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IMPULSE METHOD FOR TEMPERATURE MEASUREMENT
OF SILICON DETECTORS

V.V.Kushpil'?, S.A.Kushpil"?, V.Petrscek’

A new impulse method of temperature measurement based on switching characteristic of
the P-N junction is described. Temperature of silicon detector can be determined, due to the
strong temperature dependence of minority carrier lifetime, from the charge registered dur-
ing the switching-off process. The method has been tested in temperature range of 25 +
+ 60 °C. Advantages, drawbacks and precission of this method are discussed.

The investigation has been performed at the Laboratory of High Energies, JINR.
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B pa6oTe onucan MeTOX H3MEPEHHUS TEMIEPATYPhl, OCHOBAHHBIH Ha MEPEX0AHOM Xapak-
TepucTuke P-N -nepexona. TemnepaTypHas 3aBHCHMOCTB BpeMEHH JKH3HH HEOCHOBHBIX HO-
cHTeNeH NO3BOJIAET HCIIOIB30BATE METOJ JUIA ONPEeNIeHHs TEMIEPAaTYPhl KPEMHUEBBIX fie-
TekTopoB. IIpeacTaBeHb! pe3ynbTaThl H3MEpEHHHT B Uana3oHe Temiepatyp ot +20 °C no
+60 °C. ObcyxnaaroTcst TakxKe NPEHMYILECTBA METOA H €r0 TOYHOCTS.

Pabora srinonsena B JlaGoparopuu Beicokux 3Hepruit OUSU.

1. INTRODUCTION

Silicon detectors are widely used in nuclear physics for detection of ionizing particles. Their
characteristics dramatically depend on temperature. For precise measurement either the tempera-
ture stabilization or continuous temperature measurement are required. For temperature measure-
ment thermo-resistors or thermo-couples are commonly used. This solution requires a good ther-
mal contact of the sensor and detector device, and implementation of the readout electronics. This
presents an additional amount of material which can be critical in complicated multidetector
tracking systems where the amount of material has to be minimized. In the ideal case the ter-
mo-sensor can be integrated directly on the detector. In this case the time response of sensor is
very fast and it follows precisely thermal conditions of the detector wafer.

'Nuclear Physics Institutc of ASCR, Rez, Czech Republic
2Joint Institute for Nuclear Rescarch, 141980 Dubna, Russia



Kushpil V.V. et al. Impulse Method for Temperature Measurement 55

Method described in this paper uses switching characteristics of P-N junction, which isanes-
sential part of majority of silicon detectors.

2. TEMPERATURE DEPENDENCE
OF MINORITY CARRIER LIFETIME

According to the the theory of generation-recombination processes [1] the minority carrier
lifetime is determined by energy E, of shallow localized states in the gap of the semiconductor
(traps) with respect to the Fermi level (F;)

e N\ (see Fig.1). Position of the Fermi level de-

pends on the temperature and thus also the

population of traps is proportional to the tem-

a) " perature. To explain this behaviour let’s con-

PR TR A N et M :: sider N-type semiconductor, where holes are
minority carriers. We assume that semicon-

B r " ductor is not degenerated in the whole range
T %, of measured temperatures. When the temper-

ur ature is increased, F; moves down, towards

me the valence band. This decreases population
) w  of electrons in the traps for the case F; < E,.

Estimation has shown that for silicon in the

Fig. 1. Temperature dependences in P-N junction: a) temperature range of 100-400 K, when
the minority carrier concentration; b) the Fermilevel;, F, > E,, the minority carrier lifetime de-
¢} the minority carrier lifetime pends on the temperature.

3. TRANSITION PROCESS IN P-N JUNCTION

Let’s assume P-N junction fabricated on N-type Silicon. Let the current is flowing for certain
time in forward direction (see Fig.2a,b) [2].

In this phase the diffusion capacitance of the junction is charged by accumulated minority
carriers. When the junction is polarized in reverse direction, the diffusion capacitance discharges
within a certain time interval. Considering the switching characteristics on Fig.2c we observe that
starting from switching time the reverse current steeply increases up to [, . Then it remains con-
stant for the storage time t, and then decreases during the recovery time ¢;. The reverse current re-
inains constant during discharging of the diffusion capacitance due to the constant gradient of mi-
nority carrier concentration on the P-N junction boundary. This happens only in the ideal case. In
reality it is difficult to determine precisely the storage time, transition to the recovery region is for
some detectors smooth. Also for some case the resulting current decreases all the time and the
constant part is absent. Aplicability of methods used for temperature measurement of the storage
time is therefore limited.
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Fig. 2. a) Circuit for voltage switching; b) and c) voltage
and current waveforms

[f the load resistor is increased, /,,,, desreases,
while the storage time increases. For the case of
P-N junction with the long base, the storage time

can be calculated from Eq.(1) [3] &
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where 7, is the minority carrier lifetime,
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B = Ii“— s 1 4y is maximum of the forward cur- !

Jfinx
rent. During the recovery phase, the excessive
charge is being removed dominantly by recombi-
nation. The recovery time for different values of
the parameter B is given by Eq.(2).
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wheret,; =1, L—d, and L is thickness of diode base, L, is a diffusion length. The recovery
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and storage lifetime and charge store diffusion capacitance depend on the minority carriers
lifetime and this way also on temperature. Charge accumulated in diffusion capacitance is a
good temperature probe because it can be integrated over the whole storage and recovery
phase. As integral it is also less sensitive to the influence of the noise and to changes in posi-
tion of the end of integration interval, where the current is low and contribution to the integral
is small.

Due to differences in fabrication technology and in properties of the bulk material, it is neces-
sary to calibrate each junction which has to be used as a temperture sensor. Also the radiation
damage changes the concentration of traps, so that the calibration of the thermo-sensor changes
with increasing fluence of particles through the detector. Level of the error due to this fact is cur-
rently studied and it will be reported in the next paper.
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4. EXPERIMENTAL SET-UP

To test the metod the measuring circuit for
switching of P-N junction shown in Fig.3 was
used. Calibrated detector has been placed in the
passive thermostat consisting of heating element
and thermocouple. During the heat-up, the tem-
perature has been measured by KEITHLEY 6517
electrometer connected to the thermo-couple.
Heating element controlled by external voltage
supply rised the temperature from 20 °C to 60 °C.
Detector response to pulses from the pulse gener-
ator MS-9150 has been recorded by digital oscil-
loscope HP 54520 and the charge released from
diffusion capacitance has been determined.

In our test, two dozimetric P-I-N type detec-
tors have been investigated. First fabricated on
3.3 kQ Si with area 0.1 cm?2, second on 1.4 kQ Si
with area 1 cm?. For both detectors parameters of
ths input pulse were identical (+0.6 V; -1.8 V:
R\, = 1k). Shape of output signals is shown
oni Fig.4a,b.
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Fig. 3. Pulse temperature measurement set-up
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Fig. 4. Shape of output signal of | cm? detector(a) and 0.1 cm? detector (b)

5. RESULTS

Temperature dependence of the released charge for the small detector is plotted on the top of
Fig.5. This dependence corresponds well to the simulation.
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Fig. 5. Charge versus temperature for 1 cm? and 0.1 cm? detectors
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Fig. 6. Calibration curves indicate temperature dependence of normalized
charge

Using the obtained dynamic calibration curve it is possible to determine temperature of the
detector with precision better than 0.25 °C. For the test, the precision detector has been placed to
the thermostatic chamber, where the callibration was performed again but in thermal equilibrium
at each measured temperature. This way the more precise static calibration curve has been ob-
tained (see Fig.6). For the large detector (down Fig .5) the released charge is larger, but at the low-
er edge of the investigated temperature interval we observed significant deviation from the ex-
pected shape of the calibration. We can conclude, that general sensitivity of the method is in-
creasing while increasing resistivity of bulk material. Comparing the data with simulation it is
even possible to estimate average energy of traps (see parameters on Fig 5).
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6. CONCLUSIONS

We have investigated a new method of temperature measurement of silicon detectors based
on integration of the charge released from the diffusion capacitance of the P-N junction during the
closing of the junction. This method is more general compared to methods used as signal legth of
storage and/or recovery time of the junction. It can be used even for P-N junction, where the stor-
age phase is not well defined. Integral of the charge is less sensitive to the noise and to variation of
the end of integration window. Time response of this method is very fast, thermo-sensor is inte-
grated on the particle detector. With proper calibration, this method gives temperature of the de-
tector with precission near to 0.1 °C. Changes in calibration due to the radiation damage will be
further studied. In the next phase, we’ll apply this method to temperature measurement of the Sili-
con Drift Detectors.
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