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Á� æ^Monte Carlo�{�[
HgI2!�¬SeÚCdTeA«��X��=�&ÿì3�^X��

�� (10—100keV)�ßLÌ!��Ñ�Ì!áÂ�ÇÚ1>(¯Ý. éX��ÚHgI2 ��^L§�[

æ^
EGSnrc Monte Carlo�èXÚ, é&Ò>Ö��)�Ä
>Ö�)�pdD(Úá���²�

^E¤�Ü©>ÖÂ8K�. (JL², 16f²þgd§ (Schubweg)3�éu&ÿá�þÝ���,

�²�^Ué�/K�&ÿ(¯Ý. HgI2 �(¯Ý´�¬Se�5�±þ, CdTe�(¯Ý´�¬Se�

10�±þ, æ^pZ Sêá��±��Jp&ÿ(¯Ý.
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1 Úó

Cc5, �«�¬½õ¬��Ná��&ÿì

3�Æ¤�ÚØ�Æþ^��5�õ, ù
á�

k�¬Se, HgI2, PbI2, CdTe, CdZnTe, GaAs, TlBr

�, 
 ù 
 á � � ¥, � · ¨ � � � ¡ È & ÿ ì

�k�¬Se, õ¬HgI2 Úõ¬CdTe. #á��æ

^��¡5
u�NÚ�>f Eâ� ?Ú, ��

¡�5
u�Kþép�Ç!pUþ©EÚp�

m©E&ÿì�½�I¦. �
�Ð/���«

á�éX����AA5, Monte Carlo�{Jø


�«��k��óä, �XO�ÅEâ�?Ú,

Ñy
éõ;^upUâfDÑ�Monte Carlo�

[^�, ù
^�kMCNP/MCNPX, ITS, ANISN,

TORT, EGS4/EGSnrc, PARTISN, SERAÚPENE-

LOPE�
[1]

. §��A^Ì�kË�Jþ©Û!X�

�
u�Ì�ýÿÚË�&ÿì5U�[�
[2—6]

. �

©æ^EGSnrc Monte Carlo�èXÚéõ¬HgI2!

�¬SeÚõ¬CdTeA«��X��=�á���A

?1�[.

EGS(Electron-Gamma-Shower)´;^upU>

fÚ1f3á�¥·ÜDÑ��èXÚ, §�^u?

¿AÛN¥, âfUþ��3êkeV—êGeV. éü¬

HgI2 &ÿ5U��[, ©z [7—9]¥k�
(J. �

©æ^EGSnrc�èXÚ�[3«��&ÿá�é�

Æ�ä��X����A, �éuEGS4, §3éõ�

¡�
��Ün!�õ�U?.

2 �[�{��.

�[�)ü�Ü©: (1) 1f�Ô��^, �¼�

zg�^u)� �Úzg�^��ÈUþ; (2) >

Ö��)�Â8, �Ä�>Ö�)�D(Ú��²�

^E¤�>ÖØ��Â8.

2.1 X���á��^L§��[

æ^EGSnrc�èXÚ�[X���á���^

L§, X���Ô��^�Uu)3�L§: 1>�

A, ��ZÑ� (xÊîÑ�), �ZÑ� (a|Ñ�).

~^�Æ�äX1fUþ310—100keV��S, 3ù
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���Uþ�Èq±1>áÂ�Ì, ��ZÑ�L§

�±�)�Ü©UþáÂ, �ZÑ�L§Ø�)Uþ

áÂ, �UC1f��, ¤±HgI2 �X����^�

^ã1�6§ãL«.

ã 1 �[z��1f�&ÿì�^L§§S6§ã

2.2 >Ö�)�nØ�.

>f�[§S (ESP)|^þ¡Monte Carlo�[

X���HgI2 �^§S (IP)¼���g�^Uþ�

È �Ú���êâ, Jlz�1f�^�)�>Ö.

éuzg�^, X��1f�á���UþE, �

)�²þ>f�Çéê N̄ �l�5'X

N = E/W± , (1)

Ù¥W± ´²þ�)��>f–�Çé�Uþ. 
3

zg�^¥ý��)�16fê8N �±w�´Ñ

lpd©Ù, þ��N , þ��� (NF )1/2, Ù¥F ´

FanoÏf
[10]

, §£ã
>lL§>Ö�)ÚOÅÄ�

nØ4�, ùpF ��0.5.

X���^�)�>fÚ�Çò©O�X�!K

>4¤£, �)>6, §���dRamonØû½
[11]

,

>ÖÂ8�ÇdHecht'Xû½
[12]

, 	>´Â8��

o>ÖQdRamonØ�)>Ö�>ÖÂ8�Ç�¦

È3á�þÝ��È©��, ?� �z ?���>

ÖÂ8∆Q(z)�

∆Q(z) =
NeV

L2

{

µeτe

[

1−exp

(

−

zL

µeτeV

)]

+

µhτh

[

1−exp

(

−

(L−z)L

µhτhV

)]}

, (2)

Ù¥e´>f>Ö, V ´ �>Ø, L´á�þÝ, z ´

X���^Uþ�È �, µeτe, µhτh ©O´>fÚ

�Ç�[£Ç�Æ·�¦È. úª(2)�>ØK ��

¹, � ��IòeIeÚhé�.

w,Â8>ÖØ=�6u�^Uþ (N), 
��

6u�^�Ý (z). ,
, XJµτV/L (16f²þg

d§)��uá�þÝL, KÂ8>Ö�CuNe, =�

^ �?�)�>Ö.

3 �[(J�?Ø

Ä k · � ï Ä 
 0.3mm � Ã � � HgI2 � ¡ é

100keVIå\�X��1f�ß�Ú��Ñ�Ì,

�
�Ð/n)Ì©Ùã, ùp�Ñ
HgI2 �K, L

áÂ�ÚF11fUþ�, �L1.

L 1 HgI2�Ô5ëê

²þ>f–�Çé K áÂ�/ Kα/ Kβ/ LáÂ�/ Lβ1/
�Ý/(g/cm3)

�)U/eV
�� �fSê

keV keV keV keV keV

6.36 5.0 Hg 80 83.10a 70.10a 80.66a 14.2b 11.5b

I 53 33.17a 28.5a 32.4a 5.2c 4.2c

a, b, c©O5
uë�©z [13—15].

ã2�100keV�X��1f (E0)\��0.3mm

þ�HgI2 �, ßL�X��Ì (a)Ú��Ñ�Ì (b).

lã¥�²w/w�Ì�E0, Kα, Kβ ÚLβ1 �, Ø


ù
A�Ì�ÚE0 Ì� (�ÚHgI2 �^
��<º

�1f)	, Ù{UþºÑ1fé�. �[¼��(J

Ú©z [2,3]Ä���, 
�Ì���´L, �`²


T�[(J´Ün�. �âù
A�Ì� �Ú�é

rÝ, �±(½áÂá����«aÚ¹þ, ù�Ò

´X��1Ì¤��n.

�[^�:

AE=512keV(PEGSêâ�>f�$Uþ, >f

Uþ=>fÄU+>f·�Uþ511keV).

AP=1keV(PEGSêâ�1f�$Uþ).

ECUT=521keV(>f�^���U), PCUT =

1keV(1f�^���U).

NCASE=105 (o�\�1fê).

EBIN=2keV(Uþ�Ú?�).

IRAY LR=1(�Äa|Ñ��^).
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ã 2 100keV�X��1f\��0.3mmþHgI2

þ�ß�Ì (a)Ú��Ñ�Ì (b)

3��=�X��&ÿì¥, oF"á�k��

�UþáÂ, ±BJp&ÿ(¯Ý, ü$Ë�Jþ.

ã3«Ñ
10—100keV�1f©O\��0.3mm�

HgI2!�¬SeÚCdTe&ÿá�þ�UþáÂÇ!ß

LÇÚ�Ñ�Ç. 1fê8Ñ´105 �, lã¥�±w

Ñ, 3«á����Ñ�ÇØA�K áÂ�	, Ñ3

10%±e. �1fUþO�, áÂÇeü, ßLÇO

�, 3áÂ�?, UþáÂu)âC. HgI2 ÚCdTeA

5­��~�C, 3�u40keV�, áÂ:ìeü, 


�¬Se330keV�Òm©:ìeü, ù´du I(53),

Cd(48), Te(52)��fSê���C, 
Se(34)�f

Sê�����, ÏdpUX��&ÿ�AÀ^p�

fSêáÂá�, ½öO�&ÿá��þÝ.

ã 3 ØÓ1fUþ\�� 0.3mm � HgI2!�¬

Se Ú CdTe á�þ�áÂÇ!ßLÇÚ��Ñ

�Ç

ã4�Ñ
0.3mm�HgI2 3ØÓ�X��\�

1fUþ (10—100keV)�, ´Ä�ÄµþL§ (K, L

F1u�)áÂ�ÇÚþf�Ç�'�, Ù¥¢�´

�è%@�¹e, �Äµþ�^e�áÂ­�, :�

´Ø�Äµþ�^e�áÂ­�, J�´þf�Ç

η = 1−e−αL ­�, �±w�, Ø�ÄF1u���á

Â�Çé�Cuþf�Ç­�, 
�ÄµþL§��

­�k
 lþf�Ç­�, ù´duEGSnrc§S

3µþ'4�, @�1f�Uþ3u)1>áÂ��

Ü�
>f, 
µþL§u��F1kÜ©<ºÑ¬

N
E¤
áÂ�Ç�ü$.

ã 4 ØÓ1fUþe, 0.3mm�HgI2 3´Ä�Ä

F1u���áÂ�ÇÚþf�Ç­�

3¬Ná�¥, du�3,�Ú"�, E¤16

f�EÜ½�²Ð¼, ¦�16fk�½�Æ·�m,

õ¬Ú�¬á��Æ·�m'ü¬���éõ. ùÒ

¦�X���^�)�>f–�ÇéØU���>4

Â8, o�Â8>ÖØ=û½uzg�^�È�Uþ,

�û½uzgUþ�È� �. éu��=�¤�,

�ª�Â8>Ö�ê8L²
ù�&ÿì�&ÿ(¯

Ý, äk'UþáÂ�Ç�����¿Â. e¡òÚ

O105 �ØÓUþ�X��1f©O\��3«á�

þ�, ²þz�1fU�z�&Ò>Öê. 3«á��

;.ëê��L2.

L 2 HgI2!�¬SeÚCdTe3�[¥^��;.ëê�

F/ W±/
á�

(V/µm) eV
µeτe/(cm2/V) µhτh/(cm2/V)

õ¬HgI2
[16]

0.7 5 6×10−6 10−7

�¬Se
[16]

10 43 10−6 10−5

õ¬CdTe 0.25 4.6 10−4[17]
2×10−5[18]

ã5Ñ«
3«��Ná�310—100keVUþ�

�²þz�1f��)�&Ò>Öê, ¢���Ä�

�²�^���>ÖØ��Â8�¹e�Â8>Ö

ê, :��Ø�Ä�²�^
b��)�>Ö�±�

��>4Â8��¹, CdTeÚHgI2 æ^K� �, �

¬Seæ^�� �. lã¥�±w�éuõ¬CdTe

Ú�¬Seá�, ü«�¹e�&Ò>Ö�Oé�, 


éuõ¬HgI2 á�, üö�O�~�, ù´duHgI2

¥�Ç�²þgd§ (Schubweg) µhτhF = 7µm, �é

uá�þÝL(300µm)é�, ��&Ò>Ö��)A
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���´�>f�z�, ¤±Ü©>ÖÂ8�¹e�

&Ò>Ö½~. 
éuCdTeÚSe, �±�Ñü«16

f�µτF �ÑÚL���$���uL, �Ò´�²

�^���>Ö��é�. ,
, éuHgI2 5`, ¦

+�²�^K�é�, ��ª�Â8&Ò>Ö�´'

�¬Se��éõ, ù��¡´du�¬Se�fSêØ

p, éX���áÂ�Ç$, ,��¡´du�¬Se

²þ�)��>f�Çé¤IUW± ≈43eV, �éÙ

¦üöW± ≈5eV���õ. CdTek��p�(¯Ý,

":´§�V>6'��.

ã 5 ØÓ1fUþ�, 105 �1fË�� CdTe,

HgI2 Ú�¬Seá�þ, ²þz�1fU�)�&

Ò>Öê

X��&ÿì(¯Ý½Â�ü ¡Èü Ë�J

þe¤Â8��>Öê. �âþ¡�[¼��ØÓ\

�Uþe²þz�1f�)�&Ò>ÖêÚü ¡È

(cm2)ü Ë�Jþ(Ô�, R)\��1fêΦ(Ë�1

f6�Ý, Photons/cm2
·R)O�ª

[18]
, =��Ñ&ÿ

ì(¯Ý:

Φ =
5.45×1013

(αair/ρair) • E
, (3)

Ù¥E ´\�1fUþ (eV), αair ´�í�5Uþá

ÂXê (1/cm), ρair ´�í�Ý, αair/ρair ´�í��

þUþáÂXê (cm2/g), 3�½§ÝÚØå��¹

e´E �¼ê, ê��l{II[IO�EâïÄ¤

(NIST)�þêâ¥��.

ã6�3«á�350keV�1fUþ\�, ØÓ�

þ��&ÿ(¯Ý, Ù¥¢�´æ^Monte Carlo�

{��[(J, :�´�âX��Ñl�êP~á

Â
[8]

Ú>Ö�)�RamonØ±9>ÖÂ8�Hecht

�Ç�.O�(J. lã�±w�, üö�OØ´�

�, �)�O��Ï�U´du)ÛO���{ØU

�Äg?1f (F11fÚÑ�1f)�õg�^, A

T`Monte Carlo�[��^L§��Cu¢S�¹.

ã 6 50keV � X ��\�� CdTe, HgI2 Ú�¬

Se&ÿìþØÓ�þ��&ÿ(¯Ý

4 (Ø

�©æ^EGSnrc Monte Carlo�èXÚ�[


10—100keV�X��1f\��3«�¡È��=�

¤�á��¬Se, õ¬HgI2 Úõ¬CdTeþ�áÂ!

ßLÚ��Ñ�A5. O�
§�3�Ä16f�)

D(Úá���²�^e�X���A(¯Ý. �[

(JÚd©z¥^)º�{O��(J?1
'�,

üö¬Ü�Ð. �[(JL², 16f²þgd§3

�éu&ÿá�þÝ���, �²�^Ué�/K�

(¯Ý. HgI2 �(¯Ý´�¬Se�5�±þ, CdTe�

(¯Ý´�¬Se�10�±þ, �
Jp�ÆX��&

ÿì�(¯Ý, ~�é<�Ë�Jþ, æ^pZ Sê

á�´7��. ��wÑ, Monte Carlo�[�&ÿì

�`z�OJø
�~k���«�{.
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Use of Monte Carlo Method to Evaluate the Response of Direct

Conversion X-Ray Detectors *

GUI Jian-Bao1,2;1) GUO Jin-Chuan2 YANG Qin-Lao2 NIU Han-Ben2

1 (Institute of Optoelectronics Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

2 (Institute of Optoelectronics, Shenzhen University, Shenzhen 518060, China)

Abstract The response of three semiconductor materials, polycrystalline HgI2, amorphous Se and polycrystalline

CdTe, used for large area direct conversion detectors, is simulated by Monte Carlo method for X-ray photons in the

diagnostic energy range (10—100keV). The simulation involves the transmission spectra, backscatting spectra, absorp-

tion efficiency and charge sensitivity. The interaction process between X-ray photons and the conversion materials is

simulated by EGSnrc Monte Carlo code system and for the generation of signal charges Gaussian noise and the collection

of partial charges are taken into account. The results show that deep traps in materials can affect largely detecting

sensitivity when the mean free length (Schubweg) of carriers is less than the materials thickness. The sensitivity of HgI2

is 5 times higher than that of amorphous Se and CdTe is 10 times higher than amorphous Se, it can be seen that a high

Z material can improve the detecting sensitivity greatly.

Key words Monte Carlo simulation, mercuric iodide, amorphous Se, CdTe, X-ray detector
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