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Broadband second harmonic generation of spatially chirped pulses

Tao Yudong, Hu Dongxia, Han Wei
(Research Center of Laser Fusion, CAEP, Mianyang 621900, China)

Abstract:  Efficient broadband harmonic conversion has important application value in high power laser.
However, it is difficult to achieve broad bandwidth and high efficiency at the same time in the traditional second
harmonic generation (SHG). This paper proposes a novel broadband SHG scheme, which uses the space-time coupling
effect to transform the temporally chirped pulse into a spatially chirped one, and then several spliced crystals are used
to achieve efficient broadband frequency conversion. Simulation results show that for the spliced KDP crystal, the
conversion efficiency of the fundamental harmonic reaches about 60%, for pulse bandwidth of 30 nm and central
wavelength of 1 053 nm. Moreover, the frequency doubled light is still linear and broadband, and can be compressed
as the fundamental pulse.
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Fig. 1 Schematic of the broadband second harmonic generation (SHG) with pulse spatially chirped by diffraction grating and dispersing prisms
1 BT OO b 45 A7 R DT A 22 [ WA Rk 5+ A5 A 2 s A
WOGHE 2 ab A SO G1 LUR 2351 A — 2 BY A U, A (8]0 258 J 43 0 S 080 W 36 S [ B9 AT 33 5 ) 8 35 o PR 7 28
TR AR G HCERAO 28 ok M B M SRR S, HOAS [R) 030 30 il 20w 3R A B 1 T O TR) By 23 TAE  (o) , 3£ T B
PR L SF 18 (FP) o 7E FP I L, FEM0OG % 4y 1 28 AW ROV SR, 4> 25 Tl 67 & Y 61 58 B2 5 90 4 AH LG 3T
BT WA N oS I i - = o P o A s U 12 X S S ] s 24
BB EMOCAERT | 23 B0 s o v S0 AL o3 A, FLE AR R AT R Oy

xZ 2
ain(x,a)):aoexp(—ﬁ)exp[—ﬁ} (1)
x? r
A (x,1) =a0exp(—ﬁ)exp(—2—7_é) 2)

e ag HEEBOCHIIRIE; D AIEBER/N; Ao R TEE s 70 KR TEIE 5 oo g BR0PIR o i A SEIOE 28 5 0 5L
JUPFRETE, I i MV BE My SO, 23 76487 T b JR8 50 1 x-co R 11402 1) WA R ', G R 3 76 2 Sl 1) 52 90 i T 275

X r ixt
Am (6= exp [_ 2BfAw) } P [_ 2Dy } P (/Tf ) (3
i ik ik .
app (X, W) :ﬂ faz(xo,w, z= f)exp(ﬁxo )exp [_ZC(X_XO) }dxo —
w? (x+pfw)’ ik kB f .
exp[_ Z(Aw)z}ex [— 252 }exp (—ﬁx )exp (— 5 )exp(—lkﬁwx) (4)

AP B=db/dw = —2* [ 2ncd cos O, KEHE Gy B F EELZR B, Horb, 6 27m LM HIUS FEB0OETE O B A AR 1 Hh 5
i, d ROCHEE L £ B BRI k= w/cH IR, ¢ M EZ T IOGHE; o I ASHGRIR; o, MR SIS A AR E
S G R, B S AR 2. 2 [ E xo A 6. R (3) AT LA Y, 7RG B -1 1, SEAOEAS 2 30 x-
B AR, BV R ELA i P WA OB o RIS, nT AR (4) AT, IR B 05O R x-0 B A, HAR A R BN -BS -

AR SCHEF KDP SR 127 AH DG FCHEAT 05 LT3R, A0 SR FH A B A Ik v 7 235 S Ay s 397 8L 43 A, 7 B R
R HE AL A, S B LG KA 1053 nm, A BE 30 nm, ik b SE B R 0.8 ns, YGRS A 4 GW/em?, R ADEAE
Ve BT, HZL % d = 1480 mm™, B4 AEFE N 2 m,

2 HEENSSH

AR5 G, A S SO Zead B BOT A Gy FNVITE A M 5 2 7 (8 S R B A A R O o 2 T
WA WK ' A AN [] 225 [ 0 & b 30038 0 N R], O LT DARRAE JRy 3 48 4, DRI R FH 22 B it PR O B0 . 45 A 280 7 981 38 11
Fi A X 25 1] W Bk 18 A 7 B U B 4, T DA O R 4 B, R R R R

BT IR FRIE, AR SO R B ISP TET L A ST 43 B A A3, IR FH KT A A 3 AR, LA 48 K R
RS B AR5 A W 2(a) FIE 7R o 1 R St A (S A DG 5 i Xof Bz A9 H 00 4528 4331 A 1 043 nm AT 1 063 nm, [A i & 78
521.5 nm 1 531.5 nm P50 3 Ak LA fi i A SR B 0R o 5 2 00 By, B SR ROR T AL 5805 58 ok FH B — dh ik b 47
500 T A5 30 0 2 4 5 R 1 A A il 2, DR Ot T bl 2 (S0 o0 A e A A 3 B v T A B AR . IR 2(0) TR A SR B T
PR T %8 R R ASO6 I3 — A5 B2 AT R 0 43 A i 2%, 7T LA HE 0 e ot R O R A5 401 0 58 0 e s 55 T B R AR 4435
W75 B3 Ay R T = AR 2R R soR i 22 57, Hoh B R R B Gy 58, L4 LS R4 il 2
718 SR FH R e A A = e AR BB A S 5 08 B R ) 175 000, A5 10 %) 4 T WA WK A 01 0 8 1) e i R il 4 . TR b iR

011022-2



Wi SRR 4 e T 2 (] AT BK A 5 OGS R

- = SHG with two crystals spliced — SHG with single
LOv — SHG with single crystal L0 \ crystal
1_5:\‘ 4."‘..1 ‘. - = SHG with two
0.8} % Yy 0.8 : 3 crystals spliced
g ] [
< i P .. )
206} i 1 ] ". = 0.6 i
k5 ! L Y g \
3] { R=
£ 04) ! " 0.4 X
i | L]
i ) \
02 N 0.2 . \‘
i \ ! A
t L} " \\
0 e ——— P — 04— = . - .
516 518 520 522 524 526 528 530 532 534 536 500 510 520 530 540 550 560
A/nm A/nm
(a) conversion efficiency of different frequency of two schemes
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Fig. 2 Conversion efficiency of different frequency and the intensityly of the frequency-doubled pulse using a single crystal and

two spliced crystals in the spatially chirping scheme
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Fig. 3 Efficiency changes with crystal length of the traditional SHG
and SHG with spatially chirped pulse in the KDP I crystal
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Fig. 4 Normalized intensity of frequency-doubled pulse of spatial
(a) and frequency (b) domain
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Fig. 5 Normalized intensity of the frequency-doubled pulse after the crystal (a) and after the second grating (b) in the “x-e” field
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