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Abstract: In the thermoelectric engineering, many cases il is neccessary te measure
temperature of the objects without contacting with them. The temperature can be meas
by using the sensors that are sensitive infrared radiation from the objects. In this pa
we present the technology for preparation of thermo-couple based on n - type Biy(Te, £
and p- type (Bi, Sb)oTes thin films.. . Some their properties such as: e vs T, noise fea
are determined. The prepared sensors can be used to make the equipment for far measu
of temprature.

1. Introduction

In thermal technology, a popular problem is the measurement of the non-con
temperature of distant object. If the object is not brightly burning, most of its radia
is infrared. Infrared radiation sensors are usually made of thermoelectric semiconduc
materials. The sensitivity of sensors usually is very high because it has a very k
coefficient of thermoelectric as compared to other metal materials.

The object temperature is determined by measuring the total energy which is
diated in the form of electric signals. Sensors operate on Seehbeck effect. An advan!
of this type of sensor is that it can record weak radiation of 107Y = 107" w in a v
infrared band.

In this report, we will demonstrate the semiconducting thin filter thermoelec
sensors which comprise 3 components. They are Biy(Te, Se)s of n type and of p t
(Bi, Sb)aTe;z and made of highly-pure respective materials by the method of the
evaporation in vacuum.

To improve thermal batteries’s quality., thin film sensors are first made of si
materials and then of 2 and 3 element mixtures in order to have the suitable can

density and a maximum temperature difference between the hot and cold source. [1].
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The noise of infrared sensors 1s also taken into consideration to HIPLOVe Sensol

lity and to detect distant weak radiation.
Experimental, results and discussion

Sensors are produced by method of thermal evaporation in vacuum using German
| svstem. The sensors have several thermoelectric semi-conductor couples of n type
(T'e. Se)y and of p tvpe (Bi,5b)2Tes in asteroid series connection (Fig.1) on plastic
form.

The plastic platform is 0.1 mm
k and has its surface thoroughly
ited before it is put in vacuum to
te the thermoelectric film. The
source of the sensor concentrates
tle the asterism and is electrically
llated. The cold source is good
tact with open air by parallel con-
fion with a copper ring.

The film’s thickness is deter-
le by optical mmterference. The
’s thickness is about 1.5 pum.
| The sensor’s hot source is on
focus of concave mirror (Fig.2).

8 makes sensor sizes very small,
| |

¥ inner diameter ¢ = 3mm and

h diameter ¢ = 12mm, which

iil!"h' 8 thermo-couples in series Fig.1: Photographs of IR sensor based on
!lf‘“-iD"- n-type Bio(Te, Se)s and p-tvpe (Bi, Sb)oTes

The concave mirror in the op-
| system is in fact an optical sig-
amplifier. This gives extra sen- 1
ity to the sensor. The thermo- Fins s P st S I—J
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made of lead. The whole svstem
rell insulated from environment Fag.2: Structure of sensor unit. (1) sensor:

litions. (2) concave mirror; (3) diaphrams.
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From experimental curves in Fig.3 and 4, the o index at 20°C is inferred as

-—92,{;1//“6', and o, = +171uV/°C.

The experiments show that linear recurrence is more accurate than log funct

recurrence so it doesn’t correspond to normal semiconductor rules. This mavbe ca

by a slight change in carriers density as a result of temperature variation or perhap:

temperature change is too small for the dependence a =f(logn) to appear clearly.
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Fig 3: Dependent of a-index of p
type(Bi,Sb),Te; film on temiperature

However, the a index measured
by extrapolating from room temper-
ature is quite similar to the announced
results for the 3 dimensional devices
in [3].

With sensors as Fig.1, the e.m.f
is determines according to the tem-
perature of a conical coal piece at
a constant distance from the sensor
(by non-contact method) as shown
in Fig.5 on a X-Y recorder. So with
reasonable accuracy, this can be con-
sidered as unfiltering wide band in-
frared sensors.

In order to identify the cord-
sensor contact, the votage-amperage
quality is measured on DLTS8000.
The finding is shown on Fig 6 as
a straight line, which indicates that
the cord-sensor contact is omic.
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Fig.5: Dependent of e.m f on
perature (of the conical coal piece)

The equivalent circuit of the sensor, therefor can be described as shown in Fig

+ Equivalent circuit and noise sensor:
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In which R, .R. are the contact resittivity between the cord and the sensor:
T, A) is the branch resitivity of p-type and n-tvpe of thermoelectrie films in continual

nection.
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Fig 6: The voltage-amperage quality Fig 7:The equivalent circuit
of infrared sensor. of the sensor

In ordinary sensor, total noise has many tvpes of of components whose source is the
ical coal piece.either known or unknown.
Based on our diagram on infrared radiation sensors, total noise may include com-

ents such as:
|

=2 ] v =g
: / "total = Ythermal % tghort T PFlicker T '

|+ Noise Spectrum of sensor:
|

.- The spectrum of total noise S el ailiodon B

peasured on FSEA30 Spectrum i = oot e o

llyser at the Institute of Mate-

b Science when sensors are not

illahlv and when infrared radia- G

. sensors are available. | 7 e e P e S S :ﬂ.
Results showed that within the

uency band from 0 Hz + 250

z there are a lot of noise ele- T ; r =

its in different frequencies that "' ¥ ,Nl".' \ f e

_h'ibutv to the total noise, Com- il hptrdduid | CopY e "

ng to the Spectrum of thermal

p from radiators and studying in e i

it.rum analvzer, we can see that v\

r are of similar forms. Conse- 'h Lw“ h’{ﬂ_ [\’.J 1 i

atly, tvpical noise is mainly ther- e ‘r'ﬁ"‘"'""u S Rl b

(Figs). e Gt

Fig 9 describees 1/f noise of
ors measured by Lock-In-Amplifier  fig 8: Noise spectrum density:

I o o e S e - P : .
30 DSP. As can be seen in this a- Floor noise; b- White noise; c- Noise of sensor
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figm“ 1 /f noise ;i'['l‘jlkl.ti’ll'li.\' .‘-H'r'n',',!fil'llh within the low I"I":ill!'hl'\' band. This noise is ms
concerned with surface conditions of sensors, wich 1s the meeting point between ther
electric branches and conductor-wire thermal electric web contacts, the noise spect
does not depend on frequency but is more likely attricbuted to thermal and short 1

on higher frequency band.

Fig.9: 1/f noise of sensors

3. Conclusion

The operation of multi component thermoelectric sensors corresponds well to
Stefan-Boltzmann function within an acceptable error range. The sensors are sensi
stable enough and their noise has been preliminary assessed, which brings chances te
them to determine distant thermal threshold
Acknowledgment: Authors would like to thank to Prof. Dam Trung Don and Ngi
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P CHI KHOA HOC DHQGHN, KHTN, t.XVI, n'4 - 2000

NGHIEN CUU CHE TAO VA KHAO SAT MOT SO TINH CHAT
~ CUA SENSOR NHIET DPIEN
TREN CO SO Biy(Te, Se)s LOAI n VA (Bi, §b),Tes LOAI p

Nguyén Duy Phurong
Hoc vién Ky thuat Mat ma - Ban Co yéu Chinh phu
Piao Khiac An
Phong Nghién ciru va Phét trien Sensor
Vien Khoa hoc Vat lieu, Trung tam KHTN & CNQG
Ta Dinh Canh, Pham Qudc Triéu
Khoa Ly, Dai hoc Khoa hoc Tir nhién - DHQG Ha Noi

. Trong ky thuat nhiét dién, nhiéu truomg hop can do nhiét do cia vat ma khong
| tiép xiie duwoc voi vat. Ngudi ta ¢6 thé ding cde sensor nhan cde bire xa hong ngoai
;i,t. ra tir vat, tir d6 biet duwoe nhiét do cia vat. Trong bai bdao nay, ching toi trinh bay
ig nghé ché tao Sensor Biy(Te, Se)s loai n va (Bi, Sb)Tes loai p biing phuwong phap
t bay nhiét trong chan khong. Mot s6 tinh chat cia cic sensor d6 da dwoc khdo sit
r: sur phu thuoc cia suat dién dong e vao nhiét do T, didc trung nhiéu...

. Céc két qua bude dau cho thiy trién vong irng dung sensor nay vao thiét bi do
pt do tir xa la khach quan.



