H15% H8MH ¥ % % #H Vol. 15, No. 8
1995 £ 8 A ACTA OPTICA SINICA August, 1995

XU e A P R S AR AL DL AL
KB IR AT

(LB REN AR A, L3 200030)

W B OBOURSHEBSEREREPREEREMBEM, EREECRAE LT R, 7T
T WK B AR IR . A SCUAHT ST R E MR 2oz M, HEF LT NMAEFFSHN
EMEREX. FATENSE THRYER, SXRVRIATFHERTE K. BET —FHFIK
BAEZWRIEREEFT A HE.

XA FESCARAAMITEE, TWIEBRME, TR

1 5 F

FL¥E 1963 4F, Giordmaine! BRI T X @ik ik R MEE, M T EHE
B, S HMEREMA KRS LB RN AHE, SAMED T —/ 5K, 1981 4,
Trebino™) 4}47 T S8 & ik o & AAR (U UM —WIE AL B, 5LRSGRAK. R,
20 TN IR TR R B0 B O 9 0 AR R AT S R T REME . AR SCE IR
MRATWED - KIEEFAR, HOH T HHEXERSRAEURER, S REUERT
BIME RS TR WEEARZS .

2 ot
TREBRFAN AR TIESRAECLR, KR ELRREGNYAHEL. BHE, A
B WK RN ERIER LT RO A mAEERFILE, XEAERIEFELLR
MR AGRRIHE . B
K, + K, # K;, (Ko + K)) cos a = K,
XHE, a FZWRIBBEIERSAF EREREMFE A, WA 1 iR,
A REER HEHE o TS RMEHERN:

sin?# cos? ¢ + sng sin ¢ + cos"*ﬂ

nr % — n5°t T — oy 2 — qan?

A DF, 0, ¢ FEER KE&%%'FE’J)B‘EZ%. Moty My naﬁﬁ'l)'ﬁ o SR T SR A 974

=0, (D

» AL/ LETHEERAEESNTE,
BORE #1994 5 12 A 1 B WRIBHMBEN 1995414 17H



1006 ¥ ¥ ¥ # 15 %

B, BEE—O, ) FEEBH KRR, —&
5 “ A AR BN E LR, WA SRIERE XN
s w(ay, 0, ¢) Fln?(w, 0, 65 S HIX L TF o ET
® HIBER B M T K, ] Fe2 4 5 9 AN A9 18

. Fe MBI RIS .
e k=0 — R U B o W I R A A R A

ks o BERREEFFEEMBLIRFER LD, ATH
HEL, EXNEFERY Ko RBEFME xoz L

.Fis. 1 The K wave vector diagram of SHG. Kgand (60, 0) ﬁﬁﬁﬂ;‘éﬁ*ﬁﬁﬁ@ﬁ%f*ﬂﬁ%o ﬁ]ﬁ

K, represent the fundamental wave vectors, E ﬂ j'ﬁ #]
Ko REH
and K:;is the vector of the second hamonic. ]

(a) for CPM, (b) for NCPM _ K, = %f n(woy boy 0)
Rof A HEFMBE ., BEMH UGB K BT E NG, ), H
8; — 6y = sin"! (sin a cos B), - ¢ = sin~! (sin a sin #) (2)
AP oK KXBEKRBEZRIG/NERA. PHK RELIK, ~y
RRER TS Z SFr i A, A 2 Bk, f

HE 1T, B Kof ST K, JEE284 6 R i
WO ESE K K01, ¢, WE L K Fl K
Pt B FE R, HE5EEFER 20 f, HE 29 HBEX
7, RUOKXF |

6, — 6y = sin~! (sin 2a cos B), ¢ = sin”! (sin 2a sin B)

(3) Fig. 2 The K wave vectors of SHG when

ﬁ#’ xj-;“:_;#ﬁ*ﬂﬁzﬂgga’ #Hﬁ[llﬁﬁﬂ%#ﬂ'ﬁﬁ%ﬂyu?}; the incident fundamental beam is
ﬁ . on the principal xoz plane
TYPG I, '%[n'l(mﬂt o, ¢0) -+ R'I(C'JOQ 8, ¢1):| Cos g = n'2(2coo, f,, ¢2)

Type T A; -;—[n"(mo, B0y $o) + n%(wg, 61y $1) ] cos a = 022w, 2, ¢2)

Type 1B.  —[u(an, o, do) + 2 (uny 01y 6] cos @ = w(200, 02, ¢2)

AREER, RN TFEER v B8, EFH coz LB 0, 0 J510 KN K Ek >4 K H

(ZICRE 71, H 6 KF Rl 9, WX FIRIEMBIE 2 M el) HITHEL FIH 2, (w0)
m(wo, oy 0) = {n72(wo) — [n72(w0) — n2(ax)] cos?6y) % (4)

HTBE (6o, 0) FRIKHEH K RBX AT HERE, £RA) A3t 6. ¢ NI, BB

'37"1(&)0! e, O) = A 3“'2(%1 g, 0) 0
ER omoy a6 o=ty

3““(@0’ 0, ¢) =0 d n?*(wo, 6, $) 0
395 f=10 ’ a¢ azu_

A=— % b [2:2(ens B0y 0) — b cos? @] % sin 26y, b=n"'t—n?



8 BERF:  DUBRE RIS RAE A LA YO B R AT 1007

HE@OKXMGORK, EUFE

n (woy 61y $1) = nlan, 6o, 0) 4+ 2A4a cos B, 12 (2woy B2y ¢2) = 0*(2w0, 6o, 0) (5)
WOEORXRAMOMEAR KM, FIH cos a=1— /2, } 28 o KW,
o — 2aa.cos f+ o — af = (6)

% acy an fRPEE, (6) ZBEWHBER, ERRF L VXL FTHBNGEF, P, o HERK
FLH ZHMEKAMA, e AEFHALRE. M F ARG, FIERH g
R D a MR o T HI TR«

Type 1. a = A/a", ar = Y (A/n" )2+ 24r/0",
An = n" — nez(gm(n 0o, 0); 2t = Rel(m(n Ooy 0)9
Type 1A, a =0, ap = ' 24n/n",

A= n" — n?Qwq, 6y, 0), n* = %[l‘!'l(ﬂ}o, B0y 0) 4 2wy, 65, 0)],

Type 1B. a. = A/a*, ar = v (A/n" )% + 248/,
A= n" — n?2wgy By 0), n" = %[n"(mo, 6oy 0) + n?(wy, 65, 0)].

BA—7K B € 4 Pk (HCOOLi » H0) H 0, 3B AE 4 (L DLAZ Y 141 xoz T L (80. 43°, 0)Jy
[, f A B BB R R A 3 FrR . B 3 A FMECHEBEEmME 1,
Table 1. The theoretical predicted parameters (the centers and radii) of SHG rings for

various incident angles. (unit. degree) .

type I type 1 A ' type I B
6o a. ap a. an a. an
78.7 —{0.043 0. 140 0 — —0. 043 0. 025
80.3 —0.038 C. 148 0 — —0. 038 0. 036
80. 6 —90. 036 0.148 0 0.012 —0. 036 0. 038
84.3 —0. 022 0. 157 0 0. 045 —0.022 0. 050
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1 PM I PM I PM TAPM
0. 05 = -
O
IBPM

0. l.'T . B

0.25  0.05 0.15  -0.25 -0.05

] r 1 i
0.15 -0.25 -0.05 0.15 -0.25 -0.05 Q.15

Fig. 3 The theoretical predicted SHG rings when NCPM condition is met on the principal xoz plane
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Fig. 5 The numerical calculated SHG rings when NCPM condition is met on the principal roz plane
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Analysis of Non-Collinear Phase Matching Second
Harmonic Generation Phenomenon in Biaxial Crystals
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Abstract Noncollinear second- harmonic- generation (SHG ) processes involving an
unfocused laser beam and its scattered radiation produce one or more cones of phase-
matched second harmonic. On the principal xoz plane, the expressions of the ring
parameters in terms of the indices of refraction and geometry in biaxial crystals are
derived. The numeric solutions are in good agreement with observed rings. A method for
determining the optimum direction in SHG is suggested.

Key words noncollinear phase matching, second harmonic generation rings, biaxial

crystals





