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SPECIFICATIONS

AD590J AND AD590K SPECIFICATIONS
25°C and Vs = 5V, unless otherwise noted.’

Table 1.
AD590J) AD590K
Parameter Min  Typ Max Min  Typ Max Unit
POWER SUPPLY
Operating Voltage Range 4 30 4 30 \%
OUTPUT
Nominal Current Output @ 25°C (298.2K) 298.2 298.2 A
Nominal Temperature Coefficient 1 1 MA/K
Calibration Error @ 25°C +5.0 +2.5 °C
Absolute Error (Over Rated Performance Temperature Range)
Without External Calibration Adjustment +10 55 | °C
With 25°C Calibration Error Set to Zero +3.0 2.0 | °C
Nonlinearity
For TO-52 and CQFP Packages +1.5 +0.8 °C
For 8-Lead SOIC Package *1.5 +1.0 °C
Repeatability? +0.1 +0.1 °C
Long-Term Drift3 +0.1 +0.1 °C
Current Noise 40 40 pA/AJHz
Power Supply Rejection
4V<Vs<5V 0.5 0.5 HA/NV
5V<Vs<15V 0.2 0.2 \AY
15V<Vs<30V 0.1 0.1 HA/V
Case Isolation to Either Lead 1010 101 Q
Effective Shunt Capacitance 100 100 pF
Electrical Turn-On Time 20 20 ps
Reverse Bias Leakage Current (Reverse Voltage = 10 V)* 10 10 pA

! Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All

minimum and maximum specifications are guaranteed, although only those shown in boldface are tested on all production units.

2 Maximum deviation between +25°C readings after temperature cycling between —55°C and +150°C; guaranteed, not tested.

3 Conditions: constant 5 V, constant 125°C; guaranteed, not tested.
“# Leakage current doubles every 10°C.
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AD590L AND AD590M SPECIFICATIONS
25°C and Vs = 5V, unless otherwise noted.’

Table 2.
AD590L AD590M
Parameter Min  Typ Max | Min Typ Max Unit
POWER SUPPLY
Operating Voltage Range 4 30 4 30 Vv
OUTPUT
Nominal Current Output @ 25°C (298.2K) 298.2 298.2 UA
Nominal Temperature Coefficient 1 1 HA/K
Calibration Error @ 25°C +1.0 +0.5 °C
Absolute Error (Over Rated Performance Temperature Range) °C
Without External Calibration Adjustment +3.0 +1.7 °C
With + 25°C Calibration Error Set to Zero +1.6 +1.0 °C
Nonlinearity +04 +0.3 °C
Repeatability? +0.1 +0.1 °C
Long-Term Drift3 +0.1 +0.1 °C
Current Noise 40 40 pA/vHz
Power Supply Rejection
4V<Vs<5V 0.5 0.5 HANV
5V<Vs<15V 0.2 0.2 UA/N
15V<Vs<30V 0.1 0.1 HANV
Case Isolation to Either Lead 10" 10" Q
Effective Shunt Capacitance 100 100 pF
Electrical Turn-On Time 20 20 us
Reverse Bias Leakage Current (Reverse Voltage = 10 V)* 10 10 PA

' Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All

minimum and maximum specifications are guaranteed, although only those shown in boldface are tested on all production units.

2 Maximum deviation between +25°C readings after temperature cycling between -55°C and +150°C; guaranteed, not tested.

3 Conditions: constant 5 V, constant 125°C; guaranteed, not tested.
*Leakage current doubles every 10°C.

°K +223° +273° +298° +323° +373° +423°
°C -50° 0° +25°  +50° +100° +150°
o I
°F -100° 0 | | +100° +200°| +300°
+32°  +70° +212°

°C:% (°F-32) K=°C + 273.15

°F = % (°C+32) R=°F +459.7

Figure 4. Temperature Scale Conversion Equations
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ABSOLUTE MAXIMUM RATINGS

Table 3.

Parameter Rating Stresses above those listed under Absolute Maximum Ratings
Forward Voltage ( E+ or E-) 44V may cause permanent damage to the device. This is a stress
Reverse Voltage (E+ to E-) -20V rating only and functional operation of the device at these or
Breakdown Voltage (Case E+ or E-) +200V any other conditions above those indicated in the operational
Rated Performance Temperature Range’ —-55°C to +150°C section of this specification is not implied. Exposure to absolute
Storage Temperature Range' —65°C to +155°C maximum rating conditions for extended periods may affect
Lead Temperature (Soldering, 10 sec) 300°C device reliability.

"The AD590 was used at —100°C and +200°C for short periods of
measurement with no physical damage to the device. However, the absolute
errors specified apply to only the rated performance temperature range.

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily accumulate on
the human body and test equipment and can discharge without detection. Although this product features  ERWVARGI[H @
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy

electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance
degradation or loss of functionality.

48

ESD SENSITIVE DEVICE
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GENERAL DESCRIPTION

The AD590H has 60 p 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% zirconium
max; 0.10% titanium max; and 0.06% carbon max.

The AD590F is a ceramic package with gold plating on its
Kovar leads, Kovar lid, and chip cavity. Solder of 80/20 Au/Sn
composition is used for the 1.5 mil thick solder ring under the
lid. The chip cavity has a nickel underlay between the metallization
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. When using the AD590 in die
form, the chip substrate must be kept electrically isolated
(floating) for correct circuit operation.

Be =y

THE AD590 IS AVAILABLE IN LASER-TRIMMED CHIP FORM;
CONSULT THE CHIP CATALOG FOR DETAILS

00533-003

Figure 5. Metallization Diagram

CIRCUIT DESCRIPTION'

The AD590 uses a fundamental property of the silicon
transistors from which it is made to realize its temperature
proportional characteristic: if two identical transistors are
operated at a constant ratio of collector current densities, 1,
then the difference in their base-emitter voltage is (kT/q)(In r).
Because both k (Boltzman’s constant) and q (the charge of an
electron) are constant, the resulting voltage is directly
proportional to absolute temperature (PTAT).

In the AD590, this PTAT voltage is converted to a PTAT current
by low temperature coefficient thin-film resistors. The total
current of the device is then forced to be a multiple of this

PTAT current. Figure 6 is the schematic diagram of the AD590.
In this figure, Q8 and Q11 are the transistors that produce the
PTAT voltage. R5 and R6 convert the voltage to 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 7 shows the typical V-I characteristic of the circuit at
25°C and the temperature extremes.

+

sR1  3R2
$2600Q 310400

Lal o Jwl ),
i 5

2
A\ /]

) Q6
Q7 Q1
CHIP |
SUBSTRATE g R3 1 11kQ
2 5kQ
~ Q9 aoy ] Fatr
oA SN
8 e Rs 1 1z
8200 i g
T M
Figure 6. Schematic Diagram
+150°C

423 Ve (s
T +25°C
S 208} L~ 2
=
2
o -55°C 5

218 - f 163

/ // ()() g
0 1 2 3 4 5 6 30

SUPPLY VOLTAGE (V)
Figure 7. V-1 Plot

' For a more detailed description, see M.P. Timko, “A Two-Terminal IC
Temperature Transducer,” IEEE J. Solid State Circuits, Vol. SC-11, p. 784-788,
Dec. 1976. Understanding the Specifications—AD590.
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EXPLANATION OF TEMPERATURE SENSOR
SPECIFICATIONS

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

The AD590 is a PTAT' current regulator. That is, the output
current is equal to a scale factor times the temperature of the
sensor in degrees Kelvin. This scale factor is trimmed to 1 pA/K
at the factory, by adjusting the indicated temperature (that is,
the output current) to agree with the actual temperature. This is
done with 5 V across the device at a temperature within a few
degrees of 25°C (298.2K). The device is then packaged and
tested for accuracy over temperature.

CALIBRATION ERROR

At final factory test, the difference between the indicated
temperature and the actual temperature is called the calibration
error. Since this is a scale factory 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°C at
-55°C to 1.42°C at 150°C. Figure 8 shows how an exaggerated
calibration error would vary from the ideal over temperature.

ACTUAL
TRANSFER
FUNCTION

< actuaL

E } CALIBRATION IDEAL
5

) _

TRANSFER
FUNCTION

ERROR

),
4
00533-006

298.2
TEMPERATURE (°K)

Figure 8. Calibration Error vs. Temperature

The calibration error is a primary contributor to the maximum
total error in all AD590 grades. However, because it is a scale
factor error, it is particularly easy to trim. Figure 9 shows the
most elementary way of accomplishing this. To trim this circuit,
the temperature of the AD590 is measured by a reference
temperature sensor and R is trimmed so that Vr = 1 mV/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
conversion resistor (or, as with a current input ADC, a
reference) that can be trimmed for scale factor adjustment.
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Figure 9. One Temperature Trim
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}
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ERRORVS. TEMPERATURE: WITH CALIBRATION
ERROR TRIMMED OUT

Each AD590 is tested for error over the temperature range with
the calibration error trimmed out. This specification could also
be called the variance from PTAT, because it is the maximum
difference between the actual current over temperature and a
PTAT multiplication of the actual current at 25°C. This error
consists of a slope error and some curvature, mostly at the
temperature extremes. Figure 10 shows a typical AD590K
temperature curve before and after calibration error trimming.

BEFORE

G CALIBRATION
< TRIM
< N
e CALIBRATION
4 ERROR
w
T '
b T 1 -ttt Nt
-
: \
[72]
[11]
< AFTER

CALIBRATION

TRIM

2 | | g
55 150

TEMPERATURE (°C)
Figure 10. Effect to Scale Factor Trim on Accuracy

ERROR VS. 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
of the calibration error over temperature. For example, the
AD590L maximum total error varies from 2.33°C at -55°C to
3.02°C at 150°C. For simplicity, only the large figure is shown
on the specification page.

NONLINEARITY

Nonlinearity as it applies to the AD590 is the maximum
deviation 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, RTDs, and thermistors. Figure 11
shows the nonlinearity of the typical AD590K from Figure 10.

TT(°C) = T(K) — 273.2. Zero on the Kelvin scale is absolute zero; there is no
lower temperature.
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Figure 11. Nonlinearity

Figure 12 shows a circuit in which the nonlinearity is the major
contributor to error over temperature. The circuit is trimmed
by adjusting R1 for a 0 V output with the AD590 at 0°C. R2 is
then adjusted for 10 V output with the sensor at 100°C. Other
pairs of temperatures can be used with this procedure as long as
they are measured accurately by a reference sensor. Note that
for 15 V output (150°C), the V+ of the op amp must be greater
than 17 V. Also, note that V- should be at least —4 V; if V—-is
ground, there is no voltage applied across the device.

15V
R1 R2
357kQ 2kQ  g76kn SKQ
AD581 MwA——f— ol
30pF
2 100mV/°C
M + mV/°
%7 AD707A v = 100mviec
8AD590 .
L E
v-

Figure 12. 2-Temperature Trim

o

TEMPERATURE (°C)

00533-011

2l | | |
-55 0 100 150
TEMPERATURE (°C)

Figure 13. Typical 2-Trim Accuracy

VOLTAGE AND THERMAL ENVIRONMENT EFFECTS

The power supply rejection specifications show the maximum
expected change in output current vs. input voltage changes.
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 a calibration error and can be
removed by the scale factor trim (see Figure 10).

The AD590 specifications are guaranteed for use in a low
thermal resistance environment with 5 V across the sensor.
Large changes in the thermal resistance of the sensor’s environment
change the amount of self-heating and result in changes in the
output, which are predictable but not necessarily desirable.

The thermal environment in which the AD590 is used
determines two important characteristics: the effect of self-
heating and the response of the sensor with time. Figure 14 is a
model of the AD590 that demonstrates these characteristics.

Ty % Tc ?%a

00533-012

Figure 14. Thermal Circuit Model

As an example, for the TO-52 package, Oic is the thermal
resistance between the chip and the case, about 26°C/W. 8ca is
the thermal resistance between the case and the 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, Ty, above the
ambient temperature, Ta, is

T} —Ta= P(elc + eCA) (1)

Table 4 gives the sum of 6;c and Oca 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 temperature
rise of an AD590 H package in a stirred bath at 25°C, when
driven with a 5 V supply, is 0.06°C. However, for the same
conditions in still air, the temperature rise is 0.72°C. For a given
supply voltage, 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 is used, the
scale factor trim compensates for this effect over the entire
temperature range.
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Table 4. Thermal Resistance

0sc + Oca

(°C/Watt) T (sec)!
Medium H F H F
Aluminum Block 30 10 0.6 0.1
Stirred Qil? 42 60 14 0.6
Moving Air®
With Heat Sink 45 - 5.0 -
Without Heat Sink 115 190 13.5 10.0
Still Air
With Heat Sink 191 - 108 -
Without Heat Sink 480 650 60 30

'1is dependent upon velocity of oil; average of several velocities listed above.

2 Air velocity @ 9 ft/sec.
3The time constant is defined as the time required to reach 63.2% of an
instantaneous temperature change.

The time response of the AD590 to a step change in
temperature is determined by the thermal resistances and the
thermal capacities of the chip, Ccn, and the case, Cc. Ccn is
about 0.04 Ws/°C for the AD590. Ccvaries with the measured
medium, because it includes anything that is in direct thermal
contact with the case. The single time constant exponential
curve of Figure 15 is usually sufficient to describe the time
response, T (t). Table 4 shows the effective time constant, T, for
several media.
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GENERAL APPLICATIONS

Figure 16 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, Pin 9, Pin 4, and

Pin 2 are grounded; for Fahrenheit temperature, Pin 4 and Pin 2
are left open.

r%/
ry OFFSET
- 6 9 O CALIBRATION
AD590 % AD2040 4 —Ocs;ém.me
5 OFFSET
3 2~ OscALING

!

GND

00533-014

Figure 16. Variable Scale Display

The above configuration yields a 3-digit display with 1°C or 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-temperature
calibration is performed on an AD590K, AD590L, or AD590M.

Connecting several AD590 units in series, as shown in Figure 17,
allows the minimum of all the sensed temperatures to be
indicated. In contrast, using the sensors in parallel yields the
average of the sensed temperatures.

15v
.
AD590
_ 5V
.
AD590 + + +
- AD590
. _ _ _
AD590 ‘—4
[ S— ¢—oO+
(Jﬂ'.f/g $ V1 MIN ?’(%ﬁﬁ/g s VrAvG
— o- 37_0 _ g
v g

Figure 17. Series and Parallel Connection

The circuit in Figure 18 demonstrates one method by which
differential temperature measurements can be made. R1 and R2
can be used to trim the output of the op amp to indicate 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 difference in internal dissipation
causes 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 detectors or anemometry.

V+
+ R3
AD590L 10kQ
_ #2 N AAS
. Lr AD707A>—+—0
AD;')?OL 3 5MQ . (T1-T2) x (10mV/°C)
- Réﬁ‘ R4

50kQ 3 10kQ .
v

Figure 18. Differential Measurements

Figure 19 is an example of a cold junction compensation circuit
for a Type J thermocouple using the AD590 to monitor the
reference junction temperature. This circuit replaces an ice-bath
as the thermocouple reference for ambient temperatures
between 15°C and 35°C. The circuit is calibrated by adjusting Rr
for a proper meter reading with the measuring junction at a
known reference temperature and the circuit near 25°C. Using
components with the TCs as specified in Figure 19, compensation
accuracy is 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 TCs of the voltage
reference and the resistors are the primary contributors to error.

7.5V
REFERENCE IRON
JUNCTION /
+
CONSTANTAN
AD590 S~
+| AD580 52.30
(\ WA MEASURING
sy | JUNCTION
=T Vour L + _
8.66kQ 3
METER
Ry of
1kQ%
_T_ RESISTORS ARE 1%, 50ppm/°C &

Figure 19. Cold Junction Compensation Circuit for Type J Thermocouple
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Figure 20 is an example of a current transmitter designed to be
used with 40 V; 1 kQ systems; it uses its full current range of 4
to 20 mA for a narrow span of measured temperatures. In this
example, the 1 uA/K output of the AD590 is amplified to

1 mA/°C and offset so that 4 mA is equivalent to 17°C and

20 mA is equivalent to 33°C. Rr is trimmed for proper reading
at an intermediate reference temperature. With a suitable choice
of resistors, any temperature range within the operating limits
of the AD590 can be chosen.

V+
amAa=17°c < AD581
12mA = 25°C
20mA=33C - Vour |
35.7kQ 3
+ RT<; 30pF
AD590 ka7
- AD707A
[ |+/ 5kQ 3 500Q
l 127kQ 3
0.01pF _|_ $ 10k 1003
Vo g

Figure 20. 4 to 20 mA Current Transmitter

Figure 21 is an example of a variable temperature control circuit
(thermostat) using the AD590. Ru and Rq are selected to set the
high and low limits for Rser. Rser could be a simple pot, a
calibrated multiturn pot, or a switched resistive divider. Powering
the AD590 from the 10 V reference isolates the AD590 from
supply variations while maintaining a reasonable voltage (~7 V)
across it. Capacitor C1 is often needed to filter extraneous noise
from remote sensors. Rs is determined by the B of the power
transistor and the current requirements of the load.

V+

HEATING

= | + ELEMENTS
Rug ADSQOé
L -2 \ 7
Rsgr 3¢ -
LM311
R S 3|, 1
14

c1 T $ 10kQ

Figure 21. Simple Temperature Control Circuit

00533-019

GND

Figure 22 shows that the AD590 can be configured with an 8-bit
DAC to produce a digitally controlled setpoint. This particular
circuit operates from 0°C (all inputs high) to 51.0°C (all inputs
low) in 0.2°C steps. The comparator is shown with 1.0°C
hysteresis, which is usually necessary to guard-band for extraneous
noise. Omitting the 5.1 MQ) resistor results in no hysteresis.
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20pF
\J ;
1.25kQ
15V REF
—O0——
= DAcouT MC +5V { =
_o_
1408/1508 [—O0— 3» 1.15kQ
BIT 10— —OBIT 8 2/2000‘ 15T
BIT 20— —OBIT 7 +5V
+2.5V
BIT 30— —OBIT6 | AD580
BIT 40— —OBIT 5
22000 =
L +5V 45V
$6.98kQ [
: > 1kQ
A
b OUTPUT HIGH-
TEMPERATURE ABOVE SETPOINT
AD590 2 OUTPUT LOW-
- TEMPERATURE BELOW SETPOINT
_15V $5.1MQ

00533-020

Figure 22. DAC Setpoint

The voltage compliance and the reverse blocking characteristic
of the AD590 allow it to be powered directly from 5V CMOS
logic. This permits easy multiplexing, switching, or pulsing for
minimum internal heat dissipation. In Figure 23, any AD590
connected to a logic high passes a signal current through the
current measuring circuitry, while those connected to a logic
zero pass insignificant current. The outputs used to drive the
AD590s can be employed for other purposes, but the additional
capacitance due to the AD590 should be taken into account.

5V

T

CMOsS
GATES

YYYY

1kQ (0.1%)

00533-021

Figure 23. AD590 Driven from CMOS Logic
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CMOS analog multiplexers can also be used to switch AD590 The inhibit input on the multiplexer turns all sensors off for
current. Due to the AD590’s current mode, the resistance of minimum dissipation while idling.
such switches is unimportant as long as 4 V is maintained

across the transducer. Figure 24 shows a circuit that combines
the principle demonstrated in Figure 23 with an 8-channel
CMOS multiplexer. The resulting circuit can select 1 to 80
sensors over only 18 wires with a 7-bit binary word.

Figure 25 demonstrates a method of multiplexing the AD590 in
the 2-trim mode (see Figure 12 and Figure 13). Additional AD590s
and their associated resistors can be added to multiplex up to
eight channels of +0.5°C absolute accuracy over the temperature
range of —55°C to +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 20 V supply for the op amp.

10V
T
16 3l—0-2
14—
2|—o-2
4028 + + +
—o
CMOS + 8 + 8 . 8
BCD-TO- —o . . . AD590
DECIMAL |—o 8 -To2 8 -To1 8 -Too
—|11 DECODER o -T12 -Tn -T+10
row | —|12 - 22 21 20
SELECT } —{13 o
—]10 —o
8
L
10V
T 2 2 2 2 % ¢2¢teo
© INRRRARRRE
1
9 i
LOGIC i
COLUMN 10 LEVEL ! 4051 CMOS ANALOG
SELECT{ 11| INTERFACE ! MULTIPLEXER
INHIBIT —-8 —| BINARY TO 1-OF-8 DECODER |
7 8
= =
N 2 10kQ 10mV/°C
+—oO 8
v g
Figure 24. Matrix Multiplexer
+5v  35.7kQ z'ff 5'31 97.6kQ
+ 35.7kQ 2"‘;‘ 5'f;’ 97.6kQ
AD581 A—a Al —— v
Vour V4
s1
02—0
s2 10mv/°C
0 ]
DECODER/
DRIVER
S8
_S8] o L
AD7501 I
+15V
TTL/DTL TO CMOS
15V INTERFACE
I I [ T 1
11 [T 1
+ + = EN H’_J
BINARY
AD590L ) _AD590L CHANNEL
SELECT
-5V TO -15V g

Figure 25. 8-Channel Multiplexer
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OUTLINE DIMENSIONS

0.030 (0.76)
TYP
POSITIVE LEAD

| 0.500 (12.70)
0.150 (3.81) MIN
eeea 0250 (635) MIN g 950 (1.27) T.P.
vy I‘_’ 0.050 (1.27) MAX
—— == 11 | 0.048 (1.22)
35 3| ) 0.100 0.028 (0.71)
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318 EI3 =~ TP 0.046 (1.17)
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| 0.019(048) 0.050 )\\(_0036 (0.91)
‘J 0.016 (0.41) q_ -17)
0.030 (0.76) MAX~>| [+~ 021 (0.53) MAX . o asTre,
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: N\ N
LI
L 0.015 (0.38)
TYP
Figure 26. 2-Lead Ceramic Flat Package [CQFP]
(F-2)
Dimensions shown in inches and (millimeters)
5.00 (0.1968)
“‘4.80 (0.1890)[ %
fAAA
8 5
3.80 (0.1497) [T1 4||5.80 (0.2284)
H I:I I:I H

1. 27 (. osoo)
BSC 1.75 (0.0688)

0.25 (0.0098) 1.35 (0.0532)

0.10 (0.0040) ¥
0.51(0.0201)

SEATING  0-31 (0.0122)
PLANE

COPLANARITY
0.10

BASE & SEATING PLANE

CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 27. 3-Pin Metal Header Package [TO-52]

(H-03)
Dimensions shown in inches and (millimeters)

o 0.50 (0.0196) .,
o 0.25 (0.0099)

8

0.25 (o oogg) ©° 127 (o 0500)
0.17 (0.0067)

0.40 (0.0157)

COMPLIANT TO JEDEC STANDARDS MS-012-AA

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 28. 8-Lead Standard Small Outline Package [SOIC]

Narrow Body
(R-8)

Dimensions shown in millimeters and (inches)
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WARRANTY/DISCLAIMER

OMEGA ENGINEERING, INC. warrants this unit to be free of defects in materials and workmanship for a
period of 13 months from date of purchase. OMEGA’'s WARRANTY adds an additional one (1) month
grace period to the normal one (1) year product warranty to cover handling and shipping time. This
ensures that OMEGA's customers receive maximum coverage on each product.

If the unit malfunctions, it must be returned to the factory for evaluation. OMEGA's Customer Service
Department will issue an Authorized Return (AR) number immediately upon phone or written request.
Upon examination by OMEGA, if the unit is found to be defective, it will be repaired or replaced at no
charge. OMEGA's WARRANTY does not apply to defects resulting from any action of the purchaser,
including but not limited to mishandling, improper interfacing, operation outside of design limits,
improper repair, or unauthorized modification. This WARRANTY is VOID if the unit shows evidence of
having been tampered with or shows evidence of having been damaged as a result of excessive corrosion;
or current, heat, moisture or vibration; improper specification; misapplication; misuse or other operating
conditions outside of OMEGA's control. Components in which wear is not warranted, include but are not
limited to contact points, fuses, and triacs.

OMEGA is pleased to offer suggestions on the use of its various products. However,
ONMEGA neither assumes responsibility for any omissions or errors nor assumes liability for any
damages that result from the use of its products in accordance with information provided by
OMEGA, either verbal or written. OMEEGA warrants only that the parts manufactured by the
company will be as specified and free of defects. OVMIEGA MAKES NO OTHER WARRANTIES OR
REPRESENTATIONS OF ANY KIND WHATSOEVER, EXPRESSED OR IMPLIED, EXCEPT THAT OF
TITLE, AND ALL IMPLIED WARRANTIES INCLUDING ANY WARRANTY OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE ARE HEREBY DISCLAIMED. LIMITATION OF
LIABILITY: The remedies of purchaser set forth herein are exclusive, and the total liability of
OMEGA with respect to this order, whether based on contract, warranty, negligence,
indemnification, strict liability or otherwise, shall not exceed the purchase price of the
component upon which liability is based. In no event shall OMEGA be liable for
consequential, incidental or special damages.

CONDITIONS: Equipment sold by OMEGA is not intended to be used, nor shall it be used: (1) as a “Basic
Component” under 10 CFR 21 (NRC), used in or with any nuclear installation or activity; or (2) in medical
applications or used on humans. Should any Product(s) be used in or with any nuclear installation or
activity, medical application, used on humans, or misused in any way, OMEGA assumes no responsibility
as set forth in our basic WARRANTY/DISCLAIMER language, and, additionally, purchaser will indemnify
OMEGA and hold OMEGA harmless from any liability or damage whatsoever arising out of the use of the
Product(s) in such a manner.

RETURN REQUESTS/INQUIRIES

Direct all warranty and repair requests/inquiries to the OMEGA Customer Service Department. BEFORE
RETURNING ANY PRODUCT(S) TO OMEGA, PURCHASER MUST OBTAIN AN AUTHORIZED RETURN
(AR) NUMBER FROM OMEGA’S CUSTOMER SERVICE DEPARTMENT (IN ORDER TO AVOID
PROCESSING DELAYS). The assigned AR number should then be marked on the outside of the return
package and on any correspondence.

The purchaser is responsible for shipping charges, freight, insurance and proper packaging to prevent
breakage in transit.

FOR WARRANTY RETURNS, please have the FOR NON-WARRANTY REPAIRS, consult OMEGA
following information available BEFORE for current repair charges. Have the following
contacting OMEGA: information available BEFORE contacting OMEGA:
1. Purchase Order number under which the product| 1. Purchase Order number to cover the COST
was PURCHASED, of the repair,
2. Model and serial number of the product under 2. Model and serial number of the product, and
warranty, and 3. Repair instructions and/or specific problems
3. Repair instructions and/or specific problems relative to the product.
relative to the product.

OMEGA's policy is to make running changes, not model changes, whenever an improvement is possible. This affords
our customers the latest in technology and engineering.

OMEGA is a registered trademark of OMEGA ENGINEERING, INC.

© Copyright 2008 OMEGA ENGINEERING, INC. All rights reserved. This document may not be copied, photocopied,
reproduced, translated, or reduced to any electronic medium or machine-readable form, in whole or in part, without the
prior written consent of OMEGA ENGINEERING, INC.



Where Do | Find Everything | Need for
Process Measurement and Control?
OMEGA...Of Course!

Shop online at omega.com*”
TEMPERATURE

Zd Thermocouple, RTD & Thermistor Probes, Connectors, Panels & Assemblies
¥ Wire: Thermocouple, RTD & Thermistor

[ Calibrators & Ice Point References

[ Recorders, Controllers & Process Monitors

[ Infrared Pyrometers

PRESSURE, STRAIN AND FORCE
[ Transducers & Strain Gages

IF Load Cells & Pressure Gages

IF Displacement Transducers

4 Instrumentation & Accessories

FLOW/LEVEL

[F Rotameters, Gas Mass Flowmeters & Flow Computers
¥ Air Velocity Indicators

Ff Turbine/Paddlewheel Systems

¥ Totalizers & Batch Controllers

pH/CONDUCTIVITY

¥ pH Electrodes, Testers & Accessories

¥ Benchtop/Laboratory Meters

¥ Controllers, Calibrators, Simulators & Pumps
[ Industrial pH & Conductivity Equipment

DATA ACQUISITION

[ Data Acquisition & Engineering Software

¥ Communications-Based Acquisition Systems
f Plug-in Cards for Apple, IBM & Compatibles
¥ Datalogging Systems

¥ Recorders, Printers & Plotters

HEATERS

[ Heating Cable

[ Cartridge & Strip Heaters
¥ Immersion & Band Heaters
[ Flexible Heaters

¥ Laboratory Heaters

ENVIRONMENTAL
MONITORING AND CONTROL

¥ Metering & Control Instrumentation

[ Refractometers

[ Pumps & Tubing

¥ Air, Soil & Water Monitors

[ Industrial Water & Wastewater Treatment

¥ pH, Conductivity & Dissolved Oxygen Instruments
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