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FIG. 2 represent a band diagram according to an embodiment of the

present invention.
FIG. 3 represents a flow chart according to an embodiment of the present
invention.
DETAILED DESCRIPTION OF THE PRESENT INVENTION

In the following detailed description, reference is made to the

accompanying drawings that show, by way of illustration, specific embodiments in
which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. Itis to
be understood that the various embodiments of the invention, although different,
are not necessarily mutually exclusive. For example, a particular feature,
structure, or characteristic described herein, in connection with one embodiment,
may be implemented within other embodiments without departing from the spirit

and scope of the invention. In addition, it is to be understood that the location or
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Many defects, such as threading dislocations and twins, tend to propagate
into the “device layer” where a semiconductor device may be located. These
defects can cause severe problems for integrating high-quality InGaAs material on
silicon substrates. Prior art structures of high quality InGaAs thin films formed on
silicon with GaAs coated on silicon have been shown to comprise large numbers
of defects and dislocations, which can be in the order of about 1€10 cm?. The

embodiments of this invention enable the fabrication of low defect, device grade
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for device isolation. Furthermore, off-cutting of the substrate 100 may eliminate
anti-phase domains in anti-phase boundaries when growing subsequent layers
upon the substrate 100, such as subsequent IlI-V layers that may be grown upon
the substrate 100, for example.

A nucleation layer 102 may be formed on the substrate 100 (FIG. 1b). The
nucleation layer 102 may comprise a very thin, low melting point material, such as
GaSb in an embodiment. In an embodiment, the nucleation layer 102 may
comprise a low bandgap GaSb nucleation layer 102. In an embodiment, the GaSb
nucleation layer 102 may comprise a thickness between about 50 angstroms to
about 300 angstroms. The GaSb nucleation layer 102 may eliminate antiphase
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Al Ga mixture may be mixed with the GaSb nucleation layer 102, and may be
grown/graded to be lattice matched with a subsequently formed In Al As layer. In
an embodiment, the AlAs may comprise a lattice constant of about 5.661
angstroms and the GaAs may comprise a lattice constant of about 5.6532
angstroms. The buffer layer 104 may be formed by MOCVD, MBE, chemical
vapor deposition (CVD), and any other suitable technique, for example. An
advantage of the buffer layer 104 is that it a relatively thin layer may be sufficient
since only a single-step of the Ga(Al)AsSb buffer layer 104 is necessary between
the thin GaSb nucleation layer 102 and a thin InAlAs bottom barrier layer that may
be formed subsequently on the buffer layer 104.
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In one example, an In0.52Al0.48As layer can be grown on InP which is
lattice matched and a InxGa1-xAs quantum well can be grown on top of this
In0.52Al0.48As layer, which may act as a barrier layer. Based on the indium
composition (x) in InxGa1-xAs of the quantum well, the strain can be controlled
inside the InGaAs quantum well. For example, a strain of about 1.0% may be
achieved when an In0.52AI0.48As barrier layer and an In0.7Ga0.3As quantum

well are used).
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may provide high electron mobility and velocity for NMOS devices, and also may
provide high hole mobility and velocity for PMOS devices, as compared with a Si-
based device. This n-type channel material, InGaAs may comprise a larger
conduction band offset (AEc ~ 0.60eV) with respect to the graded InAlAs layer,
and provides the electron confinement inside the type-I quantum well (InGaAs).

As further shown in FIG. 1g, a spacer layer 114 may be formed over the
quantum well layer 112. The spacer layer 114 may be an In,Al1xAs or INnA1As
spacer layer 114, in some embodiments. The spacer layer 114 may provide for
carrier confinement and reduced interaction between a doping layer and a two
dimensional electron gas (2DEG) that may be formed inside the channel (i.e., the
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126 385 BR3P $3lermH LB el PRGBS B between
approximately 30 angstroms and about 300 angstroms in thickness.

While not shown in FIG. 1g, a fully completed device may further include
source and drain electrodes. Furthermore, a dielectric material may be formed on
the upper barrier layer 118 over which a gate electrode may be formed. Note that
a gate recess etch may be performed within the upper barrier layer 118 to form a
gate recess on which the dielectric layer and gate electrode may be formed. Thus
a Schottky junction may be formed through which such a gate electrode may
control the quantum well layer 112.

Accordingly, in various embodiments devices may be formed using a high
electron mobility material to form high electron mobility transistors (HEMTSs)
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del t a- doped | ayer having a thickness of approximtely

3 angstons to about 5 angstrons. For an NMOS devi ce,
waeloppnssisny be i npl enented using silicon and tRCT/US1009046600

(Te) inpurities. As for a PMOS device, doping may be

o] [] b 0. Ref [ till to FIG
nay g high SHEST Shd Tbw EiwengohSUimalinhs Syshstinss rohgnayfe
dirg@rﬁ&iaﬂs |@>é%ar1§9pﬁda<imgfaw sbEmt Wien daifchirdf REfuerldy gine

nbodi ment, the upper barrier layer 118 rmay conprise

aproximalally 562 gigaherizi (61H2)ayisich dewcasppey dssable o obasale at
T

cuPeRDt Elyhaérpitee, Sabbtmhentdyedy p¥ideolowdrigate aslaly At a dite
etch stop | ayer 118 nmay be fornmed over upper barrier

lengdly #rama gilicafdpagad ds¥idendi um phosphi de (I nP) in some
o plt | !
oYy RS e S B e

popsibld pkeths @fitiie baffdr dichitscitiedta@ptavide tdmpmest@ndtedih to a
resi stance and rmg be forned of | nxGai - XxAs,

; in
qQuaBIuT el dRHR dPHRAE neregp (EPG-%WDgaHb@i waichihay @_eﬂteﬁfé‘?”d toa
o XBD P ST e B el Sofefecy Moy kifer 616
batrier |ayers davingagre ndilA0 coagebizatiost okapprapipraigiymitfe) yardely

t nd about 3Q0 t in, thick . Wi |
gt FIE R g IR b ok DR e
cohfitidriht cHEFhEtARSBEL teE d e ficdinn afic8 Con8aRgs between this type of

Furthernore, a dielectric material may be forned on

layeri @ndgbe unbarlyingrsubatyaie mag leadio atattice eorgtast mismatch and

i GEBERTE B niBfens Rttead ey roflouh Atbr fERR R, Whior

mdyotianerei@tively B6&Scarfer bbnfienid dhiafa@6tistics, bAwedesd feduced
ate el ectrode nmay be formed. Thus a Schottky junction

|latiiesy corestanl misinateh sa gMoigkiefacisu dior Pada e adinegtly deasing
IR FleehBig A DAL AV 2. Ae elinee 0%
inciliraqi.e 9ingyeRlo kiAs) may be ipadsdrd. Incthiv casgh tled Brearposition in the

O FEN G R 7 Sl T NI R ERE
g PR aLncy o T B st Rtit i B By stalneg wit
respect tebothary deeriah| Althaughpibeatedecttis less inside the QW layer, the
carrier confinement is poor due to low valence band offset between In,AlyxAs
(e.g., x=0.7) bottom barrier and In,Ga<As (e.g., x=0.7) channel as well as not
taking the advantage of the strain in the quantum well.

To achieve benefits of both carrier confinement and a relaxation
characteristic that provides for a nearly fully relaxed (i.e., metamorphic) structure,
path B may be implemented. In this implementation, the barrier layer may be
formed with an inverse grading with an indium concentration, x, varying from 0%
at the interface with the GaAs nucleation and buffer layer up to an amount of x
equal to approximately 62% or 63%, and then reducing the x amount back to
approximately 52%, as shown in path B. In this way, suitable carrier confinement
can be realized while providing a substantially metamorphic profile.
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bet ween approximately 0.5 - 1.0 volts w thout

significant reduction of drive current. Furthernore,
wepdodsitent s may provide | ower gate del ay at aPQEUS2009/046600

l ength than a silicon based device. Note that three

dif th t.hs A, C
pbsl%%fﬁﬁ?erglng%? R36 B8, DoyR s BRoh datiet Ibiee s GNager faay be

forBRIPWRR & r‘éﬁbt&bﬁﬁérﬁaﬁ Bard @HBntSH@CWﬁ:lally, i oRe érﬁba@ﬁjﬂent aQw
t her eon whi ch may corres to a

layiea neRygla® @"m@b@rlodiunmgelhyrmarseetde wﬁyxw@uaﬁmﬁ) Redeby

el i heg i it o RhBhe Sy o B urtner

colpessivhbirgingd ehis| @WestricirRbi top bakierhay | lbéffofrﬁéd of indium
suitable carrier confinenent characteristics,

aluminfusn eReanide NpwNgiXeawR) e BRATCXINatahe 52 % (s Iﬂgze,;éloesAs)

t lead to a
cofrB¥fondifid 10 ARG It Ao KR 5T L P2t e
I nt Reffaciag Nows teeBIG. Hahbwa is lzoflew vidgnam ofasimethdd ine,
whi ch may have rel atively goor carrier, confinenent

aceprdenee é‘f”ihs‘i'ri @g‘boﬁfrﬁ%”tof@?h PreRARt davandep; £ Tt inklG. 3,
steP WEG%RHQI 3 cfﬁ‘hﬁ'n%‘éf@%ﬁ nuEfé’énBﬁ"ié}e onca 5?I|E§ﬁ%b?stra&&; Next,

I'ncr easi oncentration from approxi mate
at ¢iepe3Q4, Al GaﬁAI)ksSipgra@edrmlfﬁdryawmamUeuionnoed en the GaSb

roElSRRR B HePrpy e s BBUAE oS el Rwle formed

onhHé fcsaer(Al )ﬁsSB‘{ﬁbdé@ %uﬁéﬂ%yéﬁ Athgep B0S Oéﬂgﬁédéd FP]”Ah DA% B@ffer
annel forméd above i t, soO

maynfash fmrneiosomt’fm peltoradaniiemayers @édtatt%erbaﬂ @ cﬁﬁ b@aA%based

queh AP SN st B o JorgiaF oh e BEadesfingAlr A Blitef, e

sheihsith thed M@ﬂlﬁulalﬂmﬁblemeh‘iétldrﬁrgthe effBedifen®of FI®) 3, the scope
barrier and | nxGi -XxAs x=0.7) channel as wel |

of the W@ﬁeﬂb“@l\/ﬂ@“qm@ rﬁd\}lﬁhte&g@%*ﬁ regardstrain in the
quarhHm el danhits mieaxa fodaRRIN 5f e 919' %vtgﬁ{/%rgtﬁfn include, but

confi nehent and are |on char act
ar@novlirdited taqrforaningar bwdgeJlaltt}ceredrwk@d tetween the substrate and a

hic) ,str be i | enent
cnaTIe SRR ot BT S vieD Ryt § laj6e chBgITE Berrbafiset
bet%ééh 3hottB Bgﬁ.eeruﬁmm Mé e éﬁ‘?rﬂr{éﬁ'sHUb%?é‘%SErﬁ Ea%shGBAs, and
X, varying from 0% at t e interface wth the Ga
prowidihg alevime |aolat|brmfaﬁdrel|hayemngjpa|tadieb¢orwmtiom froim sheclufédr layer

to h]%aﬁ) fy qu glug tg %h/ arrggr3 Ognoag%% 6@3%As§8%%'dnl%AWSe Ia)§/ers)
buffer layers. The buffer architecture of the embodiments of the present invention
serves to lower parasitics resistances. Additionally, the buffer architecture serves
as bottom barrier for carrier confinement inside the InGaAs quantum well
structure.

Although the foregoing description has specified certain steps and materials that
may be used in the method of the present invention, those skilled in the art will
appreciate that many modifications and substitutions may be made. Accordingly,
it is intended that all such modifications, alterations, substitutions and additions be
considered to fall within the spirit and scope of the invention as defined by the
appended claims. In addition, it is appreciated that certain aspects of
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approxi mately 52% as shown in path B. In this way,

sui table carrier confinenment can be realized while
w@e@vilsileyg a substantial ly netanorphic PCT/US2009/046600

profile.Referring still to FIG 2 over this bottom

micgpaleflanic Cekicts e HowripaBerrt Jregelord) ifisgppreciated that
e”bofﬁenlﬁi@hres%r@#{de@%ﬁireﬁﬁ}{uélﬁa(téWnT?Hor%né of e BT

arsenide™w th x equal
micreglectrenio davicgdpal serigips Mthmmr@byce)ow@\pre%ntpnwntm Thus

further conpr essi ve, strain t cture

par PTor R BEERt i e g S R amp Sfct Ber
havi ng x equal to approximately 52% (i.e., |1 nCb2Al o
48As), corresponding to a band gap of approxi mately
1.5 eV. Referring nowto FIG 3, shown is a fl ow

di agram of a method in accordance with an enbodi nment
of the present invention. As shown in FIG 3, step 302
conprises formng a GaSb nucleation |ayer on a silicon
substrate. Next, at step 304, a Ga(Al)AsSb graded
buffer |ayer may be fornmed on the GaSb nucl eati on

| ayer. At step 306, a | nO62Al 0o 48As bottom barrier

| ayer may be fornmed on the Ga(Al)AsSb graded buffer

| ayer. At step 308, a graded InxAli -xAs buffer may be
formed on the bottom barrier layer, and at step 3 10,
an I nGaAs based quantum wel | structure may be forned
on the graded | nxAl 1-xAs buffer. Wiile shown with this
particul ar inplenentation in the enbodi nent of FIG 3,
the scope of the present invention is not limted in
this regard. Thus, the benefits of the enbodi nents of
the present invention include, but are not Iimted to,
formng a bridge lattice constant between the
substrate and a channel structure of a HEMI device,
providing a | arge conduction band of fset between a
bottom barrier, InAlAs and the channel structure such
as I nGAs, and providing device isolation and
elimnating parallel conduction fromthe buffer |ayer
to the channel |ayer due to the | arger bandgap

(GaAl AsSb and I nAl As |ayers) buffer |layers. The buffer
architecture of the enbodi nents of the present

i nvention serves to | ower parasitics resistances.
Additionally, the buffer architecture serves as bottom
barrier for carrier confinenent inside the | nGAs
guantum wel | structure.
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Al t hough the foregoing description has specified

certain steps and materials that may be used in the
woreaobass16f t he present invention, those skill eBCT/HS1008046600

art will appreciate that many nodifications and

substitutions may be nade. dingly, it is intended
that all such nodificati or«%ﬁgﬁer ations,

subsihatus icRivpeans addi tions be consider ed to fall
within the spirit and scope of the invention as
1. def Aneethed edrepagipgnded clains. In addition, it is

appreci.at e al n aspect s fm croel ectronic

TG Ao ep Rl Ty RE A By BRE T of orer (T (s
applf(ﬁﬁhﬁg %OGEW}ASIStﬁbLEﬂfé}Hé oH e GQSbhﬁIc%d’ﬂlon layer;
illustrate on ortions of an exenp

m cfalieg endn. @Adbevﬁ\% gottary bareiet ﬁyﬁé Oﬂ é%/@ ﬁ:@(ﬁﬂé@ﬁbé@ﬁer
of Aye present i nvention. Thus the present invention
is Kot 19mted to the structures descri bed

her &br‘ml@mg@dwaﬂi Al 5 Asl layeresh thee Ind soA% 886 attom barrier layer.
r|S|n formn a @GSb nucl eation layer on a

2. sub th?a(f‘@ d?frﬁlﬁ‘1@ Ef@‘(%lcpﬂé%@%’?"hﬁe”ﬂ gugﬂrqtﬁé;omprises
t
TPl MRIG LR ST Sudshial® Ana 1o f?%fgéﬁé“f%iﬁgﬁb dtEbout
2tbcabmuh@d&ggemmardl&m[n19Msedtlayer on the |1 nC62Al o
bot t |
3.1 o e e Bl AR eomrisdinelis e haStuidation

Ia)J@r %nﬁﬁ‘%b&d IESWt MeﬁmbY&ﬁntSrhbtéPi%ﬂaﬁéF lsth[ckh8sdvof Petvelen about 50
00) f-cut in the range of about 2 to about 8

ange@@@ésﬁﬂdcﬁmttﬂs'}oﬁ gngstrop]s.direction. 3 . The nethod of

o £ IS AT Ao TE g EHL 586 S
|layleRicokipeies f Ialfgﬁ M@ﬁdga’}b@@(Al?Qs% patenEyeratd alnieknddof

angstrons. 4 . The nethod laim1 further

bebwegit a@owgo Wﬁ'@'ﬁ@?rﬁ Qﬂféa@{tﬁa TAEeBShuf fer | ayer
d
.T308l PRI s SR S burer

Iayaaras lattice HatchBaetortee hagk,Ak soAsabottdmfoartiéreayeonpr i si ng
is lattjic

6. 1o THE MHOBSAG AAL TG SR Ioyb e BaAYRRSD Duter
|aygmﬁ#%§@g<%b§'fc§aé%u )AL BUFECRDES R él%sftéﬁtfanwath!?@ match with the
Ing 52Alp 486As bottom barrier layer.

7. The method of claim 1 further comprising wherein the graded In,AlixAs
layer comprises between about 52 percent and 70 percent indium.

8. The method of claim 1 further comprising forming an InxGa1-xAs

quantum well structure on the graded In,Al1xAs layer, wherein the strain can be
controlled by controlling the indium composition in the InxGa1-xAs quantum well
structure and in the InxAl1-xAs layer.

9. The method of claim 8 further comprising wherein the InGaAs quantum well
structure comprises a strained layer formed of indium gallium arsenide.

10.  The method of claim 1 further comprising wherein forming the nucleation
layer, the buffer layer, the bottom barrier layer, and the graded In,Al,As layer
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| ayer by grading the Ga(Al)AsSb buffer layer to
substantially lattice match with the I no 52Al o 4dAs

whedvossibarrier |ayer. 7 . The nethod of cl ai nPAT/US2009/046600
further corrpri sing wherein the graded | nXAl'i - XAs

me'ﬁ’: Qe!’r@H'?S% i ng gﬁ eﬁ—ﬁgcﬁtgpmg CP Fd W %Fq% iﬁqn Ep%%re@rchitecture

me&OBTH- §|'tl5‘91efrﬁlraﬂbﬁﬁeé|@d k& X¥&Rbve WitociBAsUM wel |
structure on the graded | nxAh-xAs |ayer, wherein the

11st Aanathegncdseprisingr ol | ed by control ling the indium
conposition.in iu wel | structur

and i ¢ RN RS Rl eEp SR LR o A st

f ur hekationhiyes idigposkaror & sbbﬁrét@@@a(ﬁw%fbmrﬂayer
structure COP{RH ses a strained |ayer fornmed of indium

go Beaseas erveéeoo uommmimocipie o m's e b
iff ' t
bur Tave" [pote8 il e GRS Mt i, 6RE o ARk 1S

| nx Alyker xisposay @nnthg (03Bl 168s bottmnrtgaraeblafyégrand

architecture, and wherein the buffer archjtecture m

be i n- si {AMIAG ARIUaREHBAYRSTUCtireren thesdiglasalien fltering buffer

11. sfuBRibod conprising: formng a dislocation

filtering buffer structure conprising a GaSb
12nuc|'|'daetrheth10lda;feiaim tbﬁsﬁrmrcmrra)rs;mgstrat e, a G(Al)AsSb

buf | ayer di sprosed on.the Sb nucl eation | ayer, an
BB RRS St ar S RURRTE: Wl A5ed on 1 he
Ga( Abiringba BEftA abpbéy ero%ﬁtrﬂe e da)dixdhd - xAs | ayer

di sposed "on the In0O 4SAs bottom'barrier |ayer:
andfcfrmlm'} ag uppeq @amerrlram oves the delia-copadtayer.

dIS| g buffer structure. 12 . The
rret ﬁ‘%ﬁlﬁtl?% éqrﬂér% gurt her conprising: formng a
SpaCQTGéQb/ﬂUcI@‘éﬁénld}%r@h@@s@mdﬁﬁé bubstyste; formng a
del t a- doped | ayer over the spacer |ayer; and form ng

an upgen(AsSRTarjerersisposesontin a&bmleaa@@rlayqrsand

o1 oo R RSB PGB PR Bl d XA

di spbafer Ialyet.he GaSb nucl eation | ayer; and

a graded In,Al14As layer disposed on the Ing 52Alg 48As bottom barrier
layer.

14.  The structure of claim 13 comprising wherein the substrate comprises
wherein the substrate comprises a high resistivity p-type silicon substrate with a
(100) off-cut in the range of about 2 to about 8 degrees towards a [110] direction.
15.  The structure of claim 13 wherein the GaSb nucleation layer comprises a
low melting point material and a thickness of between about 50 angstroms and
about 300 angstroms.
16.  The structure of claim 13 wherein the wherein the Ga(Al)AsSb buffer layer
comprises a large bandgap Ga(Al)AsSb buffer layer and a thickness of between
about 0.3 microns and about 2 microns.
17.  The structure of claim 13 further comprising a graded In,Aly_As layer
disposed on the Ing 52Alp 48As bottom barrier layer, wherein the graded In,Aly.As
layer comprises between about 52 percent and 70 percent indium.
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an | nO62Al O48As bottom barrier | ayer disposed on the
Ga(Al)AsSb buffer layer. a graded | nxAl 1-xAs | ayer

wal@posad’ on the | nO62AI A48As bottom barri er |BYBUS2009046600
The structure of clain113 conpri sing wherein the

b th bstr at
185 o N RO a P Uhirdiel coBprabes FapaiR T h & (100)

eqlfgtru%lbllre'cﬂsﬂdé%drcﬂﬂ% g’rfadéé%l%l A9 2&0Ut 8 degrees
towards a [ 1 10] direction. . structure of
19¢| alli hemrume'ee)f ¢laimel st en @omsiruma rsa@@er Iawmls@@eeobon the

augfif™ isir?@ﬁﬁ‘??,%&"ﬁ Foro el BoboREPERR SiagdFIaffE o an
UpBEF Birier eayak dpRise bh e eierariddeet Iaher el n the

Ga(Al)AsSb buffer |ayer conprises | ar ge bandg
20Ga( Ahesdrstusgraf staimalewhergin she ﬁtr@qztﬁé%gor@prlm a/éugh electron

e Ruch FENE Bk BRSNS b cofifses o channe

of thexWBEMAAS | ayer di sposed on the InO 52A1 04SAs bottom
barrier |ayer, wherein the graded | nxAl 1-xAs | ayer
conpri ses between about 52 percent and 70 percent
indium 18 . The structure of claim 17 further
conprising a quantumwel | structure di sposed on the
graded | nxAli -xAs layer. 19 . The structure of claim
18 further conprising a spacer |ayer disposed on the
quantum wel | structure, a delta-doped | ayer di sposed
on the spacer |ayer; and an upper barrier |ayer
di sposed on the delta-doped |ayer. 20. The structure
of claim 13 wherein the structure conprises a high
el ectron nobility transistor (HEMI), wherein the
quantum wel | |l ayer conprises a channel of the HEM.
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