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1. MOTIVATION

PTAT (Propational To Absolute Temperature) silicon
sensors are gaining popuarity due to their interesting
properties. In this work we present an investigation o
temperature operation d PTAT sensors based on JFET
techndogy described elsewhere[1]. PTAT in this case
consists of small and kig bipdar junction transistor
(BJT) in perdlel conrection, with JFET current
generators in series. Due to the properties of basic
building elements, the proposed PTAT structure is
expeded to have good poperties in view of wide
temperature range, lineaity, low temperature operation,
low noise, radiation hardnessand ahers. The proposed
PTAT structure is compad, demanding small surface
consumption, compatible with standard JFET
processng, and therefore gpropriate for integration
with sensors, aduators, MEMs and similar
semicondictor devices.

2. ANALYSISOF PTAT RESPONSE
It will be shown in the paper that PTAT resporse
Augg(T) can be described by
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where n is emitter diode idedity fador, r; = iy/is is
current generators current ratio, rs is emitter saturation
current ratio, r, common hese airrent fador ratio and
Any; =n, —ng idedity fador difference The analysis of
PTAT operationwill be divided in several steps.

A.First, the dfeds on PTAT operation die to the first
term in eq(1) are investigated. It will be derived in the
paper that sensor sensitivity in this caseis given by
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where for transparency of resultswe haveintroduced a
function I'(T)
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Here, Sy is ®nsitivity of ided PTAT sensor, and index
“r" indicates reference values, more details will be
given in the paper. Symbad A indicaes variation o
acording parameter vs. T, leading to PTAT
norineaity as will be shown in the paper. It will be
also demonstrated how these quantiti es were evaluated
on the basis of theoreticd and experimental data. Next,
it will be shown hov PTAT response can be determined
by integration o S(T). Then, effed of individual
parameter variation on sensor performance will be
discussed.

B.Findly, second term in eq.(1), lealing to resporse
deviation die to idedity fadors difference An,, ,will be
analysed. The following equation for PTAT resporse

will be derived
BE2 (T)
n2
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Therefore, even for small n mismatch, sensor respornse
is difted from ided resporse for severa mV.
Interesting is the limiting cese & low temperatures
(T~OK). It is reamgnised that diode voltage limits to
band gap voltage, for slicon at 1.12V[2]. Therefore,
due to An,, there is a small voltage output for zero
temperature (OK) extrapolation, that we cal
consequently  PTAT  offset  voltage  Auggeg-
Alternativelly, this effed can be represented also as the
shift of sensor charaderistics to a new voltage zeo
temperature origin, —Ty . Resporse is then given by
Auge(T) = Sy (T-Ty) , where zeo temperature can be
simply evaluated as T = AUgge/Sig -

Auge (T) = Auggy (T) — Any,



3. EXPERIMENTAL

Test devices, based on JFET techndogy, were
designed and fabricaed. Preliminary temperature
charaderisation (300K — 370K) of PTAT operation
confirmed derived equations and expeded sensor
properties. For proper charaderisation o thermo-
eledric properies, temperature resolution d 0.1°C was
adiieved with IKAMAG programmable temperature
controller. Various voltage and current measurements
on fabricared test structures were performed, based on
HP41438 Parameter Anadyze. Data aguisition and
instrument controll was automated with Labview 5.0.
To get insight into sensor operation, individual devices
composing the PTAT structure were dso charaderised.
As expeded, BJTs, based on JFET doping profiles,
operate aequatelly. JFET current generators reved
expeded current increasing toward low temperatures,
due to mohility enhancement. Nevertheless current
ratio that is important for proper PTAT operation, is
fairly independent with temperature. Measured PTAT
resporee, in agreanent with equations derived, in the
measured temperature range reveds no excess
norlineaity. For the paper, amore cmmplete analysis of
fabricaed PTAT in an extended temperature range
(77K —=370K) isin preparation.

CONCLUSION

A new structure of PTAT sensor, based on bpodar
transistors and JFET current generators, is presented,
designed, fabricaed, charaderised and analysed. New
equations for PTAT sensor basic properties such as
resporse, sensitivity and dfset, are derived. Preliminary
experimental results are in reasonable agreement with
theoreticd predictions. Nevertheless several
differences between measured values and theoreticd
results indicate that others effeds are to be included in
the future anaysis for improved PTAT sensor
understanding.
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