rleetf e~y
s

1 SEM CONDUCTOR DEVI CE W TH DECOUPLI NG CAPACI TANCE AND

METHOD THERECOF BACKGROUND OF THE | NVENTI ON 1.
Technical Field The invention relates generally to sem conductor
devi ces, and nore specifically, to decoupling capacitance schenes in
sem conduct or devi ces. 2. Background Art Silicon-on-insul ator

(SA) CMOS technol ogi es offer higher performance than conventional
bul k- substrate CMOS t echnol ogi es due fo factors such as |ower junction
capaci tances. In SO technol ogy, |ower junction capacitances are obtained

by isolating t geRGEONDBCTOR DEVIEEWASH i CoPPRINGERPAICITANEE GatDY -
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Technical Field

The invention relates generally to semiconductor devices, and more specifically, to

decoupling capacitance schemes in semiconductor devices.
2. Background Art

Silicon-on-insulator (SOI) CMOS technologies offer higher performance than
conventional bulk-substrate CMOS technologies due to factors such as lower junction
capacitances. In SOI technology, lower junction capacitances are obtained by isolating the

active circuits from the bulk substrate dielectrically.

However, there are several disadvantages in SOI technology compared to bulk-
substrate technology. In bulk-substrate technology, there is generally a high chip
decoupling capacitance from the power supply Vdd to ground due mainly to N-well to P
substrate junction capacitance. High chip decoupling capacitance provides electrostatic
discharge (ESD) protection and protection from high switching noises on the chip.
Unfortunately, the ESD protection level for input/output (/O) devices on SOI is degraded
due to higher diode resistances, poor thermal conduction and very low on-chip decoupling

capacitance from the power supply VDD to ground. Furthermore, there are high chip and




However, there are several disadvantages in SO technology conpared to

bul k- substrate technol ogy. In bul k-substrate technol ogy, there is
generally a high chip decoupling capacitance fromthe power supply Vdd to
ground due nmainly to NNwell to P substrate junction capacitance. H gh chip
decoupl i ng capacitance provides el ectrostatic discharge (ESD) protection
and protection fromhigh swtching ngi ses on the chip. Unfortunately, the
ESD protection level for input/output (1/0O devices on SO is degraded due
to higher diode resistances, poor thermal conduction and very |ow on-chip
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Unl ess thin- Qg aC|tors are used, which consunme real estate, a chip
in SO technd %8‘?@"1‘4‘1‘5{3Iﬁgnﬁbgéémﬂfi?%@ncapam tance for noise
suppr essi on. A common net hod of making SO devices is to inplant

oxygen atons into bul k- substrate devices to forma buried oxide |ayer.
This method is knéveomsonShafXd of mekiag 8OI devibys ﬂ;rqcihqﬂdnedxyg&umﬂbs intS®ves-al-
approaches to rove the ESD protection level in SO technolo have been
pr oposed forS‘éﬁs R deypgs tgformm %%@?re%ﬁﬂf&l%‘flﬁkﬁwa%‘iﬁ\ﬂg&l ayer S0
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1 though denSrRrray Uit SEatly sty ol W LASb G i d BD ARBL el
processi ng andSObnedummguyrhgv@mhrp@dmsc(ﬁogSIM%@ g falidan ﬁ@élmﬁgtcﬁin@w ths

over different er topographies) Anot her, approach enpl oys a bl ock mask
during oxygeﬂx@%ﬁrﬁf’ thys theld ‘gt{aﬁé‘StEmaéle@H}"c erybullg pubstrpts. This appioreh,

substrate. Fegnduh §lc per ?ﬁgESﬁqﬂlpﬁ'é\Eglerﬂr P@?gg]}r‘é&?‘e deﬁq%rbx ab}p?&%%lg fnat

woul d of fer both™hig mance "Cl rcul acc
protection ( pmlcéssmg controls (e.g., etching and forming circuits over different wafcr topographies).

Another approach employs a block mask during oxygen implant to keep the ESD circuitry
area in the bulk substrate. For this approach, modified SIMOX wafers can be obtained

that would offer both high-performance circuits (SOI) and acceptable ESD protection (bulk -
substrate). Unfortunately, this approach is deficient without a big on-chip decoupling

capacitor for noise suppression and proper ESD operation.



substrate). Unfortunately, this approach is deficient without a big on-chip
decoupling capacitor for noise suppression and proper ESD operation.

3 SUMMARY OF THE | NVENTI ON It is thus an
advant age of the present invention to provide a decoupling capacitance for
a sem conductor device and the nmethod for meking the sane that elim nates

t he above descri bed defects. The advantages of the invention are
reali zed by a sem conductor devicé conprising a first circuit regi on having
a first device layer. over an isolation |layer and a second circuit region
adj acent the first circuitSUMMARYOKF THEINVENTIONVI ce | ayer over a well.
An inplant layer is inplanted beneath the isolation layer in the first
circuit region, which will connect to the well of the second circuit

region, formng.: i i i t. / 0

decoupl i ng capgé?%hg%lgg a{j%é? &% gpglgﬁlp%g}ﬁttduct glﬁ) ngd(;&ioglg% dwuﬁﬁ&f&bgﬁ%ﬁw

f or egoi ngfandemidoaduashdenicagesthanbilicibiotimakingfthd Jamel thatehiniremes\whd dbobe
apparent fromthe following nore particular description of preferred

enbodi menfigscaped gefedtsavention, as illustrated in the acconpanying drawi ngs.

The advantages of the invention are realized by a semiconductor device comprising
a first circuit region having a first device layer over an isolation layer and a second circuit
region adjacent the first circuit region having a second device layer over a well. An
implant layer is implanted beneath the 1solation layer in the first circuit region, which will
connect to the well of the second circuit region, forming a high junction capacitance, and

thus an acceptable decoupling capacitance for the semiconductor device.

The foregoing and other advantages and features of the invention will be apparent
from the following more particular description of preferred embodiments of the invention,

as illustrated in the accompanying drawings.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS The

preferred exenplary enbodi nents of the present invention will hereinafter
be "described in conjunction with the appended draw ngs, where |ike

-desi gnations denote |ike el enents, and: FIG | is a sinplified

di agram of a sem conductor structure in accordance with a preferred

enbodi nent of the present invention;g FIG 2 is an exenplary device
used with the structure of FIG 1; and FIGS. 3, 4, 5 and 6 are

cross-sectional views showing a fabrication sequence of FIG 1 in

accordance with a preferr BRIDBFIDESCRIPTION OF THE PFU WIRGIt i on.
5

The preferred exemplary embodiments of the present invention will hereinafter be
described in conjunction with the appended drawings, where like designations denote like

elements, and:

FIG. 1 1s a simplified diagram of a semiconductor structure in accordance with a

preferred embodiment of the present mvention;
FIG. 2 is an exemplary device used with the structure of FIG. 1; and

FIGS. 3, 4, 5 and 6 are cross-sectional views showing a fabrication sequence of

FIG. 1 in accordance with a preferred embodiment of the present invention.



DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring to FIG 1, there is
shown, in highly sinplified form a sem conductor structure for an
integrated circuit 10 in accordance with the present invention. In this
exanple, a first circuit region of a silicon-on-insulator (SO) structure
conprises isolation oxide layer 22, first device layer 24, isolation |ayers
20, and a high-dose inplant |ayer 25 _of a first polarity type inplanted
under isolation oxide layer 22 in actordance with an enbodi nent of the
present invention. The second circuit region (e.g., a bulk device region),

which is adjacent the fj ircuit reqi IS rea 30, wells
32 and 34 of a first pob&ﬁQﬁ-‘I{]}g)éis%ﬁ)éﬁ@)Iﬂmg&irﬁw&G npri si ng
regions 36, 38, 42, and 44 of first and second polarity types, and
isolation layers 20. Both circuit regions are |located in a substrate 50 of

t he second pol ar iRsferripgéo Fithel, theresis showi un highbsimplifpeshvfernn, rggemisndadtort he
chi p. Al though only one secogd.ch uit region i t%hown, it wll b&lgq
appr eci at ed %?Wﬁ'turea Op Py FUFETR A SCWyCHInASHHT e?ﬁé@‘ FePTETRSH ByEtonn Ity ngl e

sem conduct OgxampRs k Fiddt RirciB kel &) h BERbA BE- M uBHOI SO R dodpridlsSeolHon?
device. An optional dopant 40 of the second polarity type under the 1nplant

| ayer 25, suedrdedsya 22Mitsedengpylayenpt aselatiaiayanel§; and e dighrdasoimplpit layer 25

t echnol ogy, y. al s e used |f re capacitan i s.desiredq, or .the

Subst 1t o) welTBIRUEATY A Eleat B R fer AR T 2 S Ay aron ¢ op.
Referring t Oedihddiment o@me:}{rgegﬁgvgﬁ‘éh.c %&g&oﬁéci%ﬁ%gﬁ’&?@. S, @i aXsap! ary

device that may be integrated into the present invention. Although a P-type
substrat e 15@gien), whitheis @dyacers ploerfastngrepd kepiont, gompmses balyiaosas3 0, selhdvmd 3 FI G

2, an N-t bst r at t bstrate with a_ P-reqi ted b
Goping. ot .o R RO SREEARY. L SPROR AR T oo A2 He Prfegr at o

circuit 110 ARYardd 260 t}ip-g@%ndiés@laﬁgplﬂeﬁéi 20€ B3R cirsuif @éi@ﬁgarfcﬁ%eﬁt?ﬁa

sem conductor substrate wit /O pad 60 connecting to P+ région 138 an

regi on 144; apubstrile SPafiherseadel robamtetype.ribe fist vicgittregidmeavenng inosttof ticalign. and
with P+ Although only one second circuit region is shown, it will be appreciated that a plurality of
such regions may be employed on a single semiconductor substrate, cach delineating a
subsequent active area of a device. An optional dopant 40 of the second polarity type
under the implant layer 25, such as a 1MV energy implant routinely used in non-epi
technology, may also be used if more capacitance is desired, or the substrate water itself

may be a P+ water with a P- epitaxial layer on top.

Referring to FIG. 2, an /O ESD device 110 is disclosed as an exemplary device
that may be integrated into the present invention. Although a P-type substrate 150 with
the corresponding polarity type regions is shown in FIG. 2, an N-type substrate, or an N-
type substrate with a P-region created by doping, etc. with corresponding regions and
modifications to the integrated circuit 110 may also be used. The I/O ESDD device 110 is
formed from the semiconductor substrate with I/O pad 60 connecting to P+ region 138 and

N+ region 144; with N+ region 136 connecting to Vdd to form a first diode; and with P+



6 region 142 connecting to ground to forma second diode. An I/O ESD
device, or simlar device, may al so be fornmed froman N-type substrate,
with appropriate connections and nodifications for proper performnce. As
af orenenti oned, an optional P-type dopant 140 under the N-type inplant

| ayer (or N-type dopant under the P-type inplant layer in the case of a
N-type substrate) may al so be used if nore capacitance is desired.

As can be seen in FIG 2, a high jun@tion capacitance is then formed from
Vdd to ground. Vdd is c‘oupl ed to the N-type inplant layer 125 via N-well
132, which i . reqi P, p r

connect ed toi%&rggﬂﬁz%g?ﬁzfg ‘ﬁwtoe%%%qi%%% as‘EE’&tdydg%&édopant %EQ a%en%%/%g fn;E\ﬂabe used
for added cagpaddct magelso ¥eformad fiberanQPiype Bubsratepwils Ep;&o;d'ﬂlgﬁd”mhaﬁlehglardb ped
(P+, in this exarrpl e) water with a Ilghtly doped epitaxial_Iayer in
this exanpl efrodifiogiasyfeferersr Rerfirghnesa praleramesionsd apswqr@%%tpaﬁeean%ow ||
be shown in f. on™i
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Referring nowto FIGS. 3-6, fabrication of a preferred epbodi ment of the
present invention will be discussed. As seen in FIG 3, a non-critical mask

70 is used to def f‘% i d i - - i a
substrate 50 of akgg%%ﬁegseglg ari t?/ %381%5%%6%%??1%@%%%%&?@6?%0% %i%en
and a dopant gionpd. aWtld Exoapled td the N-typeinayslasitYayey DE) vis Nt-helh132p phhichds coupled
substanti al | %/ si nmul t aneousl ﬁ’ to substrate 50 to forman isol ati.on oxi de

r

|l ayer 22 andioitregemiit. | hpdrtypsbyk afend 3¢ iscopnssindde proynd ya&tegired*inder

i sol ation ox - o

I ayer 22 ann!gfatjL &#prgrléta ur 1%Je(r%glts ({]folr:h& ﬁ%?%%%}%gu tr{gftaa 0&9111%{5)9 élsgggr ees
Cel si us), thdedemphiytddpay @+ An thik kxangid)- whtérfmﬁea ﬁght@r d,opd‘zli @imnse]sammndm t he

i mpl ant ati on _houndar i es) as . illustrated in FlI Thus, owp in FIG
6, after subgéﬁ?f@ﬁ{ple)st’ rnoridePofohig apgeitagee ¢ O‘S@SIWC t‘f}sR"”zﬂ@mﬂ?‘@@%ns,

the inplant gypsequent figures, one advantage of the present invention is that high junction
capacitance from Vdd to ground may be added without using any extra masks than those

typically used in a SIMOX process.

Referring now to FIGS. 3-6, fabrication of a preferred embodiment of the present
invention will be discussed. As seen in FIG. 3, a non-critical mask 70 is used to define
the second circuit regions (bulk area regions) of a substrate 50 of a second polarity type as
described in FIG. 1. An oxygen and a dopant implant 75 of a first polarity type is then
applied substantially simultaneously to substrate 50 to form an isolation oxide layer 22 and
an implant layer 25 of the first polarity type buried under isolation oxide layer 22, as seen
in FIG. 4. Since the isolation oxide layer 22 anneal temperature 1s rather high
(approximately 1200-1300 degrees Celsius), the implant layer 25 will out-diffuse (i.e.,
diffuses beyond the implantation boundaries) as illustrated in FIG. 5. Thus, as shown in

FIG. 6, afier subsequent, standard formation of the SOI and bulk area regions, the implant



7 | ayer 25 will connect to the wells 32 and 34 of the first polarity type
in the bulk area region. Thus, this invention provides a
decoupl i ng capacitance fromVvdd to ground by inplanting an inplant |ayer
under the isolation oxide. Furthernore, the inplant may be done at the sane
time as the isolation oxide formati on wi thout the need of an extra mask. A
second inplant (such as a P+ or N+ dgpant) may al so be used for added
capaci t ance. Wil e the invention has been particularly shown and
described with reference to a preferred enbodi nent thereof, it will be

under st ood bpydr8SAITShdcEH thOwell€3 AEdd 3&thd BRt pARYRIpRS AP @uﬂltaﬁéir changes

in formand details may be nade therein w thout departing fromthe spirit
and scope ofregiea. i nventi on.
8 CLAIM5 What is clained is:
Thus, this invention provides a decoupling capacitance from Vdd to ground by
implanting an implant layer under the isolation oxide. Furthermore, the implant may be

done at the same time as the isolation oxide formation without the need of an extra mask.

A second implant (such as a P+ or N+ dopant) may also be used for added capacitance.

While the invention has been particularly shown and described with reference to a
preferred embodiment thereof, it will be understood by those skilled in the art that the
foregoing and other changes in form and details may be made therein without departing

from the spirit and scope of the invention.



An apparatus conpri si ng: a first circuit region having a first

devi ce | ayer over an isolation |ayer; a second circuit region
adj acent the first circuit region having a second device |ayer over a well
of 'a first polarity type; and an inplant |ayer of the first

‘polarity type inplanted beneath the isolation layer. the inplant |ayer
havi ng a di stinct doping characteris;%c fromthe well and connected to the
wel I, 2. The apparatus of claintl, wherein said well is an N-well.
and said inplant layer is an Ntype inplant |ayer. 3. - The appar at us

of claiml1, wherein said well is a P-we #L @ﬂg said inplant layer is a
P-type inplant |ayer. 4. The appa B f claim2, further

conpri si ng: Vﬂmtwchunmﬁsp type inplant |ayer inplanted bencath said N-type
i npl ant | ayer. 5. The apparatus of claim3, further conpri sing:

an N-type inplant layer inplanted beneath said P-type inplant |ayer. 6.
The apparatus of claim1l, wherein at. |l east one of the first circuit region

and the second éluuuﬁn?@@V@ﬁ‘@HWﬁﬁpées an active device.

a first circuit region having a first device layer over ar isolation layer;

a second circuit region adjacent the first circuit region’ having a second
device layer over a well of a first polarity type; and

an implant layer of the first polarity type implanted beneath the isolation

layer and connected to the well.

2. The apparatus of claim 1, wherein said well is an N-well, and said implant

layer is an N-type implant layer.

3. The apparatus of claim 1, wherein said well is a P-well, and said implant

layer is a P-type implant layer.

4. The apparatus of claim 2, further comprising:
a P-type implant layer implanted beneath said N-type implant layer.

5. The apparatus of claim 3, further comprising:
an N-type implant layer implanted beneath said P-type implant layer.
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7. A nmet hod of devel opi ng decoupling capacitance in a sem conductor

devi ce havi ng a substrate conprising the steps of:

a) defining a first circuit region and a second circuit region on the
substrate wth a nask; b) inplanting an isolation

| ayer in the first circuit region; c) inplanting an
i npl ant | ayer under the isolation quer inthe first circuit region; and
d) formng a well in the second circuit region, wherein said inplant |ayer
is electrically coupled to said well, and wherei n steps

b) and c) are donge substanti.al.l i mul tanequsly. . . . . The
method of ol aim P whek Bietod fbyelanins AR RRERcitangs 8 srmicpuigienos
layer is an N-type i .9} o W¥&Fate comprising the stepSof: The nmethod of claim?7,
wherein said well is a P-vell, and said inplan? | ayer is a

P-type inplant |ayer. a) defining a first circuit region and a second circuit region on the
substrate with a mask;
b) implanting an isolation layer in the first circuit region;
¢) implanting an implant layer under the isolation layer in the first
circuit region; and
d) forming a well in the second circuit region, wherein said implant

layer 1s electrically coupled to said well.

7. The method of claim 6, wherein steps b) and c¢) are done substantially
simultancously.
8. The method of claim 6, wherein said well is an N-well, and said implant

layer is an N-type implant layer.

9. The method of claim 6, wherein said well is a P-well, and said implant

layer is a P-type implant layer.

N [l
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10 10. The met hod of clam 7, further conprising the steps of:

e) formng a first device |layer over an isolation layer in the first
circuit region; and f) form ng a second device | ayer
over the well in the second circuit region. 11. The net hod of
claim?7, further conprising between step c¢c) and step d) the

step of: heating the first circuit rggion for annealing the isolation

| ayer, wherein the iﬁglant | ayer diffuses out fromthe,

i npl ant ati on. 212, The nethod of claim 7, wherein the inplant
layer is connecteqyto tI'H(?rn\émo#i'ofclaim 6, furﬂleljc%mpﬁsiﬁg%er%}p}g%g of claim 7
further conprising the step of: e i nplanting a
second i npl ant | ayer beneat b) foanhigiarfibtadetice layer over an isolation layer in the first

layer in the first circuit region. 14. A sem conduct or device

conpri sing: °an“3ngd“§ub§trate; a first circuit region in the

substrate having an isol ati %rfoﬁﬁi}{EE sp@ﬂg%te@c@laglérro%& the well in the second circuit
region.

11.  The method of claim 6, further comprising between step ¢) and step d) the
step of: heating the first circuit region for annealing the isolation layer,

wherein the implant layer diffuses out from the implantation.
12.  The method of claim 6, wherein the implant layer is connected to the well.
13. The method of claim 6 further comprising the step of:

e) implanting a second implant layer beneath said implant

layer in the first circuit region.

O
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device forned in the substrate and an inplant |ayer beneath the isolation
| ayer said inplant |ayer having a first doping characteristic: and

a second circuit region in the substrate adjacent the first circuit region
with a second device forned therein, said second circuit region having a
well with a second doping characteristic different than the first doping

characteristic, wherei n tt’ﬁ inplant layer is electrically coupled
to the well. 15. The device of claim 14, wherein said well is an
N-well, and said inplant layer is an N-type inplant |ayer. 16. The
device of claim14. wherein said well is a P-well, and said inplant |ayer
is a P-typc inplaht | &pemicondyetor devipheordpR§ie® of claim 15, further

conpri si ng: qup‘ %XB-G i npl ant | ayer inplanted beneath said N-type
i npl ant | ayer. 18 € device of claim 16, further conprising:

an N-type layer i rfpl ant gekt BROREkiof a the Bubstiat: havilgantisdi@ioarayer beneath a first

12 19. | n an apparatus having a bul k device re%lio,n adj acent an SO
devi ce regi odevigdhfermed in the substrate and an implant layer beneath the isolation layer; and

a second circuit region in the substrate adjacent the first circuit region and
having a well with a second device formed therein,

wherein the implant layer is electrically coupled to the well.
15. The device of claim 14, wherein said well is an N-well, and said implant
layer is an N-type implant layer.

16. The device of claim 14, wherein said well is a P-well, and said implant

layer is a P-type implant layer.

17.  The device of claim 15, further comprising:
a P-type implant layer implanted beneath said N-type implant layer.

18.  The apparatus of claim 16, further comprising:
an N-type implant layer implanted beneath said P-type implant layer.

This Sheet Has Been Replaced

I



i nprovenent conpri sing: an inplant |ayer beneath a isolation |ayer
in the SO device region, said inplant |ayer having a first doping
characteristic, and connected to a well having a second doping
characteristic different than the first doping characteristic and | ocated

beneath the bul k device region. 20. The apparatus of claim 19, wherein
said well is an N-well, and said inglant layer is an N-type inplant |ayer.
21. The device of claim9, wherein said well is a P-well, and said

inplant layer is a P-type inplant |ayer. 22. The sem conduct or device

of claim 14 wherejq atpl £a3hbaaRE Halink ADull &es&oe%gl&yacgmﬁ%mmtrag

second circuit region con%?%ses an agtlve devi ce he apparatus of
claim 19, wherein the tB&impwvimentcegposingonpri ses an active device

an implant layer beneath a isolation layer in the SOI device region

e

connected to a well beneath the bulk device region.

20. The apparatus of claim 19, wherein said well is an N-well, and said

implant layer is an N-type implant layer.

21. The device of claim 19, wherein said well is a P-well, and said implant

layer is a P-type implant layer.
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