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10:00 AM, A1+
Studies of Schottky Barrier Height of Ga,In, ,P (0<x<1) For HFET Appli-
cations: H. C. KUO'; H. Hsia'; D. Caruth?, B. G. Moser!; Z. Tang'; S.
Thomas'; M. Feng'; G. E. Stillman’; C. H. Linz H. Chen?; 'University of lllinois
at Urbana-Champaign, Electrical and Computer Engineering, Microelectronics
Laboratory, Urbana, IL 61801 USA; 2University of llinois at Urbana-Champaign,
Materials Research Laboratory, Urbana, IL 61801 USA

The incorporation of an InGaP Schottky barrier enhancement layer (SBEL) is
very attractive for the InP based MESFET and HFET applications since Ga,In,.
P (0=x<1) have energy gaps covering the range from 1.35 to 2.24eV at room
temperature and a conduction band discontinuity of GalnP/InP (AEc=0.8AEg for
GaP on InP) is favorable for SBEL. Also there are no DX centers in GalnP. The
performance of InP FETs strongly depends on the optimization of the gate

contact. Knowledge about the dependence of the Schottky barrier heights on the
material composition of GalnP is very important. However, to the best of our
knowledge, a systematic study of the Schottky barrier heights of GalnP on InP
for varying gallium composition has not been reported in the literature. In this talk,
we presents a study of Schottky barrier heights for GalnP (0<x<1) on InP using
both |-V, I-V-T and C-V measurements. The device performance of InGaAs/InP
HFETs utilizing GalnP SBEL will also be discussed. All layers structure were
grown by GSMBE on InP substrates using In and Ga as group Il sources and
AsH, and PH, as group V sources. For C-V measurements, 0.5 pm thick Si-
doped (4-6X10"7 cm-¥) GalnP samples with various Ga composition (0, 0.2, 0.3,
0.4, 0.5) were grown. Metamorphic buffer layers were grown on the InP
substrate to reduce threading dislocations and improve the measurement reli-
ability, even though C-V technique is not very sensitive to defects. The barrier
heights were determined from the intercept voltages of the (A/C)2-V plots. The
compositional variation of the barrier heights for Au/GalnP/InP obtained from C-
V measurements is nearly identical to that of the conduction-band offsets for
InGaP/InP heterointerfaces. This result is consistent with the metal-induced gap
states (MIGS) model of the Schottky barrier formation. Another series of samples
of undoped Ga,In,,P (x=0.2, 0.3, 0.4, 0.5,1) were grown on InP substrates for
[-V measurement. The thickness of all GalnP SBELs was below critical layer
thickness to prevent dislocation induced leakage current (no dislocations were
observed by TEM). Using the thermionic-emission current equation and these
characteristics, the effective barrier height was estimated to be in the range from
0.65 to 0.81 eV (ideality factors 1.01~ 1.3). This values are much lower than the
data obtain from C-V measurements because the tunneling current increases as
the thickness of the GalnP layer is decreased. We have designed and fabricated
0.25 pm gate-length InGaAs/P doped channel HIFETs utilizing 150 A Ga,,In, ;P
SBEL. These devices show very good DC and RF performance. The extrinsic
transcondance is 665 mS/mm. The f , was 168 GHz and the f; was 117 GHz.
These results are comparable with InAlAs/InGaAs HEMTs which indicate the
GalnP is a promising material for replacing InAlAs as gate SBEL material for InP
based HFET applications.

10:20 AM, A2+
Reliability Studies on InAs/GaP and Au/Ti/GaP Schottky Diodes: J.
JEON'; E. H. Chen'; V. Gopal'; E. P. Kvam?; J. M. Woodall'; 'Purdue Univer-
sity, School of Engineering and NSF-MRSEC for Technology-Enabling Hetero-
structure Materials, West Lafayette, IN 47907-1289 USA

Schottky rectifiers have been widely utilized in semiconductor industry.
Typically, these diodes consist of a metal in contact with a semiconductor
material. However, thermal stability has been an important issue on these metal-
semiconductor devices because of the metallurgical changes that can occur at
the interface during any kind of intentional or unavoidable heat treatments.
Recently, Chen et al reported that direct growth of InAs on GaP has shown
promise as a Schottky diode. The resulting |-V characteristics showed low
leakage currents and high breakdown voltages in reverse bias region and
nearly ideal, Schottky-barrier like, forward bias characteristics with ideality
factors of 1.1 or less. Since InAs/GaP junction has a large lattice mismatch
(~11%), we expect that this mismatch could suppress the atomic inter-diffusion
across the interface between InAs and Gap and hence reduce the mutual
solubility of InAs and Gap. In this paper we discuss device reliability under
thermal stress. Samples were prepared by Molecular Beam Epitaxy. After
growth of a lightly doped (n=1E17) GaP layer, a thin heavily-doped (n=1E19)
InAs layer (300 A) was deposited directly on GaP buffer. A thick heavily doped
Ing¢Gay,As layer was grownon top for the purpose of making ohmic contact by
AuTi evaporation. The device active region is at the InAs/GaP heterojunction.
For comparison, metal-semiconductor Schottky diodes were fabricated by evapo-
rating Au/Ti metal films on MBE grown GaP (1E17) materials. Both InAs/GaP
and Au/Ti/GaP devices were annealed under a nitrogen ambient at various
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Uemura and T. Baba: Jpn. J. Appl. Phys. 33 (1994) L1363. [2] T. Uemura and
T. Baba: IEEE Electron Device Lett. 18 (1997) 225.

4:30 PM, G9
Negative Differential Resistance of CdF,/CaF, Resonant Tunneling Di-
ode on Si(111) Grown by Partially lonized Beam Epitaxy: MASAHIRO
WATANABE'; Yuichi Aoki'; Wataru Saitoh?; Mika Tsuganezawa'; 'Tokyo Insti-
tute of Technology, Research Center for Quantum Effect Electronics, 2-12-1 O-
okayama, Meguro-ku, Tokyo 152-8552 Japan; 2Tokyo Institute of Technology,
Electrical and Electronic Engineering, 2-12-1 O-okayama, Meguro-ku, Tokyo
152-8552 Japan

Epitaxial growth of nanometer-thick CdF,/CaF, multilayered heterostruc-
tures on a Si(111) substrate using partially ionized beam epitaxy has been
demonstrated. Triple barrier resonant tunneling diode (RTD) consisting of these
heterostructures were fabricated on Si and negative differential resistance (NDR)
characteristics have been observed at room temperature. CdF,/CaF, hetero-
structure is one of the attractive candidates for quantum effect devices on Si
substrate such as resonant tunneling diodes and quantum cascade lasers
because of its large conduction band discontinuity (2.9eV) at the heterointerface.
CdF, and CaF, have fluorite lattice structure and well lattice matched to Si with
mismatches of -0.8%, +0.6% at room temperature, respectively. Recently,
epitaxial growth of CdF,/CaF, heterostructure on Si(111) using molecular beam
epitaxy (MBE) has been reported and room temperature NDR with double
barrier RTD has been demonstrated by A. Izumi et al. In this paper, we have
introduced partially ionized beam epitaxy (PIBE) for obtaining atomically flat
CdF,-CaF, heterointerface using ionization and acceleration of CaF,. N-type
Si(111) substrate with 0.1Y misorientation was chemically cleaned and protec-
tive oxide layer was removed in ultra high vacuum chamber by thermal heating
with Si flux. First of all, 1nm-thick CaF, was grown at 750YT, with ionization by
electron bombardment without acceleration bias voltage (V). lonization of CaF,
was effective for improvement of CaF, flatness and coverage over Si surface
probably because ionized CaF, tends to make strong bonding with Si. Subse-
quently, 5nm-thick CdF, buffer layer was grown on the CaF, at 50YC. After the
buffer layer growth, CaF, was grown at 50YC with ionization and acceleration
V,=2kV and CdF, was grown at 50YC without ionization. The structure of triple
barrier RTD is as follows: Al electrode (electron injector)/1nm-thick CaF, barrier/
2nm-thick CdF, quantum well/ 1nm-CaF, / 1nm-CdF,/ 1nm-CaF, / 5nm-thick
CdF, buffer layer/ 1nm-thick CaF, buffer layer/ n-type Si(111) substrate/ Al
electrode. Diameter of the top Al contact was 0.018mm. In the measurement of
current-voltage characteristics, clear NDR was observed at room temperature
and the maximum peak to valley (P/V) ratio was about 14. The NDR character-
istic was almost reproduced three times and the bias voltage of peak current
was 1.5V, which agreed well with theoretical estimation. The peak current
density was 70-95A/cm2, which is approximately 10 times lower than theory
probably because the resonant tunneling occurred in a part of the whole contact
area of devices due to the barrier thickness fluctuation. References:[1]A. Izumi,
N. Matsubara, Y. Kushida, K. Tsutsui, and N. S. Sokolov: Jpn. J. Appl. Phys.,
36 (1997) 1849. [2]M. Watanabe, W. Saitoh, Y. Aoki, J. Nishiyama: Solid State
Electronics, to be published.

4:50 PM, G10
Late News

Wednesday PM, June 24, 1998

Session H. Growth and Characterization
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Room: 005
Location: Olsson Hall

Session Chair: Julia Hsu, University of Virginia
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1:30 PM, H1+
Luminescence Analysis of Germanium Nanostructures Grown on SiGe/
Si (118) by MBE: MURIELLE SERPENTINI'; Georges Bremond'; Abdel Kader
Souifi'; Mario Abdallah?; Isabelle Berbeziers;, 'INSA Lyon, Laboratoire de Phy-
sique de la matiére, UMR-CNRS 5511, batiment 502, 20 Avenue A.Einstein,
Villeurbanne, Rhone 69621 France; 2Campus de Luminy, CRMC2-CNRS,
CASE 913, Marseille, Bouches du Rhone 13288 France

Quantum dots are expected to increase quantum efficiency and therefore are
good candidates for the development of Si-based Optoelectronics. With this aim
in view, self-organization growth on silicon (118) substrate seems to be a
promising technique. The principle is as follows: a SiGe undulating layer is
obtained by the growth on a silicon (118) substrate, then Ge is deposed on these
undulations according to the Stranski-Krastanov mode. Using this method, the
island lateral size can be better controlled. In this work we describe a photolumi-
nescence investigation of such Si/Ge/SiGe/Si structures. We dispose of three
samples with variable Ge thickness D (1, 3 and 7 monolayers) and one sample
containing 7 monolayers of Ge without the first SiGe wetting layer. The study
consists of time-resolved measurements and analyses of the photolumines-
cence signal as function of power excitation and temperature. Low temperature
PL spectra show the 2D/3D changeover in the growth mode which occurs
between D = 3ML and D = 7 ML. When increasing the temperature up to 300 K,
the dots-related luminescence persists for the sample with D =7 ML. For D = 3
ML, we observe a luminescence correlated to thickness oscillations. When
increasing the power excitation, results show a shift of the picks towards higher
energies. This shift is very significant for D = 7 ML, so we assume that the 3D-
related transition is a type Il optical transition. Time-resolved measurements are
used in order to discuss the PL life-time of 2D and 3D related-transitions. This
allows to separate the different contributions arising from different regions of the
structures.

1:50 PM, H2+
Mechanisms Determining Three-dimensional SiGe Islands Density on
Si(001): J. S. SULLIVAN'; H. Evans'; M. R. Wilson'; T. F. Kuech?;, M. G.
Lagally'; 'University of Wisconsin - Madison, Materials Science Department,
1500 Engineering Drive, Madison, WI 53706 USA; 2University of Wisconsin -
Madison, Department of Chemical Engineering, 1415 Engineering Drive, Madi-
son, WI 53706 USA

Thin, epitaxial films of SiGe deposited on Si(001) can form three-dimensional
(3-D), coherently strained islands via a modified Stranski-Krastanov growth
mode. Scientific interest in such islands has shifted from their novelty to
mechanisms of growth and of formation. Additionally, engineering films with
specific island sizes and densities may be of practical value for unique optoelec-
tronic properties. This paper describes the mechanisms affected by common
process variables in epitaxial growth and how these mechanisms determine
film morphology. We deposited SiGe films on Si(001) using low-pressure chemi-
cal vapor deposition in an ultra-high vacuum compatible reactor. Alloy compo-
sition, substrate temperature, and deposition rate were used to control the
number density of faceted 3-D islands. Film growth was monitored with in-situ,
real-time reflection high-energy electron diffraction, and the growth was quenched
when the diffraction patterns displayed transmission spots and angled streaks
indicating the presence of 3-D faceted islands. Atomic force microscopy was
performed ex-situ to characterize film morphology. Island number density exhib-
its an Arrhenius-type dependence with substrate temperature. The density
increases approximately a factor of two for every 50 K decrease in temperature
(near 1000 K). Two thermally activated processes can account for increased
island density with decreasing temperature, diffusion length and diffusion barri-
ers. If the distance between two islands is greater than the diffusion length,
another island is likely to nucleate between them. Diffusion barriers increase the
two-dimensional (2-D) adatom gas density reducing the effective diffusion length
at a given temperature. Three-dimensional island density increases as a power
law with deposition rate. Increasing the deposition rate increases the 2-D
adatom gas density. The higher 2-D adatom gas density leads to an effectively
shorter diffusion length allowing 3-D islands to nucleate closer together. Number
density is inversely proportional to Ge mole fraction in the alloy. Islands may
“sense” the presence of other islands by strain fields that propagate through the
substrate. A compressively strained coherent island will impart a compressive
stress on the surrounding substrate which diminishes with distance from the
island. The local chemical potential for the alloy near an island will increase due
to the compressively strained substrate. The increased chemical potential
prevents islands from being too close. Furthermore, alloy composition affects
the magnitude of the strain fields such that higher Ge mole fractions increase the
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radius around an island whene rugleation of anathar island is unfavorabile—The
process variables of dlloy compesition, substrate terperature, and growih rate
infusnce 3-0 skind density through vanous meckanisms, We will dscuss our
resulls in tha corled of simple Siemodynamic and kinelic modats thal may be
used te engineer filme with a desired 3-0 istand densiy. This work was
auppanted by the HNSF
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Facet Formations in Selective Epitaxial Growth of 5iGe/Si Heterostruc-
tures Grown By Gas-Source Molecular Beam Epitaxy: GREG D UREN'
Merk 5. Goarshy'; Kang L Wang!, 'UCLA, Dept. of Materials Science & Eng
420 Weskwood Plaza, 6532 Boalter Hall, LA, CA 90085-1585 USA, AICLA,
Dept of Electical Engineening, 420 Westwood Plaza, Room 66147, Engineer-
ing IV LA, CA S00851544 LUSA Al

Gas-source mokecular beam acll;axy was 1sad o inveshgate facel farma-
fons pocuming i tha saleclive epitacial growth of i, Ge 5i helerosiruciures {x
<07 We camied oul expariments on nominal an-axis (100) 5i substrates
misked with S00-600 A thermally grown S0, Ameys 5 » 5 mm? of rectangular
features 125 pm were dafined by conventional photchfhography lechnaques
Crass sesbon ransmission ekeclion microscopy shows the developmant of
{311} and {11} facets for & skdewall crientalion parslel to the <11 directions.
s growlh proceeds end more mporanty before IBeral overgrowtn, the {317}
dornirates.  The combination of {111} and (311} tacet growth leads to an overal
Izteral reductan of the [100) mesa top al an estimated rate of 221 [lateral
resduction {xy):epi thickness (2)]. The {311) facal grows approximately 34
frnes Raster than the (111} facel, more quickly pramating the lateral reduction
With an apgrapriale Si buffer layer, the laleral dmersion can be reduces beyend
the ariginal ithogrephic defintion, which can be then usad as 4 femplate for
growlh of SiGe halsrostruchures. Triple &S x-ray diffracton maasurements of
the seleclive spi determined that the onestaling quaity is nol compromised by
the presence of facet growlh nor subject fo defecizble addiional Siain rakxaton
mechanisms as a resull of addbonal free surfces for = 1 pm stuchores. Also,
from double axis ¥-ray measurements, Fo significant grawth dependence as
fametion of fealure size was dbaerved. The extent of raduclion i determined by
Ihe cwide thickness  Lateral reducfion confinues urfil 1he epi thickness over-
comes e oxide, ab which point avergrowth occurs Far epitesdal overgrowih
ol Sea, the [111) face! becomes dominant conguming the T34} facel.  The
results for lateral overgrowth of SiGe are consistent with overgrowi of Si
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i1 2:30 PM, H4+

Complete Suppression of Oxidation Enhancement of Beron Diffusion
Using Substitutional Carban Incerperation: M. 5. CARROLLY G L
Chang®; J. ©. Sturm®;, T. Buyuiimanlis, 1Princeton Liniversity, Depatmant of
Elacirical Enginearing, Centes for Photonice and Opioslecionic Matensls,
Princaton, MJ 08540 LISA; "Evans East, Plainsboro, M) 08336 LISA

Baran diffusion and ils enhancemen via implant damage (banseant en-
hanced diffusion, TED) and axidalion (oidation enhanced diffusien, QED) are
sevare probdems for the scabng of 5i based devices. Recenlly, the suppression
of baran diffusion and the reduction o jts enhancamant due to GED and TED
mechanisms hes been demonsirated through the incorporation of carbon in
sificonl 2], In this peper we show for the first fime e ahility, through introcuchion
of a thin SiGeC layer, o compleiely fler inlesstilisls injected by an ouerying
oridizeg surlace, which results n e complete elimination of OED for ursder by
ing boren Further, wa also quanhfy the atility of the SiCeC o reduce rormal
hermal dffusian and OED in 5i lyers lying above the SiGeC layer. The test
siructures were grown using repid fenmal chismical vapar depasition {RTCVD),
batwesn 600 and T50°C using methysilane &z tha carbon source. A double
pesaked boron profle wilh and without 8 59Ge0 ar S0Ge layer placed between (he
peaks was used 1 lest the effiact of the layer on Boron diffusivilies at different
locetions [above and below) with respect o fhe SiGefSiGeC layer. Balh baran
peaks were apgroximately 2504 thick and bad @ boron concentration of 5*10'/
i centared 2004 and 30004 sway from the surlace respectively, while the
2504 thick 5iGes kayer was centered Z300A from ihe suriace. As-grown
samples were then cleaved and annealed in ndrogen and oxygen ambient
almospheres o B50FC for 20 minules. Boron profies were cnarecianzed using
gecandary on mass speciroscopy (SIMS), and @ commercialy available pro-
cexs simulator [TSUPREMA by TMA) was used lo quantitalively compare
boron profiles and obdain boron diffusivities. Silicon samples, oddation af B50°C
= oheanved ta cause a 10 Smes arhancemant aof boron diffusivily, congisien
with exigting smulstors. Unlia previeus reports of parial DED suppressions,
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introduction of 0 5% substiutional cartan n Si%C between the SHTNg s
face and boson marker complesely suppresses any cxidetion enbancad diffy.
gicn, prestmably by Giering out @l interstikals injectad 8t the surface by h
cridabion process, Werk B in progress 1o delerming the cnlical densty of
sustiillicnal cabon o suppress boron OED, A compariscn of 2, SiGe, ang
HilzeC samples shows that substibbanel cerbon, not Ga, i crilizal for This resu,
Furlhes, we rapart & boron diffusiviy 33% aof that in e annealed S conirg)
sample layer -3508 sbove The SieC keyver {ie betwean tha lop surfece and (he
G¢3el byer)  This nonbocal suppression af boron diffusian, indicates ihat the
SiGel: gethers Si interstrlials with an effective ranga of aver -3504 in Bl cates
inglheding annealing in oxpgen almespheres.  This wark was Supoarted by
OMR (WO0014-96-1-0334), and AFQSR, References 1 L O Lanzerali, et al,

Appd  Prys. Lett wol 70, Mo 23, 9 Jung 972, Stolk, H. J. Gossmann, [,
Eaglesham, J. M. Pate, Mal. Sei & Eng. B35, 27581, 06
o 14 ‘:LI' l ot ¥
ped fon &'I....'Si'_i“:*{' - O

250 PM, HE+ /
{ Effect of Low Carbon Levels ¢n Boron Diffusion and Strain Relaxation
“in §I,,C, and Sl GeC, Alloys: ANDA C. MOCUTA', Richard Strong?

Cavid W Grave', 'Carrgee Mellon University, Depariment of Elecincal aad

Cowmguier Enginearing, 5000 Forbes Ave. | Piltsburgh, PA 15213 LISA; *Harttrap

Crmmen, STC, 1350 Baulah Rd. Fittsburgh, PA 15235 LEA
We report he growth of pelype Si G and 5i,, Ge G, epitaxial layers uing
Litra High Vacuum Chemcal Vapor Deposibon (UHWCVD), This is & novel
aoplcatan of UHWCVD, a balch process epiteaal growdh technique used in the
commercial manufacture of Sioased imegrated crowis. Silane, germane, and
mathylsilane were used as the source gases for &I, Ge, and . respeclvely,
Boton doping wes achievad both by (1) in-siby doping wsng dborane; and {2) B-
implantation followed by annealing, Bath doped and undoped layars wena
arnealed 8 tsmperstures af up to 800 °C and analyzed using SIMS and high
reslulion Yeray difiechon For smal ancentrations (0.25%), carbon incorpors-
bon i compheiely substitubonal in both 5, G and 51, Ga G Theae low cakon
|msake produce & significant anhancemen in the thermal sieblity of Sf5e aloys.
Upan annealing &1 900 *C far 1 hour, no significant sbam readaton occurs n
SiGel single layers or multple guanium well structures while in simiar SiGs
slruciwres with eomparable sirain and thickness zrain relaxation 13 obsered,
The addton of caben aleo greally reduces the difisivity of boren, regerdesa of
whether the boron is implanted of incomported duing growth, For a 800 °C, 30
min anreal boron diffusicn has bean efectively mhibited in 5, S, and a reducton
in diffusion coalficient by ai least 2 facior of 10 eould be ealcubated. Sheal
resElang £_films with [B] - 10 cm are unafiecled by low carton
lewels: 1 characienstics of pn juncions show no increase |0 FecomDinEton
curreni wilh the addfisn of 0 26% carban, Fabeication of SiGe heterojunction
bigolar fransistors of p-channel MOSEE s invokees lath ion impantation and
high temperature anpealing =tEps. THESa resuls demonsirate thal ncofparasng
smal amounts of substitufizral carban nio Hims grown by UHNICWYD can hewe
heneficial efiects in processing devices by alkwing a higher 1harmal budgel
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3:30 PN, HE

Effect of Growth Interruption on $U5KGe Layers Using UHVCVD  JACK
0. CHUY Khaled lemail®, Steve Koester’, '1BM T.J. Watsan Ressarch Cenles,
Dar 23 Depl KW, PO Bon 218, MS 18-246, Yorktown Heights, NY 10658 LISA

5ifSiGe modulation-doped layers hewe bean hamessed o shady the effed
of growilh internupl on the epstaxel qualty of lagers grawn by LHUCVD. Wilhoul
amy growlh interuption, a mebility of about 1,900 cmdfVs (55,000 cmiiV's) 18
achieved at 300K [20K]. The growth was inlerrupted @l varying dislance
undesmeath 1he stram Sialacian chanrel, while the walers were pulled oul 19 the
joad lock. for B0 minutes. For an nlermupl that is 200nm undéraeath e channe
thare was ro measurable affect on the mobility. However, interrupling the
growh af 50rm, 10nm, end Onm from the channel resulled in a mebility of 1500,
1200, and A00 cméfy's al room tempemiure, and 43,000, B100 and 450 cmifvs
at 70K, respeciely.  The interrupd was assocaled with an aygen spike in the
SIMS profle amounting to a dose of 1x 10%cm? I however, the walers are
cooled fo JB0C prior b growth intermupt while Nowing 5H,, ihe surface reamind
hydrogen passiveted, and the mobdity ncreases from G00 emiivs to 1630 omé’
Vs al 300K and from 450 emiVs to 25300 emifds a1 20K, for the case of
irterLpting the grawlh ight undermeat the charnel  Thiss the hydrogen passi-
wation can be uced az a -.-iluahle technaque to interrupl the growth in case
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