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ï�
^uóÀ(�Ê� X ��1fOê&ÿì�n�Å, T&ÿìÌ�dé X ��(¯Ý�p� CsI 1>
Ò4!�Ï��>f�OìÚÂ8�4|¤. é X ��1fOê&ÿì(¯Ý!�m©EÇÚ��XÚ�k�m
?1
ÿÁ, ¢�(JL²T&ÿì�(¯Ý3 5 keV ��� 5.2 × 103 A/W , �m©EÇ��� 1.1 ns, XÚ�N
�k�m� 100 ns.

'�c: óÀ(�Ê, 1fOê&ÿì, (¯Ý, �m©EÇ

PACS: 97.60.Gb, 07.85.−m, 07.05.Fb

1 Ú ó

1974 c{I�íí?¢�¿���dÆ¬Ä
gJÑÄu�>óÀ(�1(S�1ÊUìgÌ
;�(½�{, mM
óÀ(�ÊEâïÄ�kà.
�´óÀ(3�>ªãË�&Ò4Ù�f, �?1
óÀ&Òuÿ, I�»�� 25 m &ÿU�, �¦&
ÒÈ©�m�� 24 h âU¼�v
�&D', �ý
�Ü©UNË�ÚÕàXÑ�&Ò©Ùu���
>ªã, ùX
�f�óÀ(�>&Ò, Ø|uk
^&Ò�uÿ!J�ÚD(GØ©1981 c, {IÏ
&XÚïÄ¤��dAÚnAùJÑ
|^ X �
�óÀ(�ÊUì�Ê���. du X ��8¥

óÀ(�ý�Ü©Ë�Uþ, ÏdÀJóÀ(� X
��Ë���&ÿ&Ò, k|u~�f&Ò�È©
�mÚJpóÀ���mÿþ�©EÇ©2003 c,
Sheikh[1] ÐÚØy
Äu X ��óÀ(�ÊUì
gÌp°Ý;�(½��15, iå
 X ��óÀ
(�ÊïÄ�9�. 2004 c{II�ÜI�p?ï
ÄOyÛ (DARPA) éÄ
 “Äu X ��
�gÌ
�Ê½ ” ïÄOy. X ��óÀ(�Ê�'�E
â��´ï�äkü1f©EUå� X ��1f
Oê&ÿì. du X ��óÀ(�Ë�U6�~�
f, é&ÿì�(¯Ý�¦Ò�~p. ,	�âó
À(�Ê�n [2], óÀ(�ÊXÚ�½ °Ý�û

uóÀ���m (time of arrival, TOA) �ÿþ°Ý,
Ïd X ��1fOê&ÿì7Lä�v
p��
m©EÇ.

�©0�
Äu MCP �1fOê&ÿì�|
¤9ó��n, ÿÁ
T&ÿì�(¯Ý!�m©
EÇÚXÚ�OêÇ, �Ñ
ÐÚ¼�� X ��ó
ÀÓ+.

2 &ÿì|¤Úó��n

ã 1 � Ä u MCP � 1 f O ê & ÿ ì « ¿
ã, dÑ\I!1>Ò4!�Ï��ÚÂ8�4
|¤ [3,4]. ©z [5] ��
àzæXá�é 1—
10 keV �^ X ���ßLÇép, ÏdÑ\IÀ
J
 25 µm �àzæXá�. ©z [6] é CsI 1>
Ò4� Au 1>Ò43^ X ��Åã�þf�Ç
?1
'�, 3 2—10 keV Åã CsI 1>Ò4�þ
f�Ç�u 1, éJp&ÿ�(¯Ý�~k|, Ï
d3 MCP Ñ\¡�Û
 800 nm � CsI 1>Ò4.
MCP ´�«�¡
�p�m©E�>f�O&ÿ
ì, ü¬ “V” .æU� MCP �Jø 106 �>fO
Ã, ·u4�f� X ��óÀ(óÀË��&ÿ.
MCP ��>f�OXÚ, ÙÞ��m�A�B¦,
Þ��m�Ñ�A���¦, �A�m�~á, �
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m©EÇ�~p, ÷v X ��óÀ(�Ê1fOê
&ÿìé�m�AÚ�m©EÇ��¦. Â8�4
^±�É MCP ÑÑ��g�O>f, ¼�\�1
f�m&E.

ã 2 �¢�XÚ«¿ã [7]. X ��¥+Ë�
� X ��²Í1ìN��óÀ/ª, ò X ��ó
ÀP~�ü1fY², p(¯!$D(äk�m©
EUå X ��ü1fOê&ÿì, P¹ü�1f�
��m, ²Lv
��m�æ8¼��þ� X ��
1f���mêâ, ,�ò X ��1fU\���
±Ï±¼�Å/­½�&D'�p�\ÈóÀÓ
+ [8]. �æ8�m� N �±Ï, z�±Ï©� Nb

�«� (bin), U (1) ªò N �±ÏS�1fU\�
��±Ï¼� X ��óÀ(\ÈóÀÓ+.

f(j) =
1
N

N∑
i=1

I(i, j), (1)

I(i, j) L«u)3�m t(i, j) ¥�1f¯��g
ê, t(i, j) X (2) ª¤«:

t(i, j) = iT + jTb, (2)

Ù¥ i = 1, 2, · · · , N ; j = 1, 2, · · ·Nb, T �óÀ±
Ï, Tb ��m«����. ��yXÚ�¨��Ï
­½, ~�O�Ø�, Iæ^IO�¨éXÚ?1
½Ï��. U (1) ª��� X ��óÀ(�\Èó
ÀÓ+� X ��óÀ(�IOÓ+'�, Ò�±O
�Ñ TOA[9].

ã 1 MCP 1fOê&ÿì«¿ã

ã 2 ¢�XÚ«¿ã

3 ¢�(J�?Ø

3.1 (((¯̄̄ÝÝÝÿÿÿÁÁÁ

Á�¥, X ��
Ë�Uþ�� 5 keV, ÏLN
! X ��+��4>6�� X ���Ë�õÇ. |
^{I IRD úi� AXUV100 G 7&ÿì��I
O&ÿì, |^{I3�| 6487 �SLuÿÑÑ
>6, ÿþØÓ�4>6eIO&ÿì�ÑÑ>6.
�âIO&ÿì�(¯Ý [10], O�Ñ� X ���
Ë�õÇXã 3 ¤«.

lã 3 ��, X ��Ë�õÇ� X ��+�4

>6¤�5'X, æ^�5[Ü, ��

P = (−0.05036 + 0.00448Ia)[pW ]. (3)

Ù¥ P �ü � pW. 3ÿþ MCP �1fOê&
ÿì�(¯Ý�, |^ (3) ª���?¿ X ��
+�4>6e� X ��õÇ. ¢�¥, ©OÿÁ

à MCP &ÿìÚÛk 800 nm CsI ��ªÒ4
� MCP &ÿì�(¯Ý. ÿþ MCP �1fOê
&ÿì3ØÓ X ��õÇe�ÑÑ>6, Ò��
�&ÿìÑÑ>6�\� X ��õÇ�'Xã.
ã 4 �Ûk 800 nm CsI ��ªÒ4� MCP &ÿ
ì�(¯Ýÿþ­�. dã 4 ¥­���Ç��
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� MCP �1fOê&ÿì�(¯Ý3 5 keV �
� 5.2 × 103 A/W. ã 5 �ü«&ÿì(¯Ý'�,
800 nm � CsI ��ªÒ4 MCP &ÿì(¯Ý�é
uà MCP JpC 10 �.

ã 3 X ��
õÇI½ã

ã 4 MCP &ÿìÑÑ>6�\� X ��õÇ�'X

ã 5 ��ª CsI Ò4 MCP �à MCP 1fOê&ÿì
�'� A �à MCP &ÿì; B � 800 nm CsI MCP &ÿ
ì

3.2 ���mmm©©©EEEÇÇÇÿÿÿÁÁÁ

&ÿì�4�>fÖÑ�m�{|��´K

�&ÿìÑÑ&Ò�mA5��Ï��. Xã 6 ¤
«, ã 6(a) ¥&ÿìÑÑ&ÒÑy��y�, ��
±Y�� 30 ns, eòù����&Òx\�Y�½
�>´ (constant fraction discriminator, CFD) ¬E¤
½��Ø. ã 6(b) ¥&ÿì�ÑÑ&Ò�Ø
��
y�, óÀ��¸�° (FWHM) �� 2 ns. ã 6(a)
¥Ñy����Ï´Â8�4���»� 50 mm
�²��4, Ù��YÖÑ���!DÑ���{
|Ø��, E¤
&Ò���. ã 6(b) ¥, Â8�4
�O��/���Xã 7 ¤«, ÙA5{|� 50 Ω,
��Y� SMA ��9Ó¶>C�{|���, Ä
�þ�Ø
Ï&Ò��Úå���y�, ÑÑ&Ò
��mA5²w��
Uõ.

ã 6 &ÿìÑÑ&Ò (a) �4ÑÑØ��; (b) �4��ÑÑ

ã 7 ���Â8�4
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,	, MCP ÑÑ¡�Â8�4�m�\�>Ø
�´û½ÑÑ&ÒóÀ� FWHM ���­��Ï.
¢�¥, �± MCP �OÃ>ØØC, MCP ÑÑ¡
��4�må� 5 mm, l 100 V m©ÅìO�\
�>Ø, uyÑÑ&ÒóÀ� FWHM l� 3 ns Å
ì~�, � 600 V � FWHM Ä�­½3 1.1 ns, �
ÑÑ&ÒóÀ� FWHM ��, Xã 8 Úã 9 ¤«.
Ïd���Ð��mA5, Ø(��4�>fÖÑ
�{|��	, ��ÀJÜ·�\�>Ø.

ã 8 \�>Ø�ÑÑ&ÒóÀ FWHM �'X

ã 9 ØÓ\�>Øe��4ÑÑÅ/

3.3 ���[[[XXXÚÚÚ���NNN���kkk���mmm

4f1
�1fu�L§´�«lÑ��
p Õ á � Poisson � Å L §, & ÿ ì 3 � ã �
m T S & ÿ � n � 1 f � V Ç � P (n, T ) =
(mT )n · exp(−mT )/n!, m L«1f�²þu��
Ç. �â Poisson ©Ù�5� [11] ��, ��1f�
��mm� t ÑlK�ê©Ù: p(t) = m exp(−mt).

¢�¥ò X ��N!�õÇ� 3 × 10−14 W,
&ÿìÑÑ&Ò�©á�1>óÀ, éXã 2 ¤«
��[XÚ�OêÇ?1
ÿÁ, é�[XÚP¹
��þ1f���m����mm�?1
ÚO.

Xã 10 ¤«, î¶L«��ü�1f���m�
m�, p¶L«3,��mm�S1f¯�Ñy�
gê. lã 10 ¥��, XÚP¹�1f��mm
�����u 100 ns, 100 ns ±evk1f�ÚO
�. ò X ��1
N��r (+6d²�� 10 µA

O�� 150 µA), ÚO�(J�ã 10 Ä�aq, ü
Ø
duf1
��OêÇ$E¤�K�, �@
� 100 ns �k�m��´d&ÿXÚû½�. ,
	, ã 10 ¿Ø´î�ÑlK�ê©Ù, ùÌ�´Ï
�&ÿì�&ÿ�Ç�u 1, �k S �Ñ\1f�
�U�k��ÑÑ>óÀ, ¢SÚO��mm��
�u “S �m�”, �â©z [11] ¥�(Ø��mm
�S1fÑy�ªÇAT¬k¤~�.

ã 10 �mm�ÚOã

ã 11 \ÈóÀÓ+ (a) \È�m 15 s; (b) \È�m 300 s
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d©z [11] ��, &ÿìOê���Ç�

η =
m − n

m
= mτ, (4)

Ù¥, n �&ÿXÚ¢ÿ�OêÇ, m �?\&ÿ
�1fOêÇ, τ �&ÿì�k�m. d (4) ª�
�, Oê���Ç�&ÿì�k�m¤�', �~
�Oê���Ç, I�{~�&ÿì�k�m. d
c¡�©Û��, &ÿì��ÑÑ�&Ò� FWHM
� 3 ns ±e, MCP ��m�A�3AB¦�þ?,
Ïd��ä>fÖÑXÚ��m�Aú´E¤X
Ú 100 ns k�m�Ì��Ï. �d, 3�Y�ó�
¥�\ré>fÖÑXÚ�Uõ.

3.4 \\\ÈÈÈóóóÀÀÀÓÓÓ+++

¢�¥, ò X ��óÀ
N�±Ï� 150 ms,
Ì¸�g¸m�� 1/4 ±Ï, X ��
rÝÏLU
C X ��u)ì���>Ø!>69 X ��
�
&ÿì�ål5N�, òÙN�ü1>fóÀG�.
ü1fóÀ&Ò²L>fÖÑXÚP¹z�ü1
f>óÀ&Ò���m, ��ÏL X ��óÀÓ+
��E (1) ª­y X ��óÀÓ+. ã 11 �ØÓ\
È�m¼��\ÈóÀÓ+ã. ã 11(a) \È�m

� 15 s, ã 11(b) \È�m� 300 s, �±wÑ�X\
È�m�O�, \ÈóÀÓ+�Å/ªu1w, D
(�K�Åì�f, &D'ÅìJp. X ��óÀ
&Ò�~�f, ¥yÑü1fG�, ü�1f��
��m´�Å¯�. du X ��óÀ&Òäk±Ï
5, �þ�1f���m�ÚO©Ù´(½�, =
A½� Ók1f�AÇ´(½�, �´D(1f
����mØ÷vù��ÚO5Æ, Ïd��²L
v
��m�È©, &Ò�±\r, D(�é�±
³�, ÒU¼�p&D'\ÈóÀÓ+.

4 ( Ø

ï�
ÄuóÀ(�Ê� X ��1Oê&ÿ
�n�Å, é&ÿì�(¯Ý!�m©EÇÚXÚ
�OêÇ?1
ÿÁ. ��� 800 nm � CsI ��ª
1>Ò4, Ù(¯Ý�éà MCP &ÿìJpC 10
�, 3 5 keV ��� 5.2×103 A/W, &ÿì�ÑÑ&
Ò� FWHM �� 1.1 ns, �m©EÇ��� 1.1 ns.
��&ÿXÚ�k�m� 100 ns, �âóÀÓ+�
�E�n, ¼�
 X ��óÀ\ÈÓ+. TïÄé
umÐ X ��óÀ(�ÊØ%Eâô'9�'n
ØïÄäk­�¿Â.

[1] Sheikh S I, Pines D J, Ray P S, Wood K S, Lovellette M N, Wolff
M T 2004 Proceedings of 14th AAS/AIAA Space Flight Mechanics
Conference Maui, HI, February 8–12, 2004 p105

[2] Sheikh S I, Pines D J 2006 J. Guid. Contr. Dyn. 29 49
[3] Zhang X H, Zhao B S, Liu Y A, Miao Z H, Zhu X P, Zhao F F

2009 Acta Phys. Sin. 58 1779 (in Chinese) [Ü,u, ë�,, 4
[S, M�u, Á�², ë�� 2009 ÔnÆ� 58 1779]

[4] Zhang X H, Zhao B S, Miao Z H, Zhu X P, Liu Y A, Zou W 2008
Acta Phys. Sin. 57 4238 (in Chinese) [Ü,u, ë�,, M�u,
Á�², 4[S, qU 2008 ÔnÆ� 57 4238]

[5] Grande M, Maddison B J, Howe C J, Kellett B J 2009 Planet.
Space Sci. 57 717

[6] Rideout R M, Pearson J F, Fraser G W, Lees J E, Brunton A N,
Bannister N P, Kenter A T, Kraft R P 1998 Proc. SPIE 3445 384

[7] Hu H J, Zhao B S, Sheng L Z, Yan Q R 2011 Acta Phys. Sin. 60
029701 (in Chinese) [�¦�, ë�,, �á�, >¢J 2011 Ô
nÆ� 60 029701]

[8] Yang T G 2008 Chin. J. Space Sci. 28 330 (in Chinese) [
Ép
2008 �m�ÆÆ� 28 330]

[9] Taylor J H 1991 Proc. IEEE 79 1054
[10] http://ird-inc.com/axuvhighnrg.html
[11] Wu Z H 1997 Atomic Nucleus Physics Experiment Method (3)

(Beijing: Atomic Energy Press) p22 (in Chinese) [Ç£u 1997 �
fØÔn¢��{ (3) (�®: �fUÑ��) 1 22 �]

019701-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 019701

X-ray photon counting detector for x-ray
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Abstract
A prototype of x-ray photon counting detector is proposed for x-ray pulsar navigation. The detector consists of CsI photocathode,

micro-channel plate (MCP) electron multiplier, collect anode and electronic readout. The sensitivity, the temporal resolution, and the
dead time are tested, and the results show that the sensitivity of the detector is 5.2 × 103 A/W at 5 keV, the temporal resolution is 1.1
ns, and dead time is 100 ns.

Keywords: pulsar navigation, photon counting detector, sensitivity, temporal resolution
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