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30 depleted SOIMOSFET. The SOI MOSFET is formed on an SOI substrate comprised of a silicon layer 32
and a dielectric layer 34. The MOSFET structure is formed on an isolated region 36 of a silicon layer that has

been etched to define individual islands on which individual devices are formed. A thin undoped channel
region 16 is located at the center of the silicon region 36, Source and drain extensions 24 are implanted into
t.he. silicon region 36 at opposing sides of a gate 14 formed on a gate insulator 18. Following formation of a

35  spacer 22, elevated source and drain regions 38 are grown on the silicon region 38, and silicide source and
drain contacts 28 and a silicide gate contact 30 are then formed.

One option for enhancing MOSFET performance is to increase the carrier mobility of the MOSFET
semiconductor material so as to reduce resistance and power consumption and to increase drive current,
frequency response and operating speed. A method of increasing carrier mobility that has become a focus of

40  recent attention is the use of silicon material to which strain is applied. Tensile strained silicon may be formed
by growing an epitaxial layer of semiconductor on a silicon germanium substrate. The silicon germanium
lattice has a slightly larger lattice constant than a pure silicon lattice due to the presence of the larger

germanium atoms in the lattice. Since the epitaxially grown silicon aligns itself to the silicon germanium
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Figure 3 shows a conventional strained silicon MOSFET;

Figure 4 shows a strained silicon MOSFET formed on an SOI substrate using conventional

techniques;

Figures 5a, 5b and 5¢ show the perovskite and diamond lattices, and the manner in which these

35  lattices are compatible;

Figures 6a, 6b, 6¢, 6d, 6e and 6f show structures formed during production of a strained silicon SOI

MOSFET in accordance with an exemplary embodiment of the invention; and

Figure 7 shows elements of a CMOS device in accordance with an exemplary embodiment.

40  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

+ In accordance with embodiments of the invention, single crystal semiconductor materials having a
3
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3.94 A, and as shown in Figure 5b, the lattice constant at the (001) faces of the relaxed silicon lattice is 5.431
A. However, the diagonal distance between the centers of the faces in the gadolinium scandate lattice is 5.572
A, which is approximately 2.7% greater than the 5.431 A lattice constant of pure relaxed silicon, For purposes

35 of comparison, pure relaxed gerlﬁanium has a lattice constant of germanium 5.657 A, which is approximately

4.2% greater than that of silicon. Conventional strained silicon devices use a suppeorting layer of silicon
germanium Si;.xGeyx having a lattice constant that is between those two values and depends on the amount of
germanium in the lattice. Germanium percentages between approximately 10% and 40% are typically used in
conventional strained silicon devices, resulting in lattices having lattice constants that are effectively between

40 9% to 1.7% greater than that of silicon.

To characterize the lattice mismatch between a perovskite lattice and a diamond lattice, this
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pul sed | aser deposition may be used, in which a gadolinium scandate
target is vaporized by an ultraviolet |laser and recrystallized on the
surface of the substrate. Pul sed | aser deposition may be preferable
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f or med. The processing of Figures 6a - 6f represents one
exanpl e of MOSFET formation using an SO substrate conprised of a

| ayer of a rare earth scandate fornmed on a |ayer of silicon
germani um however a variety of alternative MOSFET structures may be
i npl emented. In general ternms, an electronic device in 25accordance
wi th an enbodi nent of the invention conprises a substrate that
includes a layer of a dielectric material having perovskite lattice,
and a layer of a single crystal sem conductor material fornmed on the
| ayer of the perovskite material. A MOSFET incorporating the

sem conductor material in its channel region may be forned on the
substrate. The MOSFET may be structured in the manners shown herein
or in a variety of other manners. The dielectric material and the
sem conductor material nay be designed to produce a desired




30anpbunt of either a tensile or a conpressive strain in the

sem conductor material, and the strain may be directional in
accordance with the shapes of faces of unit cells in the dielectric
mat eri al . Figure 7 shows an exanple of elenments of a CMOS

devi ce conposed of first and second SO MOSFETs formed in accordance
wi th an enbodi nent of the invention. In this structure, an n-type
MOSPET device 70 incorporates a sem conductor region 72 fanmed on a

di el ectric Vaéyclaweqf a4 substrate. The 35semi conductor region 72 is
conposed of a first silicon germaniumalloy having a |attice constant
that is les than the effectkmg‘lgéﬁkce constant of the dielectric

| ayer 52, c usidS“Q“?@ﬁ§FTg1§§ iy PECIHPAPIED to the

sem conduct or r egubsraté 2oamding A tiyeas pniglitie saodid (Gil§c@]j digkaidd moasli n
the n-type MOSFET. .The. ruct.ur urther «i.n d -

device 74 that fﬁglgﬁﬁﬁa %%mgugéﬁ$%3ﬁﬁﬂ%€%?gééﬂﬁ%ﬁﬁ?@n@%gﬁggggﬁﬁioﬂ
dielectric lh@yend52 of the substrate. The sem conductor region 76 is
conposed of a secq, fodpd i " ol
conetant that i o RAgSIETIRN OPRARLY L AIE (U ARG R Bbh Bt (o
di el ectri c desnrendusipr meferipsi Nng a conpressive strain to be inparted to
the sem conductor region 76 and increasing the nobility of holes in
the p-type MOSFET. The n-type and p-type MOSFETs may be connected to
forma CMOS-deviTde devicosindd iegen dabeeia tisdine sonticonfycnnairalitetngle crystal
carrier nOhiclidoNdubOF Qutehl LhidiUBnhd distd erent silicon germani um

all oys having different types of strain inparted thereto by the
dielectric layer. The structure of Figure 7 may be fabricated in a
var;ety gf jrannemdeﬁc)ema@gédliycmim,iwn&apeﬁq“@ahenﬁggngafmda lﬁteaFISS Wirhdd obe
per forned t row sem conduct or regi aving different lattice
constants ﬂﬁ?ggﬁﬁ0?@%5@8??@%*5W?Vggm%ﬂ®lﬁg?ype devi ces. These regions
may be grown in the shapes that will be utilized in the devices, or
may be gro and.t hen patterned to exac i mensions. Alternatively, a
| ayer of o\rll\g of dp’ﬁgevéﬁelc lgedﬁlééalﬁ’el’ag%\e/\‘ﬂ%gg{ﬂ%?glf%guc\%f" é‘%e,mlaisn%hctoﬁen
silicon.or germaniummay be inplanted in selected regions to alter

t he stoichignmetrjc ratios | S ol for

10w | o ¢ hebst r PR e RS shaRh F%ed b e GRED] Rl s
ger mani um &l kwoyissttag tprhedilice. di f f erent types of strain for nMOS and
pMOS device, in alternative enbodinents different types of

sem conductor materials with appropriate |attice constants nmay be
utilized. Purt héfhe deies|ciagmadie clpign lo pherpin thetlist senipnngyyégr tiagsialinylidee

desi gned t o, RrQvisde directionality of strain. The MOSFETs may be
structured in the manners shown in Figure 7 or in a variety of other
manners. 15The tasks described in the above processes are not
necessari | y7 exclugigh8eeQiaifddN Eiait B KBereia N shddlihi®scdndsK 85d¥8Y,) PRice imparts
incorporated into the above processes in accordance with the
particul ar SEpsietinee hesliped FHpME For exanpl e, internediate
processi ng tasks such as formation or renoval of passivation |ayers

or protectiye |ayers between processing tasks,. formgti of. .l enpva
of phot or estat nHERS SHBEHERHFe PG Fes L BapTHY: Qoo e s

count er - dopd ®ghpreedieanhing thpdiddeaedrmatiivon, and ot her tasks, may be
performed along with the tasks 20specifically described above.
Further, the processes described herein need not be perfornmed on an
entire subsirat ellsdeticeatinanl ieritiinr le whatie the fipw senfreopdians hegdalbegermanium.
performed sel ectively on sections of the substrate. Al so, while tasks
performed during the fabrication of structure described herein are
shown as oclur r i Tig deviceatapagdtin claiinal, wherde theffoyt sqpisqndiees npferiehiangsimpouridn
some instanges the tasks, my be perforned in alternative orders while
still achieving the purpose of the process. Thus, while the



exanple only. The invention is not limted to a particul ar

enbodi nent, but extends to various nodifications, conbinations, and
permutations that fall within the scope of the clains and their

equi valents. What is clainmed is: 1. A sem conductor on insul ator
(S01) device conprising: a substrate conprising a |ayer of gadolinium
scandate (GdSc03) dielectric material; a region of a first

sem conductor material forned qn the gadol i ni um scandate (GdSc03)

|l ayer; and !l Thadgvice ghimepargarmdawypeign he MAHHEICBYREY i sing at | east

a portion of tha ghedis@RoObimtddeviritestsiGiTiieand ustiandiat ehieadl, 2. The
device clainmed in claima1, wherei N the first sem conductor materi al
is a single cry2taf L YR BY S eri al having a di anond | atti ce.
3. The device claapaaadomdmioatmelgate\ymﬁr ein the first sem conductor

material is forned on of the adol i ni um scandat e

- gource nd% TEEIONS at op SHIZ § sofgh
(GdSc03) |attic&"4™ T ﬂ% B?alrrea ‘¢f48im1, where n the
first sem conductor material i s silicon. 5. The device clained in

claim 4, V\/ﬂﬁl’e q,ht?emgag?&edm &mnéc,%_ﬁ}ﬁgtcgméf 3(:03) | attice inparts a
! e devic

tensile strdin to I con. : claimed in claim1l,
wherein the fir streg®mi eeonductoicortter gria Hraid ondhsraadpdipivarsragatc 7.
The devi ce An,glaim6, wherein the gadolinium scandate
(GdSc03) Ia(tg%ligéggﬁg%rté a tensile strain to the silicon germanium 8.
The devi ce cl ai meeFohMOSER F@inewirerarisonpisingatisst hpufansd B eretas of the

(GdSc03) | egggohggeiﬂlgmgfcgogrr@teggrrpr essi ve st ra| nto the silicon
ger mani um . The device claimed in wherein the fi

sem conduct or matheteindie ﬁaé"@é%?ﬂdétﬁ]@dsf@‘) lapﬁ’e““dz?érvsl adgnsiy Séf?‘ﬁécﬂth? hrSEI aim

1, wherein g&hRoddubStmSem, glqnduct or material is a corrpound
sem conduct or mat eri al I The devj ained in

She OARET commaiieisktheplingin b LGP R By CRE PRGN BER ne
first sem cesdusddondRicera@tisl. a gate formed on the gate insulator;

13. The device claimed in claim 12, wherein the first semiconductor material is a silicon
germanium alloy having a lattice constant that is less than an effective lattice constant of the
gadolinium scandate (GdScO;) material, and

wherein the second semiconductor material is a silicon germanium alloy having a lattice
constant that is greater than the effective lattice constant of the gadolinium scandate (GdScOs)

dielectric material.

14. The device claimed in claim 12, wherein the first MOSFET and the second MOSFET are

connected to form a CMOS device.

i5. A semiconductor on insulator (SOI) device comprising:

a substrate comprising a layer of dysprosium scandate (DyScO,) dielectric material;

a region of a first semiconductor material formed on the dysprosium scandate (DyScO;)
layer; and

a first MOSFET having a channel comprising at least a portion of the region of the first

semiconductor material.
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a spacer forned around the gate; and source and drain regions at
opposi ng sides of the gate. 12. The device clainmed in claim1,
further conprising: a region of a second sem conductor materi al
formed on the gadolinium scandate (GdSc03) | ayer; and a second
MOSFET havi ng a channel conprising at |east a portion of the region
of the second sem conductor material, wherein the gadolinium
scan date ( %SCO%%@ Aef:?f" eglai{nré@%réaﬁn %,Rﬁ&ﬁ%ﬁllllﬂ% fﬁ%t@&ﬁi@on & t&rﬁl&ltefrilalr i1 single
semi conduct Or naterial, and erein the ga ol i ni'um scandat e
(CGdSc03) | aysrl sempardpgoanasanpraeisg i viemexdlalive- t o t he second

sem conductor material. 13. The device clainmed in claim12, wherein
the first sem conductor material is a silicon germanium all oy having
a lattice ¢bnst &b deyinaelaingd inslpén { hahersin ﬂ@fffr@éwwwdvcaqrﬂna@@abé%gﬂw Aof
the gadol i oy SCARAaLGdEHSeRRc [Wsen) Bliceand  wherein the
second sem conductor material is a siltcon germanium alloy having a

| attice constant that is greater than the effective lattice constant
of the gade$i ni gm &CROEANRI (HEADE OB )wheteRliatrt iséiniboati @tdr@lateriallidsitichhe
device claimed in claim12, wherein the first MOSFET and the second
MOSFET are connected to forma CMOS device. 15. A sem conductor on

i nsul ator (&0 ) TELIVCECIEMEPInI SN §8, wheSiullist dvah @ uaORIPIdhE (DERca,) layer of

dysprosi um scandat e Sc03) .dielectric material; a region of
a first seHW@Hﬁﬂﬁ%?%%gaﬁ?gF%gpoWorned on the dysprosi um scandat e
(DySc03) | ayer; and a first MOSFET having a channel conprising

at least a,porti.on of the region,of .the first sem.conduct.or. rial.
16. The dedioe dhatcmsa el Pl 1S oAl ol iR prr e A HELRT IRLE,
mat eri al i geraasiimgl e crystal sem conductor material having a di anond
lattice. 17. The device clained in claim15, wherein the first

sem conductor material is forned on a (001) face of the dysprosium
scandat e ( ByScO3BYe desice flimed inklim I evhereipitecalyeresiunendaridate (P wchy) 18 tice

wher ei n thgm%hg§&“§@g§'p@q§§ﬁggngy$§ﬁhgl is silicon. 19. The device

clainmed in claim18, erein the dysprosium scandate (DySc03) lattice
inparts a tensile strain to the silicon
22. The device claimed in claim 20, wherein the dysprosium scandate {DyScOs) lattice

tmparts a compressive strain to the silicon germanium.

23. The device claimed in claim 15, wherein the first semiconductor materiai is germanium.

24, The device claimed in claim 15, wherein the first semiconductor material is a compound

semiconductor material.

25. The device claimed in ¢laim 15, wherein the MOSFET comprises:
a gate insulator formed over the region of the first semiconductor material;
a gate formed on the gate insulator;
a spacer formed around the gate; and

source and drain regions at opposing sides of the gate.
26. The device claimed in claim 15, further comprising:

a region of a second semiconductor material formed on the dysprosium scandate

{DyScO,) layer; and
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20. The device clainmed in claim15, wherein the first sem conductor
material is silicon germanium 21. The device clained in claim?20,
wherein the dysprosium scandate (DySc03) lattice inparts a tensile
strain to the silicon germanium 22. The device clainmed in claim 20,
wherein the dysprosium scandate (DySc03) lattice inparts a
conpressive strain to the silicon germanium 23. The device cl ai ned
in claiml15, whelelfd MberET tashg 5 QRhEPRAYEERE ot TREE JoRlon bAhIREDREE M
24. The device clainmed in claim 15, wherein the first sem conductor
mat eri al i scepdeesondrelodeiiebnduct or material. 25. The device cl ai ned

in claiml5, wheredinmtbepMISRElneAPYSE@S lay@ €Ak a lASKlRLRT thotmed
over the region of the first sem conductor material; a gate fornmed on

the gate i HfEHfoafUSHor matedye@dr formed around the gate; and source and
drai n regions akh@pPOs digrosiufletan@ite (V8O taGer imphts a ThBprebeivE 8RinGd ak med

in claiml5, fdurt,herd co_r’{gapi sljng: a region of a second
seni conductEMAETEPIAF T IHYEY on t he dysprosi um scandate (DySc03)
| ayer; and a second MOSFET having a channel conprising at

| east a poﬁ'} ! OnTh%fd ‘Eipee irilegd iOI’l an Q{% 1'S'e Qr}gstseerm:oc nc 'li!cr}ag:[‘i lrrsat sl r(:i r?l '
wher ei n t ha' dyspFSST i EERHISRER thyaeE3 ) By AP PP Ary Lagrildniiliq
strain to tdeadiem sitoydeymgeohductoostanretiels lead thanaun difective latticadvestait of thde

dyspr osi u%ﬁg’%ﬂﬁﬁgﬁa‘gﬁ%@%ﬁ%ﬁgﬁ’ ah 7f31rts a conpressive strain to

t he second 'sem conduc The device clained in claim
26, wherei n t hewdadisthe ssmidcongasivgpr matrat is abilice @mginjuingdny peinga fittion

al | oy havi Elglstgntlﬂﬁt i% ig{éﬁtg{ g&%ﬂ@é}ﬁcé\g%tlde%g{sﬁﬁ%(%3%2%)3(?111%3%%19&& 5¢03)

| attice constant o ysprosi um scandat e materi al,” and
wher ei n t h@ag@dond semi conductor material is a silicon germani um
alloy having a lattice constant that is greater than the effective

| attice constant of the dysprosium scandate &'%/Sc%) material . 28.
The devi ce2tl ai Thedeviee aiafdin 2i8im 3thaberp thetiess! MOXSET prSEEFoaMOHET are
second MOSEEIccal®& Sanpesieielige.f orm a CMOS device. 29. A

sem conductor on insulator (SO) device conprising; a

substrate conprising a |layer of a dielectric material, wherein the
di el ectri cooat es kahicdh@marios @sulab: @bhayviaf cogpdahd: ni um and dyspr osi um
scandate (Gd(. "2 s%gs"n%t%ocgg'q;arising a layer of a dielectric material, wherein the dielectric material
comprises an alloy of gadolinium and dysprosium scandate (Gd.,Dy.ScOs);

a layer of a first semiconductor material formed on the layer of the dielectric material;
and

a first MOSFET having a channel comprising at least a portion of the region of the first

semiconductor material,

30. The device claimed in claim 29, wherein the first semiconductor material is a single

crystal semiconductor material having a diamond lattice.

31. The device claimed in claim 29, wherein the first semiconductor material is formed on a

(001) face of the lattice of the alloy of gadolinium and dysprosium scandate (Gd,,.,Dy,ScOs).

32, The device claimed in claim 29, wherein the first semiconductor material is silicon.

i2




a layer of a first sem conductor nmaterial fornmed on the |layer of the

dielectric material; and a first MOSFET having a channel
conprising at |least a portion of the region of the first
sem conductor nmaterial. 30. The device claimed in claim?29, wherein

the first sem conductor material is a single crystal sem conductor
material having a dianond lattice. 31. The device clained in claim

f29 Wn]ger eihnzlt hethd &e&tc%es@meaml | B@,:c’whgﬁiaﬁliiej iﬁhceio?tl'fegﬁﬁeﬂ g8ddliRiunQBd)

ace of the lattice o e a 0 adol i ni um an ySprosi um
scandat e ( EPTOsiunEanay %q“\é’i.s‘?ﬁ@lfﬂ@gf’wn%%‘f%ﬁ thesilephi m 29, wherein
the first sem conductor material is silicon. 33. The device cl ai ned
inclaim3 wher e the | at f the a um a

dyspr osi umEcandi et oy iead sy e Patbeliite b il 1 | ne
silicon. 3d&madihe. device clainmed in claim?29, wherein the first

sem conductor material is silicon germanium 35. The device cl ai ned

in claim34, wherein the lattice of the alloy of gadolinium and
dysprosi umiScandibd @vf(ced(limeti InDelr&30 Iheteimlariticeat thenboyl « gadotiniim abd t he

Sili con geﬁ%ﬁ%@lﬂﬁscanﬁzﬁ? (d- g%\{bﬁ ?m}s:dlt@‘!l gggle Lifhif 0%'1@%1% %e%ﬁﬁxﬁh n the

| attice of i'ni'um-an spr05|un1scand
(&d(i _x) Dy, Sc03) |nparts a conpressive strain to the silicon

ger mani um 34 37. rfhede ylldi%d Gl c?ahﬂ?ﬂ tha eﬁltl?c' lmlé%f tﬁé’@\ﬁ&}ﬁdf Paéohﬁmfnlaﬁé t

senmi conductor material s germani um device claimed in claim
29, wher ei AyspPRsiupjspadate Kfdiepduer srParae @ifipaﬂsswesstramé%%@hm germanium.

sem conductor material. 39. The device clained in claim?29, wherein
the effective lattice constant of the all%%g gadol i ni um and

dyspr osi um’§candst €vieetemepip ip ) whgreinhe S?laﬁfg’@u%qr ngtetighyis gerpgnium.
5.657 A. 40. The device clainmed in claim?29, wherein the MOSFET
conpri ses ga nsul at or  f ver the region of the first

sem conductbr ni%fe vigf claiged g *f?"gf T Sﬁﬁf‘é’q?‘iﬁ%lﬁrra&ﬁ‘@rl?a‘é"“ﬁlﬁé‘tf‘er
f or nmed arowmﬁambﬁmgah&maﬁnd source and drain regions at opposing
sides of the gate. 41. The device clainmed in claim?29, further

conpri si ng: a region of a second sem conductor material forned
on the | aya? of Thdievide dhieed mickinrd?, eheraln theafifdetive lattice constant of the alloy of

gadolinium and dysprosium scandate (Gd,;.,Dy,ScO;) is in the range of 5.431 A to 5.657 A.

40, The device claimed in claim 29, wherein the MOSFET comprises:
a gate insulator formed over the region of the first semiconductor material;
a gate formed on the gate insulator;
a spacer formed around the gate; and

source and drain regions at opposing sides of the gate,

41. The device claimed in claim 29, further comprising:

a region of a second semiconductor material formed on the layer of the dielectric
material; and

a second MOSFET having a channel comprising at least a portion of the region of the
second semiconductor material,

wherein the lattice of the alloy of gadolinium and dysprosium scandate (Gd(_3Dy,ScO,)

imparts a tensile strain to the first semiconductor material, and,

13




a second MOSFET having a channel conprising at |east a portion of the
regi on of the second sem conductor material, wherein the

| attice of the alloy of gadoliniumand dysprosi um scandate
(Gdo_xpy"Sc03) inparts a tensile strain to the first sem conductor
material, and, wherein the lattice of the alloy of gadolinium
and dysprosi um scandate (Gdo_x)Dy"Sc03) inparts a conpressive strain

to the second semi6iaMEUALRS IR LBy Akadolifidm add@sHE3ILE afdaRIOB A, DYScO,)
claim4l, wherein the first sqnlcon uctor nmaterial is a silicon

ger mani um aPPEY 2 VARG VS RLt P ey Rt CRaP Pl ess than an
effective lattice constant of the alloy of gadoliniumand dysprosium
scandate (Cgl (1 ., 90 nd .Wherein the second ,. ..

s conductir |l eRvih Tr el D ab g i Pale Sy AU 80 plirs ce
const ant t hatnahismghedtaeing b hidtive tdstagfifiag Gtldsy thah at dffectere Goivs t@mtbntof the hiy
al l oy of gadol.ni.um and dysprosium sca (Gdo_xpy"Sc03). 43. The
devi ce cIafﬁ%ﬁowwﬂ%?gfﬂgﬁﬁ?BWﬁgpéfﬁiﬁﬁq%%%ﬁg%a FET and the second
MOSFET ar e connettreid thegedont raraco@MOST thetgtial & a sil ABSTRAGCTUNSEIVY CONRUCTIOR

ON | NSULAT [ - gﬁ“g ?%ﬁ%??ﬁ@& ' uct or
on insul at c%ﬁl S?gg%-[@g%fe@g@? @E%é’ﬁ%g%@e 0 t% ayerE 0 ng?%%ﬁ%@?ri o
mat eri al ( I29prasi spapdaie BekiolyidePe. | attice, such as a rare earth
scandate. The dielectric material (52) is selected to have an
effective lattice constant that enables growth of sem conduct or
material (54) hals syicaclHimadprrrin ae-tvhesingns @et¥QSIGH anp degieanddpPpiiel are
(52). Examphgsc@fiothe arcavies gatdh scandate dielectric include

gadol i ni um scandate (GdScO[err]), dysprosium scandate (DyScO[err]),
and al |l oys of gadolinium and dysprosi um scandat e
(&d[err]Dy[err]"ScO[err]). Figure 6f
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