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Abstract: 

The temperature dependence of the forward voltage of 1N4007 Si·diode is reported 

in the temperature range 10-300K. The forward voltage for a current of 200pA was found 

to vary linearly at a rate of -2.4mVIK for temperatures above 60K. This temperature 

dependence of the forward voltage was found to change to -3.6mVII\. when the current 

was changed to 10nA. It is observed that the ftrward voltage for a current of 200pA, 

first increa.sed rapidly below a temperature (TO) of about 21 K and then gradua.lly with 

further reduction in temperature~ Moreover, T- was found to reduce linearly with lu(I). 
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The forward voltage of a semiconductor diode is known to increase by decreasing the 

temperature). This characteristic has therefore found application in the measurement of 

temperature. Semiconductor diode exclusively made for sensing temperature are now

a-days available commercially2. These sensors can provide accuracy of 50mK and costl 
! 

several orders of magnitude more than the diodes available for general electronic appli

cation. The later can also be used for sensing temperature3,•• Here, the temperature 

dependence of the forward voltage of 1N4001 Si-diode is reported. 

The measurements were carried out from 10-300K using an automated setup built 

around a Leybold closed cycle refrigerator$. The encapsulation of the 1);".007 silicon 

diode was ground fiat on one side and fixed to the sample site with GEi031 varnish. 

A stable constant current was provided to the diode from Keithley model 224/2243 

programmable current source. The forward voltage was measured using a Keithley model 

182 digital voltmeter. The diodes are operated at a. constant current, typically 10 nA

200pA, while the voltage variation with temperature is monitored. This amount of 

current corresponds to a value below the knee in the V-I characteristic of the diode in 

the entire temperature range studied. The temperature of the sample site is controlled 

using a calibrated type D silicon diode thermometer in conjunction with a Le)'bold model 

LTC60 temperature controller. The temperature is determined using the same silicon 

diode thermometer'. This has a standard ~~ur«:ment accuracy of :::I:1K at 2 to 1001(, 

±1% of the display value where T>100K. Measurement was carried out in twO sets one 

from 10-271\: in lK step and the other from 30-300K in 30l( step. Each data point was 

obtained by averaging 500 samples. This gave a typical temperature resolution of 50mK 

and voltage resolution of 100pV. 

The forward voltage for a current of 200pA waa found to vary linearlr at a rate of 

-2.4mVII\. for temperatures above 601\:. This temperature dependence of the forward 

voltage was found to change to -3.6mVII\. when the current was changed to 10nA. The 
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linear variation is understood by the theory of Sah, Noyce and Shoddeyl where the 

forward voltage(VI) is shown to be related to the absolute temperature( T) and forward 

current(I) as follows: . 

V1=(nkBTle)ln(lll.+ 1) 

where I, is rever,e saturation current, e is the electron charge and k8 is the Boltz

mann constant. n is a parameter depending on the material, temperal ure and current 

level and typically has a value between 1 and 2. The observed increase in I dVI!dT I 

with decrease in forwe.rd current is also apparent Eq.l. 

It was also ohsef\"ed that the forward voltage first .increased rapidly below a certain 

temperature T- and then gradually with further reJuction in temperature. T· was 

obtained using an extrapolation procedure as follows. The high tcmp~rature region of 

the V,-T chara.cteristic is linearly extrapolated to low temperatures. The region of 

maximum increase of forward voltage at low temperatures is also linearly extrapolated 

to high t~mperatures. The point of intersection of these two extrapolations is defined as 

T·, T· obtained in this manner is given in table-I for the measurements made on four 

diodes. It is seen that T* is about 21K for a current of 200 pA. Moreover, T· shifted 

to nearly 11K when the current was reduced to 10 nA. It was also found that Te varies 

linearly with In(I). This is shown in Fig.2. The suppression of the rapid increase of the 

forward voltage at low temperatures is accompanied by the increase in the temperature 

range over which the temperature dependence of the forward voltage is linear. 

One of the main problems faced in diode thermometry is the loss of linearity at 

low temperatures. The observed improvement in the linearity with lower current is of 

advantage in diode thermometry, whose applicability is limited due to lack of reliable 

interpoation formula. In addition, the self heating in the diode is also reduced. 

This work is supported by DST project no.SBR-49.
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Figure Captions:
 

Fig.l: The temperature dependence of forward voltage of IN4007 Si-diode. Measurement
 

was carried out with lOnA (lower most curve), lOOnA, 500n:\, IJ,tA, 10J,tA, 100J,tA and
 

200ilA (upper most curve). The extrapolation procedure was used to obtain T· is also
 

shown (T·=17.5K for 10J,tA). T* is seen to shift to lower temperatures by decreasing the
 

current.
 

Fig.2: T* as a function of current for the IN4007 diode results shown in fig.I. yo is
 

found to reduce lineraly with In(I). The solid line is the least squares fitted line given by 

T*=O.932In(I)+28.3. 
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,Ie l: The rorward characteristics of I N4007 Si diode. 2.00 

ode dVJldT at 200 JlA 

60-300K 

dVJldT at 10 nA 

60-300K 

VJ at 60K 

200JIA 

VI at 60K 

10nA 

T" 

200JI r\ 

T" 

10 nA 

1 -2.38mVfl\ -3.57mV/K 1.0.t5i 0.9531 20.')1~ ..... IIK 

2 -2.35mV/K -3.54mVjl\ 1.0·110 0.9518 20..5)\ ..... 11.01\ 

3 -2.31mV/K -3.59mVjK 1.0·110 0.9-li5 21.51~ 13.51' 

" -2.25mV/K -3.55mVjK 1.0396 0.9475 21.01' ..... 10.5K 
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