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Single-beam two-colour detector
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A new type of photovoltaic two-colour detector composed of two junctions
(e.9. p-n junctions, heterojunctions, metal-semiconductor junctions) connect-
ed in a back-to-back system and located so that the radiation passes consecu-
tively through each of them has been examined. The short wavelength radia-
tion is absorbed mainly in the direct incidence junction region, while the long
wavelength radiation is absorbed in both the junctions. The detector operation
has been considered under the conditions of the weak and strong incident sig-
nal, respectively. In the case of radiation of small intensity the two-colour
operation of the detector can be achieved only by applying an external system
dividing the voltage from both the junctions. At strong radiation the differen-
tial signal voltage depends only on the spectral composition of the radiation.
Basic parameters of the thermal radiation detector have been evaluated, the
latter being produced of silicon and designed for operation in two-colour pyro-
metry.

Introduction

In many cases the spectral composition of the electromagnetic radiation
should he evaluated, e.g. when monitoring the temperature of the heated
bodies (on the base of their emission spectrum) as well as the chemical
composition of a substance (on the base of the characteristic transmission
or reflection spectra). In such case the application of two-colour method
allows to avoid many errors caused by the specificity of the examined
object, the effect of the transmitting surrounding, the optics used, and
SO on.

In the nondispersive methods a set of two parallelly joined selective
detectors is usually applied, each of them being in the most cases composed
of a nonselective detector and respective band filters. The examined beam
should be, however, split (in time or space). In the work [1] a simple two-
colour detector has been proposed, which does not require the application
of sets of detectors and filters. This paper presents the results of analysis
and experimental examinations for this type of detectors.

Principle of the device operation

Fig. 1 presents a detector scheme examplified by an element with metal-
semiconductor junctions. On the mutually opposite surfaces of the se-
miconductor the junctions are produced using metals creating a potential
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barrier with the semiconductor. In the spectral region to which the de-
tector is supposed to be sensitive at least one of the metalic layers is
transparent. The radiation falls onto the detector from the transparent
layer side. The thickness of the region between the junctions is consi-
derably greater than the doubled diffusion length. The short wavelength

Fig. 1 Detector scheme with the metal-semiconductor junctions:

1; 2 —ayers of the barrier creating metal, 3 —semiconductor, a; ¢ —active photoelectric parts of the
semiconductor material, b —non-active electric part

radiation (wv—Eg > KTDL where TD — detector temperature, Eg —
energy gap of the used semiconductors, hv —photon energy) is absorbed
practically completely in the region a and does not penetrate the inside
of the material. The radiation of longer wavelength (hv > Eg) is absorbed
only partly in the region a, a part of this radiation being absorbed in

the non-active region b and in the region c. Finally the longwave radia-
tion (hv < Eg) passes through the material being practically unabsorbed.

a —uniform detector, b —semiconductor with energy gap diminishing along the direction of radiation
propagation

The radiation absorbed in the semiconductor generates electron-hole
pairs which, if generated in active regions, can reach space charge layers
of the junctions. This evokes the appearence of the voltages Vx and V2
with respect to the non-active region.

The phenomena described cause the spectral characteristics of the
junctions of the form shown qualitatively in fig. 2a. The position of the
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spectral response maximum of the junction 2 is shifted toward greater
wavelengths. Using a semiconductor with the energy gap diminishing
along the direction of radiation as a detector material, we may obtain
the spectral response shown in fig. 2b with a strongly marked mutual
shift of the sensitivity region of the both junctions.

Experimental realization of the detector

Fig. 3 presents a schema of detector production. Two-sided planar struc-
ture on the n-type silicon substrate is used. The plate of thickness 100-
500 {dmis covered with a thin SiO2 layer by thermic oxidation. Next,
50-1000 [xm diameter windows are etched on the opposite surfaces and
the gold layers deposited by the method of vacuum evaporation to cre-

Fig. 3. Scheme of the detector performance
1 - silicon, 2 —Si02layer, 3; 4 —etched windows, 5; 6 —gold layers

ate a barrier contact with the w-type silicon. The thickness of the gold
layers on the incident side and its opposite amounts to about 14 and
100 nm, respectively. In the last stage the element is mounted into the
body of izolator of T 29.9 type and the electric leads produced.

An analysis of detector parameters

The voltage generated by the radiation at the junctions 1 and 2 may be
expressed by the formulae

Vi = O
r ¢

« u«2

where :
currents generated by the radiation in the junctions 1 and 2,
saturation currents of these junctions.



136 J. W. Baran et al.

Case of weak generation
Leti2 > 1M and 198 > 1/, The relations (1) and (2) take then the forms

F KTDI )

KTD In
ely'

The relations (3) and (4) show, that in this case the voltages Vxand V2
are proportional to I and | , thus proportional to the flux densities gx
and q of the photons absorbed in the active region of the junctions 1
and 2. In order to obtain the quantities independent of the*total radiation
intensity and dependent only on the ratio Nx/N2 (whereN x—the number
of carrier pairs generated by ax, and M —the number of carrier pair
generated by q®) it is necessary to carry out the dividing operation (pd(2
by means of the respective external electric system. Linear dependence
of Vxand V2upon the quantities ¢x and y2 takes place also for great
values of ¢x and g2, if the junctions have been loaded with a suitably
low resistance of the amplifier.

(&)

Case of strong generation

Let IM > 18 and In > 12 We assume additionally that the detector
load is in the form of a electronic system of sufficiently high input resis-
stance Rw

KTD KTD

welg - el@-

In this case from egs. (1) and (2) we get
Vx-VZ/CE 77 (y+5/\)' )

Assuming the symmetry of electric properties of both the junctions
(18X= 1s2) and taking into account of the fact that

fn _
Iv2
we obtain

VX (6)
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Calculation of the parameters of the detector as pyrometer
sensor

For the sake of simplicity we assume that only the carriers, generated
at the distances equal to the diffusion length L from the junction regions,
will be reach them by diffusion. Let the thermal radiation from a body
of the temperature T fall on the detector. We assume that the condition
of strong generation is fulfilled. Let the coefficient of reflection from the
both surfaces be equal to zero, and let the emissivity of the hot body

depend weakly upon the wavelength A though it may differ considerably
from 1. Then

fE(X, T(1- exp(-a(X)L))m
V = KTo In P

[ JOA Texp(-a(A)(w+DZ)(I-exp(-a(A)L))AdA

where E(X,T) —denotes the Planck’s distribution, a —the coefficient of
absorption of the silicon detector depending upon the wavelength A
n is related to the thickness D and the diffusion length L by the formula:
D= (n+2)L{aee fig. 1).

For numerical calculations of the integrals in the expression (7) we
have assumed that the integration limits are A= 0477 ixmand A=
1144 xm thus they comprise the whole wavelength range within
which the absorption by the extreme layers of the detectors is negligible.
The diffusion length L is assumed to be 10 jxm while the dependence of
the absorption coefficient a upon the wavelength has been taken from the
Bonnet’swork [3]. The integration has been performed for 800 K < 3000K
and 40 i< 2>< 240 (m

The operation principle of the detector as pyrometer sensor may be
explained by means of the graphs presented in fig. 4. In this figure

Pig. 4. The absorption coefficient vs. the wavelength for silicon (curve 7); intensity

of the radiation illuminating the first (curve 2) and the last (curve 3) deteotor layers

of the thickness L, and the number of photons absorbed in the first (curve 4) and last
(curve 5) layers of the detector, T = 1800 K, D = 140 jxm
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(logarithmic scale) the curve 1 presents the relation a(A), the curve 2
shows the radiation spectrum incident on the detector, and the curve
3 shows the radiation spectrum falling on the last detector layer of the
thickness L and described by the function

e(A T) = XA Texp(—a{n-\-I)L). ®)

The curve 4, in turn, presents the radiation spectrum absorbed in
the first layer of thickness L ; while the curve 5 shows an analogical spec-
trum for the last layer. The last four curves are presented in the same
(logarithmic) scale and refer to the temperature 1800 K and to the de-
tector 140 [xmthick. As it may be easily seen, the shape of the curves
4 and 5 is bell-like. The drop of both the curves on the long wavelength
side is caused by the sharp drop of the absorption coefficient in silicon
(curve 1). The amount of the absorbed energy on the short wavelength
side diminishes due to lowering of the spectral radiation intensity inci-
dent onto the layers considered. In the first layer this occurs due to
short-wavelength drop of radiation of the examined body (curve 2),
while in the last layer the same results from the sharp cut-off on the
short-wave-length side (due to absorption in the silicon sample) (curve 3).

Due to difference in the spectral intensity distributions of the radia-
tion incident on the first and the last layer the maxima of the curves
4 and 5 are shifted with respect to each other. With the change of the
temperature T the position of the maximum of the curve 4 varies within
A= 0.75 [xmz0.5 jxm The maximum of the curve 5 falls on A= 1.01 xm
The operation of the detector is based on fact that in the first layer the
absorbed energy increases with the temperature quicker than in the last one.

The sensitivity dependence upon the measured temperature T for the
detectors of thicknesses 40 xm 140 xm and 240 xmis presented in fig. 5

BOO 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Fig. 5 The absolute sensitivity of the sensor vs. the temperature of the examined
object for the detectors of thickness D = 40 jm (curve 1), 140 jxm (curve 2), and
240 m (curve 3)
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(curve 1, 2, 3). These curves show that the sensor sensitivity drops with
the increase of the temperature measured. This drop is the more nonlinear
the thicker is the used silicon plate.

The curves in fig. 6 show the dependence of the sensor sensitivity
C upon the silicon plate thickness for the temperatures 900 K (curve 1),
1500 K (curve 2) and, 2900 K (curve 3). The sensitivity increases with the
increase of the plate thickness tending to saturation. It is worth emphasiz-
ing that within the whole examined ranges of thickness and temperature
the sensitivity does not drop below 0.01 mV/K.

The relative nonlinearity coefficient W of the sensor is given by the

Fig. 6. The absolute sensitivity of the sensor vs. the detector thickness for the measured
temperatures T —900 K (curve 1), 1500 K (curve 2> and 2900 K (curve 3)

c

Fig. 7. Temperature dependence of the relative nonlinearity coefficient of the sensor.
The curves 1~4 relate successively to detectors of thickness 240 pm, 140 pm, 80 pm,
and 40 pm
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formula

_ 1 de
W= eHm ©

Its temperature dependence for the detectors of the thicknesses 40 j¢m
O Hm 140 [gmand 240 jjmhas been shown in fig. 7. It is of negative
value. For the great thicknesses a monotonic drop of the absolute value
of this coefficient is observed. With the decreasing thickness the rate of
the dropping down diminishes.

Fig. 8. The dependence of sensor signal on the temperature T measured for the detectors
of the thickness D —40 [¢m (curve 1), 140 j¢m (curve 2), and 240 jim (curve 3)

Fig. 9. The dependence of the sensor signal on the detector thickness D for the tempe-
rature measured T = 900 K (curve 1), 1500 K (curve 2), and 2900 K (curve 3)
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The dependences of the detector signal (in mV) on the temperature T
of the examined object and thickness Z of the semiconductor detector
element have been presented in figs. 8 and 9, respectively. As it may be
seen these values are contained within the interval 10-130 mV.

Conclusions

1. A simple device to control the spectral content of the thermal radia-
tion has been designed, and used as a pyrometric two-colour temperature
Sensor.

2. The analysis of the temperature sensor has been carried for the
detector made of silicon.

3. The detector sensitivity to the changes of temperature depends
on the object temperature and increases with thickness of the silicon
plate. The sensitivity becomes saturated practically at the plate thickness
greater than 20 diffusion lengths.

4. The sensitivity of the detector suggested amount to about 0.03 mV/K
and is practically sufficient to the measurement within the range of
800-3000 K.
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OpHOMYYKOBbIA [ABYXLBETHbIV (POTOBOSIbTANYECKUIA AETEKTOP

VerbmbBarmt HOBbIA TN ABYXUBETHOMO (DOTOraybBAHIHECKDIO [ETEKTOPa, COCTOSLLEMO U3
JBYX MyLLIMTy/bHO BKIFOHEHHBIX MEPEXQLOB (3MEKTPOHHO-bIPOYHBIX MEPEXQOB, METEPOMepexoos,
KOHTAKTOB NET/VITIONYNPOBAIHMK), VBIOTORMEHHBIX TaKM 00pasoM, YTO VByseH/e MpoXQmuT
MOCTeIOBATEIBHO Yepes Kbl B HAX  KOPOTKOBOSTHOBOE  VBMyYeHV/E TOMTIOLLETCS, 1768
HbM 00pasoM, B 00/1aCTV Mepexoa, Ha KOTOPbIA OHO HEMNoCPECTBEHHO MadgeT, a [y MHHOBOF
HOBOE VB/yHeHVe B 000MX Nepexaax (W B 06/1aCTy NPOTUNONOKHOO Mepexoad). PaccMoTtpeHa
paboTa [eTeKTopa B YCNoBVSX C1aboro M CWbHOM CUMHarnoB. B ciyyiae venyqeHrst Marnoli vHTeH-
CYBHOCTWU 11 JOCTVMEHVS [BYXLBETHON paloThbl HEOOXOAMMO MPUVEHWTL BHELLHKO CUCTEMY,
PasieALLYI0 HAMpsdieHVe OT 060MX MepexaroB. [y CWBHOM VRYHeHN PasHOCTHOE Harpst
MEH/e CUrHaMa 38B/CUT TO/bKD OT CTEKTPAVBHOM COCTaBA VBMYHEHVH, He 38BUCUT M€ OT CyM
MaPHO/ VHTEHOVBHOCTU VBYYeHVH. BoH/CIEHbI OCHOBHBE MapavETPbl JETEKTOpA TEpMAYEC-
KOMO VB/YYeHVs, VBIOTORMEHHOMO V3 KPEVH W MPEOHAE3HAYEHHOMO 1A [BYXUBETHOW Mvpo-
METPU.



