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The tem per a ture of the work ing en vi ron ment is one of the key fac tors in de ter min ing the
prop er ties of semi con duc tor de tec tors, and it af fects the ab so lute ac cu racy and sta bil ity of the
stan dard de tec tor. In or der to de ter mine the tem per a ture co ef fi cient of CdTe de tec tor used
for X-rays de tec tion, a pre cise tem per a ture con trol sys tem was de signed. In this ex per i ment,
de tec tors and ra dio graphic source were set in side a ther mo stat with tem per a ture of 0~40 °C,
so that the tem per a ture can be reg u lated for the test of the tem per a ture co ef fi cient of CdTe de -
tec tor. Stud ies had shown that, with the in crease of the tem per a ture, the en ergy res o lu tion
and de tec tion ef fi ciency of the CdTe de tec tor would de te ri o rate, and un der 10 °C the de tec -
tors have better per for mance with the 8 keV X-rays.
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IN TRO DUC TION

The ba sic prin ci ple of semi con duc tor de tec tor is
that the high volt age elec tric field is gen er ated in the
semi con duc tor by a thin layer of metal elec trodes on
the sur face of semi con duc tor. Ion iz ing rays gen er ate
elec tron-hole pairs in the de tec tor when the rays get in -
side the semi con duc tor, the num ber of the elec -
tron-hole pairs is pro por tional to the en ergy of the in ci -
dent par ti cle. Elec trons and holes move to dif fer ent
elec trodes, and are col lected by the elec trodes. The
elec tri cal pulse sig nal is thus formed. Cad mium tel lu -
ride (CdTe) is a type of com pound semi con duc tor ma -
te ri als [1]. Com pared with Si and Ge, CdTe has a larger 
atomic num ber and higher den sity (r = 5.83 gcm–3),
hence it has better abil ity to pre vent and ab sorb the
X-rays and gamma rays, so it has higher in trin sic de -
tec tion ef fi ciency. Be sides, CdTe de tec tor also has the
ad van tage of small size and high res o lu tion ra tio. The
most re mark able char ac ter is tic of the CdTe de tec tor is
that it can work at room tem per a ture [2].Thanks to
these char ac ter is tics, CdTe de tec tor has broad ap pli ca -
tion, in clud ing med i cal di ag no sis [3].

Per for mance of the de tec tor can be var i ous at
dif fer ent tem per a tures. Tem per a ture char ac ter is tic is a
key fac tor that in flu ences the ab so lute ac cu racy and
sta bil ity of a stan dard de tec tor. CdTe de tec tors can be
op er ated at room tem per a ture. But the tem per a ture is

chang ing, so the per for mance of the de tec tor can also
be af fected [4]. Thus, it is a sig nif i cant work to carry
out the study on tem per a ture char ac ter is tics of CdTe
de tec tor within 0-40 °C and un der stand the in flu ence
of tem per a ture on CdTe de tec tor's de tec tion ef fi ciency
and en ergy res o lu tion.

EX PER I MEN TAL FA CIL ITY

Tem per a ture con trol sys tem

Tem per a ture con trol sys tem is ther mo stat de -
signed for the ex per i ment. The ther mo stat uses the
tech nol ogy of com pres sor re frig er a tion, as well as sta -
ble and re li able con trol tech nol ogy. The con trol sys -
tem is in de pend ently re searched and de vel oped.
Equipped with a high res o lu tion ra tio true color touch
screen, it is user-friendly, con ve nient to op er ate and
has high con trol ac cu racy. There fore, it can pro vide a
sta ble, ac cu rate tem per a ture en vi ron ment, which
meets the needs of the ex per i ment. As shown in fig. 1,
the ther mo stat tem per a ture con trol sys tem has a sep a -
rated struc ture, the ther mo stat and op er a tion screen
oc cupy up per part, and sup port ing frame in the lower
part. The re frig er at ing com pres sor set is sep a rately
placed be hind the test cham ber and con nected by re -
frig er a tion pipe line. The sys tem struc ture is com pact
and takes up a small space.
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The ther mo stat has a nom i nal ca pac ity for 216 L, 
con trol la ble tem per a ture range –20 °C ~ +100.0 °C,
fluc tu a tion of tem per a ture £±0.5 °C, uni for mity of
tem per a ture £2 °C, tem per a ture de vi a tion £±2 °C,
cool ing rate ³1 °C min–1, (+70 °C ~  –20 °C, zero load,
tested ac cord ing to GB/T 5170.2-2008), warm ing rate
³3 °C min–1 (–20 °C ~ +70 °C, zero load, tested ac -
cord ing to GB/T 5170.2-2008), us ing low-noise high
ef fi ciency scroll re frig er a tion com pres sor for re frig er -
a tion with an air-cooled en gine for cool ing, us ing
high-ef fi cient stain less steel finned tube heater for
heat ing. The cy cle air cooled ma chine for cool ing is
highly re li able noise-proof mo tor and stain less steel
cen trif u gal im pel ler. In ad di tion, tem per a ture con trol
sys tem has se cu rity con trol de vice for elec tric leak age
pro tec tion, phase se quence pro tec tion, in cor rect op er -
a tion pro tec tion, overpressure pro tec tion, over heat ing
(over load) pro tec tion, work ing fluid leak age alarm,
fan over heat ing (over load) pro tec tion, heater over -
heat ing pro tec tion, mul ti ple tem per a ture ex cess pro -
tec tion, pro gram op er a tion pro tec tion, and tem per a -
ture warn ing. The ther mo stat has high sta bil ity, can
pre cisely ad just and con trol the ex per i men tal en vi ron -
ment tem per a ture to meet ex per i men tal re quire ments.

X-rays gen er a tion sys tem

In the ex per i ment an X-rays ap pa ra tus is used to
pro duce X-rays. X-rays ap pa ra tus con sists of X-rays
tube, power sup ply and con trol cir cuit. High volt age
pro vides high pres sure field, makes ac tive elec trons on 
fil a ment ac cel er ated flow to an ode, elec tron cur rent
bom bards the an ode tar get, most of the power is con -
verted to heat, a small part of the power pro duces
X-rays by brems strah lung [5]. Fig ure 2 shows the
prin ci ple of X-rays ap pa ra tus. In the ex per i ment, a mi -
cro X-rays ap pa ra tus is used, its max i mum tube volt -
age is 50 kV, max i mum tube cur rent is 1.0 mA, and the
peak-power is 50 W.

In the X-rays tube, the cath ode launches out two
dif fer ent X-rays spec tra, pro duced from ac cel er ated
elec trons bom bard ment of the an ode tar get, un der high 
volt age. One is con tin u ous spec trum, uncorrelated
with the tar get ma te rial, the other one is lin ear char ac -
ter is tic X-rays spec trum, which is uncorrelated with
ac cel er ated volt age, but cor re lated with the tar get ma -
te rial. Char ac ter is tic X-rays spec trum is pro duced by
in ner shell elec tronic tran si tions of at oms. In ner shell
elec trons are ion ized when high-speed elec trons bom -
bard the tar get at oms, holes are pro duced in the in ner
shell, elec trons from the outer shell tran sit to holes in
the in ner shell where elec tro mag netic ra di a tion spec -
trum, namely char ac ter is tic X-rays spec trum, is gen er -
ated. Usu ally K, L, M, N... are used to rep re sent prin ci -
pal quan tum num ber (num ber of elec tron shells in
chem is try), n = 1, 2, 3, 4 ... rep re sents en ergy level.
When  the  elec tron  at  n  =  2  shell  tran sits to the hole
at n = 1 shell, this ra di a tion is known as the Ka type.
When  the  elec tron  at  n = 3 shell tran sits to the hole at
n = 1  shell,  this  ra di a tion  is  known as the Kb type so, n
= 3 jump to n = 2 shell is called La type, n = 4 jump to n
= 2 is called Lb type etc. It is more in tu itive to un der -
stand mech a nism of pro duc ing X-rays us ing XOP
soft ware sim u la tion of the spec trum of X-rays ap pa ra -
tus. Fig ure 3 shows X-rays spec trum of tung sten tar get 
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Fig ure 1. Di a gram of the ther mo stat
(1) Touch screen, (2) view ing win dow, (3) sup port ing frame, (4) wheels, (5) an gu lar glass, (6) hinge, (7) wire hole, (8) rays hole,
(9) re frig er a tion and heat ing set, (10) wheel of ther mo stat, (11) han dle, (12) con trol panel, (13) power wire, (14) inflator noz zle,
(15) re frig er a tion tubes

Fig ure 2. Prin ci ple of X-rays ap pa ra tus diagram



at 20 kV by XOP soft ware sim u la tion. In the fig ure, the 
two peaks re spec tively cor re spond to Ka and Kb char -
ac ter is tic peak of tung sten tar get [6].

 Con trol soft ware of the X-rays ap pa ra tus dis -
plays tem per a ture of the X-rays tube in real time. Tem -
per a ture of the X-rays ap pa ra tus is al most in vari ant
when chang ing the tem per a ture in the ther mo stat dur -
ing the ex per i ment, it al ways re mains around 40 °C.
The ef fects of tem per a ture change on X-rays ap pa ra -
tus could be omit ted in the ex per i ment.

CdTe DE TEC TOR TEM PER A TURE
CHAR AC TER IS TIC EX PER I MENT

To study the de tec tion ef fi ciency of the de tec tor
one should de ter mine the ab so lute pho ton num ber of
de tec tor's lo ca tion first. In the ex per i ment, a stan dard
HPGe De tec tor is used for ab so lute pho ton num ber
mea sure ment. The de tec tion ef fi ciency of the HPGe
de tec tor has been cal cu lated by Monte Carlo sim u la -
tion pro gram. The pho ton num ber de pos ited in HPGe
Crys tal can be re corded in dif fer ent en ergy in ter val
with a de fined par al lel X-rays source, so the de tec tion
ef fi ciency in each en ergy in ter val can be cal cu lated.
The re sults of sim u la tion dis played that the max i mum
en ergy that can be de tected by the HPGe de tec tor is
350.00 keV, the de tec tion ef fi ciency is high be tween
14.84 keV and 96.23 keV en ergy in ter val, can reach to
more than 90 %. Fig ure 4 shows the de tec tion ef fi -
ciency in 2-18 keV en ergy in ter val. At about
11.00keV, the de tec tion ef fi ciency de creased ob vi -

ously be cause Ge el e ments are ac ti vated, pho tons can -
not be doc u mented ow ing to the oc cur rence of Ka and
Kb char ac ter is tic X-rays es cape [7, 8].

 Set the X-rays tube volt age at 20 kV, the en ergy
spec trum is mea sured with stan dard HPGe de tec tors,
as shown in fig. 5. Con trast with fig. 3, fig. 5 shows
that the char ac ter is tic peak ap pears around 8 keV with
20 kV X-rays tube volt age. There are two peaks ap par -
ent in the ex per i ment.

The tem per a ture char ac ter is tics is stud ied by us -
ing a CdTe semi con duc tor de tec tor, the out er most of
the probe is a cov er ing layer of be ryl lium win dow, un -
der side are CdTe crys tals, elec tron ics sys tem, cool ing
mod ule and power sys tem. A layer of plat i num is at -
tached to up per sur face of CdTe crys tal, lower sur face
is ce ramic ma te rial for sup port ing, the whole de tec tor
is wrapped up by stain less steel. X-rays ap pa ra tus and
CdTe de tec tor are placed in the ther mo stat and it is
made sure the CdTe crys tal faces di rectly to exit por tal
of X-rays ap pa ra tus. Ex per i ment de vice sche matic is
shown in fig. 6. In or der to guar an tee the tem per a ture
of the de tec tor is same as en vi ron ment tem per a ture,
count ing should be gin af ter the ther mo stat has reached 
the tar get tem per a ture and it stayed sta ble for one hour.

When the tem per a ture of ther mo stat is ad justed
from 0 °C to 40 °C with each in ter val of 10 °C, the
mea sured spec trum of the ex per i ment is shown in fig.
7. The bi modal spec trum, shown in fig. 5 and fig. 3, ap -
pears when the tem per a ture is 0 °C. There is only one
La char ac ter is tic peak when the tem per a ture is above
10 °C, mean while the en ergy res o lu tion re duces. As
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Fig ure 3. X-rays spec trum of tung sten tar get at 20 kV by
XOP sim u la tion

Fig ure 4. De tec tion ef fi ciency curve of HPGe for
(2-18) keV pho tons

Fig ure 5. Mea sured spec trum of X-rays tube by HPGe

Fig ure 6. Di a gram of CdTe tem per a ture char ac ter is tics
ex per i ment



the tem per a ture in creases the en ergy res o lu tion be -
comes worse, while the de tec tion ef fi ciency de creases.

The to tal count of the de tec tor at the char ac ter is -
tic peak of La is shown in tab. 1. The ab so lute num ber
of pho tons at the en ergy level can be mea sured by stan -
dard HPGe de tec tor, which can de ter mine the de tec -
tion ef fi ciency of CdTe de tec tor, and un der stand the
ef fect of tem per a ture on the de tec tion ef fi ciency of the
de tec tor. The counts of the peak of HPGe de tec tion is
456,336, and counts of the peak area is 4,579,680. As
the de tec tion ef fi ciency at the en ergy point is 98 %, the
to tal pho ton num ber at the peak is 465,649, and the to -
tal num ber of pho tons get ting into the HPGe de tec tor
is 4,673,143. The ef fec tive de tec tion area of this HPGe
de tec tor is 104.04 mm2 [9], and the ef fec tive de tec tion
area of the CdTe de tec tor is 23.59 mm2 [10], so the
num ber of mono-en er getic pho tons get ting into CdTe
is 23.59/104.04 × 465,649 = 105,581, and the to tal de -
tected pho tons num ber of the CdTe de tec tor is
1,059,587, hence the de tec tion ef fi ciency of CdTe de -
tec tion could be de duced, the re sult is shown in tab. 1.

The prin ci ple of the semi con duc tor de tec tor is that
the pho tons hit the crys tal at oms and the at oms are ac ti -
vated to gen er ate elec tron-hole pairs fi nally, col lect ing
elec tron-hole pairs, cur rent sig nal is gen er ated [11]. The
noise be comes larger with the in crease of tem per a ture, so 
the en ergy res o lu tion and de tec tion ef fi ciency of the de -
tec tor will ob vi ously de crease. The ex per i men tal re sults
show that the de tec tion ef fi ciency and en ergy res o lu tion
of CdTe de tec tor will de crease with the tem per a ture ris -
ing. At 0 °C, the de tec tion ef fi ciency is high est and peak
de tec tion ef fi ciency is 61.32 %, the to tal de tec tion ef fi -
ciency reaches 80.96 %, en ergy res o lu tion is the best,
two char ac ter is tic peaks could be sep a rated per fectly.

The per for mance is sig nif i cantly re duced with the tem -
per a ture in creas ing. The de tec tion ef fi ciency and en ergy
res o lu tion of the de tec tor is poor for low en ergy X-rays of 
8 keV at 20 °C or higher. There is a peak shift to the right
with the in crease of tem per a ture which is con sis tent with
the ref er ence [12, 13].

CON CLU SION

Seen from the ex per i men tal re sults, the en vi ron -
ment tem per a ture has a great in flu ence on the de tec -
tion ef fi ciency of CdTe de tec tor. As the tem per a ture
in creases, the peak count re duces ac cord ingly. The
count de creased about 66 % with the tem per a ture
chang ing from 0 °C to 40 °C. The lower the tem per a -
ture, the higher the de tec tion ef fi ciency. When the
tem per a ture is above 10 °C, the de tec tion ef fi ciency is
get ting lower and lower as the  tem per a ture  in creases 
above 10 °C. Within 10 °C, the ef fi ciency is ac cept able 
and the re sults of the ex per i ment are ba si cally con sis -
tent with the the ory.

The en ergy res o lu tion of the de tec tor acts well
be low 10 °C, which can re main be low 10 %; while as
the tem per a ture rises above 20 °C, the en ergy res o lu -
tion be comes poor, and it can not re flect the ac tual con -
di tion of the ra dio ac tive source.

The ex per i men tal re sults show that this type of
CdTe de tec tor is re li able for use in X-rays de tec tion.
The de tec tion ef fi ciency is very high es pe cially un der
tem per a ture be low 20 °C. On the ba sis of this ex per i -
ment, we could con clude that it is nec es sary to use air
con di tion ing to con trol the en vi ron ment tem per a ture
when we mea sure the ra di a tion with CdTe de tec tors.
The re sults are es pe cially ideal when the am bi ent tem -
per a ture is be low 10 °C. In ad di tion, ac cord ing to the
in flu ence of tem per a ture on the de tec tion ef fi ciency,
some cor rec tions should be made to re duce the un cer -
tainty of the study.
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Ta ble 1. Re sult statistics

Tem per a ture 
[°C]

Counts
at the
peak

Counts
in the
area

De tec tion
ef fi ciency
at the peak 

[%]

De tec tion
ef fi ciency

[%]

En ergy
res o lu tion

[%]

0 64,751 857,879 61.32 80.96 6.95

10 51,605 811,334 48.88 76.57 9.89

20 27,350 615,983 25.90 58.13 23.07

30 22,944 529,171 21.73 49.94 25.27

40 21,910 511,700 20.75 48.29 31.15

Fig ure 7. Spec tra of X-rays tube at dif fer ent
tem per a tures by CdTe de tec tor
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Siming GUO, \in|e VU, Hajen DU, \en XANG, Sjufang LI,
Cungxan QU, [uaj XANG, ^engce LI, Binbin HUO, Xenju QAO, Jing QU

ISPITIVAWE  OSOBINE  TEMPERATURNOG  KOEFICIJENTA
CdTe  DETEKTORA  ZA  DETEKCIJU  X-ZRA^EWA

Temperatura radne sredine je jedan od kqu~nih faktora pri odre|ivawu osobina
poluprovodni~kih detektora, koja tako|e uti~e i na apsolutnu ta~nost i stabilnost standardnog
detektora. Radi odre|ivawa temperaturnog koeficijenta CdTe detektora za detekciju X-zra~ewa,
dizajnirali smo precizan sistem kontrole tem per a ture. Za potrebe eksperimenta, detektor i
izvor X-zra~ewa postavqeni su unutar termostata sa temperaturom od 0 ~ 40 °C, kako bi se
temperatura mogla regulisati tokom ispitivawa temperaturnog koeficijenta CdTe detektora.
Rezultat eksperimenta pokazuje da sa porastom tem per a ture dolazi do pada energetske rezolucije i 
efikasnosti detekcije CdTe detektora, a pri temperaturama mawim od 10 °C detektor ispoqava
boqe performanse za X-zra~ewe od 8 keV.

Kqu~ne re~i: CdTe detektor, temperaturni koeficijent, X-zra~ewe, efikasnost detektora,
..........................energetska rezolucija  


