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Damage problem of CCD in the electron beam parameters measure

WANG Yuan, JIANG Xiao-guo, LI Cheng-gang, YU Hai-jun, ZHANG Kai-zhi
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang Sichuan 621900, China)

Abstract: There are strong electromagnetism interruption in the process of high power electron beam
parameters measure and diagnosis. The Charge Coupled Devices(CCD) is irradiated by strong electron
pulse, laser and X-ray. According to the analysis on the CCD imaging principle and the measure on high
energy particles, the changes of the CCD output signals under the radiation environment are monitored as
well as the CCD imaging after the experiment. The soft-damage and hard-damage of CCD are discussed. It
is found that the damage occurs at the grid electrode of the device instead of at the light activated
elements. The response characteristics of beam whose energy reaches the damage threshold are obtained.
The evaluation on radiation damage is given, which ensures the reliability of beam parameters measure of
accelerator.
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(a) configuration of camera principle (b) configuration of primary optics
Fig.1 Structure of high speed multi-framing gated camera

1 IR AL
ST R, JeAEHOEEE B RS N A, BTG E] CCD RO REE RSN, LLBE 1R AR A E O i
i I B R R, B AR CCD R A EOLE R EEE . MaEE R TR — EErT, CCD R {E 5 RAM
BXIEHE2R TR, AELMN, ARESRTTUEL, B 3 PRMZLRE 3 K6 620#,6 5214,6 522#) L 115 %

 sum to 8 fram




%2 I Z%: BB RGERTRSHENERHGGEE 219

FIME SRS R, IE S W 2E 5 T R AR 24 150 ms.

OIATESRF I, CCD R M 15 B B 4 & B 25 2 52 B0 A 3B r, 2 B3 2 B 0 07, & A 48 4 s s
CCD BOGLE AL, SECGEWE MG TR, A MO &% AR AR, 8 6E T 4f 80 @l bl 53 45 Fn vz g
B, EMREFEEOCEESAEENBE TS, ERREHS . CCD ML RSk A @lg R, R AR
JE R CCD B AL )2, & ry it il e e CCD HL A I sl T %, 3% i CCD ok IE# ifg, &k — 3k
WOCRE R, WIS AR ) R, Y 45 B R R Sl Ik ek A B R e e 2 T e ks B 2R T %, CCD
A ZR MR R 4 2 WA LIRS B9 X 22 F5 Z 4 40 3 72 59— A SE I8 45 SR (20091017#), & Hf il 22 il
JEH 2 IF CCD IEH REMELR, AHMUEE 5 I CCD H# REMEG, ERHMERTTIK.

> 8r
201110-1#
. y > 6 _ signal ,’
= -
laser [ 3 ] .201‘1 10-2#
> > L 4r -
: ° 201110-34
beam expanding len% 2 -
L =21
¢ [beam stacking lens |-
multi-framing 0 2 3 4 5 6 7 8 9 10
gated camera t/us
Fig.2 Experiment layout in laser intervene Fig.3 Damage to signal of CCD
2 WOE T ISR g A = 3 CCD {5 5 Hi i %k
1# image of 5x5 filter wave 4# image of 5x5 filter wave

=1

normal image of CCD in experiment abnormal image of CCD in experiment

Fig.4 Typical Z-pinch with X silk array load(20091017#)
&l 4 X 22[% 7 453 22009101 7H3L 5645 L)

T AT XS, FETC TR TR S5 S BRI A E T X CCD R AL s BEAT BL0T B i, % 1 S iR
() 2% A R ARBILAZ B T4 45040 0™ 451 405 Ay 2 0 ) 5 2R

1 LRSS
Tablel Experimental results

value of slight irradiated/(J-cm™) threshold value of hard damage/(J-cm™) destructive damage/(J-cm?)
atmosphere < 1.45x107 0.29 1.5
vacuum 1.90x10* 0.27 > 1
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