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10 Increasing demands for personal mobile communication equipment
have motivated recent research activities to focus on the development of
inexpensive, small size, low power consumption and low noise level
systems. GSilicon, with its mature technology, low fabrication cost as well as
high packing density is recognized as the only material able to satisfy the

15  needs of this rapidly growing communication market. To fulfill all the
above-mentioned requirements, one of the most important and
indispensable circuit components is the on-chip silicon-based spiral

inductor.

20 Advances in technology are making it possible to cievelop radio
frequency (RF) circuits on a single silicon chip. In radio frequency
operatioﬁ, substrate induced noise inherent in the silicon technology is one
of the main factors that limits achieving high performance low noise
transceivers. Low Noise Amplifiers (LNA), being the first stage in the

25  receiving path, are an important building block of a single-chip transceiver.
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Unf ort un telé ﬁﬁg el d produces a Iarge pad to ground capacitance.
Anot h&*rtYrib ﬂ?qé eg %ﬂ que uses thick polyimde inter-level dielectric

underneath on-chip inductors (see, e.g., Y. Nakahara, H Yano, 20 T.
Hi rayama, Y. Suzuki and A. Furakawa, "Irrpact of interconnect

Several approaches that help reduce the effect of substrate thermal
10 noise have been reported. However, all have significant problems. One
conventional approach makes some improvements by introducing a grou_nd
shielded bonding pad structure (see, e.g., A. Rofougaran, J.Y.C. Chang,
M. Rofougaran and AA Abidi, “A 1 GHz CMOS RF Front-End IC for a
Direct Conversion Wireless Receiver, “IEEE Journal of Solid State Circuits,
15  vol.31, pp880-889, 1996). Unfortunately, a ground shield produces a large

pad to ground capacitance.

Another conventional technique uses thick polyimide inter-level
dielectric underneath on-chip inductors (see, e.g., Y. Nakahara, H. Yar;o,
20 7T. Hirayama, Y. Suzuki and A. Furakawa, “Impact of interconnect
Capacitance Reduction on RF-Si Device Performance, “ IEDM Tech. Dig.,
pp861-864, 1999). Though significant results may be achieved, tedious, non-

conventional and expensive processing steps are required with this method.

25 Hence, the key challenges for building on-chip silicon-based




Capaci tance Reduction on RF-Si Device Performance, " |EDM Tech. D g.,
pp861- 864, 1999). Though significant results may be achieved, 4 tARR @0g5 non-
conventional and expensive processing steps are required with this method.
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on-chip silicon- 10 based inductor 110 without a ground shield.

Cdnv ellbshitel asdri.c Yangiasi, FA0ISSSV/OBABSSHAnVRFYRROMGEt i ve silicon
substrate 102. Wthout any ground shield, the thermal noise in the

subst naybe bstant i al Fi e ,1B, ss_section of an
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howev% , ‘leads to an unavoi dable increase in the parasitic capacitance,

whi ch severely degrades the inductor's 110 perfornance.
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Figure 1A illustrates a schematic cross section of an on-chip silicon-
10 based inductor 110 without a ground shield. Conventional semiconductor
processing uses a very conductive silicon substrate 102. Without any
ground shield, the thermal noise in the substrate 102 may be substantial.
Figure 1B shows a cross section of an inductor ilO and a plate type ground
shield 120 made of CoSi,. Figure 1C shows a ground shield patterned by
15 trenches 130. Using a ground shield, however, leads to an unavoidable
increase in the parasitic capacitance, which severely degrades the

inductor's 110 performance.

Figure 2 shows figures of merit for the inductors 110 of Figures 1A-
20 1C. Figure 2 shows the quality factor as a function éf frequency for each
case. As Figure 2 shows, the quality factor is lower with the trench ground
shield 130 when compared to the unshielded inductor. The quality factor is
still lower with the plate shield 120. Furthermore, Figure 2 shows that
shielding the inductor 110 degrades the resonant frequency.
25




Figure 2 shows figures of nerit for the inductors 110 of Figures 1A- 20 1C
Figure 2 shows the quality factor as a function of frequengm for each case.
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shi ol hiskhdBapabEsen the AUk drlOpmst Hiesuieraiander Swdienhas udi es have
been conducted to investigate inductors 110 with such patterned | ow sheet.
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under pass 111 connected to the inductor 110 by vias_ 115. The sem conduct or
aliso vasiphainse podrsiliepregravardashigids 384.r iﬁ‘égmwéx @20 showsaafi el d oxi de | ayer
324. Unfortunately, this technique may |lead to an increase in the parasitic
oxi deundpawissadiddecopectpd tefthe dndwelby 110 tiyi vas ddhniive semicgslutorew
conductive 10 silicon substrate (e.g., the polysilicon shield 320) which is
el ect alisoalolnypriggsoam trddr-ametat Hodectricdaybe 3RAduct afidd®xidabagdre substrate
102. As seen, the substrate 102 has its own capacitance C,  and resistance
Rs; . Tkt UmfpabirtsdelyetlGs theimigen rhap léabtcanind@@sefnrthle pncdsithder pass 110
is also

oxide capacitance (C,,). Effectively, this technique brings a new conductive

10 - silicon substrate (e.g., the polysilicon shield 320) which is electrically
‘grounded and closer to the inductor 110 than the substrate 102. As seen, the
substrate 102 has its own capacitance C; and resistance R,;. The
: capaci'tance C, betva;eeﬁ the inductor 100 spiral and underpass 110 is also
shown.
15
Additionally, this configuration results in degradation in the
inductor's performance. Figure 4 shows a plot of the quality factor and
inductance of an unshielded inductor with one shielded with low sheet
resistance patterned polysilicon. As the graph shows, at 5GHz there is -
20  considerable degradation of the quality factor. Additionally, above 4GHz the
inductance begins t(; rise significantly due to self resonance at high

frequencies.

Thus, although low sheet resistance polysilicon or Silicide ground

25  shields may improve the inductor's noise performance, the quality factor




shown. 15 Additionally, this configuration results in degradation in the -
i nductor's performance. Figure 4 shows a plot of the qualdté]y %ﬁb% and

i nduct ance of an unshi el ded i nductor with one shielded w A et '
resi stance patterned polysilicon, As the graph shows, at 5GHz there is 20
consiyb ragprafefieausocy frss degradgdal ity factor. Additionally, above 4GHz
the inductance begins to rise significantly due to self resonance at high
frequenci-es. Thus, although | ow sheet resistance polysilicon or Silicide.
ground shields may inprove the inductor's noise performance, the quality
factor 0 4AsARR @e0benrdncespnianerdardguatiogyveavaddepreadedccepfangegt anot her
concern, in order to achieve w despread acceptance, and to ensure

af f cawdbo leimisyre affordebhloly, efnyf orathng cddrfooninhibp ei-chgoeiilzrasdeised i nduct or,
whi ch overcones the above-|isted drawbacks, should be conpatible with

éxi sinidugteewhimhdoodrepnfeabtlic aboonliptat dssebacRhudhoudd beed exi sts for a
shi el ded on-chip silicon-based i nductor having | ow noise characteristics.
A f urdrhpatibbedriexiestistihgrsesnicbndact fabditeton phadesgdees not have a
significantly degraded quality factor. A further need exists for an

i nductor and a nethod for form ng the inductor wherein the inductor and
the formati on nmethod neet the above needs and

Thus, a need exists for a shielded on-chip silicon-based inductor
having low noise char.acteristics. A further need exists for such an
‘10 inductor that does not have a significantly degraded quality factor. A
further need exists for an inductor and a method for forming the inductor
wherein the inductor and the formation method meet the above needs and

"are compatible with existing semiconductor fabrication processes such that

significant revamping of semiconductor capital equipment is not required.




are conpatible with existing sem conductor fabrication processes such that
significant revanping of sem conductor capital equi pnent is not required.
04 APR 2006 SUMVARY The present disclosure provides a shielded on-chip
silicon-based inductors having a | ow substrate thermnal n0|§ AFREZMEesent

di scl osure provides for such an inductor that does not have a
significantly degraded quality factor. The present disclosure provides for
an inductor and a nmethod for formng the inductor wherein the inductor and
the formati on nmethod neet the above needs and are conpatible with existing
sem conductor fabrication processes such that significant revanping of
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the above needs and are compatibie with ex1stmg sem1conductor fabrication
processes such that significant revamping of semiconductor capital

equipment is not required.

A novel complementary shielded inductor on a semiconductor is
disclosed. The inductor is fabricated in one or more layers of a
semiconductor. A region of electrically floating high sheet resistance
material is deposited between the inductor and the semiconductor substrate.
The high resistive shield is patterned with a number of gaps, such that a
current induced in the shield by the inductor does not have a closed loop
path. The high resistive floating shield complements a grounded low
resistive shield to achieve higher performance inductors. In this fashion,
noise in the substrate is reduced. The novel complementary shield does not
significantly degrade the figures of merit of the inductor, such as, quality

factor and resonance frequency.

In one embodiment, both the high resistive shield and the low
resistive shield are patterned to prevent the formation of eddy cusrent in the

shield. In one embodiment, the grounded fow resistive shield, which may




factor and resonance frequency. In one enbodi nent, both the high resistive
shield and the low resistive shield are patterned to prevgn WZWMH on
of eddy current in the shield. In one enbodi nent, the grounde o} '
resistive shield, which may 6 0 4 APR 2006 be nade of silicided

- pol ysi b¢ andle ofssilicidgdepplysilivonets dhgneghisscaer tthe gapgtof thediighi ve shiel d,
.such that the jinductor may not "see' the substrate. In one enbodi nent, the
gr oundessistiveshield, svehetloft fhet inslusber Mayeidt ‘s’ the sRbsddakd. structures. The
N-wel | structures may be aligned such that they conpensate for the gaps in
the electrically floating high resistive shield. In still another

enbodi nent, the low resistive electrically grounded shield is nmade of
patterned S buedmbodiinsEntrblye geofndaieshiohl pomtzidens wittéied 19-welbst r at e
itself. The substrate projects into a, portion of a field oxide |ayer
betneeforiPevelBstrafturde ThosNratk sandtidee Mhgher Agdndd yeckstligl theyThus, the
| ow resistive shield is forned to block the gaps in the high resistive

shi el deortpessatarfor chégapsihapleselanicalyaiapashah testveseRigi nvention

will 15 no doubt becone obvious to those of ordinary skill in the art
after having read the follow ng detail ed description of the preferred
enbodi nents which are illustrated in the various drawing figures. 7 0 4

APR 2006  TIn still another embodiment, the low resistive electrically grounded
shield is made of patterned Silicide, which may be formed on portions of the
10 substrate itself. The substrate projects into a portion of a field oxide layer
between the rest of the substrate and the high resistive shield. Thus, the

low resistive shield is formed to block the gaps in the high resistive shield.

These and other objects and advantages of the present invention will
15  no doubt become obvious to those of ordinary skill in the art after having
read the following detailed description of the preferred embodiments which

are illustrated in the various drawing figures.




BRI EF DESCRI PTI ON OF THE DRAW NGS . The acconpanyi ng drawi ngs, which are
incorporated in and forma part of this specification, ill ?}trﬁkes
enbodi ments of the invention and, together with the descr,ifg i 4 3 d8bve to

expl ai Lncj i NV, jon: FIGURE 1A is a side sectional
T view i%@frﬁé&ﬁgzg’ﬁm‘ﬁbﬁE&ép@ﬁﬁ&ggbased i nduct or above a substrate.
10 FI GQURES 1B- 1C are side sectional .views illustrating conventional shields
bet ween an THRIGESURPARWNG Aipyewgs: which @orangorporatest appnd ferarat i ng t he
quality factor versus frequency for the conventional inductors of Figures
| A- 1C.pars of tisepesicadion, nlpstgates embodimentsos! thechrveatidroand, square spiral
i nductor with a grounded | ow sheet resistance patterned pol ysilicon shield.
Fl GURRog&hes aithithe daseripbina) sarivetostsplie donpeincipdembf tlgeare spiral 20
i nductor with a grounded | ow sheet resistance patterned polysilicon shield
of 5Fi govenBAn: FIGURE 3C is a graph illustrating quality factor and
i nductance versus frequency for a conventional unshielded inductor and the
25 conventional inductor of Figures 3A and 3B. 8 0 4 APR 2006

FIGURE 1A is a side sectional view illustrating a conventional
silicon based inductor above a substrate.

10 FIGURES 1B-1C are side sectional views illustrating conventional

shields between an inductor and a substrate.

" FIGURE 2isa graph illustrating the quality factor versus frequency
for the conventional inductors of Figures 1A-1C.
15‘
FIGURE 3A is a top sectional view of a conventional square spiral

inductor with a grounded low sheet resistance patterned polysilicon shield.

FIGURE 3B is a side sectional view of the conventional square spi;al
20  inductor with a grounded low sheet resistance patterned polysilicon shield

of Figure 3A.

FIGURE 3C is a graph illustfating quality factor and inductance
versus frequency for a conventional unshielded inductor and the

95  conventional inductor of Figures 3A and 3B.




FIGURE 4 is a graph illustrating inproved quality factor for an inductor
havi ng a high sheet resistance floating shield over an unshi el ded

i nductor, in accordance with enbodi nents of the present clqjqeaf ngfntion.
FIGURE 5A is a top sectional view of a square spiral inductor '@

conpl ementary shield that conprises both a floating high resistive
patterned polysilicon material and a grounded |ow resistive material, in
accordance with enbodi ments of the present clained invention. FIGURE 5B is
a side sectional view of the square spiral inductor of Figure 5A in
accordance wth enbodi nents of the present clained invention. FIGURE 6A is
a top sectional view of a square spiral inductor wwth a floating high
sheet resistance patterned polysilicon shield and a grounded Silicide

shield, in aﬁﬁ%ﬁﬂ%@£§g§%§lHzﬂaggﬂﬁﬁgﬁﬁ¥ﬁ%“i hEJEé&ﬂ%bf&?i”Ed i nventi on.

FIGURE 6B i s a Si Vi e uare spiral 1nductor with

shi el d gfdubic@WaeidA high sBeaaedanae: Mbitheshediovenisuashiélded present cl ai med
invention. FIGURE 7A i's a top sectional view of a square spiral inductor

with a thddctbrARRCc20GENCE WathtdnmkpdiinghtssHabe preseitsiaimed patterned pol ysilicon

shield and a I(‘:jr ounded
inventiorn.

FIGURE 35A is a top sectional view of a square spiral inductor with a
complementary shield that comprises both a floating high resistive
patterned polysilicon material and a grounded low resistive material, in

accordance with embodiments of the present claimed invention.

FIGURE 5B is a side sectional view of the square spiral inductor of
Figure 5A, in accordance with embodiments of the present claimed

invention.

FIGURE 6A is a top sectional view of a square spiral inductor with a
floating high sheet resistance patterned polysilicon shield and a grounded
Silicide shield, in accordance with embodiments of the present claimed

invention.
FIGURE 6B is a side sectional view of the square spiral inductor with
shield of Figure 6A, in accordance with embodiments of the present

claimed invention.

FIGURE 7A is a top sectional view of a square spiral inductor with a




N-wel | shield, in accordance w th enbodi nents of the present clained
invention. 5 FIGURE 7B is a side sectional view of the squafey sgp ?hﬂﬁ
‘inductor with shields of Figure 7A, in accordance with enbodi nents of the

e o R B AT LRI piaop, e oo

enbodj,tent; s 0f, t he present cl.ai ) i T ; eferred to in
t hi sdlgé‘ggﬁi%??lgn Hslhag:ﬁPlaf Ceuvﬁgerés}ﬁgg 1%% sln%}beepﬁ%&&?\glmﬁg{?eodscal e except
if specifically noted. 10 0 4 APR 2006 DESCRI PTI ON OF THE PREFERRED
EMBODPVERTS Ref er ence wi || now be made in detail to the preferred

enbodi nents of the invention, exanples of which are illustrated in the
acconpanyi ng drawi ngs. Wiile the invention will be described in

conj unction_w e preferred epbodi s, it will be understood that
tHey are ngimh%eﬁs g@“{el ?E?ﬁ%‘tonta @W‘Tﬁg}:%? SAYEE® FM@EI@{?@%% s. On the
contrary, the_invention is int endeaﬂt 0 c%;l/er %I tgrgati ves, nodifications
and egjuelds ehFigusghi nihageosdanse, ¥ tyemkadimicnts gL theiretend scope of the
invention as defined by the appended clains. Furthernore, in the foll ow ng

det ai tleéingdsierieptioth of the present invention, nunmerous specific details
are set forth in order to ,

FIGURE 8 is a flowchart illugtrating the steps of a process of forming
10  a shielded inductor, in accordance with embodiments of the present

claimed invention.

The drawings referred to in this description should be understood as

not being drawn to scale except if specifically noted.

10



provi de a thorough understandi ng of the present invention. However, it

w Il be obvious to one of ordinary skill in the art that the present
invention nmay be practiced w thout these specific details. Ln other
i nstances, well known nethods, procedures, components, and &i ARRi4086 have

not been described in detail as not to unnecessarily obscure aspects of
the present invention. Enbodi nents of the present invention provide for a
conplementary shield of a both a floating high resistive shield and a
grounded | ow resistive shield between the inductor and the substrate.
However, the present invention is not Iimted to using both the high and

| ow resistive shie i_ment onlﬁga floating high resistive

| d; i nbod
shi el d P@SEBB?TW%OE FHESQ&E%@@R&P ENMBOD E@_{%ce pat t er ned
pol ysi | i con ggfegfl:lgce' \311]{)&% Io%%&a%%&g?@%ﬁtﬁgﬁ% Ele&?lgﬁdr gﬂgff&ﬁ)ﬁentégf | npr ovenent

inquality f I1's” observe the 1 nprovenent in

t he quabidhviRedmextmpRe @R wieth elilibstthtdd ARe2066mpasangn which only a
floating high resistive shield is used. In contrast to the prior art case

whi ch udedviogs. yWhilgtiouindeaidrowilsbedesoribsi st apgjenetioreivith teen in Fi gure 3C,

the floatin i resistive,shield shows an, i nprovement, in quality factor
even at pf%@\‘g?‘r@g‘g%ﬁf‘é@’ ‘WQF‘?‘? pagsrRgOHitH thes I?ﬂﬁémg‘i"ﬁeéfl ‘g qmay bg used to

compl e A1 ib(Hfhb Hedkenfidlatingn@r OHIACELkRMY ! @Bl iNdnYien iShi el d that has
good noi se performance.

intended to cover alternatives, modifications and equivalents, which may be

included within the spirit and scope of the invention as defined by the

appended claims. Furthermore, in the following detailed description of the

present invention, numerous specific details are set forth in order to

provide a thorough understanding of the present invention. However, it

will be obvious to one of ordinary skill in the art that the present invention

may be practiced without these specific details. In other instances, well

known methods, procedures, components, and circuits have not been

described in detail as not to unnecessarily obscure aspects of the present

invention.

Embodiments of the present invention provide for a complementary
shield of a both a floating high resistive shield and a grounded low resistive
shield between the inductor and the substrate. However, the present
invention is not limited to using both the high and low resistive shield; in
one embodiment, only a floating high resistive shield is used. When a
floating high sheet resistance patterned polysilicon shield is fabricated
underneath the inductor, an improvement in quality factor is observed.

Referring to Figure 4, the improvement in the quality factor is seen for a

1




Referring now to Figure 5A and Figure 513, an enbodi nent provides for an
electrically floating high resistive shield 510. The high resistive shield
510 is preferably non-netallic and shoul d be an electricalniqllﬁRgz . In
one enbodi ment, the high resistive shield 510 conpri ses Iightﬁ& @Ed
unsilicided polysilicon. Preferably, the high resistive shield 510 may have
a sheet resistance of greater than 10,000 OChns per square, although

enbodi ments with | ower resistances may al so be suitable. Figure 5B is taken
along line AA" of the top sectional view of Figure 5A The views show a
square spiral inductor 110. However, the present invention is not [imted
to such inductors. I n gener enhodi nent used with any el enent

) l., may b
for whi ewwﬂi\@uaﬁlﬁamﬁa@g}% Shited st 5?135%93/%?“ CORFASEEY to circul ar,
ol onal i r - j ' .The: uctar: may be made of
e g o W

i nduct ogechli@ m%@-eqm,un@lﬂbmﬁgshigmresiw@mmmhbm@@nﬁr@e@mhém the spiral by
vias 115. Enbodi nents have a floating high resistive shield 12 0 4 APR 2006
510 i n anqualitefactet evendit ébwe dtaapena@es Thet hessingtttigh restticeshield 0 and t he

substrate 102. There also.b field i d i 324 bet th
f:Joat! n&m’rﬁ’i]l@fl'u"‘sregé? gPan?/rgqﬂt@pdn Ora‘;‘ightoﬁ Xl%fe’ﬁ)é?e T]ﬁg{igon‘ﬁ(ﬁ?mtg]%l \rl:egnpre?erred
enbodi Mgt @9 ﬁéseé:&ord' fAd ﬁerﬂfr&féﬂ%‘.d low resistive

Referring now to Figure 5A and Figure 5B, an embodiment provides
for an electrically floating high resistive shield 510. The high resistive
shield 510 is preferably non-metallic and should be an electrical insulator.
In one embodiment, the high resistive shield 510 comprises lightly doped
unsilicided polysilicon. Preferably, the high resistive shield 510 may have a
sheet resistance of greater than 10,000 Ohms per square, although

embodiments with lower resistances may also be suitable.

Figure 5B is taken along line AA” of the top sectional view of Figure
5A. The views show a square spiral inductor 110. However, the present
invention is not limited to such inductors. In general, embodiments may be
used with any element for which shielding is desire, including, but not
limited to circular, polygonal, spiral, or stacked inductors, etc. The
inductor may be made of any material, including, but not limited to

aluminum and copper.

The inductor 110 has an underpass 111, which may be connected to

the spiral by vias 115. Embodiments have a floating high resistive shield

12




shiel d 520 resi des bel ow the floating high resistive shield 510. This
shield 520 may provide a term nating path for the inductor P“ﬁc Iﬁ ﬂf&vj eld
(e.g., a. short). The low resistive shield 520 nay be made o i'gj ? oped

silicided po]ysilicop,..althou his is_nat ,required. one enbodi nent,
the | 9H 10 arpuiter m%aﬂﬁ}ﬁ?ﬁr@z%z%wmh& adueor 1dbiandihe of a few Chrs
- per square, although a wide range |s suitable. The ratio_of the resistance
of theubstgate 1@ dhiepe may alsg b hell exide rgglopciidhetyeesdhel d 520 nay be- on
the order of _1000; however, other ratios are suitable. Furthernore, the
pr eseflpating kighi resistivengiield 510 endithessbstrasoiA2shi el ds. I n one embodi nent,
only the 15 electrically floating high resistive shield 510 is used.
Furthernore, the present invention is not limted to the particular
orientation of the two shields. In another enbodinent, the electrically
griounded | dw a pseferiad endhidéndns2an rebsitdieslizgpoendéd lev eesista |y fl oating
hi gh resistive shield 510. 20 The‘patterning of the shields 510, 520 nay be
conf i ghiedd 520 resides-bdomt theubastifig higlonesisiihe theld a10ultentshielduced i n t he
shield 510, 520 by the inductor 110 will not have a closed |oop path. It

may abg0 rhaygireviik 4 heimieting pach dor BiOindidborelectrat fiekdhedzt @ prevent
formation of eddy currents in the shields 510, 520. Thus, in one

enbodiHerY). THElRakédstivasliidié oompagded ahd2bfhighigakipedisiieideent s with a
slot or gap 525 between them In one 13 0 4 APR 2006 enbodi nent, the
segnephBydiAven,dalthéligh @Rist Ren &y SRfxiRid. 1D Ghe fedilfodit@nt Nehe low
10  resistive shield 520 may have a sheet resistance of a few Ohms per square,
although a wide range is suitable. The ratio of the resistance of the hrigh
resistive shield 510 to the low resistive shield 520 may be on the order of
1000; however, other ratios:are suitable. Furthermore, the present
invention is not limited to using both shields. In one embodiment, only the
15 electrically floating high resistive shield 510 is used. Furthermore, the
present invention is not limited to the particular orientation of the two

shields. In another embodiment, the electrically grounded low resistive

shield 520 resides above the electrically floating high resistive shield 510.

20 The patterning of the shields 510, 520 may be configured in a non-
continuous fashion such that a current induced in the shield 510, 520 by the
inductor 110 will not have a closed loop path. It may also be stated that the
shields 510, 520 are patterned to prevent formation of eddy currents in the
shields 510, 520. Thus, in one embodiment, the pattern may be composed of

25 a number of segments with a slot or gap 525 between them. In one
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slots or gaps 525 have a width on the order of 1 mcron. However, the
present, inventionis not limted to these w dths. Furtherrrgqeﬁégg resent
~invention is not limted to patterned shields 510, 520. Thu nts 5
with full shields wthout patternjing may be suitahble. Wth o one shield,
" the .@aﬁ%@(ﬁrﬂ%z%ﬁw%@eaﬁ ayRa mrhlwmef@?lpr@lcg%%ﬁp tt8e102.

- Beneficially, an enpodi nent_uses two shields, such_that where one shield
has asé@ﬁmnsr@fbhwé@ agwikihps therprdor ekl vaicgen. Howayies, the f ashi on, the

i nductor 110 cannot “see' the substrate 102. Thus, the electric field is
subst amesent inventiords nat limated to thess widthsaFurthermose, hetpresemiough a  gap
525 in a shield 510, 520. For illustrative purposes, the graph of Figure 4
i s bagedentionhenot Bnfibed Mﬁgtepaﬁéﬁme@IM&H@VeThU$ reenlrdaments i nvention is
not limted to these paraneters. The inductor 110 may be a 3.5-turns
cofivernwitbriall slyeklisewitdpist glatierdung oray Headuitehleed on Chartered Seni conduct or
Manufacturing Ltd's 0.25m | ogic baseline process with plug-in anal og

nodul es. The _ spiral may consist of the topnost nmetal with a thickness of
0.6m For the 20 underpass 111, a 0.5mthick alum num nmay be used to

contact thewggnédy oraf shibhi therialuctéh@OR nhey boribid tdiseb’abtsugh 822 t hi ckness
between the spiral 110 and high resistive shield 510 may be about 5.0m

Fi el d thxi fithsBride 1$)and3\e@éﬁ¢:ian?v] dhenbodimhest abéyBve Bhlids Sadh nd substrate
may be 0.36min thickness e inductor 110 may have an inner dianeter of
75. 0OM@Rerd bi%e Mield has a gap 525 the other does not and vice versa. In this
10 fashion, the inductor 110 cannot ‘see’ the substrate 102, Thus, the electric
field is substantially blocked in that it does not have an open path through a

gap 525 in a shield 510, 520.

For illustrative purposes, the graph of Figure 4 is based on the

15 following parameters. However, the present invention is not limited to
these parameters. The inductor 110 may be a 3.5-turns conventional square
spiral inductor, fabricated on Chartered Semiconductor Manufacturing
Ltd’s 0.25um logic baseline process with plug-in analog modules. The
spiral may consist of the topmost metal with a thickness of 0.6um. For the

20 undefp,ass 111, a 0.5um thick aluminum may be used to contact the center
of the spirai. The inter-metal dielectric 322 thickness between the spiral 110
and high resistive shield 510 may be about 5.0um. Field oxide 324
sandwiched by the low resistive shield 520 and substrate may be 0.36pum in

thickness. The inductor 110 may have an inner diameter of 75.0pum and its




0 4 APR 2866 wi dth and spacing nmay be 10.0m and 2.0m respectively.

Polysilicon strips with a fixed wwdth of 7.5mand a slot width of 1.5m may
. be used to construct the entire |ow resistive ground shi elld 58%R agpel | as
electrically floating high resistive shield 510. The ground | ow resistive

" shield.320 may 5 use str, f ver w resistive silicided polysilicon.

" The e]wégﬁ? iaggl Slfﬁ?qrf%ﬁ’taiyﬁbg iﬂﬁ&ﬁ“ F“Béii@ﬁl%ressﬁﬁ‘éql elg'ld4 Oi]ﬁéss}ﬂﬁ‘?:rhi eve behavi or
of an ppened suhstr.at y ..exploitjng un-doped polysilicon with a high -
sheet SVE@‘? &1%63%@8% d)fm-éﬁn Elfréis??tqt\?@%st 19 éﬂﬁ%mmap e&eed kg now to

Fi gure 6A and Figure 6B, one enbodi nent uses an electrically grounded

Si [ cPRRSIEHERIRE B21re fowt sasisldve grownd shield H20yasgwel) r@@eﬂectp@ﬂﬁﬁr ned shiel d
520. Preferably, the electrically grounded Silicide shield 620 is |ow
resi stlaptiag wehrisvisiveshieldn Hht %hg gparend dow gesighise Sbield h€0aheptric field
of the inductor 110, The electrically grounded Silicide shield 620 may 15
beh f ope skaipploé very taw mesisEve sdidded Polyanicom. SThe elagtricadly flhatibgke.
Silicide is selected because it is a convenient material to work wth.
Howev bigh oesistive ghiedd HA0 snappchievadet aneref sasopesled. subatiabé byenbodi nent ,
shal l ow trench isolation (STlI) is used to 20 construct projections 622 of
subst ezpbitiog wpdopedhpolysilierevédt aitdgh lshegt ousidiohcSitbimirde: sighel d 620 is
pl aced. The Silicide shield 620 may be patterned. The substrate 102

r egi onssistivvhigilicdre fi el d oxi de 324 are a consequence of the sem conduct or
fabrication nmethod. Advant ageously,

10 . Referring now to Figure 6A and Figure 6B, one embodiment uses an
electrically grounded Silicide shield 620 instead of an electrically grounded
patterned shield 520. Preferably, the electrically grounded Silicide shield
620 is low-resistaﬁpe to provide a terminating péth to ground for the electric
field of the inductor 110. The electrically grounded Silicide shield 620 may

15  be, for example, Platinum Silicide, Titanium Silicide, or the like. Silicide is
selected because it is a convenient material to work with. However, other

materials may be used here, as well.

- In this embodiment, shallow trench isolation (STI) is used to
20  construct projections 62.2 of substrate 102 upon which the electrically
grounded Silicide shield 620 is placed. The Silicide shield 620 may be
patterned. The substrate 102 regions within the field oxide 324 are a
consequence of the semiconductor fabrication method. Advantageously,
this and other embodiments are well suited to be used in existing

25  semiconductor fabrication methods.

15




this and ot her enbodinents are well suited to be used in existing 25
sem conduct or fabrication nethods. 15 0 4 APR 2006 . The electrically
grounded | ow resistive shield 620 is placed bel ow the gapsf QZQPRf Z@Ee
electrically floating high resistive shield 510. In this fashion, e
" electrically grounded Silicide shield 620 serves to provide a 5 term nating
- path for portion of the electric field of the inductor 110 that may pass

t hr ough t h&hgaglectsizgligfgronaded dew mesiativg shiaddGi28gsmlgred belost the shiel d -
510. Referring to Figure 7A and Figure 7B, another enbodi nent uses an 10
el ect gepalsi2p drthartketritkligfloatiog IHghekbiptishisbidd 720. Ikhthigr ounded N-wel |
shield 720 may be patterned. In one enbodi nent, electrically grounded N
wel | $dslabdstiv?@eeatneallyr gredinide dt & cpleshbdtirétlesck®ds tAlprevniata vel y, P-wel |
shields may be forned in a n-substrate 102. The well shields 720 are forned
nedr theniropisgpitdctraiortive duhstaladtac TRH ahtharmyddetopdsd theneathysuch t hat
15 they are aligned wwth the gaps 525 in the electrically floating high

resi spia¥e thedighl thebddhs BY5 U the cRicttédllychbdtyng hostndesistivaadblieldor P-wel |)
structures as the bottomshield, parasitic capacitance is mnimzed. A
guardsnpng-1like structure with N+ or P+ contacts may be used to ground the
N-well or P-well shield 720. 20

Referring to Figure 7A and Figure 7B, another embodiment uses an
10  electrically grounded N-well (or P-Well) shield 726. The grounded N-well
shield 720 may be patterned. In one embodiment, electrically grounde-d N-
well shields 720 are formed in the p-substrate 102. Alternatively, P-well
shields may be formed in a n-substrate 102. The well shields 720 are formed
near the top surface of the substrate 102 and may be positioned such that
15  they are aligned with the gaps 525 in the electrically floating high resistive
shield 510. By using electrically grounded N-well (or P-well) structures as
the bottom éhield, parasitic capacitaﬂce is minimized. A guard-ring-like
structure with N+ or P+ contacts may be used to ground the N-well or
P-well shield 720.
20
Referring now to Figure 8, an enibo&imenﬁ provides for a method of
~ forming a silicon-based sﬁielded inductor 110. In step 810, a region of
eléctrically grounded low sheet resistance material is formed above a

substrate 102. The low sheet resistance material may be a patterned low

25 fe_sistive shield 520, a Silicide shield 620 formed on projections 622 of

16




Referring now to Figure 8,. an enbodi nent provides for a nethod of formng
a silicon-based shielded inductor 110. In step 810, a regi omlgoh’g;? e
. electrically grounded | ow sheet resistance material is formed above a
substrate 102. The | ow sheet resistance material may be a patterned | ow 25
- resi spibstratd 208, @26n Nav&ill sloiette 7€0i el'd 620 fornmed on projections 622 of 16

< 0 4 APR 2006 substrate 102, or an N-well shield 720. I n one enbodi nent,

step 810 conprises formng projections 622 of substrate 102 into a field
oxi de | ayer 324 above the rest of the substrate 102 by 5 using a shall ow

trench i solfgtdNemhbéimphncRss -81‘0%1?&&1&@&&( feabing projestitad 62Def r esi stive
shield 620 is then fornmed on top of the projections 622. The shield 620

may b%uﬁ?&ﬁt@iﬂg idtdH H81dShHEE g FAodbdvethdirekeblithe Ribetrak® 192e 820, a
region of electrically floating high resistive mterial 510 10 is forned

abg Veutsgﬁ%%' &?&ﬂdmkéﬂc}g{mmgﬂ (5 besdeal | VEhaRl@tiighllf 320und2®, 720). The

high re tive materi al may be nade of un-doped silicon, for exanple,

or ot hel JBLefiealiteld @Z:G'%Sﬁﬁz ﬁier('l ot BoSbLthS3Pojedtién 6B TRSI Sti ve

material 1s patterned ashl on, © 15 induced currents do not have a

closedyt aa zft?[nt}gt 1;)@ n%écgeoaﬁﬁan%&rd Sﬁf&%@rp%%ﬁlm dipeRd ctbove the

electrlca resistive shiel The present invention is
well-suited to a wide variety of inductors, including, but not limted to
circular spiral, square :

In step 820, a region of electrically floating high resistive material 510
10  is formed above the electrically grounded low resistive material (5620, 620,
720). The high resistive material 510 may be made of un-doped siIicoﬁ, for

example, or other materials discussed herein.

In step 830, the high resistive material is patterned. In this fashion,

15  induced currents do not have a closed loop path.

In step 840, an inductor 110 is formed above the electrically floating
high resistive shield 510. The present invention is well-suited to a wide
variety of inductors, including, but not limited to circular spiral, square

20 spiral, stacked, etc.

By utilizing both a low resistive ground shield 520 as well as high
sheet resistive electrically floating polysilicon shield 510, a low noise and
high. performance inductor 110 with an improved quality factor can be

25  easily achieved. More importantly, there are no complicated or additional
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20 spiral, stacked, etc. By utilizing both a lowresistive ground shield
520 as well as high sheet resistive electrically floati ng[}pﬁalw IZ' n
shield 510, a | ow noise and high performance inductor 110 with apl | mpr oved
quality factor can be 25 easily achieved. Mre inportantly, there are no
conpl pratesding stegdiinvolvar, andd:)ﬁe PRizdodop desigesiangbe deypdengndtd ed, and
the new i nductor design can be inplenented easily in all current CMOS and
Bi CMSasity im@lbgimrent BMOS andBigMOBFdectuiaogienr Eenafididlly, thei on net hods. of
the present enbodi nents are realized using existing sem conductor

f abr i siaticturdy ané femaation metltatdssifophieffreamtt &mbedianeitsgpref resdiviedonduct or
capital equipnent is not required. As a result, the present enbodi nents do
not ragitig exHtiy bemddinduess:s fdlaicdtigl proesisesThued, thdtesignveedriton provi des
for a shielded silicon based inductor 10 having | ow substrate thermnal

NQ seredd@piny ehkbMicaidncteesationl spdpmant indetrequirbdl Aloes not have a
significantly degraded quality factor. The invention provides for such an

| nduct eyt alid padsRdt et IRIENES Ad Utk Qbqhife sitiificast asbhiten as to not
increase the parasitic capacitance. Thé invention provides for an inductor

and a;penbpdftor formi ng the inductor wherein the 15 inductor and the
formati1 on nmet hod neet the above needs and are conpatible with existing
sem conductor fabrication processes such that

Thus, the invention provides for a shielded silicon based inductor
10 having low substrate thermal noise. The invention provides for such an
inductor that does not have a significantly degraded quality factor. The
invention provides for such an inductor fabricated in a semiconductor in
such as fashion as fo not inéreas_e the parasitic capacitance: The invention
provides for an inductor and a method for forming the inductor wherein the
15 inductor and the formation method meet the above needs and are
compatible with existing semiconductor fabrication processes such that

significant revamping of semiconductor capital equipment is not required.

The foregoing descriptions of specific embodiments of the present *

20 invention have been presented for purpeses of illustration and description.
They are not intended to be exhaustive or to limit the invention to the precise -
forms disclosed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments were chosen and
described in order to best explain the principles of the invention and its

25  practical application, to thereby enable others skilled in the art to best

18




significant revanpi'ng of sem conductor capital equipnment is not required.
The foregoi ng descriptions of specific enbodi nents of the present 20

i nventi-on have been presented for purposes of illustration Al ARRS @800t i on.
They are not intended to be exhaustive or to limt the invention to the

pr ecidilize thernwtirddmand, vameobmbodhgntmwythhwdribne apedifsatems vari at i ons
are possible in light of the above teaching. The enbodi nents were chosen
and sglessifddeid fhe padiarlbo ubesbntopphited.t Ak ipiritended ésabothe svopenvent i on. .and
its 25 practical application, to thereby enable others skilled in the art

t 0 beFthd 8nPertifPBe MBmeddby the €liines appendédheraid andrtheirs enbodi ments with
various nodifications are suited to the particular use contenplated. It is
interbqlelqvgltéﬁts,t he scope of the invention be defined by the C ains appended
hereto and their equivalents. 19 0 4 APR 2006 CLAIMS W Claim 1. A shield
for reducing el ectromagnetic effects generated in a sem conductor, said
shield conprising: a) an electrically floating high resistive material in
said sem conductor, said high resistive material patterned to prevent
current

19




i nduced in said high resistive material from having a closed | oop path,
said pattern having a plurality of gaps; and b) a grounded | ow resistive
material in said sem conductor, said |low resistive material q?
substantially adjacent said gaps. 2. The shield of Claiml mﬂe éﬁ% 2064
high resistive material is an electrical insulator and is used to
conplinent said grounded | ow resistive material. 3. The shield of Caiml
wherein said high resistive material conprises high sheet resistance
silicon. 4. The shield of C ai WLAKNEY ei n said high resistive nmaterial has
a sheet resistance of greater than 10,000 Chns. 5. The shield of Claiml
wherein said sem conductor conprises: a substrate; an inter-netal
dielectsﬁg%g%ﬁposed bet ween said substrate and said 20 0 4 APR 2006 hi gh
resistive erial; and said substrate conprises projections into said
inter-nmetal dielectric wupon which said lowresistive material is forned,
wherein said low resistive material is operable to substantially prevent
an el ectromagnetic 5 field from passing through to said substrate. 6. The

shiel d g7 LDy MGG ek Qg (U B RRA 8L e g 5e
semiconductor, said shield comprising:

a) an clectrically floating high resistive material in said
semiconductor, said high resistive material patterned to prevent current
induced in said high resistive material from having a closed loop path, said
pattern having a plurality of gaps; and

b) a grounded low resistive material in said semiconductor, said low

resistive material being substantially adjacent said gaps.

2. The shield of Claim 1 wherein said high resistive material ts an
electrical insulator and is used to compliment said grounded low resistive

material.

3. The shield of Claim | wherein said high resistive material comprises

high sheet resistance silicon.

4, The shield of Claim | wherein said high resistive material has a

sheet resistance of greater than 10,000 Ohms.
5. The shield of Claim | wherein said semiconductor comprises:

a substrate;

an inter-metal dielectric disposed between said substrate and said

20




“polysilicon. 7. The shield of Claim1 wherein said | ow resistive materi al
conprises a, well structure. 8. The shield of daim7 Wneﬂrﬁlﬁ ﬁa@iﬂ | ow
resistive material conprises an N-well structure. 15 9. e E i @ of
Claim7 wherein said low resistive material conprises a P-well structure.
10. High sdsislide adat€mlmiddwherein said high resistive material is non 20 .
netallic. 11. The shield of daim1l1 wherein said sem conductor conprises an

el enent thdd dubsopee abhiprisesgengsatenehae! Saaaanet-hictaDdid¥et\ber ei n said
shield is operable to substantially reduce el ectromagnetic effects from

sai dypén QHEERMaid Towd 18URSIveanR tOfiab & th968d CORAHGHO$aidAbwO 4 APR 2006 12.
The shield of Caim1l wherein said sem condu_ct or conprises an inductor. 5
13. Asedivl fedesibl icopedanred, !sﬁgét%mlfan}cﬁmén%'Al%g@%%&%gr formed in a

sem conductor; and an electrically floattng high _ _ erial
& speSgdk-hst tﬁ@@}ng%goug}pgg{;%;i?{ sBh&raisubstrate, said high resistive
a

mat eri al having a pattern

6. The shield of Claim 5 where said low resistive material comprises
polysilicon.
7. The shield of Claim 1 wherein said low resistive material comprises

‘a.well structure.

8. The shield of Claim 7 wherein said low resistive material comprises
an N-well structure.

15
9. The shield of Claim 7 wherein said low resistive material comprises

a P-well structure.

10.  The shield of Claim 1 wherein said high resistive material is non—_

~ 20 . metallic.

11, The shield of Claim 1 wherein said semiconductor comprises an
element that is operable to generate electromagnetic energy, wherein said
shield is operable to substantially reduce electromagnetic effects from said

25 element in a substrate of said semiconductor.
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“i$ non-continuous such that current induced in said high resistive materi al
fromsaid i nductor faces an open | oop .path, wherein said high resistive
materi al has gaps. 14. The shi el ded silicon based i nduct d} 4oAPRI 200 13,
further conprising: an electrically grounded | ow resistive materi al
bet ween said inductor 15 and said substrate, said |ow resistive materi al
bei ng substantially adjacent said gaps. 15. The shielded silicon based
i ndlizt or Toe dlialdwfl Claberkiwhertin sait @mifcondediostdonhpyisbetmeen sai d hi gh

resistive material and said low resistive 20 material is at |east 1000. 16.

Theirshiatbded silicon based i nductor of C ai'm 13 wherein said high
resistive material conprises lightly doped unsilicided polysilicon. 25 17.
The inductor, of Claim 14 wherein said senm conductor conprises: 22 0 4 APR
2006 an inter-netal dielectric disposed between said substrate and said

shi ghg.r esisshisedembidoal bagslisdbetosubshpabimegeonpri ses projections into said

inter-nmetal dielectric wupon which said |ow resistive material is forned,
wher ei n gai jghduRvorSforasd & i wesdmienidakidrs agaer abl e to substantially prevent

an el ectromagnetic field frompassing through to said substrate. 18. The
i nduct or aafel6diRidMIL VSR L 158h FebiR¥ivE 4G /1iIBBORId BLLFQIPELRES
inductor and a substrate, said high resistive material having a pattern that
is non-continuous such that current induced in said high resistive material

from said inductor faces an open loop path, wherein said high resistive

material has gaps.

14.  The shielded silicon based inductor of Claim 13, further comprising:
an electrically grounded low resistive material between said inductor
15  and said substrate, said low resistive material being substantially adjacent

said gaps.

15, The shielded silicon based inductor of Claim 14 wherein the ratio of

resistivity between said high resistive material and said low resistive

20 material is at least 1000.

16.  The shielded silicon based inductor of Claim 13 wherein said high

~ resistive material con:iprises lightly doped unsilicided polysilicon.

.25 -17.  The inductor.of Claim 14 wherein said semiconductor compriseé:
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"highly doped silicided polysilicon. 10 19. The .inductor of C aim 14 wherein
said low resistive material conprises a well structure. 20§ 4TRPRI [qaﬁctor of
G aim.19 wherein said |low resistive material 15 conprises an N-we
structure. 21. The inductor of C aim 13 wherein said inductor conprises a

spi ral Sd}ﬂﬁﬁtergﬁegaq dlaé@tﬂl@ ﬁ%}fo‘%éd Wet i %ﬁ@s%ﬁ"rgﬁenaﬁ@'sgldz nduct or

conprises a spiral substantial 'y concentric rectan 3. The

|ndqﬁéﬁrre@{8tg@kﬁgt@1a\m%§| n said inductor conprises a stacked formation.
25 2370 4 APR 2006 24." The inductor of Claim 13 wherein[ said inductor

d d
Sonpr | sec BBk trate cofifti A il S d TnShEL ARIAAETUE O
" eSivglone bl 3h dggm%vsfgsﬁm%txﬁﬁkéﬁgi s RO qUeCJe&IE‘%aleFo A met hod o

formng a s uctor in Sem con
5 resistive material is operable to substantially prevent an electromagnetic

field from passing through to said substrate.

18..  The inductor of Claim 17 where said low resistive material comprises

highly doped silicided polysilicon.

-19. The inductor of Claim 14 wherein said low resistive material

comprises a well structure.

-20.  The inductor of Claim 19 wherein said low resistive material

15  comprises an N-well structure.

21.  The inductor of Claim 13 wherein said inductor comprises .a spiral

- shape.

© 20 22.  The inductor of Claim 13 wherein said inductor comprisés'a'spiral of

substantially concentric rectangles.

23. The indﬁctor of Claim 13 wherein said inductor comprises a stacked

formation.




conprising: a) formng a region of low resistive material above a
substrate, said lowresistive material being electrically gr&@nﬂéﬂd;zggﬁ
formng a region conprising a high resistive material, said high resistive
material being electrically floating and having a pattern that is 15
nonggont iMOlHuckhies LT g @H&th‘i%ﬁi@h&d&f‘ct&%@rﬁbﬂseﬁcﬁaﬁye es gaps; and

c) formng an inductor, wherein current i1 nduced In said g resistive
material fromsaid inductor faces an open |oop path. 28. The nethod of
Claim 27 wherein b) conprises formng said high 20 resistive material with

pol
hi g
of

ili 3 : I - i rises formng said
%g' reg?%tﬁn\?izmﬁ%?gr%ﬁgﬁ?%?ggﬁ Ir%?ddbpe Eﬁo%@%rﬁggﬁ 25 30. The net hod
LW Wherein b) conprises formng said high 24 0 4 APR 2006

resistive material such that it mimics high sheet resistance silicon. 31.
The nethod of C aim 27 wherein a) conprises: al) form ng projections above
sai d substrate using a shallow trench isolation process; and a2) form ng

sai
of

' o ' i al. i d. proj ectians. 32. Th hod
o ot QB S0l G TRl Gridgh SaPuPihByRBe Rl 4 ow eci st ve

maten saéan%galfjlr %tolntlgorﬂd%'cltfncg. de.

iv

15

20

25

27. A method of forming a shielded inductor in a semiconductor,
comprising:

a) forming a region of low resistive material above a substrate, 's'aid
low resistive material being electrically grounded;

b) forming a region compriéing a high resistive material, said high
resistive material being electrically floating ancﬁ? having a pattern that is
non-continuous, wherein said high resistive mz;terial comprises g‘apsi_ and

¢) forming an inductor, wherein current induced in said high

resistive material from said inductor faces an open loop path.

.28.  The method of Claim 27 wherein b) comprises forming said high -

resistive material with polysilicon.

29.  The method of Claim 27 wherein b) comprises forming said high

resistive material with lightly doped polysilicon.

30. ° The method of Claim 27 wherein b) comprises forming said high

24




33. The nethod of C aim 31 wherein a2) conprises formng said region of

| ow resistive material of TitaniumSilicide. 34. The nethoqggf é%ain127
wherein a) conprises al) formng a well structure at a top r ABR 2086 sai d
substrate. 35. The nethod of C aim 27 wherein b) conprises bl) formng said
high resistive material such that said gaps coincide wth said | ow
resistive material. 36. A shielded silicon based inductor, conprising: an
i nductor formed in a sem conductor; an electrically floating high resistive
mat eri al di sposed between said inductor and a substrate, said high
resistive material being electrically floating and having a pattern that
i's non-continuous, wherein said high resistive material conprises gaps;

and 25 QeddstARRNZQBE! archehgcit hiigads highkbeni dedsthowe ¢iBsdst i ve materi al bet ween
said inductor and said substrate. 37. The shielded silicon based inductor

of G aim36 wherein further conprising: a substrate; an inter-netal
di el oot hic_ dnaRORSHoISH RS FRLMCRUPS) GhgiQnd said high resistive
al) forming projections above said substrate using a shallow
trench isolation process; and

a2) forming said region of low resistive material on said projections.

32. The method of Claim 31 wherein a2) comprises forming said region

of low resistive material of Platinum Silicide.

33, The method of Claim 31 wherein a2) comprises forming said region

of low resistive material of Titanium Silicide.

34, The method of Claim 27 wherein a) comprises

al) forming a well structure at a top surface of said substrate.

35. The method of Claim 27 wherein b) comprises
bl) forming satd high resistive material such that said gaps coincide

with said low resistive material.

36. A shielded silicon based inductor, comprising:

an inductor formed 1n a semiconductor;

an electrically floating high resistive material disposed
between said inductor and a substrate, said high resistive material being
electrically floating and having a pattern that is non-continuous, wherein

said high resistive material comprises gaps; and
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"said substrate conprises projections into said inter-nmetal dielectric upon
which said low resistive material is fornmed. 38. The shielded silicon based
i nductor of Claim37 where said |low resistive nmateri al cgpn{kggézﬁhlicided
pol ysilicon. 39. The shielded silicon based inductor of a erein
said low resistive material conprises a well structure. 40. The shi el ded
silicon based inductor of Caim 36 wherein said inductor is polygonal

shaped. 26 an electrically grounded low resistive material between said

inductor and said substrate.

37.  The shielded silicon based inductor of Claim 36 wherein further
comprising:

a substrate;

an inter-metal dielectric disposed between said substrate and
said high resistive material; and

said substrate comprises projections into said inter-metal

dielectric upon which said low resistive material is formed.

38. The shielded silicon based inductor of Claim 37 where said low

resistive material comprises silicided polysilicon.

39.  The shielded silicon based inductor of Claim 36 wherein said low

resistive material comprises a well structure.

4Q. The shielded silicon based inductor of Claim 36 wherein said

inductor is polygonal shaped.
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