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Laser Assisted MOVPE Growth of III.Y Compounds

1. Introducti-on
Since the first proposal and experirnent of the

epitaxlal growth under light irradiationrl r2)

followed by the development of lasers, there has

been an inereasing interest in Laser assisted
vapor phase epitaxy (VPE) of a variety of seni-
conductors. Recent growths of III-V compounds,

especlally of GaAs, by metalorganic vapor phase

epitaxy(M0VPE) as well as hal-ide transport VPE

utilizJng Ar or
demonstrated nany

exeiner laserr3-8) h".r"
attractive features such as

lower growth temperature, higher growth rate and

higher crystalline quality conpared to
conventional- VPE although the growth mechanisn is
not yet clearly known.

Taking advantage of these features, one can

expect selective area growth, which would be

usefui for the semiconductor device processing. In
achieving the ideal selective area growth, i.e.,
epitaxial growth in the region irradiated with
laser light and no deposition in the unirradiated
region, the growth tenperature rnust be renarkably
l-ow. The state of the art technology of the laser
assisted selective deposition has shoi.m that high
erystalline-quality layers can be grown at an

extrenely enhanced growth rate but some deposltion
takes place also in the unirradiated region and

that on the other hand the deposition of low

crystal-1ine-quality layers oecurs in the
irradiated area at temperatures low enough to

D-6-1

avoid any deposits in the unirradiated area.

As another application of the laser assisted
MOVPE growth, the authors group has propo""d9)
the selective control or urodulation of the
properties of epitaxial layersr e.9., carrier
concentration, conductivity type and alloy
composition, retaining their high crystalline
quality. This growth, the concept of which is
schernatj-cally shown on the right hand side of Fig.

1, would take place at the tenperature optimized
to obtain high quality MOVPE layers,

The present talk is concerned with the state of
the art of the laser assisted MOVPE growth, with
emphasis on the selective area control based on

our recent experinental results. Sone of the
potential deviee applleations of this growth are

also described.
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The state of the art of the laser assisted MOVPE growth of GaAs and AlGaAs is
descri-bed, wi-th enphasis on the selective area control or nodulati-on of properties of
epitaxial layers. Carrier concentration and eonductivity type in GaAs and al1oy
composition in AlGaAs can be changed by exeimer laser induced decomposition of source
nateri-a1s retaining the crystalllne quality of the i-rradiated and unirradiated area
sati-sfactorily high. Potential applications of this growth techni-que for electroni-c
and optoelectronic devices are discussed based on our reeent study of E/D type GaAs
MESFET.

Fig. 1 Two concepts

il-lustrated.

423

of laser assisted M0VPE are



2. Growth Technique

The growth systen in our studies,9,10) shown in
Fig. 2, is conposed of a conventional- 1ow pressure

MOVPE apparatus and an excine? laser light excita-
tion source. A horizontal quartz reactor wlth an

optical wi-ndow nade of Suprasil is of double tube

structure to prevent unwanted deposits on the
window; source gases are introduced into an inner
tube and the H2 gas is into the outer tube. The

substrate is irradiated at normal i-ncidence with
laser light passing through a mask.

The growth conditions were opti-nized for th6
conventi-onal MOVPE growth of high quality GaAs and

ALGaAs. The 193nn light from the ArF excimer laser
were used, since the main absorption peaks of
t ri me thy 1 ga 1 1 iun (TMGa), trimethylaluminum( TMA I ),
AsH3, tetramethylsi-1ane(Tl4Si) and dimethyl zi-nc
(DMZn) are located around. 200nn. The pulse energy

d.ensity used. is typical ly O.O3J / cn2 and the
temperature rise on the substrate would not be so

i-nportant. A typical growth rate of 67n/h was not
influenced by laser lrradiation at growth
tenperatures from 60O to 800 oC.

Fig. 2 Schenatic diagran of
MOVPE system.

Exhoust
System

the l-aser-assisted

3. Control of Carri-er Concentration

Fi-gure 3 shows the carrier concentration and

mobility at room temperature in undoped GaAs

layers grown at various V /TII source materlal
ratio. The carrier concentration in the n-type
region is higher for the irradiated area, and that
in the p-type region is lower. It is noted that
hole mobility is lower for the irradiated part.
This implies that the laser-j-nduced incorporation

of the n-type i_mpuritie s invo l ved in the
reaetants. Seeondary ion nass spectroscopy(SIMS)
analysis has shown that the Si impurity concentra_
tion is higher in the irradiated area than in the
unirradiated area.

Laser-assisted growth of doped GaAs has been
earri-ed out usi_ng TMSi and DMZn as dopant sources
under the conditions shown in Tabl-e l. When TMSi
was intentionally introduced during growth, a

dramatic increase i-n electron coneentrati-on in the
lrradiated area was observed as shown in Fig. /r.
This effect is evidently due to the laser-enhanced
decomposition of TMS1, beeause no effect was
observed when si-lane, which has no absorption
around 200nm, was used instead of TMSi. The
growth of p-type GaAs at ZOO"C using DMZn as a
dopant has shown that the hole eoncentration is
not influenced by laser irradiation, since DMZn is
sufflciently decomposed thernally at this growth
ternperature. Therefore, we can expeet conversion
from p- to n-type conductivity in the irradiated
area with increasing TMS1 flow rate, by
introdueing DMZn and TMS1 simul_taneously. This was

realized as seen in Flg. 5. Tt is noted from Figs.
4 and 5 that we can fabricate seni-insulating
area surrounded with n- or p-type area selecting
appropri_ate growth temperature and dopant flow
rate.
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Table 1 Growth conditions for laser-assisted M0VPE of doped GaAs epitaxial layers.

GaAs: Si GaAs: Si, Zn

Substrate
Growth tenperature ( oC)

Reactor pressure (Torr)
Flow rate (sccn)

TMGa

AsH3

TMSi

DMZn

Total H2

Excimer laser (ArF)

Wavelength (nm)

Average power density (W/enz)

Repetition rate (Hz)

Pulse energy density (nl/cn?)

GaAs:Cr (too) 2a off
$9Q-;800 700

i00 100

O. /+

20

0.002^,0.0i 2

5000

193

1.5

50

30

0. /+

20

0.001^,0.012

6.25x10-3

5000

193

1.1

50

22

Fig. 4. Growth temperature dependence

concentration and mobility for Si-doped

GoAs:Si,Zn qt RT

o a with Excimer Loser
. a without

Ie 700'C
Pressure 100Torr '^-€-^-1-t'
TMC'o 0.4 sccm
A,H t0;; n-type -?-
DMZn 525xP-3scon
Totol H2 5stm
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Fig. J Carrier concentration and nobility as a

function of TMSi flow rate for Si- and Zn-doned

GaAs.
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{. Control of Al1oy Conposition

The 41 content in AIGaAs inereases with growth

temperature and is saturated above ?00"C. The A1

content was increased by laser'irradiation during
growth particularly at growth tenperatures lower
than 700oC(Fig. 6). The distribution of 41 content
eval-uated by X-ray double crystal diffraction
measurement is shown in Fig. 7. It is clearly seen

that the A1 content is higher in the j-rradlated
region. These results could be explained by laser-
indueed thernal'or photoehemical deeompositions.

Alrc,or-xAs tiMAl
' tTMAI.ITMGI

o with Excimer Loset
. wilhoJt

Fig. 5 Growth

1n AlGaAs.
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tenperature dependence of A1 content

5. Potential Applicati-ons
The laser assisted M0VPE technique i_s

potentially applicable to the fabrication of a

vari-ety of eleetronic and optoelectroni_c deviees.
One of applieations is fabricati-on of the GaAs

MESFET logic consisting of E(enhancement)- and
D(depletion)-type FETts on a single GaAs

substrate. Recently, we have succeeded in making

D-FET and E-FET on n+(imad.iated, 5x1017 " 
-3) and

n(unlrradiated, 3x1016. -3) regions, respectively.
Another application to the GaAs complenentary
logie consisting of p- and n-channel FETrs would
also be possible. Further application to
seniconductor lasers of current eonfinenent
structure uti\iz:-ng seni-insulating regions is
especially expeeted.
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Fig. 7 Distribution of A1 content in
eval-uated by x-ray double crystal
measurements.
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