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High contrast temporal shape diagnostics for nanosecond

laser reshaping pulse

Xia Yanwen, Zheng Kuixing, Liu Hua, Zhao Junpu, Peng Zhitao, Sun Zhihong, Dong Jun, Li Sen
(Research Center of Laser Fusion, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The ability of temporal pulse reshaping is an important content in high power laser facility
operation and fusion ignition experiment. In order to verify reshaping effect, the diagnostic system was
optimized by optical and electrical power splitting, the system detected laser pulse shapes with two high-
speed vacuum biplanar photodiodes (VPD), coupled to a four-channels 8 GHz oscilloscope. The effective
dynamic range of the diagnostic system for measurement of pulses with high-power contrast was
increased by splitting the signal from every VPD evenly into two channels of the oscilloscope with
different sensitivity setting, the detected pulse from the four channels was stitched back together to form
the complete pulse. The result show that the detector and oscilloscope combination has a 10% to 90%
rise time of 60 ps, the diagnostic reaches 2 500:1 dynamic range for contrast ratios up to 100:1 at an
within 2% uncertainty.

Key words: diagnostics; temporal shape; oscillograph; dynamic range; contrast; high power laser

I 75 B #9:2016-03-14; &1T B #1 :2016-04-19
HEE&WB WK HRRE IS (61377102) ; [ B £ 6 BIF T %1 (B1520133010)
EEE A Z30(1972-), B A5 6, W, 3 5N w5 T R O S 802 5 18 09 F 5% . Email:xiayanwen1972@163.com

1106002-1



sk TR

% 11 8 www.irla.cn % A5 B
T f9 25 5100 B %07 1 0 DL S B 2 A W U T 10 7 R
05 § o | TR UL A SRV B S B TR N 6 R

TE 85 D) 3 O K v 55 ) A EAE R G AR
TR R T RO O W R O ] Y
B BOG K 2= %k B8 O ik i BOE BF i 10 OC B 45
B J2 % LG BE % b B 2 A8 WO 3 Ik e i 9 5
VIR I A Ik e 0 iR R BT VS R Y L. 7R
SO TT R RS Y & Fb SE e b, SR b BT R AR Y AR
B TR S BUB R AR, S R B IRk bk 2
ARAFAS ] 1 5296 45 S DR I 0 ik o i OF 0K 4% 12
W S A 2% W) B S G HOG R B s AT I ET R T2
W 28 58 1 3 A5 YW s 1 K moxt L B A 0 RS B2

YRFD G AT K v 1 12 W SSAE TR AN R
Jik b T R AT S, I T B AR AR B I T S
(29 20 ns) 19 22 4> IR AR U (B 55 ) 22 8] ) RS ) 5t 2
FOAE o XF T 2R LA B B0 o3 3 0 40 B 1 G bk o, SR
O LR 285 45 5 BT R P o B R SR AT 0 T
B, SRR S AR RO H R 2% 3 B 1 B 25
B ) 7 AN R e Y B S L, R AR B e
RO A YOG S R T BE R bR 2K e
7% L& B Y I ) P R AR K P

B VA I A, 15 G RO H BRI 2% L
0L R ORI SRR o B R E AN ATEG, R T YRS
Wi 2R g8 0 3 A L, 98 B E KR k3 8 (National
Ignition Facility , NIF) %] #H 31 % SR F B A 458 0 28 45 I
25 & 7~ P #% VU 38 38 (channel ,ch) & F 9 5 217 {H |
T FR G AR PR R 23k 1 s I i DU G A
FH 7 %8, 345 1000:1 (19 2h &5 H 98 ps 1 L Tt B

Splitter _ﬁ\.

Xt ] — bk w22 YORSF 2 7 i, TR s B A R
HIEIC %, HAEFRTT 100:1 B X5 b B 45 100

1O I O E AR R R S 5 1
(4 R JE K b e | SO aE B g3 A R O A PR 4 &5
3 BT 7 e A bk e £ A BR 3h Ve, 4R SR
KPR 25 45 5 75 g e DU e 3 Pl B O vk, X kAT
T AT B SR YA

1 LW 77%

XA 2 TSR R A BRSO Bk w2 B
R F O 27 2% SOMTHIL AT LA AIAT B o 69 1 1) 23 3 =% {0
R Y B A A G B B, HL B A e DLE— 2P 4R
N WA AT N B A U8 2RV A A JE 1 £ (Gl
WO R AR DU B E R R, AR
B e AR BT I R A, 5 R C R A O R AR
JO7 9 A i O L PR R RO OK | BEL B D R B (D
9 Ji T BELJE IR 90 ) 1 225K, — ek SO TG L A

IR A v 3 i 6 E S 6 - 5 9 B RO ok e i
SR B 7 e A4S G 23 A AT BORE B I 7k
BRI UCHR I i 5 7 e A P B T 25 S T S, i 1 Y
NS SULY QU s hE DN T S BN
# HBBOF DGR AT R R e, 7Ot R >
B HE R 122 (D)o 4% o DR LA S 2 P B A
718 I s B4 O A T, T SR A [ B 3 B R
JEERS A, 23 531 00 ek ok e %) A [ W £ DX B8, e 0 o
0 TE ) s AT LR AT A R 58

Waveform reconstruction

. 1:2
Photodiodel# transformer

Photodiode2# 1:2
transformer

|
.J"\.._/JHLJLn

Oscillograph

P T O B K el BOR H 2% 14 e A

Fig.1 Diagnostic principle diagram of laser reshaping pulse
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Fig.2 Typical output characteristics(a) and response pulse of VPD (b)

e T 1 e 8B s DA U R R R R (R
5V, B 2B AL B9 MR 7 222908 0.5 mV (L
# 1), B 98 8 GHz , 56 56 1 08 M A A1 AT 4200 15 5
WA A 1 mV, 2 3 b s ik & 09 2h 245 30 [ Al 3k
5V/1ImV=5000:1,

RIYFTEBARRYEHCBRERR
i 25 R
Tab.1 Test results of noise level of oscillograph

with different vertical sensitivity setting

Sensitivity

10 20 50 100 200 500 1000
/mV - div~!
Full-scale
sensitivity 40 80 160 400 800 1600 4000 8000
/mV
Dls/p;r\i“’n 0.50 0.49 1.03 2.21 501 9.32 22.57 45.83

E BT R DA R 8 LR (bit) F R E
i, SR R BRI AU 6.3 bit (fF MR L S/N=
26.3:1=80:1), X5t W& Z LI 2% (75 M b S/N=
50: 1) 1 I RS B A5 5 1 (8 6 2008 3 7 Ik 8 T DR 1Y
63%(50/26.3=63%) , — M 1& LT, B0CF 7N g A5 A YA
AH T 0 i A, B A G B 4 B R R T 7
20mV~10V [ 35 & AN 7] 5 850 R4 A7 Y A e 7 22 5
R, 3R 1 Ry 55 (9 7 I 0 — 20 52 100 26 4l () 4k
FF e H 0 % &b T O TR A ), B v o AR A
i 5mV/div B Bt e KAF 5 IR 40 mV , fw 254
29 B It 56 Y R B A 40 mV x63%=25.2 mV (3%
F 1 ISR, S 25mV), X EKETE
25.2mV~5V Wk oh 5 5 o] DL TEAR 22 2 2% 11 T
ORGS0 Y R R R R ORN E a
1:0.63 , 3% B Bl DU A4~ 38 18 5 A 6t 3R 4 B AR AIE
ST 0.637 =6 5 IR AE 10 I 155 & o Bt Ak
£ 25 mV~5V X3 A 2 25 200 5 19 3506 Bk wb %
B, HUA 29 6 5 DX 09 08 W 2 M 22 R 2% 1 I
K BEEK

PRI, SR R P11 5k 0 Jok o 5 TR B9 6 LR BE il
SR ok (B PR A2 PR PR R A (T4 S ek
YR 2.5V), THRAZIRF /RS2 EERN &
BN AR U T I Sk HA 20 80:1 B VL L £
i A AL A AT LSS B 2 50001 (1 B 45 90 L 5 6k el
T 25mV kel B2 6 £ XN 1 % 2

1106002-3



sk TR

% 11

www.irla.cn
xeh

% 45 &

2% 1) I SRS B LK 5 HE 2% 0 DU RS BE T s I R R
A LA O 1:0.63=1.6:1, ZiEiE A
fifi FH AT A X G RE A 2.5 V25 mV=100:1,
2.2 BkiEEA R

BTN TR B BT Bk o, R A BT X M R A
W A R AOE RN, LU 3 gAY LR R
ik b S U B . SR 6 B X380 B R [ ) R A
FERYALIC %, B Chl~Ch4 2675 718 I #5170 A 5
T8, BH R 7K P DX 3R 7 1% B v Y R (R T R 2% 1
I 4 B2 2R be B 3R R F Bk of b T ] B .

TEE 3(a) T, Z B A W K of e (EE R T
Jik e be Bt b B 124 2 100 ps, JL-F- 35 2 R U 4% B

(a) (b)

V) il kTR B, %o 17 1 Sk A B R 2 2~3 A, a2k
Ch4 X N7 (4 T30 bk o i 8 = T 25 mV, S BR oAl LA S 3
XFEEE/NF 100:1 19 A 2 F UG B i Ik ol 4 D%
TE = K5 B (R (A 0 78 B <2% . b T B (3] ~100 ps) 2
Wi ; 76 & 3(b)H, Bk o be Be B FEEEE 28 1ns, Xt
VLAY B Ak 82 20~30 A, 1 BEAS SR I S 1
F il Chl (1 5 R RS 07 X6 R b o I 22 P 08, 7
Ch2 2k H 5 mV/div #4{i .Chl 2k H 500 mV/div #4 fi
(0 A% PR LR L b a5 BRE I D TR (B B AH X DR 25 Gk
22.57mV/40 mV =50% | W E A ¢ B b, P I Il 5 1
AT 22 1 2% 38 5] 50% , Itk TR E, R
FE 8 Ao X AR Y A K b AT E A A R 3

(©

Chle Lﬁ Chle

Ch2®@ ?
Ch3 !
Ch4 P

Al‘ﬁ] Chl ¢ =
|

Ch2 b
Ch3g

Ch4 I i

v

Pl 3 JUAD M B () B8 I8 ik v 4 Y

Fig.3 Several kinds of complicated laser reshaping pulses
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Fig.4 Acquired simulated pulse with 87.5:1 contrast ratio
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Fig.5 Laser pulse acquired by four channels of one oscilloscope
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Fig.6 Laser pulse recorded on (a) channel 4, (b) channel 3, (c) channel 2, (d) channel 1 of the oscilloscope and (e) the reconstructed

pulse waveform
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