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Fig.2 The schematic diagram of periodically
poled lithium niobate crystal QPM structure

Fig.1 The change of the second-harmonic as

a function of interaction distance.
A:ideal PM, B: QPM, C: no-PM

3 JEERAL QPM SRR E AR

ELYE 1962 4, Armstrong il Franken S5 A 12 AT AUSR M T 6 F 6L BUAH GL U RS
XM, HEAERREEMEE, SR ASGAFERAEME. ik, BERNETT
5, BRERE, FAINER RS AR ERERRERE H R, AR
BB A A BB R, KB LiNbOs A, RBEAH— T ARRAE e i
#4577 Ik

BRI ISR BN 3 FTR, BN MYE LiNbOs i - MIREH —RERSHRE, &



48 WILRS. EMMKE (QPM) HABRF##R 291

WHEMA T, ALF Cr &8, BEER
I 100~300 nm 245 )5, FAES
62 T2 & A E R &R ALG
Wija, TEERFLCER ER—BMN%A%
B, &R AR Z AR R AT R 48 2R
B SIS E R R LINGOs o
K& R L, WS e EREN
TE LiNbOs SRR ER Bk b, Fraxd
HERIES T &R BRF R IFKE
B, B bEEN SR EE, RiaR
WEHRAREBES (1.33x107° Pa B k)
e RSP, BRSNS A K
EE#Y, X LiNDOs difk, Bk EE
KT 23 kV/mm, Bk EEIHKE5 WYUK
BRI AT . 24 SRR HZ F oy
O > 2PsA it (ﬁ-q:' Ps % LiNbOs Fig.3 Periodically po.led lithium niobate is
%WE&&%E&E: A jb’lﬁ'ﬂﬁﬁﬁ]\), FElh produced by a high-voltage pulse
ZEFERIK M BE, FrE—BEtE, EBRIRFENBARSE TR E, BEXEkBE,
SR ARIBALT R, HATRA LRy AU i 4t T ARALE RS 0.6 mm | XK E RS
50 mm B 5] EIRABSEE I LiNDO; dhfk. FRIBHB7ZE KTP . KN . BaTiOs B K RbTiOAsO4
FLMAELEREION LRI T ARs 5, RS T SR,

4 [ AL HEAE AL UL RO E AR B B HT I 5T B0 AS

B F AN AL T IR B B PR KRR T ARALKE R R A, AR, X —FU
WREUB R EER. AR AR, aTEBREEK, BESEs, KREY
R, HET, FAEAECES AR BIET kb, HEESEL BOESHMRESR. QPM HR
EABRWEREF R RENREM. OPO LABIGEK L F L FIE Loty A i,

4.1 FIHR{L LiNbO; &# (PPLN) AITLSMAESEBIRTEE (OPO)

SCELHEAR (VL VUL A e A AR Y JE AP LiNDOs S, KRB TEEITE 0.4~4.5 pm
R, EETE. PASKIE, ERIEE, RARMTRA LINbO; Bk, JEW BT H& L5t
WEBLH) OPO #ff, TIXIERWH PM MELISEB B i B, ERREARFX A RART
%, BB TASHEEXAHR. SEN A ZARE R Nd:YAG(1.064 um) B8R A PPLN,
BRSNS BRG S, BB IS s ERRR/D, BABLEE R ETE 1.45~4 um
Z IR R Bk BRI I, BRA BB RROT R R B Rt B~ | SRR,
AMA PPLN Sk RIhHESETIHRIE RIGE S RIRE 2 (SRO), B S BRGELAR
ERE S R EE TR ASNIOE I L, BPHEERE 83%, BEMERmmRE . Xf
OPO FEAEMLLAMNE BOE TR, 7EZEHIXP. RASIHIEN, Ba, HEPRIT S i oy s Ll X
HER RS THA T+ BB AME. BRI PPLN #RAL5H OPO BOLRMIER
0, 72 WF, PAEETHENIINOEE, TIHEEY 2.16~2.32 um, AURIRSH CO .

O-rings

Metal electrode Metal electrode

Insulating Layer

E“f“”"“ (photoresist)

Lithographically
patterned

aluminum pads

Current-limiting
resistor




292 B’ F B F % # 16 &

N2O fll CO, EHH., AEAKMSTE, AEFEEE. REXFHE. 15, FRAREHFE
B Ey, MEBANNFEEIR ULEBEHRRERREFEEXY.
4.2 EiEBETEERERER

K% AR EARE—ERBE R R, KR SIBEE W i 55 A IR L B R H & B
HETRE. X BFERBEZNEEFRN QPM F LA BN B RIERE — QPM &
PASZEE, HRAHUIRE T REEHEH R, HiTAPRRAEARE T2EH & KERNY 50 mm
b, BEEEH/NT 2 pm WE AR SR, AR A RS RN NOYAG O, & bk
ERAYRAL R SR, BERT KRG E, BENGFERL, BRENENE 0% UL
9, HAET, FXRHARERBEE QPM SR RIMNE B i B 1) bk
PR R B 4 I B OGRS I RE S BT Ak, W EREENTE. EYEFSHHMENE
HITTHR.
4.3 U EHAR{L LiNbO; &ifk (CPPLN) LI Yhk i ESE

KA, ERBEOEREMN LR IFEY, FEARERARKREK M EMTIRPE
B, kb ESEAR BN AERRECE RSP, UBAMRERME AREaBURRM x® 3
LA VRSB ok 48, BEE AT QPM EARMINRIRA M H & T2 R, TR
LIS BHF I QPM 6 A TR i Y R e RSB e bk 48 (11 . 38 Standford
BT A EL R ) A VK R IR AL LiNbO5 Sk (CPPLN) HEAH L UCHR S A 52 TR BBk
whE4E U2 1L 1560 nm 17 ps (FWHM) Bk6ES58A, @il 5 cm @y CPPLN B
B BB A 780 nm 110 fs (FWHM) BYREIREK i E, Bk EE4RIE 150 4%, BFsTREl, RER
HURHK QPM FIBASHI A B ARGZUTES, Bk ol B A TR QPM Shfk, BLAE7ESE
RAT AR 4 (R W S B Y Bk b AR AN, MR SR ATST e R S Se B e bk vh 3 Y FE 46 AH
K., VAWK QPM S ARUEEE N ehkrh EAE B, BY, BFEHNE, WHBTNEERE
BkrpabrE, XB—AEHH KRR,
4.4 FEBRRAERERES

R FI QPM HART AN R AR — R, BRI S HE—RRENR
) X i) 4% s R RIS A R B QPM, FIAAR KIS A FEBE AR, SeBURRE B AR T 6%
OB, REE A QPM SR EERIE SR, 2. B OPO S/ MIE &
#, KAELT HERENEREREEE. BERERTARNFRAR '3 Z—8 PPLN
e A [ o B R AR R AR AL S SR e e — R, SRR — 3 PPLN S IRBESE R
T OPO-SHG #1 OPO-SFG 378, AMUER T MBHIE, MATHLE, FN, EXK
LT B4R R, R THREEE. REFEKEOMA QPM HIARLE LiTaOs Mk L3k
LT SHG 1 SFG (34 1 S X AEaR, THEFARZN=KIEYE (THG) . mi#
— SRR AL ST, A QPM BR, BEETAF A H AT TR IR MR B =
. MRETEBRIEENEE, BRAEH. FRORAEBRIKREL. B AR

“RIEr 4t 10 BRI EAR R SE N, XPETERAE P REEATIRE “BIE" WawRmE

OPO BRI LS, BT EH S Hl g 1R ESE A, TUIR T 8% ) A& SR E SRR
WK E RN EARE, WSS, A SR, KRR KTP XKk E
o A R A ey U BT SR A AR L R R,

WT, T QPM HAM N A F R BEH AR EET /R TRERAMRMTE. 6
m, %t LiNbOs ShERSUE, BT EERE (22~25 kV/mm), RAFHEHEERKZ




%4 W PR AU (QPM) BARBIFCRTIER 293

ZIRRH), HATFTMEMREEERL <05 mm ., B4, XNMEEZW T ELCRHBEER,
AR TFREH LR, Mg AR, ROy SRIRELE R RS, AMNFEE
WX LiNbOs ffkiBaR, DIRRCRFRE, ATARIHZHE AR EREENEEY. B2,
R EELEN QPM HEULH. APLEA B HE—PERAFENRR, —E&E QPM
AR 3 L By S B R RTIR

5 /© zE

QPM AR A B ARMERIE T HH PM MERLFILA RS, R T RS A
TR, KRR THRRERMR. ARk SREFEREARS S, AR, 25, OPO
A Bt Bk rfrolie 7 S5 B R SR B B8 i B E ROy — PR A B B B E R AR E R
Yoir 5 R R R A FIRAC AR (L BB ORI S &, BN R R EH R B E FHOLERE
—FE%E. TUBR, HEERISACR AR E— PR, KA REEAYIRAL & 8 &8
RS, XFHETEMR, BAKER, BEMES, SMErERER A IR T A
ORI L B IS UKL

& X [N

1 Armstrong J A, Bloembergen N, Ducuing J et al. Interactions between light waves in a nonlinear
dielectric. Phys. Rev. B, 1962, 127: 1918~1939

2 Franken P A, Ward I F. Optical harmonics and nonlinear phenomena. Rev. Mod. Phys., 1963, 35:
23~39

3 Bosenberg W R, Drobshoff A, Alexander J [ et al. Continuous-wave singly resonant optical para-
metric oscillator based on periodically poled LiNbOs. Opt. Lett., 1996, 21(10): 713~715

4 Butterworth S D, Smith P G K, Hanna D C. Picosecond Ti:sapphire-pumped optical parametric
oscillator based on periodically poled LiNbO3. Opt. Lett., 1997, 22(9): 618~620

5 Schneider K, Kramper P, Schiller S et al. Toward an optical synthesizer: a single-frequency para-
metric oscillator using periodically poled LiNbO3. Opt. Lett., 1997, 22(17): 1293~1295

6 Bosenberg W R, Drobshoff A, Alexander J I et al. Dump depletion, 3.5 W continuous-wave, singly
resonant optical parametric oscillator. Opt. Lett., 1996, 21(17): 1336~1338

7 Petron K P, Goldberg L, Burns W K et al. Detection of CO in air by diode-pumped 4.6 ym
difference-frequency generation in quasi-phase-matched LiNbO3. Opt. Lett., 1996, 21(1): 86~88

8 Miller G D, Batchko R G, Tulloch W M et al. Efficient single-pass cw second-harmonic generation
in periodically poled lithium niobate. Opt. Lett., 1997, 22(24): 1834~1836

9 Ross G W, Pollnau M, Smith P G R et al. Generation of high-power blue light in periodically poled
LiNbOg. Opt. Lett., 1998, 23(3): 171~173

10 Mizuuchi K, Yamamoto K, Kato M. Generation of ultraviolet light by frequency doubling of a
red laser diode in a first-order periodically poled bulk LiNbOz. Appl. Phys. Lett., 1997, 70(10):
1201~1203

11 Arbore M A, Mareo O, Fejer M M. Pulse compression during second-harmonic generation in a
periodic quasi-phase-matching gratings. Opt. Lett., 1997, 22(12): 865~867



294 B F B F ¥ # 16 #

12 Arbore M A, Galvanauskas A, Harter D et al. Engineerable compression of ultrashort pulses by use
of second-harmonic generation in chirped-period-poled lithium niobate. Opt. Lett., 1997, 22(17):
1341~1343

13  Bosenberg W R, Alexander J I, Myers L E et al. 2.5 W, continuous-wave, 629 nm solid-state laser
source. Opt. Lett., 1998, 23(4): 207~209

14 Zhu S M, Zhu Y Y, Ming N B. Quasi-phase-matched third-harmonic generation in a quasi-periodic
optical superlattice. Science, 1997, 278; 843~846

15 Powers P E, Kulp T J, Bisson S E. Continuous tuning of a continuous-wave periodically poled
lithium niobate optical parametric oscillator by use of a fan-out grating design. Opt. Lett., 1998,
23(3): 159~161

New Development of Quasi-phase-matching (QPM) Technique
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Abstract Quasi-phase-matching is a technique for phase matching nonlinear optical
interactions in which the relative phase is corrected at regular intervals using a struc-
tural periodicity built into the nonlinear medium. Comparing the phase-matching,
the advantage of quasi-phase-matching is introduced. Acting as an example, electric
field treatment periodically poled domain-inverted method by application of a high-
voltage pulse is introduced. The recent progress of the research and development of
QPM as second-harmonic generation, sum-frequency generation, optic parametric
oscillation and optical pulse compression is reviewed.

Key words quasi-phase-matching, bulk periodically poled, periodically-poled LiNbO3
crystal

WILE B, 31, 1007 ey, FEAFERKERENNREIOLENE T EHBTRTE.

© 1995-2007 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



