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Abstract: The principal refractive indices and the thermal coefficients of LiNbO,
crystal doped with 5mol% MgO and 0. 2mol% Ti were accurately measured at the
wavelengths of 539. 75nm, 632. 8nm,1079. 5nm and 1341. 4nm, and at the tempera-
tures of 288K, 338K and 423K. It is straightforward to use Scllmeier’s cquation,
modified to suite to LiNbQ; crystal, to solve the parameters A,y B,, C;, and D, of Scll-
meier’s questions at aforesaid temperatures in an analogy manner of solving the cxpres-
sion of parameter C.. Then the relationship of parameters A,, B,, C, and D; with tem-
peratures T is obtained in terms of least-squares fit. Then the expression of thermal re-

fractive index coefficients of LiNbQOj; crystal can be inferred. With the expression. the
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thermal refractive index coefficients of Ti + Mg ¢ LiNbO; crystal in the wavelength and
temperature ranges of 539. 75nm~1341. 4nm and 288K~423K can be calculated. To
examine the practicability of the expression of thermal refractive index coefficients, the
noncritical phase matching temperature for 1079. 5nm SHG has been calculated, the
differences between the calculated and experimented value is less than 1K. Therefore,
the expressions are useful for design of nonlinear optical devices of using Ti : Mg :
LiNbO; crystal.
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Table 1 Principal refractive indices of the LN crystal — ﬁ*ﬁ"t‘j éﬂ %

doped with 5 mol% Mg and 0. 2mol% Ti .
XMO1]JH HET Ti+ Mg
+ LiNbO; i {& 7E 288K, 338K, 383K .
m  2.31269 2.31358  2.31439 2. 31525 i
539. 75nm 423K B B X 4 TF, £ 539. 75nm.
n 2.21916  2.22238  2.22536  2.22864 i
seozs 228057 225116 22815 632. 8nm, 1079. 5nm., 1341. 4nm ¥ &
ne  2.28024  2.280 . 2811 . 28159 ; "
632. 8nm lo16s 2104238 219700 2. 1o9sr R EFHEHR BRI RRE LA
22565 22590  2.22604 222647 FIP AR AF T 9UT R 2 A AL
1079. 5nm ' ' ) ] SMPIFERLME 2,
14527  2.14749  2.14961  2.15195
* MAZIE R Sellmeier’s 77 #2 (1),
.21333  2.21377 2.21378  2.21403 ) .
1341. 4nm EX—BERXRET.SMWEA 2, (K
2.13478  2.13720  2.13891  2.14132 1 o
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Table 2 Thermal refractive index coefficients of the LN

crystal doped with 5mol% Mg and 0. 2mol% Ti iRk R RRA S C, W

539.8nm  632.8nm  1079.5nm 1341. 4nm HRMA Ais B Di BEAEACKTT

dna/dT(X107%)  1.88 1.03 0. 604 0.503 B, KRS8 A, By G, D 9 1 77 {1
dn/dT(X10~%) 6. 95 5.90 4.91 4.72 EZ
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wm FEADKFFBIRA DR M FE-BETBUA TR, M E AB, D BFIEEN
Sellmeier’s R EFRE R TS C HFRER D)
. Ci= (EA! 4+ FAM/(E + F) (2)
ERXdr, 4, = 0.53975um, A, = 1. 3414pm,i = o i e ,
E =[m (A% — A% + md (A% — A1) + n? (A2 — A7)]
[AS (A2 — A2) + A4 (A2 — &%) 4+ A (A2 — AD)]
Fi=[mf (A% — %) + 2 (A 7# A + n 2 (A — 3]
[ — A1) + A (A7 — D) + A4 — AD]

Table 3 Constants of Sellmeier’ s equations at different temperature it ‘:F , Az = (.6328pm "‘3 =
288K 338K 383K 423K 1. 0795pm s ny; s 1z sz a: 43 S AF B
A 4.879051  4.879551  4.879766  4.887467 F A AL KR TF Tis Mg ¢
Bo(um')  0.1178886  0.1167283  0.1177529 0. 1140737 LiNbO, & EPr i3,
Co(um?)  0.0442660  0.0483787  0.0480961  0.0542489 Al B R T %l
Do(um?)  0.0263379  0.0252523  0.0256666 0. 0282912 Scllmeier’ s 77 2 4 28 ¥ A B:.C.
A 4.541260  4.547236  4.559668  4.569210 D, 5F% 3.
B.(um?)  0.0967760  0.0979707  0.0977989 0. 0974098 #L{F N. P. Barnes, M. S. Piltch
Co(um?)  0.0430204  0.0448493  0.0462915  0.0502444 B iR RY 5 B A %Y Sellmeier’s

Du(um?)  0.0217162  0.0197022  0.0225194 0. 0220357 FHEESHOEAUTIERX:
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2Ty =a+0T &  2T)=a+bT" (3)
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Table 4 Summary of Sellmeier’s parameters a,,eiyb,s fire s in equations
fiX10° X 10° he X 108
@ eXI05(K™D)  b(um?) bty 6 diCum )
(um2K ") (pm?K~ 1 (pm K ")

o 4.861098 6. 233789 0.1260271 —2.825851 0.02328945 7.342732 0. 02217086 14. 46859

ne 4.481632 20. 70400 0. 09542389 0. 4694815 0.02794535 5.071522 0. 021" 3460 2. 366667

U 27k oc 515G 31 288K, 338K,

Table 5 The caculated values of principal refractive in-

dices for Ti+ Mg+ LINDO; crystal at 288K
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383K, 423K B JE B AY A,.B,.C,.D, |
(1) Z0FFT AL AL AL A G T bh (R0
FPr 4%, n 5WEAA 2 22 KTE

2.14526 +0. 0002 P, n. M IR Z 22 UAT A
% 7E + 0. 0005, X #if th 7E £ 0. 0002 KX
M. N\ LA RITE 288K Bt8) AL,B,,C D, i (1) % % 532nm, 539. 75nm.
1064nm,1079. 5nm E K T H) nosn. 3| FF 5.

FARYE R Rl R T AL ICAE At A K

sinf. = H,(Zw)l: 7!02(2(0) — an(w) }1/2
" ”n(w) H‘,Z(ZCU) — )1(2(2(0)

433t E 1064nm,1079. Snm FgFERE Y Ti 0 My - LuNbU, §hKTE 288K M {545 1 450 0t
FOLICES /5, Hot B E MR E 76°59" f 745" o MG CHRC1]3LEAE 14 76°50" i 74°9 4K
REAL 9, XWHFLKMT R 4 i SNSRI HE.

BE#R A, B.,Ci, D, 1£ 288K ¥ 423K REG IR EE T HLHEBEY K DOKXAF T 14w
Ly EEN

ne 2.22206 2. 21900 2. 14604

(6

dn,- 1 fi

Bgi
S 4 : _ _,{2)
d7 aT X, h

2 \/A,- + B,/(A* — C,) — D& '

(A — C)H? /

+




Fi1ok H1M # i Tis Mg+ LiNbO, s 48937 8¢ F B R WA A 23

EXBRYRIF, B0 A R0 574 R L R FRR K

dn, QR W,

=P+ S+ G SEFUXN+VE+ 7

dT 2
FAF AR A (um) AL, PoyQiy Riveeeee HBHETIIREKX:
1 3 B.D, 1 3C,-D,- D,
et {12820 (33022
Ar 84, | A7
) A’[ 4 8
1 3C: i B: SBxDiz
+(‘é‘+ 4A'_)/_1‘}li+ 8A-2gi1
1 DC: | 3C*D#  3BD; 3DC; | 1)B,
Q=——||1%+ + fi— ( +
A, A? Al T34, A
L[4 59 2527 0] 1%
C,  3DC? 3B.\B 1, 3CD,BD,
72 T 1A 8A, ’+(2+ )A”](“m)
1 3B, C, 3C:D, )B (C,’D B. 3BC.D,  3D:C?
R = st QSN A ) P +C — = — : f
A, A, | A A A E AL
’ /_A.-[ 8 2 4 2 2 2A 8. )
C.D, 9C:D® 3B.D, C} 3BC, , 3DC?
+(1+ A T Tga? _4A-’)B"+( 1A, T 14 )A,’J(““’)
]_ D,‘ BB,D 3
S,=—[2—Ae;+( 1A7 —1}]1 +8Azf}(pm )
2 A,
1 [3D? D,
U =——= Z€ —=h |[(pm™*)
) Ai[SA, 24, ]
_ .2
v, =—L 200 Jum
2NA T
1 H , BC.  3B* 9BC!D, DC’
W, =—>—({C? — = - : ]f
I ‘ A 2 K 2 i
2 /A, s 8A, 4A 24,
_1CE3DCH 9BC, ggl (BAB _3DC?  CyBC
T2 4 8A,J A IR(GAERY 2) A ¢
3BC!D, 3D:BC.? B?  3B:DC, .
-+ ( oA + 9A? + 2C.B, oA — Az )g,](pm )
B E R B RO 30 U (DT 4 P8 @, SR TSR RTLL T 2o Quoe e
B 50{H L 7E 288K~ 423K iR F K i Y F 4, 5 F & 6.
LW P, Qe ERA RN S T2 22, WA 10 LT XA ZE AP0 56 i) is
SV, R B AE 10T TR, AT 2 AT, U O BRI AR 10 I P AN P Qe e

5 X T UL 97 0 B I 3R R (D AL R0 3 SR FTAF 9. 15 (DS T
M ¢ LiNbO, P 5 -3 DU/ 1< 20 0947 5S40 X 365 SCRCL e ) 9630 AT K 2 91
F%7

17 7 T I K25 T SR 3 9 i 20 P ey =AM 2
R P 17% K 13%.



24 b b # R 1995 2 B

Table 6 The values of P,,Q,+ - at different temperature and their average values
288K 338K 383K 423K average values
P,x10¢ 1. 413184 1.412635 1. 412142 1. 411704 1. 412416
Q, X 10%(pum?) —6.560980 —6.556603 —6.552677 —6.549200 —6.554865
RoX 10%(pm*) 1.748299 1. 699265 1. 655178 1. 616024 1. 679692
8o X 105(um™=2) —3.236860 —3. 234805 —3. 232959 —3.231319 —3. 233986
UsX10* (pm~™) —8. 685821 —8.911613 —9.114265 —9.293955 —9.001413
VoX 10" (um~*) —3.578988 —3.772274 — 3. 950304 —4.111777 —3. 853336
WoX 107 (um®) 1.113228 1. 230522 1. 331306 1.417094 1. 273037
P, X 10% 4. 858245 4.852717 4.847758 4. 843363 4. 850521
Q. X 107 (um?) 5.867177 5. 860021 5.853603 5.847917 5. 857180
R. X 108 (gem*) 1.173086 1.176033 1. 178680 1. 181030 1.177207
SeX 10" (pm~?) —~4. 390884 —4. 382217 —4. 374453 —4. 367580 —4.378783
UeX10"(um—*) —9.111246 —9.116459 —9.121020 —9.124971 —9. 118424
VeX 10 (pm~*%) —4.761735 —4.786446 —4. 808608 —4.828245 —4.796258
WX 10%(um*) 9. 036902 9. 645194 10. 19456 10. 68438 9. 890259

Table 7 The calculated and measured values of thermal refractive index coeflicients and deviations

539. 75nm 632. 8nm 1079. 5nm 1341. dnm

cal. exp. dev. cal. exp. dev. cal. exp. dev. cal. exp. dev.

(dn./dT) X 10¢ 1.§6 1.88 17% 0.892 1.03 13% 0.604 0.604 0% 0.517 0.503 2.8%%

(dn./dT)X10° 6.87 6.95 1.2% 5.87 5.90 0.5% 4.94 4.91 0.6% 4.82 4.72 2.1%
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