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B-1--l  Properties of Heteroep■ taxia■  InxGa._x,S by llo■ ecu■ar Beam Ep■taxy

So Hiyamizu, T, Fu]■ ■, K. Nanbu ana So Maekawa

Fujitsu Laboratories Ltd.

■0■5 Kamikodanaka Nakahara―ku, Kawasaki, Japan

lnxGa■ _xAs has a direct band gap for a■ ■ va■ues of x.  By varying x from

O to ■ its room_temperature band gap can be adjusted over the range from ■.425

eV (o。 87μ ■l)to O。 36 eV (3。 4 μm)which inc■ udes a ■ovJ―■oss region of optica■

fibers (■ 。0-■ .3 μm).  The crysta■  has been considerab■ y investigated for

optoe■ ectron■c app■ ications.

In this paper we report e■ ectr■ ca■  ana optica■  character■ stics of

ill:]・ IIiiざi::ISa lil[・ :l lili:ielallriali ]Ili:i:tile ii::::iulirti[alilillaxy

We a■ so report the first observation of e■ ectro■uminescence from lnxGa._xAs

diodes by IIBE at a wave■ ength of ■。08 μm.

Monocrysta■■ine lnxGa._xAs 18島 8 。btained uncer the condition that the ratio

of beam intensities, As4/(Ga 十 工n)Was ■0-■5 and substrates vJere kept at 500～

560・ C。

In 1lig. ■ e■ ectron mobi■ ity (μ )at r00m temperature is p■ otted in terms of

the composition for 2 - 3-μ m―thiCk fi■ ms with carrier concentrations of ■-2 x

.。
■7 cm~3.  。。mpaゴ81g with thin fi■ ms (CVD・ ), MBE2))i a consiaerab■ e irnprovement

in mobi■ ity can be secne  The mobi■ ity alnounts to a■ IPLost the salne with that of

thick VPE fi■ ms3,4).  Fige 2 shows profi■ es of the mobi■ ity, carrtter concentra―

tion and photo■ um■ nescence ■ntens■ ty across a 4.、 5-μm―thiCk lnxGa._.As ■ayer

which were measured by step etching.  This fi■ m has a buffer ■ayer with a step_

oompositiona■  grading (x= 0。 04, 0。 07, 0。 ■■3 0o5-μ m―thiCk each)fo■ ■owed by a

uniform oomposition ■ayer (x= 0。 ■4).  The mObi■ ity remains constant over the

range of 2-4。 5 μ■ Of the distance from the substrate and begins to decrease

s■ ight■y from the point of 2 μm, whi■ e the photo■uminescence intensity shows

a steep decrease ■n the region ■ess than 3 μme  BeS■ aes, phOto■um■nescence was

not observed from thin fi■ ms (■ ess than ■.5 μm, x= 00■ )WithOut the buffer ■ayer.

E■ectro■uminescence diode5 0f I≒ Ga._xAs were preptted by llBE which htte‐

simi■ar buffer ■ayer between substrate and p― n 」unction as shown in Fige 3。

A typica■ spectrum with an emission peak at a wave■ ength of ■。08 μm is shOWn in

Fig. 4。   The fu■■ wiath at ha■ f_maximun intensity ■s O.06 μme  The I~V Character―

istics fOr this a■ Ode is g■ ven in Fig。  5。

In the case of I≒ Ga■
…xAs fi■
ms(xく 0。 3)grown on Gtts substrates by lIBE,

■t was rev≦3■ea that buffer ■ayers w■ th, at ■east, 2 ～3-μm―thickness shou■ a be
-23-



required in order to eliminate the effect of lattice mismatch which'is more

serious in optical quality rather than in electrical qual-ity' Furthermoret

preparing buffer layers with various profiles of composition which ca^n be

achieved easily by MBE, we can expect high quality In*GaI-xAs filns with even

larger x.
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Fig. J Structure of
nultllayer diode.

Fig. 4 Electrolumi-
nescence for junction
edge eniesion.

ptrqGq@As(Mt| P.rtrd[td

nlr6co6rs(3r) n*tdtrlP

rllrbrGo13As{sn) c rd;ff
nlr616^-As(Sr0 rE lq9il'
nJrbcrsas€n) n' loA|l{

rrco As(st ) sru r-2-Srtdttt'

』工
鰤
一　
い
　
一嚇鰤蜘

04

b3

o   02  04  06  0.3   10
(GaAs)        X         (lnAs)

Fig. l  E■ ectron mobility vs COmp9sitiOn

in lnxCa._xAs fil■8 0n CaAse
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Fig. 2 Profiles of electron mobility, carrier

concentration and photoluninescence intensity
across a 4.5-pn-thick In*Gar-*As layer'
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Flg, 5 I - V characteristics for
the diode (1 nA/di.v., I v/div. ).

＾
菫

５

、
む
じ“一ｎ
ｔ

一

■^
一■
″
む
留
“洒
々
ゝ
“「
ｃ
●
〓
Ｔ
〓
５
８
，
壱
５
●
０
と

い′ダ″▲′′一一ス′

　̈　？・　／縣　プ″′

瑯
載
Ｖ
一Cot etα l(VPE〕 t■ 5

にtodo etal tVPE)t2
Nlotttrngo“●LCM"
田 i゛ etal CVD)

―

・
―

一

←

Wav. L.ngth(l||n)


