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BACKGROUND OF THE I NVENTION (1) Field of the Invention The @

relates to tqmlmwmw n of integrated circuit devices, MOERso*
particularly ummmmm t hat reduces el ectromagnetic coupling bet ween an
i nduct or created.gy é the surface of a silicon substrate and the underlying
silicon substrate. ? ) Description of the Prior Art Sem conductor devices

have of | ate seen increased use in such applications as cellular
t el ephones, wirel ess nodens and a general range of communication equi pnent,

whi ch has oA eatethd ke reetchac kokegratredcipouit srdrvime cafildrd es of
radio frequency (RF) anplification up to extended frequencies in the range

of several gtgaRerbR: oFhbseNasSTR A 10.AN® 8edri@ceTeal ephnbeghat edon
Circuits whereby active sem conductor elenents are conbined with passive

el ectrical conponents and are created over the surface of one nonolithic
sem conduct or substrate. There are a nunber of significant advantages

in integrating on one senl ggggﬁégﬁDn?ﬁoiéé ﬁﬁ ate t he functions of

conventional sem conductor evi ces uncti ons are

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method that reduces
electromagnetic coupling between an inductor created 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
general range of communication equipment, which has created the
need for Integrated Circuits having capabilities of radio
frequency (RF) amplification up to extended frequencies in the
range of several gigahertz. This has led to the need to create
Integrated Circuits whereby active semiconductor elements are
combined with passive electrical components and are created over

the surface of one monolithic semiconductor substrate.



typically performed by a RF anplifier. For instance, manufacturing costs
can he significantly reduced while power consunption for the conbined
functions is also limted. Inductors however typically are of significant
size and therefore require a large surface area of the sem conductor device
for their inplenentation. The inductors are typically forned on the surface
of a substrate in a spiral form resulting in parasitic capacitance and
substrate | oss 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 w thout sacrificing device

performance dugnkipe sybsts al@ndosses Namikaennexhenshvabysr eseakcbgeht ing
recent years. Sonme of the techniques that have been used for this approach

i ncl ude: ontBﬁeSE&&E&&N&u&@&P%ﬁ&ﬁbﬁﬂ%ﬁfﬁ(éﬂb%%kaQ% the %hth?Qngngﬁr”eath
t he i nductor (using net ods of mcro-machining) - using nultiple |ayers of

Tetal (sughngsnelum aunl, ] Dbereanests ol Ol RPREL Jamscene. | af er connet s

- using a reS|s i Vit y silicon su ST at npl oyrng biased wells

under neat duct or | rt| vario es_of patterned ground
shi el ds bgyﬁéggiiﬁep%ﬁg?gpe$ R ¢ qﬂﬁ SI|%%6 XE ESPFSte - |ncrea5|ng
the thickness _of the inter-I|ayer dleLect@lcanth abaove |IS£I ng o power

resear che®B2BPE8FRRFFU2sCPEE hiote hedhtsiont reduced w

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 techniques 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 metal (such as aluminum) interconnects
or of copper damascene interconnects

- using a high resistivity silicon substrate



to be conplete or all inconclusive. All of the above approaches have as
commn objectives to: 1) enhance the quality (Q value of the inductor, and
2) increase the frequency of the LC self-resonance thereby increasing the
frequency range over which the inductor can be used. The invention
addresses the above hi ghlighted concerns an provides a nethod whereby the
el ectromagneti c coupling between a horizontal inductor, that is created
over the surface of a silicon substrate, and the underlying silicon
substrat e ispleducedpibbes watileasndgridetlopersbionalcaapalidd ty and
frequency range of the inductor. US 6,093,599 (Lee et al.) shows a process

for an indugiseirtawer varBehgsihbeancti bhedeth@Mchirothd dhildS s 222wk82 Bhe
(Chu et al.) discloses a process for an inductor over an epitaxial |ayer.

US 6, 057, 204, i(ENen netucdbr) ah8Veakssa) $Pbk akuhsduetor process over an air
trench in the substrate. US 6, 153,489 (Park et al.) shows an inductor over

a_porous_si ] 5on J.ayet, SNARYCE THE LAVENTLON A g il & qbi ect ve of

the inventionis i mprove circuit perfornmance of” Sem conductor devices
conprising active and passive conponents over the surface of one nonolithic
substrate.

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 LC self-resonance thereby
increasing the frequency range over which the inductcor 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.



Anot her objective of the invention is to provide a nmethod for increasing
the separation between an inductor that is created over the surface of one
nmonol ithic substrate and the underlying nonolithic 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 In accordance with the objectives
of the invention a new nethod is provided for the creation of a horizontal
spiral inductobUsoeer2bhe8zuRT atthwieta a€li.l)i cdrscdulsstsr at eroAetir sbrl ayer of
dielectric is deposited over the surface of the substrate, this first |ayer
of di el ectihdactsrpatéer aedegith eicheadeneation 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

i nductor. The openings created in the |ayer of dielectric by the patterning

and et ching OfUBh@,65ﬁsioiayéﬂeﬁﬁeﬁﬁéﬂﬁ¥“ﬂédéaQ%eafEbﬁ%glenﬁﬁhggki??ocess
deposition of epitaxial silicon therein. Second andthird | ayers o

diel ectrigiare gugeessiyely depgsited ovuer the surface of the first layer

. Y .

of dielectric. A splrak ﬁorlzonta I nductor is then created over the
surface of the third layer of dielectric. BRI EF DESCRI PTTON OF THE DRAW NGS
Fig. la shows atop view of a conventional horizontal spiral

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.



inductor. Fig. 1b shows a cross section of a conventional horizontal spiral
i nductor. 5 Figs. 2 through 5 shown the invention, as follows: Fig. 2
shows the cross section of a substrate over the surface of which a | ayer of
di el ectric has been deposited. Fig. 3 shows a cross section after the
deposited | ayer of dielectric ahs been patterned and etched, creating

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

t hrough 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 averaddvedudeaca tbf thbeobtibstiate oFerthd hiemwsntfiace sofhew
deposited | ayers of dielectric and aligned with the island of dielectric

that havendeai creairesd ierd ke rsyhtaeec 8t i bheo s Ubsidat AontBESEYiFEION OF THE
PREFERRED EMBODI MENTS The invention addresses concerns relating to the

creation ofqandnducdorHver, trhecsukf ace; of conesmonold ddi G Sﬂit}%ttr al5€e rBY
i ncreasi ng the di stance between the inductor and the surface of 6

of dielectric is deposited over the surface of the substrate,
this first 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 and third layers
of dielectric are successively deposited over the surface of the
first layer of dielectric. A spiral horizontal inductor is then

created 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.



f the substrate over which the inductor is being created, electromagnetic

| osses that are conventionally incurred by the inductor are reduced,
increasing the quality factor of the inductor and therewith inproving the
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 nductor over the same nonolithic substrate over which active sem conductor
devi ces are criatised2 theopghasSi showaapaei imneesi drhatasodelrnicas:part of this
creation however limt the quality factor of the inductor that can be

achi eved using the conventional silicon process to about 10. This
limtation is, for many applications, not acceptabl e. Dependent on the
frequency at which st ReLE kBedesbgnedetpi sSONaY esursd idd Rl ¥nkar ger
values of the quality factor, for instance 15 or nore for on-chip

| nduct or s, Rusle BE G¥AHANI €oyBE B AfL103S-] D I Shaehdddlited. to
creating val ues of higher quaylty actor as separate units and integrating
t hese separate units with the surroundi ng device functions. This negates

t he advantages that can be obtai ned when using the nonolithic construction

f ting bath the induct d th di ng deyi d_th
ame som conddctor STBHPaPoCTTNG AORERORGT] 19 MR S HEE Do

di sadvantage that additional wiring is required to interconnect the sub 7
dielectric ahs been patterned and etched, creating islands of

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 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 been 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



f conponents of the assenbly thereby again introducing additional parasitic
capaci tances and resistive |osses over the interconnecting wring network.
For many of the applications of the RF anplifier, such as portable battery
power ed applications, power consunption is at a prem um and nust therefore
be as | ow as possible. By raising the power consunption, the effects of
parasitic capacitances and resistive power |oss can be partially
conpensated but there are limtations to even this approach. These probl ens
take on gyens et fle WRENGHIWHt Rhthenhapt 8r expansi o OfcaddEl ess
applications such as portable tel ephones and the |ike. Wreless

commuNi Caf d ONSor i AP 1Y% X RARE! g MBEKGLNWISHS) 1 hE; AL A PRl RF
integrated circuits is one of the nost inportant chaXIenges. Oneé of the
appr oaches. i ignifj tly i nc jon to for
instancelﬁ?%g%%ﬁjék%pkfg&%%’Ié&cggégﬁﬁgrEggcﬁﬁﬁggﬁyf%%%%gﬁgﬁzgﬁk?he val ues
of the quality factor obtai.ned.fromsilicon-based jnductors a
significbﬁ???gﬁ%d¥h é&?ﬁ%%”%bﬁﬁ?é&?ﬁB s%ﬁﬁ ? i§e¥r%ﬂﬁgﬁgiEFg%gquuency
nmonol i thi c inductqrs have been resear Red.u ing other than silicon as the
base forf#he® cteattorr gt ecﬁn&ﬁ&?grg.eSﬁBﬁuﬁgﬂBIf?ﬁ?&ﬁqﬁﬁﬂﬁQﬁs have for
i nstance been created using sapphire or GaAs as a base. These inductors
have a considerably | ower parasitic capacitance than their silicon
counterparts and therefore provide higher frequencies of resonance of the
LC ci rcui t ItwWiéreaRoRE9BEOWDEE Eorpt@xa@ppinaatfiisgd lar dnr #d6kr e, 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 achieved using the
conventional 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 with the surrounding device
functions. This negates the advantages that can be obtained when
using the monolithic construction of creating both the inductor
and the surrounding devices on one and the same semiconductor
substrate. The non-monolithic approach also has the disadvantage

that additional wiring is required to interconnect the sub-



the need still exists to create inductors using silicon as a substrate. For
t hose applications, the approach of using a base material other than
silicon has proven to be too cunbersonme while for instance GaAs as a nedi um
for the creation of sem conductor devices is as yet a technical challenge
that needs to be addressed. The quality factor Q of an inductor can be
described as follows: Q = Es/El1 wherein Es is the energy that is stored in
the reactive portion of the conponent while El is the energy that is |ost

in the reagéhyer P itHE ofsdhd160MpeReDY. adhenbeht ebatBenguaddityi alt he
conponent, the closer the resistive value of the conponent approaches zero

while the Qfactor, ofc 1he QATRERENt arRL 9achessbof bkt yendhe quality factor
for conponents differs fromthe quality that is associated with filters or

resonat o o rESin SOMMANSSnd e GUAl LY LARLAY 8PTVRS 25.p mmARUe S the

purity o e rea he susceptanc e Co ch can be
degraded, due_to rasitics. .In an actual confiquration, there are always
some phoSFolT PRBFLER it e PR etlsaPa rbad: PONEr 8y Hert Shat Tt e
power that can be recovered. The %uaLity factor C%is dimensionless. A Q

h

val ue oPCHFEatIFSHHAN A0S e GE ST FBFYTHPGh PEFS PSS rRE 5 ittt s
that are nmounted on the surface of Printed Crcuit Boards. For 9

i nduct oPSSehatef ofyn pariing Hif iAnEdr SCEGUBPEEAPt, thRecEf ¢at et s typical Iy
in the range between about 3 and 10. As has previously been stated, the

sel f-r eBoKaptele hagpdsitances and resistive power loss can be 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 challenges. One of the approaches is to
significantly increase the frequency of operation to for instance
the range of 10 to 100 GHz. For such high frequencies, the wvalues
of the quality factor obtained from silicon-based inductors are
significantly degraded. For applications in this fregquency range,
monolithic inductors have been 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,



caused by the parasitic capacitance between the (spiral) inductor and the
underd ying substrate will limt the use of the inductor at high
frequencies. Furthernore, the | ower series spreading resistance associ ated
with the substrate, which is due to well and field inplantations, wll
degrade the Q factor of the inductor. This has a direct effect on the
useful ness of a nonolithic or integrated inductor that is inplenented on
silicon substrates. This effect can be overcone if the area underneath the
i nduct or tha beecdusiei1b appeas Hocaldatd nsuuattiong, usthihghstcahcbe ashiaeved by
for instance selectively renoving the underlying silicon resulting in

i nduct or sstibat rate. sespettissk i 4pli fcatAngid)erhappppachchabfappi Agch vhad is
favored by the invention, is to increase the distance between the

hori zont ahaspiial bheEt anee and ddie ndd i esubage Qwer cwhbehsbhe while
i nductor is created such as the surface of a silicon substrate. For a

better undgrstanding. ofaidhe d nvepddqn, canvent i-onal ; pat B@déeﬂicsﬁ§@&£@%ig

hori zontal spiral inductor are first highlighted. 10 Referring for t

I
pur pose t I Lt 1S .S i i g...1a p.Yi of a
spiral in Sg%g§51£gc%%g¥%€i%g %é?%éh}Z?ﬁ%%%éﬁggogga%yn%§§goF¥e§§%ple. Thi s
spiral indﬁgtor 1% is further highlighted in the cross section of Fig. 1b
where is SHoWi®3°%toss section of a silicon substrate 10 in the surface of
which a STl trench 20 has been created for inproved separation between the
i nductor 12 and substrate 10. A netallic shield 18 is

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 El is the energy that is
lost in the reactive portion of the component. The better the
quality of the component, the closer the resistive value of the
component approaches zero while the Q factor of the component
approaches infinity. The quality factor for components differs
from the guality 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
dissipate 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



created spaced between the inductor 12 and the substrate 10 in order to
further reduce the el ectronagnetic coupling between the inductor 12 and the
substrate 10. For support of the nmetallic shield 18, a layer 14 of |ILD has
been deposited over the surface of substrate 10. For further support and
separation of the inductor 12 a |layer 16 of | NMD has been deposited over the
surface of the layer 14 of ILD. The STl region 20 extends over the surface
of the substrate 10 such that the inductor 12 overlies the STl region 20

wi t hout extderdbng beyontoihepddd segirongrEhed werchiaf the §Trategi ba 20
is conventionally between about 0.3 and 0.4 um deep. The problens that are

encount erggivklihyt he cpaveatdONsd cweihadbaft o eald ng.a horizontal spiral
i nductor over the surface of a silicon substrate, as shown in cross section

in Figs. la and 1b, are threefold: 11 1. the depth of the STI trench is
limted and does not adequately contribute to the separation between the

| nductor 12, and. 4 e 5060y LebNe SUDStrahe 4012, il mial s il d

plates 18 are not ‘very tive i'n providing shi ~of

o coLromagneliocl, oL, ReLyser e Lpcks ot 16, At RS 00, Subhits: 10

under! Y 00.d BEOTS 2D T POLETASHuER £ RUPSH e  SBBbLYLN onor
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 area 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



To counteract these problens, the invention provides a new nethod 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 |ayer
32 of silicon oxide has been deposited. Layer 32 of silicon nitride can
alternatively be a conbination of silicon dioxide and silicon nitride. For
substrate 30, a high-resistivity silicon is preferred by the invention
since this rRageeasas resi shanceutmoddecpanieis.atiiconnal 1bhetbkeet L onBlgovet i C
field into the substrate 30 and therefore reduces 12 the el ectromagnetic
| osses that Big. canveridRalehy ogExpesbenaedi Rustsh B pesied f iadireN. cwdS adial
exanple of the creation of Layer 32 of silicon oxide (Si02) can be cited
usi ng nongsid aner dpid )y it LRUmPP¥I, denf Bz0)i AS1 ai SLHCS Bt ard al
deposited using LPCVD or PECVD procedures, at a tenperature between about
300 and 8 ! g i.C S I : jdic | .can be
optinizedpggg%%éﬁgﬁgﬁfégngﬁiPf%gggoﬁgggfhg¥gﬁé?ﬁrgédﬁ%iiéﬁﬂggghgflﬁﬁe

invention_ for the |ayer 32 .of sidicon,oxide j wee bo 3 and 4 u

The Iayersgﬁw%fa§?ﬁ?cﬁn?%%%ﬁﬁ?iqg ﬁe%ﬁlﬁg?ﬁeFﬁéapg%%ee cﬁ%ﬂ%ﬁﬁ%i%ﬁf ate’ Ot
conventional nethods of ot ol it hogr aphy devel opnent and exposure. .The

O el L R T ol R L g R Y Y B O T X RO E  os
section in Fig. 3, is performed such that the |ayer 32 is rempved where
this |aye?eF%e?RntQﬁi%WQEQtQlez and substrate 10T A metallic shield 18 1is

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. For support of the metallic
shield 18, a layer 14 of ILD has been deposited over the surface
of substrate 10. For further support and separation 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 1lb,

are threefold:

11



the creation of an overlying inductor. That is, where support for the

i nductor is required thereby including processing tolerances and the |ike,
tthe layer 32 of silicon oxide is not renoved, the |ayer 32 of silicon oxide
is renoved in all areas where this layer is not required for the creation
of an inductor above the surface thereof. 13 The silicon oxide |ayer 32
can be etched by applying an anisotropic Reactive lon Etch (RIE) of the
silicon oxide |ayer 32, using CHF3 or CF9-02-He as an etchant . The
invention then proceeds, Fig. 4, by selectively growing a | ayer 34 of
epitaxial silicon in the openings that have been created through the |ayer

32 of sihicoe axgiey JEpithaxisall sikkhepniks1 shlt&@MaidaloeAidtS ARIGuak@aYN i N
the art, has its crystal orientation controlled by the crystal substrate

wher eby the GIiSitalt OieRhal is8Baehribg H8PRsStA eth&pi ddxd@r fid M the
determ ned by the crystal orientation of the underlying silicon substrate.

Layer 34 of epidaxi A $id iscpr+pust be free of crystallographic defects
causing no stress in the layer 34. Where the preferred thickness of |ayer

32 of stbicqn edds nas desn Ladigat 99 85.Deing, betvesnabgit 3 and 4 Vim

the preferre i ckness 0 eprtaxi li'con i's a i ckness of
at least 3 um The cross . sectio &Eat is shown in Fig..5 ows how t he
vent on AT b MOLeIee Eh & e Bat PORC bF SHERBE § Lor b & e GHe Srd et or
Added to the structure that is shown in cross section
inductor 12 and the silicon 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 high-resistivity silicon is preferred by the invention
since this increases resistance to the penetration of the

electromagnetic field into the substrate 30 and therefore reduces

12



in Fig. 4 are the layers 36 of Intra Level Dielectric (ILD) and 38 of Inter
Metal Dielectric (IMD). 14 A typical application of a layer of Intra
l.evel dielectric is depositing a |ayer of SiQOz using CVD technol ogy at a
tenperature of between about 900 and 800 degrees C. The layer 36 of ILDis
deposited to a thickness that is design dependent and can range between a
val ue of about 4,000 Angstrom and 10,000 Angstrom The layer 36 is, after
it has been deposited, polished using CMP technology in order to assure
good pl attar i d yeafrdibgyrutriffade see sl ayjet 36e Aonvereromellat «iped metrdec plyVD)
| ayer is preferably fornmed of plasma oxide, spin-on-glass or LPCVD oxide
mat eri al s speaidtcalilon .has a thi ckness of between 5,000 and |5, 000
Angstrom After layers 36 and 38 have been deposited as shown in cross
section in Fig. 5, the inductor 40 is then created over the surface of the
upper layer 38 if IMD, using conventional nethods of netal deposition,

patterning agt@sl eérprg%'pl'%s & fukt la%?%_gisgi aig tﬂﬁ?&ft%?fof he; j nvaptd.amd t

nust be note n the cross section o : at the coils of inductor 40

211 Poon bt G ReCren Sk BTSN A AR HE Re Y naRATe, a0 i s

created Pﬁﬁ%i%% %d%%hkgga%a%g%ggEgdgﬁgg%¥ght&%ﬁﬁé“ﬁﬁ%dﬂ'd%oﬁ%%%Dthe 15
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 um.

The layer 32 of silicon oxide is next patterned 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 such
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 like, 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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substrate 30 and provides therefore a design paraneters that can be

optim zed for optinum performance of the inductor at sel ected frequencies
of operation thereof. The invention can be sunmarized as follows: the
addi tion of oxide layer (32) underneath the inductor selectively maintains
a high resistivity substrate underneath the inductor, which enhances

el ectromagneti c de-coupling between the inductor and the substrate;
substrate resistivity underneath regions of STl and other regions are
relatively | owhe had Ineeth o deellakkeirc3Ri ehd Ipd adeshddaty arpe lodmeenrin onal |y
used for increased shielding between a horizontal spiral inductor and the
silicon sibisddtatepieveeatltiicR the EREHCYRIE) Soeremd eshilsc®l idhinRt edyetrhe
need for the creation of an STl region in the surface of the substrate over

which a horizontg) 3pirak enguctae ks ARNBYEManeXtra spacing is provided
between a horizontal spiral 1 nductor and the surface of the silicon
substrate over which the horizontal spiral inductor is created the

t hi ckness of the extra spacing that is provided between a horizontal spiral

| nduct or a”‘ilp%h%%ﬁ{98§e§ﬁﬁrgk?rc§ééé<§é”a%‘{ﬁﬁ4r aks %‘é%?eg{?é’@bgﬁyggg?g%ﬁ& zgnt al

spiral inductor I's crea can st éd, “providing a

par amet er s, Lhat. Al ovs, fior, e adjustent  of gpLimum Rerfonmace of, the

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 epitaxial 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 um, the preferred
thickness of layer 33 of epitaxial silicon is a thickness of at

least 3 um.

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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at a selected RF frequency of frequency range, and 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
provi des excel |l ent el ectromagnetic decoupling between the horizontal spiral
i nductor and the underlying silicon substrate. Al though the invention has

been described and illustrated with reference to specific illustrative
enbodi nents thereof, it is not intended that the invention be limted to
those illustrative enbodi ments. Those skilled in the art will recognize

that variations and nodifications can be made w thout departing fromthe

spirit of tRerymvent igfblildatior ket ef abeecknbendad k01 606) udee Wedhi 1t tihe
i nvention all such variations and nodifications which fall within the scope

of the a %%Qi%bahnﬁaggg 88UsYal ihd ke fecnhbioghat hscehpbpRbuis: 1.
A nmet hod of reduci'ng substrate coupling for an inductor created over the

surface of¢ g LQAR T &HLEL! pryaﬁab%@aé%?r&@m.i Sik UK, S 8RS 9f rpr Qui di ng

a substrate; depositing a first |ayer dielectric over the surface of

id b te; t [ tching. said_f] f. di '
Creat | ng SSERTRG Thr BuShLSara i Fat Uiy ar et bR ] PR YRt i ng

a patter r%)ecgwefelnr %t vglllelleeg ' ggoggegl gbggAr?gé’groerba'ler a1t0e, 000 Angstrom. The

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 preferably 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 created over the
surface of the upper layer 38 if IMD, using conventional 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 etched 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
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and being aligned with coils of a thereover to be created inductor; filling
sai d-openings created through said first |layer of dielectric with epitaxial
silicon; depositing a second |ayer of dielectric over the surface of said
pattern of first dielectric, thereby including the surface of said filling
of epitaxial silicon; depositing a third | ayer of dielectric over the
surface of said second | ayer of dielectric; and creating a horizontal
spiral inductor over the surface of said third |ayer of dielectric. 2. The
net hod ofsugisairmte, 38apadpareetfedftheraiorf & daxlion ppeprpitRgsSshhat can
substrate being in alignment with coils of said 18 i nductor created in a
Car t esi atrexXogitimdzednfosapdt panm eper bfrfanay afi dlhectinidgciteraddi sedacbedng
in alignment with coils of said inductor created in a Cartesian

Y- di r ect iforqusaicde€aptespanaXionreee¢rent i nt ersecting said Cartesian
Y-direction under an angle of about 90 degrees. 3. The nmethod of claiml,
said second | ayer of dielectric conprising an Intra Level D electric. 4.
The nethod of claim1, said third | ayer of dielectric conprising an Inter

Metal Diel eghéifnvéntildie dmt ed seinmelraizBulassabdibigst |ayer of dielectric
conprising silicon dioxide. 6. The nmethod of claim5, said silicon dioxide

bei ng degoskﬁgdaéﬁﬁtion 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 STI 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

e the need for the creation of an STI region in the surface of
the substrate over which a horizontal spiral inductor is
removed

e extra spacing is provided between a horizontal spiral inductor
and the surface of the silicon substrate over which the

horizontal spiral inductor is created

e 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
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a thickness between about 3 and 4 um 7. The nethod of claim1, said
epitaxial silicon being deposited to a thickness of about 3 Vim 8. A

net hod of reducing substrate coupling for an inductor created over the
surface of a substrate, conprising the steps of: providing a substrate; 19
depositing a layer of silicon dioxide over the surface of said substrate,;
patterning and etching said | ayer of silicon dioxide, creating openings

t hrough said | ayer of silicon dioxide, further creating a pattern of
silicon di ogxfdebovadlysrrf sainpsidista at elegadnbehngnareynethad tédl boid sfof a
t hereover to be created inductor; filling said openings created through
sai d | ayer obhesadicotmehtoxs deoptitntune picrdoiralnskel p€ohhedepest ¢d nphduseoond

| ayer of dielectric over the surface of said pattern of silicon dioxide,

t her eby i nchudangeldet sairimceafusaid dfi Iflreageatyepahaxj ahngi | i con;
depositing a third layer of dielectric over the surface of said second

llayer of (i ghgCisifs &%’cﬁ{cf%ﬂeﬁg % Qﬁ"dvzl%'étdabe%%éﬁ| al ROUEE Of v PV edp {08
surface of said third Tayer” of dielectric. 9. The rrethod of claim8, said

pattern of hhh&?&rdél‘i’&"ﬁ?e ngf.IEYC!en Sy %‘i@i&rgtguBSLPQté” %i%??éﬁ W th

coils of said 1nductor creat rte5|an X-directron, sard pattern of

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 thereocf, 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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silicon dioxide in addition being in alignment wth 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 decrees. 20 10. The
met hod of claim8, said second | ayer of dielectric conprising an Intra
Level Dielectric. 11. The nethod of claim8, said third |layer of dielectric
conprising an Inter Metal Dielectric. 12. The method of claim8, said | ayer
of silicon dioxide being deposited to a thickness between about 3 and 4 pm
13. The r#idod ofcleliaien §s:said epitaxial silicon being deposited to a

t hi ckness of about 3 um 14. A nethod of reducing substrate coupling for an
i nduct or Tr eatretttovkroft hedsurihgceubktaasabsbuat eng cohmprarsiingludimrst eps of :
provi ding a substrate; depositing a |ayer of silicon dioxide over the

surface ofr&adh dikst e ;supallcer Bifng anghetebi i sat @ dayedrLode,silicon
di oxi de, creating openings through said |layer of silicon dioxide, further

creating @opetierdy afhesiddagan o#:0xi de overlying said substrate and bei ng
aligned with coils of a thereover to be created inductor; 21
providing a substrate;
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 dielectric overlying said 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 dielectric 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



filling said openings created through said |ayer 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 third |ayer of

di el ectric over the surface of said second | ayer of dielectric; and
creating a horizontal spiral inductor over the surface of said third |ayer
of dielectric. 15. The nethod of claim 14, said pattern of silicon dioxide
over | yi ngisdinck stubstaatesl bei rg GamtalsignnEntivethicoi | sabd aitteimaduct or
created in a Cartesian X-direction, said pattern of silicon dioxide in
addi ti on bet#g dieladdgnrentn wddi tden deohgSahdal haueéor wigatest i ¢
Cartesian Y-direction, said Cartesian X direction intersecting said
Cartesi ans Y1 @i 1@¢id @y Wdertan iangl eaekcabaut v98i degt ees, 48id The-vwiihed of
claim14, said third |ayer of dielectric conprising an Inter Metal

Di eleCtr'ﬁ*dﬂgécﬂiﬁhrEﬂﬁE%%égtfﬂga%@hé4Ca§%bglEﬁy?td9£e§tié&oﬁh&gfnﬁdka bei ng
deposited to a thickness between about 3 and 4 um 18. The met hod of

cIa|n114,a§€i% %P %ggﬂ@ugdsdé L Joei ng deposited to a t hi ckness of about 3

um 19. reduci ng substrate coupling for an inductor created
over the surface of a substrate, conprising the steps of: providing a
substrat e;

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 um.

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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depositing a layer of silicon dioxide over the surface of said substrate,;
patterning and etching said | ayer of silicon dioxide, creating openings
through said |l ayer of silicon dioxide, further creating a pattern of
silicon dioxide overlying said substrate and being aligned with coils of a
t hereover to be created inductor; filling said openings created through
said layer of silicon dioxide with epitaxial silicon; depositing a | ayer of
Intra Level Dielectric over the surface of said pattern of silicon dioxide,
t her eby i ncl udiieges el surd aceyef ofaisd ifiiddn nlg osfideppvaxi ahesshitarg of
depositing a layer of Inter Metal Dielectric over the surface of said |ayer
of Intra kevéel sihetextaic; and creating a horizontal spiral inductor over
the surface of said third |ayer of dielectric. 23 20. The nmethod of claim
19, said pattepatodrsihd comd dioxiidey award YiaRgrsairdssubsbhatieokedag in
alignment with coils of said inductor created in a Cartesian X-direction,

sai d patt@E@a@inélépéﬁHhég(ﬁﬂfkhgﬂ1éﬁﬁbtﬂdy%rb%ﬁngluac@hlGﬂaﬁﬂaemﬁiﬁkﬁﬁéﬁs
of said inductor created in a Cartesian Y-direction, said Cartesian X

d'reCt'Onckgéﬁiﬁﬁcé'ﬁﬁké@¥ﬁié%”éf%&éﬁh‘éﬁ$£¥3§'d%%r@9§ﬁ5 ap; anghss pfa@bout
90 degrees he met hod of claim 19, said |ayer of Silicon dioxide being

deposited 9 Bolhl CkNEST. PEINBELADQL B A4 UNer to be created

inductor;

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

depositing a second layer of dielectric over the surface of
sald pattern of silicon dioxide, thereby including the surface of
said filling of epitaxial silicon;

depositing a third layer of dielectric over the surface of
said second layer of dielectric; and

creating a horizontal spiral inductor over the surface of

sald third layer of dielectric.

9. The method of claim 8, 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 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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22. The nmethod of claim 19, said epitaxial silicon being deposited to a

t hi ckness of about 3 um 23. A nethod of reducing substrate coupling for an
irnductor created over the surface of a substrate, conprising the steps of:
provi ding a substrate; depositing a |ayer of silicon dioxide over the
surface of said substrate, said |ayer of silicon dioxide being deposited to
a thickness between about 3 and 4 um patterning and etching said | ayer of
silicon dioxide, creating openings through said |ayer of silicon dioxide,
further creating a pattern of silicon dioxide overlying said substrate 24
and being aligned with coils of a thereover to be created inductor; filling
sai d openiongsherratrddt bf orppnisad d dayerseaforsi lliager difoxideewtthcepi t axi al
silicon; depositing a layer of Intra Level Dielectric over the surface of

sai d patk@h@rggiﬁbl5ﬁ0ﬁngf@x15mbltﬁmgxgakﬂimgluding t he surface of said
filling of epitaxial silicon; depositing a |ayer of Inter Metal Dielectric
over the surface of said layer of Intra Level Dielectric; and creating a
hori zontal spiral inductor over the surface of said third |ayer of

dielectrig. i%ﬁeg?ﬁ%?hg&t 5pd. o1 ; ¢l @ a’%a%% SAl A Raller %lfg‘?jci)%illeicﬁig@cdi oxi de

overlying sa ubstrate beilng !d 'gnnent with coi sai d 1 nduct or
created ip.a,Catheskan Xedlrestl P sald attern of

12. The method of claim 8, said layer of silicon dioxide being

deposited to a thickness between about 3 and 4 pm.

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

to a thickness of about 3 upm.

14. A method of reducing substrate coupling for an inductor
created over the surface of a substrate, comprising 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 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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silicon dioxide in addition being in alignment wth 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. 25. The

met hod of claim 23, said epitaxial silicon being deposited to a thickness
of about 3 um 25 26. A nethod of reducing substrate coupling for an

i nductor created over the surface of a substrate, conprising the steps of:
providing a substrate; depositing a |layer of silicon dioxide over the
surface of saf#lsimgtrate, orRsitnIyereadrsithiresahdssxfideaBer ngt depbsfed to
a thickness between about 3 and 4 um patterning and etching said | ayer of
silicon diioxide, weFeatwhgawbrhidigsiadiviough sai d | ayer of silicon dioxide,
further creating a pattern of silicon dioxide overlying said substrate and
bei ng al i gneddepbhitong sa ofayet hef dover levied Oredeetirindavedrthéilling
sai d openings created through said |layer of silicon dioxide with epitaxial
silicon, ssaifdcepbfaxaddl sattieon deingd ideposiitoaddeqe ahthebknésslofiiadpotite 3
um depositing a layer of Intra Level Dielectric over the surface of said

pattern efirshkkcop dhoai gel1iherebyeginedudiingitihecsyr face of said filling
of epitaxial silicon; depositing a layer of Inter Metal Dielectric over the

surface of sapdphayeingfalPiisq Lemely BielBEdGri@Ndver the surface of
said second layer of 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 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.

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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creating a horizontal spiral inductor over the surface of said third | ayer
of dielectric. 27. The nethod of claim 26, said pattern of silicon dioxide
overlying said substrate being in alignment with coils of said 26

i nductor created in a Cartesian X-direction, said pattern of silicon
dioxide in addition being in alignnment 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. 28. A nethod of
r educi ngl SubBte aedhosupifi ggafier 14n Paddcepttarent edl n fedngur f ace of a
substrate, conprising the steps of: providing a substrate; depositing a

| ayer ofdeppddiced dicoxi ddiokeesshefsabbate3ofimsai d substrate, said | ayer of
silicon dioxide being deposited to a thickness between about 3 and 4 um
patterning and etching said |ayer of silicon dioxide, creating openings

t hrough said | ayer of silicon dioxide, further creating a pattern of
silicon h oxi detowes lofi RGds@idgSyhBkE aheec andupeimg Bdi ghied neddtozoi | s of a
t hereover to be created inductor, said pattern of silicon dioxide overlying

sai d substd Aty haidI b ahirgarenb eWat Busottstof Sahghi NdULtdle Greakedri:n a
Cartesian X-direction, said pattern of silicon dioxide in addition being in
al i gnment w thy 60id:$, Pl SRipdii-aductor created in a Cartesian Y-direction,

said Cartesian X-direction intersecting said Cartesian Y-direction under an

angl e of aboucgepositing 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 created
inductor;

filling said openings created through said layer of silicon
dicoxide 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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90 degrees; 27 filling said openings created through said | ayer of
siliecon dioxide with epitaxial silicon, said epitaxial silicon being
deposited to a thickness of about 3 um depositing a |ayer 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

| ayer of Inter Metal Dielectric over the surface of said |ayer of Intra
Level Dielectric; and creating a horizontal spiral inductor over the
surface oROsalldethéetdodiayercidindi e ,ectaiicc pa2@erA ot Badiobnr eéilogidg
substrate coupling for an inductor created over the surface of a substrate,
conpri si ngveheyshgpsaodi: sy ot i et rieulist Latiegnméepostithngoal i ostsdayer of
dielectric over the surface of said substrate; patterning and etching said

first |ayehdattdiebestitdq, igreatdMGEtard aasti rere i0peNkAgJt prodghnsard fir st
| ayer of dielectric, further creating a pattern of said first |ayer of

d'e'eCtr'%1@Y%Bhy898x§éédlﬁLﬁﬁﬁféﬂé%EEEXHQEH%Qa@hgﬂ%%ﬁt“h&@h38919§d8f|yéﬂ@
coils of a thereover to be created 1 nductor; filling said at |east one

openi ng ceatedoLNLougPegal 4 {idated vy ol I8 BT 1 6 Wt PagPLE ) 3k

silicon;

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 about 3 and 4 um.

22. The method 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 substrate, comprising the steps of:

providing a substrate;

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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depositing at | east one second | ayer of dielectric over the surface of said

pattern of said first |ayer of dielectric, thereby including the surface of

said filling of epitaxial silicon; and creating an inductor over the

surface of said at | east one second |ayer of dielectric. 30. The nethod of

claiml1, where a high resistivity of the substrate is selectively

mai nt ai ned underneath an inductor surface area by preventing all inpurity

i npl antations frompenetrating into the surface of the substrate, whereby

sai d firastd |lmberg ofl igingldeetirtihc coefigesfas ahdnedvnmskt o tiherammatregduci ng

substrate coupling. 29 .Al.AuY . ASI 9. Ays% Af s9. Afy. A@:. ASs. A, . A5. A% AsHF

. A9n, . A irdfuctAre Al . A9. A9. A% AS

9. As5r. A&L. A% A&% Al L. AL. A . Al _Ano| +i H@®7r} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] cacalep]ealc apealiegkc aleal eal entsadicad £a] ced ] cal caligtahc<al ¢
Plc A

al W ~ .
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.

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 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.

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

deposited to a thickness of about 3 um.
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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

substrate coupling.
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