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Optical Properties of ZnS, Se, , Crystals Grown by the Sublimation Method
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Abstract

Using the modified Piper method which is one of sublimation methods,

ZnS, Se, , crystals were grown with x=1, 0.2, 0.83 and 0.89.

Photolumines—

cence spectra of ZnSe crystal samples (x = 0) are reported. The as-grown
ZnSe crystals have an emission band to be identified as SA emission. By
firing in Zn vapor, emission bands with peak energies at 2.34 eV and 1.96
eV are induced. They may correspond to Cu-B and Cu-G emission bands in

InS crystal.
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No emission band is found on the sample fired in Se vapor.
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Fig' 1 Cross section and temperature profile
of our furnace used for crystal growth.
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Table. I. ZnS, Se, , crystals grown by the sublimation method.

Sample Composition
of charge InSe ZnSO.f)Seo_5 ZnS(}ﬁSeu‘2 ZnSo.“Seo.13
of crystal ZnSe ZnSMSeO.8 ZnSMSSe0 ” ZnSO.%SeO‘OZ
Max. Temperature 1050°C 995°C 1100°C 1185°C
1 0.4 Keeping in a keeping in a
Pulling Rate temperature temperature
cm/day cm/day gradient gradient
Three Max, 0.5x0.5%3 0.5x0.5%3
Dimensions 5X3x2 2X2%x2
(mm) (needle) (needle)
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Fig. 2 The relation between compeositions, x
and y, of the charge and crystal resp-
ectively.

Circles are experimental values and the
solid line is the calculated value,
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Fig. 3. Photoluminescence spectra in the as-
grown ZnSe at 25 °K.
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Fig. 4. Temperature dependence of the 1.98 eV
emission band in the as-grown ZnSe.

ELERELOK, Brrv¥F—fiicy7 bLTnd Tl
BB,

%4, 2.8eV~2.65eV DfBICHHHNT 1 VA,
B, G, D, E, FEHT 3, chMbD74 YD —

11 % 87

INBARHCHEIR TS R E g TozkicX

b, thBDI4 ik, FREFRRO XS EDBHTDH
hb, A, BoET 7272~ (E In B
BHRInk Li 320, Na) cBids hie ity
1A%, Bk, BnTrerE—Lix5 In QL
CHEBIhAERETIC L5508 Cik, B4 volL
O7 4/ V¥4 FNxvEF, ELFR, BnFFr—e77
bR —RTEEAFEETRLCWS L E L bR, DT
DWW, BTN,

SO InSe THUB1.98eVIEMO € —7 + =
FovE—qiEx, Tida' Tk - THE ShTnd
InSe O S ARNHED L — 7 x F VF — L IR —K
LT3, &b, 1.98eV Fpg b —7 « HxF
—QBEEREE—RELR b, BFOY—s T
FNE~Z, BoirF—Mrerr vTace—i,
InSe ® SARNHOBEREW.E I —HLT
o PLEOELD, RAMBKMED ZnSe THM Lic
1.98eV Z)eHz, SARNTHDLELDBND, SA
iz, Vb H50i, MbEOFHME In OEELE
OEAPLOFRCRES DREREAOETOEBIT X
DHELBLELZDRTND, LT, SefiFrE#
THVUb BEORMH—Ize 21E, Cl, 1, Br ¥—d
50z, In FTF-EE#T % I b BEORKMG—Tz &~
Al, Ga A ¥ —#, RMEOInSe B Eh TN
BT rEHRL TN,

XD, TOFEEICONT, LVELTT S,
Fig. 5ic, H®MFED InSe ¢T3 1.98eV FILH O

T T T
ZnSe : as grown
201 S-A emission -1
W,
Hoo
15 1
10F- 4
; 0 %
JT
Fig, 5. Temperature dependence of the half-

width of 1.98 eV emission band in the
as-grown ZnSe.

Circles are experimental values and the
solid line is the calculated value.



88 B R e SR » AAHE— « R—A

FEEOREIREEERT, BBAIEE: 7 Vv E N
5 L REEOREREER, kRN bR%,
2 5 hv
WT = Wo coth ( W)
efZl, WpdWoik, ThZnisdiiE T°K X 0°K
IR 54, v id, Ot L ORERECES
FWE~ kX, KV VEREDBDL TN,
ERRRC I A XD 1052 —2— W, FE*
h RRETH L, W, =0.092eV, v =0.0136V 27
5. THOLOWEAWCEHE LR Y Fig. 5 0%
WTRT . S DEHRREDES T X vE—BRITTH
LERETHCELEY, KEAMEZ BB,

E —E = 25» .. (5)
B LW, HI AR/ BB L IRET D L
W
S e hy= —SROZ—— ...... (6)

722U, S i, Huang—Rhys P> EH dbL, BFOD
EBBICEORVWEIBINS T/ vORERT. E, &
E, 13 0 747 VR BBY B OWIN & 566D T 5 L —
ZHELbLT, (5) & (6) KEFWT $=39, = h~—
JA YT b e ZEINE—~28w =1.0leV KX E, =
2.99¢V DEEE5,

UbxE LB L, REO InSe THU D HH
XS AFETHY, HREP Ib B35\, WbELE
BEERTHEZERRLTNS, bk, (B), BFXH
B hv = 13meV, S=39 D {HH155 = L HBTE 2,
3.2.2. AWML InSe DT 4 bV Ry & VR AR

7 b

Fig. 6 1< Zn 1 ZnSe @ 25°K I FB P L
ARy MR FRT, 2.6eV PIE @ =i — R
Wy RIFED InSe QAL RIBCHNT 4 v A~G
ZHA Uico B ~F 054 YO — /7 hi@ik, Fom
® InSe ® B~F 54 ve—HLTn5b, £, L
s AV LGOI A vEERM L, ¥z, 2.6eV LITFT
&, 2 ODRIECWENEREA Lz, 22003k,
25°K CHERNFR 2.34eV & 1.96eV It — 7 & Hio
TWwb, (Llk, hdoFbmd 2.34eV Fobh,
1.96eV Zpdpo e ) Fig. 7 o, 2.34eV Zyps
DEERTERY ;R T %7/, Fig. 8 & 2.34eV 1
1.96eV ZWEDE—7 « &7 | o« 3 VF—DEEEK

FHEEHEIC L D InS, Se,_ HhE OIRIGME

o

Emission intensity
o

H ! I 1 |
2.7 26" 24 22 20 1.8
Photon energy ( eV )

Fig. 6. Photoluminescene spectra in the Zn-
treated ZnSe at 25 K.

1.0

Y

intensit
o
T

Emission

|
2.0

! I
2.4 22
Photon energy ( eV )

Fig. 7. Temperature dependence of 2.34 eV
emission band in the Zn-treated ZnSe.
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Fig. 8. Temperature dependence of energy
shifts and half-width of emission bands
in the Zn-treated ZnSe.

(a) Circles and trigonals represent temp-—
erature dependence of peak energy
shifts of 2,34 eV and 1.96 eV emission
bands respectively.

(b) Circles represent temperature depen-—
dences of the half-width of 2.34 eV
emission band.
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