$33% W2H Y B % R Vol.33, No.Z

1984 £ 2 H ACTA PHYSICA SINICA Feb., 1984
BT ET R
RESFRTEERERARERENER
B4 #
(REM 2 L EERRFRET)
% K
(HER 2R L8R ST R
20 Bi¥

EEBAXEHER
1982 4 8 A 2 HIgE]; 1983 4 8 A 9 REHEZGR

# ®

MER R RF], RENTEFEOREEAKEERE 3500—65008 ZRAHAELS
P AR e, R AEXT I B RN B R, XRPBTEREEORRER LT
B IR R S E L. R TR ES R, BT R F T AR TR et 7E
Fi B ERAAY R R RES, BEEEWRKPOCENESEHR. XPS (X H&H
FHREMD WAL RIEE, X —RE BRI & REREREERNSA R, WTIRT Win#E
HUL IR, HR IR T A0 BAR TRERBREKKTEEINSR.

RERE (LINDO,) B—Fr AMIRARK IR AL N T EEES R FH e R
FiESHER T R A B0 EEZEL BERIEREES AT &
HENEMME Z—, EER,BFHREA, BTRZMSEHNTHEARIFHAT LiNbO,
SRHIRE N T, il R eSS R E B R VR RS %, (FA—FEZ AT
EY, EBFAMSES, B TE FRBERR LR T EARRTOMRC]Y, ¥
HEREBFITRILRE. LRSS PR TR, LiINDO, #YFEEek 3R 2UH B
TERAET R, THX—IE B REERERA O TR _ LR TS 1HY
FRRELARADH, fELEHARIHEMT —5KHEE LiINDO, Ak i B ARG ™
R EARE R R R,

—. ERAHEAR

- EA—-EUE A S LiINDO, MR R BIRED N LiaNbO, s, S FHEHERET
c H, BB EE LK-1 EFAMEILFHETRESFRTRE. &84 (DAr
BETEER 600eV, HIAMAN, BiK 0.5mA/cm?, FEEZIMH 40min; (2)70%Ar + 30%
0, BESE, HAKHER (1); (3)50%Ar + 50%0, BESE, KRFHR (1).
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WETARELE &G TSR EE, ZAELSTNREATEY. 4R 0T.

EHAN #H Beckman5270 BUJEEE, KM LR #7mm, K 2800—11000
A, BFEE 0.4mm,

AAEes HTETHEFRHERAEAZEERNEREHMGMT, BRAIIET A
FEFHTEEESOENENL, RRFEET c#, E 0.4mm, HBRHEE 0.8mm, &
4.8mm, HEARA ZC-36 BEMIt, FRETHRAER.

BAcHEy WARBESABREEUNBZNESHRA, FEL 50um, EHICH.

SRXER 1S 3, NP-1 BgEMhNE T AFELGE LiNbO, iy XPS %, #
A EREREARSE, HBEX 5—9X 107 Torr, X 5H4RIFEA MgK, 85, hv=1253.6
eV, REARMMIGEHREERER. RIE XPS BRSSP EESHN TREKRERNX R, X
LERABSKFEHZIHA LiINbO, HEFH O Nb AN IRE LT T 24r.
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B2, ERXERRX R T EREE, SRS RIS, © 20BN DL AR Yk
YRR, Be G 3500—65004.  EIrRIERT A LiNbO, 7E 600°C F2S B b B f5 iy b
R, E AR, BFRMERESSPRLCEEEFEEELAER.

BT ZIM/E LiINDO, BARERERESFRKEM, £ 1 FIHARRE Ar/O tbE-FZIth
FUT HiHE SHHENEL.

BFEta LiNDO, MR MEATEYNEW, RIEEE [1] FiEd, AXM
W .

XPS MBLRWT:

(1) RELELHET LikE [Lil fREL [O1/INb] B2k 2, AUE .
BhFEHBETERUREREGSAPESENENIMBEI .

%2 FEABEEKETEEMIBRENL

Art 4+ Ot %%
SEBE St Ar Z=iE | KEL S PR E
709%Ar + 309%0, | 60%Ar + 4090,
Li ik HE IS G =S
[O]/[Nb]V 0.81 0.79 0.78 1.00 1.01

D) BGRANE LiNbO, BN KB % 1.00

(2) B 3 #Pg LiNbO, B Art Rifi)G Nby iBREMFI B, EH N 1
e IEZEEEUNGE Nbw HEH N 15
[H1, B S % 4 A I 7 O, 4% oo 2Tl N
BRI, KB N
MR ISR, ML, Nb
B T A, TR, T — L B
IR BT .
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hERFERENER, BEETRE
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St B BEATIRA, MTIEBEANE

(a)

FRHREHBEANREREENH S R e
REAL, XHEACTHLT Y XPS LaH(eV)

MRGE RFFIESR: Li, BETHE, O, B3 LiNbO, #) Nbys 4
WRBEERSE, UK N =4, H (a) Art EdET: (b) Act EFTE

misEdifE LiNbO, GARE ENHEREHHA & Fay BTHEH A BRBE &5 Ry 2 i A R,
Li}tﬁ(VLi)ﬁNb:tssz-'- ° Og:x(vo)x + ne”, (1)
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Kb 2x =8+ 6 + 7, (Vi) T (Vo) DHAEMAEML, e HFHET, ZELAS
EHHEALBETEROEREYE LiNbO, BAMREY. ZEx LiNbO, hfyd F 3BT o
Wifa, BRAVAATEEEN TS NELE: EFREEBSERTEBRE, FEE
Fy RO 54 No* BT —ER RS e B EE T AskE. BIIFRRENE T RimEk
ZHHF (BFEKR), WRENRET-BEAEBMK S, N -(V,)™, BEY
F—HAr TR ARAHER NoY IMRAAT. X, 5ZHEER IR EE RS
B DL % B e, S0 B R B T PR B T AR AR FR— AN B 55— AME R B AR A B 2[R
RSBk ER (hopping) , ENINI/NSHEBAIEREPELHNE T HRERX. FXLLE,
LiNbO, H/hMRLFHEEEE X FEBRAURESERLE LiNbO, HAFHELY, X
B, AR ORI Art/Or BA&3&Rd LiINDO, iIBEINER: LTEKHFAR
fr BERASA BA RS TIHRE, i, BT R E R s SNEAHAELTA
HIABOIREE. BERT T RA/ MR TR R BFIR AL .
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THE PROPERTIES OF THE SURFACE LAYER OF LiNbO;
CRYSTAL AFTER LOW-ENERGY ION BOMBARDMENT

FeNne XI1-Q1

(Shanghai Institute of Ceramics, Academia Sinica)

Ren Cong-xI1 Lr Cavan CHENG (GUANG-MENG
{Shanghai Institute of Metallurgy, Academia Sinica) (Department of Physics, Fudan University)

ABSTRACT

We observed experimentally that at least two optical absorption peaks appear bet-
ween 3500—6500 A after bombardment of LiNbOs crystal surface by low-energy ion. Also
the relative dark conduectivity increase by two order of magnitudes, the fact suggests
that the additional optical absorption and eonductiviting active center creates after ion-
bombardment. During bombardment, owing to the prior sputtering of some atom and
atom groups in the crystal, a substantial deviation of stoichiometry occur in the surface
layer, which has a direct effect upon the optical and eleetrical properties of LiNbO,
crystal.

The measurements of XPS (X photoelectron energy spectroscopy) prove that the
strueture of this surface layer conforms to the vacancy model of LiNbO, defect structure.
"We propose a possible mechanism of the formation of this kind of active center in
LiNbQ;. By this model, we can explain qualitatively the result obtained from LiNbO,
crystals after bombardement by the mixed ions of Ar*/0".
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RER iR FHT

(B ZRYETIIERT)
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AXAERXHETHEAZEROFTNFEFRT LiKSO, ZRP LH9HEE, RKIYR
BEERE R RIT B 675°C ZIE), BA%IE S «-KSO, i mE Y, o ke e EEd
P6,[mme, 7 T; = 675°C LIT HILIRHILEH , 20 K,WO,,K.MoO, FRIEARE; B3 « 19
{8E1 0.492 (640°c) MMEIREEZAL. € 470°C HIBESHE « = 0.500, & FMNHHAZEE
FRORB AR, ARJRTE 439°C HR UMM (RRIEE A P6s).

peile

—. 7l

LIKSO, R—Fi i ke, EXEN, BT ABRR, HEFBY P6SY, RITH2

% F Y. LiKSO, BT TIFE & i) £ 0. Scrodet® T fF # B LSO,
436°C BN BR RHERNELR SR, BIEXE 673C HERBRBEROAARA. (A

S, 5T 436°C I LiKSO, 105 (it # P9 52 o 00 » L 55 8 5 TR AFIEND 2 £ T B etk
MR, AP EERBIERREY, LKSO, MEE 479—675C —BATLEIN
55— B FAET2S B SR T RE A, Eok Schroder J3e 0 B RN A5 FR A
RAEES a-KSO Al KMoO,, K,WO S5py i iR H (B 7T #6 10 28 R B 2% Po,/
mme). KR EFANERE, KlE2— CEHE) BT LKSO, L& a4 (P6,/
mme) 5% F HI(P6.) 2 IR A — /AL i (1) . BESAEHEY KWo,,
K:MoO, I Rb,WO, ) o AI4EHEIRAT 9T 1 4, AR AR MM AR, A
SR TARIES: T iX— %A,

:‘wgp\_g& /u%

1. HEBEEARM CR-G BIFERSIIIE. FrEfESEAN LiKSO, BB PIER R
R, BEURORESH PePRh BE; FHREEEE N 10°C/min. HEREHZEME
FHTAERBEREESRS73CIEIRIE, BHREXN £2°c. B 1EABIBHERDH
gggﬁ, B 1 EA, 439°C BRI KT 675°C ROBGR N e, AR RNk I

1) AR TIKSO, 7E —20°C 1 — 90 C G HR AT -EXEHERE T SRR THRHILSRN .
2) B NEBRE.
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BAPEE, IRERS Schroder BRI,

T(mV)

|

3 2 T

_ B 1 LiKSO, Z#ATHFRMLE
WK LRIRL 139°C; MM 2 XIRL 675°C; M3 XRBA

RiiZ e ,LiKSO, 7E 439°C f1 675°C BEHR AV HHMHE. BRERERERKT
2°C/min 5, 439°C F878 AR 1814 B Mok 8 A F & 4 TR R g U3 R FF L 82
BA%L. BEMEEREEES 10°C/min B, RHILT nE KA E—RERS AR, 7Bk
T RS PR R I AR AT RN, B RENELNAERE.

LXSRATANARAKARZTIRAT 325 HAUMAE. 7 Guinier-Lenné B R £
BEREV E#ET XHETHSN. Cuk, B5. BRRALEBHEREN 6um B Al FHER Ni
B, ERAEEABRSBAZETE Y. BEREZE540CLT, H Al AEUERNRTH
HoRREL Al DAMOHMATH R R, Ni fERERMNEB AR, X TIEEEETHHE
BEREMLS AIBERNIBEX, CRRBEMNMEHERT ERNTHRA, IELTHE
FTRiEERIEERT Al 5 Ni RS LiKSO, RAMFERN. RILEEZEHINMRE %
+5°C. :
B A1 Guinier-Lenné HHLBE T 695°C, 690°C,640°C,540°C,470°C,440C,430°C,
370°C fuziR (20°C) THMA A, AT KRMVALE R Al 5% Ni A9 5 M BORAE R A B i
AREERED. :

EREMEE 675°C Ul LEEAZHE, WERFESE LKSO, WEERME (¢ ). otf
BARARR BT () BEHEHE,RE I =2n HASHA. 54, SREW o 4885
BEZSEIBENY P6s/mme, P6sme Fl P6e. MITH RN BRNBES HHESARE, SR 18
SRR FHEP6) +4ED, BRI LR=ABEBENERER, c BN EREEER
H P6,/mmc B, P6:mc HUZESE. FZmRIE] 439°C B HIRR N EE A T 675°C 1Y #2 R.
675°C Xt B B RHI LR A H B, FTRAIASY 439°C HOK AR 3E SO M FIUE &I C
RPRE, RERIERILINY o HHEHE P6/mmec AR R AR, YA X — G W &
H—-FHEE.

B T3] 675°C J§, LiKSO, % EETRGILHN I 1, XM 1 BHRHTHERS HEX
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K(EROMDELMELR). ¥ TRECHEROERE, HTHBRERE, HATHAANAR
ARFRER. | HOERZOEERGERS T (k) BE, RHEH =22 PRTHLE.
AU T MM RN HNEA SR RES ¢« HER. ¥ TRENIERK, L5 NHEAN
BINORTHHHEE m» n SRHEER , KN AEK R T:

R = ha* + kb* + ic* + x(ma* + nb*);
A T 5 sin’0 XA,

sin?0 = sin?0;; + £°(m* + n* + mn)sin?6,y
hn +km\ .,
+ 2k (lzm + kn + —-—EL) sin’0,g.

MEE (m,n)=+(1,0), 2(1,1), £(0, ;s B—EBHS TR, YEE T =
640°C Bf, £ = 0.492, « BEREMEIRTOEM, BEERES] T = 470°C i, = E4E% 0.500,
LB AOHERREEY £0.002, LiKSO, AHMBREVMTHANITEHESUZEN F&
BELEL BRI OSSN IEIELZRHALEGDORRENMEHE. B 22 LKSO, iy
470°CRR A AHIZ N 1 48 Guinier-Lenné 75 S ZEMEAIELER.

JUJMWUUMM

(b)

20
7 9 11 13 15 17 19 21 23 25 27 29 3l

(a) £HEFHE (b) 470°C HAAKIZHN 1
B2 LiKSO, Ay Guinier-Lenné §73 R HBEOLEITAMME (Cuk,)

IR B THE] 470°C B, R4 THEAEMEOBIAEME (O BWES (lock-in) #7E,
Bl &= 0.500; MIBREEASE T T 440°C B, ~ J3fR%F 1/2. AEME (CH) B¥EIA
F M HPUERBE R, o = 24, ¢’ = c. NiZEH, BEIRE ST 440°C, @EIEKX
BRI IS, 90,7 MRS = BhBIEE BIIUA — 2. 7 440°C #9 Guinier-Lenné iR LA
(221),(223) % (a1 1 2 2 BOFTHER. ABHIXES 2B R BEAE 30 SO AR AT = BHEX
M TF-EFEEEH P6/mmc #4520 P6s, (A MR A E AR RKHHEE(z = 8).
GEEREIRF] 430°C, AR MK, BN EEEN P6: INF HH (= = 2). FHE—HRFEH
ZRBEFE.

MBI, BERKNA10)BE 470—675C REVEEABINR., BRGNS
MIEE24 0.13£0.02°, ESREREAHBHOXA. X—HREMUT TiNi(Fe) AL&AFIS
HrEQ10)RAEHY, KFRTEEBRT100]F[010]# Rk AS 120° FRUNIE
#l.
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% 1
440(°C) 640(°C) 1 695¢0)
1| mRT 1 Bkl | mn 1 hki
s (R)] A8 . dors (R)| a8 ' dons (A)] a8
w | 101% | 6.312 | +0.04| w 101 | T0 | 6.353 | +0.09
f 200 4.524 | —0.02| 7 100 | 00 | 4.571 0.00| 7 100 | 4.608 | +0.01
w | 002 | 4.333 | —0.01| w 002 | 00 | 4.383 | +0.01| = | 002 | 4.422 | +0.01
vs 201 4.010 [ —0.02 | os 101 00 4.058 | +0.02 | os 101 4.092 | +0.03
§ | 102% | 3910 | o0.00] ¥ 102 | 16 | 3.965 | +0.08
§ o 112 | 3.338 | 0.00| f 102 | T1 | 3.363 | —0.03
m | 211% | 3.194 | 30.05| m 101 | o1 | 3.218 | —0.03
os | 202 | 3.128 | —0.03| s 102 | 00 | 3.162 | 0.00] os 102 | 3.191 | +0.02
w | 301% | 2.878 | —0.07| w 101 | 10 | 2.888 | —0.02 '
w | 103% | 2755 | 0.00| w 103 | To | 2.782 | +0.03
s | 220 | 2.617 ] 0.00] s 110%% 00 | 2.626 | —0.08 | s 110 | 2.653 | —0.03
m | 221 | 2.502 | —0.02
w | 203 | 2.435 7 —0.02] w 103 | 00 | 2.464 | +0.03| w 103 | 2.472 | —0.06
w | 400 | 2.267 | +0.01| w 200 | 00 | 2.285 | —0.01| w 200 | 2.309 | +0.07
w | 222 | 2.239 { —0.01| w 112 | 00 | 2.256 | —0.04| w 112 | 2.272 | —0.04
| 401 | 2.185 | —0.04 200 | 00 | 2.212 | 0.00] w 201 | 2.230 | +0.03
§ 1 004 | 2.164 | —0.05] ¥ {004 00 | 2.187 | —=0.03| » | 004 | 2.201 | —0.03
f 103 | 10 | 2.095 | +0.03
w | 402 | 2.007 | —0.01]| w 202 | 00 | 2.025 | —0.02
w | 204 1.959 | +0.03 | w 104 | 00 | 1.977 | +0.02| w 104 | 1.988 | —0.03
. f 201 | 11 | 1.947 | —0.03
w | 223 | 1.942 | +0.02
i 313 | 1.887 | +0.02| f 203 11 | 1.915 | +0.02
/ 203 | 00 [ 1.798 | —0.03
w 105 | T0 | 1.710 | —o0.16
§ | 420 1.713 | +0.01 | ¢ 210 | 00 —
w | (421 211 | 00 —0.15 211 —0.15
i {224 1.668 | +0.03 | w {114 o | 168 | Lol @ {114 167 | o
105 | of
f {203 17
w | 205 1.618 | —0.04 | w 105 | 00 | 1.634 | —0.04
“w | 42 | 1587 |00 w 212 [ 00 | 1.604 | —0.06 | @« | 212 | 1.618 | —0.01
“f | 404 | 1.563 | —0.0%| 5 | 204°| o0 | 1:582 | +0.02
. f 105 | 01, 1.563 | —0.02
f | 600 | 1.507 | —0.07 | # 300 | 00 | 1.519 | —0.09

* BT CNBERATHE, FRT RRABHE ¢ ¥ F R AMRE « MEENT K,
* FoRUIBH.

LiKSO, &&k7E 670°C B 440 C REHEREAFEESTAERE 1 IAEIE C, T CHEE
SO WEGkE = FMEFEMEFRMIRE, 5 Schroder E R AE. RIMNMEERF
Schroder RURTHIEE, L. HE, BRIME LiKSO, W1 MEHERRER, HAMY
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¥ oa=185894, 6=95924, c = 10550 FI¥LEHTHEMIIERI. MISFRILID
DU, B % ELORT ST 8 S LPRAT H 4B H VL B U R Sk B B I, AV X — 4 5
RAESIRN, (B3 %K Schroder 45 IR R AHERR T .

SFRHE MXZ, (M =K*, Rb*, Cs*++ -, XZ, = SO, SeO; %, BeF;?,ZnCl?, ZnBry 2,
MoO?, WO?- - ) HYBREIMEEIARHIEH. MITT2ABmALR, —4 KSe0, 18
EW a—>p—>1->F, HRTHECHBLES. SHEMFE ML 5B T 23 4 B Pram 51
Pna2"9 5234 K,Mo0,, Rb,WO, %, i TH3l a—1—C; CHIEFM, Xk
B ARTRS, MRIIFATNE, LiKSO, £4FR% MMXZ, (G&kHE—
MERAEE T BE, TET KMO, R, RITAADLEERLMB MM XZ, BEH
sk TELE 1 48,

BIERITOTREIE, Y 440°C < T < 470°C B, £ A% 1/2, 4% FiEEINE
B {{*) EHRBEHXOROMA, XK1 EEEAE T HBIY) o HEFRNAEMHC. C
ERNHARED c EEENERBELIRENFR, BRTE-SOHE. EBEED
EEBENER, M KSeO, SHMERN, HEABE R T, AESH « RELME
A% RSB, B— KA, M1E LiKSO, H7E 470°C MBI R ZAHME, a1l
AR 675°C LRI A 2, XRPS— B P> T AT EXBETEHRAR. RITEE
£ a—1 SOy WEREIR THGHER, MLE 439°C A ARAEFRER.

BRIMWABEEFERR FARARFIEREBRN PR X—RE, FAAKEHR
M.
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THE INCOMMENSURATE PHASE OF LiKSO,.

Xie Si-sHEN Liang Jing-Kur L1 YIN-YUAN

(Institute of Physics, Academia Sinica)

ABSTRACT

The phase transitions of LiKSQ, have been investigated by means of X-ray powder
diffraction and thermal analysis above room temperature. It is established that the cry-
stal structure of LiKSO, between the melting point and 675°C is isostructural with the
high temperature phase of a-K,SO, and its space group is probably P6;/mme. Cooling
below T:=675°C, there appears an incommensurately modulated structure analogous to
the incommensurate phase in K,WO,, K:MoO,, ete. The parameter x changes with tem-
perature from 0.492(640°C) to 0-500(470°C). At 470°C, I—C phase transition (lock-
in) takes place, after which the crystal structure becomes the superstructure lattice of
the room temperature phase. At 439°C the superstructure disappears yielding to the
room temperature phase (P6,).



