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Size distribution and electroluminescence of self-assembled Ge dots
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In this article we study the electroluminescencepeif-n diode structures with Ge dots consisting

of coherent three-dimensional smglyramidg and largefdoms islands. The Ge dots are formed
through strain-induced islanding. The diode structures, including one layer with Ge dots, were
deposited on Si mesas with variable areas in order to study the influence of limited area deposition
on self-assembling. It was observed that the reduction of deposited area improves island uniformity.
The combined analysis of island distribution and electroluminescence spectra has lead to the
conclusion that domes in small diodes have a smaller Si content or are less relaxed than domes in
larger diodes. The diodes are found to emit up to room temperature near the optical communication
wavelength of 1.3 microns. @000 American Institute of Physids$§0021-897@0)04610-7

I. INTRODUCTION ial growth in the form of mesas. It was recently shown that
the nucleation of islands on®0)) is influenced by the pres-
For low-cost components in the fiber-optic communica-ence of other crystallographic plare®.If the mesa size is
tion wavelength, silicon-based materials are of great interesdf the order of the diffusion length of Ge adatoms and if the
due to the possibility of their integration with Si technology. total coverage is kept below a certain value, then islands
To overcome the problem of the indirect character of SiGenudeate on|y a|ong mesa edges {d_no 12 facets without
one is looking for ways of increasing radiative recombina-nucleation on th€001) plane. A surface diffusion length of
tion and reducing nonradiative recombination. One possiblge of the order of 10um at 700 °C was evaluated.
approach involves the spatial localization of the injected car- The present in\/es‘[iga’[ion was performed with a cover-
riers in three-dimensione(BD) islands. The variation in is- age h|gh enough to induce nucleation also On(ﬂ{H_) p|ane
land size leads to a broadening of spectral emission peaksf the mesas. The deposition on limited areas with sizes of
therefore, the success of this approach relies on the possibthe order of the diffusion length was observed to change the
ity to control the size, shape, and uniformity of self- size distribution. A narrowing of the size distribution occurs
assembled islands. when the area is reduced from a large afean?) down to
Light emitting diodes with SiGe islands were first real- squares of 5Qum size. The analysis of electroluminescence
ized in 1995 The emission was near=1.3 um and per-  spectra revealed the influence of the mesa area on the micro-
sisted up to 200 K. Since then, emission was improved bytructure of islands. It was found that single diodes as well as
more than 100 times using structures with nominal purearrays emit up to room temperature, the highest intensity
Ge** This was due to the increased valence band offset ofieing detected from small area diodes. Experimental details
the Ge/Si heterostructure. The size distribution and the nuMmgre presented in Sec. Il, the diode structure is discussed in
ber of island layers was varied and it was found that all thes&ec. |11, a review of our own results on 3D island distribution
diodes emit up to 300 K in the range of 1.3—Jum. Simu- s presented in Sec. IV, and the electroluminescence data are
lations performed on diodes with thick SiGe layers revealedpresented and analyzed in Sec. V.
in addition, the influence of the interface layer on emission
intensity® The highest emission of diodes with islands
achieved so far is from a structure with ten stacked layerd. EXPERIMENTAL DETAILS

with islands®* However, by stacking the island layers the . . .
The epitaxy was performed in a low pressure chemical

size and shape of islands chan§&sThe influence of this vapor deposition systemLPCVD) at 0.12 Torr. Source

effect on the electroluminescence is not yet known. Even the : o i . .
influence of the island distribution on the electrolumines-92~c> ar€ Sighl, and GeH (10% in H while H, is used as

. . a carrier gas. Doping gases argHg (20 ppm in H) and
cence of a single Iaygr 1S nOt vyell known. . PH; (100 ppm in H). The deposition was performed ori
The purpose of this article is to analyze the electrolumi-_. ) ) o
. . . . Si(001) substrates(doping concentration &cm™3) with
nescencéEL) of single-island-layep-i-n diodes. An essen-

tial parameter is the diode area as the growth of the Whol300 nm thermal oxide patterned W|th_ square holes with sizes
. . .. from 4 um up to 1 mm. Before epitaxy the wafers were
structure was performed under conditions of selective epitax- . . . .
cleaned by RCA cleaning, while the protective 2 nm oxide
was removedn situ at 950 °C for 10 min under fflow. The
?Electronic mail: |.vescan@ftz-juelich.de epitaxial growth is selective and the growth rate and Ge con-

YAlso at: Institutul National de Fizica Materialelor, R76900 Bucharest, tent of S-h Gex on Si (001) do not depend on mesa size
—X

MG7, Romania. 11 s . .
9Also at: Dept. of Metallurgical and Materials Engineering, Colorado dOWN tO 0-.5_]-P«m- This implies that independent of mesa
School of Mines, Golden, Colorado. area, all diode structures analyzed here have the same layer
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TABLE I. Layer sequence of the LPCVD grown island diodbd®. 1445. -4.0 -
————— i
Deposition | pr [ Lo
temperature Thickness Doping  Nominal 45 :
Layer /°C /nm fem™  Ge content :
n+  n® Sibuffer 800 20 K108 0 > 50 r Ec
n-Si buffer 800 280 6<107 0 . Ef
. n-Si buffer 700 5 610" 0 % 85%Ge
| i
Ge layer 700 1.3 ? 1 60 L
n-SiGe spacer 700 28 4< 107 0.02 | v=0 Ev
distance from top contact (um
p*Si 700 4 2x 10 0 @ P (um)
-4.0
] \ Ec
| | ) | R D i
thickness. The layer thickness, composition, and doping ]
were determined by Rutherford backscattering spectrometry S50 4 85%Ge
and secondary ion mass spectrometry. R /oo v
Table | shows the layer sequence. The-n diodes con- § 55 | \J
tain an “i” region with an averagen-type doping of 5 I Ev
x10cm 3. The growth parameters for the Ge islands ® ]
were: Pgens=5%10*Torr for a flow rate of Gell of 10 60 1 Ve 0.86V. 250A/cm?
sccm, average growth rate 2.6 nm/min, and deposition time >
30 s. This resulted in an average layer thickness for Ge of 1.3 6.5 o o o2 03 oa
nm (approximately 9 MI. After the Ge deposition an 1 min (o) distance from top contact (um)

annealing at 700°C followed, before capping. The SiGeFIG 5 Simulated band di f a diodar b ny g

+ Qi H 0 H 0 . 2. Simulated ban lagram of a dio at zero bias an orwar
_Spacer and thp™ SiGe layer Contam_ 2% Ge. A‘_"d'”g 2% Ge bias. A thickness of 25 nm for the dots and a concentration of 15% Si in the
increases the growth rate approximately 2 times and thUggs was assumed.
significantly decreases deposition time and intermixing of Ge

from the islands and Si.

The surface topography was investigated with a Digital SEM). Cross-sectional transmission electron microscopy
Instruments Nanoscope llla atomic force microscopEM) — (XTEM) was performed using a Philips CM200 microscope
in tapping mode and with a scanning electron microscopgt 200 KV. The XTEM samples were prepared by tripod
polishing followed by brief ion milling. The EL was mea-
sured with a Fourier transform spectrometer equipped with a
cooled Ge detector with the diodes fixed in a He cryostat.

Ill. DIODE CHARACTERISTICS

R Figure Xa) displays a scanning electron micrograph of

’ an array of 100 diodes of 24m square mesas connected in
parallel and Fig. (b) shows an enlarged picture of one mesa.
The diodes have a front emitting structure with an ohmic
contact of evaporated Al/Au. Usually an annealing at 350 °C
for 5 min is performed to achieve an ohmic front contact.
The back contact was Ga—In. All diodes in Fig. 1 are con-
nected in parallel.

The band diagram of the diode was calculated with the

SIMWIN program (Stanford University using the data for

(b) layer thickness and doping levels from Rutherford back-
scattering spectrometry and secondary ion mass spectrom-
etry (see also Table)l The island was simulated by a quan-
tum well with a thickness of 25 nrttypical height of islands
and a relaxed band gap with 85% Ge. Figure 2 shows a
simulation for zero bias and one fo%=0.86 V. Figure 2b)

FIG. 1. SEM pictures showing the mesa diodes. Tilt angle @)°array of shows that b|a5|.ng'the diode in forward, holes are gxpepted

100 diodes, each diode with an area of@# um? and(b) enlarged picture 0 De captured in islands and therefore to recombine in a

of one diode. certain proportion radiatively.
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10"

Eriis i e be 0.3um. We see that at lower voltaggshrough facets is
102 e approximately 100 times higher thathrough the(001) part.
10° E | 300K N - With this value it is possible to explain the deviation of the
LF — E scale dependence of the current frame2 to a<2. This
0 500500y, ’/ 50x50um” calculation also shows that in order to avoid higher currents
< 10°F /r : through facets, a spacer thicker than 56 nm along @64
£ 10°f direction should be chosen.
5 107k "=\ /i e soosooumt [—1 At_ Iov_v voltage the |deallty factor_ is~2, |mply|ng re-
s f 4 —e—224x224 ] combination on deep centers in the field region. As the bar-
107k 7 —a—200x200 | % . . - AT
R / —v— 158x158 E rier shrinks with forward voltage, recombination in the neu-
107k -’ B tral “i” region becomes more important. The ideality factor
107°F 77 Y tends to~1.25 indicating medium recombination with com-
1ot Do M T SO . parable recombination timés
-050 -025 0.00 025 050 075 1.00 125 1.50 ’
(a) voltage (V)
r IV. 3D ISLAND GROWTH DETAILS
10°
. Before discussing the results on electroluminescence of
= F Ge islands it is meaningful to summarize some of our results
§ 10§ — on self-assembled growth of Ge. The variation of island size
= o i o leads to a broadening of the spectral emission p&akS,
[ b facet width— therefore, understanding of the parameters responsible for
B 107 ) % the size distribution is importaniucleation of ® islandsis
§ 10° - £ the result of a transition in growth mode of a layer when the
3 : ;‘-4/ = L oot strain energy exceeds a certain value during growibur-
19" B CHTSIT Ao ing and after this transition the surface migration phenom-
oF firough (00T) plane

enon plays an important role. The general observation is that
island distribution and island density depend on growth pa-
rameters such as temperature, total coverage, growth rate and
F16. 3. Cutrentvoltage characteristica. a set o o sinal time, chemical species, faceted substrates®étct4-24All

. o. Current—voltage characteristi a set of curves from singie mesa . . . [
diodes with different areas measured at 300 K. The dotted line shows wher%f these parameters influence the surface migration and im

thel -V curve for the 550 m? diode should be if there would have been PIiCitly the island formation. _ _
a L2 dependence(b) simulated curves based on the doping and thickness ~ Recently, Goryllet al. examined the influence of growth

data of Table I. The thickness of tieSiGe spacer was varied. rate on the island size distribution for uncapped islands and
for coverage of~0.9 nm, low enough to avoid plastic relax-
ation of islands® AFM topography revealed two types of
Current—voltage I(-V) characteristics measured at 300 islands for a growth rate higher than 0.4 nm/min, in agree-
K for single diodes with square areas of dimenslorare  ment with the literaturé®?® Small islands (pyramidal
shown in Fig. 8a). Above ~0.7 V the contact resistance cluster’ with {105 facets of high density coexist with me-
limits the current. At lower voltages the current scales, not aglium sized islandgmultifaceted islands called donts of
expected, with the diode area, but a dependénce® with  lower density(see sample No. 1377 in Table.IBy AFM,
1<a<?2 is observed. If the current would scale with, then  two distinct distributions in heightcenterd at 4.5 and 15 nm,
for instance, for a diode with =50um the current should respectively and one broad distribution in diametéren-
have been 10°A at 0.25 V and 2.10°A at 0.5 V (see tered approximately at 60 and 90 hmere observed. The
dotted ling. The @<2 behavior implies either a leakage cur- transition from a bimodal to a monomodal distribution, ob-
rent at the periphery of the diode or, what we believe in ourserved by AFM but also by photoluminescence of capped
case, a higher current density through the mesa facets thaample&® at constant Ge coverage, occurred when the
across the bulk regiofsee inset of Fig. ®)]. The thickness growth rate was decreased.
of all layers in the facet region are thinner than along the In the present study, the growth of Ge was performed
[001] direction. In an earlier study we have demonstratedwith a relatively high growth raté2.6 nm/min=0.3 ML/s),
that the growth rate of the facets is 0.5—0.7 times lower thatherefore bimodality was expected on a large afeBeside
the growth rate along001] directionst? Thereby we have the growth rate, the annealing and/or deposition time influ-
simulated thg —V characteristicsj-current densityand we  ences the island shape and shape transitifT his is sum-
found that the spacer thickneg@he layer between the island marized in Table II. For a deposition time of 18Mo. 1377
layer and thep* contact, see Table Is a critical parameter. pyramids and domes coexist and there are five times more
Figure 3b) shows a curve corresponding to a spacer of 28yramids than domes. Annealing leads to an increase of the
nm, which should correspond to the current flow across theize of domes and pyramiddNo. 1490 and therefore a
(001 part of the mesa. For the current density across thetrong reduction of their density. By increasing the coverage
facet region we took half this valu@ll other parameters from 0.9 to 1.3 nm the density of domes increases, while the
were the samieand the extension of the facet was assumed talensity of pyramids decreases. During annealing, Ge ada-

00 01 02 03 04 05 06 07 08 09 10
(b) voltage (V)
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TABLE Il. Influence of deposition and annealing time on island distribution on large grefes)sity of islands,
D-diameter,H-height, D-domes,P-pyramids.

Dep. Anneal. Coverage PD Pp Dp Dp Hp Hp
No. time/s time/s /nm lum™2  [um? /nm /nm /nm /nm
1377 18 0 0.8 5 27 90 60 15 4.5
1490 18 42 0.8 3 7 130-170 60-130 23 10
1554 30 0 1.3 20 3 120 50-80 24 4
1608 30 60 1.2 6 0.4 100-230 60-90 15-48 1-3

toms have time to diffuse to the more stable domes, increasearer to that of bulk silicon, leading to a planarized surface,
ing their size and reducing the total island densiiyo.  as discussed in the literatut®~2’ To summarize, all mesa
1608. diodes have a dome density of 12 and a pyramid den-
The size distribution of islands which corresponds to thesity of 0.4—1.2um ™2,
p-i-n diodes was evaluated on the uncapped sample No.
1608, grown with the same growth rate and time as the diod
sample(see Table Il, 11}, and Fig. 4. Table Il shows that all V. ELECTROLUMINESCENCE OF 3D ISLANDS
mesas have a bimodal distribution with a total density of = The temperature dependence of the electroluminescence
~10 um~2 and with only 10% pyramids. An interesting re- is shown in Fig. 6. The EL spectra from a single @DO
sult is that the reduction of the deposited area has a beneficigim? diode are compared with EL from sixteen>$80 um?
effect on size distribution. This becomes much narrowerdiodes measured with the same curréthierefore the in-
both in diameter and height. This is clearly demonstrated ijected current density is the sam&he emission from Ge
Fig. 4 where AFM scans and histograms for large area andslands lies in the range 800—950 meV. A redshift of the
50x50 um? mesas are compared. While on large areas theeaks is observed with increasing temperature. In Fig. 6
diameter and height distributions are broad, on th&S0 the curves for 375 Acnf correspond to the two diodes of
um? mesas the distributions are much narrower. For instancBigs. §a) and &b). Other diode combinations are repre-
big islands of height 31-48 nm and diameter 180—230 nnsented in addition showing a redshift with temperature, too.
seen on large areas, do not form on the small mesas. Tbhe dotted lines in Fig. @) show the temperature variation
conclude, the 5850 um? mesas have a higher dome den- of the band gap for bulk G8i; _, for two Ge concentrations
sity, smaller dome sizes, and a better uniformity than thefrom Braunsteiret al?®). Comparing the experimental red-
large areas. In addition, Table Il shows that there is noshift of the electroluminescence of islands with the tempera-
much difference in the size distribution between the 50Qure variation of the band gap one can conclude that the
X500 and 5&50 um? diodes. This can be explained by the redshift of EL is roughly due to the band gap shrinkage with
fact that all these mesas are of the order of magnitude of theemperature. For a detailed understanding of the temperature
diffusion length of 100um and that most of the deposited dependence of the ground state transition energy numerical
atoms nucleate on th@®01) plane, the number of Ge islands calculations are required.
nucleated on the facets being 20 times lower. The current dependence of the EL is shown in Fig. 7. EL
To realize diodes, capping is necessary. However, thepectra of a single square 1@®n diode are compared with
capping is known to change the island sh&ptowever, it  spectra of an array of 5@m square diodes but with the same
seems that the density of islands and the bimodélitgxis-  total area. We see that the EL intensities are comparable, the
tend are preserved during capping. Figure 5 shows a TEM oturrent dependenced ~1™) has an exponermh~1 and in
the diode structure performed on an unpatterned area. Abboth cases there is a blueshift of the EL peak with increasing
islands are dislocation free and the surface morphology is flahjection current. The EL peak position, corresponding to the
(at least at this magnificationwhich indicates that after de- diodes of Fig. 7 and of several other diodes, is plotted as a
positing the Ge islands and during the growth of thefunction of injected current in Fig.(8). All EL peaks reveal
Sig.odGe o2 layers, the Si atoms are preferentially incorpo-a blueshift with the current. Sample heating is not respon-
rated between the islands, where the lattice parameter ®ble for this effect, since it would reduce the band gap of Ge

TABLE lll. Island distribution for an uncapped samgldo. 1608 grown with the same growth rate and total
coverage of 1.3 nm as the diode sam{i®. 1445; py-density of domespp-density of pyramids.

Pad size Total nr. of Pp Pp Diameter of Height of
|um? islands in a mesa Jum ™2 Jum ™2 domes/nm domes/nm
>10° >10° 6 0.4 100-230 15-48
500500 270< 10 10 0.4 110-180 11-31
200x200 42<10* 10 0.7 100-190 11-35
100X 100 11x10* 10 1.2 100-175 10-33
50x50 2.7x 10 10 1.2 100-170 12-31
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0 20 100 150 200 20 0 50 100 150 200 250
diameter (nm) diameter (nm)

FIG. 4. AFM pictures and size distribution for a large area part of  @b,9 and a 550 uwm? mesa(d,e,}.

p+SiGe

L and Si and produce a redshift, as seen above. A spectral peak

shift results when the lower energy states from Ge islands
become saturated. Because most of the islands have a height
above 10 nn(the height being the quantum dimensidhe
energy level separation is quite sm@l13 meV). Therefore,

the peaks from the different energy levels are not resolved
and a smooth shift of EL occurs during the band filling. The
shift saturates between 860 and 920 meV depending on cur-
FIG. 5. TEM cross section along (@10 direction on a piece cut from a rent and mesa area. But, it seems that this shift is the com-
large area sample. All five islands seen in cross section are dislocation frekined effect of band filling and island distribution.

Ge islands

—>

200 nm interface
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FIG. 6. Temperature dependence of EL measured at 15Qth@Aunits for the EL intensity are the same for all spectra, including Figs.and 1b)): (a)

spectral distribution of electroluminescence of one diode of arex 200 um? and (b) array of 16 diodes of area 5®0 um? connected in parallelc) shift

with temperature of the EL peak maximum for different diodes corresponding to different current densities; the dotted lines represent thef vhedtzrd
gap of bulk GgSi, _, for a givenx (from Ref. 28.

To understand this behavior in more detalil, the data of However, the representation in Figb® has to be con-
Fig. 8@ were represented in Fig(l® in dependence on the sidered critically. The current is not expected to flow only
current divided by the total number of islands in each diodehrough islands. A part, and probably a remarkable part of it
(see Table Il. This representation reveals a different behav-flows between the islands. Therefore, the current through one
ior between small and larger diodes. While the peak positionisland must be smaller than the current given in Figh)8
of all diodes larger than 100100 um? lies on the same The coverage with islands is quite sm@#20%) both for the
curve, the data of the 5060 um? diodes follow a curve at larger diodes as well as for the smaller ones. If we take this

lower energy, at least below a certain current. into consideration there will be a shift of all curves to lower
08 ’ ! I j ' j T " 428261 08 j T i T j T #1445 43 B4-6
1 diode 100x100pm 4 diodes 50x50pm’
T=125K r T=125K ‘,150mA

S o8} 150mA S o6
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C c
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FIG. 7. Spectral distribution of electroluminescence of diodes with the same total area measured at different currents(at 426 #fode of area 100100
um? and (b) array of four diodes of area 50 um? connected in parallel.
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s 7= D S ERLED o 7 " _ Now_, we try to explain the lowest values of peak_ posi-
] 4.(50x50) tion in Fig. 8b), the value of 840 meV for the large diodes
900 4 100x100 | and 807 meV for the small diodes. These values represent
> ] 16.(50x50) upper limits for the ground state transition energy. Assuming
é 880 200200 4 that the difference in these energies is entirely due to a dif-
2 ss0d 500500 ferent content of Si in large and small diodes we evaluated
E ] the EL peak position with the following assumptioi) the
E 404 - islands are completely relaxe®) the island height is=10
3;3_ 1 nm (we neglect pyramids, as their density is lower than 10%
820 ] in all mesag and(3) the band offset at conduction band is
soo- . zero. For the effective mass of holes for unstraingd Jbe,
0 20 40 60 80 100 120 140 160 180 200 we used the formud m,,=0.2907-0.0902k
(a current (mA) +0.0055%2. Other parameters are: Band gap of Si at 125 K:
1153 meV, and band gap of relaxed, SiGe, from Franz
920125 T A et al® The peak position is defined as the sum of band gap
) A\1X(50X50) in the island and the confinement energy of holes for differ-
900 1x(100x100) 4x(50x50) _ ent Ge concentrations. The binding energy of excitons was
3 1 neglected. The result is that the peak energy of 807 meV
£ 880+ 1X(ZOOXZOQ)\ T corresponds to a Si content of 8%, while for the peak energy
E 860 - 1X(5°°<f°°) ] of 840 meV we find a Si content of 10%. It results that the
= ] in-diffusion of Si into dome islands on large mesas is stron-
< 840 ~~ Lx(50%50) i ger than on small mesas. If we make a similar discussion
g ] assuming that there is no Si in-diffusion at all, but the strain
820 . state of islands depends on the mesa area we arrive to the
soo- conclusion that the domes on larger areas are stronger re-

od o 100 laxed than the domes on small areas.

{b) current / number of islands (10°A) Concerning the EL intensity the general observation is
that small area diodes emit 2—3 times more light. Figye 6
and Gb) illustrates this statement for 3®0 and 20200
um? diodes. The units for the EL intensity are the same in
Fig. 6(@) and Gb). A correct comparison implies the same
current density, therefore for the small diodes an array of 16

currents and the different behavior between small and largdiodes was chosen. We see that small area diodes emit at
diodes remains. Another aspect is the current through thiast 2 times more light. As the emission is supposed to take
facets, whose contribution increases by decreasing the diod@ce in the islandébecause there is no signal from the wet-
area, as discussed in Sec. Ill. Figuréa)3shows that the t|_ng layep one rea_son_for this result is that in small area
current through facets increases the total current by approxfiodes the recombination on deep centSkockley—Hall-

mately, 10 times at 0.25 V, but at higher voltages, as seen iRe€d recombinationis lower, probably due to the lower
Fig. 3(b) this “loss” of current through the facets is dimin- total number of defects in the islands. One of the best diodes

ished. However, as the electroluminescence was measured'4¢"€ Single 5650 '“_mz mesas with a constant emission up
currents=10 mA, the influence of current loss through fac- 10 170 K, an activation energy of 100 meV, and an external
ets can be neglected. Therefore, the current through facefé/@ntum efficiency of 1.10° at 300 K and\=1.4 um. The
cannot be responsible for the different behavior of the ELIOW efficiency at room temperature must be due to the loss of
peak of the large and small diodes in FigbB Another holes by the lateral diffusion into the wetting layer and then

cause could be the different microstructure of the islands ifhermalization from the wetting layer. The density of islands
large and small mesas. was shown to be low, therefore carriers in the wetting layer

The interpretation is not straightforward owing to the N@ve time enough to escape from the Ge layer before being
possible influence of the mesa size on $tmin stateand the ~ F@PPed in another island.
Si contentof Ge islands of uncapped and capped islands.
These are still matters of r_esearch and debate. It is _obV|0L\§|_ CONCLUSIONS
that the formation of 3D islands allows the reduction of
strain energy in the Ge layer and therefore the islands are at We have investigated the electroluminescence of self-
least partially relaxed?°-32From the measurement of in- assembled Ge islandmainly domegas a function of injec-
plane strain in coherent Ge islands oi0Bil) by TEM after  tion current, temperature, and mesa area. The diodes were
deposition of 11 ML Ge at 600 °C by CVD using Gglit realized by selective epitaxy on patterned wafers with vari-
was deduced that no significant in-diffusion of Si has oc-able geometry. We have shown that deposition on areas of
cured and that a strain relaxation of the island of up to 84%he order of the diffusion length of Ge adatoms influences
has taken plac® Other authors report of a Si content of size distribution. The distribution becomes narrower when
40% in capped islands deposited at 75G°C. the deposited area is reduced. Therefore, deposition on lim-

FIG. 8. Shift of the EL peak maximum witta) current andb) with current
divided by the number of islands in a diode.
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ited areas are more suitable for applications where uniforiL. Vescan, K. Grimm, and C. Dieker, J. Vac. Sci. Technoll® 1549
mity is required. The results evidence a correlation between (1998.

island distribution and electroluminescence. Incorporation of
the island layer deeper into the p-i-n junction could prevent

loss of current in the facet region. Also, elimination of the
wetting layer might improve the room-temperature EL effi-
ciency.
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