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BACKGROUND OF THE 1) Field of the Invention The invention _

relates to the faﬂ“m@g‘mmm integrated circuit devices, agl19 NBY)eztﬂ%en i

particularly, to mernod ‘that reduces electromagnetic coupling be

i nductor created over %% surface of a silicon substrate and the

underlying silicon substrate. (2) Descri ptlrogsg];i ng |PLI o;ué[]t appl | cat | ons
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extended frequencies in the range of several gigahertz. This has le o]

the need to create Integrated Crcuits whereby active sem conductor 4

elements are conbined with passive electrical conponents and aie creaie

over the surface of BAEKGBAUNID MFC ToEM MOty substrate. 00002

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, ahd-more particularly, to a method that reduces
electromagnetic coupling between ah.inductor Ccreated over the

surface of a silicon substrate and the underlying silicon

substrate.

(2) Description of the Prior Art

Semiconductor devices have of late seen increased use in
such applications as cellular telephones, wireless modems and a
generai range of communication equipment, which has created the
need for Integrated Circuits: having capabilities'of radio
frequency (RF) amplificaﬁion up to extended frequencies in the
range of several gigahertz. This has led to the need to create
Integrated Ciréuits whereby activé'semiconductor elemenﬁs are
combined with passive electrical components and are created over

the surface of one monolithic semiconductor substrate.
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0 5 NOV 2004 There are a number of significant advantages in integrating
on one sem conductor nonolithic substrate the functions of conventional
sem conductor devices with functions that are typically Berforned by a RF
anplifier. For instance, manufacturing costs can be sign fﬁdwi,_t 12§04 educed
whi l e power consunption for the conbined functions is also limted. _

I nductors however typically are of significant size and therefore require
a large surface area of the sem conductor device for their inplementation
The inductors are typically formed on the surface of a substrate in a
spiral f &%‘ﬁrereas‘iﬁ t%/rﬂjl-mk?enr paf a3t eP el tapaki edreetandssibstnaegrieosad hat
have a serious negative effect on the functionality of the created LC

ci r O Py FHAPIAP Fetuchore t hehf ¢ eguentya oé tBsofianceiohst bits circuit.
The incorporation of RF inductors without sacrificing device performance
dueCP@V§@&ﬁﬂﬁﬁkeﬂam%ﬁ§ﬂ¢w§t@ee@eeXteﬂswyehyfuﬁesegh@heﬂatna&%?ent years.
Sonme of the techniques that have been wused for this approach include: -

t he typlieetlilye renfmimgl (hy ®trhiag)1ofiéhe sbti caBrHAderneath the inductor
(using nethods of mcro-machining) - using nultiple layers of netal (such

as abulifawtur in ILANRLS 198 9f g OPPEL HRYBSEENELNL AL §ANACLS - using &
high resistivity silicon substrate

consumption for the combined functions is also limited.

Inductors however typically are of significant size and

therefore require a large surface area of the semiconductor

device for their implementation. The *inductors are typically

formed on the surface of a substrate in a spiral form, resulting

in parasitic capacitance and substrate loss that have a serious

negative effect on the functionality of the created LC circuit

by sharply reducing the frequency of resonance of this circuit.

The incorporation of RF inductors without sacrificing device
performance due to substrate losses has been extensively
researched in recent years. Some of the techniqués that have been
used for this approach include:

- the selective removing (by etching) of the silicon underneath
the inductor (using methods of micro—machining)

- using multiple layers of mefal (such as aluminum)
interconnects or of copper damascene interconnects

- using a high resistivity silicon substrate



2 0 5 NOvV 2004 - enploying biased wells underneath a spiral conductor -
inserting various types of patterned ground shields between the spiral

i nductor and the silicon substrate increasing the thickneSﬁ ngéh%w _
inter-layer dielectric. The above listing of researched alteér ¥i208% s
not nmeant to be conplete or all inconclusive. Al of the above approaches
have as commpn objectives to: 1) enhance the quality (Q value of the

i nductYPPlantn®)bl peedaseli heunfeguenty 6f sphaalCosmiduatesonance t her eby
i ncreasing the frequency range over which the inductor can be used. The

i nventioge adili@ssesiohe abpre Birghhir@BaddCOICRNIS M e LU LGS &, met hod
wher eby the el ectromagnetic coupling between a horizontal inductor, that

s createdsgves theasuebacenafl ce Shhiicen sybstrate and the underlying
silicon substrate is reduced, thus increasing the operational capability

o ocest Y areding nROE Shi bR SatEorys P fiiitd TRt 05 NOV 2004
The above listing of researched alternatives is not meant
to be complete or all inconclusive. All of the above approaches
have as common objectives to:
1) enhance the quality (Q) value of the inductor, and
2) increase the frequency of the Lb self-resonance thefeby

increasing the frequency range over which the inductor can be

used.

The invention addresses the above highlighted concerns an
provides a method whereby the electromagnetic coupling between a
horizontal inductor, that is created over the surface of a
silicon substrate, and the underlying silicon substrate is
reduced, thus increasing the operational capability and frequency

range of the inductor.

US 6,093,599 (Lee et al.) shows a process for an inductor

over a polysilicon filled trench.



US 6,225,182 Bl (Chu et al.) discloses a process for an inductor over an
epitaxial layer. US 6,057,202 (Chen et al.) reveals a spiral inductor

process -over an air trench in the substrate. US 6, 153, 489 #Egrﬁgﬁémﬁ4.)
shows an i nductor over a porous silicon |ayer. SUWARY OF ON A

principle objective of the invention is to inprove circuit performance of

sem cond Vi i sing actjive.an assi ve conponents over the
sur f ace ggg3%ég§%ﬁ§f?t%fgﬂgﬂﬁs?ra? fsAﬁb?ﬁ PsgﬁjécPF9Ee§F £R& @vention is
to pr%yi e a nethod for increasing t he separation between an inductor that
i s rEAEPT SV tHe U FHee® bf LoR&  nonol i thic substrate and the underlying
nonol i thic substrate. Yet another objective of the invention is to inprove
RF circuit performance for RF circuits. that are created using an

inductor that. is created over the surface of one nonolithic substrate. 4
0 5 NOV 2504, 93 actor damee ek télt herebpetsi uespafathe nidoventd @ o oW
nmethod is provided for the creation of a horizontal spiral inductor over

t he osuenf e adfr a irdicaim stibst sab et rAcéirst |ayer

US 6,153,489 (Park et al.) shows an inductor over a porous

silicon layer.

SUMMARY OF THE INVENTION

A principle objective of the invention is to improve circuit

performance of semiconductor devices comprising active and

passive components over the surface of one monolithic substrate.

Another objective of the invention is to provide a method
for increasing the separation between an inductor that is created
over the surface of one monolithic substrate and the underlying

monolithic substrate.

Yet another objective of the invention is to improve RF
circuit performance for RF circuits. that are Created using an
inductor that is created over the surface of one monolithic

substrate.



- of dielectric is deposited over the surface of the substrate, this first

| ayer of dielectric is patterned and etched creation islands of first
dielectric material overlying the surface of the substrate, the islands of
first dielectric material align with coils of a thereover tglge ﬁgsﬁmﬁd
spiral inductor. The openings <created in the |layer of diele i@ ='he
patterning and etching of the first layer of dielectric are filled by

sel ective deposition of epitaxial silicon therein. Second and third | ayers
of dielec Bic are successi%el% deposited over the surface of the first
layer of def8&PFIENCR ¥pithaltNRolbiGstavashdctidre jinvdernionraated over the
surface of the third |layer of dielectric. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fi g. "5 %Mohd BFBBLIREWISE &heomventtiomalo ther irwonitalintsyi rapiranduct or. Fi g.
| b shows a cross section of a conventional horizontal spiral inductor. 5 0
5 NOV'Pe0%°r FPEST hehpoughcs shown stife domentbisanatas, 0l 4 omst Fi@er2 shows
the cross section of a substrate over the surface of which a | ayer of

di el @ttdiel erakrbeensdeppebtiedd ofied. theshQWE s eClIST ety after the
deposited | ayer of dielectric ahs been patterned and etched, creating

i sl apiss ofirst layer of dielectric is patterned and etched creation
islands of first dielectric material overlying the surface of the
substrate, the islands of first dielectric material align with
coils of a thereover to be created spiral inductor. The openings
created in the layer of dielectric by the patterning and etching
of the first layer of dielectric are filled by selective
deposition of epitaxial silicon therein. Second énd third layers
of dielectric are sucéessively deposited over the surface of the

first layer of dielectric. A spiral horizoﬁtal inductor is then

Ccreated over the surface of the third layer of dielectric.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la shows atop view of a conventional horizontal spiral

inductor.

Fig. 1b shows a cross section of a conventional horizontal

spiral inductor.



dielectric over the surface of the substrate. Fig. 4 shows a cross section
of the substrate after the openings that have been created through the

| ayer of dielectric are filled with epitaxial silicon. Fig. @ﬁsgagsgmq
cross section of the substrate after the horizontal inductor has-be

created over the surface of the substrate over the surface of deposited

| ayers of_.dielectric and . aligned wth the island of dielectric that have
been or odidtT ot THE Sl 1ce G ¢ HA® ShBYERK? 8" DESGRPPHPN ‘OF THE PREFERRED
EMBODI MENTS The invention addresses concerns relating to the creation of
an i nductor over the surface of one nonolithic substrate. By increasing

t he di stance between the inductor and the surface of 6 0 5 NOV 2004 the
subst r at &i@rer?2 v @ts ttee | pdoies osecsibei nf er eabed radleectweonagnet i ¢ | osses
that are conventionally incurred by the inductor are reduced, increasing
t he squladey dfactlorclofa theyer ndfict belaadrt benawi bbennple@pdsig dche RF
performance and frequency range of the circuit -of which the inductor is a
conponent. It is, as previously stated and specifically in view of the
cost advantages that are offered thereby, desirable to be able to create

an i nductmirg OVErsKdes SANBr §DN0LEEPL 6nSHREELALBORRLOMItR 1ayer of

dielectric ahs been patterned and etched, creating islands of

dielectric over the surface of the substrate.

Fig. 4 shows a cross section ofe:the substrate after the

openings that have been created through the layer of dielectric

are filled with epitaxial silicon.

Fig. 5 shows a cross section of the substrate after the
horizontal inductor has been created over the surface of the
substrate over the surface of deposited layers of dielectric and
aligned with the island of dielectric that have beeh created on

the surface of the substrate.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention addresses concerns relating to the creation of

an inductor over the surface of one monolithic substrate. By

increasing the distance between the inductor and the surface of



active sem conductor devices are created. The parasitic capacitances that
occur as part of this creation however [imt the quality factor of the
inductor that can be achieved using the conventional sili 00%5{ 3@93?0020
about 10. This limtation is, for many applications, not acc Vet
Dependent on the frequency at which the LC is designed to resonate,

Si hEi r \Y, t ity factor, for. i stanpe 15 or nore
fO?Bg%_EEPTSEYEEEU%%FS?%#U%;}} e al\t}g?iag!%.y T ot ArfTRaEen this been

i m A al ues .of higher quality factor as separate units and
! Intn%%rggttlr%glaphgggcggﬁ\ésrsaetsescuhrﬁt[sa tHTHE St dbhdi hyCHeyeeebyf theti ons.

This negates the advantages that can be obtained when wusing the nonolithic
con%PBUgEPEnaGF EFERCERY BOaT e nhdie otuabhdy t frecsorrotintdhag devi ces on
one and the sane sem conductor substrate. The non-nonolithic approach al so

has1PABCHPSadPantaga ewitiay iaudtiaviormltivi rRMgéstoequhcedaha EREGLEABPECT
the sub 7 0 5 NOV 2004 conponents of the assenbly thereby again introducing
addrengpabt paeasitrice icapecivthandes: rendi ndsd sdt Ves | 9ssespONER Lt he
interconnecting wiring network. For many of the applications of the RF
anplifier, such as portable battery powered applications, power
consunption is at a prem umand nust therefore be as |ow as possible. By
rai si my tihe, Q@Nﬂréﬁ&@@§p§i9ﬂat55eaﬁaf§BE§i@Ecally in view of the

cost advantages that are offered thereby, desirable to be able to

create an inductor over the same monolithic substrate over which

active semiconductor devices are created. The parasitic

capacitances that occur as part of this creation however limit
the quality factor of the inductor that can be aéhieved using the
éonventional silicon process to about 10. This limitation is, for
many applications, not acceptable. Dependent on the frequency at
which the LC is designed to resonate, significantly larger values
of the quality factor, for instance 15 or more for on-chip
inductors, must be available. Prior Art has in this been limited
to creating values of higher quality factor as separate units and
integrating these separate units Qith the surrounding device
- functions. This negates the advantages that can be obtained when
using the monolithic construction of creating both the inductor
and the surrouhding devices on one and the same semiconductér
substrate. The non-monolithic approach also has the disadvantage

that additional wiring is required to interconnect the sub-



parasitic capacitances and resistive power |oss can be partially
conpensated but there are |[imtations to even this approach. These

probl ems take on even greater urgency with the rapid expang1§n§8v Mmﬁeless
applications such as portable tel ephones and the like. Wr sS’

communi cations is a rapidly expanding market where the integration of RF

i nt i i tiShd S - t_] rtant chal.l enges.. One of the
appronae e o o ety 1 PER. b TRE ¢ RBkadHE G %Ehaeatran to for
h frequencies, the val ues

i nstance. : to 100 CGHz, .For . such hi
of #ﬁ% qdﬁ%ﬁfﬁg ac %ﬁg%%g%i%% f?%ﬁ?E?V?c&ﬂ§555e8§ﬁﬁdﬁéﬁors are
significantly degraded. For applications in this frequency range,
nog&qquQPW%%ﬁﬁﬁ " halRd peehvPES eaF e heBanyi A bhRepprharatsioniscarf as t he
base for the creation of the inductors. Such nonolithic |nduct9rs have for
i nst e & et orldtied stingas sepphibeeobaGadsyapoaebaseapbhesea tirgugt or S
have a considerably |ower parasitic capacitance than their silicon
CouRPFara® b t idreried ore provedeuhi ghermhisequesekesref peesenange-af the
LC circuit. \Were however nore conplex applications are required, 8 0 5
NOV 2334 bliche Meethisting exéspswép €orabApLNEHGt OhS WSiERGLSI bircon as a
substrate. For those applications, the approach of using a base material
ot heyra rtahsairt isd |d egoat hasn g OVERA t Be HEst 00 CHBREES OB WAL L e partially

compensated but there are limitations to even this approach.

These problems take on even greater urgency with the rapid

expansion of wireless applications such as portable telephones

and the like. Wireless communications is a rapidly expanding

market where the integration of RF integrated circuits is one of -

the most important chéllenges. One of the approaches is to

significantly increase the frequency of operétion to for instance

the range of 10 to 100 GHz. For such high frequencies, the values

of the quality factor obtained from silicon—baéed inductors are

significantly degraded. For applications in this frequency range,

monolithic inductors have beén researched using other than

silicon as the base for the creation of the inductors. Such

monolithic inductors have for instance been created using

sapphire or GaAs as a base. These inductors have a considerably

lower parasitic capacitance than their silicon counterparts and

therefore provide higher frequencies of . resonance of the LC

circuit. Where however more complex applications are required,



for instance GaAs as a nediumfor the creation of sem conductor devices is
as yet a technical challenge that needs to be addressed. Thegqglm\iép%
factor Q of an inductor can be described as follows: Q= Es/E Es
is the energy that is stored in the reactive portion of the conponent
while El is the energy that is lost in the reactive portion of the

conpnaentedThe ihet kef stthe rAualddoe of e sommonen ’#gﬁgﬁle,oser the

Sea
resistive value of the conponent approaches zero 6 factor of the

i.nfinit.y. . The quality factor for conponents differs
??ganQPﬁgEaﬁgPﬂE?%tcﬁg\?S:es aaﬁ%sl&zclaéttleodlsvﬁ fkhhﬁa‘ i TRRTRAGE PEsBRAPEr 8. Papsr

t th uality factor serves as a neasure of the purity of the
Con}%{ogg@lg%o?tf‘ﬁg g’]‘?@)e/ﬁtl&ﬁccéﬁn P RF QGHporee WP churhar pemdeyhaded due

reactance _
to parasitics. In an actual configuration, there are always sone physi cal
rest SEor8SLRRCOWCPPS @iSssi Frade woierr tithes ebye aletorast ngehheopduerorhat can
be recovered. The quality factor Qis dinensionless. A Qvalue of greater
t haR®YBESPs 1€0RSi déite@ FeaprHicgh. fairaldieswretend nduet@s stothat are mount ed
on the surface of Printed Grcuit Boards. For 9 0 5 NOV 2004 inductors that
f or aflgaeesefl-an integrated circuit, the Qvalue is typically in the range
bet ween about 3 and 10. :

The quality factor Q of an inductor can be described as
follows: Q = Es/El wherein Es is the energy that is stored in the
reactive portion of the component while E1 is the energy that is

lost in the reactive portion of the component. The better the
quality of the component, the éloser the resistiQe value of the
component approaches zéro while ﬁhe Q factor of the component
approaches infinity. The quality factor for components differs
from tbe quality that is associated with filters or resonators.
For.components, the quality factor serves as a measure of the
purity of the reactance (or the susceptance) of the component
which can be degraded -due to parasitics. In an actual
configuration, there are always some physical resistors that will
diséipate power thereby decreasing the power that can be
recovered. The quality factor Q is dimensionless. A Q value of
greater than 100 is considered very high for discrete inductors

that are mounted on the surface of Printed Circuit Boards. For



As has previously been stated, the self-resonance that is caused by the
parasitic capacitance between the (spiral) inductor and the underlying

substrate will limt the use of the inductor at high frequenci@s NUV 2004
Furthernore, the | ower series spreading resistance associated with the
substrate, which is due to well and field inplantations, will degrade the

Qf f.ot he o ndyct S has; rect effect on the useful ness of a
non%lglatg[?ltgrgr QI r?tteg(rzl)ate cE‘lrntdlt;gct ongt rﬁied ST AP ehent e oh'Si i Eahue 1S

sub This effect can he overcone i [ea under neath the
mdﬁé’%g%%%% be rt%glﬁ %0 epp%eearwel DLty § niu?%‘? Y: which can be achieved

by for instance sel ectl vely removing the underlying silicon resulting in
inductors that are suspended in air. Another approach, an approach that is
favored by the invention, is to increase the distance between the

hori zoht a*lla%;iPJF%ﬂh@WéIhEtbﬂéé s&ndethe tiel isedrd -sesbace cevehathiich t he
inductor is created such as the surface of a silicon substrate. For a

bet rersegndrys trévedipag acfi ttile dapeent i ange cloavead h ofigd (s8i heds ohqGreati ng a
hori zontal spiral inductor. are first highlighted. 10 0 5 NOV 2004

Refahﬁlmgefumdbmhyum@1¥Mﬁ$ﬂﬁhﬁﬂEﬁhlialﬂﬁﬂtl@heth§€eof5tﬁgofﬂdh9tgkg la a

top view of a spiral inductor 12 conprising two and
at high frequencies. Furthermore, the lower series spreading
resistance associated with the substrate, which is due to well
and field implantations, will degrade the Q factor of the
inductor. This has a direct effect on'the usefulness of a
monolithic or integrated inductor that is implemented on silicon
substrates. This effect can be overcome if the aréa underneath
the inductor can be made to appear locally insulating, which can
be achieved by for instance selectively removing the underlying
silicon resulting in inductors that are suspended in air. Another
approach, an approach that is favored by the invention, is to
increase the distance between the horizontal spiral inductance

and the silicon surface over which the inductor is created such

as the surface of a silicon substrate.

For a better understanding of the invention, conventional

methods of creating a horizontal spiral inductor are first

highlighted.

10



a half | oops by way of exanple. This spiral inductor 12 is further

hi ghlighted in the cross section of Fig. Ib where is shown a[pﬁoﬁgvsgmqion
of a silicon substrate 10 in the surface of which a STI trench 20 has been
created for inproved separation between the inductor 12 and substrate 10.
A netallic shield 18 is created spaced between the inductor 12 and the

subst ré e 4P h r8rdef; Lo u rire t | ectr,0 netic., coupling
bet ween t he li%ductor 12 gndb%ﬁg g&b?ﬁ%%feq%b% on?gﬁ%B%?? of %ﬁ%wﬂetallic

shi el,d %8, I of | as_been deposjted.gver the surface of
subgbrggg'lgé %%?ﬂ¥%f%%éﬂ %%B%o??lﬁ%g %%g%?g?FoﬁgoFopﬁﬁlSFHHUGWSraf? a

| ayer of. | MD has been deposited over the surface of the |ayer 14 of
ILD% P%gfsquaiﬁ9%1wﬁyeﬁété%ﬁ@?%%r TheS spifatelpfuchersdBstisate 10 such

that. the inductor 12 overlies the STl region 20. w thout extending beyond
t he FEFILREEgiNdR B IMRE 11 cifth @¥O3hesSTEiprgPENF20.i dbcaheert iianal | y
bet ween about 0.3 and 0.4 pm deep. The problens that are encountered with
t he SE&MPedt iCG1PAS toPn of f o emt 1 hgom hobszoatal 18pihakhienduetfakcovar t he
surface of a silicon substrate, as shown in cross section in Figs. la and
| b, whaeh ©hS8ef dlmknctl 2D S1aNOb@O04crdat therdepipobvihesSThrbkgogh i s
limted and does not adequately

between the inductor 12 and substrate 10. A metallic shield 18 is

created spaced between the inductor 12 and the substrate 10 in
order to further reduce the electromagnetic coupling between the
inductor 12 and the substrate 10. Fors.support of the metallic
shield 18, a layer 14 of ILD has been deposited over the surface
of substrate 10. For further support and separatiﬁn of the
inductor 12 a layer 16 of IMD has been deposited over the surface
of the layer 14 of ILD. The STI region 20 extends over the
surface of the substrate 10 such that the inductor 12 overlies
the STI region 20.without extending beyond the STI region 20. The

trench of the STI region 20 is conventionally between about 0.3

and 0.4 pm deep.

The problems that are encountered with the conventional method
of creating a horizontal spiral inductor over the surface of a
silicon substrate, as shown in .cross section in Figs. la and 1b,

are threefold:

11



contribute to the separation between the inductor 12 and the silicon of
the substrate 10 2. the netallic field plates 18 are not very effective in
providing shielding of the electronagnetic field between the inductor 12
-and the silicon substrate 10, and 3. conventional CMOS/ Bl CMOS processes
have field inplantations underlying regions of STlI, which redBdﬁ!ﬂHkZﬂﬂh
substrate resistivity underneath the inductor, and degrade inductor
coupling to the substrate. To counteract these problens, the invention

proyi- thod of creating a spiral inductor over the surface of a
siI?égﬁﬁégﬁgﬁﬁgfgs ?cﬁTQJFFeHBQ/bé exPl ARAednidn ddesainlo tusiceguuatiagsy 2

through 5. Shown in Fig. 2 is a cross section of a silicon substrate 30
over (1EEUrTH® ot Wi cPeRarayeen3pebiesin| kbenioxide ohas 2beem @daposi t ed.
Layer 32 of silicon nitride can alternatively be a conbination of silicon
di oxi & ldfPrsiaf cdre mub$heat&oroOsubstrate 30, a high-resistivity silicon
is preferred by the invention since this increases resistance to the

penét tdxs greteflltive fied ettp Damgnet 8 cafbehdei Loyt Be rspbstLate 30 and
therefore reduces 12 0 5 NOV 2004 the el ectromagnetic |osses that are
convemriconialilng expesi®NCebPYrhe electromagnetic field between the

inductor 12 and the éilicon substrate 10, and

3. conventional CMOS/BICMOS processes have field implantations
underlying regions of STI, which reduce the substrate
resistivity underneath the inductor* and degrade inductor

coupling to the substrate.

To counteract these problems, the invention provides a new
method of creating a spiral inductor over the surface of a

silicon substrate, which will now be explained in detail using

Figs. 2 through 5.

Shown in Fig. 2 is a cross section of a silicon substrate 30

over the surface of which a layer 32 of silicon oxide has been
deposited. Layer 32 of silicon nitride can alternatively be a

combination of silicon dioxide and silicon nitride. For substrate

30, a highfresistivitylsilicon is preferred by the invention

Since this increases resistance to the penetration of the

electromagnetic field into the substrate 30 and therefore reduces

12



ration. As an exanple of the creation of Layer 32 of silicon
zgfgea ?2?8;) can be cited usrﬁg nmonosi | ane (SiH4) and nitrous oxide (N20)
‘as a source material deposited using LPCVD or PECVD proceduresyj iuwgv 2004
tenperature between about 300 and 800 degrees C. The thickness o ayer 32
of silicon oxide can be optimzed for particular applications, the

{ LAV Lo f ayer, 32 of silicon oxide is
Eéfagiaégziﬂfggagﬁﬁtgép%?g%ﬁg ﬁg%gr%§§ %%&g%ﬁ%§§$%%&%kf*%??%ﬁﬁC%%I?%rned

hgd -9g; gpnventional methods of photolithography devel opnent and
2Q§§§E$e$ %gg%g$?é§ﬁfng and etching of layer 32, the results of which are
shown in cross section in Fig. 3, is performed such that the layer 32 is
renmoved where this layer is not critical for the creation of an overlying
i nductor, _That is ere support for the inductor is required thereby
incIudiﬁ%sp?%cﬁég@ﬂggtB eFBRcEEea&A@™ BE [Liaker t37e dfaysirl BDofosidé con
oxide is not removed, the layer 32 of silicon oxide is renoved in al
ar egél%erce“t M citgibrusinadionegul ard f 81 Hi heacd eat t 6ouof orDaENduct or
above the surface thereof. 13 0 5 NOV 2004 The silicon oxide layer 32 can
be E¥¥Hed e @pindenguatre mim sodepps ct&eacking Loavbt gk EREEp of the silicon
oxi de | ayer _ _

procedures, at a temperature between about 300 and 800 degrees C.
The thickness of layer 32 of silicon oxide can be optimized for

particular applications, the preferred thickness of the invention

for the layer 32 of silicon oxide is Between about 3 and 4 pm.

The layer 32 of silicon oxide is next patterﬁed and etched,
using conventional methods of photolithography development and
exposure. The patterning and etching of layer 32, the results of
which are shown in cross section in Fig. 3, is performed sﬁch
that the layer 32 is removed where this layer is not critical for
the creation of an overlying inductor. That is, where support for
the inductor is required thereby including processing tolerances
and the 1like,

the layer 32 of silicon oxide is not removed, the

layer 32 of silicon oxide is removed in all areas where this

layer is not required for the creation of an inductor above the

surface thereof.
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32, using CHF3 or CF4-02-He as an etchant. The invention then proceeds,
Fig. 4, by selectively growing a layer 34 of epitaxial silicon in the
openings that have been created through the layer 32 of sili C(tpﬁogbq_ezugq
Epitaxial silicon is silicon that, as is well known in the art! “h i
crystal orientation controlled by the crystal substrate whereby the

t al Le ] shhe Siqte epitaxial filmis determned by the
gwgtgl gﬁ%eﬁ%g%ibgﬁ g%?%e%ﬁ’%&r I3t>?i %ﬁg‘s%el ceoncq‘ﬁf{)skﬁ ALY NG 3N 34 of

i £.axi ilic 5t _be fr f* crystal ]l ographic defects causing no
gltori@is%?%r?ﬂﬁé&l gg%r&l?ﬂ? &r g%tcﬁ‘e (gﬁl@eﬁfec? hi TN g1 13§ eka ger of
sil 'é:on oxi de s been indicated as being between about 3 and 4 pm the
pre e’rr%?jln?h?:ggﬁe%% OF 1%y Ee 38 Sn égidaiital silicon is a thickness of at
least 3 pm The cross section that i's shown in Fig. 5 shovvs_ how t he
invention further conpletes the creation of a horizontal spiral inductor.
Added to the structure that is shown in cross section in Fig. 4 are the
| ayer 186 1gventiicn Lével mieteedsi cF{¢LD}, and s8Beotilater gMtahgDiael ectric
(IMD). 14 0 5 NOV 2004 A typical application of a |ayer of Intra | evel
di elaxeriddief epposkihhgsalliaper iof tSic02pesiing CVB4eahnal agyeat a
t emperat ure

created through the layer 32 of silicon oxide. Epitaxial silicon

is silicon that, as is well known in the art, has its crystal
orientation controlled by the crystal substrate whereby the
crystal orientation of the deposited dpitaxial film is determined
by the crystal orientation of the underlying silicon substrate.

Layer 34 of epitaxial silicon must be free of crystallographic

defects causing no stress in the layer 34.

Where the preferred thickness of layer 32 of silicon oxide has
been indicated as being between about 3 and 4 pm, the preferred

thickness of layer 33 of epitaxial silicon is a thickness of at

least 3 pm.

The cross section that is shown in Fig. 5 shows how the
invention further completes the creation of a horizontal spiral
inductor. Added to the structure that is shown in cross section

in Fig. 4 are the layers 36 of Intra Level Dielectric (ILD) and

38 of Inter Metal Dielectric (IMD).
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6 of ILDis deposited
en about 400 and 800 degrees C. The |ayer 3

?L ge:ﬁ?ckness that is design dependent and can range between a VQLUﬁ gf
‘about 4,000 Angstrom and 10,000 Angstrom The layer 36 is, after i a

been deposited, polished using CWP techgol _og%/ in o[ glerditgl Zzgﬁi ?\,?{)%94
i | ayer 36. An inter ne _

pl anarity of the surface of _ jmetal dielectric UM
i referably formed of plasma oxide, spin-on-g

L:?:;i;f gnd spec?fically has a thi ckness of between 5,000 and 15, 000

' ' hown in cross
fder dmyers, _Ands 38 g been_deposited as s nc
éggf}ggﬁPﬁﬁFig.. 5,:?%é§?%duc¥or g%ylg ?ﬁe%nggﬁabEﬁeévgﬁe#ﬁ€trﬁ§Uﬂﬁace of

I i i hods of netal deposition,
th e .Usi ng.conyenti onal net . ( .
pa??ggﬁfagii%dée?gﬁkﬁggygglgzfﬂgfﬂ%rX¥Be5?8b“°é§ﬁécﬁtoﬁ tleepiemagntieon it

. . ) ) 0
' I e oss section of Fig. 5 that the coils of |pductor 4
g}J ?%%b‘%?ﬁégﬂdég?épl 8@@& agd §§8vé‘e€ﬁée§atct-er féx¢ dieveat checb f aylebsi 82 of

i i i whi ch the inductor 40 is

il oxide.  The  thickness of the layer 32 over

iLé%%éé?l%?%vFaeaaHBFFFBﬁéF §Bé§|ﬂg'E@#Mf@mctgmggg?gﬁ&ggigﬁg?gezﬁ?ﬁaSSCQHS
4 bstrate 30 and provides therefore

be ?2}?‘19‘?1‘?’;2%! T3tuepef nahrpér foPAAnaegot riohe ainaduet, @ R e ed e

layer 36 is, after it has been deposited, polished using CMP

technology in order to assure good planarity of the surface of

layer 36.

An inter metal dielectric (IMD) layer is bpreferably formed of
plasma oxide, spin-on-glass or LPCVD oxide material and
specifically has a thickness of between 5,000 and 15,000

Angstrom.

After layers 36 and 38 have been.deposited as shown in cross
section in Fig. 5, the inductor 40 is then creatéd over the
~surface of the upper laYer 38 if IMD, using convenfional methods
of.metal deposition, patterning and etching. As a further special
aspect of the invention it must be noted in the cross section of
Fig. 5 that the coils of inductor 40 align with.and are located
above the patterned and etéhed layers 32 of silicon oxide. The
thickness of the layer 32 over which the inductor 40 is Created

provide additional Spacing between the inductor 40 and the

15



frequenci es of operation thereof. The invention can be sumuarized as
follows: the addition of oxide |ayer (32) underneath the inductor
‘selectively nmaintains a high resistivity substrate undernea%ﬂstwbe H@ﬁ

i nductor, which enhances el ectromagnetic de-coupling betwe€ ctor
and the substrate substrate resistivity underneath regions of STl and

need for metallic fiel | ates t hat
A T g;“h?&”?‘% Fﬁ%fee;f%%& s T AR 5 hoh e B ot

d bstrate qver mhlch t he inductor is
ife%?ed Fggg?%ﬁ{ﬁggeabggﬁ §e5 s%%ﬁ%§(ﬂ-;ﬁﬁ%anﬁU%ﬁP%ﬂﬁtr%@}%ﬁt$% t he

surface of .the substrate over which a horizontal spiral inductor is
renbved SektFa 8 alPhiget$°pr 6Vfd&@thet ween a horizontal spiral inductor
and the surface of the silicon substrate over which the horizontal spiral
i nductor is created the thickness of the extra spacing that is provided
between a horizontal spiral inductor and the surface of the silicon

subst e gVEn bitfic trarheéshorinront atedpasafoilhdustor is created 16 0 5 NOV
2004 can be adjusted, providing a design paraneters that allows for

¢ the addition of oxide layer (32) underneath the inductor
selectively maintains a high resistivity substrate underneath
the inductor, which enhances electromagnetic de-coupling
between the inductor and the substrate: substrate resistivity
underneath regions of 3TI and other* regions are relatively low

* the need for metallic field plates that are conventionally
used for increased shielding between a horizontal spiral
inductor and the silicon substrate over which the inductor is

created is eliminated
* the need for the creation of an STI region in the surface of
the-substrate over which a horizontal spiral inductor is
removed
extra spacing is prévided between a horizontal spiral inductor
and the surface of the silicon substrate over which tee
horizontal spiral inductor is created
the thickness of the extra spacing that is provided between a
horizontal spiral inductor and the surface of the silicon

substrate over which the horizontal spiral inductor is created

16



t he adj ustnent of optinmum performance of the created inductor at a segggted
RF frequency of frequency range, and the extra spacing that [l%sa mv%mq
between a horizontal spiral inductor and the surface of the &id iNdn .
substrate over which the horizontal spiral inductor is created_erV| es
excell ent el ectromagnetic decoupling between the horizontal spira

i has
d rl i thou h the _nventlon
ngﬁcgggc??bgghgﬁg@ﬁfl&gﬁgiiiﬁd3ft e ?eﬁ%%%g@()s e ??Fca}hPHEtﬁaflve

fr, S nded t hat _t e invention be limted to
SﬂgggtﬁFPF3§P?§?%3§ gﬁbo nents %%mﬁﬁp% $%1%0 T tRecared wi rRuEEeBgNI Ze

he
d |ons be made wi thout departing fromt
;B??I¥@g$a%ﬁ2@?ﬁ%gnﬁﬁg%' %E% c%her?ﬁﬁ%¥??ﬁ¥%ﬁﬁﬁ9?o aR@cl ude within the

variations and nodifications which fall within the
Isg\é;e)guégn?%ér&;%%g&ég%:|t£1aﬁ'as 1 saif i el et dher eodriddn0ab NOVr2004
~What s clainmed is: 1. A nethod of reducing substrate coupling for an
i nductBfUcEpEaped &bher surd aser fodfc e of s i g reegi st v d Yo SaPSEE aLE,
conprising the steps of: providing a substrate;
the horizontal spiral inductor is created provides excellent

electromagnetic decoupling between the horizontal spiral

inductor and the underlying silicon substrate.

Although the invention has been described and illustrated

with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will recognize

that variations and modifications can be made without departing

from. the spirit of the invention. It is therefore intended to

include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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depositing a first layer of dielectric over the surface of said substrate;
patterning and etching said first |ayer of dielectric, creating openings

"through said first layer of dielectric, further creating a Epaﬁtﬁhv 3{
first dielectrics overlying said substrate and being aligne i cHllhs of
a thereover to be created inductor; filling said openings created through
sapfati st chayelof, s.dielectric wth epitaxial silicon; depositing a second
| ayer of dielectric over the surface of said pattern of first dielectric,
t her eRY bRELWI R L urface of said filling of epitaxial silicon;
depositing a thi ré(_llra%ycérngofsu BT | CYet"d hECEuRP atedBEtosai d second
| ayeL dielectric; a creating a horizontal spiral inductor over the
sur?aggggf O%sea(@?l‘ﬁi_ (tshtehisru&r%lc‘j" eroa%fa gTJeq}écﬁ'?Jc?t?‘.’ltlﬂﬁeS%@hD@Ith claim1l, said
pattern.of first dielectric overlying said substrate being in alignnment
wi TRTROFP NG 84 ¢EePS§ @15 NOv 2004 inductor created in a Cartesian
X-direction, said pattern of first dielectric in addition being in
al i gnmeRFORLERNGoiR| Subltradied i nductor created in a Cartesian Y-direction,
said Cartesian

depositing a first layer of dielectric over the surface of

said substrate;

patterning and etching said first layer of dielectric,
Creating openings through said first layer of dielectric, further
creating a pattern of first dielectrio;overlying saild substrate

and being aligned with coils of a thereover to be created

inductor;

filling said openings created through said first layer of
dielectric with epitaxial silicon;

depositing a second layer of dielectric over the surface of
said pattern of first dielectric, thereby including the surface
of said filling of epitaxial silicon:

depositing a third layer of diélectric over the surface of

said second layer of dielectric; and

creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

2. The method of claim 1, said pattern of first dielectric

overlying said substrate being in alignment with coils of said

18



X-direction intersecting said Cartesian Y-direction under an angle of
~about 90 degrees. 3. The nethod of claim1, said second Iayerp)g &bglmhri C
conprising an Intra Level Dielectric. 4. The nethod of claimZT ¥s rd
| ayer of dielectric conprising an Inter Metal Dielectric. 5 The nmethod of
claiml, said first layer of dielectric conprising silicon dioxide. 6. The

met hddcobrekaiemtsd sai ¢ sidxiweoi £H oxidle-hei ng, deposit gd 19, ,a thi ckness
bet ween about 3 and 4 pm 7. The nethod of claiml, said epitaxial silicon

beifngsdepasileed rilco ia thigkness i about 3 p A hod. of reducing
substrate coupling. for an induct olrnaé)cr eat eldé%%%?ttvﬁlgg}tslu??éﬁc)ﬁ 8? a

subst Hat @que@ BRI IS te ;. prayiding a substrate; 19 0 5 NOvV 2004
deposi ti ngua l'aver e%fg;egﬁ’ln(széan%(Sﬁrgg;(elsdleaono%r&tlﬁ%c%h?rfac%ab‘ﬁ SarHesipst rat e:

paktige nj -and . i.na.said | ayer of silicon dioxide, creating openings
t hr O%Ebggﬁggl é;?/ltetr%r}c'?fe stlllnigcdc’r?ldfogﬁﬁfe‘?sjfﬂ et TRE k@M ngnde pagker n of

silicon diioxide overlying said substrate and being aligned with coils of a
t hgerrlégeef’ft SBBEtc\lé)(@afigﬁ‘rgees -

3. The method of claim 1, said second layer of dielectric

- comprising an Intra Level Dielectric.

4. The method of claim 1, said third layer of dielectric

comprising an Inter Metal Dielectric.

5. The method of claim 1, said first layer of dielectric

comprising silicon dioxide.

6. The method of claim 5, said silicon dioxide being deposited to

a thickness between about 3 and 4 nm.

7. The method of claim 1, said epitaxial silicon being deposited

to a thickness of about 3 pm.

8. A method of reducing substrate coupling for an inductor

created over the surface of a substrate, comprising the steps of:

providing a substrate;
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inductor; filling said openings created through said layer of silicon

di oxi de with epi '?axi al silicon; depositing a second |ayer of (ﬂ ﬁl ﬁg%_rzngz‘ ]
over the surface of said pattern of silicon dioxide, thereby™ hc i tfe
surface of said filling of epitaxial silicon; depositing a thlrd | ayer o
di el ectric over the surface of said second |ayer of dielectric; and

i 5 I i i C ver. the surface of _said third |ayer
g;eggérgg?fﬁg&g.%$%2ﬁ§§%ﬁ> Eﬁg%:aﬁéﬁiﬁﬁékﬁéﬁp%Y?Erﬁh%fSBFF?ESnoélOX|de

i [ [ [ [ i [ id inductor
overly i ubstrate being in alignment with coils of said il _
crggﬁgdggﬁ%gr%g%fesian X-direction, said pattern of silicon dioxide in
additio Q i dn align t. wth coils of said inductor created in a

BAOYEAr S PO o

Cart esi rect i, Qﬂu?ﬁ%ﬁeﬁ?$@rd??e%%lbﬁémn@é©sédeing sai d .
Cartesian Y-direction under an angle of about 90_degree§. 20 0 5 NOvV 200
10STTRELRE: REE TIPS SiMTABIIs siat S ek | af 91 bf cali efieekide, cOUPLheing an
Intra Level Dielectric. 11. The nmethod of claim38, said third |ayer of
di EFEELANE 2chapitiedinn @ fark I lntean Mbteri @k ebeetIyTng said substrate
and being aligned with coils of a thereover to be created
inductor;
filling said openings created through said layer of silicon
dioxide with epitaxial silicon;
depositing a second layer of dielectric over the surface of
said pattern of silicon dioxide, thereby including the surface of
said filling of epitaxial silicon:

depositing a third layer of dielecdtric over the surface of

said second layer of dielectric; and

Creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

9. The method of claim 8, said pattern of silicon dioxide
overlying said substrate being in aiignment with coils of said
inductor created in a Cartesian X-direction, said pattern of
silicon dioxide in addition being in alignment with coils of said
inductor created in a Cartesian Y-direction, said Cartesian X-
direction intersecting said Cartesian Y-direction under an angle

of about 90 degrees.
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12. The method of claim@8, said |layer of silicon dioxide being deposited
to a thickness between about 3 and 4 pm 13. The nethod of cl ailn9sNO¥a2ldh

epitaxial silicon being deposited to a thickness of about 3 pm 14. A
met hod of reducing substrate coupling for an inductor created over the

surface of a substrate, conprising the steps of: "~ providing a substrate;
depositing a layer of silicon dioxide over the surface of said substrate;

. patterning and etching said |layer of silicon dioxide, creating openings

t hroughrisai de t Byer oof cshlilcen dihoyi further —creating a pattern of
silicon di oxi de overlying said gubs%%gpé% and ey HiSIGREE W th coils of a

t heteRyel s10g bencigatgdy L pdugtar:, 21 0 5 NOV 2004 filling said openings
creat ed thrﬂ%ghnsaﬁd %a&%&gng%FﬁF8§ﬁl&roxide with epitaxial silicon

depositing a layer of Intra Level Dielectric over the surface of said
pattern of silicon dioxide, thereby including the surface of said filling
of Qpiyﬂ¥ial ilicon, depositing a third layer of dielectric over the
suf%abe(ﬁ m%ﬁf%ﬁs%@oﬂﬁa+%y%r dfidi shéctrileyeandf dielectric

comprising an Inter Metal Dielectric.

12. The method of claim 8, said layer of silicon dioxide being
deposited to a thickness between about 3 and 4 um.

13. The method of claim 8, said epitaxial silicon being deposited

to a thickness of about 3 nm.

14. A method of reducing substrate coupling for an inductor
Created over the surface of a substrate, comprising the steps of:

providing a substrate:

depositihg a layer of silicon dioxide over the surface of
said substrate;

patterning and etching said layer of silicon dioxide,
Creating Qpenings through said layer of silicon dioxide, further
Creating a pattern of silicon dioxide overlying said substrate

and being aligned with coils of a thereover to be created

inductor;
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i i i i ' f said third |ayer

ating a horizontal spiral inductor over the surface o ai ( d e
81[ edi el gctri c. 15. The method of claim 14, said pattern of silif@dp NO\OROEe
over | ying said substrate being in alignnent with coils of said inductor
created in a Cartesian X-direction, said pattern of silicon dioxide in
addition being in alignment with coils of said i nd_uct or cr'??;geidsliinda
Cart esi a1 Y-idig esdi@opsal dyCartestan Yo gL LACLLOY intersecting .
Cart esi an Y—ldig{ecti on Fl)mde[(rdg an angFe o?ragéut 80“degréés Ot F81A%@ net hod

i1 1sai g, 1hd er;of dielectric conprising an Inter Metal
gﬁgﬁlﬁ%.&lﬁ?l hleégrr%ﬁio?/lojf’l%?%i m 14, said |aver of silicon dioxide being

i 8. The

[ a..thi ckness between about 3 and 4 pm 22 0 5 NOV 2004 1

(rjneafﬁiijto é:%&?tn%nl%,a sjaﬁ%ﬁlép?‘%\g TofastfrednPbel Agtdéposiveed the a t hi ckness

of abc%ut Bé&m 19, A method of reducing substrate coupling for an inductor
t

cr Sated Svert 1 S RF R BIoh Subseeat 8iosbapri shagebieistepsioh: the

D ‘a iti ili di oxi de over the
roviding a substrate; depositing a layer of silicon i
gursflé%lé"c%f ofs St S uistine; ohaeperakhgl asill tohi ng said | ayer of silicon
di oxi de,
depositing a third layer of dielectric over the surface of
said second layer 6f dielectric; and

Creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

15. The method of claim 14, said pattern of silicon dioxide
overlying said substrate being\in alignment with cbils of said
inductor created in a Cartesian X~direction, said pattern of
silicon dioxide in addition being in alignment with coils of said
inductor created in a Cartesian'Y—direction, said Cartesian X-

direction ihtersecting said Cartesian Y-direction under an angle

of about 90 degrees.

.16. The method of claim 14, said third layer of dielectric

comprising an Inter Metal Dielectric.

17. The method of claim 14, said layer of silicon dioxide being

deposited to a thickness between about 3 and 4 um.
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[ [ [ ili i oxi-de, further creating
ng openings through said layer of silicon dioxide, _ _
;rggtle?n gf si?icon di oxi de overlying sa!ddsu?stragellﬁﬂg g:yﬂgogg%?%@g
Wi ils of a thereover to be created inductor; fill _ 0 .
2122tgg through said layer of silicon dioxide with epitaxial S|:c|co_n;]I
depositing a layer of Intra Level D electric over the surface of sai

¢ Do . . . f.ac f said filling
Mg methednotli okade, 1thesaby epcludiing the i S fiace, !
g?tgﬁftaxial silicon; depositing a |layer of Inter N@teﬂﬁgg éfectrlc over the

HTES 1 i i el ectric; ting a horizontal
biedaid 4 ayeicphesdt 52 Leygh Bi ghectric; and creati _
:grial indzctor ovgf %heesurface of sa? third |l ayer of dielectric. 23 0 5

i i f silicon dioxide
2004 20. The nethod of claim19, said pattern o . (
gsgrlying said substrate being in alignment with coils of said inductor

[ réesj -dir Lon, said pattern of silicon dioxide in
g&?ﬁ?ﬁ%%”ﬁ??ﬁgai%ﬁaﬁ?g%%%ﬂ? §§%ﬁ953FFsC8FggéPG fiogd@et gmdscdatred in a

. . : : i i - di ion intersecting said
Car o o PhH oot et SR 2ngrBocop tboGPmos Jadguesse 21 Femet hod
of Clai@fg%ié¥géjgigﬁ%s§§agé!iCon di oxide being
depositing a layer of silicon_dioxide over the surface of
said substrate;
patterning and etching said layer of silicon dioxide,
.creating openings through said layer of silicon dioxide, further
Creating a pattern of silicon dioxide overlying said substrate
and being aligned with coils of a thereover to be éreated

inductor;

filling said openings created through said layer of silicon
dioxide with epitaxial silicon;

depositing a layer of Intra Level Dielectric over the
surface of said pattern of silicon dioxide, thereby including the
surface of said filling of epitaxial silicon;

depositing a layer of Inter Metal Dielectric over the
surface of said layer of Intra Level Dielectric; and

creating a horizontal spiral inductor over the surface of

said third layer of dielectric.
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deposited to a thickness between about 3 and 4 pm 22. The nethod of claim

i i i ili i i hi ckness of NOY PDL
id epitaxial silicon being deposited to a thi
%gi Zénethgd of reducing substrate coupling for an inductor C?Qg?e over

i Si f: providing a
urface of a substrate, conprising the steps o _
gggsfrate; depositing a layer of silicon dioxide over the surface of said

J = c ) X  ckness
i r -si Ligco i,0Xi bei ng de Q$Ited to a thlp
Eg?azéﬁmgiéﬁf%gogﬁ%§4cg%%ﬁpg?fe?ﬁgﬁg §%§e§Fb %hq WP Hxiesilicon

. . : ili i oxi de, further
di axidieryi 4 e84 {805 GPEpL-00S pargugh S%ggg:n%%%g%aqsr{jlc;q(}g& ?claﬁoéslezield 05 NOV

creating a pattern o I con di oxi de

' | [ i nduct or;
A0d, bei Lgned with coils of a thereover to be created in or;
??quhidng sa]?gé%%aeﬁ%%glsn c?&?ﬁaeﬁﬁﬁﬁuéﬁ%éi@§ql@y}er sefisidatomrrn dhHxi de with

oo : . t he
! : ilicon: depositing a |ayer of Intra LeveL_D elgptrlc over
gg;%igl)éi:acaogr? K Jla‘!?’g&b%t{%f)ﬁd‘éftégm BBANEi 6Rri dé ignmemebwiitne|diding dhesa syr f ace

. . 7 : RSN \bt al
| i1l f epitaxial silicon; depositing a layer of Inter I
S&S@efcrﬁfirl lﬁ%/%?gatg% f@u@f@@etgﬁisai d-Hayertabnl, ntskha dewalr L€l ectric; and

direction intersecting said Cartesian Y-direction under an angle

of about 90 degrees.

21. The method of claim 19, said layer of silicon dioxide being

deposited to a thickness between aboute. 3 and 4 pm.

22. The methbd'of claim 19, said epitaxial silicon being

deposited to a thickness of about 3 pm.
23. A method of reducing substrate coupling for an inductor
Created over the surface of a Ssubstrate, comprising the steps of:
providing a substraté;
depositing. a layer of silicon dioxide over the surface of

said substrate, said layer of silicon dioxide'being deposited to

a thickness between about 3 and 4 pm;
patterning and etching said layer of silicon dioxide,
Creating openings through said layer of silicon dioxide, further

Creating a pattern of silicon dioxide overlying said substrate
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creating a horizontal spiral inductor over the surface of said third |ayer
of dielectric. 24. The nethod of claim 23, said pattern of silicon dioxide

overlying said substrate being in alignment with coils of saild§ NOVuzgner
created in a Cartesian X-direction, said pattern of silicon dioxide in
addition being in alignnment with coils of said inductor created in a

Cardresi et g i 1 dPN, i SR tesian_X- direction intersecting said
Cartesian Y-di rfg%%i on hn@erogﬁgaﬁgl 8 tgﬁrﬁﬁa’ﬁ? 86 fegreestezb. The net hod
of GlhifMmLA3, said epitaxial silicon being deposited to a thickness of
about 3 pm 25 0 5 NOV 2004 26. A nethod of reducing substrate coupling
for an iﬂdlticitnor created over the surface of a substrate, conprising the
steps of i~ provitiiy PIUbREF atecadegoshrpnghashayel agkrsidls &an ;digpxi de
ovey, 1 hie surface of said substrate, said |ayer of silicon dioxide being
deposiTStf " tTh i tceriess bkt ieem: about 3 and 4 pm patterning and etching
said layer of silicon dioxide, creating openings through said |ayer of
si | i con WRSAIE T it thierer coalin s aLpadl epPe Db 6ik ECQYod exi.de overlying
sai d sfubstrate and being aligned with coils of a thereover to be created

surrace of said pattern of silicon dioxide, thereby including the

surface of said filling of epitaxial silicon;

depositing a layer of Inter Metal Dielectric over the

surface of said layer of Intra Level Dielectric; and

Creating a horizontal spiral induttor over the surface of

said third layer of diélectric.

24. The method of claim 23, said pattern of silicon dioxide
overlying said substrate being in alignment with coils of said
inductor created in a Cartesian X-direction, said pattern of
silicon dioxide in additioplbeing in alignment with coils of said
inductor created in a Cartesian Y-direction, said Cartesian X-

d i . . ’ » . . .
rection intersecting said Cartesian Y-direction under an angle

of about 90 degrees.

25. The method of claim 23, said epitaxial silicon being

deposited to a thickness of about 3 um.
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il [ [ idlayer of silicon
i ; sai d openings created through said _ (
h?ggfggrﬁﬁzhlgb??axial s?licon, said epitaxial silicon being deposited to

t hi ckness of about 3 pm depositing a layer of Intra Level Qﬂeﬁfﬁ%Yﬁmg%he
0 er the surface of said pattern of silicon dioxide, thereby inc f In?er
gxrface of said filling of epitaxial silicon; depositing a |ayer o

[ Level Dielectric;
' [ v syrface of said |ayer of Intra . .
Nb;ﬁg-E?:2$FESUSO%O?FSSE§§P %&qégréﬁﬁnﬁﬁ%ﬂl%ﬂﬂﬂfQ?m?%LWW@@@tof said third

i I i id pattern of silicon
t : £.ohe _nethod of claim 26, said | _ (
L?gﬁfﬁgtegbgyggi%ggsgﬁgfgﬁﬁsfggfeSﬁgsﬁjqq?QﬂQQﬂﬂﬁwﬂlwgtmh®ost§p9;?f2:g 036
0 5 NOovV 4. qipductor created in a Cartesian X-direction, sai '8 tern of
silicon %?%xf%%n?naaaHPFFBHtSéing in alignment mnthxéoh:?egzigﬁl
i ttesian Y-direction, said Cartesian X-

Pﬁfgﬁggc?? gsggfﬂgcﬁr%égFéno?-éﬂﬁe@pmomlumdem arveang gﬁrggggpafgr
I A net hod of reducing substrate coupling for an induc

S?géggg'%£§§t¥%%esU??é%eléfea slbstiaten camprics Beithe KEERS Of4 o
pr%¥i§u{§k§2s§Lg§§£§£§;about 3 and 4 um;
patterning and etching said layer of silicon dioxide,
Creating openings through said layer of silicon dioxide, further
creating a pattern of silicon dioxide overlying said substrate

and being aligned with coils of a thertover to be created

inductor;

filling said openings created through said 1a§er of silicon
dioxide with epitaxial Silicon, said epitaxial silicon being
deposited to a thickness of about 3 pm;

depositing a layer of Intra Level Dielectric over the

surface of said pattern of silicon dioxide, thereby including the
surface of said filling of epitaxial silicon;
depositing a layer of Inter'Metal Dielectric over the

surface of said layer of Intra Level Dielectric; and

Creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

27. The method of claim 26, said pattern of silicon dioxide

overlying said substrate being in alignment with coils of said
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depositing a layer of silicon dioxide over the surface of said substrate,
said layer of silicon dioxide being deposited to a thickness between about
3 and 4 pm patterning and etching said | ayer of silicon dioxﬂhg,NOVrgméing
openi ngs through said |l ayer of silicon dioxide, further creating a p ern
of silicon_di oxide overlying said substrate and being aligned with coils

of anthereavereh@cle i¢reated . dnductor said pattern of silicon dioxide
overlying said substrate b%ﬁﬁfﬁﬁ? i et saiod Isaotesai dfi nduct or

creai ldcohNgd@oGaptesihan X-di.recti on, said pattern of silicon dioxide in
addition being in al ?g%ﬁéﬁ?lﬁﬂ %G9 s bfalsdndnduct s eseasedr kR;ia
Carieghapoy-diLectlon, said Cartesian X-direction intersecting said.

Cart esi an Y—direc%?oghuﬁdg?rﬁﬁséﬁﬁléﬂﬁlQ%WMKHMQQaﬂﬂﬂaﬁﬁﬁeéﬁéﬁ 5_NOV 2004
fildirg-sal nings, created through said |ayer of silicon dioxide with
epi t axi al s?l?ggﬁfsgﬁFangpFPéﬁi§ﬁr§ﬁbﬁ@@nﬂmﬂﬂﬂkcﬂkﬂ%ﬁﬂﬁégktgheg%h'ckness

of ab P, epositing a layer of Intra Level Dielectric over ine
surfa3§&3ﬁ252¢d9%£f?%?n of silicon dioxide, thereby including the surface

of said filling of epitaxial silicon; depositing a | ayer of Inter Metal
Dielectric over the
28.

A .
method of reducing substrate coupling for an inductor

Created
over the surface of a substrate, comprising the steps of:

providing g substrate;

ep031t;ng a layer of silicon diokide over the surface of

[4

a thickness between about 3 and 4 um;

in a Cartesi -di i i
lan X-direction, said pattern of silicon dioxide in

additi ] ] i ' i
ion being in alignment with coils of said inductor Created
e

in a Cart i -di i i (
esian Y dlrectlon, said Cartesian X-direction

inter i i i
sect;ng sald Cartesian Y-direction under an angle ‘of about

90 degrees;
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surface of said layer of Intra Level Di egechrig;landrcgfaé:2?e§1§?50¥g§WQk
i i face of said thir aye . .
D o brF eoni e batr ot i f an inductor created over the
nmet hod of reducing substrate coupling for e AW thoabaii bt

f a substrate, conprising the steps of: p : .

Zggggffigg a first layer of dielectric over the surface of said substrate;

. . . . ‘
Bne. openi g Lt ough sara T irar [aserver bl i Sarh et iaadon
one opening through said first layer of e orLher Creating @

QX i i ch fd ersoficdhel ggtnig oyerlyi .Sa ‘
Egit ;ﬁrﬁﬂi?%}tiﬁiﬁ?ﬁund& I chl;ﬁg Cgl ﬁg SPléafﬁé}e%\}éﬂ% e icreat ed

b . i hrough said first
, . | a ne opening created t P
:gsteﬁrétgg);mdt{éec% et%:c'??? ﬁm%ﬁﬁ%éplgt%ii% °8rI7cBi; 28 0 5 NOV 2004 depositing at

[ [ id pattern of
SEEONG; ryof dielectric over the surface of sai _
Lgﬁztfngi |ay2?“t Xﬁi% %%fr?%,fnfﬁ%rEBVQFnBFBéFﬁgrﬂfefygsgf@fhgf83?;gce "
il la i i silicon, and creating an inducto ) -th
L;:Emg?kﬁﬁagﬁ!%%ékggggaﬁﬁﬂfd?%rsb*lﬂ?%l%é?¥iégr thereby including the

surface of said filling of epitaxial silicon;
depositing a layer of Inter Metal Dielectric over the

surface of said layer of Intra Level Dielectric; and

Creating a horizontal spiral inductor over the surface of

said third layer of dielectric. .

29. A method of reducing substrate coupling for an inductor

Created over the'surface of a substrate, comprising the steps of:
providing a substrate;

depcsiting a first layer of dielectric over the surface of

said substrate;

patterning and etching said first layer of dielectric,
Creating at least one bpening through said first léyer of
dielectric, further Creating a pattern of said first layer of
dielectric overlying said substrate and being aligned with and
underlying coils of a thereové? to be created inductor;

filling said at least one opening created through said first

layer of diele;tric with epitaxial silicon;
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[ [ istivity of the substrate is
thod of claim1, where a high resis
ggieIvang mai nt ai ned underneath an inductor surface area by preventing

'ﬁ [ [ [ [ [ t he surfaceﬂog 04
[ ty inplantations from penetrating into
gthLPg?;t &he?gby said first layer of dielectric serves as a har@qgéw,

thereby reducing substrate coupling. 29
depositing at least one second layer of dielectric over the
surface of said pattern of said first layer of dielectric,
~ thereby including the surface of said filling of epitaxial

silicon; and

creating an inductor over.the surface of said at least one

second layer of dielectric.

30. The method of claim 1, where a high resistivity of the
substrate is selectively maintained underneath an inductor
surface area by preventing all impurity implantations from
penetrating into the surface of the substrate, whereby said first

layer of dielectric serves as a hardmask, thereby reducing

Ssubstrate coupling.
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