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A diode structure consisting of a polar epilayer on a nonpolar substrate grown by metalorganic
vapor phase epitaxy often faces problems of antiphase domain formation in the polar semiconductor
and cross diffusion across the heterointerface. Ge outdiffusion into GaAs epilayers was studied by
low temperature photoluminescence spectroscopy after etching the film from the surface. The
absence op-njunction formation inside the Ge substrate from interdiffusion of Ga and As has been
studied by current-voltage characteristics using mesa diodes. These observations were confirmed by
electrochemical capacitance voltage polaron profiler and secondary ion mass spectroscopy
techniques. To understand the material quality and current conduction mechanism across the GaAs/
Ge heterojunctionl-V characteristics of Si-dopeatGaAsh-Ge isotype heterojunctions using Au
Schottky diodes have been studied for different doping densities. A plethora of growth conditions
appear in the literature concerning the attempt to grow antiphase d¢ARD)-free GaAs on Ge.

In the present case, even though the growth temperature regime is close to reported values, the main
difference in minimizing APD formation may arise from the growth rdte8 um/h) and the V/IlI

ratio (~88). © 1999 American Vacuum Socief$s0734-211X99)08303-1

|. INTRODUCTION heterointerfacé?~1"yet there is little reported on the electri-
cal characteristics of the isotype heterojunctie@aAs on
GaAs/Ge epitaxial heterostructur@s$Ss have received a p-Ge dioded®2°
great deal of attention as starting materials for the fabrication pomains of different sublattice locations are separated by
of space quality solar cefis® and their potential application  Ap boundariesAPBS), which are expected to provide deep
in electronic and optoelectronic deviceS.Due to its high |evels inside the forbidden band and to act as scattering
mechanical strength, Ge is an optimized substrate material ifenter62” The problem of the formation of misfit disloca-
terms of its power-to-weight ratio for high efficiency (jons(MDs), due to the difference in lattice constant between
GaAs/Ge photovoltaic devicé®!! As large area, minority GaAs and G&82° affects solar cell performance, i.e., it de-
carrier devices, Ill-V/Ge cells are extremely sensitive 10 de-reases in the minority carrier lifetime, increases in the in-
fects. The elimination of antiphase domai#PDs), which (o face recombination velocity, and increases the leakage at
are characteristic of polar-on-nonpolar epitaxy, and sUppresyg jnction, therefore worsening cell performafit&t One
ston of Iarge—spale interdiffusion across the GaAs/Ge h?ter_qmportant problem is that Ge atoms easily evaporate from Ge
interface remain key challenges for increased yield, rellab|l—Substrates during growth and can be incorporated into the

ity, and performance. epilayer as-type impurities during growth of the solar cells

GaAs on Ge, i.e., polar-on-nonpolar epitaxy by metalor-(this is called the autodopi : :
. : ) ) ; ping efféet3. A high autodoping
ganic vapor phase epitaxOVPE) is an important issue |, | may also make p-type layer highly compensated, and

regarding the optical and electrical properties not only from &his makes it difficult to control the carrier concentration

fundamental point of view but also for device appllcatlons,leveI of ann-type layer. This autodoping effect is a serious

such as buffer and base layers of solar cells. A polar-on- .
N ; problem at atmospheric reactor pressiré but was found
nonpolar heterojunction diode presents two problems

S L . to be unimportant in low pressur€0 mbaj MOVPE

namely, APD formation in the epitaxial polar semiconductor 9 : . .
e . . reactors’? The main problem thus is to reduce the Ga diffu-
and cross diffusion at the heterointerface, which leads to un-." . : )
sion into the Ge substrate to avoid the formation of an un-

controlled doping on both sides of the junction. It has been anted p-n junction in the Ge substraf®® or at the

hown that APD formation in n n r g )
shown that or! 'ato GaAs o Ge.ca be suppresse aAs-Ge heterointerfat&that could affect the performance
through use of a vicina{100 substrate miscut several de- of the GaAs/Ge solar celsWhen b/n GaAs solar cells are
grees toward$011].12~** A number of reports in the litera- oo Ge subsirat P tra photovoltey)
ture examine cross diffusion at the GaAS_Gegrown_on -lype L€ substrates, an extra photovo
effect is often observed from the current-voltg@&/) curve
3 P——— - . of the cells, which implies PV behavior of tieGaAsh-Ge
Electronic mail: mantu@mrc.iisc.ernet.in .
bAuthor to whom correspondence should be addressed; electronic maif€terostructure, or less accurately, of the GaAs/Ge interface.
sbk@mrc.iisc.ernet.in This extra PV effect does not always provide extra power
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output and, in fact, it normally reduces the total efficiency of The double crystal x-ray diffractiofDCXRD) technique
the cell by decreasing its fill factor. The precise mechanisnwas used to measure the perpendicular lattice spaxinof
leading to the interface PV effect has not been completelyhe epitaxial films. PL measurements were carried out using
resolved. The two most likely possibilities are variation in a MIDAC Fourier transform PI(FTPL) system at a tempera-
the surface states at the GaAs/Ge heterojunction and/or foture of 4.2 K and 100 mW laser power for determination of
mation of ap-n junction in the Ge substrate from interdiffu- Ge outdiffusion(if any). An argon ion laser operating at a
sion of element§Ga and As into Ge, Ge into Gap® A wavelength of 5145 A was used as a source of excitation.
detailed study of the optimal growth conditions for APD free The exposed area was about 3 fnffihe PL signal was de-
GaAs growth on Ge by MOVPE has recently been reportedected by a liquid nitrogeiLN,) cooled Ge photodetector
by Li et al®®37 They found that a combination of a large whose operating range was about 0.75-1.9 eV, while the
substrate offcut toward an in-plag&l0 coupled with a high  resolution was kept at about 0.5 meV. The doping concen-
substrate temperature-650 °C or higher, relatively low trations were determined by a Bio-Rad electrochemical ca-
growth rate(below 2 um/h), and a high As/Ga ratio~60:1)  pacitance voltage (ECV) polaron profiler and the
are the requirements for APD free MOVPE GaXdo elec-  capacitance-voltagéC-V) technique. Interdiffusion of Ge,
trical doping measurements were done on these films, buka, and As was determined by secondary ion mass spectros-
evidence of massive Ge outdiffusion into GaAs grown on Gecopy (SIMS). A Cs' ion was used as a primary ion with an
by MOVPE at high growth temperatures and low growthacceleration energy of 10 keV. The/ characteristics were
rates has been previously reporté®ince Ge diffusion into  determined in order to understand the current transport
GaAs occurs via Ga vacancfésnd the Ga vacancy popu- across the heterointerface.
lation will increase with increasing V/III ratio and with de-
creasing growth raté.e., lower Ga flow, it appears that the
conditions for APD suppression identified byétial3®37are  B. Heterojunction processing for  /-V measurements
||ke|y to result in Signiﬁcant Ge Outdiffusion, and further The heterojunctions were processelemeasurements
work is required to identify MOVPE growth conditions that hy making back ohmic contacts using a Au-Ge eutectic with
simultaneously produce APD suppression and chemicallyn overlayer of Au. This was accomplished-a450 °C for
sharp interfaces. ~2 min in ultrahigh purity N ambient atmosphere. On the
Few report8’*®*%on Si-doped GaAs on Ge are available as-grown layer, Au dots were made by vacuum evaporation
for any indirect information on the interdiffusion phenomenato form Schottky contacts on the top of Si_doped GaAs epi_
by photoluminescencé€PL) investigations. In order to ex- taxial films. In addition, ohmic contacts were also made on
plore the potential application of this material system fortop of the epitaxial films and as well as on the back side of
devices, such as heterojunction bipolar transistetBTS),  the Ge wafer.
solar Ce”S, and to Study and minimize the effect of interdif- Different diode areas were made by using a physica' mask
fusion of Ge, Ga, and As atoms across the heterointerfacgqhat had dots of different sizes. Next, mesas were formed by
investigations of the growth, optical, and electrical charactergtching the GaAs using NJ®H:H,0,:H,O (1:1:40 solu-
istics of n-GaAsh-Ge heterojunctions grown on Ge sub- tions, using the Au-Ge dots as masks. The room temperature
strates were carried out. In this article we report thé |y characteristics of the diodes were checked using an au-
characteristics of GaAs-Ge heterOjUnCtion diodes fabricate%mated arrangement Consisting ofa Ke|th|ey source measur-
by MOVPE in order to gain further understanding of thejng unit SMU236, an IBM PC486, and a probe station. Since
electron transport mechanisms across the GaAsH@¢so-  the space quality solar cells work at 300 K and above, we
type heterojunction. restrict our discussion to 300 K only.

[I. HETEROJUNCTION GROWTH AND PROCESSING
lll. RESULTS AND DISCUSSION

A. Double crystal x-ray diffraction of epi-GaAs on Ge

A. Heterojunction growth

Undoped and Si-dopeattype GaAs were grown in a low
pressure horizontal MOVPE reactor on Sbh-doped?2( The x-ray rocking curves of undoped and Si-doped
X 10Y ecm™3) n*-Ge (100 6° misoriented towards tH410] ~ GaAs/Ge epitaxial layers were examined by DCXRD using
direction. The source materials were trimethylgallium Cu K« radiation as the x-ray source. Figureg)land 1b)
(TMGa), (10099 arsine (AsH), (104 ppm silane(SiH,) as  show typical DCXRD rocking curves from thd00 Bragg
ann-type dopant, and palladium purified,lds a carrier gas. lines of the undoped and Si-doped GaAs on Ge substrates; in
During growth, the pressure inside the reactor was kept dboth cases the epitaxial layer thicknés2 um for undoped
100 Torr and the growth temperature was varied from 600 tand ~1 um for Si-doped GaAs epitaxial filiris larger than
725 °C. The TMGa and Astflow rates were varied from 5 the critical layer thickness. The average peak separation be-
to 20 and from 30 to 100 sccm, respectively. The total flomtween the Ge substrate and the undoped and Si-doped GaAs
rate was kept at about 2 slpm. Prior to growth, the Ge subepitaxial layers is about 220 and 200—-220 s, respectively.
strates were degreased with organic solvents, then etched The angular separatiod\d, between the(400 diffraction
1 HF: 1 H,0,:30 H,O for 15 s according to specifications peaks of GaAs and Ge resulting from the difference in lattice
given by Ge substrate supplier, Laser Diode Inc. plane spacingAd/d, along with their diffraction line pro-
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12 GaAs and 7.6 10 *—8.6x 10 * for Si-doped GaAs epitax-
FWHM=24.5 ial film, respectively, after taking into account the aniso-
1ok EWHM-= 44.8 tropic elastic constants of GaASThis shrinkage of the lat-
| - tice along the depth is due to the elastic deformation that
may be caused by stretching of the lattice along the surface
T 8r because of the difference in thermal shrinking between the
% B GaAs epitaxial layer and the Ge substrate. The in-plane
- 6 Ge strain for unrelated epitaxial GaAs on Ge 4s1.3X 103,
% r GaAs which would give a perpendicular strain #f1.9x 103 as-
= 4 suming a Poisson ratio of 0.312, whereas the observed per-
S i pendicular strain was-7.6x10" % to —8.6x10 * (lattice
8 contraction. Therefore, the observed in-plane strain is ten-
2r sile rather than the compressive strain expected from the dif-
i J L ference in lattice parameter. Such lattice contractions are
or ~ normally expected due to the differences in coefficients of
TR S Y Y S T DO N thermal expansion between GaAg5.7x10 %-7.2
-1000 -500 0 500 1000 X 10°® K~ between room temperature and growth tempera-
(@) Position (sec) ture (700 °O]*** and Ge (5. 10 6-7.88x10°% K~ 1in
the same temperature rang2 Based upon this, it can be
10 argued that the observed strain arises from the differences in
. FWHM=36.8 thermal expansion coefficiedtsand may also be due to
8 - some possible strain relaxation generated by misfit disloca-
FWHM = 44.2 tions at the interface in the growth temperature regdifme.
S T Therefore, the small difference between the lattice constants
gl and thermal expansion coefficients of GaAs and Ge cannot
= be neglected? and gives rise to the MDs.
o I Ge GaAs
A
..‘.:“.. B. Low temperature photoluminescence studies
8 In order to find out the Ge outdiffusion from the sub-
O 2F strates into the GaAs epilayers, low temperature(PLPL)
- ‘ k spectra were taken on the samples whose DCXRD curves
ok were presented in Fig. 1. Prior to the Si-doped GaAs on Ge
ey g4 growth, undoped GaAs on qu um) was grown in order
-800 -400 0 400 to check the Ge outdiffusion into the film. Figure 2 shows a
- PL spectrum of undoped GaAs on the Ge substrate. It can be
(b) Position (sec)

seen that this film has only one peak at 1.5125 eV corre-
Fie. 1. DCXRD plot of(a) undoped GaAs on Ge arfh) Si-doped GaAs on  SPoNding to the acceptor bound exciton with a full width at
Ge substrates. The corresponding growth parametergapre,—625°c,  half maximum (FWHM) of 10.3 meV. This PL spectrum
[TMGa]=1.78x10"*, [AsHg =1.57x10 2 and (b) T;=650 °C,[TMGa] ~ suggests the absence of Ge outdiffusion from the substrate,
=2.67<10 %, [AsHg] =1.5710 2, [SiH,]=5.18<10"", respectively. but Ge outdiffusion was observed by Fisctetral® and by
Masselink et al*® in the molecular beam epitax¢MBE)
growth process and by Timet al2® in the MOVPE growth
process. In our case, the only peak appears at 1.5125 eV for
a typical undoped GaAs epitaxial layer on the Ge substrate.
If Ge outdiffusion (the Ge binding energy in GaAs is 43
Ad  —2sinA6/2) meV) is present inside the GaAs epitaxial films, one could
=3 EW' (N observe the peak at around 1.474 eV at a low temperature PL
+ b measurement. Since, there is no peak at around 1.474 eV
where (Aa/a), =fractional change in the lattice constant, under our present growth conditions, we can conclude that
and 6,= Bragg angle for thé400 plane. The location of the there is insignificant outdiffusion of Ge inside the GaAs film
peak associated with the epitaxial layer relative to the suband hence the film is of high quality. The photoluminescence
strate, in our case, indicates that the Bragg angle of the epis indicative of the quality of GaAs epitaxial layers and is not
taxial layer has increased and therefore the lattice has comtended to address either the antiphase domain problem or
tracted. The deviation of the lattice constant of the GaAshe interface properties.
layers on the Ge substrates is calculated from @Y. The The above results were presented for the optical quality of
deviation of the lattice constant of the GaAs layers on the Gé¢he film from the surface. In order to further confirm insig-
substrate from that of the bulk is 8860 “ for undoped nificant outdiffusion of Ge from the substrate into the GaAs

files provided information about the microstructural quality
of the GaAs films.A# and the relative lattice mismatch are
related by the following equation:

Aa
a
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FiG. 2. 4.2 K photoluminescence spectra of undoped GaAs ofelGat the  Fig. 3. 4.2 K photoluminescence spectra of Si-doped GaAs otelGat the
surface(solid ling) and (b) after etching about 1.am (dashed ling The  surface(solid line) and (b) after etching about 0.8m (dashed ling The
corresponding growth parameters af@ T.=625°C, [TMGa]=1.78  corresponding growth parameters af@ T,=625°C, [TMGa]=1.78
X104, [AsH;]=1.57x10"2 X 1074, [AsHg] = 1.57X 1072, [SiH,]=5.18x10"".

epitaxial film, the PL spectrum was taken after etching theC. Secondary ion mass spectroscopy studies
GaAs epitaxial layer through the ECV profiler about u3
from the top surface of the layer. The typical PL spectrum

through the ECV etch portiofetch area~10 mnf) of the used. It is a powerful technique for quantitative measure-

GaAs epitaxial layer after etching is also shown in Fig. 2. Itments of dopant and impurity levels in semiconductors. The

can be seen that the peak appears at around 1.516 eV, which : , :
is a free exciton in the GaAs epitaxial filffi,and confirms &Oncentration of a particular element can be profiled through

T . . . . a layer using the dynamical SIMS technique. With this
that the film is of high quality. Before etching the film, the method, the mass spectral peak intensity corresponding to a

PL peak was found at around 1.5125 eV, which is an exciton

articular ion is monitored as a function of time using a high
bound to acceptor. The peak at around 1.474 eV was nés%puttering rate. Figure 4 shows the depth profiled5 A/

gs;sfzrc\;e_dTi\éer;r:;rhsehg(ef;hlzo; k()e(\a)loivr;/ 3;2] ;r:;l t:](;ytog)e of Ga, As, Ge, C, Si, and O atoms in the Sl-dop_ed GaAs on
attributed to possible Ge outdiffusion into the immediate vi—Ge' [Tleasured by SIMS for a_TMG_a mole fraction of 2.'67
cinity of the GaAs film. This results in an increase in carrier>< 10" All atoms were barely interdiffused at the hete_romt—
concentration and a sﬁift in the PL peak erfacg of. thg G.aA.s—Ge-n system. The abrupt heter_omtgr—

' face in this film indicates approximately 230 nm outdiffusion

;— T: tP L Ep(?crtra cr)]f(jS|;td?p(?[dhiGr]aAsreplrt1a>\j:lz:11l i1:1|n|;is og ?_ﬁof Ge into the GaAs epifilm. In order to check the unwanted
substrates betore and after elching areé sho g. 3. S-njunction formation into the Ge substrate by the simulta-

thicknesses of the S|_-doped films are around 0.94xD It. . neous diffusion of Ga and As, the current-voltage character-
can be seen from Fig. 3 that under the process conditions

o ) e IStics were obtained on the same epitaxial films, and was
specified, we did not observe any Ge outdiffusion from theShOWn in the PL spectrum of Fig. 3
substrate into the epilayer. If Ge outdiffugdsat all) into the T
epilayer, the electron concentration should increase because o )
Ge is ann-type dopant in GaA¢Ref. 47) under the epitaxial D. I-V characteristics of Schottky contact on Si-doped

growth conditions used in these experiments. The increase #\’GaAS layer

electron concentration leads to a shift of the PL main peak Schottky diodes were selected because they are easy to
towards the higher energy side due to the Burstein-Mos$abricate and study, and very useful information can be ob-
effect®® The peak at 1.4864 eV is due to the two-hole tran-tained from them. The GaAs on Ge diodes was characterized
sition of an exciton bound to neutral Si don8?sSince the by C-V and |-V techniques to gain further understanding of
PL main peak energy before and after etching was almost thine conduction dynamics and the extent of Ge diffusion into
same(the difference was within the resolution limitve can  the GaAs. The electron density was measured by the ECV
conclude that there is insignificant outdiffusion of Ge into polaron profiler and further confirmed by conventiogaV
GaAs during growth. measurement. The electron concentrations ranged from 1.0

In order to check the outdiffusion of Ga and As into Ge
and as well as Ge outdiffusion into GaAs films, SIMS was

J. Vac. Sci. Technol. B, Vol. 17, No. 3, May/Jun 1999
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Fic. 4. SIMS depth profiles of compositional atoms around the heterointer- -7
face between the Si-doped GaAs epilayer and th€1B6) substratgsput-
tering rate~15 A/g. The corresponding growth parameters &g T -8
—650°C, [TMGa]=2.67<10* [AsHy=157x102, [SiH,]=5.18 10 | TR S IR WSS " —
x1077. -15 -10 -05 0.0 05 1.0
(a) Voltage (V)
X 10 to 5x 10'7 cm 2 and are specified in Figs(& and
5(b) for better understanding of the conduction process. The
typical forward and reverse bias characteristics of thenAu- 102
GaAsh-Ge/Au-Ge/Au Schottky junctions, at different con-
centrations, are shown in Fig. 5. Using the well known meth- 10"
ods discussed in Ref. 50, we measured the diode idealit
factor (n) and Schottky barrier heightsb{;Y), from the for- 0
wardl-V characteristics. At 300 K and in the low bias region, 10
the diode ideality factor is rather high and the current is 4
either due to tunneling or generation-recombination
current® For a p-n junction, the modified ideal diode -2
equation! for the |-V characteristics is given by 10 %00,
[} °o
qVv qVv § 53 %00,
= | = | = o
[=1gq ex;{lKT 1 +I0Z[ex;{ 2KT> 1. (2 < %0,
YA
Equation(2) specifies the current, for a given applied 10
voltage,V. | y; andly, are the reverse saturation currents for 5
the KT and XT terms, respectively. TheKI term in Eq. 10
(2) is due to the diffusion of carriers across the junction, -6
assuming that no recombination occurs in the space char¢ 10
region (SCR); the KT term is due to the depletion region 7
generation recombination of carriers in the SCR or at the 10
surface depletion region located around the junction perim: o ' | \ . . [
. . ~ 1 L L i 1 ] L L
eter. For an applied bias greater than a #€W(~0.1 V at 25 20 -1.5 -1.0 05 00 05 10

300 K) the exponential terms in ER) dominate and Eq2)
can therefore be approximated by

=1 av +1 av
=lop X 1KT 02 €X KT
For a given value of applied bia¥, one of the two terms

of Eqg. (3) will typically be larger than the other. It is seen
from Fig. 5 that thd-V characteristics exhibit shunt leakage

)
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(b) Voltage (V)

Fic. 5. Current densities vs voltage characteristics of nABAAs/Ge
Schottky diodes. The two different graphs show two different carrier con-
centrations. The corresponding growth parameters (areT;=625 °C,
[TMGa]=1.78<10*%, [AsHj]=1.57x10"2, [SiH,]=5.18<10"7, Ny
=1.7x10"cm™® and (b) T,=650°C, [TMGa]=2.67x10*, [AsHy]
=1.57X10"2, [SiH,]=5.18< 107, Nyg=2.75x 10 cm™3, respectively.
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current at low biaseg<0.2 V), 2KT current at moderaté.2 2
V<V<0.5 V) biases, and a series resistance effect at high 10
(>0.5 V) biases. The theoretical E(B) matches excellently 10! *
with our experimental points. Even th&?2 current compo-
nent in the theoretical Ed3) is also fitted with our experi- 10°
mental points. i
From Figs. %a) and gb), it is seen that the Schottky di- 10
odes have soft forwardV with a lower Schottky barrier ~ 1072
. . . . o~ @,
height, a large ideality factor, and a larger reverse saturation ' ‘0.,.
current. The Schottky diode shown in Figab exhibits a o 107 "-...
@Y of 0.7 eV,n of 1.7, and a saturation current bf=1 *} . %o,
X108 Acm™2 Since the ideality factor is around 2 in 10 I
three to four decades of current variation, we can conclude 19°
that the current is due to either tunneling or generation-
recombination current. The soft breakdown voltage and large 10°°
ideality factor can be explained as follows. The higher ide- -7
ality factor may be due to either a threading dislocation or 10
due to an APD present inside the film. We did not observe ot v v vt e 1ttt
any APD present inside the films within the present set of -40 30 -20 -0 00 10
growth conditions, but we did observe a large number of Voltage (V)

dislocations inside the films by-B etch under scanning
Fic. 6. Current densities vs voltage characteristics of " ABAAS/GaAs

e.lg(:trohn mlcroscop% BTSfT d (_)nfour Ofbservatléi’we con- Schottky diodes. The corresponding growth parametersTare600 °C,
sider the GaAs epitaxial film is free of APDs. This MD may [1yGa)=1.78<1074, [AsHg=1.5710"2, [SiH,]=5.18<10"7, Ng

result in the formation of fewer electrical defects. Chand=1.3x10" cm™3,

et al>3 studied the forward-V characteristics of GaAs on Si

using a Au-Cr Schottky contact and concluded that the dis-

locations in GaAs on Si act as a conductive pathrough local regions of large electric fields, causing a large leakage
the depletion region and such conduction dominates at lovgurrent and premature breakdown of the device. In addition,
reverse bias voltage. They also concluded that, with increaghe defects may also enhance the tunneling probability of
ing bias, the current through other mechanisms increases aca'tiers through the depletion region of a devite.

faster rate and eventually dominates. Even GaAs on Si with On the other hand, théV characteristics of Si-doped
higher crystalline quality and lower defect density may notGaAs on an*-GaAs_(2>< 10 cm) substrate is presented
necessarily have better electrical properties if the defects a8 Fig. 6 for comparison and for better understanding of the

more electrically active. If we consider the conclusion madeFfUrrent conduction mechanism across the GaAgi®eso-
by Chandet al,®® the dislocations in GaAs on Ge act as YP€ heterointerface. A similar concentration epitaxial film

electrically active defects which in turn act as a generation!¥@S chosen and it shows a largg=5 V at a concentration

7 am-3 o ideali
recombination region and hence produces higher ideality fac2f 1-3% 10" cm . The corresponding ideality factor and

tor at lower biases and soft breakdown voltage. On the othe,l?amer _height for_this film are around 1.24 arr]i%r'gm ev,
hand, the higher ideality factor may be due to the tunnelin espictlvely. _Dgta'lstf this can Ee found elsk;aw .The b
effect, since the electron concentration inside the film is'V characteristics of GaAs on the GaAs substrate were bet-

~1X 10" cm~3 and greater as measured by both the ECV'®" than those of GaAs on the Ge substrate.
profiler andC-V measurements. The forward characteristics
show an ideality factor between=1.5 and 2.14 over nearly E. /-V characteristics of Si-doped  n-GaAs/n-Ge
three to four orders of magnitude of current densities of dif-heterostructure with ohmic contacts
ferent epitaxial films. All the diodes exhibited a low turn-on  To investigate whether jp-n junction is formed inside Ge
voltage of 0.5 V and a saturation level in the range of lsubstrates, mesa diodes were formed by etching GaAs with
X107°-1x10"* Acm 2 Under reverse bias the soft NH,OH:H,0,:H,O (1:1:40 with a Au-Ge eutectic alloy as
breakdown voltageVy,, determined to be the voltage at 10 the ohmic contact. Figure 7 compares thé characteristics
MA, is approximately 3 V. of GaAs on Ge diodes that have various diode areasl-Vhe

It is known that the large density of dislocations present incharacteristics show a near linear behavior/ohmic character-
GaAs on Ge substrates is a major problem and it is necessaistics over a wide range of applied voltages. This result could
to understand the electrical activity of the defects and finchot be explained by-n junction formation inside Ge sub-
ways to control them. It is well known that defects can act astrates during MOVPE growth of GaAs. The absence of such
generation-recombination centers. They also may getter inp-njunction formation inside the Ge substrates was also con-
purities, causing cross doping near the GaAs/Ge heterointefirmed by a Bio-Rad ECV polaron profiler. Figure 8 shows
face. Precipitation or clustering of impurities around the de-one of the ECV carrier concentration profiles of Si-doped
fects may act like random metallic paths, or may generat&aAs on the Ge substrate. From Fig. 8 it is also seen that the
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800um dia GaAs or the Zn-doped GaAs, grown by the MOVPE process.
0.03 - !f The rectification properties are controlled by the presence of
- f a p-n junction at or inside the Ge substrates in their results.
0.02 |~ P, From Fig. 7, it is seen that tHeV characteristics indicate an
R X 500pm ohmic conduction not controlled by-n junction formation
<001 300 inside the Ge substrates. It is also seen from Fig. 7 that the
pot pm current is higher in larger diode areas. One can determine
= n
L 5 that the current versus diameter of the diode was not linear
5 for a fixed value of applied voltage. This means that there
© 0.01 i was no side leakage in the mesa diodes.
-0.02 IV. CONCLUSIONS
I L 0 L — Undoped and Si-doped GaAs epitaxial films on Ge sub-
strates grown by MOVPE were characterized by DCXRD,
Voltage (V) LTPL, SIMS, ECV profiler, and electrical transport across

. - the n-GaAsh-Ge heterointerface. A plethora of growth con-
Fic. 7. Current densities vs voltage characteristics of AurGEdAs/Ge diti in the literat . th tt tt
mesa diodes. The corresponding growth parameters Tare725 °C, itions appear In the literature concerning the attempt to
[TMGa]=1.78x 104, [AsHy] =1.57x 1072, [SiH,]=1.24x10"8, N4=5 grow APD-free GaAs on Ge. In the present case, even
X107 cm3, though the growth temperature regime is close to the re-
ported values, the main difference in minimizing APD for-
mation may arise from the growth ratés3 um/h) and the

concentration is uniform along the depth and there are almo¢/lll ratio (~88). The studies indicated little Ge outdiffu-
sharp interfaces between the Si-doped GaAs and the Ge suBjon, as was envisaged by a small shift in the PL peak and
strate. The resolution was kept at around Qud5 during the ~ may be insufficient to influence the carrier density more than
etching process. It can also be seen from Fig. 8 that th€00—300 nm from the interface. Ge related peaks were not
carrier concentration increases inside the Ge substrate due @served even after etching the Si-doped GaAs epitaxial
As diffusion during the MOVPE growth process. Wojtczuk films from the surface of about 0,8m. The carrier concen-
et al1*% reported in their results of GaAs on Ge substratedration was found to be the same along the depth of the film.
that the conduction mechanism is dominated hy-mjunc-  The secondary ion mass spectroscopy results showed that all
tion formed inside then-Ge substrates, either the Si-doped the atoms barely interdiffused across the GaAs/Ge heteroint-
erface and resulted in np-n junction formation inside the
Ge substrate. This result indicates approximately 230 nm of
21 Ge outdiffusion into the GaAs epitaxial film during MOVPE
: growth of GaAs on the Ge substrate. TIH€ characteristics
= E of Si-doped GaAs on Ge substrates using Au Schottky di-
i:f\ Yo

odes show a higher ideality factor, lower barrier height, and
V soft breakdown voltage. The higher ideality factor may be
',. due to either tunneling or generation-recombination current
% and the lower breakdown may be due to the dislocations
present inside the GaAs films which in turn produce electri-
° cally active defects and hence produce a higher ideality fac-
\\’f tor at lower biases. The GaAs/Ge heterointerface does not
show any rectification properties after making ohmic con-
tacts on both sides followed by mesa etching. This indicates
that there was n@-n junction formation at or near the het-
ﬂ ; erointerface of GaAs/Ge and this was further confirmed by
the ECV carrier concentration profile. The passive nature of
the GaAs/Ge heterointerface is an encouraging step towards
the development of space quality GaAs/Ge solar cells.
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