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NRCN-392 (full text in Hebrew)

A SYSTEM FOR THE QUALITY INSPECTION OF LiNbO3 CRYSTALS

(M.Sc. thesis in engineering, Ber-Gurion University of the Negev,

Beer-Sheva, December 1975)
Israel SMILANSKI

December 1977

ABSTRACT

A prototype system for the characterization of LiNbO3 crystals by parametric
fluorescence was designed and constructed. A specially built metal vapor

laser served as a pump and as a calibrator for the system. It was operated
both in the He-Cd* mode and in the He-Se® moae. Fluorescence in the 500 nm
range, intra-cavity modulation and a correlation detector gave a sensitivity

15

limit of 107 °W, and thereby enabled the tunning curve and the d15 of the

crystal to be measured.

Published without scientific editing by the NRCN Scientific and Technical

Information Department.
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. PHASE
CACTION
DO SNAP #1218 PRIORITY 2

. SNRP
. FORMATCY'PUMF YACUUN WAVELENGTH-LFINANOMETER 1=, RE. 1, /, ¢

LI NE NOIT HOS TL#*C1
. FORMATCRE. 1, 4K, R7. 1, 4%, R6. 4, 4%, R6. 4, 6X, RE. 4, 6%, Rd. &, 2K, E»

. STORAGE CL/2.9979%. @I, Nes, LI
. PROCESS

SENDCTTY, #72LFST

LET S5TH=8.

FOR IT=1@@ TO See STEF IST

LET T=IT+27%2

LET LP=LPST

LET A=4. SS67+(2. 6USHL. /(18. “7 38T 2-42. 24%1. AC18. “8) skLF~2
LET B=@. 97%10. ~S+B. @27*T"2

LET C=LP72-(281. +(5. 4*%1 /{18 "5)1+T"22"2
LET NE=B/C+AR

LET NE=SGRT(NE:

FOR IL1=1 TQO Z@e

LET STA=STA+1.

LET L&=LSST-S5TH

LET DUN=LS

LET IFS=1

GOTO Sa8

LET Z2=NE/LP-NBS/LS-N@I/LI
IF 2 LS 8. THEN GOTO 7
NEXT IL1
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LET LS=LS+1

FoR I16=6 70 10
LET Até@=I14

LET DUN=LS-AR1A/18
LET IPS=2&

GOTO *ee

LET S=NEALF-NASADUN-NII LI
WF 2 LS 8. THEN RIOTD L7
NEXT I1d

LET NES1=N&Y

LET LIt=LI

LET NBIt=Nal
LET LS1=DUN

LET DUN=[UN-8 1

LET IFS=3

GGTO Ske

LET DIKS=NESL-LSL¥(HNIGL~NAS *10

LET DIEI=R&@I1-LIl* NEI1-NEIS0LT2-L]I)
LET BIKS=1 »cCUL*2@. "uwiDIkS-0IE]D)
SENDLTTY, #F200UN, LT, NE, NAT, NG5, IT. BIKS
NEXT IT

ENIT

LET K=2.7&/18. "6

LET LI=DUN®LFSLDUN-LP)

LET BB=11FZ #108. +8. 8165%T72

LET RA=c212. +2. Fx1 FC1@ "SHxxT72272
LET Cé#=LI"Z-AR

LET NBI=d4. 91Z-K#*LI"2+R@/CE

LET NBI=SAGRTINEGIX

LET C1=0UN"Z~-ARA

LET NBS=4. 913-K»DUN"Z2+BB/C

LET NEBS=S@RTCNBS)
GOTOC188@, 288, 388, IFS

EXIT

. END
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LS LI NE NOT NOS TOxC 1 B
551. 2 2zz2a. 8 2. 2928 2.1598% 2. X17e 188 +8 B9817BE-BBBE
549. 4 2250. 6 2. 2929 Z.1899 2. 3181 118 +8 099725E-B86S8
547.5 Z283. @ 2. 2938 2. 1889 2. %191 120 +8. 181550E-0068
545. 7 2314. 9 2. 2947 2. 1878 2. 32ea 138 +@. 1681254E-06408
5432. 9 2347. 8 2. 2957 2.1867 2. 321a 148 +@ 102738E-0008
542. 0 2383. 9 2. 2967 2.1854 2. 3221 158 +@. 162617E-0608
548. 1 2421. 4 2. 2977 2.1841 2. 3231 168 +0. 104167E-00068
528.2 2460. 3 2. 2987 2.1828 2. 3242 17 +0. 185649E-0008
536. 4 2498. 6 2.2998 2. 1814 2. 3252 186 +0.167V212E-6008
524. 4 2543. 0 2. 3609 2.1799 2. 3264 196 +8. 188634E-0008
332.5 2586. 9 2. 3620 2.17832 2.3276 200 +0. 108354E~0008
53a6. 6 26%2. 7 2. 3631 Z. 1766 2. 32287 21@ +@.169721E-0008
528. 7 2686. 5 2. 3843 2.1749 2.3299 220 +9.111042E-8008
326. 8 2730. 4 2. 2a55 2.1730 2. 2311 236 +0@. 118625E-B668
524. 8 2785. 4 2. 3867 2. 1709 2.3324 248 +0. 111800E-86088
522. % 284@. 2 2.32079 2.1688 2. 3336 250 +0. 113034E-0008
528.9% 2897. 6 2. 2092 2. 1666 2. 2349 268 +6. 114122E-6808
'519. @6 2961. 1 2. 3165 2. 1648 2. 3363 278 +@. 11685PE-06068
317. 1 3824. 5 2. 3118 2. 1615 2. 3378 280 +8 116050E-0p08
515. 1 3894. 8 2. 3131 2.1586 2. 3399 298 +9. 117044E-00A8
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499. 4 ¥815. 4 2. 2.1252 2. 3511 Ive +9. 12167SE-0@0E
497. 4 $936. 4 2. 2.119@ 2. X52¢ g +0. 121254E-8006
495. 4 4B66. 3 2. ¢ 1120 2. 3545 I9%9a +@. 12Z2186E-Baes
492 3 421X 35 2. 2.168%9 2. 3563 488 +@. 12269VE~@@0s
491, 3 43653 &. 2. 8951 2. 3581 418 +8. 121237E-@@08&
489. 2 453¢. 4 2. 2. 9848 2. Ieaa 428 +a 1191:8E-PaEs
487. 1 4727 & Z. 2. 8729 2. 36268 430 +0. 118054E-8066
485. ¢ 4934 5 2. 2.8594 2. 3648 448 +@. 116288E-0008
482. 8 Si74. 8 2. 2. 0428 2. 3661 458 +8. 111586E-8048
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478. 8 5795 @ 2. 1. 9954 2. 3v0s 478  +@. BO9RI14E-ROOS
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FROGRAYM LaSER
DIMENSTON W1 {1 .n)ewZ{300) a1 (10D
1YPE PEAL LAMDA
Ri=ZiTe
k2z6001
LAMIA =4 ,41AF =4
LU ¢G 1=1,100
L{I)=0Sdesn#]
Glzleg (I} /R
Ge=l  =L(I)/R2
ARGl #G2
IF (A,GT4le0) GO 0 21
IF (A,LT40ed) GO TU -3 B
w2 (1) =SGRT(L{T12LAMDA/I 1411 ((GE/G)#(1=61#G2)))##0,25
wi(1)=SORT(L(IISLAMUA/3.141)# ((GL/7G2#(1=61%G2)))##0,25
PRINT A% W1(T)ew2{I)sL (T
FORMAT (1K s2(F1).492X) «PXel4)
CONT INUE
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S{1)= S(J) + k& ExF
IF(T.LF,Y) £ TC 2
Js Jed

1=
2=wa + )27

IF (7 «GT,4) GJ TO 3
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W ozMel
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IF ( T,6T.8) 6C 0C

J= o0
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H =
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HU = Ay +C

Fz Fa STNK {BLsFL)
30 T0 »

J = 1I=N
7 ==g4eguny
]':‘»N

IF ( Z.GT. 4 ) 6O TC
GO TO &

DOTIK= YoM

S(K)= S(K) # A7

FhN

o THP 8 8T

(_7‘##-’.1

SIGS (7 +([=P)¥D7 = SRANT)oC

[

5 Noba

=9
«f
63



- 168 -

(1enn) 5 nava

FUECTION STLK (0of)

[ATFRRAL pAei LF (SIA(v), 2 )ee?
g =

F( Hopn bty iy T 7
oz Ve (nap )31, 183 nape] FOIFC Ty gy nwa]
A =(Raf)/ n

S (ST hy sA) wHT 4 oo

SVER I ) I} ’

Moz (STe (£ IR 7 (ALTHyy )R

IF (TeFns ) ve 522

9= JeN

Slowe Senyx

BLan

n
b
3



- 169 -

AT10 Y3

ST AT1aY3 73077700 TR NIYTA MTY aavma vpmin

MTT WR LT IRG IDBD Y953 YYD AWR YT Y5L apnya YhATID 10-1nd
P70 w7230 DR 5T 9WR podpn qoa? AT RUSaC LN YTYY ARaad aTmm
.nDayn TUBIR 17377 TnLIAN VAN IR I8NW TIRD YTIR A2 ,3°xphay TiY¥a

712K 0TAARY  .NTIVISNLA DIPA NOIYM 1IN DR 275N 1A0DW 18P DMK nd
77> hM831SYA DR h9?3Y 1T DATAR b ,odbyant ©YaTYYOR 1135N3 YYI0Y b
NXI8Y pAN? b1 UNINDIAIBA L1703 MY 1171718 10TOR nd . 175y nava A anK
DR D23V 9Tn dRAZ W51 b¥n¥h DR 1331 1I00W ORPDD JNYYYY ABD . MADLA YooY
5nanb oay ,bBB19IXAT DILILIYA DY 1LY TIRD AN TS LGyIbnenn brbaynn

.0%315% N3IN3 NN .anTh IR KDY 1215 prar IR, ARYLSIRINLPOR hpbmm



- 170 -

References 12230

1. G.D, Boyd, R.C. Miller, K. Nassau, W.L. Bond and A, Savage, "LiNbO3:
An Efficient Phase Matchable Nonlinear Optical Material". Applied
Physics Letters, Vol, 5, 1964, pp. 243.

2, R.C. Miller and A. Savage: "Temperature dependence of the optical
properties of ferroelectric LiNbOs and LiTaOS“ Applied Physics
Letters, Vol. 9, pp. 169.

3. Cromatix: LiNb03 Specifications, chromatix, Mountain View, Cali~
fornia, (date not specified).

4, J.E. Bjorkholm: "Relative Measurement of the optical non-linear-
ities of K.D.P., A.D.P., L:l.NbO3 and a—HIOa" I.E.E.E. Journal of
Quantum Electronics, Vol. QE~4, 1968, pp. 970.

5. P.V, Lenzo, E.G. Spencer, and K, Nassau: "Electro-optic coeffi-
cients in single-domain ferroelectric LiNb03" Journal of the
Optical Soc. of America, Vol. 50, 1966, pp. 633-635.

6. Y. Ninomiga and T. Motoki: "L:I.NbO3 Light Modulator" The Review of

Scientific Instruments, Vol. 43, 1972, pp. 519-524.

7. K. Nassau, H.J. Levinstein, and G.M. Lolacono: "Perroelectric
Lithium Niobate. 2. Preparation of single domain crystals"
Journal of Physical Chemistry Solid, Vel, 27, 1966, pp. 989.

8. P. Lermer, C. Legras and J.P. Dumas: "Stoichiometry of single
crystal lithium niobate"™ Journal of crystal growth, Vol. 3, pp. 231.

9. H. Fay, W.J. Alford and H.M. Dess: "Dependence of seconu-harmonic
phage-matching temperature in L:I.N‘bO3 crystals on composition"
Applied Physics Letters, Vol, 12, 1968, pp. 89-91.



10.

11.

12.

13,

14,

15.

16.

17.

18.

19.

20.

- 171 -

J.E. Midwinter: "Lithium niobate: effect o composition on the
refractive indices and optical second-harmonic generator" Journal

of Applied Physics, Vol. 39, 1968, pp.

F.S. Chen: "Modulators for optical communications" Proceedings of

the I.E.E.E., Vol. 58, 1970, pp. 1440-1455.

A, Yariv: Quantwm Electronica p. 302, John Wiley and Sons, Inc.,
New York (1969).

F.R. Nash, G.P. Boyd, M. Sargent III, and P.M., Bridenbaugh: "Effect
of optical inhomogeneities on phase-matching in nonlinear crystals"
Journal of Applied Physics, Vol. 41, 1970, pp. 2564-2575,

M.V. Hobden and J. Warner: "The temperature dependence of the
refractive indices of pure lithium niobate" Physics Letters,

Vol. 22, 1966, pp. 243-244.

R. Kronig (editor): "Text Book of Physics' pp. 462-463, 813-815.
Permagon press, London (1959).

Yy 19m1%2rx) 166 'mY ,7IR2 NIINIPDINIT L1 PN DD .1 DIVIND
L(r''en) avar-%n L0332 nryan (1902 ,an1aTan LLT21I0INA LA

R.L. Byer, J.F. Young and R.S. Feigelson: "Growth of high-quality

LiNbO3
Vol. 41, 1970, pp.

crystals from the congruent melt" Journal of Applied Physics,

R.L. Byer: "Recent in nonlinear" Optical Spectra, Vol. 4, No. 9,
pp. 42-48, 1970,
D.A. Kleinman: "Non-linear dielectric polarization in optical media"

Physical Review, Vol, 126, 1962, pp. 1977,

J.A. Gordmaine: "Parametric Optice" in International School of
Physics "Enrico Fermi", Course 42 (R.J. Clauber, editor) pp. 497,
Academic Press, New York (1968).



21.

22,

23.

24.

25,

26.

27.

28.

29,

30.

- 172 -

G.E. Francois: "C,W. measurement of the optical nonlinearity of

A.D.P." Physical Review, Vol. 143, 1966, pp. 597-600.

W.H. Louisell, A, Yariv and A.E. Siegman: "Quantum Fluctuations
and Noise in Parawetric Processes I" Physical Review, Vol. 124,
1961, pp. 1646-1654.

D.A. Kleinman: "Theory of optical parametric noise" Physical Review,
Vol. 174, 1968, pp. 1027-1041.

T.G, Glalorenzi and C.L. Tang: "Quantum Theory of Spontaneous
Parametric Scattering of Intense Light" Physical Review, Vol. 166,
1968, pp. 225-233.

J.P. Budin, B. Godard, and J. Ducing : "Noncolinear interaction in
parametric luminesence" IEEE Journal of Quantum Electronics, Vol.
QE-4, 1968, pp. 831-837.

J.P. Gordon, W,H. Louisell and L.R. Walker: "Quantum fluctuation
and noise in parametric processes II" Physical Review, Vol. 129,

1963, pp. 481-485.

R.L. Byer and S.E. Harris: "Power and band width of spontaneous
parametric emission" Physical Review, Vol, 168, 1968, pp. 1064-
1068.

C. Laurence, F, Tittel: "Prediction of the tuning characteristics
of an optical parametric oscillator using parametric fluorescence"

Opto-Electronics, Vol. 3, 1971, pp. 1-4.

A.I. Korvigin, V.G. Tankin, A.I. Kholodnykh, and A.S. Chirkin:
"Generation of the second optical harmonic in inhomogeneous crys-
tals of lithium niocbate and inspection of crystal quality" Optics
and Spectroscopy, Vol. 33, 1972, pp. 752-756.

H. Melchior, M.B, Fisher and F,R. Arams: "Photodetector for optical
communication systems" Proceedings of the IEEE, Vol. 58, 1970,
pp. 1466-1468,



31.

32.

33.

34.

35.

36.

37.

38,

39.

40,

41.

42,

- 173 -

A. Ashkin, G.D. Boyd, J.M. Dziedzic, R.G. Smith, A.A. Ballman,
J.J. Levenstein, and K. Nassau: "Optical-Induced Refractive Index

Inhomogeneities" Applied Physics Letters, Vol. 9, 1966, pp. 72-74,

A.N. Zaidel, U.K. Prokofev, and J.M. Raiski: Tables of spectral
Iinee (translated from the Russian) pp. 392 (Cd), 499 (He).

Plenum, New York (1970),

Max Born and Emil Wolf: Prineiples of optics, p. 406, 4th edition,

Pergamon Press, New York (1970).

A.E. Siegman: An Introduction to lceers and masers, pp. 324-329,

McGraw Hill Book Company, New York (1971).

R.C.A. Photomultiplier Manual, pp. 56-71, R.C,A. technical series

PT-61 (1970).

E.M.I. Photomultiplier tubes, pp. 4-10, Brochure ref: p 0001/f p. 70.

Robert King: Electrical Noise, pp. 73-91.

London (1966) .

Chapmen and Hall Ltd.

Amnon Yariv: Introduction to Optical Electronics, pp. 274-276,
Holt, Rinehart and Winston Inc., New York (1971).

P.G. Brown and M.H. Dunn: "Metastable densities and excitation

processes in the He-Cd laser discharge"

Journal of Physics B:

Atomic and Molecular Physics, Vol. 6, 1973, pp. 1103-1117.

Seymour Stein and J. Jay Jomes: '"Modern Commmication Principles",
pp. 232-271, McGraw Hill Book Company, New York (1967).

W.T. Stlfrast: "Efficient C.W. Laser oscillation at 4416 4 in
Cd(I1)" Applied Physics Letters, Vol. 13, 1968, pp. 169-171.

W.T. Silfvast and M.B. Klein: “C.W., Laser Action on 24 Visible
Wavelengths in Se II", Appleid Physics Letters, Vol. 17, 1970,

pp. 400-403,



43,

44,

45,

46,

47.

48.

49,

50.

51.

52.

53,

- 174 -

R.C. Jensen, G.J. Collins, and W.R. Bennett Jr.: "Low-Noise C.W.
Hollow-Cathode Zinc-Yon Laser" Applied Physics Letters, Vol. 18,
1971, pp. 50-51.

W.T. Silfvast and M.B. Klein: "C.W. Laser Action on 31 Transitions
in Tellurium Vappor" Applied Physics Letters, Vol, 20, 1972, pp.
501-504,

T.P. Sosnowski: ''Cataphoresis in the Helium-Cadmium Laser discharge

tube" Journal of Applied Physics, Vol. 40, 1969, pp. 5138-5144.

G.J. Collins: "Excitation mechanisms in He~Cd and He-Zn lasers"

Journal of Applied Physics, Vol. 44, 1973, pp. 4633-4651.

D.T. Hodges: "Helium-Cadmium laser parameters” Applied Physics
Letters, Vol. 17, 1970, pp. 11-13,

D.C. Brown and N. Ginsburg: "Study of noise in He—Cd+ laser"
Applied Physics Letters, Vol. 24, 1974, pp., 287-289.

W.T. Silfvast and L.H. Szeto: "Simplified low-noise He~Cd laser
with segmented bore" Applied Physice Letters, Vol. 19, 1971,
pp. 445-447.

K.G. Herngvist: "Stabilization of He-Cd laser" Applied Physics
Letters, Vol, 16, 1970, pp. 464-469.

K.G. Hernqvist: "He-Cd lasers using recirculation geometry" TEEE
Journal of Quantum Electronics, Vol. QE-8, 1972, pp. 740-743.
K.G. Hernqvist: ''Noblest of metal-vapor lasers" Laser Focus,
Vol. 9, 1973, pp. 39-40.

T.P. Sosnowski and M.B. Klein: "Helium cleanup in the helium
cadmium laser discharge" IEEE Journal of Quantum Electronics,

Vol. QE-7, 1971, pp. 425-426.



Im 0.0z

C.cesTt

0,0304%

Lottt

LTI

0.62cne

9.0¢0rn

¢.p2emd

©.02000

v.p2ora

0.0écay

¢, 020~

LA

]

2

[T RS

1= raos

wase

LA

[RITR

LIS

u.oa

a.ger

0.0an

s.aer

o.pec-

)

Cove o

PRTETRS

Lorest

LY

Loue 0w

rae

PRFL I

6 Lfume
ot
Ledvnt
PR
i
ceed
wrd 6
BN
e

e 32

EREISY)

Sk Tl)

LI

sLEnie

LiLeb.o

Veultoy

Fauday

J0F00p

C.udde

M EANT]

BRI

JESTT)

AL

RS
PRI
T
ey
.y,
cenan
LI

it

cegiduy

EMIVIrS

Duralye

0.0<0u0

0. ¢0

a.0duon

8.0¢000

0.08vay

n,06100

nuadeon

1.0€700

6.0¢e00

TL0dun,

S bRIE3TAZRAA)

3,80 85

1.0%00

LRLISTR)

7,9%900

yoam s

3.9 en

EPLERT)

PISIN

v.ontYer

PRTes

e.nrave

v avia?

v, 07000

0, 820n8

XL

v.n2uso

FR.LITT

[RCEITE]

CRETT

vonauae

v,07un0

FRERE NS

BRERI

PRLITLL

vineuan

R

v.negan

2.nsunn

V. bavar

U petan

Uomiban

ronsyna

0.80%0

LRSS

$.0101¢

o .00

0,00350

Q.02000

6,32900

©,02000

0,02000

0,02080

n.0200u

U.02000

0,02000

AL v pus

RIS

TN

T

9,999k

0.04000

0,ve000

u.va00u

s.nenon

2.08000

ENTYIT

w.bagon

2.78000

k(ﬁ!.\l\(i[ll AR 4L

a.otu¥e
LRIt
LRCELI
8.02398
0.0e131
9.0200¢
3.02000

0.020¢

0,0200¢
20200y
940200,
n.0200y

a,02uv

IR TELE
NPTy
TSI
wopetn

LRY-LINE]
.09y
00800
aansavy
w.0sp¥y
EIra N2
0,080
a.nagvy

Ta0e00y

v.uden)
ENCTIEA)
0.0250
0,01983
o, ubene
B %131
9.,063%g
0,02000
0.02000
0,02000
0,u2000
0.0¢g00

a.02000

o, 10867
o oess
0. avie
FRNTTS

[CRLL]

PRLITEY
1,099a8
0. us008
v ataon

0,9%000

Cov

0.y4900

0.0%u00

[31331%

0200354

0e0d08d

9.0894

040238

0.03359

[ L

002000

arae000

002000

q.0c000

0,02000

0.1817s

ERRLYLI]

0.19832

ST

ceointe

o.08T00
oe0fane

1

u.0%000

9.0
2300y
§.i50a0
0.0018e
s.02m6

#1632

bebinR
bao2sTe
0.03787
PRI
0.058%8
s.08262

0,0630¢

n.iTier
FRRL Y
RILY
PRt

0.0%147

0.08241

5. 9338

0e9erdd

LTl Y

sieliz

leteatm

[TE 20d

0e0ReST

.73

43323

[FYETL]

~oceenen

sr1gee

0118898

0. 10083

0010098

9104304

orastie

(111

128

0.01737

(R L4% (]

DeORIGS

me, 79067

DAY

.1t

1,059

o, 0040




- 176 -

657 ,9185%wn oyon hryan .10 'ny ,(nenY UR*3T 770 dwpenn nvin :hpa L0
.(3"own) orven?

66. J.E. Pearson, U. Ganiel and A. Yariv: "Parametric Oscillato.
Tunning Curve ‘rom Observations of Total Parametric Fluorescence"
IEEE Journal of Quantum Electronics, Vol. QE-8, 1972, pp. 383-
385.






