A METHOD TO FABRI CATE GE' AND ST DEVICES 'I' C?G HER
FOR PERFORMANCE ENHANCEMENT Background of |nvention
1) Field of the invention This invention relates
generally to fabrication of sem conductor devices and
nore particularly to the fabrication of a

sem conduct or structurc having devices on both sides
of the structure. 2) Description of the Prior Art
Mobility degradation is a , major concern for

transi stor scaling due to higher channel doping,

hi gher vertical field, and the use of high-k gate
dielectric materials. In additk~3n, due to the

di f f e MINTISODSIO FABRICWIE €12 AND SPDESVACESEr O CRATHER YOR
enhancenent in NMOS and FMCS devi ces, the current

technol ogy for foREREGRMANCTENHANCEMENE same
substrate/pintormw || face severe limtations in the
future. For e.g., it is known that CGe hole nobility

I's much higher than. Si hole nmobility. 3 The

i nportance of overcom ng the various deficiencies

not ed above is evidenced by the extensive

technol ogical de ellopnent directed to the subject, as
docunented by the rel evant patent and technica

literature. The cl oseBackgyguagpbhwentign npre rel evant
fﬁkﬂﬁ GPthe%Vﬂtﬁyg”em s in the patent litteranre can be

gl eaned by considering the follow ng. Chow, et. at..
Process CohipatrivehtenRelates igknaralty toBalwedtifl etteniiamkluctor devices and
Igggeoﬁjaggcularly to the fabrication of a semiconductor structure having devices on both

sides of the structure.

2) Description of the Prior Art

Mobility degradation is a major concern for transistor scaling due to higher
channel doping, higher vertical field, and the use of high-k gate dielectric materials. In
addition, due to the different substrate requirements for carrier mobility enhancement in
NMOS and PMOS devices, the current technology for forming CMOS devices on the same
substrate/platform will face severe limitations in the future. For e.g., it is known that Ge

hole mobility is much higher than Si hole mobility.



Wafer interconnects in ~iliceiir Substra es, JOURNAL
OF . M CROFELF..CTRO .*CHA | 1C_ AL SYSTEMsS, VOL. 11,
NO. 6, DECEMBER 2002 631. thri: wafer interconnects.
US 2004/ 0106268 Shaheen et al. shows a wafer bonding
process. US 2002/0195602- htosow ak shows a process
fora substrate. US 20040072409 Fitzgerald, et al.
April 15, 2004 - Coplanar integration of

| atti ce-m smat ched sem conductor with silicon via
waf er bondi ng virtual substrates. US 6, 774 44782

Il an- - shovvs a process for stacking nmultip

subst r at eslhe igBOBancg AT 95TEOMINE AR WTIo4s deﬁm@ﬁl@tgotsd above is

Qxhﬁéiflééd bend 'e%néﬁ&fé@h&%@ﬁeal 'd@tlﬂ%gﬁ&& ﬁﬁ&ted\’téfﬁ?ersuﬁ’j%@td K19

New Tcchnol og ies an plications
d@m@@ntesemthmn@u@ntmatenhmtndw@h feraturpt The ¢1merswnd apparently
ﬁvlogeereegv i 1ca cﬁev?l%e@%%sen{ gtre]:r(ft lL{erIa 2L </:a|n|b§ gleanid by considering

ﬂie&"@l&tﬁzﬁﬁg varl ous wafer bondi ng techni ques and

applications. Summary of the Igl\rf/i iyﬁ n The exa}
enmbodi nent&h Qﬂf,efﬁle %wggsgﬁonimg Yo 11'3915@@&@]3 ectncal Through-

b BRnRAAn SH%H%@%st?Jtes”aWLﬁQ’JJML'O’EQ a structure
with devices on both sides which is characterized as

WCR%ECEF@MEﬁMMd SHEREMS, VALt 3@ 6.dPEGIYIBERG002 631.
%&1 conedrtcr(g:tor structure having devices fornmed on

é %18”15)“ ses the steps of : providing a.
first substrate and a second substrate said first

substrate is rrfrlse of GCe; |d sec?%s bstrate
is conpri SQ%ZQQMQ q2é%§haheen et al ows a water bonding process.

US 2002/0195602- Klosowiak shows a process for a substrate.

US 20040072409 Fitzgerald, et al. April 15, 2004 - Coplanar integration
of lattice-mismatched semiconductor with silicon via wafer bonding virtual substrates.

US 6,774,447B2 Han — shows a process for stacking multiple substrates.

US 6,194,290B2- Kub et al. — shows a direct bonding technique.

Laura Peters, Wafer Bonding Enables New Technologies and Applications ,

11/1/2003, Semiconductor International , http://www.reed-

electronics.conm/semiconductor/index.asp?layout=articlePrint&articlelD=CA331034. —

discusses various wafer bonding techniques and applications.
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s formng a first dielectric |ayer over said first
substrate; o formng a first insulating |ayer over
said second substrate; bending said first dielectric
| ayer and said first dielectric layer to forma first
structure; said first structure conprised of the first
substrate, an insulation |ayer and the second
substrate; the bonded first dielectric layer and the
first insulating |aver forns the insulation |layer; (r)

removing a portion ofSihmaly 6fSthe Shasitioat € to reduce
the thickness of the first substrate; formng

pl ugs t hr olighexepwle grpkadinebselthe Bregrmy Ht"ﬁ%“(?fh@m’lé? ﬁtawtures and
gnﬁ s apﬂalﬂ}factﬁﬁ%sé st {utré @ tfl MeJl&Hs g%ﬂ?ﬁﬂ% vﬁﬁ@lﬂfeé(éharactenzed as

strate; e fa Irst active devices on t
Sllofrace of said flrst substrate; e formng a first
cappi ng |l ayer over the first active devices and the
first substrate; renoving, a portion of the second

substrate tQ ekafple @mbbinehi knegBodfor fhigning € s@midonductor
substrate to expose said interconnects; e forn1ng

stacsig hadng devigrevpiared ogbotihudesecasmiisst s ieas el -

fce ol ai merunniy (Y £ 0. AR T R R e i
bel ow adv antcaglpss@]mf (e adidis@sndsubsoite i epnessediaf slaen;

enbodi mrents only, are not exhaustive and/ or
excl usi ve® ?qﬂﬁgyg et Plsgiélﬁﬂ@@rsﬁwa irstubREel

under st angl | t 0od
that they g»?%lr%'(}ateﬁﬂsﬂ\’ﬁﬂﬁth%ﬂay& brvaheilde b supdets

ebonding said first dielectric layer and said first dielectric layer to form a
first structure; said first structure comprised of the first substrate, an
insulation layer and the second substrate; the bonded first dielectric layer
and the first insulating layer forms the insulation layer;

 removing a portion of the first substrate to reduce the thickness of the first
substrate;

¢ forming via plugs through the first substrate and the insulation layer and at
least partially through said second substrate;

» forming first active devices on the surface of said first substrate;

e forming a first capping layer over the first active devices and the first
substrate;

e removing a portion of the second substrate to reduce the thickness of the
second substrate to expose said interconnects;

¢ forming second active devices on the second substrate.

Additional embodiments and aspects are represented in the claims as

submitted and amended.



representative of all the inventions defined by the
clainms, to be considered |imtations on the invention
as defined by the clains, or limtations on

equi valents to the clains. For instance, sonme of

t hese advantages may be nutually contradictory, in
that they cannot he sinultaneously present in a
single enbodinment. Simlarly, sone advantages are
applicable to one aspect of the invention, and

i nappl i cabtfig dbeveihEsdow kvinh@EsMdE catuee ﬁﬁe&if’ﬂeﬁé‘sﬁﬁﬁﬁi\‘t‘e
of the clained inventi on have not been di scuss

Rabedimentsony &1, arpBot sthatstie ardkeigariysive Thay awpresented only to
LReR Ei Gt HORE afll iR FURRE che BRAEH Be ufleRtdodghdt eg,*apé&t not

| SCUsse erern Ot er than for pur poses o pace and
repuescitaigyere pl the inventiolh defjnet! vy shsd aimsytodieypondiddretlimita®ns on

TR e R

atvad, 3986 oOhedeh@vanyes tmatyrbe\mdthaltgecmﬁf@dlap@anemat th@ cannot be
the t"ollow ng descriptiaon, fromthe draw ngs,

siyiangausly rpsﬁsm; in 3 spgjecmipdipet ptimylArpsomg édmnéwsf@% applicable
6nd ERMEERe ﬁﬁfén@&lvam RIERiAbledo %QBSCM%B% ééﬁxlh%@pects of
accor ng tot present 1 nvention and furt
tietchiiinsd ofverdioprheeesst befn fimbessebdreig. Bowéveg no 1nference should be
emcond ct levi ce i n_.accordance wth.the esen
A rEh flose SR SPU BTG R IR R L b0 P Rafth ERE Yner than for
bﬁﬁpbﬁwlolﬁ Ghade sl fePldiffrdpatlin. Thug ai§ sidehigf Ydatulestdhe advantages
accorrpany| ng.drawi ngs. I n which |jike reference

aptde geusidsrrsh %qusmvm deprmiping S4HUHERTS g e il s fegtures and
Elgéﬂn@a@és (ﬁriﬂe fﬁ%ﬂtioﬁ%ll%gomé &)S%@En? fr thECaRRS: éepvrl[%’on 3from the

8, and 9, are cross sectlonal Vi ews
ldrdvusgsratdfngn&les:ﬂmmture and a net hod for

manuf acturing a sem conductor structure with



devi ces on both sides according to an exanple

enbodi nent of the present invention. Figure | B and IC

are cross sectional views for illustrating a structure

and a nethod for manufacturing a sen conduct or

structure with a stained |ayer on a substrate

according to a second exanpl e enbodi nent of the

present invention:. Figure 9 is cross sectional: view

for illustrating a structure and a nethod for

manuf acturing a sem conductor structure Wth a stained

| ayer over a substrate according to the second

exanpl e enbodi nent of the present invention. Detailed
Description of the Examl & ogi The exanpl e

enbodi nents of the preggﬁﬁnﬁﬁggﬁ?ﬁgﬁkﬁggl?ibe a

struct ur e dhafeatmedshad atleanfagesno teschiemdonobdrvitedccording to the

t oget her sem co ctor . .substrates. Il n an enbodi nent,

R e S DR G Rbirr gL e A SBr e rerpigonductor
aavianEect diariee K@l tABH&Ser® fnvBIN daSv iR m&tMeRarly understood from the
transi stors. There are 2 enbodi ments of the present

(oHlraving eescrpficadalen)ip sgnipedtionwith the adsempansorgidrewingp irewhich like
enbedi et : A yer. | . . |east .
one gtbst regflseﬁési. aE:f‘s?rg%l&’reog g%%?sg&g#lrg%%ie%éﬁ% ’ r%%lgksrr%i%l?g g omskand
frowhtche first enbodinment is showin figures 1 A and 2

to 8. The _ernbodi t LS thaod for form.ng. a
seniconducf@?“@ﬁgﬁgﬁgﬁeiﬁhaiggmgé%ﬁ%%gnT%ﬁﬁ%ﬂ%dBﬁWSﬁ”
botshasigdegruciied d d Methb@ fdrintHabSictuBn¥a sBR¥hAR ¢ sfrhidtdie with
substrate 10 and a second substrate 12, The first

sapstsroathetpdgsgopnrding to appianpbhpnbasierenof the prayet invention.
second sub gﬁ%t 1B Jn‘h 1 areQF(%g gécgg%ér{ é’f"g‘{%‘} ?ﬁgg&gﬂ%itre“ﬁm and a

silicon. T irst substrate 1
ostiwidgoi mgnudadenty adehyicafluer structure with a stained layer on a substrate

according to a second example embodiment of the present invention.
Figure 9 is cross sectional view for illustrating a structure and a method for
manufacturing a semiconductor structure with a stained layer over a substrate according to

the second example embodiment of the present invention.



wafer with (100) surface orientation and resistivity
ranging from8 to 30 ohmcna. The first substrate
preferably has ahi chness between 100 pm_ and 800 In an
aspect, the first substrate is a structure with the
top surface or |aver conprised of tae and nore
preferably consistin of ale. The second substrate 14
is a preferably wafer consisting essentially of Si.
The second substrate can be a Wafer with (I fiO0)
surface orientation and resist vity ra aging from38
to 30 ohmcr: The second substrate preferably has a

t hi ckness between 100}.un 6 and 800p.nm In an aspect,
the top surface or layer of the second substrate 14 is
conprised of Si and preferably consists essentially
of Si. W Bonn a first dielectric layer 18 over the

first substrate, The firs el ect

preferably c@ﬁ&‘ﬂgé)eé?mﬁté‘f? Q)tfﬂ’ﬁgg"a'f’l‘?ie #:F’I%Qij '%‘“1“& ectric
| ayer 18 preferably has a thickness between 1000 and
10000 A. The first dielectric layer is preferably

conprised of silicon oxide formed by a CVD or PECVD
process. VEiefagampke ﬁnbyhﬂmm@Qf@EmMQGMayémHQQd@WBbeahswuneand

IE)?%?H ‘{jo Sagv?éeg o& %anela %(Féeltﬂe? gemlcq.%d{lcfor s@%tra%é 3{1 ap elﬁbodlment

erably conprise 0
Gayed SPd&vicss aprfefsidabieyha onprdes@ctnhaice shd peeofmMice @€ NMOS and
rmal oxj.dation

d by D ECVD th
EW&@S}IS@% e’ifv%?afé’?l@?‘&g’l%&%ts @? therpresqit igyige as dgscrippd below.

fn the kecdnd eﬁﬂn@l@&hﬁé&mkﬁ&é%ra&e@lé}ﬁéﬁmtf&%edfd%lsﬁt least one substrate.
insulating layer' 22 using a 02 plasma cl ean

treatnment. A. Wafer bonding

L. First example embodiment

The method for the first embodiment is show in figures 1A, and 2 to 8. The
embodiment is a method for forming a semiconductor structure having devices formed on
both sides.

Referring to figure 1A we provide a first substrate 10 and a second substrate
12. The first substrate 10 is preferably comprised of Ge. The second substrate 14 is
preferably comprised of silicon.

The first substrate 10 preferably is a wafer consisting essentially of Ge
wafer with (100) surface orientation and resistivity ranging from 8 to 30 ohm-cm. The
first substrate preferably has a thickness between 100 pm and 800 um. In an aspect, the
first substrate is a structure with the top surface or layer comprised of Ge and more

preferably consisting of Ge.

The second substrate 14 is a preferably wafer consisting essentially of Si.
The second substrate can be a  Wafer with (100) surface orientation and resistivity ranging

from 8 to 30 ohm-cm The second substrate preferably has a thickness between 100um



Next, we bond the first dielectric |aver 18 and the
first insulating layer 22 to forma first structure
(10 26 14). The conbined first dielectric |ayer 18 and
the first insulating layer 22 are now called the

i nsul ation |layer 26 (18 22). The first structure
conprised of the first substrate 10, an insul ation

| ayer 26 (18 22) (or buried oxide layer) and the

ang s Sﬂpacht efsﬁéc‘te ged' toB gﬂrf@ce%? 'fb%)spgf tRE ge%gt? ’sul.r) te lﬁ%@ngpnsed

oxi de 18 on t Strate can rea

off 61 srhdeprefembhyadoneixts dsse@ZallytofiSaom t enper at ur e af t er

pi ranha cl ean that |eaves the wafer surface
hydrophilic. A bonding anneal at about between 200 and

400 degr egvdJortialflrstldi@e 15O MBlef 1 ot ehdXABHuBErAN 00 B first
Still referring to figure 1Aa, we reduce the thickness

d&leqtmfelawrrl%,preéea%%x pemprise pf an gride.ld@digstidimectric dayer 18 preferably
t i
‘01 BADSER o b, SUPRLL =B S0 ey

comprisadrg sihicoc exide fdrimed by a SEVBUWinSREGY B pit@teksas a 7

t hi csness between 5 acid 20 nm After the thinning,
the first substrate can be have thickness between

0. 6% andwe fynfifa firét iSsuldling kayeE32 @@?ﬂ{e%e&dﬁd%ﬁbﬁﬁte B. The first
Vla plugs Referring to fignn-es 2 and 3, we formvia

g yet 7 dugpicrably ¢ampgise o5 emetida fhe figst nsylatipglayer 22 is
p@if@x’a{)l tc'o FiSed @¥%fieoh bx@@ ?orﬂlted Ibﬁ @S@V rl Ib]?d?Vf)X)r Eﬂ&]?&l%?ﬂdatlon

con substrate . ure 2,
ps&déess. openi ngs 30Th ough the f| rst substrate 10 and

E Eg ggigln e|§t8 %gip?ei?rébl%%lfan e s a6 0 Siithg R rsE dleiect)ﬁct lta]}r/e(%li% and the

first insulating layer 22 using a O, plasma clean treatment.

A. Wafer bonding

Next, we bond the first dielectric layer 18 and the first insulating layer 22
to form a first structure (10 26 14). The combined first dielectric layer 18 and the first
insulating layer 22 are now called the insulation layer 26 (18 22). The first structure
comprised of the first substrate 10, an insulation layer 26 (18 22) (or buried oxide layer)
and the second substrate 14.

In a bonding process, the PECVD oxide 18 on the Ge substrate 10 can be
readily bonded to the thermal oxide 22 at room temperature after piranha clean that leaves
the wafer surface hydrophilic. A bonding anneal at about between 200 and 400 degree C
will then complete the bonding process.

Still referring to figure 1A, we reduce the thickness of the first substrate
10. The reduction of the thickness of the first substrate 10 is preferably performed by an
etch back or CMP process. After the thinning process, the first substrate 10 has a



filling up these via openings, the opening profile are
mai nt ai ned about straight or slightly positively

sl oped. Referrinf; to figure 3, we fill the

i nterconnect openings 30 with a conduetive materia

to forminterconnects 32. The vial are filled
preferably by CV'-) process. The conductive nmateria
is preferably conprised Ti, TiN, Wor doped
polvsilicon. It is inportant to ensure the via plugs

jtBickhess bdtivbdnDandl 90 hit agttehd ’ﬂl%ﬂm%/ ohd fek suBéﬁQt% cRPbOhRe
in the via Openln whi ch resu in shorts or

deksss eotwegny &6%0411(1\%4(9@%5@ wkipgss bplovarthinningi gure 4,

we formfirst active devices 36 on the sur ace of the
first substrate 20. The active devices can be BJT, FET
transi stors and/or diodes. The first active

devi c&pr eéa plilgs conprise CNIOS FE:" |' with source
drain and gate electrodes. Referring to figure 5 we

forma. -fReStrivgigficHessPapdn, wo fowamiamessi2r troughtthe Grst
qgﬁ@tl‘éﬁsl O%d @Ehdmglnﬁl(;n' 15}%% 28 Lﬁ%?ta{ L& :!IIQIallg lﬂ‘ﬁ“?l.fléh tﬁ{; second substrate
a co (0] Sit1con

capping layer 40 1s prefer rised of ©
d#ide or silicon nitride or conposite of silicon

Chi ckness. BRCIGEhIE 074N 000 R Anzeg ateh G gia subsrate 1

tah@ tetifisuCliioh eayletlD O @6d OMedst fANRRY @B thd USRI Ribstrdle A For
shomn in figure we reduce the thickness of the second

dillg ypdhese 1aa ereningsphs peties Riodlqire guimained ghopbsisight ar slightly
t Stk thé inedd
BRI d G.SRRIOT OSSO B
pomtfuet edingteripldp f@’(mﬂatérdwmams #l. dihe baskreofilldd peferably by CVD
FRE&S Sl“hepgo?lﬁucttgg rr{a Al 1s pre ra{)fgf co?n%%gg Ti, lllq\?t\xf%tr edo]f)grd
polysilicon. It is important to ensure the via plugs (e.g., filling) is intact without void or

weak points in the via opening, which may result in shorts or opens.

C. first active devices

As shown in figure 4, we form first active devices 36 on the surface of the
first substrate 20.
The active devices can be BJT, FET transistors and/or diodes. The first

active devices preferably comprise CMOS FET with source/drain and gate electrodes.

Referring to figure 5, we form a first capping layer 40 over the first active
devices 36 and the first substrate 10. The first capping layer 40 is preferably comprised of
silicon oxide or silicon nitride or composite of silicon oxide/silicon nitride layers and
preferably has thickness between 1000 and 8000 A.

Figure 6 shows the structure turned over compared to figure 5.



preferably has a thickness between 5 and 20 urn. The
first cap layer 40 protects the surface of the first
substrate acid first active devices. 0. second active
devi ces on the second substrate As shown in figure 8,
we form second active devices 46 on the second
substrate 14. The second active devices are preferably
conprised of BIT or CMOSFET devices with source/drain
and gate el ectrodes, and/or diodes. It is inportant to
keep the tAeshvain ibtigget’, howedwe thdtbickfess ofthi eevoadl sSbstrate 14 to
activ devi c the Si substrate such as re

P Beo BT ent s bt Sl ofahs oo b4
process by |owtenl perature deposition process. so as
not to unduly affect the Ge devices on the Ce

subst r at e. TH regnedien ohihothiokags of g seagnd pebstrafertddispyelprably
bdyrekd 86Vh CRR badrN ﬁX)?(LC%S@fAﬂQR&er%HSQ,t the s&nd substrate 14
d f l\g u I Few

b
esired, " can bea1 or me sequently. ere are
pptargng hag athichhdss beteeemb emd@mect s, (M to M)
associated.with the Ge devices,can. be.fornmed after
figure 5 gre eotﬁrét BP E@’&ﬁ‘?ﬂ’é’t? @gsqrfagg{)%tgf: ﬁgs‘% &bsialiapd st
anmidetdbdies. | nterconnects, or (2) the interconnects for
Ge and Si devices can be processed concurrently. E

2f d I nbadi nent - St r ai I I econd
exampPo SrSEAPRARCUEE GOVISH OB b SHOORAFURIAGE t o

figures I B I.C..a straiped Si _qr Strained Cie
ayor 12 i3 PV et (R RFSond gy B B 84 b me secons
fubstmate 14t r ai ned substrate (10 12) 1(c)A. The first
' i sed of relaxed S Ge buffer
substrate "l"lise s%gorlrl%ralct\ci'\?e devfwes are preferably comprised of BJIT or CMOSFET

devices with source/drain and gate electrodes, and/or diodes.

It is important to keep the thermal budget low for the formation of Si active
devices on the Si substrate such as replacing the conventional thermal gate oxidation
process by low-temperature deposition process, so as not to unduly affect the Ge devices
on the Ge substrate.

A passivation layer 48 can be formed over the Si devices.

More levels of interconnects, as desired, can be formed subsequently. There
are few options: (1) All the interconnects (M1 to Mn) associated with the Ge devices can
be formed after figure 5 before proceeding to fabricate the Si devices and their

interconnects, or (2) the interconnects for Ge and Si devices can be processed concurrently.

E. 2" example embodiment - Strained layers

In a second example embodiment of the invention, referring to figures 1B
and 1C, a strained Si or Strained Ge layer 12 is formed over the first substrate 10 to form
strained substrate (10 12) 10A. The first substrate is comprised of relaxed SiGe buffer

layer.



| ayer. The second enbodi ment uses the nethod di scussed
above for the 1st enihodi nieirt. The process is the
same as showin. figure 1 A Refferring to figure |IB
and 16~, we forma strained Si or Strained Ge |ayer

12 over the first substrate 10. The strained Si or ale
are epitaxi _ally grown on the relaxed. SiGe buffer to
give rise to biaxially tensile Si or Go fil mwhere the
thickness is belowits respective critical value for

prevent i ngTRX&R65d seb@enedtakésahe Aicthdl Sls0eatd dvaRdt the 1st
rel axation. The processes continues as

strain

8F@8@§§8HTQBBUEG$}§%@SFP@@?%@“?JQﬁgWEﬁﬁgure 9 shows

t he struct I ' I ' i

tovi ces g6 oniiadBighR M) GREIHE Rhhl BShelsi 8 sired Go layer
eRREpIdkellirsbpibsiraty 10 Thel steined AsoraBiclata ehigesxidlly griven on the relaxed

I W e

esypedivaefitidal vilug i @rdeMingeoxanilve cendadinorlisi@fhtiéh and strain
device is sho=rn in figure 8. Figure 8 is a new
EﬁﬁﬁﬁP% architecture to fonn Si and Ge devices back to

back. An exgipl, h& Yeh r |
devi ces fo?ned %ﬁy%%?%ﬁ@?%e§§@§§§%%ﬁ%%%§§%ﬁ%¥&gﬂgy
first subsFigated showalthe strusmopafttr dsubrstaradtratned Bj ot Ge devices 36

BRI PP te 10.is conprised of Cie; the second
éﬁ%éy#g#&ﬁ%éﬁfﬁngg prised of silicon: a first

dielectric |ayer 18 over the first substrate 1 0: a

first insulating |ayer 22 over the second. substrate
14 ue to the er%h%mced mobility of electrons and holes in the strained Si or Ge

films, the speed of the devices can be further enhanced.

F. First Example structure embodiment - figure 8

An example embodiment of a device is shown in figure 8. Figure 8 is a new
example architecture to form Si and Ge devices back to back. An example
semiconductor structure having devices formed on both sides; is comprised of :

a first substrate 10 and a second substrate 12; the first substrate 10 is comprised of
Ge; the second substrate 12 is comprised of silicon;

a first dielectric layer 18 over the first substrate 10;

a first insulating layer 22 over the second substrate 14;

the first dielectric layer 18 and the first dielectric layer 22 bonded together to form
a first structure (10 26 14);

the first structure is comprised of the first substrate 10, an insulation layer 26 (18
22) and the second substrate 14; the bonded first dielectric layer and the first
insulating layer form the insulation layer 26;

via plugs through the first substrate 10 and the insulation layer 26 and through the

second substrate 14;

10



the first dielectric layer 18 and the first dielectric
| ayer 22 headed together to form a first structure
(10 26 14); the first structure is conprised of the
first substrate 10, an insulation |layer 26 (18 22)
and the second substrate 14; the bonded first
dielectric layer and the first insulating |aver form
the insulation |aver 26; via plugs through the first
substrate 10 and the insulation |ayer 26 and through

the sepndve d¢ilxskBabLE tHedurfhOe bff thstirsagibsi@e dew c es 36
on the surface of the first substrate 20; a
cappi hET sgpermedeyesd@pveriee first ativadeyiges Wend él&ﬁrgbsuaﬁeﬁte 10;

the fidstd RUDSEERLS 44 On thSECLRIARE k& EnAQNsERS 146 ON
the surface of the second substrate 14. Ge second

exanpl e structure enbodinent - figure 9 Figure 9 is
anot her possi bl e enbodi nent of this invention. Using

t he scr o able
to fres; e PR, Tk Cf e TENImdR hGuR §0

back. 1n Frige® i9andhed pb&iK1€embadflenCATRE i @A RinDhe
tie is over said first substrate. The strained | ayer

desemiped dxemplypnahed doee, ofe arhelspiablstto §upsti raad élGd/ﬁramd Si devices
Eeg Bﬁkt E?oﬁg{nje oSty s’?rglkﬁé [a&plie C()In%)rlfgg(glgf;réeln 1s 0{/% sg)é%qst
siﬁ:simte ptlihe mtrmﬂetblﬁpe.tsfommethe fdposuefat aiflthe ﬁlrsestﬁﬁfraté.orﬂ atm optlon, the
uch as flow Yat pre e Settil igs, thicknesses,
gEsubsirafe bsrqg)g]pntsgleg}rsl@}gﬁ g ®mor e t hor ough

under st andi ng of the present invention, It wll be
obvi ous, however, to one skilled in the

H. Non-limiting Example Embodiments

In the above description numerous specific details are set forth such as flow
rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. It will be obvious, however, to one skilled in the
art that the present invention may be practiced without these details. In other instances,
well known process have not been described in detail in order to not unnecessarily obscure
the present invention.

Given the variety of embodiments of the present invention just described,
the above description and illustrations show not be taken as limiting the scope of the
present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar

arrangements and procedures, and the scope of the appended claims therefore should be
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art that the present invention may be practiced

W t hout these details. In other instances, well known
process have not been described in detail in order to
not unnecessarily obscure the present invention,

G ven the variety of enbodi nents of the present

i nvention just described, the above description and
illustrations show not be taken as limting the scope
of the present invention defined by the clains. Wile
hdverded isntiroadeshiagrire@tiopsy dd t6 thasmhpassshioswh addifications and similar
descri bed with ({eference to the preferred enbodi nents
PREEEBFnS 2Rd REoPFIUERs. under st ood by those skilled in

the art that various changes in forty and details nmay
be nude w thout departing fromthe spirit and scope
of the invention. It is intended to cover various

nodi fications and simlar arrangenents and
procedures, and the scope of the appended clains
therefore should be it accorded the broadest
interpretation so as to enconpass all such

nodi fications and simlar arrangenents and
procedures. 12 What is clained is:, Wat A nethod for
form ng a sem conductor structure having devices
formed o i both sides; conprising the steps of : a)
providing a first substrate and a second substrate;
said first substrate is conprised of Ge; said second
substrate is conprised of silicon

12



b) formng a first dielectric |ayer over said first
substrate; c) formng a first insulating | ayer over
said second substrate; d) bonding said first
dielectric layer and said first insulating |layer to
forma first structure; said first structure
conprised of the first substrate, an insulation |ayer
and the second substrate; the bonded first dielectric
| ayer and the first insulating |ayer formthe
What is tlagtbdid: on | ayer; e) renoving a portion of the first
substrate to reduce the thickness of the first
substrate; f) form ng via plugs through the first
substrate and the insulation |ayer and, at |east
1. A methgdifonfarping eseghicasiugtastonturelisingdeyvicey)fofmedindoth
_first active devices on the surface of said first
sideg; SQMPAISES e stesifng a first capping |ayer over the

first 1j. evi d the first trate; i .
o AREdE s At Be e b eeshnd subSt e et st sibateate is
the thickness of the o5 nd _spbstrate to,expose

t sahﬂ s
. camprised’of Ge; said second stibstrate 15 comprised of silicon;
via plugs; and j% of m hg-second active devi ces A he ¢

f’ ﬁg&?lgl;ré#%:et ﬁf’stt Qlieledric A;%\fva %?Epgﬁid GlrstGLBbiAk, Wherei n:

strate 1Is er consisting essentially
of $eor ﬁx%@ﬁﬁ@la‘ﬂh%%&@:t Sdr3afd] RhRd sEsRsiksSt | Ng
esséntiall'y of Si. 13 37 The nethod of claim]l
whed)bandieg suié firbiedisleeicdbydoard sigd siadtdnéuilathg layer to form a first
di el ectric | ayer
structure; said first structure comprised of the first substrate, an

insulation layer and the second substrate; the bonded first dielectric
layer and the first insulating layer form the insulation layer;

e) removing a portion of the first substrate to reduce the thickness of the first
substrate;

f) forming via plugs through the first substrate and the insulation layer and
at least partially through said second substrate;

g) forming first active devices on the surface of said first substrate;

h) forming a first capping layer over the first active devices and the first
substrate;

i) removing a portion of the second substrate to reduce the thickness of the

second substrate to expose said via plugs; and

j) forming second active devices on the second substrate.

2. The method of claim 1 wherein:
the first substrate is a wafer consisting essentially of Ge;

the second substrate is a wafer consisting essentially of Si.
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and said first insulating |ayer, further includes
cleaning the surface of said first dielectric |ayer
and said first insulating |ayer using a 02 plasnma
clean treatnment. 4. The nmethod of claim 1l wherein the
reduction of the thickness of the first substrate is
perfornmed by an etch back or GAP process; and after

3. The mpffod G Pgﬁhf%aﬁ bebdrg tthel_ﬁtggr%ﬁg Pﬁ%&én%%ﬁi if< id?éf%\}h@ﬁ@ layer

bet ween 5 an run, 5 claim erern

andbdi@rirbfiAseh8Rg Myer SRlbkeR thddigest hi ckness of the first
substrate, whichfurther includes formng a strained

| ayer codpaniagdhebuibhcesf seil fisedictéidc fdyes hng yaistfirat €;
the strained |ayer forns the top surface of the first
inselaltisigriayer;usirigea O, pttsnsudiean atament. conpri sed of
relaxed Site. 6. The nethod of claim| wherein the
4. The metheyl offcldiny hivingrain she reglystion of Henbidkaess of the dirsti sulystvate is

peni ngs through the first substrate and the .
pe ?rémdagy B8R efcg’;}f@f:kz% GMP preessgiangatier she tedustigngthedsty

d te, d fillj id vi ' i th
st BB AGULE  S oraEer PP ED FHATIE plugs. 7. The met hod
5. The ol i, P USSP o BER AoP bS50 25 SR IBEGES Pl
Suﬁ%ﬁ*&VMQHﬂﬁﬂgg%qnagh&§iIicon. 8. The method of claiml
ere

ereint uction of the thickness of the second

SUbSIA@hE a stiRiley IB?éI"'Fdi!n]?Ms&be@i oR CRaGler QhidMEt substrate; the

process; the second substrate has a thickness between

straibed iy e? Eorivid the tog berfa®t dtatle GitstGlLbstoatk; tledirel dubsahed is
first active devices and the second acti ve devi ces
comprised of relaxed SiGe.

6. The method of claim 1 wherein the step of forming the via plugs comprises :
forming via openings through the first substrate and the insulation layer and at
least partially through said second substrate; and

filling said via openings with a conductive material to form via plugs.

7. The method of claim 1 wherein the via plugs are comprised of a material selected
from the group consisting of Ti, TIN, W and doped polysilicon.

8. The method of claim 1 wherein the reduction of the thickness of the second substrate
is performed by an etch back or CMP process; the second substrate has a thickness
between 5 and 20 nm.

9. The method of claim 1 wherein said first active devices and the second active devices

are comprised of a CMOS device, or a BJT device.
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are conprised of a CMOS device, or a BJT device. 14
10. A nethod for form ng a sem conductor structure
havi ng devices forned on both sides; conprising the
steps of : a) providing a first substrate and a second
substrate; said first substrate is conprised of Gg;
sai d second substrate is conprised of silicon; b)

; . £i . . o , .
to. JRBRG: Brbfilgtl ELSELA bR E BNt AL e LES o on
botBBidbsS&ERAPHsiAERRL @b§of ) bonding said first

dielectric |ayer and said first insulating |ayer to

f ordypravidinsh fisdtlsubbtest@ andled sbcbhdl StibstdtétGhid Brst substrate is
conprised of the first substrate, an insulation |ayer

and the second suhsitiseat &, Ge;tshizl sdoond edbstiatsis comprised of
dielectric layer and the first insulating |ayer form
the insul ation dibgmy;; e) fornming via plugs through the
first supstrate and the insulation [ayer and at |east
parifarming st dieleciiia layet ever saidhSirstattbstrdty; f or ni ng
first active.,devices, on the surface of said first

sub3 fPRpiBg afjrst Wﬁf%ﬁ@ggawrr%? S rFopyl ¢ tSver the

first active.devices and the first .suybstrate, and h
F or i i Fd clsC s st o PR S b i orm
11 . The et hOda ﬁ%st gérﬁlct@rg',%taywh(f%c] s’IrHEt'ﬁrl]g Eoﬁgﬁg&i 3fthe first
after step d)) an efore’step e
substrate, an insulation layer and the second substrate;
the bonded first dielectric layer and the first insulating
layer form the insulation layer;
e) forming via plugs through the first substrate and the insulation layer
and at least partially through said second substrate;
f) forming first active devices on the surface of said first substrate;
g) forming a first capping layer over the first active devices and the first

substrate; and

h) forming second active devices on the second substrate.
11 . The method of claim 10 which further comprises after step d) and before step e) :

d-1) removing a portion of the first substrate to reduce the

thickness of the first substrate.
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d-1) renmoving a portion of the first substrate to
reduce the thickness of the first substrate. 15 12.
The nethod of claim 10 which further conprises after
step g) and before step h) (g--7.) renmoving a portion
of the second substrate to reduce the thickness of
the second substrate to expose said via plugs. 1:. he

12. m& I}ﬁ&PS él%irﬂqlé Qvl‘ﬁHl ?urtﬁ%rg&f?ﬂrl&g (AfQF gtgé%& ahﬁ%gﬁarg fstep

n:the first su sstrate to reduce the thlckness of the
first: substrate; (d-2) forming a strained |ayer
conpri se(g -DfreRlovitig £PoRVEH ofthle@eédriddubsaufisiorraliBie Hae
strai ned 1 ayer forns the top surface of the first
substrate; the firshickubsiosfahesécondaupsirstedo@kpose said
rel axed Si Ge. 14. The nethod of claim 10 wherein the
step of form ng the wiaglugs:)| ugs conprises : formng
vi a openings through the first substrate and the
insulation layer and at least Partially through said

cond, s trate nd fillin |d via openjngs.wth a
13. SBRaenod oF Haire D afer slepsh AnaHE oA egt9n egeh fich g0Fner
nethod for form ng a sem conductor structure having

Ces formed on both sides; conprising the steps of

(d-1) removing a portion of the first substrate to reduce the thickness of

CO.

the first substrate;
(d-2) forming a strained layer comprised of Si or Ge over said first
substrate; the strained layer forms the top surface of the first substrate; the

tirst substrate is comprised of relaxed SiGe.

14. The method of claim 10 wherein the step of forming the via plugs comprises :
forming via openings through the first substrate and the insulation layer and at
least partially through said second substrate; and filling said via openings with a

conductive material to form the via plugs.

15. A method for forming a semiconductor structure having devices formed on
both sides; comprising the steps of :
a) providing a first substrate and a second substrate;
b) forming a first dielectric layer over said first substrate;
¢) forming a first insulating layer over said second substrate;
d) bonding said first dielectric layer and said first insulating layer to form
a first structure; said first structure comprised of the first

substrate, an insulation layer and the second substrate;
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a) providing a first substrate and. a second
substrate; h) formng a first dielectric |ayer over
said first substrate; c) formng a first insulating

| ayer over said second substrate; d) bonding said
first dielectric layer and said first insulating "ayer
to form a first structure; said first structure

conprised of thg.fohkd fﬁ&bc?%fet@ﬁf;c lgge% diéxglstﬂe %g%tqﬂsﬁlgﬁﬁé

and the second substrate;

dielectric | ayqaymr&nﬁefiﬁglﬁgﬁ&pg kating layer form
the insulation layer; e) formng via plugs through the

fireffosmmbed vatpgughthrbligh s fitsabildirdteded themduRtiohaasdr
partially through said second substrate; f) formng

first active deaidadeant pahigalfuttiracgh sdidsecchd substrate;
substrate; g) formng a first capping | ayer over the
f i rfg foraung Viestdetive dsvigasion lze $unfare of §ailds%/rstastéa,stratm h)
form ng second active devices on _the second substrate.
16. SivEvRg A SastsrPping lay emovaitha firsipetes devagsranskthe first
said first substrate is conprised of Ge; said second
substrate is cdﬂﬁ?ﬁ@%ﬂaﬂ f silicon. 17. The met hod of

clajm 15.which furt.her, conprises after step d) and
per Bl By sédpe 4gtlS UeEREROR B EsSabd bufibhe dhe i r s
substrate to reduce the
16. The method of claim 15 which further comprises
said first substrate is comprised of Ge; said second substrate is comprised

of silicon.

17. The method of claim 15 which further comprises after step d) and before step
e):
d-1) removing a portion of the first substrate to reduce the

thickness of the first substrate.

18. The method of claim 15 which further comprises after step g) and before step
h):
(g-1) removing a portion of the second substrate to reduce the
thickness of the second substrate to expose said

via plugs.

19. The method of claim 15 after step d) and before step e) which further

comprises:

17



t hi ckness of the first substrate, 1S. The nethod of
claim15 which further conprises after step g) and
before step h) : (g-1) renoving a portion of the
second substrate to reduce the thickness of the
second substrate to expose said via plugs. 19. The
nmet hod of claim 15 after step d) and before step e)

whi f galcls ' " g - ' j

of Py e 2 BORRA SRR s bl STRALANHE REKhL RS
firgl iybsidsahgy; (drn2) forming a strained |ayer
conprised of Si or Ge over said first substrate; the

st r @-Dedr 4 strQhed 14y coRiprdd lbdsPonGe bhier daiid Sitst
substrate; the first 'substrate is conprised of

r el swbattats; Gee stidinddbayeefdrad the top anrfadebofwhefieitsubsteate; the
step of formng the via plugs conprises: formng via
opefmtishebattatoisglomprésetliaf selased SiGeaat e and t he

insulation |ayer and at |east partially through said
second substrate; and filling said via openings with a

20. Cﬁgedr%%gﬂovde otrrcﬁgi?r{ 18 lwhtegeiIl %}rugnstte{; of (I)r?niglg e via pjlggs comprises :
forming via openings through the first substrate and the insulation layer

and at least partially through said second substrate; and

filling said via openings with a conductive material to form the via plugs.
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