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Vapor Phase Epitaxial Growth of ZnSe Films

TETsuo Muranor and MITsuo FURUKOSHI

Abstract — Epitaxial layers of ZnSe have been grown on GaAs substrate using metallic Zn and metallic Se

as the sources. The epitaxial growth was successful at temperatures T, 370 — 800°C. The thermal etching

of the substrate'in H, flow was necessary when the growth temperatures were in the range 370 — 450°C.

When the substrate temperature and one of the source temperatures were fixed, the growth rate increased with

the other source temperature and then saturated. Below the saturation point, the growth rate is proportional

to the flow rate of each source material. Low resistivity films (of the order of 1 - cm) were obtained at

temperatures above 450°C. An electron probe microanalyser was used to determine the impurity profiles on

the cleaved surfaces. Gallium and arsenic atoms were distributed exponentially throughout the films grown at

650 — 800°C with the concentration of 10% cni®. The gallium concentration was higher than the arsenic

concentration. The resistivity of ZnSe on GaAs grown at temperatures: 650 — 800°C became low because

of Ga auto-doping.
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Fig. 1 Experimantal apparatus for the film deposition and typical temperature profiles. The
flow meters and zeolite gas dryers are denoted by F.M. and G.D.
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Fig. 2
(100) GaAs.

(B)

(a) Photomicrograghs and (b) reflection electron diffraction patterns of ZnSe layers on

(A) (Tsybs Tzn» Tge) = (700°C, 558°C, 342°C) and
(B) (Tsub» Tzn» Tse) = (400°C, 470°C, 295°C).
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Fig. 3 Reflection electron diffraction patterns of initial groth layers (A) with and (B) without
pre-heat treatment at 600°C for 1 h in Hy flow. (Tgyp, Tzn, Tse) = (400°C, 470°C,

295°C).
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Fig. 4 Electron micrograghs of GaAs surfaces (A) with and (B) without heat treatment at

600°C for 1 h in H, flow.
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Fig. 5 Deposition rate at Tg,;,=800°C (open

symbols and crosses), flow rate of Zn

(closed symbols), and equilibrium vapor

pressure of Zn (broken line) as a func-

tion of Zn temperature. Cross symbols

(X) denote deposition rate at Tge =

416°C when the substrate and the
nozzle were placed 10 cm apart.

B0, Tgup =800TCICk AHRERE, Zn OHKE,
BLU Zn OFEZLKEATRLTEBO, Fig. 6 ETse
HEZfEEOBMAERLTVS, IS OERTIE,

WEHREN30um,h UTORIEZF Y v vilR L
Foo Bho, TEZF vy VBRI Se / XV O S
5 cm LR O TR E 253, BIRE Se / Xvi 10
e U784 ) FRMLRBEESZ XS CFhidvid =
P2 FYy VREETETH ok, L L, BERBER
BT ARNCHER T B0l Fig. 5 DEMTRL
1ok DICRREHEEII/NEL, Fig, 5ICBVT, Tge ¥
—EDE EREREIL Tz, ELCEML , PorTiml
T b, BERHEER B XUBMELT T OlREEE O
BERGHEEIAREOEELIAVF -2 DI D5,
FRA LT C O EREIL Zn OHAEE S LTO
B Ehhh b, MAATIE, ZnBXU Se DEtEE
PRTE LU, Fig. 7, Tgup 370 —400CTOD
LEDTy, BLUTge WELAREREEZZE2F Y vL

73

Tse °C
400 350 300 ,,
' ' 710™ £
E
N3
»
£
L
<
10"° o
w
k)
@
- ©
~
£ 20r 3
K e
o 0F &,
i I s
s,
= 51 § 0.5
o k4
- 3 'fo.:- S
é 2F g o1 !:6 * 1.7 =
a 10y, &
1 1. 1 1 L 1
1.5 1-6 1.7
10° -
/e K
Fig. 6 Deposition rate at T'g,, = 800°C (open
symbols), flow rate of Se (closed
symbols), and equilibrium vapor pres-
sure of Se (broken line) as a function of
Se temperature.
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Table I Electrical properties (at room temperature)

Substrate TSub TZn TSe Resistivity Free electfon Mobility Comments
concentration

(°cy °cy o (Q-cm) (em™ %) (em?/V-s
GaAs(100) | 400 390 280 (3.5-6.3)x10°

400 410 290 (5.2-15)x10°

400 470 300 (4.7-22)x10°

450 470 290 0.9 1.9 x 10'°® 370

500 470 290 2.4 1.8 x 10'° 150

650 558 326 3.4 2.2 x 10%°® 85

700 558 326 0.75 5.3 x 10!'® 160

750 558 326 2.2 2.6 x 10%'¢ 110

800 558 326 1.0 4.4 x 10%¢ 145

800 595 326 4.2 2.3 x 10'° 60

800 622 326 3.6 1.2 x 10'°® 150

800 634 326 0.56 7.4 x 10%'® 150
ZnSe(111) | 800 558 326 > 10° *

800 632 326 0.46 3.0 x 10'° 150 *

800 660 326 0.83 3.2 x 10!¢ 230 *

650 632 326 3.5 2.6 x 10'° 70 *

*The electrical properties of the samples in

this group could not be

separated from those of the substrate.
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Fig. 8 An example of EPMA scans on a ZnSe film 20 pm thick for the ZnSe/GaAs couple.
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