Note that values 0 to 7 refer to the analogue vol‘téges from
thermocouple channels O to 7. ’

iii] int iType: Thermocouple type that is being used to measure the temperature. Thermocouple
types supported are J,K,E,T,B,R,S and N.

Return Variables:
i] double *pdTemp: Thermocouple temperature in degrees Celsius.

Low Level Coding:
None.

6.3.5. int set batch time(iBrd num, clock divider, batchtime );

Inciude: <PCT3A.H>
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Mode: INTERRUPT MODE.

Function:

This module sets up the BATCH SAMPLING PERIOD when running the PC73A in INTERRUPT
MODE and triggers a batch sample. For example if temperature samples from channels 3, 2, 6, 7,
0, ambient is required every 2 hours apart, the batch sampling period is 7200 seconds. The
BATCH SAMPLING PERIOD is dependent on the setting of SW2 which most commonly is set to
the divide by 4096 option. The BATCH SAMPLING PERIOD is given by:

CLOCK DIVIDER * (COUNTERO - 1) * COUNTER1

CRYSTAL FREQUENCY

with:

a) clock_divider = 64, 128, 256, 512, 1024,..4096 set by SW2. Default and recommended setting
is the divide by 4096 option.

b) Crystal frequency = 4.9152Mhz.

¢) COUNTERD is a value from 2 to 65‘536 loaded as a 16 bit word to register counter 0. This
module selects COUNTERO to have a minimum output clock period of 200 milliseconds and
increments the value to allow for larger sampling pericds.

d) COUNTERLI is a value from 2 to 65536 loaded as a 16 bit word to register counter 1.

Input Variables:
i] int iBrd_num: Enter same board number as used when initialising the PC73A card.

ii] int clock_divider: Set by switch SW2 on the PC73A card.
iii] Batchtime: Time in seconds between successive batch samples.
Return Variables:

il RETURN_OK - Board Initialised successfully.
or



il ERR_NOT_AVAIL - One of a) PC73A not found B) PC73A is faulty) PC73A not 1mt1ahsed or
d) Batch sampling time requested with SW2 setting is impossible.

Low Level Coding: :
Note the counter values are calculated from the SW2 setting with a minimum output clocking
period for counter 0 of 200 milliseconds.

i] Determine count values for counter 0 and counter 1.

ii] Write $34 (hex) to CNTRL_TIMER. Sets up counter 0 to mode 2.

iii] Write lower count byte to COUNTERO.

iv] Write upper count byte to COUNTERO.

v] Write $74 (hex) to CNTRL_TIMER. Sets up counter 1 to mode 2.

vi] Write lower count byte to COUNTERI.

vii] Write upper count byte to COUNTERI.

Include: <PC73A.H>

Function:

After the PC73A counters have been configured to run in INTERRUPT MODE, this module starts
the run. The card will now initiate a batch sample trigger after BATCH SAMPLE PERIOD. Batch
triggers will continue until a software halt.

Input Variables:
i] int iBrd_num: Enter same board number as used when initialising the PC73A card.

Return Variables:

i] RETURN_OK - Board Initialised successfully.
or

ii] ERR_NOT_AVAIL - Board not found or faulty.




Low Level Coding:
i] Write $0B (hex) to CNTRL_73A.

Include: <PC73A.H>

Function:

Halts batch sampling trigger pulses after the PC73A has run in INTERRUPT MODE.

Input Variables:
i] int iBrd_num: Enter same board number as used when initialising the PC73A card.

Return Variables:

i] RETURN_OK - Board Initialised successfuily.
or

ii] ERR_NOT _AVAIL - Board not found or faulty.

Low Level Coding:
i] Write $00 (hex) to CNTRL_73A.

Include: <PC73A.H>

MODE: INTERRUPT MODE.

Function:
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Reads the ADC data on board "iBrd_num" after a hardware interrupt and returns the voltage result
"ADC Res". The output voltage range is +4095 millivolts. This module will normally be called
from the interrupt service routine. Note the channel from which data is sampled must be set up at

least 200 milliseconds beforehand.

Input Variables:
i] int iBrd_num: Enter same board number as used when initialising the PC73A card.



Return Variables:

i] RETURN_OK - Board Initialised successfully.
or

ii] ERR_NOT_AVAIL - Board not found or faulty.

ifi] int *ADC_Res: Raw analogue voltage reading obtained from ADC. Note that for open
circuited channels (je. no thermocouple attached) a value of -4095 millivolits is returned.

Low Level Coding:

i] Write $09 (hex) to CNTRL_73A. This masks the batch sample trigger pulse and allows data to
be read from LDATA_73A and HDATA_T3A.

ii] Read the most significant data byte from HDATA_73A.
iii] Read the least significant data byte from LDATA_73A.
iv] Combine the two data bytes to calculate the count value in the range of +2048 counts. Note 1
count correlates to 2 millivolts so multiply the count value by two to give a voltage reading in the

range of +4.095volts.

v] Test polarity bit 7 of the most significant data byte. If high the result is positive otherwise |
negative.

vi] Return voltage reading *ADC_Res.

Include: <PC73A.H>

Mode: INTERRUPT MODE.
Function: CE
This module triggers an ADC conversion after { count * 32 ) / 4.9152 Mhz seconds. It should |
primarily be called during batch sampling from the interrupt service routine. Its function is fo
allow multiple sampling of a single channel input (useful for averaging in high noise
environments) or to initiate ADC conversions on the other selected channel inputs. Note a delay
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time of 200 milliseconds is required when switching between channels. The 8254 counter 2 is
configured to mode 4 and is enabled by the EC2 bit in the CNTRL_73A register.

Input Variables:
i] int iBrd_num: Enter same board number as used when initialising the PC73A card.

ii] count: Range from 16 to 65535. The available delay time is from 100 wgseconds to 423
milliseconds.

Return Variables:

i] RETURN_OK - Board Initialised successfully.

or

ii] ERR_NOT_AVAIL - One of a) PC73A not found B) PC73A is faulty. ¢c) PC73A not
initialised. |

Low Level Coding:
i] Write $19 (hex) to CNTRL_73A. Enables COUNTER 2.

i] Write $B8 (hex) to CNTRL_TIMER. Enables COUNTER 2 to mode 4. This configures
COUNTER 2 to a mode 4 software triggered strobe counter.

iii] Write the lower count byte to COUNTER2.

iv] Write the upper count byte to COUNTER?2. This starts the timing.

Include;: <PC73A.H>

Mode: INTERRUPT MODE.

Fﬁnctiun:
Installs the interrupt service routine INT handler for the selected hardware interrupt.

Imput Variables:
i] int INTR: Select either IRQ3, IRQ4, IRQS or IRQ7.



Include: <PC73A.H>

Mode: INTERRUPT MODE.

Function:
Reinstalls the old interrupt service routine for the selected hardware interrupt.

Input Variables:
i] int INTR: Select either IRQ3, IRQ4, IRQS or IRQ7 as used in set_int().

Include: <PC73AH>

Mode: INTERRUPT MODE.

Function:
This module is an example of a typical interrupt service routine used for INTERRUPT MODE
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Program CAL.EXE is supplied on the distribution diskette and provides a user-friendly software
tool for calibrating the PC73A.

7.1. Equipment required.

171 An adjustable calibrated S volts source. Resolution +1mv or better.
2] Actual thermocouples that will be used for temperature sampling.
3] PC73A and Auxiliary cards.

4] Calibration program CAL.EXE.

1] First read chapter 4 and ensure that you are familiar with all the hardware settings of the
PC73A. We will assume the following hardware settings:
a) SW1 is set to address $300 (hex).

b) The AD624 gain switch SW3 is set to gain seiting 100. (Most commoenly used with
thermocouples )

¢) Link L1 on the main PC73A card is inserted.
d) Link L'7 selecting IRQ7 on the main card is inserted.
€) SW2 is set to the divide by 4096 option.

2] On the DOS prompt type the following:

C:\PC73A CcAL
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3] Check the card status reads PC73A OKAY.

4] Steps 5 to 10 describe the procedure to calibrate the ADC. Note this procedure need not be
performed every time the PC73A card is used.

5] Insert the "CALIBRATE' link L1 on the Auxiliary card.-The 'AMBIENT" link L2 ‘should be
removed. It is important that links L1 and L2 NEVER be inserted simultaneously while the ADC
is being calibrated.

6] Atiach a calibrated voltage source to the Auxiliary calibration terminal inputs.

7] Type 'C" from the main program screen to enter the ADC calibration option.

8] To calibrate the ADC OFFSET, apply 0 millivolts and adjust trimpot VR10, until the ADC
output reading indicates 1 millivolts.

9] To calibrate the ADC GAIN apply an input voltage of 4093 milliVolts and adjust trimpot VRS
until the ADC output reading just indicates 4095 millivolts.

10] Steps 8 and 9 are interactive so these steps should be repeated several times until the ADC is
calibrated.

11] Once the ADC is calibrated type "ESC' to return to the main calibration screen.

12] Remove the calibration source. Insert the 'AMBIENT" link L2 on the Auxiliary card and
remove the "CALIBRATE' link L1.

13] Attach up to eight thermocouples to the appropriate thermocouple input chanriels. Note you
need only attach thermocouples to the channels you will be using for measurements.

14] Ensure the channels are set up for the correct thermocouple type. Use the LEFT RIGHT UP |
and DOWN arrow keys to select different thermocouple type settings.

15] Adjust the CHANNEL OFFSET trimpots VR1 to VRS for each of the channels until each
VOLTAGE display output reads zero millivolts.

16] Repeat steps 15 for at least ten minutes until the PC73A reaches normal PC opérating '
temperature. ‘
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7.3. Features of program CAL.EXE.

1] CAL.EXE also displays temperature readings for each channel so this program can be used for
temperature measurements.

2] Should you wish to change the hardware base address setting of SW1, use the PC keyboard
"+" and "-" keys to adjust the software settings until it correlates to SW1. If the PC73A is found,
the message: "PC73A OKAY" will be displayed on the screen.

3] The thermocouple type for each channel can be adjusted by using the UP, DOWN, LEFT and
RIGHT arrow keys.

4] The latest "setup’ configuration for CAL.EXE can be saved by pressing the 'S’ key ie.
thermocouple types and base address.

5] Type 'F1" to access the Help menu.







Appendix A

Hardware Specifications.

L. ANALOGUE INPUTS.

1. Number of input channels: 8

2. ADC resolution: 11 bits plus 1 sign bit.

3. Channel input impedance: > 10 vMegohms.

4. Gain settings (SW3) and maximum input voltage ranges:

Gain Voltage

i +4.096 volts

100 440.95 millivolts
200 +20.475 millivolts
500 +8.190 millivoits

5. Channel offset voltages: All channels adjustable to zero.
6. Data Acquisition Rate: SHz maximum.

7. Quantisation uncertainty: +0.5 LSB (2 millivolts).

8. ADC GAIN: AD774 gain adjustable for an input voltage range of +4.096 volts.

9. Open circuited thermocouple channels are biased to -4095 milliVolts.




II PC INTERFACE.
1. Base Address: Set by DIP switch SW1.

2. Number of registers: 8.

Offset from Register Name Description
Base Address
0 HDATA 73A Read ADC MSB
1 LDATA_73A Read ADC LSB
2 CHANN_73A Selects Analogue channel
input.
3 CNTRL_73A Controls ADC and timers
and read status of ADC.
4 COUNTERO Intel 8254 Counter 0
5 COUNTER1 Intel 8254 Counter 1
6 COUNTER2 | Intel 8254 Counter 2
7 CNTRL_COUNTERS  Intel 8254 Control Word
III. POWER.

1. Digital: +5 volts from PC supply.

2. Analogue: +12 volts from DC to DC convertor and linear regulators. Derived from PC +5
volts. '
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3. Current: Maximum of 100mA.

IV. GENERAL.
1. Temperature readings resolution + 1°C dependent on noise and environment.
2. Two operating modes: POLLED MODE and INTERRUPT MODE.
3. PC73A printed circuit board designed for minimum noise rejection.
- RC and LC Low-pass filters on analogue circuitry.
- RF filters on power supplies.
- Shielded cable connects Main and Auxiliary cards.
- Analogue and digital circuitry separated.
4. Cold-junction compensation temperature range: 0°C - 70°C.

5. Link L1 on the main PC73A card should always be inserted. ( provides DC current bias for
thermocouples )

6. Link L2 on the Auxiliary card is used to connect the ambient sensor to the ADC.
7. Link L1 on the Auxiliary card is used to connect a calibrated voltage source to the ADC.

8. Links 1.4, L5, L6, L7 select PC hardware interrupts IRQ3, IRQ4, IRQS and IRQ7.




Thermocouple Tables.

ivalents.

Temperature / Millivolts Eq
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