OMVPE Growth and Characterization of Undoped
and Si Doped GaAS Epitaxial Layers on Ge

Prasanta Modak, Mantu Kumar Hudalt, Shyam Hardikar and 5.8. Krupanighi'

Canfral Research Laboralory,
EBharat Efectronics,
Bangalors — 560 013

'"Materials Research Centre,
Indfan instfute of Science,
Bangalore — 560 012

Abstract

Low  FPresvure  (hgarewnetallic. Vapor  Phase
Emitary (LPCMVPES growth of wndoped and xilicon
dogeed epetarial Ciads om G wew corred out with o
variation in growth femperature and grosdh rate. (n cave of
bt the umdoped and doped Ciads, -8 etok confirmed the
abience of anti phase domaimd e Deubde Crmtal -
ray INffraction (ICXRIN indicated thay the epufayers are
compressive in mature amd the full width of hall maxima
(FWEINGD for S doped somples incrvaved with inoreasing

growth rafe ond  decreased with  fnereaving  gronoth
femperaire Faow e wraloypurd {aed s, thre
photolummescence(f)  showed  an acceprw Hound

n:l:urrmrl:;m..rﬁ [.—1'.1 frmrsafior) of F 5025 @l '-l.l'mug il (e
LL3 phewont replicate of the acceplor houngd exciion hand @
F.3740 &' Thie PL sprecira from the Sicdoped Gads showeed
fanr feale (ransifton of 51 acceplor fevels corresponding fo
an energy fevel of 14866 el along with the excitome peak
al | 307 el This resuil confirms the obwence of outdifuxion
of (e imfo Dads in ownr precend growtlh process. The B0
dati revealy g mp shructire where the o region (8 or Gy
and may be dwe fo A vacancies creafed by the indifiion
af As into Ge substrale. The (e sofisirate was frand fo be

beervily doped with As in the range of 10°° cm.

A lntroduction

Gass solar cells offer the highest efficency
demonsirited to date for space applicatsons{1] In terms of
power-to-welght ratio, Gads on Ge can outperform GaAs
on GaAs solar cells in space applications. Furthermore, (ls
reverse breakdown volage of Gafs cells grown on Ge
subtstrates o5 bower than that of Gads calls grown on Gads
substrales, which cah reduce the cell degradation cansed by
large revirss currents| 2]

The use of Ge instead of GaAs substrates involves
materials  growih issues ke the growth of polar
sermicenductons on nompalar substrates, GaAs dopimg by Ge,
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(e doping by Ga and As The slight charge imbalance
betwesn the Ge and GaAs has besn reported to form Anti
Phass Domainsi APDs) which are small areas resembling
palyerystalline graans which reduce the electronic quality of
Gads layers grown on Ge. The pen junction i the Ge is
ereated by diffunion of CGa and As into the G2 during the
GaAs cell growth This results in a shallow p-n junciion
(called active-Gel, just balow  the GaAs epilayer which
contributes extra photovoltags in cascade with the GaAs p'n
Jumetion. However, this active-Ge structure dozs not provide
any extra power ouiput and, in fact, redoeces the iotal
efficiency|2]

In this work, we have studied the effects of LP-
OMVPE growth conditions on the interface properfias of
both the undoped and Si doped epilavers of Gafs on both
the Ge and GaAs substrates Attempts have been made to
prow Gads on Ge which is free from APD's pnd possesses
passive Gaas on Ge junction

B. Experimental Detuils

Growth af undeped and 51 doped epstaxial GiAs
layers was carmied our in @ honzontal low  pressure
ofgainetallic viepor pluse spisy (LP-OMVPE) feactor al
108} Torr wsing high purity hydrogen as the carmer gas and
TrimethylgalliumdTMG) and 100% Arsinel AsH,) as the
group Il and group V sources respectively with Silans
(SiH,) a5 the Si dopant gas Sh doped Ce substrates of
(100} anenation &7 off towsirds < 110> were used for the
growth process Details of the growth procedure can be
found elsewhere[]. Doping studies were cirned oul with a
varation in lemperature fram 600 ta 725 °C and TMG mols
fraction was varied betwesn 8.92% 10 and 2 675007

In order to investigate the eplayer quality and the
GaAs'Ge interface, the epulayers were subgected 10 vanouas
characterization technigues viz., A-B stch, Double Crystal
Neray  Dnffraction (DCXRD),  low  iemperature
photaluminescencs (LTPL) using Argon ion laser and the
Electtachemical CVIECV) profiler.



C. Results and discussions
(1) A-B etch studies

A-B etch revealed the etch pits in our samples and
this can be seen from Figl TimD et &l [4] observed
similar mesulin under higher growih rate  condilions.
Mizugichi et al [£] reports of APD's on GaAs grown on
Ge of exactly (100 orientation. Thare, the hexagonal etched
slots are clearly seen and the patterns are typical APDVs in
which small regions hive two different orientations. The
directions of hexagonal sich pit of neighboring domains ars
@ right anghes. Our figure shows typical sich pattern of an
epitaxial CGinAs/Ge layer and all the pits ar oriened in the
mme direction This result confirms that the Gads layers
growm on 6" off oriented( 100} twward (1101Ce substrate
consists af singie domain.

Fig.1 Mmhplnnhﬁa.u‘ﬂemuph

(I PCXRD

Before growing 5i doped Gads on Ge we
confirmed the epitacial nature of undoped GaAs on Ge. The
GaAs epilayer peak appearsd on the right side of ihe Ge
pﬂlswhwhlxinmdm:hfaﬂllllh:ﬂa.hepthwr
lantice constant is higher than that of the Ge. The FWHM
corresponding to the GaAs layer was around 45 arc sec
which proved that the epilayer quality was of a high crder.
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Fig2 DCXRD plot showing the varation of FWHM and
compression with growth tempersture of 3i doped GaAs/Ge

For the 5i doped Gads, the FWHM. reduced wath
higher growth temperature as also with lower TMG mole
fraction. The compression initially increases and then
decreases with growth temperature (Fig ). Eres ev al [6]
report that the FWHM of Ge{400) diffraction lines of bath
Slowdy and rapidly grown films were broadened  If
insrumental  broadening s neglected,  the  majer
contributions 1o broadening would be due to diffraction
from a finkle number of lattice planes (panicle size
broadening) and dislocations The reduction in FWHM with
growth temperature may be due to slips occuring as @ result
of plastic deformation when the stress due to differential
thermal expansion exceeds the critical yield stress of Ge
This shows 1hat 3 besst for some purposes, it is wrong 1o
assume that the small differences between the laotics
constants and thermal expansion coefficients of Ge and
CaAs can be neglected

k)

Ay SO
i .
i
i -

Fig.3. ECV profile of undoped and doped CiaAs/Ge.
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(Il Photoluminescence:

The photoluminescence studies have been carried
out both on the sample surfice and after etching some
thickness of the epilayer as per the regions defined
Fig(3) The region | corresponds to the n-type epilayer
GaAs, the region 11 s p type GaAs (confirmed by
photovoltage spectroscopy measurements) and the region (11
is Ge substrale. For the undoped GaAs, the PL spectrum
(Fig4) from the region | chowed an acceptor  bound
excitonic peak { A'X transition) at [ 5125 eV along with
the LO phonon replicate of the acceptor bound exciton band
at 1.4749 eV[7]. The FWHM of photoluminescence peaks
were around 10.3 meV which indicated the GaAs epiaxial
layers werz high quality. There were no Ge related peaks
12, (e,Ge',,) transition were not observed in this spectrum.
Thus confirmed that there was no Ge outdiffusion into GaAs
in our present growth conditions The photolumiscence
spectrum correspondimng to the region Il for undoped
GaAs was taken after etching about 0.3 um The PL peak
was &t 1.516 eV with a FWHM of 132 meV which
corresponded to the free excitonic emission This p ype
region may be believed Lo be dus to'the As vacancies in the
epilayer caused by indiffusion of As into the Ge substrage
The PL spectra (Fig.5) for the surface of the Si doped GaAs
showed two hole transition of Si acceptor  levels
corresponding, fo an energy level of 14866 eV [8] along,
wath the excitonic peak ar 1.507 &V with a FWHM of 7
meY The PL spectrum for the region |1 also showsd the
same peaks as we obtained in region | This PL spectrum
suggested that there was no Ge out diffusion fram the
substrate. Similar results have bean chsarvad by Fischer of
al [7] in the molecular beam epitaxy (MBE) growth Process.
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Fig. 5. PL spectra of Si doped GaAs/Ge.

i) ECY profile

A& shown in the Fig 3 |, the ECV plot for
both the undoped and doped GaAs on Ge, there are three
clearly defined regions. Region | correponds io the surface
of the Gahs epilayer which was n-type Region 11 was p-
lype, as per Photovoliage spectrum (not shown), this is
Gahs. Region IT1 was n-type Ge substrate, it can be seen
that this part of the substrate adjacent to the GaAs epilayer
is heavily doped n type with As. N Chand et al [9] report
thyristor like npnp structure for MBE growth of n-Gahs on
p-Ge substrate They show that Ge from the substrate
diffuses into the growing GaAs layer and As from the Gads
into the Ge substrate inverting the Ge surface from p to n
type. If Ge in GaAs is occupying As sites (As vacancies
baing:rﬂndhyhimﬁ!ﬁmim1mﬁe}.ﬁem]lbelhawas
@ p dopant in GaAs. This phenomenen will result in ah
npnp thyristorlike structure with no gaie as proved by
electrical and optical characteristics. However, in our case,
although there was As oui-diffusion into Ge, no out-
diffusion of Ge into Gads had taken place. This was
confirmed by PL measursmenis,

D. Conclusions

Epitaial growth of both the undoped and doped
GaAs on Ge by LP-OMVPE technique has been carried out
The AR etch studies revealed etch pits and clearly indicated
that all the etch pits were oriented in the same dirsction
Thisrmllfuﬂ.htrmtﬁmulhiltheﬁ‘aﬁsla}mgrmun
6" off (100) toward (110} Ge substrates consist of single
domain, The DCXRD results confirmed compressive Gads
on Ge as also indicated better nucleation at lower growth
rates The PL spectra indicated the sbsence of Ge out-
diffusion inta Gahs, T]::E(.“l-"pmﬁjerwuiednnnpn
structure with the p type region being loated in the GaAs a
the GaAs/Ge heterointerface. This p type conductivity may
be due to the As vacacies created by the indiffusion of As
into Ge during the growth process,
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