1 | SOLATION FOR SO CHIP WTH MJULTI PLE SI LI CON FI LM THI CKNESSES Fi el d of
the I nvention [0001] The present invention generally relates to

sem conductor devices and nore particularly, relates to silicon-

on-insul ator devices fabricated in silicon-on-insulator regions having
different silicon layer thicknesses ahd nesa isolation regions in selected
active regions. Background of the Invention [0002] Traditional
silicon-on-insulator (SAO) integrated circuits are formed on SO
substrates. SO substrates typically have a thin layer of silicon, also
‘known as the active |ayer, disposed on an insulator |ayer such as.a buried
oxi de layer (BOX). The insulator |layer or the buried oxide Ilayer is

provi ded on a silicon substrate. Active devices, such as transistors, are

provided in active regi orssdiarTmet Wokhs01 ¢t#EP Sirt g Ul AMal or the active
| ayer. The size and placenent of the active regions are defined by

i solation regions, such asIsigoN ewLMr enedkiSOs@si on (STl )  regions. Active
devices in the

Field of the Invention
{0001} The present invention generally relates to
semiconductor devices and wore particularly, relates to silicon- -
on-insulator dévices fabricated in silicon-on-insulator regions

having different silicon layer thicknesses and wesa isolation

regions in selected active regions.

Background of the Invention
[0002] Traditional silicon-on-insulator (so1) integraged
circuits are formed on SOI substrates. SOI substrates
typically have a thin layer of silicon, also known as the
active layer, disposed on an insulator layexr such as.a buried
oxide layer (BOX). ‘The insulator layer or the buried oxide
layer is provided on a silicon substrate. Active devices, suchi
as transistors, are provided iﬁ active regions formed within
the silicon layer or the active layer. The size and placement
of the active regions are defined by isolation regions, such as.
shallow trench isolation (STI) regions. Active devices in the

active regions are isolated from the substrate by the BOX



active regions are isolated fromthe substrate by the BOX 2 | ayer. Devices
formed on SO substrates offer many advantages over their bulk
counterparts, including absence of reverse body effect, absence of

| at ch-up, soft-error inmmunity, and elimnation of junction capacitance
typically encountered in bulk silicoBd. devices. SO technology therefore
enabl es hi gher speed performance, higher packing density, and reduced
power consunption. [0003] There are generally two types. of SO
transistors: partially-depleted (PD) SO transistor and fully-depleted
(FD) SO transistor. A PD-SO transistor is forned in-an active region
with an-active |ayer thickness that is |arger than the maxi num dépletion
wi dt h, Thelaf‘ SO 5lsrva,nsi stor therefore has a partially depleted body.

PD- SO trang ator PHARES Heormad toRf SObeswgstrapisy dreruy agdrif aga\p&ntgggst hey

suffer fr ti.ng,body effects. Digital circuits which typically~have
hi gher to?ét-}}réallngglef‘(’f? bfllqgaFPH&tBéiﬁyréBi eénslndine gaynddD-¢¥0 rdvcansl shaps. A
FD- SO tr formed in an active region with an active |ayer

istor |
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elimi i j i i
nation of junction capacitance typically encountered in

bulk silicon devices. soOT technology therefore enables higher

speed performance, higher packing density, and reduced power

consumption.

{0003] There are generally two types of SOI transistors:

partially-depleted (PD) SOI transistor and.- fully-depleted (F‘D)

SOI transistor. A PD-SOI transistor is formed in an active

region with an active layer thickness that is larger than the

maximum depletion width, The PD-SOI transistor therefore has a

partially depleted body. PD-SOI transistors have the merit of
being highly manufacturable, but they suffer from floating body
effects. Digital circuits which typically have higher tolerance
f?r floating body effects may employ PD-SOI transistoré. A FD-
SOI transistor is formed in an active region with an active layer
thickness that is smaller than the maximum depletion width. FD-
SOI transistors avoid problems of floating body effecté with the
use of a thinner active layer thickness or a lighter body doping.

Generally, analog circuitry performs better when designed uéing




SO transistors avoid problens of floating body effects with the use of a
t hi nner active |ayer thickness or a |ighter body doping. Generally, anal og
circuitry perforns better when designed using FD-SO devices than using
PD-SO devices. Since analog and digital circuits may be fornmed on the
same SO chip, it is advantageous to3provide SO chips with regions suited
for digital <circuitry and regions suited for analog circuitry. Therefore,
it is useful to provide at least two different silicon filnms or active

| ayer thicknesses on SO chips. Regions with very thin silicon filnms my
be enpl oyed for FD-SO devices while regions wth thicker silicon filns
may be used for PD-SO devices. The availability of at least two different
silicon films or active |ayer thicknesses also offers increased

f1 exi bi | iRDy-SOI cd¢eibds @RENIQYdGRy dSH [0Q04] U.S. Patent. No.
5,952,695, issued to Elli s-l\/bnag{lrggn et QQF, %é“slé‘]_reisbes dince analog and

si | i con- ehiginadl atirfeud@wd! gadi Iya SELURLYT ¢, Were a sel ected region of the
active layer is epitaxially gr own to g‘gHsg)gongﬁghisaﬂ?esggﬁf €8iPdevitceis

i sol at i ormdvegkageoas etd Grdiehiad ot RERAL &9t {c s SO CK eSS, of LRe
epitaxial layer is limted and cannot Ii!sbe too. gg%l%ngssﬂt%tfém Fasiyal
over gr owsirguétay| ynd nteyions suited for analog circuitry. Therefore, it
is useful to provide at least two different; silicon films or
active layer thicknesses on SOI chips. Regions with very thin
silicon films may be employed for FD-SOI devices while regions
with thicker silicon films"may be used for PD-SOI devices. The

availability of at least two different silicon films or active

layer thicknesses also offers increased flexibility in circuit

and device design.

[0004] U.S. Patent. No. 5,952,695, issued to Ellis-Monaghan et
al, describes a silicon-on-insulator double film structure where
a selected region of the active layer is epitaxially grown to a
second thickness after device isolation regions afe formed. In
the patent, the thickness of the epitaxial layer is limited and
cannot be too large as it potentially overgrows laterally into

the isolation regions and may render isolation regions

ineffective.



the isolation regions and may render isolation regions ineffective. 4
[0005] U.S. Patent No. 6,222,234B1, issued to |Imm, describes a nethod of
formng partially and fully depleted SO devices on a common substrate. In
the patent, two regions of the active layers with different thicknesses
are formed after the isolation regiogs are forned. An active region with a
thinner silicon layer is provided for fully-depleted devices, while an
active region with a thicker silicon layer is provided for partially-

depl eted devices. [0006] U.S. Patent No. 6,414, 355B1, issued to An et al,
describes a structure for silicon-on-insulator chips with an active |ayer
of non-uniformthickness. U S. Patent 'No. 6,448,11481, issued to An et

al , described several nmethods of forming silicon-on-insulator chips with a

silicon | qageespr agy_ gackl liayer _of_naon-uni formthickness. The silicon
| ayer or active |layer &#?ﬁnnéﬁyu ?T%ﬁé;%%ﬁﬁﬂ<né§§uﬁé For fma, plesarites a

prOV|d|ngméﬁﬁ&étbﬁnf§£$i5§ i PnS UEO 1 a ed SoT deenLion, a
sel ected regi on of the ac iliéla:ﬁ‘[la%/eyi%mgt tdppleted SOI devices on a
common substrate. In the patent, two regions of the active
layers with different thicknesses are formed after the isolation
regions are formed. An active region with a thinner silicon

layer is provided for fully-depleted devices, while an active

region with a thicker silicon layer is provided for partially-

depleted devices.

[0006]  U.s. Patent No. 6,414,355B1, issued to An et al,
descri?es a structure for silicon-on-insulator chips with an
active layer of non-uniform thickness. U.S. Patent No.
6,448,114B1, issued to An et al, described several methods. of
forming silicon-on-insulator chips with a silicon layer or an
‘active layer of non-uniform thickness. The silicon layer or
active layer with non-uniform thickness is formed prior to
providing isolation  structures. In one embodiment of the
invention, a selected region of the active layer is etched to
form a r<-egion with thinner active layer. In another embodiment
of the invention-, a selected region of the . active layer is
epitaxially grown to forﬁ a région with a thicker active las,'er.

Both U.S. Patent No. 6,414,355B1 and 6,448,114B1 do not address



forma region wth thinner active layer. In another enbodi nent of the
invention, a selected region of the, active layer is epitaxially grown to
forma region with a thicker active layer. Both U S. Patent No.
6, 414, 355B1 and 6, 448, 114B1 do not address 5 the issue of form ng isolation
regions for an SOT chip wwth nultiplg active |ayer thicknesses. [0007]
Referring initially to Figures | A-1B, wherein cross- sections of an exanple
of a silicon-on-insulator (SA) chip 10 is illustrated. Figure 1A shows a
conventional silicon-on- insulator (SO) substrate 12 where an insul ator
| ayer 14 electrically isolates a silicon active layer 16.fromthe silicon
substrate 12. In the SO chip 10, as shown in Figure 1B, the SO substrate
12 is processed to forma plurality of active regions 18,20 in the active
| ayer 16. the&t iggudevdee . SuU transi stors and di odes, may be
formed- in the active rgaigg‘ﬁgé %%,02.%.%1&& i VeI TR ohQF 18050 echlBcMiitbal | y
i sol at ed fiDEL RS actGhRen Q% §B¥lg;{hggféggi ons 26. Isolation regions 26 .

of sha

may, for exanple, be fornmed , OW trench isolations. The
conventional SO chip 10 of Figure 1B features an active |ayer

[00607] Referring initially to Figures 1A-1B, wherein éross-
sections of an example of a silicon-on-insulator (SOI) chip 10
is illustrated. Figure 1A shows a conventional silicon-on-
insulato; (S01) substrate» 12 where an insulitor layer 14
electrically isolates a silicon active layer 16.fr§m the silicon
substrate 12. In thé soi chip 10, as shown in Figure 1B, the
SOI substrate 12 is processed to form a plurality of active
regions 18,20 in the active layer 16. active devices 22, such
as transistors and diodes, may be formed- in the active regions
18,20. Active regions 18,20 are electrically isolated from each
other by isolation regions 26. Isolation.regions 26 may, for
example, be formed, of shallow ' trench isolations. The
conventional SOI chip 10 of Figﬁre 1B features an active layer
16 of uniform thickness. The uniform active layer thickness and
the p;anar surface 28 of the ‘SOI substrate 10 simplify the
formation process of the isolation regions 26. At preéent,
commercial products using SOI technology employ a uniform active

layer thickness and shallow trench isolation.




16 of uniformthickness. The uniformactive |ayer thickness and the planar
surface 28 of the SO substrate 10 sinplify the formati on process of the

i solation regions 26. At present, comercial products using SO technol ogy
enploy a uniformactive |ayer thickness and shallow trench isolation. 6
[0008] It is advantageous to provide gt |least two different silicon film
t hi cknesses on the SO substrate. Referring nowto Figure 2A a
cross-section of a processed SO substrate 10 with two different silicon
films or active layer thicknesses is illustrated. In the SO substrate 10
of Figure 2A, the active layer 16, with nultiple active |ayer thicknesses,
is formed prior to the formation of isolation regions 26. In a. first
region 32 of the active layer 26, the active layer 26 has .a first

thi ckness[o&d43 | n1a S§ecofd, 18U 4 of the active layer 16, the active
| ayer has a second thi ckness?nt%%?%gu%t ERS B’E)‘W’c% at hataghi swamgiffearnended

to incl udeiboebd iGN} £H8Q it di gj.onal silicon filmthicknesses,
for exanple, a third fég?%%g§§§%oentEgea%b?vﬁu?%ﬁﬁﬂtQii\EQﬂ¢n§lpBinw to
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two different silicon films or active layer thicknesses is
illustrated. 1In thé SOI substrate 10 of Figure 23, the active
layer 16, with multiple active layer thicknesses, is formed
prior to the formation of isolation regions 26. In a first
region 32 of the active layer 26, the activé layer 26 has a
first thickness tSil. 1In a second region 34 of the active layer
16, the active layer has a second thickness tSi2. It is obvious
that this may be extended to include additional regions.with
additional silicon film thicknesses, for example, a third'region
34 of the active layer 16 with a third thickness tSi3, and so
on. The availability of at least two different active layer
thicknesses offers the option of using a thinner ac£ive layer
thickness for devices such as fully-depleted SOI transistors and
a thicker active layer thickness for devices such as partially-
depleted SOI transistors. Active regions with thicker active

layer thickness may also be used for forming devices iike diodes

or lubistors, the current drive of which is proportional of the



t hi cknesses offers the option of using a thinner active |ayer thickness
for devices such as fully-depleted SO transistors and a thicker active
| ayer thickness for devices such as partially- depleted SO transistors.
Active regions with thicker active |ayer thickness may al so be used for
form ng devices |like diodes or lubistgrs, the current drive of which is
proportional of the 7 active |ayer thickness. For exanple, diodes or

| ubi stors are wused in SO circuits for electrostatic discharge (ESD)
protection. [0009] The enpl oynent of an active layer 16 with at |east two
t hi cknesses may result in a non-planar silicon surface 28, as
schematically illustrated in Figure 2A. Due to the non-planar nature of
the silicon surface, it is difficult to provide isolation regions 26 in
di fferent aaeiverelaggi-ops i wi t [ rent agtiye |ayer thicknesses.
That is, it is dif?i cultltégngfggfmﬁ?e‘dié%%‘?i‘%ef%h &éﬁ%f%%soéslﬁéﬁ)ﬁé?é%l piret he

cross-sectbed ofin Fisgr € @BclFe St | ¥or-t NEHi SOl ation.trench depths of Figure
2B differ in different regi%ns. Sec%ﬁdl%?efﬁgthﬁgéﬁrfg&écbﬁrﬂﬁe (ESD)

protection.

[0009? The employment of an active layer 16 with at least two
thicknesses may result in a non-planar silicon surface 28, as
schematically illustrated in Figure 2A. Due to the non-planar
nature of the silicon surface, it is difficult to provide
isolation regions 26 in different active regions 18,20 with
different active layer thicknesses. That is, it is difficult to
form the isolation regions as depicted inv the cross-section of
Figure 2B. Firstly, the isolation trench  depths of Figuré 2B
differ in different regions. Secondly, the top surface of the
isolation region is provided at diffeient heights. Since
isolation structures such as shallow trench isolation utilizes
chemical mechanical polighing (CMP) to achieve planarity in the
top surface of the isolation regions, CMP may not be directly

applied to achieve the isolation structure shown in Figure 2B.

[00010] It is therefore an object of the present invention to
provide a wmethod for forming isolation regions for SOI chips

with multiple active layer thicknesses.



isolation region is provided at different heights. Since isolation
structures such as shallow trench isolation utilizes chem cal nechani cal
polishing (CWP) to achieve planarity in the top surface of the isolation
regions, CVP may not be directly applied to achieve the isolation
structure shown in Figure 2B. [00010]glt is therefore an object of the
present invention to provide a nethod for formng isolation regions for
SO chips wth nultiple active layer thicknesses. 8 [00011] It is another
obj ect of the present invention to provide nesa isolation in a portion of
an SO chipwith multiple active |ayer thicknesses. [00012] It is a _
further object of the invention to provide conventional isolation regions,
such as shallow trench isolation regions, in a portion of an SO chip with
mul tiple active layer thicknesses. [00013] It is still another object of
the invention to provide nesa isolation in a plurality of active regions

with diffeoeoi1) actrive;kay, i.cknesses. Summary of the Invention
£Ve:ibaYRlod il O%JeCt of the present invention to

rovi . . . .
provide mesa isolation in a portion of an SOI chip with multiple

active layer thicknesses.

000 i j ent
[ 1?] It is a further object of the invention to provide

conventional i i i
1l isolation regions, such as shallow trench isolation

regions, i io; i
g S, 1n a portion of an SOI chip with multiple active layer

thicknesses.

000 i i j
[ 13] It is still another object of the invention to provide

mesa j i i i
isolation in a plurality of active regions with different -

active layer thicknesses.

Summary of the Invention
[00014] 1n accordance with the present invention, a

semi -on-i i
1conductor-on-insulator chip and a method for fabricating the

chip are disclosed.

[0001 i
5] In a preferred embodiment, a semiconductor-on-insulator

chip is provided which includes a substrate that is formed of an

ele i i ing
Ctrically insulating material; a semiconducting layer



[ 00014] In accordance with the present invention, a

sem conductor-ori-insulator chip and a nethod for fabricating the chip are

di scl osed. [00015] In a preferred enbodi ment, a sem conduct or-on-insul at or

chip is provided which includes a substrate that is forned of an

electrically insulating' material; a gem conducting |ayer 9 overlying the

substrate; a first region in the semconducting |ayer that has a first

t hi ckness, the first region includes active regions defined by a shall ow

trench isolation; and a second region in the sem conducting |ayer that has

a second thickness, the second region includes active regions defined by

nmesa i solation. [00016] In the sem conductor-on-insulator chip, the

sem conducting | ayer may be formed of silicon, or formed of silicon and-
material may include silicon oxide.

er nani .electrically i | ati
‘?’he fi Irg{gvte%?gkﬁésghg:‘ %‘hbeg#%‘z#‘ r@lgi A SthelPHOn atgertheharenilvondacondg

regi on. ir hickness be . in the range between 100 angstrons and
2000 ang-si'ltgs,g%s,a{va‘ltltlgggheg fr{%t thickness, the first region includes

active regions defined by a shallow trench isolation; and a
second region in the semiconducting layer that has a second

thickness, the second region includes active regions defined by

mesa isolation.

[00016] In the semiconductor-on-insul ator chip, the
semiconducting layer may be formed of siiicon, or formed of
silicon and germanium. The electrically insulating material may
include silicon oxide. The first thickness of the first region
- may be larger than the éecond region. The first thickness may be
in the range between 100 angstroms and 2000 angstroms, while the

second thickness may be in the range between § angstroms and 200

angstroms.,

[00017] The present is further directed to a semiconductor-on-
insulator chip that includes a substrate formed of an
electrically insulating material; a semiconducting layer
Ove-rlying the substrate; a first region in the sen;iconducting
layer that has a first thickness, the first region includes

acti . . . .
tive regions defined by mesa isolation; and a second region in



second thickness may be in.the range between 5 angstrons and 200
angstrons. [00017] The present is further directed to a sem conductor-on-
i nsul ator chip that includes a substrate formed of an electrically
insulating material; a sem conducting |ayer overlying the substrate; a
first region in the sem conducting |gyer that has a first thickness, the
first region includes active regions defined by nesa isolation; and a
second region in 10 the sem conducting |layer. that has a second thickness,
the second region may include active regions defined by nesa isol ation.
[00018] In the sem conductor-on-insulator chip, the sem conducting |ayer
may include silicon, or may include silicon and germanium The
electrically insulating material may include silicon oxide. The first

thi cknesstid ddnei dondeicthiag 9348y reater than the second thickness of
t he becond region. The flglrst thi ('::E’%gs Faf FECPRAt hBirknges bethwasedond

angst r onsremicbnl @39 iaBUsHEOE 1 YOI cond t.hickness may be in the range
between 5 angstroms and 1000 éngs%§%$§?5[4%£i9§ﬁ ?ﬁémﬁﬁéséﬁ©l¢mheniion is
still further directed to a

[00018] In the semiconductor—on-insﬁlator chip, the
semiconducting layer may include silicon, or may include silicon
}and germanium. The electrically insulating material may include
silicon oxide. The first thickness of the first region may be
greater than the second thickness of the secénd region. The
first thickness may be in the range between 5 angstroms and 1000

angstroms, while second thickness may be in the range between 5

angstroms and 1000 angstroms,

[00019] The present invention is still further directed to a
| method for forming a silicon-on-insulator chip which can be
carried out by the operating steps of providing a substrate that
has a silicon layer overlying an electrically insulating
material; the silicon layer may include a first region that has a
first thickness and a second region that has a second thickness,
the first thickness is greater than the second thickness; forming
a8 mesa isolation in the second region of the silicon active
layer; forming a shallow trench isolation in the first region of

t . .
he silicon active layer; and forming an active device.



met hod for formng a silicon-on-insulator chip which can be carried out by
the operating steps of providing a substrate that has a silicon |ayer
overlying an electrically insulating material; the silicon |ayer may
include a first region that has a first thickness and a second region that
has a second thickness, the first thjckness is greater than the second
t hi ckness; form.ng a nesa isolation in the second region of the silicon
active layer; formng a shallow trench isolation in the first regi on of
the silicon active layer; and form ng an active device. 11 [00020] The
method for formng a silicon-on-insulator chip may further include the
step of formng the first region of the silicon active layer to a first
t hi ckness in the range between 100 angstrons and 2000 angstrons, or
formng the first region of- the silicon active layer to a second thickness
in the rgggé Pet en 5 angftrons and 200 angstrons. The form ng step for
the nmes Dt i dhendigtibe dee tieemday- st epdiodbnponvi ity idh8b ma
isolatiog ank ex&qii g a _portion of the second region of the silico
YETIS%t thFhiiSt theastteme ofr efmmiing t tiee pEitisen lgidie s€CeRd

active |
regi on Oéiif§%§“§éé¥¥l %Ptlve | ayer formng silicon

ayer to'a first thickness in the range between
100 angstroms and 2000 angstroms, or forming the first region of
the s%licon active layer to a second thickness in the range
between 5 angstroms and 200 angstroms. The forming step for the
mesa isolation may include the sub-steps qf providing a first
isolation mask exposing a portion of the second region of the
silicon active layer; etching at least one trench in the portion
of the second region of the silicon active layer forming silicon

is i
lands or mesa structures; and removing the first isolation

mask.

[00021] The forming step for the shallow trench isolation may
include the sub-steps of providing a second isolation mask
‘€Xposing a portion of the first region of the silicon active
layer; etching at least one trench in the portion of the first
region of the silicon active layer, the at least one trench
includes at least two sidewalls; forming a silicon oxide layer on
the at least two sidewalls of the at least one trench; filling

th N . .
€ at least one trench with silicon oxide; annealing the silicon



i sl ands or nesa structures; and renoving the first isolation nmask. [00021]
The formng step for the shallow trench isolation nmay include the
sub-steps of providing a second isolation mask exposing a portion of the
first region of the silicon active |layer; etching at |east one trench in
the portion of the first region of t{ye silicon active |ayer, the at |east
one trench includes at least two sidewalls; formng a silicon oxide |ayer
on the at least two sidewalls of the at |east one trench; filling the at
| east one trench with silicon oxide; annealing the silicon 12 oxide at a
tenperature higher than 500 degrees Celsius in a first annealing step;
renmovi ng excess silicon oxide by a chem cal nechanical polishing process;
annealing the silicon oxide at a tenperature higher than 500 degrees

Cel si us idkiaies @@ondtanpesht s ' r vi.ng the second isolation
mask. [00022] The pr esgnt i nven1t§$|£§\¥1)(a]i~ ?}%I} ﬁ%%f E}Faﬁ@?sd??%ﬁ%‘é% 3 s firget hod

for formarmmealdingi coen- HagulahLgr i ich.can be  carried out by the
operating steps of providing a s |i%%%g§%Pﬁl %ﬁ?ﬁtd?cgﬁbspwat%.Kﬂ@ﬂﬁéﬁhg a
silicon aekmmeibaye@oqughkﬁgn%rocess; annealing the silicon oxide at a

temperature higher than 500 degrees Celsius in a second annealing

step; and removing the second isolation mask.

[00022] The present invention is still further directed to a
method for forming a silicon-on-insulator chip which can be
carried out by the operating steps of providing a silicon-on-
insulator substrate including a silicon active layer overlying
an insulator layer, the silicon active layer further includes a
first region that has a first thickness and a second region that
has a second thickness, the first thickness is greater than the
second thickness; formihg a shallow trench isolation in the

fir ion; i i i '
St region; forming a mesa isolation in the second region; and

forming active devices.

[00023] The method for forming a silicon-on-insulator chip may

£ . .

urther include the step of forming the first region of the
silicon active layer to a first thickness in the range between
100 angstroms and 2000 angstroms, or the step of forming the

f' . . . . ’
1rst region of the silicon active layer to a second thickness



an insulator |ayer, the silicon active layer further includes a first
region that has a first thickness and a second region that has a second
t hi ckness, the first thickness is greater than the second thickness;
formng a shallow trench isolation in the first region; formng a nesa
isolation in the second region; and fprm ng active devices. [00023] The
met hod for formng a silicon-on-insulator chip may further include the
step of formng. the first region of the silicon active layer to a first
t hi ckness in the range between 100 angstrons and 2000 angstrons, or the
step of formng the first region of the silicon active |ayer to a second
t hi ckness 13 in the range between 5 angstrons and 200 angstrons. The

formng step for the nesa isolation may further include the sub-steps of
portion of the second region

provi di ngia thé Stanolidd Qsing a
: a é@eﬁﬂﬁé{? l%nga%'trogﬁe el angst¥mngor tThen fofrmt hg

of the active layer; etcl _ ! oo .
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second region of the active layer; etching at least one trench
in the portion of the second region of the silicon active layer
forming silicop islainds Oor mesa structures; and removing the
first isolation mask. '1“he forming step for the shallow trénch
isolation may further include the sub-steps of providing a
seqond isolation mask exposing a portion of the first region of
the silicon active 1ayer;' etching at least one trench in the
portion of the first region of the silicon active layer, the at
least one trench includes at least two sidéwalls; forming a
silicon oxide layer on the at 1least two sidewalls of the at
;east one trench; filling the at least one trench with silicon
oxide; annealing the silicon oxide at a temperature higher than
500 degrees Celsius in a first annealing step; removing excess
silicon oxide by a chemical mechanical polishing process;

a . s .
mnealing the silicon oxide at a temperature higher than 500

de i i
grees Celsius in a second annealing step; and removing the

Second isolation mask.



second isol ati on mask exposing a portion of the first region of the
silicon active layer; etching at | east one trench in the portion of the
first region of the silicon active layer, the at |east one trench incl udes
at least two sidewalls; formng a silicon oxide |ayer on the at |east two
sidewal | s of the at |east one trenchjgfilling the at |east one trench with
silicon oxide; annealing the silicon oxide at a, tenperature higher than
500 degrees Celsius in a first annealing step; renoving excess silicon

oxi de by a chem cal mechanical polishing process; annealing the silicon
oxide at a tenperature higher than 500 degrees Celsius in a second
anneal i ng step; and renoving the second isolation mask. 14 [00024] The
present invention is still further directed to a nethod for formng a

si | icon-ongj at chip which_includes  the operating steps of providing
a siliconﬁggp?%Lulg %rprgﬁsgkr&ﬂgqﬂE%quﬂﬁtj L Surtheon ditreéceed ayer a

overlying I N ator _l.ayer, the_ silicon active |ayer may further include
a first 'r“gg?“é% 'ch Egt Tas iz%‘sflﬁﬁFBRﬁggglﬁﬁﬂlaf—%c%tprUgiich timatludeas a

second thtﬁgne%%ergggngir%&e%giCKggssgfzw%%Eggerthagiffgzn-on—insulator
substrate that includes a silicon active layer éverlying an
insulator layer, the silicon active layer may further include a
first region that has a first thickness and a seéond region that
has a second thickness, the first thickness is greater than the

second thickness; forming mesa isolation in the first and second

regions; and forming active devices in the first and second

regions.

[00025] The method for forming a silicon-on-insulator chip may

further include the steps of forming the first region of the
silicon active layer to a first thickness in the range between 5
angstroms and 1000 angstroms, or the step of forming the second
region of the silicon active layer to a second thickness in the
range between 5 angstroms and 1000 angstroms. The forming step
for the mesa isolation may further include the sub-steps of
broviding an isolation mask exposing a portion of the first and

second regions of the active layer; etching trenches in a portion




second thickness; formng nesa isolation in the first and second regions;
and formng active devices in the first and second regions. [00025] The
met hod for formng a silicon-on-insulator chip may further include the
steps of formng the first region of the silicon active layer to a first

t hi ckness in the range between 5 angsgrons and 1000 angstrons, or the step
of formng the second region of the silicon active layer to a second

t hickness in the range between 5 angstrons and 1000 angstronms. The form ng
step for the nesa isolation may further include the sub-steps of

provi ding an isol ation mask exposing a portion of the first and second
regions of the active |ayer; etching trenches in a portion 15 of the first
and second regions of the active layer formng silicon islands or nesa

structuresgs fRd remy ng. & he i sol.ation mask, Brief Description of the
Dr awi ngs | 00026] The\sée %ﬁ% %te ﬁégdobﬁe&’tqgfs f 85t Jies afbivelvaaveyeSLoaiinge

present i dMER-GNOMK Nddasd parent fromthe follow ng detailed .
description and the appeﬁ%ggﬁﬁggmgkﬁchﬁrﬁﬁfcﬁpd removing the isolation
mask. -

Brief Description of the Drawings
[00026] These and other objects, features and advantages of the
present invention will become apparent frém the following

detailed description and the appended drawings in which:

[00027] Figures 1A and 1B are eniarged, cross-sectional views

of a conventional silicon-on-insulator substrate with active

devices formed in active regions.

(00028} Figures 2A and 2B are enlarged, cross-sectional views
of a conventional silicon-on-insulator substrate with non-uniform
active layer thickness formed prior to the formation of isolation

regions and after the formation of isolation «regions,

respeétively.

[00029]. Figures 3A and 3B are an enlarged plane view and a

Cross-sectional view, respectively, taken along line A-A of a



[ 00027] Figures 1A and 1B are enl arged, cross-sectional views of a
conventional silicon-on-.insulator substrate with active devices forned in
active regions. [00028] Figures 2A and 2B are enl arged, cross-sectional
views of a conventional silicon-on-insulator substrate with non-uniform
active layer thickness fornmed prior tpgthe formation of isolation regions
and after the formation of isolation regions, respectively. [00029]
Figures 3A and 3B are an enlarged plane view and a cross-sectional view,
respectively, taken along line A-A of a 16 silicon-on-insulator substrate
Wi th non-uniformactive |ayer thickness and nesa isol ati on separating the
active regions. [00030] Figure 4 is an enl arged, cross-sectional view of a
silicon-on-insulator chip with non-uniform active |layer thickness

i 11 ustratding ceatbMei HeY] $6S | H%H in the active regions. [000311 Figure 5
is a block diagram show ng thggpro€§%§3fW’ f BRIt Wl fput eraatd venbadiyaent

of the p&gﬁ@kheggvgﬂai&gb§m§§g¥£gxw fabricating a silicon-on-insul ator

chip with active layers o ton separating the active regions.
00030 i ; | _ , :

[ ] Figure 4 is an enlarged, cross-sectional view of a

silicon-on-insulator chip with non-uniform active layer

thickness illgstrating active devices formed in the active
regions.

[00031] Figure 5 is a block diagram showing the process flow

for the preferred embodiment of the present invention method for

fabricating a silicon-on-insulator chip with active layers of

multiple thicknesses.

. [00032] Figures 6A-6I are enlarged, cross-sectional views
illustrating the present invention process steps for forming a
silicon-on-insulator structure with active devices isolated by

both shallow trench isolations and mesa isolations.

[00033]) Figure 7 is a block diagram showing the process flow of

th . -. ‘

€ present invention second embodiment method for fabricating a
S' . - - - c- .

ilicon-on-insulator chip with active layers of multiple

thicknesses and isolations by differént techniques.



mul tiple thicknesses. [00032] Figures 6A-61 are enlarged, cross-sectional
views illustrating the present invention process steps for formng a
silicon-on-insulator structure with active devices isolated by both
shal l ow trench isolations and nesa isolations. [00033] Figure 7 is a block
di agram showi ng t he-process flow of 1he present invention second

enbodi nent nethod for fabricating a silicon-on-insulator chip wth active
| ayers of multiple thicknesses and isolations by different techniques. 17
[ 00034] Figures 8A-8l are enlarged, cross-sectional views illustrating the
present invention second enbodi nent process for fabricating
silicon-on-insulator structures. Detail ed Description of the Preferred
.Enbodi nent [00035] In the present invention, a SO technology with
different silicon thicknesses and nethod for providing isolation between
the active regions are disclosed [00036] In the invention, the

short comipggs t e & rey d by a structure and process
wherein a sepgj;ate e?ﬁf Si rrp e |so etl 0 ri\ég@@ﬁe i STRSEd SeeFiaral veviews ons

W th thl@ﬂ@ﬁstratlng the present invention second embodiment process for

fabricating silicon-on-insulator structures.

Detailed Description of the Preferred Embodiment
[00035] In the present invention, a SOI technology with
different silicon thicknesses and method for providing isolation

between the active regions are disclosed.

[00036] In the invention, the shortcomings of the prior art are
circumvented by a structure and process wherein a separate and
simple isolation scheme is used for active regions with thinner
active layer thickness. Therefore, the problems of using a
specific isolation process for regions of different active layer
thlcknesses are avoided. Specifically, the invention describes
the use of mesa isolation for active regions with thin active
layer thickness and shallow trench isolation for active regions

with thick active layer thickness.



active |layer thickness. Therefore, the problens of using a specific

i solation process for regions of different active |layer thicknesses are
avoi ded. Specifically, the invention describes the use of nesa isolatio
for active regions with thin active |ayer thickness and shallow trench

n

isolation for active regions wth thigk active |layer thickness. 18 [00037]

Referring now to Figure 3A, a plane view of a SO substrate 40 with

mul tiple active layer thicknesses and isolation schenes is shown. An
enl arged, cross-sectional view of the SO substrate 40 taken along |ine
A-A of Figure BAis illustrated in Figure 3B. Afirst region 42 of the
active layer 16 has a first active layer thickness tSil and a second
region 44 of the active |ayer has a second active |ayer thickness tSi2.

[ the. seua0d ] oqrin ' R o VB Piper 306’ 4 o plrsel dtiaw [ pBmAse0T
et ve | &y eFUEa% O o B B e e A E hever whi P aRss anet Aot ek vun
Tesd Vsl TEL Ngflowh 12 b S 8R! 620 SOR0SELLR0) PPN e St
substrate 40 taken along line A-A of Figure 3A is illustrated in
Figure 3B. A first region 42 of the active layer 16 has a first
active layer thickness tSil and a second region 44 of the active

layer has a second active layer thickness tSiZz.

[00038] Active regions with thin silicon films, such as active
regions 48 in the second region 44 of the active layer 16 are
isolated from each other by forming trenches 46 between them.
The trenches 46 divide the active layer 16 in that‘region into
islands or silicon mesa structures. The mesa isolation method
thus cuts electrical connection between adjacent active regions

by removing part of the active layer in the SOI substrate 40.

[00039] Referring now to Figure 4, the cross-sectional view of
an SOI chip 50 is shown where active devices are formed in the
various active regions. Active devices 52, formed in the active
regions with a thinner active layer, are isolated from éach other
by mesa isolation 54. In the preferred embodiment, the thickness

tSi2 of the thinner active layers may range from 5 angstroms to

48

The



by renoving part of the active layer in the SO substrate 40. [00039]
Referring now to Figure 4, the cross-sectional view of an SO chip 50 is
shown where active devices are forned in the various active regions.
Active devices 52, fornmed in the active regions with a thinner active

| ayer, are isolated fromeach other byynesa isolation 54. In the preferred
enbodi nent, the thickness tSi2 of the thinner active |ayers nmay range from
5 angstronms to 19 200 angstrons. The sem conductor nmaterial constituting
the active layer 16 is preferably silicon, but may al so be any ot her

el emental sem conductor such as germanium or any alloy sem conductor such
as silicon-germanium or any conpound sem conductor such as gallium

arseni de or indium phosphide. In the case where the active layer is

silicon, y b its relaxed state or _may be strained
silicon. Aﬂ)el \gl&elb gf\}l%(\:srérg fg‘rhr?eds?ﬂl?‘ﬂ% Uk e MR GEAAd wReRstl tuiisiger thet i ve
| ayer ar I f a ysallowtrenchlsolatlon for

exanpl e. 3 t!tlfj\%egkggleﬁrégln’%gl g?%g HY St Sthe Wy Hasplakscobe snyuothees

such as ApLire ave a thickness tSil in the range
bet ween 100 la%n\éyiélfttr o'r%%géﬁgﬁé%bgang FOms @S germanium, or any alloy

semiconductor such as silicon-germanium, or any compound
semiconductor such as gallium arsenide or indium phosphide. 1In
the case where the active layer is silicon, the silicon may be in
its relaxed state or may be strained silicon. Active devices
formed in the active regions with a thicker active layer are
isolated from each other by shallow trench isolétion, for
example. Active layers isolated from each other by isolation
structures such as shallow trench isolation may have a thickness

tSil in the range between 100 angstroms and 2000 angstroms.

{00040} Various methods for forming the mesa isolation and
shallow trench isolation in the same SOI substrate with multiple

-active layers or silicon film thicknesses are now described.

[00041] In a first embodiment, an SOI substraté with nmultiple
active layer thicknesses is first provided. Figure 5 shows a
flowchart 60 of a method of manufacturing an SOI chip having
active layer of multiple thicknesses and isolated using two

different isolation methods. The starting material is an SOI



[ 00040] Various nethods for formng the nesa isolation and shallow trench
isolation in the sane Sol substrate with nultiple .active |layers or
silicon filmthicknesses are now described. [00041] In a first enbodi nent,
an SO substrate with nmultiple active |layer thicknesses is first provided.
Figure 5 shows a flowchart 60 of a ngfhod of manufacturing an SO chip
having active layer of nultiple thicknesses and isol ated using two
different isolation nmethods. The starting material is an SO 20 substrate
70 conprising at least two different active layer thicknesses, including a
first portion of a first thickness and a second portion of a second
t hi ckness (Figure 6A). It is obvious that the substrate 70 may have a
third portion of a third thickness, and so on. A first isolation mask 72
is formed on the ng substrate. The first isolation mask 72 may be forned
of a suPPBBYERYasKPnCREYFHIg saéh heaphottoresiistfeseht cartdvedelayer
silicon njtride, or Qorrgi nation of the above. The first isolation mask nay
or may nbPIFERRPSHSY dBALYARBE Ropdreyportion dft acirse thitbnems amd whi ch
case its_thickness .is ur%iform or it can be non-conformal in which case
its thicRAgd Roxt3en of a second thickness (Figure 6A). It is obvious

that the substrate 70 may have a third portion of a third

thickness, and so on. A first isolation mask 72 is formed on the

,SOI substrate. The first isolation mask 72 may be formed of a

suitable masking material such as photoresist, silicon oxide,

* silicon nitride, or combination of the above. The first

isolation mask may or may not have any conformal topology, i.e.

it can be conformal in which case its thickness is uniform, or it

can be non-conformal in which case its thickness is non-

uniformal. The first isolat;i.on mask is patterned to expose

regions 74 where trenches 76 are to be formed in the second

portion of the active layer 16 (Figure 6B).

[00042] The trenches in the second portion of the active 1ayér
results in the formation of silicon islands or silicon mesa
Structures. The etching of trenches in the silicon active layer
may be performed by etching processes such as reactive ion
etching (RIE) where a gas mixture of sulfur hexafluoride (SF¢) , -
helium (He), and oxygen (02) is used. Figure 6C shows a cross-

Sectional view of the wafer after the trenches are etched.



uniformal. The first isolation mask is patterned to expose regions 74
where trenches 76 are to be fornmed in the second portion of the active
| ayer 16 (Figure 6B). [00042) The trenches in the second portion of the
active layer results in the formation of . silicon islands or silicon nesa
structures. The etching of trenches im the silicon active |ayer my be
performed by etching processes such as reactive ion etching (RIB) where a
gas m xture of sul fur hexafluoride (SF6), helium (He), and oxygen (02) is
used. Figure 6C shows a cross- sectional view of the wafer after the
trenches are etched. 21 Therefore, in the first enbodinent, the first
i solation mask defines the nesa isolation. The first isolation mask is
then renoved, as shown in Figure 6D, which clearly shows the silicon
i slands or nmesa stryctures. [000431 Next, the second isolation structure is
formed. FHETSEREDNd PsoflR i SATsEr rkedinsnt hether fadstsi igplatshal | Gk
trench isaql ation %STI) process known in the art. The following is a
descri pt P6H1BES atBRaMESR thesd@tiosol at The Fhostsd scdmumiphy masad.is Als@cond
isolation mask 82 is irst,groyided. The second

removed, as shown in Figure 6D, which clearly shows the silicon

islands or mesa structures.

[00043] Next, the second isolation structure is formed. The
second isolation structure can be formed using a shallow trench
isolation (STI) process known in the art. The following is a
description of a shallow trench isolation process commonly used.
A second isolation mask 82 is first prbvided. The second
isolation mask 82 may be formed of a suitable masking material,
such as silicon oxide and silicon nitride. The second isolation
mask 82 is preferably an oxidation resistant material such as a
silicon nitrigde layer overlying a pad silicon oxide layer. The
silicon nitride on silicon oxide stack may be formed by dry
thermal oxidation to form a layer of pad silicon oxide followed
by chemical vapor deposition of silicon nitride using
dichlorosilane and ammonia as reaction gases. The second
isolation mask 82 may be patterned and etchéd using reactive ion

etching with sulfur hexafloride, helium, and trifluoromethane as



i sol ation mask 82 may be fornmed of a suitable masking material, such as
silicon oxide and silicon nitride. The second isolation nmask 82 is
preferably an oxidation resistant material such as a silicon nitride |ayer
overlying a pad silicon oxide layer. The silicon nitride on silicon oxide
stack may be fornmed by dry thermal oxidation to forma |ayer of pad
silicon oxide followed by chem cal vapor deposition of silicon nitride
usi ng dichiorosilane and anmonia as reaction gases. The second isolation
mask 82 may be patterned and etched using reactive ion etching with sulfur
hexafl oride, helium and trifluoronmethane as 22 etching gas. The patterned
second isol ati on nask exposes regions where an isolation structure such as
a shallow trench isolation 86 is to be forned, as shown in Figure 6E

[ 00044] Trenches are etched in the exposed regions in the first portion of

the acti\etdhdpgrgds, ahespamtericli gULE QF ther mal _oxi dati on may be
per f or rreg@;o grow silicon oxide on the ST dened 1°Thiaske expeRenetedibnsThe
t renches I&réntheﬂlati¢mdstﬂmé@u§efghghn t such as silicon oxide.
The silicon oxide may be deposited by che%fgglgﬁgg%?wdﬁﬁ%%?hitﬁplaﬂﬁgn
filled 86 is to be formed, as shown in Figure 6E.

[00044] Trenches are etched in the exposed regions in the first
portion of the active layer 16, as shown in Figure 6F. A
thermal oxidation may be performed to grow silicon oxide on the
sidewalls of the trenches 84. The trenches 84 are then filled
with a filling wmaterial such as silicon oxide. The silicon
oxide may be deposited by chemical vapor depositién. The filled
silicon oxide may be annealed for densification. The substrate
70 may be planarized by chemical mechan1ca1 polishing (CMP) to
give the cross- -section as shown in Figure 6G. The remaining
second isolation mask 82 is then removed. by an appropriate
etchant. If the second isolation mask 82 is silicon nitride on
silicon oxide stack( it may be removed by etching in hot
pPhosphoric acid followed by etching in hydrofluoric acid. This
completes the formation of the shallow trench 1solatlon process.

The resulting cross-section is shown in Figure 6H. Active

devic
©5 88 are then fabricated in the active regions as shown in

Figure 67,



silicon oxide may be anneal ed for densification. The substrate 70 may be
pl anari zed by chem cal nechanical polishing (CW) to give the
cross-section as shown in Figure 6G The remaining second isolation nmask
82 is then renoved by an appropriate etchant. If the second isolation nmask
82 is silicon nitride on silicon oxige stack, it may be renoved by etching
in hot phosphoric acid followed by etching in hydrofluoric acid. This
conpletes the formati on of the shallow trench isolation process. The
resulting cross-section is shown in Figure 6H Active devices 88 are then
fabricated in the active regions as shown in Figure 61. 23 [000451 In a
second enbodi nent, the shallowtrench isolation process is perforned
first, and then the nesa isolation process. Figure 7 shows a flowhart 80

for the Sﬁﬁﬁpgiengpdinent process for fabricating an SO chip with active
| ayers of ipl e t i SEFeECecrhinglimegitat i dre bphaWhowi f f1ANT 1 E§Ph@Ld PN
met hods. __An SO .substrate 90 conprising at least two different active

| ayer t hiPHOTEEE4® PRICOETRY BL¥FF stapdbrition U2 afesa fisb3htibhi skoHesss and a

second p%Ltion 4 ?J a sec%nd t hi ckness, is
igure shows a flowchart 80 for the second embodiment process

for fabricating an goI chip with active layers of multiple
thicknesses and isolation by two different isolation methsds.
An SOI substrate 90 comprising at least two different active
layer thicknesses, including a first portion 9é of a first
thickness and a second portion 94 of a second thickness, is
provided in Figure 8A. A first isolation mask 96 is provided on
the substrate 90 and patterned to expose regions 98 in the first
portion of the active layer 16 where shallow trench isolation
Structures 100 are to be formed, as shown in Figure 8B. The
first isolation mask material is preferably a silicon nitride
layer overlying a silicon oxide layer. A shallow tx;ench
isolation process, as previously deséribed, the first embodiment
i-s used to isolate active regions in the first portion 92 of the
active layer 16. The shallow trench isolation process is
schematically shown in Figures 8B-8E. Therefore, in the second
embodiment, the first isolation mask 96 defines the shallow
trench -isolation structure. A second isolation mask 1(;2 is then
deposited and patterned to define the silicon islands or mesa

st i i
Tuctures 104, as shown in Figure 8F. A silicon etch process



provided in Figure 8A. Afirst isolation mask 96 is provided on the
substrate 90 and patterned to expose regions 98 in the first portion of
the active layer 16 where shallow trench isolation structures 100 are to
be fornmed, as. shown in Figure 8B. The first isolation nmask material is
preferably a silicon nitride layer oyerlying a silicon oxide |ayer. A
shal l ow trench isolation process, as previously described, the first
enbodiment is used to isolate active regions in the first portion 92 of
the active layer 16. The shallow trench isolation process is
schematically shown in Figures 8B-8E. Therefore, in the second enbodinent,
the first isolation mask 96 defines the shallow trench -isolation
structure. A second isolation mask 102 is then deposited and patterned to

define the_siligcon islands or sa structures 104, as shown in Figure 8F.
A sili confset (l?ﬁe%r g%éess?%fﬂ‘ j & § otPordffinenchbe tii ldefomeiskends | Leon

islands 1 ' af.ed mesa . sal ation 106, as shown in Figure 8G The
second isgé%ltelh%ér%in% k"%? iJssqli‘?é:r}"rnen{)%d gFi gllcwrgHin Réguve 8@evi cEseare

t hen fabrj i £ 81). .[00046] In a third enbodi nent, nesa isol ation
may be pr%%?%gg iégﬁggf%n Jasﬂ 102 ls Qhen removed (Figure‘eﬂ)_ Active

devices are then fabricated (Figure 8I).

[00046] In a third embodiment, mesa isolation may be provided
in a plurality of active regions with different thicknesses. For
example, mgsa isolation may be provided for active regions with
at least two different thicknesses, it is not restricted to
active regions of a single thickness. In this case, the
thicknesses of the active fegions isolated by mesa isolation may

range from 5 angstroms to 1000 angstroms.

[00047) While the present invention has been described in an
illustrative manner, it should be understood that the terminology

used is intended to be in a- nature of words of description rather

than of limitation.



inaplurality of active regions with different thicknesses. For exanple,
nmesa i solation nay be provided for active regions wwth at |east two
different thicknesses, it is not restricted to active regions of a single
thickness. In this case, the thicknesses of the active regions isolated by
mesa i solation may range from5 angsjgons to 1000 angstrons. [00047] Wile
the present invention has been described in an illustrative manner, it
shoul d be understood that the term nology used is intended to be in
anature of words of description rather than of limtation. 25 [00048)
Furthernore, while the present invention has been described in terns of a
preferred and two alternate enbodinents, it is to be appreciated that
those skilled in the art will readily apply these teachings to other
possi bl e variations of the inventions. [00049] The enbodi nent of the
invention in which an exclusive property or privilege is clained are

defined agoh@hsPYSpubbn-M  while the present

invention has been

described in terms of a preferred and two alternate embodiments,
it is to be appreciated that those skilled in the art will

readily apply these teachings to other possible variations of

the inventions.

[00049] The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.




What is clainmed is: 1. A sem conductor-on-insulator chip conprising: a
substrate conprising of a sem conducting |ayer overlying an electrically
insulating layer; a first region in said sem conducting | ayer having a
first thickness, said first region conprises active regions separated by
shal l ow trench isol ation regions; andag second region in said

sem conducting |l ayer having a second thickness, said second region
conprises active regions defined by nesa isolation. 2. The

sem conductor-on-insulator chip of claiml, wherein said sem conducting

| ayer conprises silicon. 3. The sem conductor-on-insulator chip of claima1,
wherein said sem conducting |ayer conprises silicon and germanium 27 4.
The sem conductor-on-insulator chip of claiml1l, wherein said electrically
insulating material conprises silicon oxide. 5. The

sem conductor-on-insul ator chip of cimimsl,

Wwhat is Claimed is:

1. A semiconductor-on-insulator chip comprising:

a substrate cowprising of a semiconducting layer
overlying an electrically insulating layer; |

a first region in said semiconducting layer having a
first thickness, said first region comprises active regions
separated by shallow trench isolation regions; and

a second region in said semiconducting layer having a
second thickness, said second region comprises active regions

defined by mesa isolation.

2. The semiconductor-on-insulator chip of claim 1,

wherein said semiconducting layer comprises silicon.

3. The semiconductor-on-insulator chip of claim 1,
wherein said semiconducting layer comprises silicon and

germanium.




wherein said first thickness is greater than said second thickness. 6. The

sem
is i
sem
is i
sem
sem
regi
regi
regi
regi
sem

conductor-on-insulator chip of claiml1l, wherein said first thickness

n the range of 100 angstrons to 2000 angstronms. 7. The
conductor-on-insulator chip of claiml1, wherein said second thickness
n the range of 5 angstroms to 20§ angstrons. 8. The
conductor-on-insul ator chip conprising: a substrate conprising of. a
conducting layer overlying an electrically insulating |layer; a first
on in said sem conducting layer having a first thickness, said first
on conprises active regions defined by nmesa isolation; and 28 a second
on in said sem conducting | ayer having a second thickness, said second
on conprises active regions defined by nmesa isolation. 9. The
conductor-on-insulator chip of claim@8, wherein said sem conducting

| ayer conpri ses §i 1 i cbhe semiconductor-on-insulator chip of claim 1,

wherein said electrically insulating material comprises silicon

oxide.

S. The semiconductor-on-insulator chip of claim 1,
wherein said first thickness is greater than said second

thickness.

6. The semiconductor-on-insulator chip of claim 1,

wherein said first thickness is in the range of 100 angstroms to

2000 angstroms.

7. The semiconductor-on-insulator chip of claim 1,
wherein said second thickness is in the range of 5 angstroms to

200 angstroms.

8. The semiconductor-on-insulator chip comprising:

a substrate comprising of. a semiconducting layer
overlying an electrically insulating layer;

a first region in said semiconducting layer having a
first thickness, said first region comprises active regions

defined by mesa isolation; and




10, The sem conductor-on-insulator chip of claim8, wherein said

sem conducting | ayer conprises silicon and germanium 11. The

sem conductor-on-insulator chip of claim8, wherein said electrically

insulating material conprises silicon oxide. 12. The

sem conductor-on-insulator chip of clggm8, wherein said first thickness

is greater than said second thickness. 13. The sem conductor-on-insul ator

chip of claim8, wherein said first thickness is in the range of 5

angstrons. to 1000 angstrons. 29 14. The sem conductor-on-insul ator chip

of claim8, wherein said second thickness is in the range of 5 angstrons

to 200 angstrons. 15. A nethod for formng a silicon-on-insulator chip

conprising the steps of: providing a silicon-on-insulator substrate

conprising of a silicon |ayer overlying an insulator |ayer, said silicon

a second region in said semiconducting layer having a

second thickness, said second region comprises active regions

defined by mesa isolation.

9. The semiconductor-on-insulator chip of claim 8,

wherein said semiconducting layer comprises silicon.

10, The semiconductor-on-insulator chip of claim 8,
wherein said semiconducting layer comprises silicon and

germanium.

11. The semiconductor-on-insulator chip of claim 8,
wherein said electrically insulating material comprises silicon

oxide.

12. The semiconductor-on-insulator chip of claim 8,
wherein said first thickness is greater than said second

thickness.

13. The semiconductor-on-insulator chip of claim 8,
wherein said first thickness is in the range of S-Iangst:'roms.to

1000 angstroms.



| ayer comprising of a first region having a first thickness and a second
regi on having a second thickness, said first thickness being greater than
sai d second thickness; formng a nmesa isolation in said second regi on of
said silicon layer; formng a shallowtrench isolation in said first

region of said silicon layer; and foggning at |east an active device. 16.
The nmethod for formng a silicon-on-insulator chip according to claiml15,
wherein said first thickness is in the range of 100 angstrons to 2000
angstronms. 30 17. The nethod for formng a silicon-on-insulator chip

according to claim15, wherein said second thickness is in the range of 5:
angstrons to 200 angstrons. 18. The nethod for formng a

silicon-on-insulator chip according to claim 15, wherein said formng step

for the nesa isolation conprises the sub-ste of : Vi 'ng a;fd fest
i sol ati on nmask éﬁposiﬁﬁeasggPFP8§“8F°r§8P612%§§%$ I}é%%%% gt SRS B con
Iayer’wherein caid second thickness is in the range of 5 angstroms to

200 angstrous.

15. A method for forming a silicon-on-insulator chip
comprising the steps of:

providing a silicon-on-insulator substrate comprising
of a silicon layer overlying an insulator layer, said silicon
layer comprising of a first region having a first thickness and a
second region having a second thickness, said first thickness
being greater than said second thickness;

forming a mesa isolation in said second region of said
silicon layef;'

forming a shallow trench isolation in said first region
of said silicon layer; and

forming at least an active device.

16. The method for forming a silicon-on-insulator chip
according to claim 15, wherein said first thickness is in the

range of 100 angstroms to 2000 angstroms.



etching at | east one trench in said portion of said second region of the
silicon layer formng silicon islands or nesa structures; and renoving
said first isolation nmask. 19. The nmethod for formng a
silicon-on-insulator chip according to claim 15, wherein said formng step
for the shallow trench isolation conpjises the sub-steps of: providing a
second isol ation mask exposing a portion of said first region of the
silicon layer; etching at |least one trench in said portion of said first
region of the silicon layer; 31 filling said at | east one trench with
silicon oxide; renoving excess silicon oxide by a chem cal nechani cal
pol i shing process; and renoving said second isolation mask. 20. The ' net hod
of - claim19, further conprising a step of annealing said silicon oxide

Forming b si 11 com-oMthnaesy 1o Forming. a piliton-oh-1AFERIE Al
according to claim 15, wherein said second thicknesg is in the

range of 5 angstroms to 200 angstroms.

18. The method for forming a silicon-on-insulator chip
according to claim 15, wherein said forming step for the mesa
jsolation comprises the sub-steps of:

providing a first isolation mask exposing a portion of
said second region of the silicon layer;

etching at least one trench . in said portion'of said
second region of the silicon layer forming silicon islands or
mesa structures; and

removing said first isolation mask.

19. The method for forﬁing a silicon-on-insulator chip
according to claim 15, wherein said forming step for the shallow
trench isolation comprises the sub-steps of:

providing a second isolation mask exposing a portion of
said first region of the silicon layer;

etching at least one trench in said portion of said

first region of the silicon layer;



conprising the steps of: providing a silicon-on-insulator substrate
conprising a silicon layer overlying an insulator |layer, said silicon
| ayer further conprises a first region having a first thickness and a
second region having a second thickness, said first thickness being
greater than said second thickness; formng a shallow trench isolation in
said first region; formng a nesa isolation in said second region; and
form ng active devices. 32 22. The nethod for formng a
silicon-on-insulator chip according to claim21, wherein said first
thickness is in the range of 100 angstrons to 2000 angstrons. 23. The
nmet hod for formng a silicon-on-insulator chip according to claim 21,
wherein said second thickness is in the range of 5 angstrons to 200
angstrons. .24. The net

hod fo orm ng_a silicon-.Qn-insul ator Lp
according to claf+ﬂ%%ﬂg\ﬂﬁ%deﬁﬁ é&?gkfgpﬁiﬁﬁegékuY#gh'%ﬁ%%cnésgxggéblation
further the SUb-géggﬁiég'excess silicon oxide by a chemical mechanical
polishing process; and

removing said second isolation mask.

20. The method of- claim 19, further comprising a step
of annealing said silicon oxide at a temperature -higher than 500

degrees Celsius.

21. A method for forming a silicon-on-insulator dhip
comprising the steps of:

‘ providing a silicon-on-insulator substrate comprising a
silicon layer overlying an insulator layer, said silicon layer
further comprises a first region having a first thickness and a
second regioﬁ having a second thickness, said first thickness
being greater than said second thickness;

forming a shallow trench isolation in said first
region;
forming a mesa isolation in said second region; and

forming active devices.




providing a first isolation mask exposing a portion of said second region
of the silicon layer; etching at |east one trench in said portion of said
second region of the silicon layer formng silicon islands or nesa
structures; and renoving said first isolation mask. 33 25. The nethod for
formng a silicon-on-insulator chip agcording to claim 21, wherein said
formng step for the shallow trench isolation conprises the sub-steps of:
provi ding a second isolation nask exposing a portion of said first region
of the silicon layer; etching at | east one trench in said portion of said
first region of the silicon layer; filling said at |east one trench with
silicon oxide; renoving excess silicon oxide by a chem cal nechani cal

pol i shing process; and renoving said second is o) qﬁﬁﬁﬂa%@r Ehep et hod
of claim 25, fuzﬁherTh@nmtm%%qméforg‘Pé’ﬁ 8 ® %ag%%%ﬁl’l% said sili coﬁpom de

at a tenperature higher than
aJZerlng to éaalm 21, wherein said first thlckgess is in the

range of 100 angstroms to 2000 angstroms.

23 The method for forming a silicon-on-insulator chip

e
according to claim 21, wherein said second’ thlckness is in th

range of 5 angstroms to 200 angstroms.

24. The method for forming a silicon-on-insulator chip
according to claim 21, wherein said forming step for the mesa

jsolation further the sub-steps of:
providing a first isolation mask exposing a portion of
said second region of the silicon layer;
etchlng at least one trench in said portion of said
r
second region of the silicon layer forming silicon 1slands o)

mesa structures; and

‘removing said first isolation mask.



500 degrees Celsius. _ 27. The method for formng a silicon-on-insul ator
chip conprising the steps of: providing a silicon-on-insulator substrate
conprising a silicon layer overlying an insulator |ayer, said silicon

| ayer further conprises a first region having a first thickness and a
second region having a second thickness, said first thickness 34 being
greater than said second thickness; formng nesa isolation in said first
and second regions; and form ng active devices in said first and second
regions. 28. The method for formng a silicon-on-insulator chip according
to claim?27, wherein said first thickness is in range of 5 angstrons to
1000 angstrons. the 29. The nethod for formng a silicon-on-insulator chip
according to claim 27, wherein said second thickness is in the range of 5
angstrons to 20(55ang§, rons

e method for forming a silicon-on-insulator chip
according to claim 21, wherein said forming step for the shallow
trench isolation comprises the sub-steps of: |

providing a second.isolationAmask exposing a portion of
said first region of the silicon layer;

etching at least one trench in said portion of said
first region of the silicon layer;

filling said at least one trench with silicon oxide;

removing excess silicon oxide by a chemical mechanical

polishing process; and

removing said second isolation mask.

26. The method of claim 25, further comprising the
step of annealing said silicon oxide at a temperature higher than

500 degrees Celsius.

27. The method for forming a silicon-on-insulator chip

comprising the steps of:
providing a silicon—on—insulator substrate comprising a
- silicon layer overlying an insulator layer, said silicon layer
further comprises a first region having a first thickness and a

second region having a second thickness, said first thickness



30. The nethod for forming a silicon-on-insulator chip according to claim
27, wherein said formng step for the nesa isolation further the sub-steps
of : providing an isolation nmask exposing a portion of said first and
second regions of said silicon layer; 35 etching trenches in a portion of
said first and second .regions of saq silicon |layer formng silicon
islands or nmesa structures; and renoving said isolation mask.

being greater than said second thickness;

forming wmesa isolation in said first and secondg
régions; and

forming active devices in said firsE and second

regions.

28. The method for forming a silicon-on-insulator chip
according to claim 27, wherein said first thickness is in the

range of 5§ angstroms to 1000 angstrowms.

29. The method for forming a silicon-on-insulator chip
according to claim 27, wherein said second thickness is in the

range of 5 angstroms to 200 angstroms.

30. The method for forming a silicon-on-insulator chip
according to claim 27, wherein said forming step for the mesy
isolation furéher the sub-steps of:

providing an isolation‘mask exposing a portion of saig

first and second regions of said silicon layer;



35

etching trenches in a portion of said first and second

regions of said silicon layer forming silicon islands or mesa

structures; and

removing said isolation mask.




