DESIGN IDEAS

Transistor sensor needs no compensation

Jim Williams
Linear Technology Corp, Milpitas, CA

The thermometer circuit in Fig 1 uses an inexpensive
transistor to accurately measure temperature without
compensation or calibration. Almost all transistor sen-
sors use the base-emitter diode’s voltage-shift with
temperature as their sensing mechanism. Unfortu-
nately, the absolute diode voltage is unpredictable, ne-
cessitating circuit calibration each time you fit a2 new
transistor sensor,

The cireuit in Fig 1 overcomes this limitation. The
circuit provides a 0-to-10V output corresponding to a
0-to-100°C input. Unadjusted error is < =1%.

The basis for the circuit is the predictable relation-
ship between current and voltage in a transistor's Vyg

junction. At room temperature, the Var junction diode
shifts 59.16 mV per decade of current. The tempera-
ture dependence of this constant is (.38%/°C, or 198
pV/°C. The AVyg-vs-current relationship holds, re-
gardless of the Ve diode’s absolute value,

An internal oscillator controls the state of the
switches in IC,, the LTC1043. The 0.01-pF eapacitor
at pin 16 sets the IC’s oscillator frequency at about
500 Hz. Q, operates as a switched-value current source,
alternating between about 10 and 100 pA as IC, com-
mutates switch pins 12 and 14. The two currents’ exact
values are unimportant, so long as their ratio remains
constant.,

Because of this constant ratio, Q, requires no refer-
ence, although its emitter resistor’s ratio must be pre-
cise. The alternating 10/100-pA stepped current drive
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Fig 1--The transistor Q; senses temperature. This circuit requires no compensation, even if you change transistors.
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to the sensor transistor, Q,, causes the theoretical
59.16-mV excursion at 25°C to appear across the Vg
Junetion,

C, couples this signal to a switched demodulator that
strips off Q;'s de bias. Thus IC,’s pin 2 sees only the
59-mV waveform, which the demodulator action at pins
5 and 6 references to ground. Pin 5, connected to ca-
pacitor C,, sits at pin 2's peak de value. IC, amplifies
this dc zignal, with VR, providing offset so that 0°C
equals OV output. The optional 10-k{} resistor protects
against ESD (electrostatic discharge) events, which
may oceur if Q, is at the end of a cable.

Using the components in Fig 1, the circuit achieves
+ 1% error over a sensed 0-to-100°C range. Substitut-
ing randomly selected 2N3904s and 2N2222s for Q,

showed less than 0.4°C spread over 25 devices from
various manufacturers. (EDN BRBS /DI_SIG #945)
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