ANALOG
DEVICES

Airflow and Temperature Sensor

TMP12*

FEATURES

Temperature Sensor Includes 100 Q Heater
Heater Provides Power IC Emulation
Accuracy +3°C typ. from —40°C to +100°C
Operation to +150°C

5 mV/°C Internal Scale-Factor

Resistor Programmable Temperature Setpoints
20 mA Open-Collector Setpoint Outputs
Programmable Thermal Hysteresis

Internal 2.5 V Reference

Single 5 V Operation

400 pA Quiescent Current (Heater OFF)
Minimal External Components

APPLICATIONS

System Airflow Sensor

Equipment Over-Temperature Sensor
Over-Temperature Protection

Power Supply Thermal Sensor
Low-Cost Fan Controller

GENERAL DESCRIPTION

The TMP12 is a silicon-based airflow and temperature sensor
designed to be placed in the same airstream as heat generating
components that require cooling. Fan cooling may be required
continuously, or during peak power demands, e.g. for a power
supply, and if the cooling systems fails, system reliability and/or
safety may be impaired. By monitoring temperature while emu-
lating a power IC, the TMP12 can provide a warning of cooling
system failure.

The TMP12 generates an internal voltage that is linearly pro-
portional to Celsius (Centigrade) temperature, nominally

+5 mV/°C. The linearized output is compared with voltages
from an external resistive divider connected to the TMP12’s
2.5 V precision reference. The divider sets up one or two refer-
ence voltages, as required by the user, providing one or two
temperature setpoints. Comparator outputs are open-collector
transistors able to sink over 20 mA. There is an on-board hys-
teresis generator provided to speed up the temperature-setpoint
output transitions, this also reduces erratic output transitions in
noisy environments. Hysteresis is programmed by the external
resistor chain and is determined by the total current drawn from
the 2.5 V reference. The TMP12 airflow sensor also incorpo-
rates a precision, low temperature coefficient 100 Q heater
resistor that may be connected directly to an external 5 V sup-
ply. When the heater is activated it raises the die temperature in

*Protected by U.S. Patent No. 5,195,827.
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the DIP package approximately 20°C above ambient (in still
air). The purpose of the heater in the TMP12 is to emulate a
power IC, such as a regulator or Pentium CPU which has a high
internal dissipation.

When subjected to a fast airflow, the package and die tempera-
tures of the power device and the TMP12 (if located in the
same airstream) will be reduced by an amount proportional to
the rate of airflow. The internal temperature rise of the TMP12
may be reduced by placing a resistor in series with the heater, or
reducing the heater voltage.

The TMP12 is intended for single 5 V supply operation, but will

operate on a 12 V supply. The heater is designed to operate from
5 V only. Specified temperature range is from —40°C to +125°C,
operation extends to +150°C at 5 V with reduced accuracy.

The TMP12 is available in 8-pin plastic DIP and SO packages.
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TM P12—SPECI F I CATI ONS (Vs=+5V, —40°C < Tp < +125°C unless otherwise noted.)

Parameter Symbol Conditions Min  Typ Max Units
ACCURACY

Accuracy (High, Low Setpoints) Ta=+25°C +2 +3 °C

Accuracy (High, Low Setpoints) Ta = —40°C to +100°C +3 +5 °C

Internal Scale Factor Ta = —40°C to +100°C +49 +5 +5.1 mV/°C

Power Supply Rejection Ratio PSRR 45V<+Vs<55V 0.1 0.5 °C/V

Linearity Ta=—40°C to +125°C 0.5 °C

Repeatability Ta=—40°C to +125°C 0.3 °C

Long Term Stability Ta = +125°C for 1 k Hrs 0.3 °C
SETPOINT INPUTS

Offset Voltage Vos 0.25 mV

Output Voltage Drift TCVos 3 pv/eC

Input Bias Current Y 25 100 nA
VREF OUTPUT

Output Voltage VREF Ta = +25°C, No Load 249 250 2.51 A%

Output Voltage VREF Ta = —40°C to +100°C, 2.5 £0.015 \Y%

No Load

Output Drift TCygrer -10 ppm/°C

Output Current, Zero Hysteresis IyreF 7 MA

Hysteresis Current Scale Factor SFuys 5 HA/°C
OPEN-COLLECTOR OUTPUTS

Output Low Voltage VoL Iswnk = 1.6 mA 0.25 0.4 \%

Output Low Voltage VoL Iswk = 20 mA 0.6 \"

Output Leakage Current Tonu Vs=12V 1 100 HA

Fall Time tHL See Test Load 40 ns
HEATER

Resistance Ry Ty =+25°C 97 100 103 Q

Temperature Coefficient Ta=—40°Cto +125°C 100 ppm/°C

Maximum Continuous Current Ig See Note 1 60 mA
POWER SUPPLY

Supply Range +Vs 4.5 5.5 A%

Supply Current Isy Unloaded at +5 V 400 600 HA

Isy Unloaded at +12 V2 450 HA

NOTES
!Guaranteed but not tested.

2TMP12 is specified for operation from a 5 V supply. However, operation is allowed up to a 12 V supply, but not tested at 12 V. Maximum heater supply is 6 V.

Specifications subject to change without notice.

TEST LOAD

L

20pF
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TMP12

WAFER TEST |_| M |TS (Vs=+5 V,GND =0V, Ty = +25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Units
ACCURACY

Accuracy (High, Low Setpoints) Ta= +25°C +3 °C

Internal Scale Factor Ta= +25°C +4.9 +5 +5.1 mV/°C
SETPOINT INPUTS

Input Bias Current Iy 100 nA
VREF OUTPUT

Output Voltage VREF Ta= +25°C, No Load 2.49 2.51 A%
OPEN-COLLECTOR OUTPUTS

Output Low Voltage VoL Ismk = 1.6 mA 0.4 A%

Output Leakage Current Ton Vs=12V 100 LA
HEATER

Resistance Ry Ta= +25°C 97 100 103 Q
POWER SUPPLY

Supply Range +Vs 4.5 5.5 A%

Supply Current Isy Unloaded at +5 V 600 LA
NOTE

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

DICE CHARACTERISTICS
Die Size 0.078 x 0.071 inch, 5,538 sq. mils
(1.98 x 1.80 mm, 3.57 sq. mm)
Transistor Count: 105

1. VREF
2. SET HIGH INPUT
3. SET LOW INPUT

Al —a==8 4 GND

’ W ﬁl B 5. HEATER
‘ Al rj 6. UNDER OUTPUT
e re @ 7. OVER OUTPUT
- 8. V+

— .- LJ
o £
[» 1] .

For additional DICE ordering information, refer to databook.

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily I
accumulate on the human body and test equipment and can discharge without detection. WARNING @

Although the TMP12 features proprietary ESD protection circuitry, permanent damage may W“

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE
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TMP12

Power FETs are popular for handling a variety of high current
dc loads. Figure 24 shows the TMP12 driving a P-channel
MOSFET transistor for a simple heater circuit. When the out-
put transistor turns on, the gate of the MOSFET is pulled down
to approximately 0.6 V, turning it on. For most MOSFETs a
gate-to-source voltage or Vgs on the order of -2 V to -5 V is suf-
ficient to turn the device on. Figure 25 shows a similar circuit
for turning on an N-channel MOSFET, except that now the
gate to source voltage is positive. For this reason an external
transistor must be used as an inverter so that the MOSFET will
turn on when the trip point pulls down.
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Figure 24. Driving a P-Channel MOSFET
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Figure 25. Driving an N-Channel MOSFET

Isolated Gate Bipolar Transistors (IGBTs) combine many of the
benefits of power MOSFET's with bipolar transistors and are
used for a variety of high power applications. Because IGBT's
have a gate similar to MOSFETsS, turning on and off the devices
is relatively simple as shown in Figure 26. The turn on voltage
for the IGBT shown (IRGB40S) is between 3.0 and 5.5 volts.
This part has a continuous collector current rating of 50 A and a
maximum collector to emitter voltage of 600 V, enabling it to
work in very demanding applications.
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Figure 26. Driving an IGBT

The last class of high power devices discussed here are Thyristors,
which include SCRs and Triacs. Triacs are a useful alternative to
relays for switching ac line voltages. The 2N6073A shown in Fig-
ure 27 is rated to handle 4 A (rms). The opto-isolated MOC3021
Triac shown features excellent electrical isolation from the noisy ac
line and complete control over the high power Triac with only a
few additional components.
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Figure 27. Controlling the 2N6073A Triac
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High Current Switching

As mentioned earlier, internal dissipation due to large loads on
the TMP12 outputs will cause some temperature error due to
self-heating. External transistors buffer the load from the
TMP12 so that virtually no power is dissipated in the internal
transistors and minimal self-heating occurs. This section shows
several examples using external transistors. The simplest case
uses a single transistor on the output to invert the output signal
is shown in Figure 28. When the open-collector of the TMP12
turns “ON” and pulls the output down, the external transistor
Q1’s base will be pulled low, turning off the transistor. Another
transistor can be added to re-invert the signal as shown in Figure
29. Now, when the output of the TMP12 is pulled down, the
first transistor, Q1, turns off and its collector goes high, which
turns Q2 on, pulling its collector low. Thus, the output taken

from the collector of Q2 is identical to the output of the TMP12.

By picking a transistor that can accommodate large amounts of
current, many high power devices can be switched.
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Figure 28. An External Transistor Minimizes Self-Heating
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Figure 29. Second Transistor Maintains Polarity of TMP12
Output

An example of a higher power transistor is a standard
Darlington configuration as shown in Figure 30. The part cho-
sen, TIP-110, can handle 2 A continuous which is more than
enough to control many high power relays. In fact the
Darlington itself can be used as the switch, similar to
MOSFETSs and IGBTs.
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Figure 30. Darlington Transistor Can Handle Large Currents
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TMP12

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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