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1.— INI'TRODUCCION

El1 Calibrador 0Qili-22 posiciona uns carra (cuerpo ne~ro) a la temperatura
ambiente (carca caliente) frente 2 la bocina del receptor o deja ésta libre
para observar el cielo. Un sensor de temperatura v su circuiteria aneja pro-

porcionan una tensibén de salida proporcional a la temperatura ambiente (¢C) a

razén de 100 mV/eC.,

La carsa caliente est& montada sobre un carro quc se despiaza sobre un par

de guias delante de la bocine, accionado por un motor de c.c. ¥ un sisiema de

cable 3 poleas.
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2,— ESrECIRICACIONES

Alimentacién: 220 V. 4.C.

Control: lianual mediante conmutador (2 posiciones)
Remoto (3§ posicibn del conmutador). Una sefizl TTL vrovorciona in
forracién sobre el modo de control (0/1 = Remoto/Tianual). En modo
Remoto lz posicién del carro se conirola mediante una seiial
oL (o/1 = ¢C/CI).

Temperatura: Sensibilidad del circuito de medida IOOmV/QC.

Impedancia de salida 1 K {1,

Situacibn

del carro: Dos lineas de salida, una parz la carga caliente Vv otra pora el
cielo, indican la posicién del carro.
Un nivel O TTL en una linea sienifica que el carro esta en la po-

sicibn correspondiente a dicha linea; con nivel 1, cue no lo esté.
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La Ce j= de Alimentaci6n, situa’a delante del carro, contiene un



circuito impreso con las fuentes de alimentacidn {(firura 1) ¥ el circuito me-
didor de temperatura (firura 2). También sobre dicha Caja estén monta’os el
Conmutador de Control de la posicién del carro, el Conector de salids hacia la
Caja de Distribucién de Seliales del Recepior ( Conector Control Calibra’or), el
Conector de Salida hacia la Caja de Relés, el interruntor y el fusible de red.

El Sensor de Temperatura ADS90L de Analog Devices est4d montade sobre un concc—

tor Cannon al lado izquierdo del bastidor de soporte del carro; en el Apéndice
A se dan sus caracteristicas.

e circuito

joh}

La Caje de Relés, situada detras del carro, contiene unc tlaca

impreso sobre lz que estén la fuente de alimentacibn de 247. del motor v los
circuitos de relés cue lo conirolan (figura 3), A través de un conector Cznnon

se conecta al motor, 2 la Caja de Alimentari6bn v 2l Sensor de Temperatura.

Lz disposicién de los conectores puele verse en lac Trblas I~ II, v la

del Conmutador de Control, en la fi-ura 4.
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Conexionadc de la Caja de Alimentacién:

Conector
CONTROL CALIBRATOR FLACA CI SL AL
1 1MASA Masa
2 S1 rosicién CC (TC1)
3 S3 Posicién CI (FC2)
4 S2 + 5 V. (Antirua posiciébn CF)
5 4 Comando de Posicibn
6 ic
T HC
8 (Conmutador Control) Salida LoCAL/25Ei070 (1/0)
9 Ss Salidz temperatura (100mV/eC)
Conector SALIDA A
CAJA DOE RELLS PLACA CI SE AL
1 JASA liesa
2 Conmuiador FCl., Activacién relé
R2
3 Comando de Posicién
4 51 Conmutador FCl. Nivel CC
5 NG
6 s3 Conmutador FC2, liivel CI
7 NC
8 1C
9 IC
10 Conmutador FC2. Activacié6tn relé
R4
11 - 5.2V Alimentacién sensor temperazture
(-5.2V)
12 4+ 15V 4 15 V haciz relés
13 Se Seial del sensor de temperatiura
14 Transformador 18 V AC
5 " 16 V AC
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Tabla II

Conexionado de la Caja de Relés:

40"

1 LACA CX SE AL
iIASA hasa
Alimentacibn motor
Alimentacién motor
R4 Relé R4 (actuacién)
18 VAC 18 V.4.C, Fuente alim. motor
18 VAC 18 V.4.C. " = Ll
4 15V, 1 15 V. Alimentacién relés
He
R3 Comando dGe Fosicién (CONTROL)
IiC
R2 Relé R2 (actuacién)

Conector Sensor Temperatura:

SE.AL

Alimentacién motor

Masa

NC
Sensor -
NC

"

(- 5.27)

Sensor + (sefial sensor)
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FIGURA 1. Fuentes de Alimentacidn
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(*) las resistencias de 1K estah montadas
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R3 determina el sentido de giro del motor, sequn el nivel de la sefial de control.

R2 y R4 desconectan el motor cuando el carro alcanza la vownoﬁqr comandada. Los conmutadores fin de carrera

FCl y FC2 desconectan el correspondiente relé R2 o R4 al ser pisados por el carro y envian un & ldgico por
la linea CC o CL.

Las resistencias de 1.5.n disipan la energia mecanica acumulada por el motor, para frenarlo.

FIGURA 3. Placa de reléds,
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FEATURES

Linear Current Output: 1uA/°K

Wide Range: -55°C to +150°C

Probe Compatible Ceramic Sensor Package

Two-Terminal Device: Voltage In/Current Out

Laser Trimmed to +0.5°C Calibration Accuracy (AD590M)

Excellent Linearity: +0.3°C Over Fu!l Range Range (ADS90M) |

Wide Power Supply Range: +4V to +30V
Sensor lsolation from Caze
Low Cost

PRODUCT DESCRIPTION

The AD590 is a two-terminal integrated circuit temperature
transducer which produces an output current proportional to
absolute temperature. For supply voltages between +4V and
+30V the device acts as a high impedance, constant current
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resistors is used to calibrate the device to 298.2uA output at
298.2°K (+25°C).

The AD590 should be used in any temperature sensing applica-
. o . . . .

tion below +150°C in which conventional electrical tempera-

ture sensors are cuirently employed. The inherent low cost of
a monolithic integrated circuit combined with the elimination

of support circuiiry makes the AD590 an attractive alternative

for many temperature measurement situations. Linearization

* circuitry, precision voltage amplifiers, resistance measuring

circuitry and cold junction compensation are not needed in
applying the AD590.

In addition to temperaturc measurement, applications include
temperature compensation or correction of discrete compo-
nents, biasing proportional to absolute temperature, flow rate
measurement, level detection of fluids and anemometry. The
AD590 is available in chip form making it suitable for hybrid
circuits and fast temperature measurements in protected en-
vironments.

The AD590 is parzicularly useful in remote sensing applica-
tions. The device is insensitive to veltage drops over long lines
due to its high impedance current output. Any well-insulated
twisted pair is sufficient for operation hundreds of feet from
the receiving circuitry. The output characteristics also make
the AD590 easy to multiplex: the current can be switched by
a CMOS multiplexer or the supply voltage can be switched by
a logic gate output.

information furnished by Arnalog Devices is believed 10 be accurate
and reliable. However, no responsibility is assumed by Anzlog Devices
for its use; mor for any infringements of patents or other rights _Of "":lrd
parties which may result from its use. No hicense 1s granted by impiica-
tion or otherwise under any patent or patent rights of Analog Devices.
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Two-Terminal IC
Temperature Transducer
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PRODUCT HIGHLIGHTS

1. The AD590 is a calibrated two terminal temperat\}re sensor
requiring only a dc voltage supply (+4V to +30V). Costly
ransmitters, filters, lead wire compensation and lineariza-
tion circuits are all unnecessary in applying the device.

2. State-oi-the-art iaser trimmung at tne wafer level i cenjunc-
tion with extensive final testing insures that AD590 units
are casily interchangeable.

3. Superior interference rejection results from the output
being a current rather than a voltage. In addition, power
requirements are low (1.5mW’s @ 5V @ +25°C). These
features make the AD590 easy to apply as a remote sensor.

4. The high output impedance (> 10M$2) provides excellent
rejection of supply voltage drift and ripple. For instance,
changing the power supply from 5V to 10V results in only
2 1A maximum current change, or 1°C equivalent error.

5. The AD590 is electrically durable: it will withstand a
forward voltage up to 44V and a reverse voltage of 20V
Hence, supply irregularities or pin reversal will not damage
the device. :

6. The device is hermetically scaled in both a ceramic sensor
package and in to TO-52 package. MIL-STD-883 pro-
cessing to level B is available ard, for large unit volumes,
special accuracy requirements over limited temperature
ranges can be satisfied by selections at final test. The device
is also available in chip form.

A
P.O. Box 230; Norwood, Massachusctts 02062 US.A.
Telex: 924491 Cables: ANALOG MNORWOODNMASS
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SPECIFICATIUNS

(typical @ +25°C and Vg =5V unless

otharwise noted)

MODEL AD3901 AD590] AD590K ADS5$0L ADS90M
ARSOLUTE MAXIMUM RATINGS ’
Forward Voltage (E+ to E-) +44V O = e *
Reverse Voltage (E+ to E-) -20V . . o = e
Breakdown Voltage (Casc to E+ or E-) +200V 1 e O = 0
Rated Performance Temperature Range -SSnC to +150°C * j > . )
Storage Temperature Range' -65 E to +155 C U S = D
Lead Temperature (Soldering, 10 scc) +300°C 0 | . 0 D
POWER SUPPLY
Opcraung Voltage Range +4V 10 +30V - i * " *
OUTPUT .
Nominal Current Qutput @ +25°C (298 2°K) 298 2uA . - by G
Nopr o o qrure Corffn et 1A K * he * ) .
' { LS T R LR -5 0% an +2 5°C mav 1 0% ma 10 ST may
s 8 Crax
Wit - ( ER] nax
13,0 C max 15 Lnaa O & € roax S .
Ll L

Nonlincarity
chcaxabnlny’
Long Term pnft*
Current Noise
Power Supply Rejection
+4V < Vg € +5V
+5V < Vg < +15V
+15V < Vg < +30V
Case Isolation to Eather Lead
Effective Shunt Capacitance
Electrical Turn-On Time®
Reverse Bias Leakage Current®
(Reverse Voltage = 10V)

+0.1°C max
+0.1°C/month max
40pAv/Hz

0.5uA/V
0.2uA/V
0.1uA/V
10'°Q
100pF
20us

10pA

*Specificanons same as AD5901

' The ADS90 has been used at -100°C and +200°C for short periods
of measurement with no physical damage ro the device However,
the absolute errors specified apply to only the rated pe

lcmpn‘zturc range

3Sec page 8-10 for explanation of error components. Note that

+1°C error s the equivalent of z1uA error.

3 Maximum deviation between +25°C readings after tempera-

wre cycling berween =55°C and + 150°C: guaranteed not tested.

rformance

*Conditions: constant +5V, constant +125°C; guaranteed,

not tested.
3 Does not include self heating effects; sec page 8-11 for explanaiton of
these effects.

¢ Lcakage current doubles every 10°C.

Speaficanons subject to change without notice.

°K +223° +273°  +208° +323° +373° +423°
*c -50° 0°  +25° +50° +100° +150°

] 1 | t 111 ‘ 1 11t 4 l . . 11l i

T]ll]llTlTll!llll'll ll]llllllﬁlllll”l TTTl

AR :
‘F -100° [ ! +100° +2007 +300°
32 70" Fava
i bt T pliat

TEMPERATURE SCALE CONVERSION EQUATIONS

o 50
= — -32
C 9(F3)

°F = —(::—°c +32

TrOTET

°K =°C +273.15

°R = °F +459.7
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CiRCUIT DESCRIPTION'

OUTLINE DIMENSION
AND PIN DESIGNATIONS
Dimensions shown in inches and (mm).

TO-52 PACKAGE: DESIGNATION “H"

0209 53N
Lo 0.23 (5.84)
0.1(254) 0195495 i
‘—— 170 iasn 04 001‘155 g :3:
1\ (i
TR =
- o
003 (081} GV 005 (127
0.046 {117) /»\ |
0.015 (0.38} o5 {1
A o e
5018 foam 00 MIN
0.028 (071}
0.048 11.22)
BOTTOM VIEW L
+ CAN

The 590H has 60y inches of gold plating on its Kovar leads and
Kovar header. A resistance welder is used to seal the nickel cap
to the header. The AD590 chip is eutectically mounted to the
header and ultrasonically bonded to with 1 MIL aluminum
wire. Kovar composition: 53% iron nominal; 29% *1% nickel;
17% 1% cobalt; 0.65% manganese max; 0.20% silicon max;
0.10% aluminum max; 0.10% magnesium max; 0.10% zirco-
nium max; 0.10% titanium max; 0.06% carbon max.

POSITIVE
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FLAT-PACK PACKAGE: DESIGNATION “F”

The 590F is a ceramic package with gold plating on its Kovar
leads, Kovar lid, and chip cavity. Solder of 80/20 Au/Sn com-
position is used for the 1.5 mil thick solder ring urder the lid.
The chip cavity has a nickel underlay between the metalization
and the gold plating. The AD590 chip is eutectically mounted
in the chip cavity at 410°C and ultrasonically bonded to with
1 mil aluminum wire. Note that the chip is in direct contact
with the ceramic base, not the metal lid.

E2MILS

THE ADE90 1S AVAILABLE IN LASER TR V\‘.?D‘ 4
FOAM CORIULT THE CHIP CATALOG FOP DET2LS

Metalization Diagram

The AD590 uses a fundamental property of the silicon tran-
sistors from which it is made to realize its temperature propor:
tional characteristic: if two identical transistors are operated
at a constant ratio of collector current densities, 1, then the
difference in their baseemitter voltages will be (kT/g)(In1).
Since both k, Boltzman's constant and g, the charge of an
electron, are constant, the resulting voltage is directly propor-
tional to absolute temperature (PTAT).

In the AD590, this PTAT voltage is converted to a PTAT cur-
rent by low temperature coefficient thin film resistors. The
total current of the device is then forced to be a mulripic of
this PTAT current. Referning to Fagure 1, the schemany dia-
gram of the AD590, Q8 and Q11 are the transistors that pro-
duce the PTAT voltage. R5 and R6 convert the voltage 1o
current. Q10, whose collector current tracks the collector
currents in Q9 and Q11, supplies all the bias and substrate
leakage current for the rest of the circuit, forcing the total
current to be PTAT. R5 and R6 are laser trimmed on the
wafer to calibrate the device at +25°C.

Figure 2 shows the typical V—I characteristic of the circuit
o
at +25°C and the temperature exXtremes.

Figure 1. Schematic Diagram

. +150°C
a3} 46—
lOUT +25°C
wA) 2981 —4 —
-65°C
218} —
1 1 1 1 1 | S 4
T 2 3 4 5 6 3 ov

SUPPLY VOLTAGE

Figure 2. V—I Plot

! For a more detailed circuit description see M P. Timko, “A Two-
Terminal IC Temperature Transducer,” IEEE J. Solid State Circuits
Vol. SC-11, p. 784-788, Dec. 1976.
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EXPLANATION OF TEMPERATURE SENSOR
SPECIFICATIONS

The way in which the AD590 is specified makes it easy to
apply in a wide variety of differcnt applications. It is important
to understand the meaning of the various specifications and
the effects of supply voltage and thermal environment on ac-
curacy.

The AD590 is basically a PTAT (proportional to absolute tem-
perarurc)' current regulator. That is, the output currer is
equal to a scale factor times the temperature of the sensor in
degrees Kelvin. This scale factor is trimmed to 14A/°K at the
factory, by adjusting tie indicated temperature (i.e. the output
current) to agree with the actual temperature. This is done with
5V across the device at a temperarure within a few deg  esof
25°C (298.2°K). The device is then packaged and tested for
accuracy over temperature.

CALIBRATION ERROR

At final factory test the difference between the indicated tem-
perature and the actual temperature is called the calibration
error. Since this is a scale factor error, its contribution to the
total error of the device is PTAT. For example, the effect of
the 1°C specified maximum error of the AD590L varies from
0.73°Cat-55"Cto 1.42°C at 150°C. Figure 3 shows how

an exaggerated calibration error would vary from the ideal
over temperature.

out
Al

30 b

%
ACTUAL7//_{ IDEAL
\ racinOATING ERONR
300 - disl 1)
/ :
1
i \

250 300 250 TEMP (°K} \

Figure 3. Calibration Error vs. Temperature

The calibration error is a primary contributor to maximum
total error in all AD590 grades. However, since it is a scale
factor error, it is particularly easy to trim. Figure 4 shows the
most elementary way of accomplishing this. To trim this cir-
cuit the temperature of the AD590 is measured by a reference
temperature sensor and R is trimmed so that Vp = 1mV/°K at
that temperature. Note that when this error is trimmed out at
one temperature, its effect is zero over the entire temperature
range. In most applications there is a current to voltage con-
version resistor (or, as with a current input ADC, a reference)
that can be trimmed for scale factor adjustment.

Figure 4. One Temperature Trim

YTEC)=TCK) -273.2: Zeroon the Kelvin scale is.“abso!utc zero™;
there is no lower temperature.

ERROR VERSUS TEMPERATURE: WITIHI CALIBRATION
ERROR TRIMMED OUT

Each ADS590 is also tested for error over the temperature range
with the calibration error timmed out. This specification could
also be called the ‘“‘variance from PTAT" since it is the maxi-
mum difference between the acrual current over tempcrature
and a PTAT multiplication of the actual current at 25°C. This
crror consists of a slope error and some curvature, mostly at
the temperature €xiremes. Figure 5 shows a typical AD590K

" temperature curve before and after calibration error trimming.

BEFORE
CALIBRATION
+2°C TRIM /‘—_\
CALIBRATION ESROR
ABSOLUTE A—
ERROR /
\AFTER
CALIBRATION
TRIM
-zc . .
-§5°C +150°C
TEMPERATURE

Figure 5. Effect of Scale Factor Trim on Accuracy

ERROR VERSUS TEMPERATURE: NO USER TRIMS
Using the AD590 by simply measuring the current, the total
error is the *‘variance from PTAT" described above plus the
effect nf the calibration error over temperature. For example
the AD590L maximum total error varies from 2.33"C at
-55°C 16 3.02°C at 150°C. For simplicity, only the larger fig-
Lre 1S SNCWN ON [NE SPECIICALVI page.

NONLINEARITY

Nonlinearity as it applies to the ADS590 is the maximurm devia-
ton of current over temperature from a best-fit straight line.
The nonlinearity of the AD590 over the -55°C to +150°C
range is superior to all conventional electrical temperature
sensors such as thermocouples, RTD’s and thermistors. Fig-
ure 6 shows the nonlinearity of the typical AD590K from
Figure 5.

+16°C

«“gc

m
2R o . * :
OTCLAX/ ’ \l'c MAR

-18°C

.
*152°C
TEMPERATURE

Figure 6. Nonlinearity

Figure 7A snows a circuit in which the noniincarity is the ma-
jor contributor to error over temperature. The circuit s
trimmed by adjusting R, for a OV output with the AD590

at 0°C. R, is then adjusted for 10V out with the sensor at
100°C. Other pairs of temperatures may be used with this pro-
cedure as long as they are measured accurately by a referenzc
sensor. Note that for +15V ourput (150°C) the V+ of the op
amp must be greater than 17V. Also note that V- should be
at least —4V': if V- is ground there is no voltage applied across
the device.
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Figure 7A. Two Temperature Trim

+2CF
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a
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-55°C ] +100°C +150°C

Figure 78B. Typical Two-Trim Accuracy
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The power supply rejection specifications show the maximum
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g The insensitivity of the output to input voltage allows the use
of unregulated supplies. It also means that hundreds of ohms
of resistance (such as a CMOS multiplexer) can be tolerated

in series with the device.

It is important to note that using a supply voltage other than
5V does not change the PTAT nature of the AD590. In other
words, this change is equivalent to 2 calibration error and can
be removed by the scale factor trim (sce previous page).

The AD590 specifications are guarantecd for usc in a low
thermal resistance environment with 5V across the sensor.
Large changes in the thermal resistance of the sensor’s envi-
ronment will change the amount of self-heating and result

in changes in the output which are predictable but not neces:
sarily desirable.

The therma! environment in which the AD590 is used dcter-
mines two Important characteristics: the effect of self heating
and the response of the sensor with time.

T, 8 Tc fea

PT Ta

Figure 8. Thermal Circuit Model

3 Figure 8 is a model of the AD590 which demonstrates these
characteristics. As an example, for the TO-52 package, f)c is
the thermal resistance between the chip and the case, about
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26°C/watt. fca is the thermal resistance between the case and
its surroundings and is determined by the characteristics of
the thermal connection. Power source P represents the power
dissipated on the chip The rise of the junction temperature,
Tj, above the ambient temperature Ty 1s:

T; ~Tp=P (GJC +0ca) Eq. 1

Table 1 gives the sum of 6jc and fca for several common
thermal media for both the “H" and “F"" packages. The heat-
sink used was a common clip-on. Using Equation 1, the temper-
arure rise of an ADS90 “H'' package ina stirred bath at +25°C,
when driven with a 5V supply, will be 0.06°C. However, for
the same conditions in still air the temperature rise is 0.72°C.
For a given supply volrage, the temperature rise varies with
the current and is PTAT. Therefore, if an application circuit
is trimmed with the sensor in the same thermal environment
in which it will be used, the scale factor trim compensates for
this effect over the entire temperature range.

MEDIUM Bic +0caCClwatt) 7 _(sec)(Note 3)
H E H E
Aluminum Block 30 10 0.6 0.1
Stirred Oil* 42 60 1.4 0.6
Moving Air’ '
with Heat Sink 45 - 5.0 -
Without Heat Sink 115 190 13.5 10.U
Still Air
A e e pEAN 1nae —
Without Heat Sink 480 650 60 30

1 Note: 7 is dependent upon velocity of oil; average of several velocities
listed above.

2 Ajr velocity = 9ft/sec.
3The time constant is defined as the time required to reach 63.2% of

an instantaneous temperaturc change.
Table 1. Thermal Resistances

The time response of the AD5 90 to a step change in tempera-
ture is determined by the thermal resistances and the thermal
capacities of the chip, Ccyy» and the case, Cc-Cen s about
0.04 watt-sec/°C for the AD590. C¢ varies with the measured
medium since it includes anything that is in direct thermal con
tact with the case. In most cases, the single time constant ex
ponential curve of Figure 9 is sufficient to describe the time
response, T (t). Table1 shows the effective time constant, 7,
for several media

TeinaL
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TEMPERATURE

T(0 = Tomar *Temat - Tvmad - e U
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] 4r TIME

Figure 9. Time Response Curve
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Figure 10. Varizble Scale Display

Figure 10 demonstrates the use of a low-cost Digital Panel
Meter for the display of temperature on either the Kelvin,
Celsius or Fahrenheit scales. For Kelvin temperature Pins 9,
4 and 2 are grounded; and for Fahrenheit temperature Pins 4
and 2 are left open.

The above configuration yields a 3 digit display with 1°Cor
1°F resolution, in addition to an absolute accuracy of +2.0°C
over the -55°C to +125°C temperature range if a one-temper-
arure calibration is performcd on an AD590K, L, or M.

+15V +5V
N )
AD590 s + +
he ADS90
+ -_— -_— -
AD590
+ +
_{\DSQO 333.3Q v
(0.1%) T AVG
+
10k v
{0.1%) LT
Figure 11. Series & Parallel Connection

Connecting scveral AD590 units in serics as shown in Figure
11 allows the minimum of all the sensed temperatures to be
indicated. In contrast, using the scnsors in parallel yields the
average of the sensed temperatures.

The circuit of Figure 12 demonstrates ore method by which
differential temperature measurements can be made. Ry and
R, can be used to trim the output of the op amp to indicate

AD741

ADS90L (T1 - T2)(10mV/°C)

#1

50k$2

Figure 12. Differen tial Measurements

a desired temperature difference. For example, the inherent
offset between the two devices can be trimmed in. If V+ and
V- are radically different, then the differencc in internal dissi-
pation will cause a differential internal temperature rise. This
effect can be used to measure the ambient thermal resistance
seen by the sensors in applications such as fluid level detec-
tors or anemometry.

1.5V

i

REFERENCE

IRON
+‘ WINCETION P4
AD530 ~ CONSTANTAN
+| AD580 o —
0 BAE MEASURING
Vout ) i, ks JUNCTION
- 8.66kQ
METER
wgp,

RESISTORS ARE 1%, 50ppm/°C

e

Figure 13. Cold Junction Compensation Circuit for
TypedJ Thermocouple

Figure 13 isan example of a cold junction compensation circu it
fora Type Thermocouple using the AD590 to monitor the
reference junction temperature. This circuit repiaces an ice-bath
as the thermocouple reference for ambient temperatures
between +15°C and +35°C. The circuit is calibrated by adjust-
ing R for a proper meter reading with the measuring junction
at 2 known reference temperature and the circuit near +25°C.
Using comporents with the T.C.'s as specified in Figure 13,
compensation accuracy will be within +0.5°C for circuit
temperatures between +15°C and +35°C. Other thermocouple
types can be accommodated with different resistor values.
Note that the T.C.’s of the volzage reference and the resistors
are the primary contributors to error.
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Figure 14. 4 to 20mA Current Transmitter

Figure 14 is an example of a current transmitter designed to be
used with 40V, 1k§2 systems; it uses its full current range of
4mA to 20mA fora narrow span of measured temperatures.

In this cxamplc the 1uA/°K output of the AD590 is amphfxed
to ImA/°C and offset so that 4mA is equxvalcnt 10 17°C and
20mA iz cguivalant o ROSCRR R 15 Lwnned {ur proper reading
at an intermediate reference temperature. With a suitable
choice of resistors, any temperature range within the operatine
limits of the AD590 may be chosen.
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Figure 15. Simple Temperature Control Circuit

Figure 15 is an example of a variable temperature control cir-
cuit (thermostat) using the AD590. Ry; and R are selected to
set the high and low limits for Rggq. Rgp could be a simple
pot, a calibrated multi-turn pot or a switched resistive divider.
Powering the AD590 from the 10V reference isolates the
AD590 from supply variations while maintaining a reasonable
voltage (~7V) across it. Capacitor C; is often needed to filter
extraneous noise from remote sensors. Ry is determined by

the § of the power transistor and the current requirements of
the load.

Figure 16 shows how the AD590 can be configured with an 8
bit DAC to produce a digitally controlled setpoint. This
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AD!
BIT 1 O~ = o BIT8 1[ +5v
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8IT 2 0— —o0 BIT 7 A( 20002, 15T
BIT 3 0— o eiTe +2 500V e
BIT 4 0— o aiTs I\
S
‘P
3 s9mn
+5v
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27 wa, 157 o
OUTPUT HIGH — TEMPERATURE ABOVE SETPOIN

OUTPUT LOW - TEMPERATURE BELOW SETPOIN1
5.1M02

Figure 16. DAC Setpoint
particular circuit operates from 0 (all inputs high) to +51 °c
(aJl inputs low) in 0.2°C steps. The comparator is shown with
1°C hysteresis which is usually necessary to guard-band for
extraneous noise; omitting the 5.1M£ resistor results in
no hysteresis.

|45V

+ -
AD590

CMOS
GATES

1k$2 (0.1%)

Figure 17. AD590 Driven from CMOS Logic

The voltage compliance and the reverse blocking characteristic
of the AD590 allows it to be powered directly from +5V CMOS
logic. This permits easy multiplexing, switching or pulsing for
minimum internal heat dissipation. In Figure 17 any AD590
connected to a logic high will pass a signal current through the
current measuring circuitry while those connected to a logic
zero will pass insignificant current. The outputs used to drive
the AD590's may be employed for other purposes, but the
additional capacitance due to the AD590 should be taken
Into account.
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Figure 18. Matrix Multiplexer

CMOS Analog Multiplexers can also be used to switch AD590

current. Due to the AD590's currant mede, the icsisiance ol

such switches is unimportant as long as 4V is maintained

across the transducer. Figure 18 shows a circuit which combines

the principal demonstrated in Figure 17 with an 8 channel

CMOS Multiplexer. The resulting  ircvit 2an select one of -
cighty sensors over only 18 wires with a 7 bit binary word. The

inhibit input on the multiplexer turns all sensors off for mini-

mum dissipation while idling.
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Figure 19. 8-Channel Multiplexer

Figure 19 demonstrates a method of multiplexing the AD590
in the two-trim mode (Figure 7). Additional AD590's and their
associated resistors can be added to multiplex up to 8 channels
of £0.5°C absolute accuracy over the temperature range of
-55°C 1o +125°C. The high temperature restriction of +125°C
is due to the output range of the op amps; output to +150°C
can be achieved by using a +20V supply for the op amp.
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