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Abstract

Two host crystals, named A and B respectively, were grown by the modified Piper
method and the specimens cut out of these crystals were fired in a zinc or selenium
vapor, annealed in a zinc liquid or zinc vapor, or fired in a barium selenide vapor.
Measurements are made on photoluminescence spectra of these specimens. These
firings or annealing produce many emission bands. From the results of the
temperature dependence and the effects of these firings on many emission bands,

lattice defects related to these emission bands are discussed.
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Fig. 2 Photoluminescence spectra of the A series at 25K

( a ) Photoluminescence spectra of the as-grown specimens.
The solid line represents the photoluminescence spectra of the A series and the broken line
those of the C series.

(b ) Photoluminescence spectra of the Zn-treated specimens.

( d ) Photoluminescence spectra of the Se-treated specimens.

(d)Photoluminescence spectra of the Zn vapor and liquid annealed specimens.
The solid line represents the photoluminescence spectra of the Zn vapor annealed specimens
and the broken line those of the Zn liquid annealed specimens.
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Fig. 3 Temperature dependence of the as
grown specimens in the A series.
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Fig. 4 Temperature dependence of the
emission intensities of the 2.30 eV band
and the 2.61eV band produced by the as
grown specimens in the A series.
Circles and triangles represent the
temperature dependence of the
emission intensities of the 2.30 eV

band and the 2.61eV band respectively.
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Fig. 5 Temperature dependence of the

photoluminescence spectra of the Zn-
treated specimens in the A series.
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Fig. 6 Photoluminescence spectra of Se-

treated specimens in the A series at
25 K and 85 K.

The solid line and the broken line
represent photoluminescence spectra at
25 K and 85 K respectively.
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Fig. 7 Photoluminescence spectra of the Zn
liquid annealed specimens in the A
series at 25 K and 85 K.
The solid line and the broken line
represent photoluminescence spectra at
25 K and 85 K respectively.
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Fig. 8 Temperature dependence of

photoluminescence spectra of the Zn
vapor annealed specimens in the A
series.
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vapor annealed specimens in the A
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Fig. 10 Photoluminescence spectra of the B series at 25 K.
(a )Photoluminescence spectra of the as-grown specimens in the B series.
The solid line and the broken line represent photoluminescence spectra of two different

specimens in the B series.

(b )Photoluminescence spectra of the Zn-treated specimens in the B series.
The solid line and the broken line represent photoluminescence spectra of two different
specimens in the B series fired in a Zn vapor at 1050°C.

(¢ )Photoluminescence spectra of the Se-treated specimens in the B series.
The solid line and the broken line represent photoluminescence spectra of the specimens
fired in a Se vapor at 950°C and 1100°C respectively.

(d )Photoluminescence spectra of the specimens fired in a vapor of BaSe.
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specimens fired in a vapor of BaSe.
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Table. I. Emission bands in the specimens of the A, series

. Edge Visible Near-infrared
Specimen : :
P.E. P.E. H.W. P.E. i H.W.
t H
(treatment) @) | (eV) @) | (V) (eV)
as grown 2.805 2.61 0.16 1.20 0.28
2.787 2.30 0.20
2.754 1.96 0.20
Zn liquid anneal 1.99 0.22 1.414 0.29
*900°C  66h
Zn vapor anneal 2.807 2. 6 1
*900°C  18h 2.787 2.34 0.20
2.756 1.97 0.21
2.723
Zn treatment 2.61
*1000°C 0.5h 2.34 0.20 1.43 0.12
1.96 0.21 1.29 0 2
Se treatment 2.30 1.45
*950°C 2h 1.95 0.20 1.28 { 0.13
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Table. II Emission bands in the specimens of the B series

. Edge Visible Near—infrared
Specimen : .
PE. P.E. H.W. PE. H.W.
(treatment) (eV) (eV) V) | (eV) (eV)
as grown 2.813 2.53 1.29
2.791 2.23 0.19
2.759 1.98
2.751
2.719
2.690
2.661
Zn treatment 2.61
*1050°C 2.26 0.2
1.97 0.21
*1050°C 3h 2.70 0.14 1.43 0.34
2.20
2.00
Se treatment 2.20 0.19 1.49 0.17
*950°C  2h 1.95 0.20 1.29 0.13
*950°C 10h 1.95 0.21 1.29 0.12
1000°C 6h
BaSe treatment 2.768 2.26 0.20 1.34 0.11
*800°C  6h 2.702 1.97 0.22
2.667
i 1
experimenta 0.002 | 0.01 | 0.02 | 0.01 i 0.02
error
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LR InEAEFUEAT LR E DS  DIREHD)
HB, LALEE SN T2 FHFIC D THRL OBRM
L7230 eVERBOE —27 T3V F— 2L EEE &1z,
NS DORERGEE R EDE > BRER RS, WESh
TG & 2.30 eV FEH OB O Mg+ Hiske e v
DT, 2.30eV FRBIHEE T 2FTLEH S T
BIEDBTERG, £72, 2.30 eVEXHIT Zn 4LHE,
Zn ks E RSP O 7= — ) THEL, 900°CO Se i
LB CHEU E— 7 £ 300 — LiFIER UBHEE 2 5
DFENWHNELC S,  RAE L 900°CH Se L TEL 3
2.30 eV EAB I, F—DbDTH Y, HUENRDLICH
BI2LEZ6N5,2.30eV HNEIZ SemThL
505, L UERTO Se BB THA T 2 D T Se @FD

T BHEXE - i sl— .

B H—PR 1 ZnSe DFILHS

R0 o nd, ZnUETHET 20T Zn:@g
DORKaE SFEUDT oy, Ls->7T 2.30eV F¥%
HEET ZRBEE, I ThHsEE2o N30 LA
I, 1.96 eV FT L, 18 T i~ 3 28, 2 O RBEER 0
S CulBELLRAETTH L EE L NS, 1.20eV %
K, BETARMBICOVTTHETH D, 1.20 eV F3k
i, TNTCOBLETHKL, B, CyV—xoxtE
WWEWTHELU 5T,

By —RADRMBOFERZTEL S 2.53 eV FLHIL,
FRMENS/NS D, ERCE FHEERRDSNT,
MOME L HET 2 2 ENTERLOT, B5 T2 XM
ROWTTHETH B, 72 2.53eV N, B¥ U —
ZXOEFEOTRTOBIBETHEL, A, C¥YI—XD
HEHI BT HEL,2.23 eV I, 2D AN
F— LI — 2 2R ORMHOME 0 H N E,
IS DG LT 2 L DL LWERBERNLLOT
T TH %, KABOREECTEL 2 ZOFAF I, Znil
T L, Se & BaSe U LGB CcHETU S 2.20eV
L 2.26eV HENEEFEICRAH TH S E D »RHTE
By, $£702.23eV N, Moy ) —XTRAELE
1,1.98 eV FEENE, Av ) — 2D 1.96 eV FAH L [
BRSNS Co B L B e EL oh b,
1.29 eV #EHE, Y any—Thh, RERE, Kb o
ny, E5T2 KM, BohTidnv, IORMED
HETAEL S 1.29eV T, 88K CREWHNT 2
2, BY ) —ZXD Se MHE VAV ) —XD Ind b
Se LERTHE L 1,29 eV FHH 1L, 88°K € b+ B
BB, 2hED 200 1.29eV FEHIE, TAENRL
HEEPLICHET S EEZS5NL, By ) —XDRM
HWTEU S 1.29eV #EAFFIRBY U —XORED T T
OBMIBTHEHEL, AL CY ) =R BOTEL VS,
BS54 2 KB D W TIFRETH 3,

4, 2. ZnELUI-EHE

Ay Y —2D In B UIEEITAEL S 2,61 eV FleiE
W, IERECE, BEESRD Sk ok, FHED
Y — 7 TN F— EREREDREMRTEE»S Ag icfE
L7icRNFTHEeEZ6NS, I OFEHOELIER)
BiZowTiBiclirrz, A¥ ) —X@ ZInlBTEL
% 2.34eV & 1.96eV FHEX, Bryant 592 % - T
HEINT»2 CueBELLFHAEHOE — 7 23 NF — R
USRS —ET 2, Zh 4D 2.34eV & 1.96eV F
Bk, 2100 ZnS @ Cu-B )k & Cu-G 5 & Sl 56
HHTHDLELONDAY ) —XD In I TEL S



2.34 eV FEHRBI InREFD7 =~ 1,1.96eV Fk
HERDEE InREFO7=2—VTHELU 2D, WHD
FHIZ, L DWEHER ZnthD 7 = — 1% Se M T3 E
Ulzld, 2.34eV & 1.96eV EX%i, Zn R Ty
Z—VTHEUS I L0 s ZnBHH % RIGICBE Lt L%
ZON, S InHFHRPTCOT7 =V THBT 22 Ln
SR BEET 2 E2 N5, 20211 2.34eV &
1.96 eV FHAF Cu i BE T % L5 ERofsih s %
LTwdeBbhd, £/, 2.34eV R8I, Cv Y —
RO ZIn B ULFHBCEL, 1.96eV FEEECv Y —
ADZInYPHE EBY ) —XDFMB T InHETEL L Z
EBbMBE AV RO Zn B THEL 3 1.43eV &
1.29 eVi3B.J.Bryant®z L L Se B FLIC L A FHNH L IREX
NTOBREEELE Y — 27 230 F— R UEERES—B L
T2, 1.28eV FXHIE, Se LB L5 BTy EL
bo DT LT A MEBEIL 72 1.20 eV FENH A,
B.J.Bryant i X & 8N T2 1.29 eV b s B
2Twad, HE53VEREL THES OBENSELL &
WIEABEZ s .U L,1.29eV RHHE, Cv Y —
RDZERPLB v ) — X DSeflEBIZ BT X 1,
SelM L7 BB TOELLZ Ehs THYICMS 2
ERbng, Il TH U % 143 eV FEH 1L, Se AL
THU S 1.45eVIHLFEOREIFESN S LD shB DT,
1.43 eV OB SHRIX, 8o h Tk, 72 1.43eV
FEHEE, BECYUV—X0ZniBBizBwTbELS
B, BET2 KM, THTH L, 8512, AV ) —XD
InLIE L 7.5k, Fig. 5 DobPbLEIT, E—2
T AN — R ENE DRI RE e Fa A 0S4 U T L
2 oMb,

By —X®D Zn B THE L 3 2.61 eV FIHiE, Ag
WEREL T 3,2.26 eV FEHE, M 2 &3k <
HHeP Tl v, 20 2.26 eV FEHEIE, MioMIE L
AR, BElsh T, ARCY Y —XoHRB T HEH
ENieholz. 1.97 eV AN, FRE DB EREN
226 Cu B L T 2 &% 2 50, ALEERHER T i
7o E7, By —XD Zn B LHBTHEL 5 2.70eV
FHAT I, BETZREICOOTTHTH O, oy
TRELR1,2.20eV & 2.00 eV S8, B Y D7
DEEEPERICITL LD SN ALSHRTE RV, BY
V=D ZnMBETEL S 1.43 eV FHEIE, 4T 235
HORSEBRTAHEHCOWTHEHS hTH L,

4, 3, SeiEL 7-3E
A, B, CH Y =X NOGHEICS Se T 2 2
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LIz kY 1.95eV BIEHHMEL 5,1.95eV FNHIL, Zn
WHUIALCYV—~XDORBTEL S 1.96 eV FXH
LEIER U EREE ST b, 1.96eV FtEE, Cu
WRBIE L FERTh D, FHBNEER, BELR LY
AL 60K Tig & A XVBEMET 2, —7, 1.95eV
RN OB/E T, FLEE R, 85K T, 25K D4
UE®D, BEFOE -7 22 0F -1, EEALEL
L, £z, CY IV —XOFRULBOFEETH LIS,
SAFENXCLD tk’%%éhfué 1.98 eV FXrd /- I
WD 2 DDFERH L L B HEIEEZ > Tnd8, B
BEERLEBIZHEEDODE— 7 22N F—BEL ALK
—fllizc7 b U, FHEEZ 20K KBV TEZ b, 25
KD¥SAETHAEZ EMREZINTHLE®Y, ~hep
FHIHIZFE CSEEE RO E Y — 2 2 3L ¥F —
BURKEEOREREENRLD I E8bh b, B
1.96eV & 1.98 eV 6851k, #heh ZnS o Cu-G 3
& F M TR & SAFNH TH D LEZT, 1.95eV
FHAL, SeHTHEU B L»o SeilmEz RIGIZEg
HLTWw3 EEZ 515, D.JDunstan”s{t, ODMR

A b A s . T 7T
RS 1,96V %)Kﬁbi, Foely - LT ZnZE

lzB U DARTHEETH B LIBREL, KMLeesn™y
ODMR D #8156 2.00 eVFENH X, Cl Z2&T SA L
Tabb 0L InEBAOEETLET 727y —LT 3
DA ~7 %% b, D.J. Dunstan SOREL T3
1.96eV FiFE, Al 2B UBSAhLET /v 7y —&

T2 DAXRTENTHY, T2y —LUTHILL
InEAEE T DARTHNI, 1.72eV BNHETH2 =
ERRBEL TS, B2 OBEHEIL 1.95 eV Tt Se
BEIRIETH 2 Z L s ZInEH,H 5\ IE Zn 2287, & Tl
MOBEESTLERUDT oI d LRV, LizdoT
Se MLETHE U 51.95 eVHNH &, D.J. Dunstan iz D&
LT3 1.96 eVENH L IEHITE — 7 220 F —p33Ls
TIRTI = LTINEH 25 UDARTINMNT 2 &7
=t LTAIEBUSATG 2 B DDA 7 HLIZ L 2%
KHTHLEEZOND, 72, CY Y —-XDRNET
EUS1.98eVERHIL, -V L ALE-nET o 27
= LTS SATLERHODARTHNETH 2 &

Zzohd,

Ay ) —X0 Se JLE LIREHCA LS 2.30 eV FH
1%, 900°C & 950°CD> Se MUIRIRE T LI-RBTEL S
2, 900°COBE AL 2 2.30 eV FIH 1L, % OH{EIB
BAY ) —XDRLEBOFKECEL S 2.30 eV R &
FUTHBIENS,A—XDORMBHETEL 52.30eV
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HNBRFECTHILEZ5ND, —F, 950°CD Se il
HOHEB THEL S 2.30 eV FNHFIE, EREICIEEIED
D LR OOT, MO TEULHNLTF LR LUE
BT B ERTERV, AV Y — X D SeMETELS
1.28 eV F&3eHF L, Zn ALE T4 U 51.29 eVELH L 131F
BUE—Z7xANF— L EEEL2FOZ 26, AUH
WETHLEELONE,BY Y —XD Se MHETEL S
2.20 eV FBNH I, Fig . 10( ) DFEHARZ pizBnT
1.95eV #NHOBELWMY IR LRPHLAINNF — iz
Y7 M BOTIDORNHZ, RIOETEL S 2.23eV H
K —r7 2 AN F —RUHHEBES BT 5, Fum
ESeMETHL S 2.23 & 2.20eVRENF I, FAUTH
5z eonbd, Fh, AVI—XO SeMEBTEL S
1.45eV XA L By U — XD Se B THLU S 1.49eV
FHHIR, OB T ERBIEOVTHSNTE L,
O Iz B TBEs ikh o,
4. 4, ZToOMoBMEL-HE

AV —ZD InEHT7 = — VLB LSRR TAET
51.99eVHENHF, BELRL b —r i F—
B BIANE—BlIy 7 3B Em5,Clegd SA
FLE7 7879 —b32 DARTVHENTH L LELS
Nb, COFRNXEE, CV)—XDOFRMBORELHEL
By —X® BaSe BICBWTHEL B I Ehbhs,
AV Y —XDEFPTT=— VB L RE T L 5
2.61eV,2.34eV¥1.97 eV FHH X, Bliwib~rz & 31z,
Ag BEE U 23667, ZnS o Cu-B F8 & Sl e Hot
& ZnS O Cu-GHN L EMARNFTHILEZ NS,
AV —ADZInBHEDPO7=—NANB T LDELS
L 43eVFAHILBEET 2RIz D THLSLTRE L,
ORI BT o 4 Ukl By — XD BaSe Hred4l
Bk DAEU 2 1.34 eV W, oAz 8w b,
BSRMDY ) —XDEBTHIEL RV, IO s,
1.34 eV Sz BI5 ¥ 5 Kifa & LT Ba 0aJfEtEn®H 2
VEBRESIHELOERETRWL, MHT 2 0ENH 2,

5. #& o

Av) — XD RLE OFEHL, 2.61eV, 2.30eV &
1.96 eV DFEXF 24 UB v ) — XD FKMLBORE I,
2.53eV, 2.23eV & 1.98eV HENHE4ELU 2, 2.61eV
FENHF L, Ag BB L 7-F60H (Ag high energy band)
THY, 1.96eV & 1.98eV Bk, IUTHY, ZnS
D Cu-G HRFMMEHNETHLEELH5N5,2.30eV
& 2.23eV RNHH KBS T 2 RIFICDWTIE, HoHhT

1B« Bz - REXE - HE— - R 8B : ZnSe DHNH

kv, Zn 21T 5 &, A, C¥ ) —XT, Cuiz
B+ 2 2.34eV & 1.97eV FXHsEL, BY Y —X
T, AEREEL, BrOFEEEE LS, Cu s
% 2.34eV & 1.97eV BNHE InBKPTOT ==
LAY ) —XOBBETHEL 20T, ZIn Bk,

InBRER R X 2 FAEHIR, EU TRV EEZ SR
5, SelET 3L A, By U —XTid, 1.95eV FEHH
DL, O, Alzgt SAthLET7 72 7S
— LT 2DARTHENC LB LEZ SN InEDT
DOF =—iz Cu® Ag B¢ 5 1.96 eV X/ %R
U, 1.99eV S48 24 L, 20K, Cl 2a SA
HLET7 7275 —L T2 DARTIERICLL EELS
ha,

B2 OB 2 LB CEL 55 ORNFEFAIE
R USEFRSMESUCBREIL 7203, T h s FEH oIz,
5 3 F LI DL THS M S N TR WRNH
BHD, SHESCHELERETR) I Lick D, B2
DFENEH IR T 2R ORLFA D =X L 2B,
KT oLBEBHBEEbRS,
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