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MOCVD Growth and Characterization of AlGaInP Materials

by a New Pre-Cracking Technique for PH3

Yuzaburoh BAN, lvlototsugu OGURA, tt'lotoji MORISAKI and Nobuyasu HASE

Central Research Laboratory,
Matsushi ta El ectri c Industri al Co. , Ltd.

3-15 Yagumonakamachi , Mori guchi sh'i ,
Osaka 570, Japan

We have demonstrated the MOCVD growth of AlGaInP under 1ow pressure using a self-
crack'ing system (SCS) for the group V hydride (nH31. In the case of InGaP growth, the
incorporation efficiency of In atoms for SCS method is higher than that for con-
ventional method. For AIInP growth, however, its efficiency did not depend on growth
methods and a'lso growth temperatures. The peak pos'ition of the photol umi nescence
spectrum at 77K for AlGaInP'is 0.59um. The typjqal qarrier Eoncentration and-Hall
mbUiti!y at 300K for AlGaInP and InGaP are 5xj'010cm-3,700cm?/v.sec and 5x1910s6-3,
1400cn'/v.sec. These results'ind'icate that SCS-grown epitaxial layers are electri-
ca11y of good quality.

$1. Introduction

AlGaInP has a largest band-gap energy in III-V com-

pound semiconductors with direct transition and

also can be completely lattice-matched to GaAs.

AlGaInP materials, however, have a crucial problem

which is the large segregation of Al under a near

thermal ly equi I i bri um growth such as 1 i qui d phase
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epitaxy (uf ;, indicating that it is difficult to
control the Al composition precisely.l)
Therefore, AlGaInP systems were successfully grown

by molecular beam epitaxy (Ffgf)2) and metalorganic

chemical vapor deposition (MOCVD)3'4) methods far
from equilibrium method. DH layer was grown on

GaAs substrate and laser action was observed.

The las'ing wavelength was 0.683um for MOCVD5) and

0.66pm for MBE.2)

In MOCVD growth using PH3 as a source of P

atoms, PH3 should be pre-cracked, especially under

1ow pressure, in order to increase the incorpo-
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rat'ion efficiency of P and In atoms and avoid the

formation of nonvolatile compounds. So far two

methods of PH, pre-crack'ing were proposed for the

growth of InGaAsP systems. One was to use ad-

di t'ional f urnace proposed by Duchemi n et ut .6 ) and

the other the sel f -crack'i ng system (SCS ) proposed

by ogura et al.7'B)
In this report, we present M0CVD growth of

AlGaInP using a self-cracking system for cracking

PHg. Incorporation efficiency of In and P atoms

when using SCS method are discussed. Optical and

electrical propert'ies of undoped InGaP' and

AlGaInP are also presented.

$2. Experi mental

Our growth system in th'is study is shown

schematically in Fig.1. It is composed of a

vertical quartz reactor 55mm in inner diameter

which contains a graphite susceptor heated in-
ductive'ly at 250KHz. Trimethylaluminum (Tt4A)'

Triethylgal1ium (TEG), Tniethyf indium (TEI) and

PH, are used as source materi al s, H2 as a camier

gas. PH3 diluted to 5% 'in H2 gas are passed

through a U-shaped line located near the rf-heated

susceptor, before being introduced into the re-

actor, resulting in PH3 pre-cracking. This system

is essentially similar to our reported system for
the horizontal reactot" tube which is named self-
cracking system (SCS).7) TMA, TEG and TEI are

di rectly 'introduced i nto a cy'l'indri cal gui de,

which are transported by H2 gas passing through a

bubbler kept at 20oC for TMA, 3"C for TEG and 45"C

for TEI. A rotary pump is used for the low-

pressure growth.

Typ'ica1 growth conditions for InGaP, AIInP'

and AlGaInP are summarized in Table 1. The sub-

strates used in this study were (lOO; GaAs sup-

Table 1. Typical growth cond'itions for
InGaP, AlGaInP and AlInP.
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Fig.2. The relations between Ga compos'ition x and
(TtG)/ [(TEI )+(TEG) ] for In1 -xGaxP. 0pen
circles (o) and filled circles (r) are for
LP and LP-SCS, respect'ive1y. Triangles
(n) are calculated from a R(evious work
reported by Yoshino et al.Y/

p1 i ed by Sum'i tomo El ectri c I nd . Co. , Ltd. . These

s ubstrates , 1 Ommx'l Omm i n s'i ze , were etched 'i n a

5H2S04:H202:H20 solution for 2 min before epi-

taxial growth. Until the growth temperature was

attained" AsH3 was introduced into the reactor in
order to avoid the thermal damage of the substrate

surface. Then the AsH3 flow was switched to a PH3

flow and epitaxial growth was initiated. The

surface morphologies of these a11oys were mirror-
like. The growth rates for AlGaInP quaternary

a11oys were 0.05um/min, independent of the compo-

sitions.

$3. Results and Discussion

The sol i d-vapor di stri but'ion rel at'ions

In1-rGa*P and Al *In1-*P are shown i n F'i9.2

Fi g.3 ! respecti ve1y. In Fi 9.2, our resul ts

good agreement with those of Yoshino et al.

for
and

are i n
9) The

incorporation efficiency of In atoms for LP-SCS

which means SCS under 1ow pressure is h'igher than

that for LP which means the conventional low

pressure system. An add'itional advantage for this
SCS is the reduction of the PH3 concentration

needed for ep'i taxi a 1 growth. Actual 1y, even a

concentration corresponding to only 30% of that
needed for the LP method without PHl cracking, was
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Fig.3. The relation between Al composit'ions x and
(TMA)/l(rrl)+(TMA)1. Filled circles (o)
filled squares (.) and open circles (o) are
for the LP-SCS method at 750"C, the LP-SCS
method at 650"C and the LP method at 750oC,
res pecti ve1 y.

sufficient for obtaining good epitaxial films.
For Al*In1-*-P, on the other hand, the incorpo-

ration efficiency of In atoms does not depend on

growth methods or growth temperatures, though i t
seems that our construction (SCS) is essentially
more effective for the cracking of the group V

hydni des as growth temperature 'i s' hi gher. Thi s

physical mechanism is not clear yet. It is proba-

bly caused by large segregation of Al.

Figure 4 and Fig.5 show the relation between

X-ray intensity of AlGaInP quaternary a11oy eie-
ments and PH3 flow rate, and growth temperature,

respectively, which were evaluated using an

electron probe X-ray microanalyzer (EPMA). Alloy
compositions x, y were calculated from EPMA re-
s ul ts . Thes e compos i ti ons a re 'i ndepend ent of PHt

flow rate 'in the range between Scc/min and 15cc/

min and also growth temperature 'in the range be-

tween 650"C and 775"C.

Photol umi nescence spectra for (A1 

^Gat 
-^)y-

In1-UP (xT,0.3, yn,0.5) and In1-*Ga*P (xn,0.5) are

s hown 'i n Fi g . 6. The hal f wi dth and the pea k wave-
'length at 77 K are B0meV, 0.65um for InGaP and 150

051015
PH3 (cclmin)

Fig.4. The relation between X-ray intensity
of (AlxGal-x)vIn1-vP a1 1oy elements
and PH3 flow i'ate.- Open squares (o),
open triangles (A), open circles (o) and
fjlled circles (o) are for Al, Ga, In
and P composition, respectively.
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Fig.5. The relation between X-ray intensity
(AlxGal-x)vIn1-yP a11oy elements and
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Fig.6. PL spectra for (41xGa1-x)vIn1:vP (xru0.3,
y^,0.5) and In1-xGa1P (xn:0.5)- almost
I att'i ce-matched to GaAs (na/a <1 0-r ) .

meV, 0.59um for AlGaInP, respectively. These PL

spectra were obtai ned us'ing a 5145A Ar laser

focused on the surface of an AIInP/AlGaInP/AlInP

double heterostructure sample for AlGaInP and

single layer for InGaP.

Electrical properties were also evaluated by

Hall measurements for highly-res'istive samples.

The resist'ivity of undoped films grown on semi-

insulat'ion GaAs ()tOin'cm) were'r,105Q'cm. Carrier

concentration and Hall mobility of AlGaInP were

obtained for the first time. Typ'ica1 carrier con-

centration and Hall mobil'ity were 5x1010.t-3, 1400

,2 /r.sec for InGaP and 5x1010cm-3 , 700cnz /v'sec
for AlGaInP.

$4. Summary

We have successful'ly grown AlGaInP materials

by M0CVD us'ing a self-cracki ng system for PH3.

In the case of InGaP, the incorporat'ion efficiency

of In atoms for LP-SCS 'is higher than that for
LP. For Al InP , however, i ts ef f i c'i ency d'id not

depend on growth temperatures or growth methods.

The compositions x, y of AlGaInP are independent

of PH, flow rates and growth temperatures 'in the

particular range. l,Je have found that these

AlGalnP films obtained are electrically of good

quality.
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