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Synthesis and Crystal Growth of
Zn;P, by Vapor Phase Bridgman Method

by Masanobu KAsuGa*, Ken-ichi ENDO* and Toru KANO*

Abstract

Single crystal boules of zinc phosphide (Zn;P,), a promising semiconductor material for
photovoltaic cells, were prepared by vapor phase synthesis and vapor phase Bridgman method.
Employing different temperature profile and furnace moving speed for nucleation stage and
growth stage is essential to obtain large crystal grains of good quality. The boules grown were
10 mm in diameter and 30 mm long which were found ot consist of grains of at least 3 mm
in diameter by X-ray Laue method and diffractometry. The resistivity of the as grown crystals
were of the order of 10®° Q-cm and could be reduced to less than 10 Q-cm by silver doping.
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Fig.2 Thermal conditions for the vapor phase
synthesis of Zn,P,.
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Fig.3 Thermal conditions for the purification of
Zn;P, by sublimation.
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Table 1 Growth conditions and results of Zn;P, crystal growth,

Run Temp. Grad. (C/em) | Nycleation Growth | Temp, Change Results . Fig. No
Transport | Crystal stage stage (+°C/min) Quality R?g's?gl])ty
#1 0~5 8 Many nuclei
fast* slow* 15~18
#2 Small grains >108 7(a)
—3~0 10 . Single like
#3 T,=830C | T.=900C )y pingle like 28%107
Single like
#4 Small curv. >10° 7(b)
(e —anne Poly
#5 10 2 30 T,=900C —_— Dep. on wall —_—
#6 T,=830C _ Small grains _—
. rest Pellet
#7 0~40 40 T,=900°C 1x1%5 mm® 9

* fast: 0.83 mm/hr, slow: 0.42 mm/hr
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Fig.7 Microphotographs of surfaces of Zn,P,
crystals.
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Fig.8 X-ray back Laue photographs of
cleaved surfaces of Zn,P,
crystals.

LbiL T3, BOBOOHSII/MEBKROTE %
LT3, RBcH722 X B —2FHH 2mm
THHIEPLLHEL ImmBEULOBBERET
HDEHML L, FEAMOIEEIFIEITE TV
WA, BEE LT boule T X 2B WEBEDHALIESL
Mz h o720 29 LT TET boule DIEHEIZIER
IZRECI Q- cmBBETH -2, ZOEIZREES
FFRAMEE L TIIKRETELNT, Agx F—7L
TIEMEDET 2R A%, Ag & Zn,P, 7 T\ 2EKHE
L, BZeth T 400~600°C T 24 BRMET 3 &, HEHIER
131~10Q-cm (p&) ~X{ETL™Z,

Ut kiz, —ICB8E T2 p BB HR

L
20T, THaERE L TZIn0/InP, kX H~Tn

— 107 —



BEFN594F12 H

WIEE RS T AR AT e

F35%

E-9 #HEEICEL N/ NAOREEDSBEMIEE R
Fig.9 A microphotograph of growth surface of a
pellet obtained during the purification.

BEr R L ARENREF2ER T IERITER,
TERBHERICKREDHOFEEN (= 1XIX5mm®) »*
T s2 555 (Table 1, #7), 20k Lk
IIRBHNELWERSGELN, BUuiatzrL 2
(Fig.9), cn#fEE& s L THABHRCAEELR-
TIEIX L URETL I EICL ) BREERE 4 ERT
5ZELMEIL T3,

4. & &

INFTHE?2 IBTENEERENHEEHERE
i3, BEETORRNLNTH->T, JIUICEDRT
FEBROBEBIZOWTIISANTICE 2D, TN 5DOHE
REHISBROWENRA > 2R L TWwa EEbh
DTG % HET 5,

BE—ICFRE R T OBENE S FELWLT
DHE (THbLERSrLATHEATR) & L2E
4 (Table1,#1), 7> 7nofkicks 3, E—0k
ERIZTONT, ZEORDE IR L 72, 21U,
V=28 5THEE THBELNEREI WL T
Lo Tndizd, RBTOHOE—DIEIZLITH 2k
WDTHL), £ZT, FR»LEERERZ TB~10
em A7) DFEITHI L v & 902, R AICIEED
AT ERBL 72, 2L -T, friBATo
BEMEIZ 10C/cm & &1z 7% Y, REEER~ DO H'5E
Frho THRBREERLZ#2), Zok&iL Fig 7
@IRT L2 I mm OBESERDESTH 5,

DX RIBRES A FREEICER L, 43 114
WZIREDUNBZ2WErIC Lz, FOBREI2 ICH
~Ngrain size 3 K& &), BEMEICE 72,

EHIZ, BEAD R LUEOTHEZ ¢ 726, b
- LB A BARDIBESFHE DTz, Z0BE, W
BB NN HDRENP AN — 72 TE, KEH

(B T.) T3 30°C/em DEERE & 7 - 72, 20k
R, BPTHOIR L ZASMHLIZC &Y, #4boule
13K & 7% grain THREXRRIZMEBEN/NS WHHE & %
272, ZHIE, R TOBBRMEIKRE L - ER
Thb,

PEEY, #HE&MrmE3esi2i3,

O MHEBnREDERZZICL,

O BENYNMEZ 252212179
D_BHEBETHLZ Ebh -1,

DE, RERERREETCRELDIBESHE O
LSLEMNEEZ L, L L B—DIRES TR - K
BOWMFT AT 2 & TENL, RESHOYNY #2
I DEELTE A E, BIEOHRR(bIcL 2, L
L, BEREBICBTERESMELEZ TICHENE
B A2 EEE LA, V— 2B E %58 (900°C)
2L 72854 (#5) LIKIE (830°C) & L7234 (#6) &,
B boule #HEW L Lh»72, ZHBERIZEKD LS
I2EZ b5, BIBKETIE, HAEREE T ZnP, »
G EH K E ( RIHE TOBIR LA T E 12
v, —HEKIBRETIE, MERKERE CHE—DE 4
WY 5% RREERICASL EHEEITE L THEH
ElzBworFiTH AT L YV KIESS~BET S 20,
FHREL D IZ L2 IREOREMER &Y, grain
DB BHERIZ U D, ULEOMRED LIBESTIIX
AR CRIR, KRB TEEBICT I 2L v,

&R PVD (WENFHBRE) BRETIIEEN (A
KRo) BREE DS, KIRM (0F 0 M, BE . T,)
I281T % Hertz-Knudsen # 3,

Jo b
- 2amkT.

ko T 2BEIEVE WS 2 ERIAHRIEIN
TEN, ARROHEREEEMEL 20 &) o FEE
HBRTHE EELLNE, £ ThDETHIE, T.
B L THENIBADFBEEE L EH S b ITT,
ZOHEANTERN L T..BHEENMAS LY 2
Bz lickn, L0, BORERAE S RIENR
ENTWw3,

5. #&

NEEBENFZTFHOF BRI, V) > {bdEsE (Zn,
P,) #&EE2FHERIG - WAic L) BiEH L A58 - KE
T 5BE, ROBESWE - BEEOA LD 2DICE
BChb,

O F)rE2ELCHE) AETEZ L,

@ WMERERNBESFIIE—7%L0%, KE

HOBENR BlECT5 2 &,

nlg

— 108 —



I P, ER ESETY) v Ve ki & BRI E

@ WiE%, HERLEREED 2B, Bl
%IMER - mERE, REISE  KESEBET
52 &,

@ ERD LBERBE TORELREZQ S50
2L, BENEEMCTIEET LI L,

ZORER, B 10mm, & 40 mm Ok X 7% boule

T, WiFE3Imm LU ENOFKEEENR WL DB L 02,

B L 72 boule DIEHIEIZ p A 102 Q - cm BB E /2

A, Ago =712k, #1~10Q-cm IZIETF L 72,
BEFHERERAFED L VBELRELICE > TR
LICHGHELH LTS LA TESL, ZORKREE
HWELT, n-ZnO Z ED~TuES 2R TAI L
I2& D, BFEKGEERLEETEZRESD S,
E &
AR ED B ICH72), BRIEERLHSEH -2
AEEREEE, EMNRPRERFEROHE, 77 2
TN W R EEREERE ICRHNE S

ExLET,
7 BARHRGE ) —EBILBEHN 58, 59 B S ER A BT

BHBMESNEMIZL L0 TH S,

& E Xk

1) M.v. Stackelberg und R. Pauls: “Untersuchengen an der
Phosphiden und Arseniden des Zinks und Cadmiums. das
Zn,P,-Gitter” Z. phisikal. chem. Abt. B, 28 (1935)' 427.

2) F.C. Wang, R.H. Bube and R.S. Feigelson: “Single

Crystal Growth of Zn;P, ”J. Crystal Growth 55 (1981) 268.

A. Catalano: “The Growth of Large Zn,P, Crystals by

Vapor Transport” J. Crystal Growth, 49 (1980) 681.

4) A. Méller, U. Elrod, P. Murz, J. Honigschmid, C. Clemen
and E. Bucher: “Growth, Electronic and Device
Properties of Zn;P, Single Crystals” Inst. Phys. Conf. Ser.
43 (1979) 825.

5) V.Ya. Shevchenko and S.F. Marenkin : Neorg. Mater. 15

(1979) 1106.

T. Suda, M. Kobayashi, A. Kuroyanagi and S. Kurita:

“Zn,P,/ITO Heterojunction Solar cells” Jpn. J. Appl.

Phys. 21 (1982) 63.

&F, B4R “PVDBREOKEREFHHEEE", ARBENE

#4111 (1984) 23.

«

6

=

!

— 109 —



