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1 Úó

3óÀγ, X��
ëê�ä¥, 
Ë��γ, X

��rÝÚÅ/¡È´Ù�­��ëê��. éuÿ

:5þ�10—106/cm2, rÝ�U�Cz��36�þ

?±þ�$rÝóÀγ!X��
rÝ9Å/¡Èÿ

þ, Ï~^uprÝóÀγ��rÝ&ÿ�ý�xÊ

î&ÿì!0�xÊî&ÿìÚ ICI&ÿì, duÙ

γ��(¯Ý��$u10−19C·cm2, ØU÷vÿþ�

�$(¯Ý�¦
[1–3]

. dðcN+1>�O+|¤�

óÀγ��&ÿì, �¼�10−10—10−16C·cm2 �γ�

�&ÿ(¯Ý, �Ù�5>6���200—400mA, ü

�&ÿì�ÿþ�����1—2�þ?, Ã{÷v4

�±þþ?ÿþ����¦. ®kº��φ8—60mm,

(¯«þÝ�200—1000µm�PIN&ÿì
[4, 5]

, Ùü

�&ÿì�γË�(¯Ý6 1.0×10−14C·cm2, �éJ

)ûÿ:5þ10—103/cm2 �óÀ&ÒP¹Úÿþ�

��ÚO5JK. �©æ^(¯«¡È�φ60mm, �

Ñ¦�þÝ�1000µm��¡È>6.þSi-PIN��

N&ÿì
[6]

+àoÍ¯L�¡+PA101$D(��ì

(���ê100), �ï
γ(¯Ý�C10−11C·cm2, �

��5>6ÑÑ�100A, 310000/pulse�$rÝγ

��ÿþ¥, >6ÑÑäkûÐ�ÚO5, Å/¡È

ÿþe���1000/pulse�ÚOOr.p(¯Si-PIN

&ÿì
�, T
�3÷vÿþÚO5�¦�^�e,

ÿþ����7�þ?, ´$rÝóÀγ, X��rÝ

ÚÅ/¡Èÿþ�n��&ÿì, ®3k'�Æ¢�

¥��¤õA^.
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�(�

(CF2)n-PINY�&ÿ
�(�«¿ãXã1!ã

2¤«. ÙÄ��n´ÏLPIN&ÿìÂ8��Ùc

¡þ�2mm�àoÍ¯L¡�γ���^�)�x

Êî>f, ¦�?\&ÿ
�u)�^�¯�ê'=

3PIN¥�^�¯�êpÑê�, ¢y$rÝÿþ¥

�ÚOOr. àoÍ¯LY��þÝ�\�γ��U

þ
C, éu²þUþ�1.25MeV�γ��, O��

��`ÀþÝ�2mm�m. ã3Úã4´¢Sï��

ü�&ÿì9Ù�ï�
�.
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ã 1 ü�ÚOOrPIN&ÿì(�

ã 2 Y�ªÚOOr.PIN&ÿì
�(�

ã 3 �»φ60mm, þ∼1000µm��¡ÈþPIN

ã 4 10¡�¡ÈþPIN+11¡ (CF2)n |¤�
�

3 &ÿì
��ÚOOr�A

3.1 ÿþ�ÚO5

�
¦&ÿì��p(¯, ¦^10��ÇOr.

7PIN&ÿì|¤&ÿì
�, z�&ÿì(��:

φ60mm, ck�þ0.5µm, �k�þ25µm, (¯«þ

1000µm, &ÿìc\2mm� (CF2)n �. &ÿì
�

��A�u�&ÿì��A�Ú. du�[§Sé10

�&ÿì©OP¹, Ïd�ò�&ÿì�O�(Jn

Üå5. ��&ÿì��Aþ�©O� x̄1, x̄2, · · · , x̄10,

K&ÿì
���Ay �L«�

y = x̄1 + x̄2 + · · ·+ x̄10, (1)

��&ÿì��A��pÕá��ÅCþ, �éØ(

½Ý©O�R1,R2, · · · ,R10, K&ÿì
���A��

éØ(½ÝR�½Â�

R =

√
S2

√
ny

, (2)

Ù¥n�Á�gê, =\�âfê. S2 ���. du

S2 = S2
1 +S2

2 + · · ·+S2
10, (3)

��&ÿì
��A��éØ(½ÝRd �

Rd =

√

R2
1x̄

2
1 +R2

2x̄
2
2 + · · ·+R2

12x̄
2
12

y
(4)

3.2 &ÿì
�ÚOOr�AM-C�[

3.2.1 &ÿγ5þe�

3$rÝóÀγ��ÿþ¥, &ÿe�ÚÿþÚ

O5´���©­���I, §���«ÿþêâ�

��5. &ÿì
�ÑÑ>6I �L«�

I = NEγS(Eγ)/t, (5)

Ù¥N �âfê8, S(Eγ)�&ÿì
��γýé(

¯Ý, Eγ �γ��Uþ, t�Â8�m.

Xγ���&ÿì
���^VÇ�η, K&ÿ

ì
��A>6�ÚOÞá�
1

√
ηN

.

�>fÆ�´é&ÿì
�ÑÑ��&ÿ>6e

��1µA(����100µA, ÑÑ>Ø5mV), &ÿ


��A>6�ÚOÞáþ��10%. éu²þUþ�

1MeV�γ��
, ØÓγ5þÇe�&ÿ
��A>

69ÚOÞá�O�(JXL1. �±wÑ, �Xγ

5þÇ�O\, &ÿì�AO�, �ÙÚOÞáC�.

�γ5þÇ$u10/cm2 ·µs, ÚOÞá�u10%. Ï

d, lnØþ`, T&ÿ
���&ÿγ5þÇe��

10/cm2 ·µs.

L 1 ØÓγ5þÇe�&ÿì
��A>69ÚOÞá

γ5þÇ/(cm−2 ·µs−1) �A>6/µA ÚOÞá(%)

4 0.52 12

6 0.73 10

10 1.31 7.5

5: γ��
²þUþ��Eγ=1MeV, η=0.36.

3.2.2 &ÿ
��ÚOOr�A

�
)&ÿìY�éÚOOr�A�K�?
�

�ÿþe��Vg, �
?�Ú�M-C��[O�,
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�Ñ\óÀ�pd., (CF2)n þÝþ�2mm, O��

��ÿþÚO5«uã5—10¥. lã¥�±wÑ, à

oÍ¯LY�äkwÍ�ÚOOr�A. 3ü�óÀ

�¹âfê�10000��, ÑÑÅ/é1w, 3�¹

1000�âf�üóÀ�^e, �,äk�Ð�ÚO5.

ã 5 óÀâfê10000, 2mm(CF2)n

ã 6 óÀâfê10000, Ã (CF2)n

ã 7 óÀâfê1000, 2mm(CF2)n

ã 8 óÀâfê1000, Ã (CF2)n

lü�óÀ�¹âfê8�ÑÑ&Ò��5'X�[

¥, kÃ (CF2)n Y�«O²w. Ïd, &ÿ
��Y

��Oéuÿþ$rÝóÀ�C³ç��rÝ½Å/

¡ÈäkéÐ�ÚO�Ã. 3¢S�[¥, zgm©

O�, �ÅêÑI��Å�UC, ù�âU�[Ñý

¢�J.

ã 9 �A�\�âfê�Cz, 2mm(CF2)n

ã 10 �A�\�âfê�Cz, Ã (CF2)n

3.3 &ÿ
��Uþ�AÚ(¯ÝOr�A

3.3.1 Uþ�A

æ^M-C�{éoPINÑ¦�þÝ� (CF2 )n-

PIN&ÿ
��γ(¯Ý?1
�[O�, ���ü

 ¡È (1cm2)(¯ÝXã11¤«
[6]

. lã¥ØJw

Ñ, �\�γ��Uþ�u0.2MeV�, (¯Ý�γU

þ�Cz'�²".

ã 11 ü ¡ÈY�ªÚOOr.PIN&ÿì


��γ(¯Ý�\�1fUþ�'X

&ÿì¡È�1cm2 .
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3.3.2 &ÿ
��(¯ÝOr�A

ï�&ÿ
��Ì�8�´JpÙéóÀ��

å�&ÿ(¯Ý. æ^àoÍ¯LY�K²wJp

Ùÿþ�ÚO5, éJp(¯Ý¿Ø²w. γ���

àoÍ¯L�^�)�xÊî>f, Ü©U
BÑ

àoÍ¯LL¡?\PIN&ÿì, éÑÑ&Òk�

z. �´, 3PIN&ÿì¥�)�xÊî>f, �k

�Ü©?\àoÍ¯L, é(¯ÝOr�)-��^.

L2´&ÿì9Ù
�é 60Co γ��(¯Ý�¢�

ÿþ(J. éu1.25MeV�γ��, Ùo(¯Ý�C

10−13C·cm2, ²100�$D(��ì&Ò��, o(¯

Ý�C10−11C·cm2, '~^�φ20mm, 250µm�PIN

&ÿìpÑ4�þ?.

L 2 PIN&ÿì!
� 60Co-γ(¯Ýÿþ(J (φ60mm)

þÝ/ ÑÑ oγ ü NÈ

&ÿì µm >6/ (¯Ý/10−15 (¯Ý/10−18

µA (C·cm2) (C/MeV·mm3)

4
#

286 1.89 2.49 2.44

10
#

256 1.68 2.22 2.45

Y�PIN
� 9770 72.0 94.0 2.74

((CF2)n�2mm)

PIN
� 9770 58.0 75.6 2.21

(Ã(CF2)n)

5: ÿþØ(½Ý�±15%. Y�PIN
�¹àoÍ¯L, PIN


�Ø¹àoÍ¯L.

3.4 &ÿ
�éóÀ��m�A

ü��¡ÈþPIN&ÿì��m�A380ns�

m
[6]

, éuY�ª�¡ÈPIN
�, duÑÑ&Òæ

^ü�&ÿì¿é�ª, ÙÑÑ>N²wO�, Ïd,

�m�A�²wCú. ã12(a), (b)´ü�Ú
�é

óÀX���A��©Å/, Ù�p°©O�81nsÚ

346ns. Ïd, &ÿì
�3JpÿþÚO5Ú&ÿ(

¯Ý�Ó�, Ù�m�ACú
, Ì�´&ÿ
�>

N²wO\
. �â�5XÚéóÀ��A5Æ, X

Ú�m�AØK�Å/¡Èÿþ (¡È8�). 3Y�

ª
��Vge, XJæ^�A�Ý¯���N&ÿ

ì (~XCVD&ÿì)½AÏ�Ñ\ÑÑ(�, �¼�

¯�A�&ÿ
�.

ã 12 �¡ÈþPIN&ÿì9&ÿì
�éóÀ

X����m�AÅ/

(a) ü¡&ÿì�m�AÅ/; (b) &ÿì
���m

�AÅ/.

3.5 &ÿì��5>6ÑÑ9ÿþÄ���

éuφ60mm��¡ÈPIN&ÿì, 3600V Ø

eÙ�5>6��10A±þ. æ^10�&ÿì¿é

ÑÑ, §���5ÑÑpØK�, Ïd, Ù�5>6

ÑÑ�O100A±þ. &ÿ
�+PA101$D(��

ì, ¦�Ù��ÑÑ>6310µA���±�«Åì

P¹. Ïd, æ^·��>fÆP¹Eâ, Y�ªÚ

OOr.PIN&ÿ
�3÷vÚO5^�e, �¢y

10µA—100A�ÑÑ. ÿþÄ�����7�þ?±

þ.

4 &ÿ
�A^

®ò�©ï��&ÿ
�A^uóÀγÅ/¡È

�¢Sÿþ¥, Ùü�
��ÿþ��CX7�þ?,

¿��
÷¿�(J. ¼��óÀ
��©P¹Å/

Xã13¤«
[6]

, Å/ZÀ1w, êâ�þp, ¤¼(J

��kÙ¦&ÿì���. Ïd, ·�ï��&ÿ


�äkép��¤'Ú2,�A^cµ.

ã 13 &ÿ
�¼��;.óÀγÅ/
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A (CF2)n-PIN Sandwich Detecting Array with Statistics

Enhancement in Low Pulsed γ Flux Measurement

OUYANG Xiao-Ping1,2 LI Zhen-Fu2 HUO Yu-Kun3 WANG Yi1 ZHANG Zhong-Bing2

1 (Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

2 (Northwest Institute of Nuclear Technology, Xi’an 710024, China)

3 (Institute of Modern Physics, Fudan University, Shanghai 200433, China)

Abstract A (CF2)n-PIN sandwiched detecting array with statistics enhancement in low pulsed γ flux measurements

has been constructed. The array uses 2mm thick (CF2)n overlaid with Si-PIN detector of φ60mm×1000µm, then coupled

to PA101 amplifier with gain 100. The array exhibits four distinct properties: (1) very high detecting efficiency: The

γ detecting sensitivity of the array can reach 10−11C·cm2, which is 4 orders of magnitude higher than that of a signal

PIN detector of φ20mm×250µm; (2) remarkable statistics enhancement: The statistics enhancement of the array has

been studied with M-C simulation, which displays highly enhanced statistics in very low pulsed γ flux measurement;

(3) huge dynamic range: A single array can cover seven orders of magnitude’s measurement range of γ flux; and (4) flat

response in given γ energy range. The array has found its applications in experimental measurements.

Key words statistics enhancement, (CF2)n-PIN sandwich, semiconductor detector
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