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Abstract A high-precision time-synchronization fiducial system is necessary when using high-power laser drivers in
physical experiments. To meet the demands of physical experiments, a time division multiplexing scheme based on
an arbitrary waveform generator and high-speed electrooptic modulation is proposed. The time-synchronization
fiducial system based on this scheme can generate multichannel signals, such as main laser, optic time fiducial
lasers, electric time fiducial signals, and high-precision triggers. The proposed system can output 10 comb-shaped
optic time fiducial lasers at three wavelengths, i.e., 532, 355, and 266 nm, 8 comb-shaped electric time fiducial
signals, and two high-precision triggers with fast rise time and large amplitude. The peak-to-peak synchronization
jitter value between the optic time fiducial laser and main laser is measured to be 12.80 ps, and the peak jitter of the
optic time fiducial laser’s period is 6.40 ps, which is close to the limit of the measurement system currently in use.
A demonstration experiment of this system in a high-power laser driver is implemented to confirm that the system
meets diagnostics requirements. Additionally, the time reference calibration of the streak camera’ s different
scanning strokes is processed to effectively calibrate the time error of the camera in large sweeps.

Key words laser optics; time fiducial system; high-precision time synchronization; arbitrary waveform generator;
streak camera

OCIS codes 140.3460; 140.3538; 140.3610

B HEI: 2019-05-15; {EE B HI: 2019-07-11; REBHI: 2019-07-23

“ E-mail; smilexc@siom.ac.cn

1101011-1



i ot

1 51 7

i D RO BTz N T 2 R R
AR TR BE A RN R AR ) B AR T L B
AL SEE L E P E B ARGEEZE IR T S YR
JEE AR,

T8 e D 28080 %6 B E AT ) B S g ), R
ot FH Ao 3 A B RS BT Ay BERE D . W R
W — RO T ORI A OGS SR BUPL . XD &
SUABLAT X o3 AR AL A0 (R 3 A% il R 2 R
H S LA BE Bl 2 5 SO A 1 P BT AR R U A ) A X
RO, DR O 7 2 7 SRS 45 I B 2R 4 Ok B v W B S 56
MRG % 1  [RI B SR SO DL AR 2 W ik A R 2 5 F
O R AR BE ] 25 (8 80T ok R Sy Bsf ] 35 v o ) £ PR
HEAT S ) A 2

H AT, A F R A OB 3 2 8 E A A I 1 e
PRARGE VIR LR, £ E Y OMEGA $#£ % L1
AR B 5 32 O 1R 25 1 AR Ok g8 = AR R
UK E (NIF) bR T T OB EF SRR a4, 7T 52 3k oo
i Ly L AL T B L AELSZ R R B 3 g BRI | 5 A O i
HEAT A5 AL, A O 1% i BE i 42 0T A 9O £F IR 1
(BT 592 A K A 2 (LMD SR T 20 Jok o B gz 4
(077 LAE A AR 5 B (55 5 F B0 Z [ i i ]

— main laser

1

acousto-optic
modulation

acousto-optic .
Gt modulation

| N digital delay

generator

acousto-optic J\_ . .
: fiber amplifier|
modulation

LTI

amplim,de fiber ampliﬁe}
modulation

single longitudinal
mode CW laser

acoust0~o.ptlc ‘ fiber amplifier
modulation
~— AWG
modulation 200 m fiber

FH/NT 8 ps ! N Y IOG-TIT 22 B R S E %
S TR 8 2 1AAT B & 2R 2% CAWG ) R4 Ha ' 30 )
77 27 A ARG AR 5 AR T @R m RS 7 A A
WA = A5 S , ARG RE i AN E 1 1.96 6
PR RMS) Y DL R X SR R GEAR A 45 H 1
BELE , ELE A P o A B 1 f i e RN L B AR 55

R 4 0 592 0 4t A R AR SCHR T R T
MOE-TISG- D = B Z I RER AR R G 5% 20
K bR | 22 8% o b B ) 20 il W AR 55 R LB AR £
S AT Sy g B S RO A 0 e ) R T R
KI5 EBOCRIIR B AWG, B JH B 43 5 1 4% AR 7
A 4% B BB AR 5 b 7 AR E T RS B A B I [R) 4 5 s
B R GEAR AL = DU A i AR O O
T 5 A bR O R IR A RS B R B B R R ek R (S
i ) [ 200 B 1k ) 12.80 ps (W E{E) . H AT 2 W
WL, R gk AR R e . T T AR AL
AEBIL AR RO e [ 2 1) 65 0 A

2 SEERHEIT

21 BMRRZBEERAR

POE-TT 26 B AR RGN 1 iR . 2 bk o
PR BOR AR i VI e AT S e, LA R BR )
R AFETUAS BB

.
ﬁﬁ:::rl;llﬁ'?eerlid amplifie THG B JWI[
"

. synchronous
fiber amplifier] — —_—

synchronous
trigger J_L

electric time ———% Wm
fiducial ——% -

electric time ———§
fiducial —% -

fiber amplifier]

AWG: arbitrary waveform generator
SHG: second harmonic generation
THG: third harmonic generation
FHG: fourth harmonic generation

B 1 FOG-T1 % B bR R 4o 2 7

Fig. 1 Schematic of time-synchronization fiducial system of SG-1I laser facility
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Fig. 2 Time division multiplexing for time fiducial system and main laser
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Table 1 Key parameters of time fiducial laser in time fiducial system
Advance time
Minium
Pulse of pulse Number of
Type of Wavelength pulse Pulse Number of ) ) Interface
] energy relative to  distributed
output A /nm width interval ¢ subpulses type
W /] main laser channel
Toin/ PS
tq/ns
SHG 532 <100 200 ps-1 ps 10 =1 +100 4 SMA fiber
THG 355 <100 200 ps-1 ps 10 =3 +100 4 SMA fiber
SMA fiber/space
FHG 266 <100 200 ps-1 ps 10 =2 about 130 2

light output
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LA E S 2 —EREMERE, 2 h AR
AR5 5 Bk e & A FETE N 1,106 (RMS) . 1

il 1355 1 T 3 5 1) S T DR A A
FE L 7% o A e L A e ek 28 T
NNV TR SRS 3 A = S ) SR S A
200 ps,

2 AR AR GE AR A i A 1F S OGS R

Table 2 Key parameters of electric time fiducial and synchronous trigger signals

Advance
Pulse o time of Number of
Type of ) Rise time Number of ) Interface
Amplitude /V width pulse relative distributed
output 7./ps subpulses ) type
T min to main channel
laser r4/ns
Electric time
L =2 <200 ps <80 10 465 8 SMA cable
fiducial signal
Synchronous trigger =5 >10 ns <200 - 50-200 4 SMA cable
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Instability and synchronization jitter of time fiducial signals

Pulse interval 7, /ps

Jitter with main laser zji../ps

Type of output Pulse width 740 /ps(RMS)

RMS Peak RMS Peak
Optical fiducial signal 1.11 0.73 6.40 1.84 12.80
Electric fiducial signal 1.21 1.05 8.44 3.02 16.95
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