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Effect of Magnesium and Silicon on the Lateral Overgrowth of GaN
Patterned Substrates by Metal Organic Vapor Phase Epitaxy
S. Haffouz , B . Beaumont , an d P . Gibar t
CRHEA-CNRS

Metalorganic vapo r phas e epitax y wa s use d t o achiev e selectiv e
regrowth o f undoped , Mg - an d Si-dope d Ga N o n a  silico n nitrid e patterne d
mask, cappin g a  Ga N epitaxia l laye r deposite d o n (0001 ) sapphir e sub -
strate. Hexagona l opening s i n th e mas k define d int o 1 0 p m diamete r cir -
cles separate d b y 5  p m wer e use d a s a  patter n fo r th e presen t study .
Uniform undoped  an d Mg-dope d Ga N hexagona l pyramids , delimite d b y
C (0001 ) an d R  {1101 } facets , wer e achieve d wit h a  goo d selectivity . Si -
doped Ga N hexagona l pyramid s delimite d b y vertica l {1100 } facet s an d
(0001) to p face t wer e obtaine d fo r a  hig h Sil- U flow  rat e i n th e vapo r phase .
We foun d tha t th e Ga N growt h rate s V R an d Vc , measure d i n th e R  < i i 0 1 >
and C  <0001 > direction s respectively , wer e drasticall y affecte d b y th e M g
and S i incorporation . B y adjustin g th e M g partia l pressur e i n th e growt h
chamber, th e VR/V C rati o ca n b e increased . Hence , th e delimitin g to p C
facet d o no t vanis h a s usuall y observe d i n undope d Ga N selectiv e
regrowth bu t conversel y expands . O n th e othe r hand , unde r prope r
growth conditions , 20-pm-hig h Si-dope d Ga N column s wer e obtained .
Order No. NS003-008 ©1 998 MRS
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Ultraviolet Photodetectors Based on Aifia,.Ji Schottky Barriers
E. Monroy 1, F . Calle 1, E . Mufioz 1, F . Omnes 2, B . Beaumont 2, Pierr e Gibart 2,
J.A. Mufioz 3, an d F . Cusso 3

1Ciudad Universitari a
2CRHEA-CNRS
3L)niversidad Autonom a d e Madri d

Schottky barrie r photovoltai c detector s base d o n Si-dope d AI/Ba^J M ( 0
ix<  0.22 ) hav e bee n fabricate d an d characterized . Sample s wer e grow n
on basa l plan e sapphir e b y LP-MOVPE . Schottk y contact s wer e mad e wit h
Au. Responsivitie s ar e independen t o f th e diod e siz e an d o f th e inciden t
power i n th e rang e measure d (1 0 mW/m 2 t o 2  KW/m 2). Th e spectra l
response show s a n abrup t cutof f tha t shift s linearl y t o highe r energ y wit h
increasing A l content . A  visibl e rejectio n o f 3  t o 4  order s o f magnitud e i s
observed i n Al xGai-xN Schottk y photodiodes . Devic e tim e respons e i s RC -
limited, an d a  minimu m deca y tim e a s short  a s 1 5 n s hav e bee n estimate d
in unbiase d Alo.22Gao.2e N diodes . Thi s tim e respons e ca n b e furthe r
reduced b y revers e biasing .
Order No. NS003-009 ©1998 MRS

http://nsr.mij.mrs.org/3/10/
Direct SIMS Determination of the In^Gai.^N Mole Fraction
A. P . Kovarsky 1, Yu . L  Kretser 1, Y u A . Kudriavtsev 1, D . N . Stroganov 1,
M. A . Yagovkina 1, T . Beierlein 2, an d S . Strite 2

1Mekhanobr-Analyt Co .
2IBM Researc h Division-Zuric h

We demonstrat e tha t ou r secondar y mas s io n spectroscop y (SIMS )
method fo r th e determinatio n o f th e mol e fractio n i n soli d In^Gaix N solu -
tions i s accurat e an d reproduceabl e withou t nee d o f referenc e samples .
The metho d i s base d o n measurin g relativ e curren t value s o f CsM + ( M =
Ga, In ) secondar y ions . Th e clai m o f reliabl e SIM S determinatio n withou t
reference sample s wa s confirme d b y fou r independen t analytica l method s
on th e sam e sample s wit h a  relativ e erro r i n th e In N mol e fractio n deter -
mination belo w 15% .
Order No. NS003-010 ©1 998 MRS
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The Polarity of GaN: A Critical Review
E. S . Hellma n
Lucent Technologie s

GaN, AI N an d InGa N hav e a  pola r wurtzit e structur e an d epitaxia l film s
of thes e material s typicall y gro w alon g th e pola r axis . Althoug h th e polarit y
of thes e nitride s ha s bee n studie d b y quit e a  numbe r o f techniques , man y
results i n th e literatur e ar e i n conflict . I n thi s pape r a n attemp t i s mad e t o
lay ou t a  se t o f polarit y assignment s t o provid e a  contex t fo r discussio n o f
these results . A  "standar d framework " i s propose d t o correlat e th e dis -
parate results , an d th e framewor k i s use d t o dra w genera l conclusion s
about th e polarit y o f bul k crystals , VP E an d MB E epitaxia l films , an d
devices.
Order No . NS003-01 1 ©1 998 MRS

http://nsr.mij.mrs.org/3/12/
Surface Reconstruction During Molecular Beam Epitaxial Growth
of GaN (0001)
A. R . Smith 1, V . Ramachandran 1, R . M . Feenstra 1, D . W . Greve 1, A . Ptak 2,
T. Myers 2, W . Sarney 3, L . Salamanca-Riba 3, M . Shin 1, an d M . Skowronski 1
1Carnegie Mello n Universit y
2West Virgini a Universit y
University o f Marylan d

Surface reconstruction s durin g homoepitaxia l growt h o f Ga N (0001 ) ar e
studied usin g reflectio n high-energ y electro n diffractio n an d scannin g tun -
neling microscopy . I n agreemen t wit h previou s workers , a  distinc t transi -
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tion fro m roug h t o smoot h morpholog y i s see n a s a  functio n o f G a t o N
ratio durin g growth . However , i n contras t t o som e prio r reports , n o evi -
dence fo r a  2  x  2  reconstructio n during Ga N growt h i s observed .
Observations hav e bee n mad e usin g fou r differen t nitroge n plasm a
sources, wit h simila r result s i n eac h case . A  2  x  2  structur e o f th e surfac e
can b e obtained , bu t onl y durin g nitridatio n o f th e surfac e i n th e absenc e
of a  G a flux.
Order No. NS003-012 ©1998 MRS

http://nsr.mij.mrs.org/3/13/
Selective Area Growth of GaN Directly on (0001) Sapphire by the
HVPE Technique
R. Singh 1, R.J . Barrett 1, J.J . Gomes 1, F.P . Dabkowski 1, an d T.D . Moustakas 2

1 Polaroi d Corporatio n
2Boston Universit y

In thi s paper , w e repor t o n th e selectiv e are a growt h (SAG ) o f Ga N
directly o n patterne d c-plan e sapphir e substrate s b y hydrid e vapo r phas e
epitaxy (HVPE) . A  numbe r o f researcher s hav e reporte d tha t th e HVPE
growth technique , unlik e th e MB E an d MOCV D methods , i s capabl e o f
producing devic e qualit y Ga N film s withou t th e nee d fo r an y lo w tempera -
ture nucleation/buffe r layers . Th e densit y o f edg e dislocation s i n thes e
HVPE film s decrease s dramaticall y a s th e fil m thicknes s i s increased , an d
the dislocatio n densit y value s fo r thic k film s ( > 1 0 pm ) ar e comparabl e t o
those reporte d fo r th e bes t Ga N film s grow n b y othe r method s o n c-sap -
phire. Thes e advantage s o f th e HVPE growt h techniqu e make s i t possibl e
to achiev e hig h qualit y selectiv e are a growt h o f Ga N directl y o n c-sapphir e
substrates.

C-plane sapphir e substrate s wer e coate d wit h PECVD SiO 2 an d pho -
tolithographically patterne d wit h differen t siz e an d shap e openings .
Subsequently, thes e patterne d substrate s wer e introduce d i n a  horizontal ,
hot-wall quart z reacto r fo r th e Ga N growth . I t wa s observe d tha t singl e
crystal Ga N growt h wa s preferentiall y initiate d i n th e opening s i n th e oxid e
layer. Thi s selectiv e are a growt h wa s followe d b y epitaxia l latera l over -
growth (ELO) , leadin g t o th e formatio n o f hexagona l Ga N prism s terminat -
ed i n smooth , vertica l (1100 ) facets . W e hav e bee n successfu l i n shearin g
these pyrami d structure s fro m th e sapphir e substrate s a s individua l
devices, whic h d o no t requir e an y post-growt h etchin g fo r featur e defini -
tion. Thi s procedur e allow s fo r th e dramati c reductio n o f th e proces s com -
plexity an d th e duratio n an d expens e fo r Ga N growt h fo r devic e applica -
tions. Stimulate d emissio n result s o n thes e self-forme d optica l cavitie s ar e
also presented .
Order No. NS003-013 ©1998 MRS
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Surface Morphology of MBE-Grown GaN on GaAs(001) as
Function of the N/Ga-Ratio
O. Zseb6k , J.V . Thordson , an d T.G . Andersso n
Chalmers Universit y o f Technolog y

Molecular bea m epitax y growt h utilisin g a n RF-plasm a nitroge n sourc e
was use d t o stud y surfac e an d surfac e morpholog y o f Ga N o n GaA s (001 )
at 580°C . Whil e bot h th e nitroge n flow  an d plasm a excitatio n powe r wer e
constant, th e grow n layer s wer e characterise d a s a  functio n o f Ga-flux . I n
the initia l growt h stag e a  ( 3 x  3 ) surfac e reconstructio n wa s observed . Thi s
surface periodicit y onl y laste d u p t o a  maximu m thicknes s o f 2. 5 ML , fol -
lowed b y a  transitio n t o th e unreconstructe d surface . Sample s grow n

Color reprints may be ordered by using the JMR
Single Article Reprints form in the back of MRS
Bulletin. Use the order number at the end of the
MIJ-NSR abstract.
Each copy is $10.00 for MRS members and $12.00
for non-members. Include payment and shipping
information as designated on the form.

under N-rich , Ga-ric h an d stoichiometri c condition s wer e characterise d b y
high-resolution scannin g electro n microscop y an d atomi c forc e
microscopy. W e foun d tha t th e smoothes t surface s wer e provide d b y th e
N/Ga-ratio givin g th e thickes t laye r a t th e ( 3 x  3)=>( 1 x  1 ) transition . Th e
defect formatio n a t th e GaN/GaA s interfac e als o depende d o n th e N/Ga -
flux ratio .
Order No. NS003-014 ©1998 MRS
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The Role of Piezoelectric Fields in GaN-Based Quantum Wells
A. HangleiterJ.S . Im , H . Kollmer , S . Heppel.J . Off , an d F. Schol z
Universitat Stuttgar t

In thi s contribution , w e focu s o n th e consequence s o f th e piezoelectri c
field, whic h i s a n inheren t consequenc e o f th e commonl y use d wurtzit e
phase o f GaN , o n th e optica l propertie s o f straine d GaN-base d quantu m
well structures . W e demonstrat e tha t bot h i n GaN/AlGa N an d i n
GalnN/GaN singl e quantu m wel l structures , th e piezoelectri c fiel d lead s t o
a Stark-shif t o f th e fundamenta l optica l transitions , whic h ca n lea d t o lumi -
nescence emissio n fa r belo w th e bul k bandgap . Du e t o th e spatia l separa -
tion o f th e electro n an d hol e wavefunction s i n suc h structures , th e oscilla -
tor strengt h o f thes e transition s ma y becom e extremel y small , man y order s
of magnitud e lowe r tha n i n th e field-fre e case . Fro m speciall y designe d
structures, w e ca n eve n determin e th e sig n o f th e piezoelectri c fiel d an d
relate i t t o th e polarit y o f th e layers . Unde r high-excitatio n conditions , a s
found i n a  lase r diode , th e piezoelectri c fiel d i s almos t completel y screene d
by th e injecte d carriers . A s a  consequence , th e stimulate d emissio n i s sig -
nificantly blue-shifte d compare d t o th e photoluminescence , whic h ha s
sometimes bee n confuse d wit h localizatio n effects .
Order No. NS003-015 ©1998 MRS

http://nsr.mij.mrs.org/3/16/
Suppression of Phase Separation in InGaN Due to Elastic Strain
S. Yu . Karpo v
Advanced Technolog y Cente r

The effec t o f elasti c strai n i n epitaxia l InGa N layer s coherentl y grow n o n
GaN wafer s o n spinoda l decompositio n o f th e ternar y compoun d i s exam -
ined. Th e effec t result s i n considerabl e suppressio n o f phas e separatio n i n
the straine d InGa N layers . T o predic t correctl y th e positio n o f th e miscibil -
ity ga p i n th e T- x diagra m i t i s importan t t o tak e int o accoun t th e composi -
tional dependenc e o f th e elasti c constant s o f th e ternar y compound . Th e
contribution o f th e elasti c strai n t o th e Gibb s fre e energ y o f InGa N i s cal -
culated assumin g unifor m compressio n o f th e epitaxia l laye r wit h respec t
to th e underlyin g Ga N wafer . Th e interactio n o f binar y constituent s i n th e
solid phas e i s accounte d fo r o n th e bas e o f regula r solutio n model . Th e
enthalpy o f mixin g i s estimate d usin g th e Valenc e Forc e Fiel d approxima -
tion. Th e strai n effec t become s stronge r wit h increasin g I n conten t i n th e
InGaN. A s a  resul t th e miscibilit y ga p shift s remarkabl y int o th e are a o f
higher In N concentratio n an d become s o f asymmetrica l shape . Variou s
growth surfac e orientation s an d th e typ e o f crystallin e structur e (wurtzit e
or sphalerite ) provid e differen t effect s o f th e elasti c strai n o n phas e sepa -
ration i n ternar y compounds .
Order No. NS003-016 ©1998 MRS
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Spectroscopic Ellipsometry on GaN: Comparison Between
Hetero-Epitaxial Layers and Bulk Crystals
A.R.A. Zauner 1, MAC . Devillers 1, P.R . Hageman 1, P.K . Larsen 1, an d
S. Porowski 2
1 Universit y o f Nijmege n
2High Pressur e Researc h Cente r

In th e presen t stud y spectroscopi c ellipsometr y wa s use d fo r charac -
terising Ga N bul k crystal s obtaine d a t hig h pressur e an d thi n film s grow n
on sapphire . Th e undope d Ga N film s grow n b y MOCV D sho w interferenc e
fringes belo w th e fundamenta l gap . Th e ellipsometri c dat a ( A an d *F) , mea -
sured i n th e wavelengt h range  betwee n 500  n m an d 68 0 nm , wer e ana -
lyzed usin g a  multilaye r descriptio n i n th e transfe r matri x formalism . Fo r th e
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thin film s grow n o n sapphir e th e mode l include s a  buffe r layer , a  Ga N epi -
layer, an d a  hypothetica l overlayer . Furthermore , both , th e rea l an d imagi -
nary par t o f th e comple x refractiv e inde x wer e take n int o account . Th e rea l
part o f th e refractiv e inde x n\ wa s foun d t o follo w a  Cauchy-typ e o f dis -
persion m =  2.29 0 +  0.0 6 [(280)/(X-280)] 2. Fo r bul k crystal s n^ wa s foun d
to b e 2.33 7 (0.01 0 a t th e wavelengt h o f 632. 8 nm . Thi s valu e compare s
well wit h MOCV D grow n Ga N wher e m(A . =  632. 8 nm ) =  2.32 8 ±  0.003 .
Order No. NS003-017 ©1 998 MRS

http://nsr.mij.mrs.org/3/18/
Optical Properties of Electron-Irradiated GaN
I. A . Buyanova 1, Mt . Wagner 1, W.M . Chen 1, L . Lindstrom 1, B . Monemar 1,
H. Amano 2, an d I . Akasaki 2
1Link6ping Universit y
2Meijo Universit y

The electroni c structur e o f defect s produce d b y 2.5-Me V electro n irra -
diation an d thei r effec t o n optica l propertie s o f Ga N ar e investigate d usin g
photoluminescence (PL ) an d opticall y detecte d magneti c resonanc e
(ODMR) techniques . Th e electro n irradiatio n i s show n t o produce , i n par -
ticular, a  dee p P L ban d wit h a  no-phono n lin e a t aroun d 0.8 8 e V followe d
by a  phonon-assiste d sideband . W e sugges t tha t thi s emissio n i s cause d b y
an interna l transitio n betwee n excite d an d groun d stat e o f a  dee p defect .
The excite d stat e i s a  multiple-leve l state , a s reveale d fro m temperatur e
dependent P L an d leve l anti-crossin g experiments . Th e electroni c structur e
of th e 0.8 8 e V defec t i s show n t o b e sensitiv e t o th e interna l strai n i n th e
GaN epilayers . Th e ODM R studie s revea l tha t th e principa l axi s o f th e
defect coincide s wit h th e c-axi s o f th e hos t lattic e an d shoul d therefor e b e
either a n on-sit e poin t defec t o r a n axia l comple x defec t alon g th e c-axis .
Order No. NS003-018 ©1998 MRS

http://nsr.mij.mrs.org/3/19/
Luminescence of Be-Doped GaN Layers Grown by Molecular
Beam Epitaxy on Si (111)
F.J. Sanchez 1, F . Calle 1, M.A . Sanchez-Garcia 1, E . Calleja 1, E . Munoz 1,
C. H . Molloy 2, D.J . Somerford 2, F . K . Koschnick 3, K . Michael 3, J.M . Spaeth 3

1Ciudad Universitari a
University o f Wale s
University o f Paderbo m

Low temperatur e photoluminescenc e spectr a o f Be-dope d layer s grow n
on S i (111 ) b y molecula r bea m epitax y hav e bee n analyzed . Emission s a t
3.466 e V an d 3.38 4 eV , an d a  broa d ban d centere d a t 2.4-2. 5 e V ar e
observed. Thei r evolutio n wit h temperatur e an d excitatio n power , an d tim e
resolved P L measurement s ascrib e a n excitoni c characte r fo r th e lumines -
cence a t 3.46 6 eV , wherea s th e emissio n a t 3.38 4 e V i s associate d wit h a
donor-acceptor pai r transition . Thi s recombinatio n involve s residua l
donors an d Be-relate d acceptors , whic h ar e locate d aroun d 9 0 me V abov e
the valenc e band , confirmin g B e a s th e shallowes t accepto r reporte d i n
GaN. Th e intensit y o f th e ban d a t 2.4-2. 5 e V increase s wit h th e B e content .
This emissio n involve s a  ban d o f dee p acceptor s generate d b y B e comple x
defects, a s suggeste d b y th e paramete r g  =  2.00 8 ±  0.00 3 obtaine d b y
photoluminescence-detected electro n paramagneti c resonance .
Order No. NS003-019 ©1998 MRS

http://nsr.mij.mrs.org/3/20/
Mg-Enhanced Lateral Overgrowth of GaN on Patterned GaN/Sapphire
Substrate by Selective Metal Organic Vapor Phase Epitaxy
B. Beaumont , M . Vaille , G . Nataf , A . Bouille , J.C . Guillaume , P . Vennegues ,
S. Haffouz , an d Pierr e Gibar t
CRHEA-CNRS

Selective an d latera l overgrowt h b y Meta l Organic s Vapou r Phas e
Epitaxy (MOVPE ) wa s carrie d ou t unti l coalescenc e t o produc e smoot h
and opticall y fla t thic k Ga N layers . A  Ga N epitaxia l laye r i s firs t grow n
using atmospheri c pressur e Metalorgani c Vapou r Phas e Epitax y o n a
{0001} AI2O 3 substrate . The n a  30 A silico n nitrid e dielectri c fil m i s
deposited in-sit u b y reactio n o f silan e an d ammoni a t o for m a  selectiv e
mask. Afterwards , th e opening s an d th e figure s i n th e dielectri c film s ar e

achieved usin g standar d photolithographi c technology . Stripe s opening s
in th e mask , revealin g fre e Ga N surface , ar e aligne d i n th e <1010 > direc -
tion. Typica l stripe s spacin g an d widt h ar e 1 0 p m an d 5  p m respectively .
These patterne d layer s ar e furthe r o n use d fo r epitaxia l regrowt h o f Ga N
by MOVPE . Th e growt h anisotrop y an d therefor e th e coalescenc e
process i s achieve d b y introducin g (MeCp^M g i n th e vapou r phase . A
two-step proces s i s reporte d whic h allow s a  dramati c reductio n o f thread -
ing dislocation s densit y no t onl y abov e th e maske d area s bu t als o abov e
the window s opene d i n th e mask . Wit h thi s process , ver y shar p boun d
exciton luminescenc e peak s ar e measure d a t lo w temperatur e i n th e over -
grown GaN .
Order No. NS003-020 ©1998 MRS

http://nsr.mij.mrs.Org/3/21/
Polarization and Band Offsets of Stacking Faults in AIN and GaN
J.A. Majewsk i an d P . Vog l
Technische Universita t Munche n

We hav e performe d systemati c first-principle s pseudopotentia l loca l
density functiona l calculation s o f stackin g fault s i n Ga N an d AIN . Thei r
band offset s an d th e charg e accumulatio n a t stackin g faul t interface s ha s
been investigated , takin g full y int o accoun t th e effect s o f lattic e relaxatio n
and electri c polarization . W e fin d th e stackin g faul t junction s t o b e o f typ e
I i n bot h materials . However , th e intrinsi c valenc e ban d offset s ar e clos e t o
zero, s o tha t th e conductio n ban d offset s resul t mostl y fro m th e differ -
ences i n th e energ y gap s betwee n th e cubi c an d wurtzit e phases . Th e
charge accumulate d a t th e interfac e betwee n th e cubi c an d wurtzit e phas e
is foun d t o b e 0.00 9 an d 0.00 3 C/m 2 fo r th e AI N an d Ga N stackin g fault ,
respectively.
Order No. NS003-021 ©1998 MRS
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Time of Flight Mass Spectroscopy of Recoiled Ions Studies of
Gallium Nitride Thin Film Deposition by Various Molecular Beam
Epitaxial Methods
E. Kim 1,1. Berichev 1, A . Bensaoula 1, A . Schultz 2, K . Waters 2,
W. Zagozdzon-Wosik 1

1 Universit y o f Housto n
2lonwerks

Gallium Nitrid e (GaN ) thi n film s wer e successfull y grow n b y electro n
cyclotron resonanc e molecula r bea m epitax y (ECR-MBE) , ga s sourc e
MBE (GSMBE) , an d chemica l bea m epitax y (CBE) . Tim e o f fligh t mas s
spectroscopy o f recoile d ion s (TOF-MSRI ) an d reflectio n hig h energ y
electron diffractio n (RHEED ) wer e use d in-situ to determin e th e surfac e
composition, crystallin e structure , an d growt h mod e o f Ga N thi n film s
deposited b y th e thre e MB E methods . Th e substrat e nitridatio n an d th e
buffer layer s wer e monitore d an d optimize d b y TOF-MSR I an d RHEED .
For GSMBE , th e galliu m t o nitroge n rati o i s foun d t o correlat e wel l wit h ex-
situ optica l properties . I n th e cas e o f CBE , carbo n incorporatio n deter -
mines th e surfac e morphology , crystallin e qualit y an d optica l activit y o f
the epilayers .
Order No. NS003-022 ©1998 MRS
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High Quality GaN Films-Growth and Properties
K. Pakula 1,J.M. Baranowski 1, M . Leszczynski 2, B . Suchanek 1,
and M . Wojdak 1

1Warsaw Universit y
2High Pressur e Researc h Cente r

Growth o f GaN/AI 2O3 layer s b y MOVP E ha s bee n investigated . Precis e
optimization o f th e growt h parameter s result s i n film s wit h extremel y hig h
electron mobility : 90 0 cm 2/Vs a t 300 K an d 400 0 cm 2/Vs a t 7 7 K . Th e influ -
ence o f th e growt h parameter s o n fil m propertie s lik e morphology , crys -
tallographic structure , an d th e concentratio n o f electricall y activ e defect s i s
presented. Th e mechanis m o f dislocatio n densit y reductio n i s propose d t o
explain th e obtaine d results .
Order No. NS003-023 ©1998 MRS
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