it A METHOD TO FABRI CATE GE AND SI DEVI CES TOGETHER
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 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 vertica
field, and the use of high-k gate dielectric

mat e MER BHODTTOJUBRIOATEWE AND Sh&EVITES BFOGETHER FOR
substrate requirenents for rrier il

enhancement in Rﬁ&@CHHHA@N%QE@Q@#EE@&“FH current
technol ogy for form ng CMOS devices on the sane
substrate/platformw || face severe limtations in the
future. For e.g., it is known that Ge hole nobility
is much higher than Si hole nmobility. 1 The inportance
of overcom ng the various deficiencies noted above is
evi denced by the extensive technol ogi cal devel oprment
directed to the subject, as d?ﬁunented by the

rel evant patent and dackgroga of IREMHORr e, The cl osest
1?ﬁﬂeﬁ§ﬁ@ﬁ@ﬂk&¥ﬁoﬁmre rel evant technical devel opnents
in t%e patent literature can be gl eaned by considering
t he fol | olhisgnvegtiowelases geperally mf(gablé@étoc@ﬁfmlmd@ctor devices and

sz)(%le }5%&1'0&1%8? &ﬂ%é ?a%riat%%torf ia%@nicgnﬁ&ltjcgjgfmcture 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 diclectric 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 Silicon Substrates, JOURNAL OF
M CRCELECTROVECHANI CAL SYSTEMS, VOL. 11, NO 6,
DECEMBER 2002 63 1. thru wafer interconnects. US
2004/ 0106268 Shaheen et al. shows a wafer bonding
process. US 2002/0195602- Kl osow ak shows a process
for a substrate. US 20040072409 Fitzgerald, et al.
April 15, 2004 - Coplanar integration of

| atti ce-m smat ched sem conductor with silicon via

waf er bon f

Shows & pi B SudhtAle SURBHTRY @8 kR Rerdfld hd e i
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n%me@&‘ag%&ﬁﬁcal phRlpaicn@nakhe gatdnt Piterdtér%éﬁ/l b&@Behned by considering
el ectroni es. conf senm conduct or/i ndex. asp?l ayout =article

tler foHo®Et i cl el D=CA331034. - di scusses vari ous wafer

bondi ng teghni gues P?&gss%&é;;)a(ﬁ% d Ipcpyc‘s%lhc%ﬁ%ﬁmpéctﬂrzaltﬂ?ougb

I nvent i on The’ exarpl e ment s
Wateehtdramnpetoin Sidcet Substratees HIARNadt ®Bds of
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&RediERicofficcd, et hod for form ng a sem conduct or
structure having devices forned on both sides;

conprises the steps of: providing a first substrate

and & SeCORbpUMIbEALNRA: Lf R SUPAL AL Suk Brocess

corrprl sed “of Sal secon St rate I's co |1 Se
silicon; US2002/0195602- Klosowiak shows a process for a substrate.

US 20040072409 Fitzgerald, etal. 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 , htlp://www.reed-

electronics.com/semiconductar/index.asp?lavoui=articlePrint&article] D=CA33 1034, —

discusses various wafer bonding techniques and applications.




formng a first dielectric |ayer over said first
substrate; formng a first insulating |ayer over said
second substrate; bonding 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 |ay&umioryef thednventidmat i on | ayer

renovi ng ortion of t fi t. .
the t i okdB Sty sBbedipet oE B TR Uh A gl Brok B fifrures and
oGS of aaugbiuting a birticsire Swithsleratsoralndh kides whish isdhaiterized as
| ayer and at |east partially through said second

faliyst r at e; formng first active devices on the

surface of said first substrate; formng a first

cappi ng | ayer over the first active devices and the

first substexample enthodnang gl ampibed ferfouring Recssendigtor

red h Lokr d
L RN N e

second aelﬁg'rowcud@y fie@ sufratt ied 5 econd ssisbsts Alefirst substrate is
Addi ti onal enbodi nents and aspects are represented in
the cl ai ms WEPrisehel P& SAdapPNE FebiHats 15 eomprised BbECHRd

e o A Al et phemengpl a1 v
excl usi ve foriigya drse irpulasenlagc bt aid Ecombsibsttate;n
under st andi ng the invention. It shoul d be_ understood
that they bgp@ingeaid 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;
¢ 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 be sinultaneously present in a
single enbodinment. Simlarly, sone advantages are

appl i cabl &he twvened hdpectlvofagehend fee@ndsiaongf reprdsentative

i napplicable tpo others. Furthernore,.certain aspects
ciPolfisaS 2k plrrP O E PR AT NG s En D ol AERF R nly o
B4t & adeHenEIgthe MOchtRheT 8RO 5O OklethbtORl thatrBoyare not

regardi ng those discussed herein relative to those not

refmeeniSS ot B¢ nvertags deinad ke clgimsplseseoptideph bimitaiRns on
J " S . | .
D o b B e e B P ST s For
instangletsemiriofithesp alyantegdsemgehe niddalty omékditosat, i tiet therdeannot be
advant ages of t.he inyention w ll. becone apparent in :
SRR g 6P Pae Py e g o applicable
td bAMshER ofthalii&ntidn, Bhl efapplesible tpbihess. Birtlidh@oldy éxdaigBpects of
The features and advantages of a sem conductor device
el sy enidon e npt ResB discnssvehtrrigntiawey sroiplgFence should be
dgﬁr?}egéigﬂlfg tRbsk Hg(%%@d Réreih 3Dbdi CBh i e SHCNs@ssed herein other than for
sem conduct or evice in accordance with the present
purpossstdfepacaiahd rddecinp repetliearThys, wirs ewsmakyd ffigatures dve advantages

SO0t BRI ASRGEL B oAk Gkt 2L HOGEL O Ayl B Wrures and

AQYARLRE 5f e Sivemainew il cbiBe aPFar&® il B8 pelnadtingdabetRnt Bom the
regions and portions and in which: Figures IA 2, 3
deawiggs, gnd fromghe aignsg are cross sectional views for
illustrating a structure and a nethod for

manuf acturing a sem conductor structure with devices

on both sides according to an exanpl e enbodi nent of

the present invention.




Figure 1 B and 1 C are cross sectional views for
illustrating a structure and a nethod for

manuf acturing a sem conductor structure with a stained
| ayer on a substrate according to a second exanple
enbodi nent of the present invention. Figure 9 is cross
sectional view for illustrating a structure and a

nmet hod for manufacturing a sem conductor structure
with a stained | ayer over a substrate according to

t he second exanpl e enbodi nent of the present
invention. 5 Detailed Description of the Exanple
Enmbodi ments The exnig Besaripidsti sfahit Drafvinghe present

i nvention r|be structure and thod to for
devi ces of ﬂﬁgcﬁ Yﬁ]éffg%%ﬁ% pgPr qmgtapgqrgglg to the

pldeAnRADe! hﬁ?ﬂ?&ther (féﬁn@ Rda ﬁoc@ﬁ\ﬂf EABicATR sulk ABSiconductor
toget her i n order to enhance the performance of NMOS
davige inRivOBdancansitisthe preserfiwsentien wilbbeangye ¢lagdiugdagstopdiom the
f@;;ﬁgg éesgﬁ%t?cg‘} t'agc B3 Oglt%ﬁéa:tfrolr?e 9‘1‘[21@ eér%om aéﬂ?%elg\%%?ﬂlgvthlch like
réfeatc Mikeraly dsdi gr&it@snnﬂai dricoatspexding iemenbhodpivanindifetions and
mathod for the first enbodinment is showin figures 1
imwhighd 2 to 8. The enbodinent is a nethod for forning
a sem CON@UGLAr ASbl Y, @r@ 7h@Vdn699 dBY RS s bR ¢ictR for
both sides.” Referrin gure I' A we provide a first
idustretinga eirkira et ame drﬁ@r 1§@m1§€t0tlatﬂ€ a smwomﬁtecttm strggture with
ubst r r.ef I f
blB%st (%na? zh T%es accgidﬁl &6 r%g b an(fﬁgpﬁlbgcﬁl 81% off g%gtn ﬁl@%}ﬁﬂ)ﬂ
first sub§iguat eB Mi)d p@efeerrasislsyctlosalanmm for 1khmmatm;g a gigucture and a

essentially of Ge wafer with 0) .surface
BB TBHSHENG BETREPASE P! Fta%&frﬁé s grosgn a substrate

LHRR o 4 8&ond 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.




first substrate preferably has a thickness between 100
(err)mand 800 Inn. In an aspect, the first substrate
is a structure with the top surface or |ayer conprised
of Ge and nore 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 ohmcm The second substrate
preferably has a thickness between 100m 6 and 800m 1In
an aspect, the top surface or |ayer of the second
substrate 14 is conprised of Si and preferably
consists essentially of Si. W forma first dielectric
| ayer 18 over the first substrate 10. The first
dielectric | [ Xi de.
The i1t ci'al B Pes e By IAgit BuRkat@

t hi ckness between 1000 and 10000 A. The first

di el ectric Iayer is preferably conprised of silicon

de f P . f :
ox1 0o 1 ot TRd, Dty VB PR EE e e s n

mefnodth orl dicesl MPohddd tBGeth@¥semicdddicSorRuBfiReaabinin embodiment,
conprise of an oxide. The first insulating |layer 22 is

Cma@ﬂe% dpvigesapmiormebigeeihershordes i dbpaee theperEamaycepIEPHOS and
? %t&s TED:?J ﬁ@? b dRldn L tlﬁ’é' ?mvmgﬁvas\ﬁ@scnbed below.
prefera c

ean the surface of t |rst ielectric
Ih éyeeecchd @amdplb kmbodiiest a strsudddtyen gp ﬂoayef 02P alsashgnasudrate.
pl asma clean treatnent. A Wafer bonding Next, we bond
the first dielectric layer 18 and the first dielectric
| ayer 22 to forma first structure (10 26 14). The

jconmbi ned fidsséxadiptt e@bodiendnayer 18 and the first

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 pun. 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




insulating layer 22 are now called the insulation

| ayer 26 (18 22). The first structure conprised of

the first substrate 10, an insulation |ayer 26 (18 22)

(or buried oxide layer) and the second substrate 14.

In a bondi ng process, the PECVD oxide 18 on the Ge
substrate 10 can be readily bonded to the thernal

oxi de 22 at roomtenperature after piranha clean that
ah®30psn. Inren aspdcg thestop adacchy thyopdii the sscomd lsdsttated 4 is comprised

neal at out .bet ween 200 _and 400 degree C w ||
O?ﬂ‘eaﬁ’gé%%ﬁ‘laggfecopﬂ@s BB C‘glrsbcess Sti Igl referring to

figure 1 A, we reduce the thickness of the first
substrate 10. The reduction of the thickness of the

first sub¥ferfare afostidiclpnieg davapi § oy fiedireybBital). Bredst
d%?e%h‘ cqgﬁqgl}%j 1191@ e?&%@%n;@ste%ﬁ; ah B E Eﬂ[*e}fs%gh g@%’gﬁe ga%/g% g&bglgferably
hiva thadchess betveeeh hi0OAT ang, 10006 ﬁt i The fistidstacaicdayears fyeferably

have thickness b t %.an it's thickness
cyapicd OEﬁﬁ%ﬁ?ﬁ pjde gr Qﬁ?gy ﬁl(g E) %g'%éq{;lbr%ocﬁs figures 2

and 3, we formvia plugs 32 through the first

substrate 10 and the insulation |ayer 26 and at | eas

parti al | yWenfosngrirstiesubasion fyes&badr sesecond, SUb%Ia%’cﬁmThe first

Jshgupglager 28 i QLM A RRERE BB Sl ;Hgg 498 Dk [k 22 i
ppAertblglcbyptibdaighicbhexide éongd SyhsCvate QHCVPer thermal 0x1dat10n

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

sl oped. Rekel hegertiabllylciah ehedsurfale bfithé fifsh@electric layer 18 and the
i nt erconnect ggenln gs 30 with a conductive nateri al

firss ifsylafing Hver Lowetd 9 Plasumpdeapitrgatngre il ed
preferably by CVvD

A. Wafer bonding

Next, we bond the first dielectric layer 18 and the first dielectric 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 4.

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




process. The conductive material is preferably
conprised Ti, TiN, Wor doped polysilicon. It is

i mportant to ensure the via plugs (e.g., filling) is
intact without void or weak points in the via

openi ng, which may result in shorts or opens. C first
active devices As shown in figure 4, we formfirst
active devices 36 on the surface of the first

thigkrstss beteea0s a0 ant i H&eitby ideying athe Hiest BIbBtraEm be have

d
DRSS BPG, RE A ROE e Sl RPN,

gate electrodes. Referring to figure 5, we forma
first capping |layer 40 over the first active devices
36 a first substrate 10. The first capping |ayer
40 iggpreﬁ/ é%?%sconprlsed of silicon OXIde or

St eon NG LR, R ANPRSILE 1 cobiEADLLY dRpal hoam:

nitride |layers er ab

silﬁﬁﬁlteahﬁarﬁl(lﬁé)méulaﬁngluy&& 26 aﬂhlmt\&at;tlreﬂsai hyuhlbuglethb weavad substrate
over conpared to figure 5. 8 As shown in figure 7, we
Peduce the thickness of the second substrate 14 to

expose t heydhawRli %Gﬁ: B Mﬁnrﬁﬁfﬁyﬁll@%smrthﬂoﬁ e firfiQubstrate 10
second substrate The reduction of the thickness of

anHéhsiapdupndars 26 sand af astpagiely Sraphyihe proppdpuhsiatpy 4 offpr
sec% n[gﬁl% \Qlftj g%\qp @r A& o}%&nﬁ%kﬁﬁe %gnagl ?ﬁgé E’tg({ehg gﬁ'an}?ht or slightly

peeitivelgnldpednRBe0ingno ﬁglme 3 wr:sfﬁil &mpntbaymccﬂ@aqnmgs 80tgth a

t he surface. he.first substrate and

aBGHQE mefs Lo o e dar e i e Bisgrray by TV
prHR8S. " ahe conductive material is preferably comprised Ti, TiN, W or doped
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 BIT, 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.




As shown in figure 8 we formsecond active devices 46

on the second substrate 14. The second active devices

are preferably conprised of BJT or CMOSFET devi ces

wi th source/drain and gate el ectrodes, and/or diodes.

It is inportant to keep the thermal budget |ow for the
formation of Si active devices on the Si substrate

such as replacing the conventional thermal gate

oxi dat i onAs phoeaessidye 7,ove tednqahathickeesdeddsi secmd substrate 14 to

- t dul v af t th i
ok eBer 7 oA Batt Yo B! ey hd ST RACHE T or o

over the Si devices. Mre |levels of interconnects, as
desired, can be fornmed subsequently. There are few

options: [y redpgtiqnd tha flaekagind dhasseemnd substiptg 14 is preferably
j Iyt e r .
BRI e DGR AR SREEle kTR Bl e 14
pagferablydias a thicknessomtwents and20 @@) the i nterconnects for

Ge and Si _deyices can he processed. concurrently. E

v o exanplES Brb oo e P PRt s fisl Yodincing frs
B eegnbodi ment of the invention, referring to
figures 1 B and IC, a strained Si or Strained Ge

| ayer 12 is forped over the first subsjrate 10 to form
straithed stasILActive devises phesreond YOS rate i s
conpri sed ,of , rel axed Si.Ge huffer ayer .. The second
cbod nentoaleth ThEewEngs b SheubBiEE gdlF 4 Sl secona
sib@hafe) 14. enbodi ment. The process is the sane as shown

in figure A 9 Referring to figure 1B and 1C,_we form
a str ai nedhspecgpd agtivgidgegesaae pisisagbly comprised of BIT 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, refetring 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.

The second embodiment uses the method discussed above for the 1%

embodiment. The process is the same as shown in figure 1A.




12 over the first substrate 10. The strained Si or Ce

are epitaxially grown on the relaxed SiGe buffer to

give rise to biaxially tensile Si or Ge fil mwhere the
thickness is belowits respective critical value for
preventing excessive generation of dislocation and

strain relaxation. The processes continues as

di scussed above (see figures 2-8) . Figure 9 shows the

st ruct ur eRafetiing tddigucekB ardl Stwaitmed: Sairsd SGer Beasingkge layer

6 d.Si 46 devi.ces are forned. Due.to.,he enhanced
s groriraiPore Felent S0t oty baTagR VEMGaxed
S§8e bikfifdr 1B givk Rige ERERHaI0f tehdiR HHer Ge €ism eard@e tHicknke is below its

enhanced. F. First Exanple structure enbodi nent -

r¢speitve catiged vahug fgs RECSHBREIPITEYH Ve atinafdslpcatian aighstiain
r%&ﬂg%g_S. Figure 8 is a new exanple architecture to

orm Si and Ge devices back to back. An exanpl e
seni condudteprostsserctontisudiay disqusdaidbors (stofigwds 818) bot h
sides; is_.conprised of: a first substrate.1l nd .
second su Eg&“?%ﬁ gloff;ﬂ%t‘ HECR %@ergﬁﬁg‘fsraé? %trai’be%i Sé‘ O GR devices 36
G@RPL4 8860k foined he second substrate 12 is conprised
of silicon; a first dielectric layer 18 over the first
substrate 10; a first insulating |layer 22 over the

second su @?ﬁe rt(?fh% eﬁﬁéncfﬂ]ﬁmgﬂiig;&fbegéﬁgggscﬁt{di Holdsa¥ e h3ind8 Y or Ge

the first el ectric layer together to form
famf,ithsspesd pfibe deecdskOn 26 fukther erthaecefli r st structure is
conprised of the first substrate 10, an insulation

ponada 11 FLet remlp sty SEERBOGRRaLL Hoyre® e
i nsul ati ng, | QYAblef ARG bNS SR 19BhdvwaYiBTigdRs 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;
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via plugs through the first substrate 10 and the

i nsul ation layer 26 and through the second substrate
14; 10 first active devices 36 on the surface of the
first substrate 20; a first capping |ayer 40 over the
first active devices 36 and the first substrate 10;
second active devices 46 on the surface of the second
substrate 14. G second exanple structure enbodi nent -

fi gur Ersvagtivgdpdcs Joondhe séce pbtsifisstsusigsdidrent  of

this_i )
abovefﬂﬁ%agigfbyso a Féﬁ§éh$§§%%g?% §§%gggﬁstra negmelq
Si  destoae activealekicesotthactke shfacEiof thiease@nd aulsttmate Ided

| ayer conprised of Si or Ge is over said first

substrate. The strained |ayer fornms the top surface of
the first substrate. In an option, the first

subst@.at e segofd BRaNIE stiucterexmbolirent Hfigure 9
Non-1limting Exanple Enbodi ments In the above

descriptiﬁmuWUhBmnmhmsﬁsdbhkmﬂ@émamksf&hénQ@MOﬁoUBMgﬂw

S%chl ec? ]glPthE)g l%q,v&e{vgzrsegarlm tt%)kn]g%élgﬂllal Enp f?‘amed Sidevices

bldﬂ@@rb%talaflﬂ 'F[&n@ﬁﬁ 4 BRidasRi tompNRAtf 8Nor ¢id iswivld salBfirst
obvi ous, however, to one skilled in the art that the

sprssgnt Thewpsted Siyerioymp hedomsurfase F thie e substgies dn an option, the
Heta &Eke&@mﬁéﬁ%ﬁgf £%g§g§ ~wel | known process have

not een desc etail in order to not
unnecessarily obscure the present invention. G ven
the variety of enbodi nents of the present invention
just described, the above description and
illustrations show not be taken as limting the scope
of the pnNmBiinitiny Exhimple dahbodihdrytst he cl ai ns.

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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Wil e the invention has been particularly shown and
described with reference to the preferred enbodi nents
thereof, it will be understood by those skilled in
the art that various changes in formand details may
be made w thout departing fromthe spirit and scope
of the invention. It is intended to cover various
nodi fications and simlar arrangenents and
aqmoo:tbddhﬂ eadanidtorpretat coprasdd endrenpmppdhdiel meidgiogtions and similar
erefore houl d be |1 accorded the broadest
d?ﬂ%%?ﬁpgﬁﬁﬁpgﬁetgeas to enconpass all such
nodi fications and simlar arrangenents and
procedures. 12 What is clained is: 1. A nethod for
form ng a sem conductor structure having devices
formed on 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; b) formng a first
dielectric |layer over said first substrate; c) formng
a first insulating |layer over said second substrate;
d) bonding said first dielectric |layer and said first
dielectric layer to forma first structure; said
first structure conprised of the first substrate, an
i nsul ation | ayer and the second substrate; the bonded
first dielectric layer and the first insulating |ayer
formthe insulation |layer; e) renpving a portion of
the first substrate to reduce the thickness of the
first substrate;
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f) formng via plugs through the first substrate and
the insulation layer and at |east partially through
said second substrate; g) formng first active devices
on the surface of said first substrate; h) formng a
first capping |layer over the first active devices and
the first substrate; i) renoving a portion of the
second substrate to reduce the thickness of the
second substrate to expose said interconnects; j)
form ng second active devices on the second substrate.
ﬁ%miyam ﬁh@&d of claiml wherein: the first sybstrate
s a Wwafer consisting essentially of Ge wafer; the
second substrate is a wafer consisting essentially of
Si. 13 3. The nmethod of claim1l wherein before the
step of bonding said first dielectric |layer and said

fii, r Rt Gh&d B tdrhtngd AXBliconiibN@RuciufChHARSI S @R IYrMEd bRBoth
surface of said first dielectric layer and said first

i nsulsales;pgmprisipgtheaptipagt a 02 pl asma cl ean treat nent.

4. Th . j ' [ f :
i deneed DRl £1ALI ORI B IPspeiE R b e
et ch back or céivplipref €essaidgedoaf dubstrith s coaguisdd @isjlicohe

gir$L i&?ﬁ%r?t%iagsi%p%HiCanEFePet en gﬂqnq 20 nm
. The BN BRI GHAYE NP RS HESEEep of
e I
Si or Gedpberdingial first dtclostrivdayaitaad saiharst 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 form the insulation layer;
¢) 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 interconnects;
j) forming second active devices on the second substrate.
2. The method of claim | wherein:

the first substrate is a wafer consisting essentially of Ge wafer;

the second substrate is a wafer consisting essentially of Si.
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strained |layer fornms the top surface of the first
substrate; the first substrate is conprised of

rel axed Si Ge. 6. The nethod of claimt wherein the
step of formng the via plug conprises : formng via
openi ngs through the first substrate and the
insulation |ayer and at least partially through said

second substrate; and filling said via openings with a
Sofiskethoe ofieltior | alheten befors thi ateplofijending saith rsidickesttic layer

of cl %falcitéwgglteea{}lcflgf V'fartlpen&%ucﬁge conpri sed of a

mat el He group consisting of Ti,

Ti N, W ancigepedhpaifst bf ahtirsBdielEtreic neydradd efid ﬁl’sﬂlrmlllating
wherein the reduction_ of the thickness of the second
substdyat &ing 3O N FERRGRHFAEEt ch back or COMWP

m ‘?H@ﬁ%tho& 'a?caﬁi% @ mle?eam St @H@cnha%f qhd kKO8 o8 the IR WEBSRate is
20 he nethod of claim| wherein said

f ir speﬁmnedé)ydié\ﬁiqhé:@c}an@cm@rg@@@ﬁlﬂd afienitheredustiopethe first
are ¢ ed_qf. V. a BJT device. 10. A
seni égﬁn‘gr ct%o? S mkm ?cqj%§ i %ﬁgﬁm

FUcture avi ng vices fornmed on both
$i. Trsncthodpr tlsied | efheicim)fia thd stqt ofvedstnpethethinkdes of the first

second subst said first substrate is conprised of
Ge; §@W&a?ewgﬁé?§ﬁE§PF§F@S|s conprised of silicon; 14

b) a firsk,dig @&Fzﬁt‘léﬁ lhﬁs‘)‘ BEmPNRHY oF 81 & Gié had <8 BSdt kdsRiate; the
c) a first insulating l'ayer over said second

substtraine! lagyr fempsthe fapswurfdeeetiabe fifse subsipate; thndrssabgtrate is
flrst di el bonded together to forma
firstO8PYUcY uréelgxeggsi{ggfl rst structure is conprised of
the first substrate, an insulation |ayer

6. The method of claim [ wherein the step of forming the via plug 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 | 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 | wherein said first active devices and the second active devices

are comprised of a CMOS device, or a BIT device.

10. A semiconductor structure having devices formed on both sides; comprised of :
a) a first substrate and a second substrate; said first substrate is comprised of

Ge; said second substrate is comprised of silicon;
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and the second substrate; the bonded first dielectric
| ayer and the first insulating |layer formthe
insulation layer; e) via plugs through the first
substrate and the insulation |ayer and through said
second substrate; 1) first active devices on the
surface of said first substrate; g) a first capping

| ayer over the first active devices and the first
subst r at &) a fifsf diskeeBisdlayen apesablist 8¥siedet he surface of

the Seco@gﬁﬁ\/}%\dgﬁ{sﬁlﬁﬁﬁg la%& ovgps%ic?& L CORALELOr Sstructure

of clai erein: first su strate i's a wafer

consi st s dessédiritalidigetod la@r avdfad firsttdimdectraciomel bonded together to
substrate is F sisting essentially of Si. 12.

The sen1cond5%?5?1§{$ F ’Fe of claim10 wherein the

first substr giig fidastractiBiiCdongsBed @[&h&\/ﬁ%ﬂ sﬁas&rmd eﬂﬂnmnon layer
13. The seni conductor structure of

said first sabthcateeondsupg rﬂseéwné?d figt @Pkaﬁuﬁ&m @gﬂeth first
conpri sed °f1§hg. %gﬁmqﬁgﬁﬂgnﬁghggﬁqﬁékce substrate.

14. The sem con structure o I"al’'m 10 wherein

t he via p) vipsplagsehoogptiicsdsl substate andtthe inallatde loxdreand through
fromthe group COﬂSISH; of Ti, TiN, Wand doped

pol ysilicon. ® é Copg EM §g%itonductor structure of claim

10 wher eifp figiactivel deSiced@ the urtiRe b€ &8d AR sii@atsecond

active devices are conprised of a CMOS devi ce
BJT devi & a firgtyapping layer over the first active devices and the %rst substrate;
h) second active devices on the surface of the second substrate.
11. The semiconductor structure of claim 10 wherein:
the first substrate is a wafer consists essentially of Ge wafer;
the second substrate is a wafer consisting essentially of Si.
12. The semiconductor structure of claim 10 wherein the first substrate has a thickness
between 5 and 20 nm.

13. The semiconductor structure of claim 10 wherein said first substrate is comprised of

a strained layer comprised of Si or Ge over a relaxed SiGe substrate.

14. The semiconductor structure of claim 10 wherein the via plugs are comprised of a
material selected from the group consisting of Ti, TiN, W and doped polysilicon.
15. The semiconductor structure of claim 10 wherein said first active devices and the

second active devices are comprised of a CMOS device, or a BIT device.
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