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BACK GATE CONTACT FOR SI LI CON " TON I NSULATCR
TECHNOL OGY ' BACKGROUND OF THE-I NVENTION (1)

. FIELD OF THE | NVENTI ON : This invention relates to the

fabrication.of a sem conductor device, and nore specifically to

sem conductor devices fabricated fromsilicon on insulator, (SO),

t echnol ogy. (2) DESCRI PTI ON OF PRI OR ART Acritica

obj ective of the sem conductor industry has been to continually increase
the performance of silicon devices. The ability to reduce performance
degradi ng, parasitic capacitances, resulting fromdiffusion to

sem conduct or substrate capacitances, has been acconplished via use of the

silicon on BACK GATE CONTACT FOR SILICON

ON INSULATOR TECHNOLOGY
BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to the fabrication of a
semiconductor device, and more specifically to semiconductor

devices fabricated from silicon on insulator, (SOI), technology.

(2) DESCRIPTION OF PRIOR ART

A critical objective of the semiconductor industry
has been to continually increase the perforﬁance of silicon
devices. The ability to reduce performance degrading, parasitic
capacitances, resulting from diffusion to semiconductor substrate
capacitances, has been accomplished via use of the silicon on
insulator, (SOI), technology. The SOI technology consists of
forming the aesired devices in a layer of silicon, which overlies
an insulator layer, which in turn overlies a semiconductor

substrate. However the insulator layer in the SOI structure
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P
i nsul ator, (SO ), technology. The, SO technol ogy consists of formng the
desired devices in a |layer of silicon, which overlies an insulator |ayer,
which in turn overlies a sen1conductor substrate. However the insul ator

| ayer in the SO structure & - 2 -
presents specific problens in achleV|ng the desi red device
characteristics. For devices or transisfofs, fabricated using
conventional, or wthout SO technol ogy, electrical contact to the

sem conductor substrate is easily nade. For exanple in netal oxide

sem conductor field effect transi'stors, (MOSPET), devices, contact to a
sem conductor substrate is nmade via use of the body node, or the

undepl eted naterial, directly under the el ect er for SO
devi ces the pﬁ&&?“ﬁ%o@?%%"e?ﬂ?%ﬁi‘q Yo Fggé?'f'ﬁ'@g %aeogﬁféﬁe \,%W‘Fﬁe
CubeL oL DUhRPREHAD Rl ol ettt ekl
device chaicegeRtsbhLs, o%uﬁﬁtﬁéqéaétﬂclcbbhﬁoP@gW Iélﬁcbeiwprtohlﬁacéoé'a
the semiconductor subsﬁrate is easily made. For example in metal
oxide semiconductor fiéld effect transistors, (MOSFET), devices,
contact to a semiconductor substrate is made via use of the body
node, or the undepletea material, directly under the gate
electrode. However for SOI devices the body node is electrically
floating, isolated from the substrate by the underlying
insulator. This situation can result in undesirable drain
currents, and lower threshold voltages. Other unwanted device
characteristics, suchiés capacitive coupling between the body
node and the source ahd drain regions, also adversely influence
threshold voltages. fherefore efforts have been directed at
developing processes that allow electrical contacts to obtained
to the body node of the SOI layer, such as Houstom, et al, in
U.S. Pat. No. 5,185,.580, or processes that allow electrical
contact to the semiconductor substrate, such as Tashire, in U.S.
Pat. No. 5,241,211. |
This invention will describe a process for
fabricating MOSFET devices in an SOI layer, in which a back gate
contact, or direct céntact to the semiconductor substrate, is

made without adding significant complexity to a process used to

fabricate the desired MOSFET device.



nodes and the source and drain regions, also adversely influence threshold
“voltages. Therefore efforts have been directed at devel opi ng processes
that allow electrical contacts-to obtained to the body node of the SO

| ayer, such as Houston, et al, in US. Pat. No. 5,185, .280, or processes
that allow electrical contact to the sem conductor substrate, such as
Tashiro, in U S Pat. No. 5,241,211 >~ This invention wll
describe a process for fabricating MOSFET devices in an SO |layer, in

whi ch a back gate contact, or direct contact to the sem conduct or
substrate, is nmade w thout adding significant conplexity to a process used
to fabricate the desired MOSFET devi ce.

- 3 - . SUMMARY OF THE | NVENTI ON

It is an object of this invention to fabricate MOSFET devices in a SO

| ayer .
SUMMARY OF THE INVENTION

It is an object of this invention to fabricate

MOSFET devices in a SOI layer.

It is another object of this invention to provide a
Process sequence which allows polysilicon resistors to be easily
fabricated using the identical process steps used to fabricate

the MOSFET devices in the SOI layer.

It is still another object of this invention to
Provide a back gate contact, for MOSFETs fabricated in an SOI

layer, to a semiconductor substrate.

In accordance with the present invention a P type,
single crystalline silicon layer is present on an insulator
layer, which in turn overlies a semiconductor substrate. A
silicon dioxide layer is thermally grown, to be used as the gate
insulator. a polysilicon layer is grown, doped via ion
implantation processes, and patterned to produce a polysilicon
Structure. A thin silicon dioxide film is thermally grown on the
exposed surfaces of the polysilicon structure. A layer of

Silicon oxide is next deposited, followed by patterning and
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I't Yi s anot her object of this invention to provide a process sequence which
allows polysilicon resistors to be easily fabricated using the identical
process steps used to fabricate the MOSFET devices in the SO |ayer.

It is still another object of this invention to provide a back gate
contact, for MOSFETs fabricated in an SO |ayer, to a sem conductor
substrate. I n accordance4with the present invention a P

type, single crystalline silicon layer is present on an insulator |ayer,
which in turn overlies a sem conductor substrate. A silicon dioxide |ayer
is thermally grown, to be used as the gate insulator. A polysilicon |ayer
I's grown, doped via ion inplantation processes, and patterned to produce a
pol ysi | i conetetinist tbecrdatdia) tenichoin ditoxisdd itbhnokisde heolgsiyigsmown on
the exposed surfaces of the polysilicon structure., A layer of silicon

oxi de i s neXErufipeeit gdreforidavedndy SPAL teIMHOFGtENYaYers. A spacer

insulator is formed on the sides of the trench, with an spacer
overetch performed to extend the trench through the insulator
layer, of the SOI composite, with the trench now reaching the
surface of the semiconductor substrate. A second layer of
polysilicon is deposit:éd, using insitu doping processes,
completely fiiling the trench. Chemical mechanical polishing is
performed to remove the unwanted regions, of the second
polysilicon layer, from all areas excluding the polysilicon
filled trench, followed by another chemical mechanical polishing
procedure, used to planarize the silicon oxide layer, to a level
in which the surface o'f the polysilicon structure is exposed. A
third layer of _polysilicon is deposited and doped wvia ion
implantation processing. Patterning and etéhing is next
performed, to the third polysilicon layer, to create a
polysilicon contact to the polysilicon filled trench, which in
turn contacts the semiconductor substrate. In a different area,
Patterning and etching of the third polysilicon layer, and the
underlying polysilicon structure, create a composite polysilicon
gate structure, to be used for subsequent MOSFET formation,
overlying the gate oxide and the silicon of the SOI composite.

In addition, in still another area, patterning and etching of the



- 44 etching, to create a trench in the silicon oxide, polysilicon
strycture, gate oxide, and SO, conposite |layers. A spacer insulator is
formed on the sides of the trench, with an spacer overetch performed to
extend the trench through the insulator |ayer, of the SO conposite, with
the trench now reaching the surface of the sem conductor substrate. A
second |l ayer of polysilicon is deposité&d; using insitu doping processes,
conpletely filling the trench. Chem cal nmechanical polishing is perfornmed
to renove the unwanted regions, of the second polysilicon |ayer, from al
areas excluding the polysilicon filled trench, followed by another

chem cal nechani cal polishing procedure, used to planarize the silicon

oxi de | ayerhik@ Bolpyflicdn1upesh dha159h§as es0fiddme oROEY S1AYEON BLYELUr €
is exposed. A "third |ayer of poin|I|con i s deposited and doped via ion

i npl ant ati @ phectsshamionPaift ar polysididost cesistdrs. nProtopesisy madkihg t he
third polysilicon layer, to create a olysilicon contact to the

pol ysi | i cofr®f FFPR%® t ¥heh EubseAPent | ¥OSKES Fegdor adfiad Lowed sk ¥Bhduct or
substrate. . ifferent areg, __pattern| and et ching_of the .third

ol ys! 11 col PLIBFatigH " s, VB yee PoiarEen b RY Faes, 2B Hefin cesiose o
conposite polysilicon gate structure, to be used for subsequent MOSFET

formati on,
BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention
are best described in the preferréd embodiment with reference to

the attached drawings that include:

Figs. 1 -2, schematically showing, in cross-
sectional style, the creation of the SOI layer and the early

stages of creating a trench for the back gate contact structure.

Figs. 3 - 7, which schematically shows the creation

of the polysilicon £illed trench, used for the back gate contact.

Figs. 8 - 10, schematically, in cross-sectional
representation, showing the creation of a MOSFET device, a back

gate contact structure, and a polysilicon resistor.

Fig. 11, schematically showing a metallized MOSFET

device, a metallized back gate contact structure, and a



overdying the gate oxide and the silicon of the SO conposite. In
jaddition, in still another area, patterning and etching of the

- 5 - third polysilicon |layer, overlying a silicon oxide |layer, results
in the formation of a polysilicon resistor. Photoresist masking to expose
t he subsequent MOSPET region, followedshy ion inplantation, is used to

create the source and drain regions. BRI EF DESCRI PTI ON
OF THE DRAW NGS The obj ect and ot her advantages of this

i nvention are best described in the preferred enbodi nent with reference to
the attached draw ngs that include: Figs. 1 - 2,

schematically showing, in cross- sectional style, the creation of the SO
| ayer and tRetadkized sicageilbtor reatishgr astmuetalref. or t he back gate contact
structure. Figs. 3 - 7, which schematically shows the

creation of the polysilicon filled trench, used for the back gate contact.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of creating a back gate contact, to a SOI
layer, containing MOSFET devices, will now be described. Fig. 1,
shows a starting substrate, 1, with a silicon oxide region, 2. A
layer of silizon, 3, (SOI), resides on the silicon oxide layer
creating the silicon on insulator, SOI, composite. The method
used to produce ﬁhe SOI layer is SIMOX, ({Separation by IMplanted
OXygen). This method results in a buried oxide layer, 2, of
between abour 3000 to 4000 Angstroms of silicon oxide, with an
overlying silicon on insulator layer, 3, (SOI), of between about
800 to 3000 Angstroms of single crystalline silicon. The SOI
layer, 3, has a resistivity between about 5 to 25 ohm-cm, with a

defect density of less than about 1ES defects/cm’.

After careful wet cleans, including a buffered
hydrofluoric exposure, a thin silicon dioxide layer, 4, to be
used as a gate insulator for subsequent MOSFET devices, is
therma};y grown in an oxygen - steam ambient, at a temperature
betweeh about 800 to 900°C, to a thickness between about 50 to
200 Angscroms. A first polysilicon layer, 5, is next deposited,

using low pressure chemical vapor deposition, (LPCVD),



Fi gs. %8 - 10, schematically, in cross-sectional representation, show ng the
cteafion of a MOSFET device, a back gate contact structure, and a

pol ysilicon resistor. Fig. 11, schematically showi ng a
nmetal | i zed MOSFET device, a netallized back gate contact structure, and a
-6 metal lized polysilicon resistor structure.

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS - The met hod of
creating a back gate contact, to a SO |ayer, containing MOSFET devi ces,
will now be described. Fig. 1, shows a starting substrate, 1, with a
silicon oxide region, 2. A layer of silicon, 3, (SO), resides on the
silicon oxide layer «creating the silicon on insulator, SO, conposite.
The net hodprosesisimy,plagdaceetpecaiirel hgeveers aBoNEOX60¢ SEpaﬁS@fﬁ:ortd)ya

| Mpl ant ed C»yggn) This nmethod results in a buried OX|q§1
ess between about 1500 to 4000 Angstroms

%lys;llcon
layer, 5, is doped via ion implantation of phosphorous, at an
energy between about 30 to 70 Kev., at dose between about 1E14 to
1E16 atoms/cm’. Next photolithographic processing is used to
create photoresist shape, 6, shown schematically in Fig. 1. The
photoresist shape, 6, is used as a mask to allow anisotropic,
reactive ion etching, (RIE), of polysilicon layer, 5, to occur,
using.a Cl,, or c1; - HBr, etch chemistry. After photoresist
removal, via oxygen plasma ashing, followed by careful wet
cleans, a sidewall oxide film, 7, is thermally grown, in an
oxygen - steam ambient, at a temperature between about 850 to

925°C, to a thickness between about 100 to 300 Angstroms. This

is shown Fig. 2.

A silicon oxide layer, 8, is now deposited using
either LPCVD or plasma enhanced chemical vapor depositionm,
(PECVD), processing, and using tetraethylorthosilicate as a
source, at a temperature between about 400 to 850°C, to a
thickness between about 3000 to 5000 Angstroms. Photolithographic
Processing is again employed to create photoresist shape, 9,
shown schematically in Fig. 3. Selective, anisotropic, RIE
processing is used to create the trench, 10, shown in Fig. 4.

The RIE procedure initially uses a CHF, - CF, chemistry to etch



,d
betiween abbut 3000 to 4000 Angstrons of silicon oxide, with an overlying
silicon on insulator layer, 3, (SO), of between about 800 to 3000

Angstronms of single crystalline silicon. The SO |ayer, 3, has a
resistivity between about 5 to 25 ohmcm with a defect density of |ess
t han about 1E5 defects/cnferr]. After careful wet cleans,

i ncl udi ng a buffered hydrofluoric expostur® a thin silicon dioxide |ayer,

4, to be used as a gate insulator for subsequent MOSFET devices, is
thermally grown in an oxygen - steam anbient, at a tenperature between
about 800 to 900[err]C, to a thickness between about 50 to 200 Angstrons.
A first polysilicon layer, 5, is next deposited, wusing |ow pressure

chem cal vapor deposition, (LPCVD),

- 7 - processing, at a tenperature between about 600 to 650[err]C, to a

t hi ckness katroagh stidonl REdtol£p60, Angsoldosved The PElysi¢F Bn -1 B8er, 5,
I s doped via ion inplantation of phosphorous, at an energy bgé&gen about

30 to 70 K&IE, pyocedsts Irex wech thowsgh ppdysslicon layer, 5.
another CHF, - CF, procedure to break through silicon dioxide

layer, 4, a Cl,, or Cl, - HBr, etch is again employed to
continue creating the trench through SOI layer, 3, stopping on
silicon oxide, insulator 1ayer; 2. After éhotoresist removal,
using oxygen plasma ashing followed by wet cleans, another
sidewall oxide layer, 11, is formed on the exposed sides of

trench, 10.

Next the spacer oxide, 12, is formed, first by
deposition of a silicon oxide layer, using either LPCVD or PECVD
processing, at a temperature between about 400 to 850°C, to a
thickness between about 2000 to 5000 Angstroms. Next a
selective, anisotropic, RIE procedure, using CHF, - CF, as an
etchant, is used to remove the silicon oxide layer from
horizontal surfaces, creating the spacer oxide, 12, with a
Significant overetch employed to extend the trench through
Silicon oxide layer, 2, now reaching the surface of semiconductor
substrate, 1. The overetch also results in a thinning of silicon

oxide layer, 8. This is shown in Fig. 5.

A second polysilicon layer, 13, is now deposited,

usina LPCVD, in-situ doping procedures, accomplished by including



| EI6%at ons/cnferr]. Next photolithographic processing is used to create
photoresi st shape, 6, shown schematically in Fig. 1. The photoresist

shape, 6, is used as a nask to allow anisotropic, reactive ion etching,
(RIE), of polysilicon layer, 5, to occur, wusing a Cj[err], or Cferr] -
HBr, etch chem stry. After photoresist renoval, via oxygen plasma ashing,
foll owed by careful wet cleans, a sidewald -oxide film 7, is thermally
grown, in an oxygen - steam anbient, at a tenperature between about 850 to
925[err]C, to a thickness between about 100 to 300 Angstrons. This is
shown Fig. 2. A silicon oxide layer, 8, is now deposited
using either LPCVD or plasma enhanced chem cal vapor deposition, (PECVD),

processing, and using tetraethylorthosilicate as a source, at a
t enper at ur @&XBeR{eN ebigeote IS CHdRPECRMPELRE . (Y @k RemReFRiu®En about

3000 to 508 Angstr.ons. ot ol | %,gr hi c_, .processing i s aqgain | oyed to
create pho gng?’éﬁ%éSQQ? é% &n ggh%ngfllc&‘é’lelsﬁ #ﬁgﬁ?f at e(l‘?"gg?i €,
ani sot ropi ool Angdd Sslbﬂgwﬁssé&ﬁﬁtti‘&aﬁ ajg l‘kg %r_eng 104 shown in
Fig. 4. The FﬂEE%roce dreTnitrally uses g CHF[ err] - ferr chem stry to
etch mechanical polishing, (CMP), selective to removal of polysilicon,

is used to remove the unwanted second polysilicon layer from all

areas except from the trench £ill. Another CMP procedure,

selective to insulator removal, is used to remove the remaining

thin silicon oxide layer, 8, from areas overlying the polysilicon

Structure, 5. This can be observed, schematically in Fig. 7.

After careful cleans, a third polysilicon layer, 14,
is deposited using LPCVD processing, at a temperature between
about 600 to 650°C, to a thickness between about 500 to 2000
Angstroms. Doping of polysilicon layer, 14, is accomplished via
ion implantation of arsenic, or phosphorous, at an energy
between about 40 to 80 KeV, at a dose between about 1E15 to 1E16
atoms/cm’. Photolithographic processing is employed to create
photoresist shapes, 15, shown in Fig. 8. A selective, |
anisotropic RIE procedure, again using a Cl,, or a Cl, - HBr
etchant, is used to define several structures. First a back gate
contact, 16, is created via the dry etching of third polysilicon
layer, 14, stopping on spacer oxide surface, 12. The etching
procedure also produces polysilicon resistor structure, 17, again

by etching third polysilicon layer, 14, and stopping on insulator



- 8+ through silicon oxide layer, 7, followed by a C[err], or
sC[err]*- HBr RIE procedure to etch through polysilicon |ayer, 5. After
*tanot her CHF[err] - CF[err] procedure to break through silicon dioxide

| ayer, 4, a Cl[err], or Cf[err] - HBr, etch is again enployed to continue
creating the trench through SO |ayer, 3, stopping on silicon oxide,

i nsul ator layer, 2. After photoresist-r¥npval, using oxygen plasnma ashing
foll owed by wet cleans, another sidewall oxide |ayer, 11, is fornmed on the
exposed ‘sides of trench, 10. . Next the spacer oxide, 12,

is formed, first by deposition of a silicon oxide |ayer, using either
LPCVD or PECVD processing, at a tenperature between about 400 to

850[ err] C. ¥ayex, #hi cRokpsilictomegatabsttu@iies:,o18008ranfetmexhgiudient a
sel ective, anjisotropic, RIE procedure, using CHF, - Cﬁaerr as an etchant,
i s used to FHfOREChABISPFORRANTS BY FhYPLINIRE oforhisht BPLysilicens,
creating thf spacer, oxi ica%t overetch enpl.qQyed to

e,.12, with.a. signif /
extend the eerpfch hrﬁﬁghfnéﬁel i&?&ﬁséi?‘ﬁgn %%yeetr' ﬁﬁﬁp?:é%%kﬁﬁé"ﬂﬁé°§urface
of sem condyschOlse SYPSEI A€ ThesH 'St RUEEHE S AnbhRUL LS eddt 2171949 Of

silicon
Fig. 9, following a photoresist removal step, carried out using

oxygen plasma ashing.

The next series of steps are used to complete the
fabrication of the MOSFET device. First another silicon oxide
layer is deposited again using either LPCVD or PECVD processing,
at a temperature between about 400 to 850°C, to a thickness
between about 1500 to 2500 Angstroms. A selective, anisotropic
RIE procedure, using CHF, as an etchant, is used to create
insulator sidewall spacer, 19, shown in Fig. 10. Next
photolithographic processing is used to create photoresist block
out layer, 20, and an ion implantatién of arsenic is performed at
a energy between about 40 to 80 Kev., at a dose between about
1E1S to 1E1l6 atoms/cm*, to create source and drain regioms 21,

shown schematically in Fig. 10.

After photoresist removal using oxygen plasma
ashing, followed by careful wet cleans, a boro-phosphosilicate,
(BPSG), layer, 22, is deposited, using either PECVD or

atmospheric pressure chemical vapor depoéition, (APCVD),



oxide layer, 8. This is shown in Fig. 5. A second

pol ysilicon layer, 13, is now deposited, wusina LPCVD, in-situ doping
‘procedur es, acconplished by including

- 9 - arsi ne or phosphine to the silane anbient, at a tenperature

bet weéen about 600 to 650[err]C, to a tbiquess bet ween about 1500 to 4000
Angstronms, shown schematically in Fig. 6.7 Chem cal nechanical polishing,
(CwWP), selective to renoval of polysilicon, is used to renove the unwanted
second polysilicon-{ayer fromall areas except fromthe trench fill.

Anot her CMP procedure, selective to insulator renoval, is used to renove
the remaining thin silicon oxide |layer, 8, fromareas overlying the

pol ysi li co;proi-_tersgg_hgg €ar 2 tERiperatird betiveeny ebous cdmaia @84bYg, it & g. 7.
After careful cleanS, a third polysilicon layer, 14, is deposited using
LPCVD pr océdssickpesat batvesrpabatitr 500@tteedi§000 Angstroms, and followed by
a reflow procedure at a temperature between about 825 to 925°C,
to improve the planarity of BPSG layer, 22. Conventional
photolithographic and RIE processing, using CHF, as an etchant,
re used to create contact holes, 23, to the back gate contact,
16, to the polysilicon resistor structure, 17, and to the MOSFET
| source and drain regioms, 21. Contact hole are also formed to
polysilicon gate structure 18, however not shown in Fig. 11.
After photoresist remofal using oxygen.plasma ashing, followed by
careful wet cleans, including a buffered hydrofluoric exposure
tQ remove native oxide; a deposition of an aluminum based
metallurgy is performed using r.f£. sputtering procedures, to a
thickness between labout: 5000 to B00O0 Angstroms. Standard
photolithographic and RIE procedures, using a Cl, containing
etchant, are used to form metal structures, 24, shown in Fig. 11.

Again photoresist removal is performed via oxygen plasma ashing,

followed by careful wet cleans.

Although this process for creating a back gate
contact, for a MOSFET device in a SOI layer, has been shown for a
N channel, (NFET) device, one can easily choose materials and
dopants to create the identical back gate contact for P channel,

(PFET), devices. 1In addition this process can be used to create



about® 600 to 650[err]C, to a thickness between about 500 to 2000

Angst rons. Dopi ng of polysilicon layer, 14, is acconplished via ion

i npl antation of arsenic, or phosphorous, at an energy between about 40 to
80 KeV, at a dose between about | E15 to | E16 atonms/cnierr].
Phot'ol i t hographic processing is enployed to create photoresist shapes, 15,
shown in Fig. 8. A selective, anisotroptc R E procedure, again using a
Cl[err], or a Cdferr] - HBr etchant, is used to define several structures.
First a back gate -contact, 16, is created via the dry etching of third
polysilicon |I|ayer, 14, stopping on spacer oxide surface, 12. The etching
procedure al so produces polysilicon resistor structure, 17, again by
etching third polysilicon layer, 14, and stopping on insul ator

- 10 - | ayer, 8. Polysilicon gate structures, 18, are formed during
this etching procedure, by the etching of third polysilicon |ayer, 14, and
first pol yompilimentamer ,(CMOS$, o@evinesyn ini whéoh baltloXN ddanagdrand. P These
structures_are shown schematically in

channel MOSFETs are together fabricated using a back gate
contact. Bipolar - CMOS designs, (BiCMOS), can also be
fabricated with a back gate contact, using the process described

in this invention.

While this iﬁvention 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 this invention.

What is claimed is:



L —————

Fig. 9, following a photoresist renoval step, carried out using oxygen

pl asma ashi ng. The next series of steps are used to
conplete the fabrication of the MOSFET device. First another silicon oxide
| ayer i s deposited again using either LPCVD or PECVD processing, at a
tenperature between about 400 to 850[err]C, to a thickness betweéen about
1500 to 2500 Angstrons. A selective, anisof?&ﬁrc Rl E procedure, using
CHF[err] as an etchant, is used to create insulator sidewall spacer, 19,
shown in Fig. 10. Next photolithographic processing is used to create

phot oresi st block out layer, 20, and an ion inplantation of arsenic is
performed at a energy between about 40 to 80 Kev., at a dose between about

homati cai Ly i R Aliddton ‘€8z E R e UMGC81 Sle [RvIcREDI S Thyer 0N

schematically in or €St st usi ng
oxygen pl asma aSBfnél:.lifdQJr! Q¥Edn binS =i, Bﬁtacéé?ﬁ.@%ndﬁctor

bor o- phosphosilicate, (BPSG, |ayer, 22, is deposited, using either PECVD
or atnospheric psesstrate;hdacozporatpiorg depasktgane coAPaMD)for said

silicon devices, to said semiconductor substrate,
comprising the steps of:

providing said semiconductor substrate;

providing said first insulator layer, on said
semiconductor substrate;

providing said silicon layer, on said first
insulatorllayer, on said semiconductor substrate;

growing a second insulator layer on?surface of
said silicon, on said first insulator layer;

depositing a first polysilicon layer on said
second insulator layer;

ion implanting a first conductivity imparting
dopant into said first polysilicon layer;

patterning of said first polysilicon layer to
form polysilicon structure;

growing a first sidewall oxide on exposed
surfaces of said polysilicon structure;

depositing a third insulator layer on said
polysilicon structure, and between said polfsilicon

structures;

* [ L LA *



- 11 & processing, at a tenperature between about 400 to 850[err]C, to
a: thickness between about 5000 to 10000 Angstroms, and followed by a

refl ow procedure at a tenperature between about 825 to 925[err]C, to

i mprove the planarity of BPSG | ayer, 22. Conventional photolithographic
and RIE processing, using CHF[err] as an etchant, are used to create
contact holes, 23, to the back gate cont'4ct, 16, to the pol ysilicon
resistor -structure, 17, and to the MOSFET source and drain regions, 21.
Contact hole are also formed to polysilicon gate structure 18, however not
shown in Fig. 11. After photoresist renoval using oxygen plasma ashing,

fol lowed by Careful wet cleans, including a buffered hydrofluoric exposure
to renove native oxide, a dep03|t|on of an al um num based netallurgy is
performed using r.f. fsmttphot@t@i@temstsngtbceﬂxndrﬂechnésmmta@en about

5000 to 8000 Angstroms. Standard hotollthographlc and Rl E procedures,
usi ng a d [ eF3}2 sk ﬁﬂﬁawaé%cﬁéﬁd &E yREETI P RS et al structures, 24,

shown 11 . Speyia 00 BrRIRLGEES St removal s performed uia oxyoen pl asma
process for creating z3;R@ckofft Cetching of said third insulator
layer, of said first sidewall oxide, of said
polysilicon structure, of said second insulator layer,
and of said silicon layer, in said exposed region of
said first photoresist masking, to create a trench;
removal of said first photoresist masking;
growing a second sidewall oxide on exposed
surfaces of said polysilicon structure, and exposed
- surfaces of said silicon layer, in said trench;
depositing a fourth insulator layer at the
bottom and sides of said trench, and on surface of said
third insulator layer;
anisotropic etching of said fourth insulator
layer to form first insulator sidewall spacer on sides
of said trench, while removing said fourth insulator
layer from surface of said third insulator layer;
anisotropic etching of said first insulator
layer, at bottom of said trench, to extend said trench
to surface of said semiconductor substrate, while

thinning said third insulator layer;
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contatt, for a MOSFET device in a SO |ayer, has been shown for a N
channel , (NFET) device, one can easily choose nmaterials and dopants to

create the identical back gate contact for P channel, (PFET), devices. In
addition this process can be used to create
- 12 - conplinmentary, (CMOS), deyices, in which both N channel and P

channel MOSFETs are together fabricated using a back gate contact. Bipolar
- CMOS designs, (BiCMOS), can also be fabricated with a back gate contact,

using the process described in this invention. VWiile this
i nvention has been particularly shown and described wth reference to, the
preferred enbodi nents thereof, it will be understood by those skilled in

the art that various changes in formand details nay be made w t hout

departing from thg.spifii{n ANl <36oRE Rh1ydticbRYEMNLL Y n saia

trench, and on surface of said third insulator layer;

removal of said second polysilicon layer f£rom

surface of said third insulator layer;

removal of said third insulator layer, and of
said first sidewall oxide, from surface of said
polysilicon structure;

depositing a third layer of polysilicon on
surface of said third insulator layer, between said
polysilicon structures, on surface of said polysilicon
structure, and on surface of said second polysilicon
layer, in said trench;

ion implanting a second conductivity imparting
dopant into said third polysilicon layer;

patterning: of said third polysilicon layer,
overlying said second polysilicon layer, in said
trench, to form said back gate contact structure; of
said third polysilicon layer, overlying said third
insulator layer, to form polysilicon resistor
structure; and of said third polysilicon layer and said
first polysilicon layer, overlying.said second
insulator layer, to form polysilicon gates;

depositing a fifth insulator layer;

[



What vis clained is: 1. A nethod for fabricating silicon
devi.ces, in a layer of silicon on an insulator, on a sem conductor
substrate, incorporating a back gate contact for said silicon devices, to

sai d sem conductor substrate, conprising the steps of: provi di ng
sai d sem conductor substrate; -peoviding said first insulator |ayer,
.on said sem conductor substrate; providing said silicon |ayer, on

said first insulator |layer, on said sem conductor substrate;
growi ng a second insulator |ayer on a surface of

anisotropic etching of said fifth insulator
layer to form second insulator sidewall spacer on sides
of said polysilicon gates, on sides of said polysilicon
resistor structure, and on sides of said back gate
contact structure;
a second photoresist masking to expose only
a specific region of said silicon layer, and said
polysilicon gates;
ion implanting a third conductivity imparting
dopant into a specific region of said silicon layer,
not covered by said polysilicon gates, and not covered
{ by said second photoresist masking;
removal of said second photoresist masking;
deposition of a sixth insulator layer;
opening contact holes in said sixth insulator
layer, to said back gate contact structure, to said
polysilicon resistor structure, and to said specific
region of said silicon layer;
deposition of a metal; and
forming metal contact structures to said back
gate contact structure, to said polysilicon resistor
structure, and to said specific region of said silicon

layer.
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said«silicon, on said first insulator |ayer; depositing a first

pol ysili'con | ayer on said second insulator |ayer; lon inplanting a
first conductivity inparting dopant into said first polysilicon |ayer;
patterning of said first polysilicon layer to form polysilicon structure;
growing a first sidewall oxide on expgspd_ surfaces of said polysilicon

structure; depositing a third insulator |ayer on said polysilicon
structure, and between said polysilicon structures,;
- 14 - : first photoresist masking to expose a region of

said first sidewall oxide, and underlying said - polysilicon structure;
ani sotropic etching of said third insul at or .

2. The method of claim 1, wherein said silicon layer,
on insulator layer, produced by a SIMOX, (Separation of
IMplaﬁted OXygen) process, is P type layer, with a
resistivity between about 5 to 25 ohm-cm, having a
<100> crystallographic orientation, and a thickness

between about 800 to 3000 Angstroms.

3. The method of claim 1, wherein said second insulator
layer is silicon dioxide, thermally grown in an oxygen

- steam ambient, at a temperature between about 800 to

900°C, to a thickness between about 50 to 200

Angstroms.

4. The method of claim 1, wherein said first
polysilicon layer is deposited using LPCVD processing,
at a temperature between about 600 to 650° C, to a

thickness between about 1500 to 4000 Angstroms.

5. The method of claim 1, wherein said first
conductivity imparting dopant is phosphorous, ion
implanted at an energy between about 30 to 70 Kev., at

a dose between about 1El14 to 1lEl16 atoms/cn?.

S
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| ayer, of said first sidewall oxide, of said polysilicon structure, of

.sai d second insulator |ayer, and of said silicon layer, in said exposed
‘regi on of said first photoresist nasking, to create a trench;

renoval of said first photoresist masking; growi ng a second

si dewal | oxi de on exposed surfaces gf_said pol ysilicon structure, and
exposed surfaces of said siIicon’]éyer, In said trench;

depositing a fourth insulator |ayer at the bottom and sides of said
trench, ~and on surface of said third insul ator |ayer;

ani sotropi c etching of said fourth insul ator | ayer to formfirst

I nsul at or sidewal |l spacer on sides of said trench, while renoving said
fourth insul ator | ayer from surface of said third insulator |ayer;

ani sotropic etching of said first insulator - | ayer, at bottom of said

trench, to exjenthegielnb CoFMk1dith SUT fAEFe SRl cHERCRRGNEL S, SUDStrat e,
while thinning said third 1 nsulator |ayer;
- 15 - layer is silicon oxide, deposited using either LPCVD o

PECVD processing at a temperature between about 400 to

850°C, to a thickness between about 3000 to 5000

Angstroms.

7. The method of claim 1, wherein said trench is
reactively ion etched using CHF, - CF,, to etch said
third insulator layer and said first sidewall oxide
laye;, using Cl,, or Cl, -HBr, to etch said first
polysilicon layer, again using CHF, - CF,, to etch said
second insulator layér, and again using Cl,, or Cl, -
HBr, to etch said silicon layer, on said first

insulator layer.

8. The method of claim 1, wherein said fourth insulator
layer, used to form said first insulator sidewall
spacer, on sides of said trench, is silicon oxide,
deposited using LPCVD or PECVD processing, at a
temperature between about 400 to 850° C, to a thickness

between about 2000 to 5000 Angstroms.
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depositing a second polysilicon layer in said trench, and on surface of

gaid third insulator |ayer; renoval of said second polysilicon

| ayer from surface of said third insulator |ayer; renoval of said
third insulator layer, and of said first sidewall oxide, fromsurface of
said polysilicon structure; deppsiting a third | ayer of

polysilicon on surface of said third insulator |ayer, between said

pol ysilicon structures, on surface of said polysilicon structure, and on
surface of said second polysilicon layer, in said trench; i on

| npl anti.ng a second conductivity inparting dopant into said third

pol ysilicon | ayer; patterning: of said third polysilicon |ayer
overlying sald second ponS|I|cpn Ia L n sahg trengch, to formsaid back

gate cont act 2 st TR (RO PE E%ﬁ%?t%ﬂ eﬁSF?s??* (ﬁ%qséyéP5“5%%?¥y|ng sai d
third insul f%g Ia‘%etb,od__gmf 9F g )&?ehhﬁ?”zé eférggv%rd vigructure; and of
sai .

said third pol¥ysilicon I'ayer an
reactive ion etching, using CHF, - CF,.

10. The method of claim 1,'wherEin said second
polysilicon is deposited using LPCVD processing, using
in-sictu doping by addition of arsine or phosphine to
the silane ambient, at a temperature between about 600

to 650° C, to a thickness between about 1500 to 4000

Angstroms.

11. The method of claim 1, wherein said second
polysilicon removal, leaving only said second
polysilicon layer in said trench, is accomplished using

chemical mechanical polishing.

12. The method of claim 1, wherein said third
polysilicon layer is deposited using LPCVD processing,
at a temperature between about 600 to 650° C, to a

thickness between about 500 to 2000 Angstroms.

__/
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first polysilicon |ayer, overlying said second insulator layer, to form
pol ysilicon gates; depositing a fifth insulator |ayer

- 16 - ani sotropic etching of said fifth insul ator | ayer
to formsecond insul ator sidewall spacer on sides of said polysilicon
gates, on sides of said polysilicon resistor structure, and on sides of
sai d back gate contact structure; - ~ a second photoresist masking to
expose only a specific region of said silicon |ayer, and said

pol ysilicon gates; ion inmplanting a third conductivity inparting
dopant into a specific region of said silicon layer, not covered by said
polysilicon gates, and not covered by said second photoresist masking;

13. The method of claim 1, wherein said second
conductivity imparting dopant is arsenic, or
phosphorous, ion implanted at an energy between about
40 to 80 KeV, at a dose between about 1E15 to 1E16

atoms/cm?.

14. The method of claim 1, wherein said third
conductivity imparting dopant is arsenic, or
phosphorous, ion implanted at an energy between about
40 to 80 KeV, at a dose betﬁeen about 1E15 to 1El6

atoms/cmé.
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renoval of said second photoresist nmasking; deposition of a sixth
insul ator |ayer; openi ng contact holes in said sixth insulator
layer, to said back gate contact structure, to said polysilicon resistor
structure, and to said specific region of said silicon |ayer;

deposition of a netal; and fornming netal contact structures to said
back gate contact structure, to said'p%ﬁysilicon resistor structure, and
to said specific region of said silicon |ayer.

- 17 - 2. The nethod of claim1l1l, wherein said silicon |layer, on

I nsul ator |ayer, produced by a SIMOX, (Separation of |Mlanted OXygen)
process, is P type layer, with a resistivity between about 5 to 25 ohmcm
having a <100> crystallographic orientation, and a thickness

15. A method for fabricating MOSFET devices, and
polysiliéon resistors, in a layer of silicon on an
insulator, on a semiconductor substrate, incorporating
a back gate contact, for said MOSFET device, to said
semiconductor substrate, comprising the steps of:

providing said semiconductor substrate;

providing said first insulator layer, on said
semiconductor substrate;

growing a second insulator layer, on surface of
said silicon layer, to be used as gate oxide of said
MOSFET device;

depositing a first polysilicon layer omn said
gate oxide;

ion implanting a first conductivity imparting
dopant into said first polysilicon layer;

patterning of said first polysilicon layer to
form polysilicon structure;

growing a first sidewall oxide on exposed
surfaces of said polysilicon structure;

depositing a third insulator layer on said
polysilicon structure, and between said polysilicon

structures;
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bet ween about 800 to 3000 Angstromns. 3. The nmethod of claim1l, wherein"
sai d- second insulator |layer is silicon dioxide, thermally grown in an
‘oxygen - steam anbient, at a tenperature between about 800 to 900[err]C,
to a thickness between about 50 to 200 Angstrons. 4. The met hod of
claim1l, wherein said first polysilicon |ayer is deposited using LPCVD
processing, at a tenperature between-aBdut 600 to 650[err] C, to a

t hi ckness between about 1500 to 4000 Angstrons. 5. The nethod of claim
1, wherein said first conductivity inparting dopant is phosphorous, ion

| npl anted at an energy between about 30 to 70 Kev., at a dose between
about 1 E14 to | E16 atons/cnierr]. - 18

first photoresist masking to expose a region of

said first‘sidewall oxide, and underlying said
polysilicon structure;

anisotropic etching of said third insulator
layer, of said first sidewall oxide, of said
polyéilicon structure, of said gate oxide, and of said
silicon layer, in exposed region of said first
photoresist masking, to create a trench;

removal of said first photoresist masking;

growing a second sidewall oxide on exposed
surfaces of said polysilicon structure, and exposed
surfaces of said silicon layer, in said trench;

deposition of a fourth insulator layer, on
bottom and sides of said trench, and on surface of said
third insulator layer;

agisotropic etching of said fourth insulator
layer to form trench sidewall spacer, on sides of said
trench, and completely removing said fourth insulator
layer from surface of said third insulator layer;

anisotropic etching of said first insulator
layer, at bottom of said trench, to extend said trench

to surface of said semiconductor substrate, while

thinning said third insulator layer;
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6. The method of claim1, wherein said third insul ator | ayer is silicon

oxi-de, ‘deposited using either LPCVD or

bet ween about 400 to 850C, to a thickness between about 3000 t

Angstrons.

7. The nethod of claiml1l, wherein said trench is

PECVD processing at a tenperature

o 5000
reactively

lon etched using CHF[err] - CF[err], to etch said third insulator |ayer
and said first sidewal | oxide layer,” @3ihg C[err], or dJ[err]
etch said first polysilicon |ayer, again using CHF[err] - CF[err], to etch
said second insul-ator |ayer, and again using Cl[err], or CJ[er
to etch said silicon layer, on said first insulator |ayer.

met hod of claim 1, wherein said fourth insulator |ayer, used t
first insulator sidewall spacer, on sides of said trench, is silicon

between about 400 LOPRBAFEY [ % FeSR RREERE T Javke HEREL

Angstrons.

trench, and on surface of said third insulator layer;

removal of said second polysilicon layer from
surface of said third insulator layer, leaving a
polysilicon filled trench;

removal of said third insulator layer, and said
first sidewall oxide, from surface of said polysilicon
structure;

deposition of a third layer of polfsilicon on
surface of said polysilicon structures, on third
insulator layer, between said polysilicon structures,
and on surface of said polysilicon filled trench;

ion implanting a second conductivity imparting
dopant into said third polysilicon layer;

patterning: of said third polysilicon layer,
overlying said polysilicon filled trench, to form said
back gate contact structure; of said third polysilicon
layer, overlying séid third insulator layer, to form
polysilicon resistor structure; and of said third
polysilicon layer and said first polysilicon layer,
overlying said gate oxide, to form polysilicon gates
for said MOSFET device;

deposition of a fifth insulator layer;

[

R

-HBr, to

r] - HBr,
8. The
o formsaid

ture
00 to 5000



- 19 < 9. The nethod of claim1l1l, wherein said first insulator |ayer,
dt bottomof said trench, is renpbved via reactive ion etching, using
CHF[err] - CF[err]. 10. The method of claim1l, wherein said second
polysilicon is deposited using LPCVD processing, using in-sicu doping by
addition of arsine or phosphine to the silane anbient, at a tenperature
bet ween about 600 to 650[err] C, to a $hirckness between about 1500 to 4000

Angst r ons. 11. The method of claim1l, wherein said second polysilicon
removal , | eaving only said second polysilicon layer in said trench, is
acconpl i shed using chem cal nechani cal poli shi.ng. 12. The net hod of

clain11, wherein said third

anisotropic etching of said fifth insulator
layer to form MOSFET sidewall spacer, on sides of said
polysilicon gates, and insulator sidewall spacers on
sides of, said polysilicon resistor structure, and on
sides of said back gate contact structure;

a second photoresist hasking to expose said
MOSFET region;

ion implanting a third conductivity imparting
dopant into said MOSFET region, to create source and
drain regions;

removal of said second photoresist masking;

deposition of a sixth insulator layer;

opening contact holes in said sixth insulator
layér, to said back gate contact structure, to said
polysilicon resistor structure, and to regions of said
MOSFET device;

deposition of a metal; and

forming metal contact structures to said back
gate contact structure, to said polysilicon resistor
structure, and to specific regions of said MOSFET

device.
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pol ysilicon | ayer is deposited using LPCVD processing, at a tenperature
.bet weenn about 600 to 650[err] C, to a thickness between about 500 to 2000

*Angst r ons. - 20 - 13. The
met hod of claim 11, wherein said second conductivity inparting dopant is
arsenic, or phosphorous, ion inplanted at an energy between about 40 to
80 KeY, at a dose between about | E15718°IE16 atons/cnierr]. 14. The
met hod of claim 1, wherein said third conductivity inparting dopant is
arsenic, or phosphorous, ion inplanted at an energy between about 40 to

80 KeV, at a dose between about | E15 to | E16

16. The method of claim 15, wherein said silicon layer,
on, said insulator layer, is produced by a SIbe,
(Separation of IMplanted OXygen), process, and is P
type with a resistivity between about 5 to 25 ohm - cm,
with a <100> crystallographic orientation, and a

thickness between about 800 to 3000 Angstroms.

17. The method of claim 1S5, wherein said gate oxide, of
said MOSFET device, is silicqn dioxide, thermally grown
in an oxygen - steam ambient, at a temperature between

about 800 to 900° C, to a thickness between about 50 to

200 Angstroms.

18. The method of claim 15, wherein said first
polysilicon layer is deposited using LPCVD processing,
at a temperature between about 600 to 650°C, to a

thickness between about 1500 to 4000 Angstroms.

19. The method of claim 15, wherein said first
conductivity imparting dopant is phosphorous, ion
implanted at an energy between about 30 to 70 KeV, at

a dose between about 1E1l4 to 1E16 atoms/cmi.

—
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atons/'cnferr]. - 21 - 15. A
met hod for fabricating MOSFET devices, and polysilicon resistors, in a
| ayer of silicon on an insulator, on a sem conductor substrate,
i ncorporating a back gate contact, for said MOSFET device, to said
sem conductor substrate, conprising the steps of: provi ding said
sem conduct or substrate; providing said first insulator |ayer, on
said sem conductor substrate; growi ng a second insul ator .layer, on
surface of said silicon layer, to be used as gate oxide of said MOSFET
devi ce; depositing a first polysilicon layer on said gate oxide;
lon inplanting a first conductivity inparting

20. The method of claim 15, wherein said third

insulator layer is silicon oxide, deposited using

either LPCVD or PECVD processing, at a temperature

between about 400 to 850°C, to a thickness between

about 3000 te 5000 Angstroms.

21. The method of claim 15, wherein said trench is
formed via react:;fve ion etching, using CHF, - CF,, to
etch said third insulator layer and said first sidewall
oxide layer, using Cl,, or Cl, - HBr, to etch said
polysilicon structure, using CHF, - CF,, to etch said
gate oxide, and Cl,, or Cl, - HBr, to etch said silicon

layer, on said first insulator layer;

22. The method of claim 15, wherein said fourth
insulator layer, used to form said trench sidewall
spacer, is silicon oxide, deposited using LPCVb or
PECVD processing, at a temperature between about 400 to
850°C, to a thickness between about 2000 to 5000

Angstroms.

23. The method of claim 15, wherein said first

insulator layer, at bottom of said trench, is removed

via reactive ion etching using CHF, - CF,.

[
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dopasrt into said first polysilicon |ayer; patterning of said first
polysilicon layer to formpolysilicon structure; grow ng a first
si dewal | oxi de on exposed surfaces of said polysilicon structure;
depositing a third insulator |ayer on said polysilicon structure, and

bet ween said polysilicon structures;

- 22 - first photorés?%f maski ng to expose a region of
said first sidewall oxide, and underlying said polysilicon structure;

ani sotropic etching of said third insulator |ayer; of said first sidewall
oxi de, of said polysilicon structure, of said gate oxide, and of said

24. The method of claim 15, wherein said second
polysilicon layer, used to f£ill said trench, is
deposited using LPCVD, in-situ doping, processing,
adding phosphine or arsine tolfhe silane ambient, at a
-temperature between about 600 to SSG%L to a thickness

of 1500 to 4000 Angstroms.

25. The wmethod of claim 1, wherein said second
polysilicon layer is removed from surface of said third
insulator layer, via chemical mechanical polishing

procedures.

26. The method of claim 15, wherein said third
polysilicon layer is deposited using LPCVD processing,
at a temperature between about 600 to 650°C, to a

thickness between about 500 to 2000 Angstroms.

27. The method of claim 15, wherein said second
conductivity dopant is arsenic, or phosphorous, ion
implanted at an energy between about 40 to 80 KeV, at a

- dose between.about 1E15 to 1El16 atoms/cm®.

e
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siligon layer, in exposed region of said first photoresist masking, to
create a trench; renoval of said first photoresist masking;
growi ng a second sidewal | oxide on exposed surfaces of said polysilicon
structure, and exposed surfaces of- said silicon layer, in said trench;
deposition of a fourth insulator |ayer, _on bottomand sides of said
trench, and on surface of said third iisul at or | ayer; ani sotropic
etching of said fourth insulator layer to formtrench sidewall spacer, on
sides of said trench, and conpletely renoving said fourth insulator |ayer
-fromsurface of said third insulator |ayer; ani sotropi c etching of
said first insulator |ayer, at bottomof said trench, to extend said
trench to surface of said sem conductor substrate, while thinning said
third insul ator |ayer; - 23 -

28. The method of claim 15, wherein said third

- conductivity dopant, used to form said source and drain
regions of said MOSFET device, is arsenic, or
phosphorous, ion implanted at an energy between about
40 to 80 KeV, at a dose between about 1E15 to 1E1l6

atoms/cm?.
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3

depbsrtron of a second polysrlrcon | ayer in said trench, and on surface of

said third insul ator |ayer; renoval of said second polysilicon
| ayer from surface of said third insulator |ayer, leaving a polysilicon
filled trench; removal of said third i nsul ator | ayer, and said

first srdemall oxi de, fromsurface of said polysilicon structure;
deposition of a third | ayer of ponS|I|c&ﬁ'on surface of said polysilicon
structures, on third insulator |ayer, between said polysilicon structures,
and on surface of said polysilicon filled trench; ion inplanting a
second conductivity inparting dopant into said third polysilicon |ayer;
patterning: of said third polysilicon |layer, overlying said polysilicon
filled trench, to forntsaid back gate contact structure of said third

pol ysi licon I aygl, A% gﬁu%e%ghg @ig&d% gﬁ ia%ysr oP Lorm

pol ysilicon resistor FC SR | ayer and
said first pol ys.hts{zﬁ&tfbﬂ @.\é.gfe,r Bﬁe£|§énﬂi9:c$ﬂu@t62t Suldxt ke, t 0 form

polysilicon gates for sai MOSFET devi ce; dep03|t|on of a fifth
i nsul at or | ayer ;comprising:
a tremch, lined with insulator, and filled with
polysilicon, with the bottom of said trench contacting
said semiconductor substrate, while the top of saiad
trench contacts an overlying polysilicon structure;
an insulator layer ovexlving said polysilicon
structure;
contact holes in said insi.ator layer, to said
polysilicon structure; and

metal contact structures to said polysilicon

Structure.

30. The back gate contact structure of claim 29,
wherein said trench is lined with a silicom oxide
spacer, at a thickness between about 2000 to 5000

Angstroms.

31. The back gate contact structure of claim 29,
wherein said trench is between about 0.4 to 2.0 uM in

width.
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- 244 ani sotropic etching of said fifth insulator layer to
f.orm MOSFET si dewal | spacer, on sides of said polysilicon gates, and

i nsul ator sidewall spacers on sides of, said polysilicon resistor
structure, and on sides of said back gate contact structure; a
second photoresi st masking to expose sasgl - MOSFET regi on; ion
inplanting a third conductivity inparting dopant into said MOSFET region,
to create source and drain regions; renoval of said second
phot or esi st maski ng; deposition of a sixth insulator |ayer;
opening contact holes in said sixth insulator |ayer, to said back gate
contact structure, to said polysilicon resistor structure, and to regions
of said MOSFET devi ce; :

ABSTRACT
BACK GATE CONTACT FOR SILICON ON INSULATOR TECHNOLOGY
A process for creating a back gate contact, in

an SOI layer, that can easily be incorporated into a MOSFET
fabrication recipe, has been developed. The back gate contact
consists of a etched trench, lined with insulator, and filled
with doped polysilicon. The polysilicon filled trench
electrically comnects the semiconductor substrate to overlying

metal contacts.

(FIGURE 1 1S SUGGESTED FOR PUBLICATION)



deposition of a netal; and © form:ng metal contact structures to said
.back gate contact structure, to said polysilicon resistor structure, and
‘to specific regions of said MOSFET devi ce.

- 25 - 16. The nmethod of claim 15, wherein said silicon |ayer, on
T said insulator layer, is produced by .ajgs MOX, (Separation of | Ml anted
OXygen), process, and is P type with a resistivity between about 5 to 25
ohm- cm wth a <100> crystall ographic orientation, and a thickness

bet ween about 800 to 3000 Angstrons. 17. . The method of claim 15, wherein
said gate oxide, of said MOSFET device, is silicon dioxide, thermally
grown in an oxygen - steamanbient, at a t@hperature bet ween about 800 to
900 C, to a thickness between about 50 to : :

s~ 00
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200 Angstrons. 18. The net hod of claim 15, wherein said first

pol ysi I'i con | ayer is deposited using LPCVD processing, at a tenperature
_ between about 600 to 650[err]C, to a thickness between about 1500 to 4000
Angst r ons. 19. The method of claim 15, wherein said first conductivity
i nparting dopant is phosphorous, ion. ppplanted at an energy between about
30 to 70 leV, at a dose between about 1E14 to 1E16 atons/cnierr].

- 26 - 20. The method of claim15, wherein said third insulator

| ayer is silicon oxidg——gepgs d g either cessi ng,
at a tenperature betpee 850[err] A0 I CKpnegs ‘fbet ween

about 3000 to ZPQQ_Ank

), ;
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21. Jhe nmethod of claim 15, wherein said trench is fornmed via reactive ion
etching, using CHF[err] - CF[err], to etch said third insulator |ayer and
said first sidewall oxide layer, using Cl[err], or Cf[err] - HBr, to etch
_said polysilicon structure, using CHF[err] - CFlerr], to etch said gate
oxide, and Cferr], or Cferr] - HBr_ {Q etch said silicon layer, on said
first insulator |ayer; 22. The nmethod of claim 15, wherein said fourth

i nsul ator layer, used to formsaid trench sidewall spacer, is silicon

oxi de, deposited using LPCVD or PECVD processing, at a tenperature between
about 400 to 850[err]C, to a thickness between about 2000 to 5000

Angst r ons. 23. The nethod of claim45, whereinigaid first insulator

| ayer, at bottom of said trench, is gpenoved via yeactive-ion etching using

CHF[err] - CF[err]- - 27 -
8\——\\f /————\/8
S — 1\ : z 5
4 — L . 4
2 \ 42
L \ \
11 11

12 12
13
3\«—‘ L B
7
i =77 777 — 5
2 i
1 —Ff ~4— 1
¥ \
11 11



24. TFhe nethod of claim 15, wherein said second pol ysilicon | ayer, used
tto fill'said trench, is deposi ted using LPCVD, in-situ doping,

pr ocessi ng, addi ng phosphine or arsine to the silane anbient, at a

t enper ature between about 600 to 650[err]C, to a thickness of 1500 to
4000 Angstrons. 25. The nmethod of glaim 1, wherein said second
polysilicon layer is renoved fromsurface of said third I nsul ator | ayer,
via chem cal nechanical polishing pr ocedur es. 26. The met hod of
claim 15, wherein said third pol ysilicon | ayer is deposited using LPCVD
pr ocessi ng, at a tenperature between about 600 to 650[err]C, to a

t hi ckness between about 500 to 2000 e?gstqqgs 27. The nethod of claim
15, wherein said second .conductivity dopant |s arsenlc or phosphorous,

i on i npl anted at an energy betweem about|{ 40 tqd 80 KeV, at a dose
bet ween about | E15 to 1E16 atons/cniérr].
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- 28 - 28. The method of claim 15, wherein said third conductivity

dopant ,* used to formsaid source and drain regions of said MOSFET devi ce,
—1{s arsenic, or phosphorous, ion inplanted at an energy between about 40

to 80 KeV, at a dose between about |E15 to | E16 atons/cnierr].

- 29 - 29. A back gate contact_s%hygture, in a silicon on insulator

| ayer, on a sem conductor substrate, onpri si ng: :
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a trench, lined with insulator, and filled with polysilicon, with the
bet.tontof said trench contacting said sem conductor substrate, while the
top of said trench contacts an overlying polysilicon structure; an
i nsul ator |ayer overlying said polysilicon structure; cont act
holes in said insulator layer, to said 6pglysilicon structure; and

nmetal contact structures to said polﬁs?4|con structure. 30. The back
gate contact structure of claim29, wherein said trenchis lined with a
silicon oxide spacer, at a thickness between about 2000 to 5000

Angst r ons. 31. The back gate contact structure of claim?29, wherein said
trench is between about 0.4 to 2.0 uMin wdth.
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