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^«�ÅÏ~æ^�Ï���SOr½	Orùü«�ª5Jp&Ò&ÿK�, �ddÚ\
�Ï���Ú
�AéXÚÄ�����½. ÏL���ëY>{>N�<4ó�Ï��., é�Ï����Ú�A?1
£ã,

`²
3^«�Å¥, �Ï��Ñ\ÑÑ��5���½uÏ��Ñ�>Ö, =¦´3	Or�ª¥æ^${|�
Ï��, D�>6�Ö��^�4Ùk�, �Ï��SOrÚ	Or^«�ÅAäk�C�Ä���, ${|�Ï
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�K�.

'�c: ^«�Å, �Ï��, Ä���, �Ú�A

PACS: 42.79.Pw, 07.85.Nc

1 Ú ó

Äu×£C�+ ({¡^«+) �^«�Å´
�«ÏLõ?1>f=��²;1>¤�¤ì, Ï
L�Ï�� (microchannel plate, MCP) �SOr½
	Or, ±wÍJpXÚ(¯Ý, ¢yéü1f�
ÿþ, (Ü�«1ÆXÚÚ1Ò4�¦^, ±9
��×£�¬, ^«�Å�ÿþl X ���Cù	
��«ØÓÅ�ÚrÝ���Ë�Ô�]�1Æ
y�.

X ��^«�Å´.5�åàC (inertial con-

finement fusion, ICF) �ä¤ì�7�8¤Ü©, 3
ép§p�Ý�lfN^ X ��Ë���m!�
mÚUÌ�ÿþ¥, ØÓ&Ò©þ�Ë�rÝ��
é�, ^«�ÅÄ����ÿÐ¤�¿�ãå�8
I [1−4]. ¿©n)^«�Å�XÚA5Ú MCP �
�Ú�A, ��Ð���¤ì3A½ÿþ^�e�

A^ëê, ±(�XÚ�Ä������Ð��I
�¦.

2 SOrÚ	Or^«�Å�E9A
5£ã

ã 1 ¤«�´	OrÚSOr^«�Å�Ä
�|¤. �Ñ\&Ò1óÀÏL��d¿à��^
«+�1Ò4þ, ÷d¿��º�Ñ�'u\�1
rÝ��m���1>få, ��p·�>Ø�\
31Ò4Ú\�»4�m, Ä�>f¿��4\�,

,�dü��pR��·>||¤>f1ÆXÚ
¥U, R�ud¿�� (�m¶) Ú÷d¿�� (�
m¶) �>f1ÆXÚ�pÕá/à�>få. Ï
Lé��²1 =��\��p� =>Ø, ÷�
m¶��5×£ù
1>få, ¦@
kX
N
ØÓ���m�>f, 3R���þ��/ØÓ
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�Ý/� l, dd3F1¶þ=C¤���m�
m���ã�, ±Jø�m!�mÚ1rÝ�éA
&E, ¿ÏLn�1ÆóÜ� CCD ¤�XÚ�Ö
ÑP¹.MCP SOr, ´3^«+S�F1¶cC
bC� 1 ¡ MCP, ×£ =��>få?\ MCP

����O�, 23F1¶þ=�¤ã�.  MCP

	Or, K´3^«+F1¶Ú CCD ÖÑXÚm
óÜ��VCb�Orì. ^«�ÅÏL1Ò4
Ú MCP ÀÏ5¢yXÚ3ÿþc�é1�Ø�A,

	Or��Orì¥�æ^
1Ò4ÀÏ.

^«�Å�Ä���½Â��m©Eå�±
�5½3��É��½§ÝS�ÿþ1rÝ��,

Ï~æ^&ÒK�±þ��ÿþ��m°Ý�Ù
®�¢S°ÝC° 20%��1rÝ�� [5−7]. ^
«�Å��m©Eå½Â��éu���m°Ý
Ã��Cu"�Ø�u"�\�1óÀ�^«�
rÝ� FWHM. b½^«�Å��|¤Ü°�A

�©EåÑ´ÚOþpØ�'�pdÅ/��ò
È¼ê, �m©Eå���d ∆t=

(∑
i ∆t2i

)1/2 £
ã, u>få3l^«+1Ò4�F1¶m�
��Ü©DÑÏm�DÑ�mÑÙÚ�m>Ö�
A [8], ±9>få� MCP �O�²1ÆÖÑ��
Ä��m©EUå��z [9]. AO´ÿþ��
�½�f&Ò, ÏL{üN! MCP �ó�>Ø, J
pXÚ�Ë�OÃÚ(¯Ý, �wÍü$&ÿK�,

�ddÚ\
 MCP �Ú�Aé^«�ÅÄ���
��½.

��Ð�n)^«�Å�Ä����Vg, ù
pr^«+&Ò\�UþÚ1Ò4�1>fêþ
� CCD ¤�XÚ�ÑÑ&Òêþ'éå5. CCD

ÑÑ&Ò�êþØ±�)ù�&Ò�\�Uþ=
��± ADUs/nJ �ü �^«�Å�Ë�OÃ, |
^1Ò4(¯Ý (Amps/Watt) Ú CCD OÃ (CCDe-

/ADU) �òù��=�¤Ù¦ü .

ã 1 MCP SOr (a) Ú	Or (b) ^«�Å�Ä�|¤
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^ « � Å � & Ò K � � û u X Ú � � µ
D ( Ú ( ¯ Ý, � µ D ( σnoise � ² þ   � ´
V > 6 D ( σdark Ú Ö Ñ D ( σread � ² � Ú,

σnoise = (σ2
dark + σ2

read)1/2, � µ D ( Ì � 5 g
u CCD, ^«+Ú MCP �Orì��z��Ñ.

ÏLN! MCP �>Ø5N�XÚË�OÃ, ¦X
Ú�(¯Ý����¦��ü1>fã��D(
�.�ß«O, ù�&Ò��&ÒK� Smin, Ï~
� Smin = 5σnoise.

^«�ÅÄ����I½Ï~±^«�Å
�©Eåü� (�m°Ý¦±�m°Ý���
ê N ) ½ CCD ©Eåü� (4 ���) �ü�. D
(�.´îª©Eåü�¥����D(�Ú,

= Smin = 5σnoiseN
1/2. ��&Ò 20%�C°:�

uy, òz CCD �����&Ò��¤ ADU ½1
>fê. z©Eåü����&Ò´ù��� N

�, ��Ñ^«�Å3�A�m©Eå�Ä���.

3 MCP ��Ú�Aé^«�ÅÄ��
��K�

MCP �OÃ½Â��Au��Ñ\>Ö��
�ÑÑ>Ö, duÑÑóÀm�3OÃ�Cz, Ï
~æ^²þ>6ÑÑ�²þ>6Ñ\�'5½Â.

X�ÑEÂ3Ï��m	à¡þ�1>f��, �
æ^��Ï�5£ã MCP �OÃA5, Ï��
{ü/À�´��d N ��ëY�>{>N�<
4|¤��<4ó, Xã 2 ¤«, �<4�>{�

d�7Ï��ý��û½, >{��p�>{ r2

û½Ï�3A½>Øe�D�>6.

Ï�S>|düà�\�ó�>Ø V Jø�
L¡D�>6ïá. �vkÑ\&Ò�, Ï�S>
|¥C�²1uÏ�¶��þ!©Ù, ����m
°Ý3 t = 0 Ú t = ∆t m�Ñ\óÀ i0(t), 3å©
�m t = 0 �x\��¤k��<4Ñ3��ð
�å©>Ø VD �Ï�, ¿Úu>fÈ�?é. XJ
�Ñ>fÈ�3Ï�¥� 10−10 s þ?�Þ��m,

ÚÈ�>fS?éL§éÏ�S>|���6Ä,

¿�ÀS?éz�?äk�Ó��g�� δ, =Ä
g¯��� δ1 ØÓ, =3 t = 0 ��Ï�å©?é
OÃ�deª£ã:

g (0)=δ1δ
N−1. (1)

�<4OÃ δ = (VD/VC)k, �<4>³ VD = V/N ,

VC � ü   � g u � ' � � � > ³, k ´ � <
4 δ(V ) ¼ê�Xê, 1 ¡ 800 V >Øe� 401 �»
'� MCP, k �� 0.75, N � 16.3, δ = 2.04 [10].

S?éz�?��g��l�<4�Ñ�>
Ö qD = VDC ¥Ä�>Ö, ddE¤�<4>³ü
$���A½�þ V (n, t), 5gÏ�9�D�>
6�2¿>>6 IR(n, t), ���;�X�5gc
�?�<4�S?éÈ�>6 i(n − 1, t) 5\��
<4, �å�z� V (n, t) �?E [11]:

V (n, t)=
e−t/RC

C

∂

∂n

∫ t

0

eτ/RCi (n − 1, τ) dτ ,

(2)

ã 2 Ï�9(� (a) ÚÏ�>{>N�<4ó (b) �«¿ã
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Ï�OÃ�ÑÑ>6 i(t) = i0(t)g(t) Ú RC �m
�'X�deª£ã:

g (t) = exp
(

GN− k

qD
e−t/RC

×
∫ t

0

eτ/RC
i0 (τ) g (τ) dτ

)
, (3)

ùp eGN = g(0), qD = VDC ��<4Ñ�>Ö.

XJ ∆t ��½�u�<4 RC �m, ���
5�ÑÑ>6�'uÑ�>ÖØ± RC �m, Ï�
OÃ��5���'uÏ�>{, ${| MCP ä
k���Ä���. �ÑÑóÀØ=�ûuÑ\>
Ö, ��ûuÑ\óÀ/G.

XJ ∆t ��áu�<4 RC �m, 3óÀÏ
m2¿>>6 IR(n, t) vk�m��<4Ö�>
Ö, dÑ\>Ö q0(t) Úu�>fÈ��)�ÑÑ
>Ö, =dUlÏ�9¤UÄ��>Öêþ5û½,

�k�~á�óÀc��N¬�OÃ��5, �{
�óÀò;ÉOÃ��Ú. ÑÑóÀ�ûuÑ\>
Ö, �Ñ\óÀ�/GÃ'. Ï���Ú§Ý�û
uÑÑ>Ö�Ï�Ñ�>Ö�', �Ò´Ñ\>Ö
ÚOÃ�Ï�Ñ�>Ö�' [11]

g (t)= eGN

(
1+

k eGN
q0(t)

qD

)−1

. (4)

A^u ICF � X ��^«�Å, æ^ 56 mm �
» 10 µm �» 40 : 1 �»'� MCP, m�¡È�
u 56%, N>{ 5—200 MΩ. MCP �>{¢Sþ�
���$, � MCP 7LÄuU
«É 1 kV $��
p�pØØ�ÂBÚu)9º$�p{á�, �
¡¿§ÿÁ>{� 5 MΩ � 56 mm �»� MCP,

3 800 V >Øeó��, >{òü$� 1 MΩ �
���±½. 3 10−6 Pa ý�¥, 3üà>4m
ÿÁ MCP >N�¢ÿ�� 1050 pF. XJ± 5 MΩ

Ú 100 MΩ ��${|ÚIO{| MCP �>{, U
eª:

Rch = RMCP×
πD2

4S × OAR
, (5a)

Cch=CMCP×
πD2

4S × OAR
, (5b)

ù p S � MCP Ï � 
 � ¡ È, OAR � m � È
', D � Ï � � », K $ { | Ú I O { | MCP

� Rch © O � 2.85 × 1013 Ω Ú 5.7 × 1014 Ω,

Cch = 6.0 × 10−17 F.

Ï~@�, �'u>{��p�>{ r2, u�
��î�>{ r1 �Ù��½��, Ï�m�î�
>{ r3 �~�, ��Ñ r1 Ú r3 éÏ� RC �m~
ê�K�. b½���<4� r1, r2, r3 Ú c ���
Ó. �<4�m~ê RC = (Nr2 + r1) × Cch/N ≈
Rch × Cch/N . � 800 V >Øe N = 16.3, ${
| MCP ÚIO{| MCP ��<4 RC �m©O
�� 0.1 ms Ú 2 ms (5¿, XJÏ��U��Ü·
?n, u����>��ål �, ��� r1 ��
�u r2, lUC�<4��m~ê). Xã 3 ¤«
�3�6�ªIO{| MCP �${| MCP �²
þÑ\>6�Ý�²þÑÑ>6�Ý�ÿÁêâ,

${| MCP �JpOÃ��Úþ�.

ã 3 �6�ªe� MCP �²þÑ\Ú²þÑÑ'X

ã 4 3áóÀ�ªe� MCP �ÑÑ>Ö�Ý��éÑ
\rÝ�'X

XU N = 16.3, δ = 2, @o, ]mlÏ�£
� Ï � Ñ � > Ö � 10%, ò m © Ï � Ñ \ Ñ Ñ
�5���wÍ��Ú. Qch = CchV/e, U¢ÿ
�O�, 3 800 V �, Ï�Ñ�>Ö� 3.0 × 105

�>f, =�Úå©:3 3.0 × 104 �>f, ù�
��Au 7.5 × 10−10 C/cm2 �ÑÑ>Ö�Ý. �
�ÏLòÏ�{ü�w���²�>Nì5O
�, Qch= (εrε0πD

2V )/4eL), ε0 ´ý�0>~ê,
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8.85 × 10−12 F/m, εr �Ï�9��é0>~ê,

MCP Àæ��é0>~ê� 8.3, Qch � 7.2 × 104

�>f. üö��O5gu����Ï�9�å
©Àæ�0>~ê�Cz. Xã 4 ´ MCP 3á
óÀ\�e��éÑ\rÝÚÑÑ>Ö�Ý'X,

3 3 × 10−9 C/cm2 �M�Ú�½
 MCP ����
&ÿ&Ò [10,12]. ${| MCP ÚIO{| MCP, 3
Ù¦^����Ó��¹e, äk�Ó��Úþ�.

ã 5 ¤«�´3²{�����M�Ú��,

3vk?ÛÑ\e, O��${| MCP ÚIO{
| MCP 3 800 V ó�>Øe��éOÃ�¡E§
Ý�m��m�'X, w«
${| MCP 3p
EÇ�û��¤Uu��õ�.

ã 5 ${|Úp{| MCP 3óÀm��OÃ¡E�m

N � D 4 ¼ ê (modulate transfer function,

MTF) �^5�*�£ã MCP ¤�&ÿ��m
©EUå, MTF ��Au���mªÇ�Cu"�
é'Ý8�z� 1 �Ñ\ãY3F1¶1ÆÖÑ
�é'Ý�ü?§Ý, é'Ý�^eª5½Â:

C =
Bmax−Bmin

Bmax+Bmin
, (6)

Bmax ´���Ý, Bmin ´���Ý.

F1¶��Ý©Ù�'u MCP �ÑÑ>Ö�
Ý©Ù. 3ù�¿Âþ, é�«Ìª�Ñ\&Ò�
Ey§Ý�L� MCP � MTF Ú�m©EUå. �
5«��Vg3ùp�����É��5 l�
��, MCP 3î�ÚG�eD4���&Ò, ²
F1¶1ÆÖÑ�/¤�é'ÝD4� l, òE
¤^«�Å�÷�m¶Ú�m¶�©Eå��z,

�½
^«�Å�Ä���,  MCP ���ÑÑ
>Ö��½
^«�Å����ÿþ&Ò.

SOr�ª¥Ï��Ñ\óÀ��5gu^

«+1Ò4, �m±Y ∆t 3�¦$�æ�¦?, 
	Or�ª¥ MCP Ñ\óÀ5gu�Orì1Ò
4, ±Y�mû½u^«+ÿþ&ÒÚF1¶P~
A5±9�Orì�1Ò4ÀÏ, ^«+��Or
ì�n�1ÆóÜ��XÚ� MTF �5�½§Ý
�ü$. é^«+��¦$�æ�¦?�1>f
å, F1¶±�����m?O��A�Ý¯�þ
,, ���úP~, é P20 F1¶, 1 ms P~� 1%,

P43 F1¶, 1 ms P~� 10%, 2 ms P~� 1%, �
� 70%�ÑÑUþÑ3Äk� 0.1 ms �º�. XJ
	OrXÚ¥�Orìæ^1Ò4ÀÏ, MCP Ñ\
óÀ�±Y�mò�½u1Ò4ÀÏ�m.

XJXÚ��(¯ÝÚË�OÃ���Ó, æ
^IO{| MCP, SOrÚ	Or^«�ÅAä
k�C�Ä���. æ^${| MCP, =¦´3	
Or�ª¥, Ï�Ñ\óÀ±Y�m���Ï�
� RC �m, �óÀrÝ8¥3��uÏ� RC �
m~ê�óÀc÷, Ä����ÿÐ§Ý��k�.

SOrÚ	Or^«�ÅÚEäk�C�Ä��
�. �k3^«�ÅI�pEÇ�ëYû�õU
�, ${|� MCP ��u�Ù¡E�m¯�õ�.

4 MCP OÃ��é^«�ÅÄ���
�K�

3SOr½	Or^«�Å¥, �Ú§Ý�û
uÑ\>Ö�ÝÚOÃ�Ï�Ñ�>Ö�', &
ÒK��½u CCD ÖÑXÚ�D(Ú MCP OÃ.

æ^ MCP SOrÚ	Or�8�, ´3���
½��f&Òe, ÏL MCP �>f�O¼�v

�XÚË�OÃ, ±¦XÚ�(¯Ý����¦�
�ü1f�)�¸&ÒpuDaì©Eåü�D
(�&ÿ�. XJOÃ��L$, XÚ(¯ÝØ
v±�éé��ü1f�&ÿ, ò¼���$�Ä
���, �OÃ��Lp, ��ü�1>fU
�
)�'uD(�.?O�p�õ�ÑÑ&Òêþ,

ò�¦���5���^«+1>f�êþü$,

l�)��þf�½, Ó�¬¼���$��Ä
���, Xã 6 ¤«.

^«�ÅØÓ�E��XÚ�Ü°OÃ©�
�ØÓ. 3SOr�ª¥, MCP ÚF1¶m�3�
� 5 kV ±þ�©Ø, 1>f´5gu^«+1Ò
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4�C 10 keV �pU1>f. 3	Or�ª¥, ^
«+1Ò4ÿþ��1>f&Ò, ± 15 kV >Ø
\��F1¶þ?11>=�, P20 F1¶u�1
Ì¸� 540 nm, 1>f/1f=�Ç� 800[5], ²n
�1ÆóÜ��Orì� S20 1Ò4, n�1Æ
óÜß�'�3 30%, S20 1Ò43 540 nm Å�
�þf�Ç� 10%. ^«+1Ò4þ�)���
1>f, ²=��3�Orì¥± 20—30 �1>
f� 200 eV � MCP &ÿ,  MCP �1>f&ÿ
�Ç, lé 200—500 eV >f� 65%, �úü$�
é 10 keV >f� 30%[13]. @o3���Ó�(
¯ÝÚË�OÃe, cöI�� MCP OÃ´�ö
� MCP OÃ� 50 ��m.

ã 6 ØÓOÃ��e� MCP Ñ\ÑÑ�5��

MCP OÃ�ó�>Ø'Xd G = (VD/VC)kN

£ã. SOr�ª¥� MCP Ï~Ø?1Øí?n,

VCb�Orì¥� MCP I�?1PzÚØí
?n, ã 6 ¤«�´3 1 × 10−9 A/cm2 �²þÑ\
>6�Ýe, �¡ MCP 3>f�MØí?ncÚ
?n��>Ø�OÃCz'X, ��, MCP ó�>
Øl 800 V O\� 1000 V, OÃ�Jp��êþ?,

3²L>f�MØ?ín�, MCP OÃk��
ÌÝ�eü, Ïdùp MCP OÃ�ýé�, $�½
ÂÑ¿Ø´é�, ��´ÏLN! MCP >Ø
5N�XÚ�Ë�OÃ, ±¦XÚ�(¯Ý���

�¦��ü1f�&ÿ&ÒTÐ�uÖÑXÚ�
D(�..

ã 7 MCP 3�6�ªe�²þ>6OÃéó�>Ø�
'X

3	OrXÚ¥, �æ^
�Orì�1Ò4
ÀÏ, ±�½?\ MCP �Ñ\>Ö, ;� MCP ;
É��M�Ú���m©Eå, �ü$ MCP �
>Ø�^��, Ó��¬;�Úu MCP �lf�
"E¤�Orì�m©Eå��z. ÀÏ�m�3
æ�¦�êB¦mN!, �XJÀÏ�m�á, Ó
�ò¬ü$XÚ�&ÿ&ÒK�.

5 ( Ø

MCP ��Ú�A¤���é'ÝD4� l,

E¤^«�Å�÷�m¶Ú�m¶�©Eå��
z, �½
^«�Å�Ä���,  MCP ���
ÑÑ>Ö��½
^«�Å����ÿþ&Ò. 3
SOr½	Or^«�Å¥, MCP �Ñ\ÑÑ�
5��Ñ�½uÏ�¥¤Ñ��k��>Ö, D�
>6�Ö��^é�5����z4Ùk�, =¦
´3	OrXÚ¥æ^${| MCP, Ïd, SOr
Ú	Or^«�ÅAäk�C�Ä���, ${|
� MCP =3pEÇ�ëYû��u�õ�. Ï
LN! MCP OÃ±¦��ü1f&ÿ&ÒTÐ�
u CCD ÖÑXÚ�D(�., é^«�Å�Ä�
��kX��K�.

[1] Hu X, Liu S Y, Ding Y K, Yang Q L, Tian J S, He X A 2009 Acta

Optica Sin. 29 2871 (in Chinese) [�l, 4&�, ¶[%, �N,

X?Æ, Û�S 2009 1ÆÆ� 29 2871]

[2] Yuan Y T, Hao Y D, Zhao Z Q, Hou L F, Miao W Y 2010 Acta

Phys. Sin. 59 6963 (in Chinese) [�[C, ÏâÔ, ëm�, ûá
�, D©\ 2010 ÔnÆ� 59 6963]
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Abstract

The streak cameras which with an internal or external microchannel plate (MCP) image amplification has a significant enhance-

ment on the detect signal threshold, but also induces the saturation effect of MCP to limit the dynamic range of streak camera. The

saturation effect of MCP is described through the channel multiplier model of a discrete resistance capacitance dynode chain, explain-

ing that the input output linear range of MCP which in both the two amplification method is depend on the charge restored in the

channels the contribution of compensate effect which comes from the bias current is very limited, even using a low restistance MCP in

the external method streak camera, so the streak cameras with an internal and external MCP image amplification should have equivalent

dynamic range, low resistance MCP only function if a rapid sequence shots is required, and MCP gain was set up properly is critical

for the dynamic range of streak camera.
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