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Surface response correction method of light intensity detector

in high energy laser measurement
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Abstract: In order to reduce the influence of the non-uniformity of the surface response of the intensity detector
on the near field parameter measurement for the high-energy laser inertial confinement fusion device (ICF), a
correction method for the non-uniformity of the light-intensity detector surface response in the near-field
parameter measurement of the high-energy laser was proposed. Theoretically, a multi-point calibration linear
correction model based on the high-energy laser near-field spatial evaluation factor was deduced, and a non-
uniformity automatic correction device on surface response for high-uniformity linear output light intensity
detector was designed and built. In order to verify the effectiveness of the proposed method, the surface response
non-uniformity of a certain type of scientific-grade CCD was corrected. The surface response modulation degree
of the detector was reduced from 1.42 to 1.08, and the contrast was reduced from 0.014 to 0.004. Compared with
the two-point calibration method, the uniformity of the light intensity detector after correction using the proposed
method in this article was greatly improved. The results show that this method can provide an effective technical

means for the correction of the uniformity of the surface response of the light intensity detector in the parameter
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measurement of the high-energy laser ICF device in my country.

Key words: measurement;

0 35l

DR SR AR 7E 1B LY HOR AL (ICF) 2 B HOL S
e b O R, G T S RE R A B R L R
- 3O R REFOC AL 0 A, AR FDOLEEBIEOL
JCHRBRE, TR R A HOR A B RE VA R L
BRU)0 AR R 24 SRR AR R B OG0 A D RS
KRBT, BRI HOL Y R LI ABIRZESN, i
PR A5 2 LS R AT 3 53 A, X 7 TG ) oz A 4 S 4
SREZ T, w1 TG R 45 A T ) 17 249 5 P S — o ]
TE DB MR (AR AN T2 Mok IR . R
B UL AR Z2 B N FRE )T, M E RO 2
IS RE . O T H0BROLIR R S 7E = RE O % 2
RO 5 I BIAR SR BR 22, 42 s BEROG L % 2 K
AR LA L, X iR PRI 5 T 0 157 AR £ ) PEAS IE
b b G R PRI A v R AR 2 A PR IE Y
SCITEA W ERR I . 2 RUE AR BRI TS K A 1S
IO SR TR TS P A RS TE VR I L
gt PR T ACIE, {E 5 B 5 0 3 A OB K, T
TE G55 P 5 W) L )R B2 B2 s ik, AR ACR
B2 2 mENR T BOR IE RS B B, b IR AR
S R B R AR VI A SR SRR, AR
MESR R R—MEIEHFE, 4 B BE V8 15 1% 5E b
A TG B AT I SR P A 2 X P 0 K i o L A48 I
W7 B bR E BORAERS, Has 3R, @A 0 BpL
ORI IE o F I SRR i — R Ak B
BRI FR, th TR R R AR BRHOES
O H AR B 1030 I PR B S 2 D N e B
M6 i ot 8 v 0 7 5 B e A % BRI 30T 3 L ) T
F R, ARG — A 5E B, 35O KB — 3
W R, L, BT R AE T . O T 9B B
DS MG v 54 1 5 RN 45 1A D 17 A 2 SRR AE, ST
Hfe th— BT 2 RUE AR R LRAMER IE T ik, i 2]
T G 05 R RN 4%, 7 PR e 2k P v 7 e P R B AN [
R PR, 450 7 B PRy P R AR B (L D AR 3 S0
TE AT ERAEL, SR il de /N ek AUt M8 TE AR [
F BT S5 BT 5 00 5 114 1 o 07 A 3 2 Pk AT AL
1Eo AR5 TR AL IE SRS, A5 TE 5 G s AR 4% (Y T

il I3

non-uniformity of surface response;

modulation degree;  contrast

M 37 249 5 VA 4 725
1 KRIE#HER

FH Tt BB OG5 M 20 3R R A8 R 4 rp O s 00 2%

it FH A RRIR 2508, 7EOGIE 5 2 8000 =t isf H OGO 75

SRR 45 06 2% 3h AVE BB N AR ¥ S e br . i

1R BEWOE T 5 39 51 M B PRI ASF8 Bk Sk I8 1 EE g RO
FEC, 3 LT

vy = max{ G )

- (M
1 P q _2
JEQEE;;H“L”‘q
C= - 2
S 316
== ;lxq 3)

AP ORI AR AT AR bR s o G SRERIN #4551 AL B 5
LG, )R AE G, A bR A S 5 50 I 25 8K BE 5345 pohy
TGRS TT AT HG ¢ O RR IR 5 TT A ELG
TR A TH BRI 25 0 B T 34941
R T UB/INE T B X R s a5 Y R AR, SR DY
SRR 25 3 A0 BN 2 SUEARE o T OGsRERIN 4%
14 ' F e A B AT R R R, AL 0k T e 1 A 45T
R IERE TR AR PR A IE AR, 1))
I'G, j) = kG, )X I, j)+b(, j) “)
K 1 G, )R BEE G W BHEOK E 53 A5 kG, j). b, )
FAE SR E R
S T 9 BEAILE S Y SE I, RO e (O,
3R R 15 SR B il [R5, 3K milid [RTAR 9 F- X5 K JBE 43
%ﬁ’ D—lu:
Z Lo (0, )
Lo (i, J) = HT (5)
s Tyen G, NFR R AE (O35 JE T R 4R B 5 kint
CCD JREE G345 L) (i, )ZF/RTES (3R BE T milE R 1Y)
SRR BE A3 A0 o FEE X IR BE 53 A0 8 Ly, i, ST T3
JREEAE R

202102152



s Gk A2

% S2 4

www.irla.cn

23

% 50 %

iil_«)(l b))

- pxq

A Ty, Gy B AE R AE ¢ (O3 R B8 1E 1 2R 1
FENRDGCIREE TR, R4 R A mils MG, MR /N — T i
B S PR E B F R

N
NX{Z Lo (i ) X I } ZL»(:) @, J)XZI¢<:>

=

(6)

I¢({)

b, j) =

N 2
N X Z I_¢({)(i, j)z_ Z I_¢({) (l, ])]
&=l ¢=1

)

M-

I¢({)

o b )X ;o
ki, )= - ;’;ym@p ®)

2o NFRA RO IR
2 RIEEE

DR AR DN 25 TR ) 3, 2 1 ) P AR T X A T 26 Y
BORZR Jy: (1) RR 08 2k 1k 8 B B TE G R i ) 2%
(2) B IEDCIR R BE A3 A $42 .

LA U Bk O G IR T 2 0 O O WA —F
SR 38 T A K R O 2 A K R DAl F A L S B
S FRL R, Xk T T L Y R (LR A T R
It A/D 4, 2t Bk Ab BRSO D/A 1 0 O R 4R
il Jik i el L I A IR AEL, T A/D A D/A 3 FE 2
FETEAE T, 38 H A AE ps 0, O A8 Ik b 98 B /N T
1 ps, PR Ay 7R 45 1 09 3 7 vh S AR A AN B o A
OO bk v 2 5, R M 2%, T ELX ROy BTG
2595 WO ) 23R AR Y [ 25 [ 25l s 2R
A, JOE T N O aR AR I A 1R e . 8 Bl AR T Y
Ko Ty — PR L AN B AN R R I SE B
AR DALY o X B 5 X O A% R e
PRT B RE A PR, T LA T T S S I o S
A% 6, FR T AR X D R R0 1 1 e 1O K 5 A
TE G T FE S 45 A ke, oW IE G 1 2
R HE SRR

R T H TR AR AR IR, SRS AR
D25 T o 1 AF X8 A9 PR B A S A, JF R R A IE A
SC R FH R A L O i Ul H VR AR ik A Tk

5 SR AT R 2 ) K b RO A i K I B T vk ok 5
OGR4 D AR AL L, TR TR S e A AR
Z [ADEE ARG A BRI P 5 2R, DA T S5 B Sl i 0 g 1
iy 7 (9 AR S STk F A TE o S PRI 5 v i B A
PAPERCIEZE B AN 1 TR, i 1053 nm K rh O
e WOLT AT (55 KA A BURER TSR

Intergrating sphere

Slgnal generator ‘d

1 iR RN 45 e 7 A R P T 1
Fig.1 The diagram of the correction device for the surface response non-

uniformity of the light intensity detector

T A e L IR Ak K A S, — e a9 Y
JA 5 e FL - K A R 4 A SO A B B bk o
AR, — e b T kA B o 0 1 R R 45 R
A, B IO LA OERK R 124 ps, BKSEH 8 ns,
YROCAR il A A5 F T 124 ps 1 o AR, OGS
i 1 RE D AR R ) n A o BR AR 2
JIR

BUOr BRESHG AN 3 7w, ko 06 2E A BR 23 Bk
Jai, B BRI T A A

D =P (As_Ai_Ae)
=Pp|l———| =
A,

®0(1— ) )
S @ ABOE R i p RN ER PR 5 2
o A, WU ER A0 TE T K B A, o A S8 X L
A ot S DS A £ B BRIF AL LG, L A
Fo AT A s AR BT R, R A T

AR
H EianEi\ S ﬂ:ﬂl+%:f

n YR, AT BRI 19 0 0
@=dp(1-HH{l+p(A=fH++p (1=} (10)
4 r(1-)<1, LR o an T A

20210215-3



ISk A2

% S2 #

www.irla.cn

l nx124 I

<

| nx124 I

<

Pulse laser —

Detector

Shutter

1 1

2 55 5 B AR o

Fig.2 Schematic diagram of signal generator working sequence
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Tab.1 Parameters of integral ball

Inner diameter of integrating Size of light Diameter of one-time Size of light
Parameter of first integrating sphere sphere/mm entrance/mm baffle/mm exit/mm
D150 D12 D15 D30
) . Inner diameter of integrating Size of light Size of light
Parameter of second integrating sphere/mm entrance/mm exit/mm
sphere
@150 30 D40
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Fig.4 Schematic diagram of illumination uniformity at the calibration

position of the detector
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Fig.5 Simulation results of the uniformity of the corrected light source
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Tab.2 Comparison of modulation degree and contrast before and after correction

Uncorrection Correction
Source intensity CCD average value

Modulation degree Contrast Modulation degree Contrast
1 429 1.08 0.017 1.05 0.011
2 510 1.07 0.016 1.05 0.009
3 584 1.07 0.015 1.05 0.009
4 667 1.07 0.015 1.04 0.008
5 746 1.11 0.015 1.04 0.008
6 830 1.17 0.015 1.04 0.007
7 911 1.21 0.015 1.03 0.007
8 995 1.24 0.014 1.03 0.007
9 1082 1.27 0.015 1.03 0.007
10 1165 1.29 0.014 1.03 0.006
11 1258 1.28 0.015 1.03 0.006
12 1344 1.32 0.015 1.04 0.006
13 1428 1.34 0.014 1.05 0.006
14 1518 1.34 0.015 1.05 0.006
15 1607 1.36 0.014 1.06 0.005
16 1695 1.37 0.014 1.06 0.005
17 1870 1.39 0.014 1.07 0.005
18 1960 1.39 0.014 1.07 0.005
19 2052 1.41 0.014 1.08 0.005
20 2145 1.41 0.014 1.08 0.005
21 2232 1.40 0.0143 1.07 0.005
22 2322 1.41 0.014 1.08 0.005
23 2415 1.40 0.014 1.07 0.005
24 2511 1.42 0.014 1.08 0.004
25 2602 1.42 0.014 1.08 0.004
26 2696 1.42 0.014 1.08 0.004
27 2785 1.42 0.014 1.08 0.004
28 2880 1.42 0.014 1.08 0.004
29 2977 1.38 0.015 1.05 0.004
30 3062 1.34 0.014 1.02 0.004
31 3160 1.30 0.014 1.02 0.004
32 3254 1.26 0.014 1.02 0.004
33 3351 1.22 0.015 1.02 0.004
34 3447 1.19 0.015 1.02 0.004
35 3534 1.11 0.014 1.02 0.004
36 3635 1.11 0.014 1.02 0.004
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Fig.6 Distribution before and after correction of ten percent of approximate CCD full gray: (a) Row direction; (b) Column direction
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Fig.9 Comparison of correction results between the two-point method and the proposed method: (a) Row direction; (b) Column direction
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