; e3e JIK<MQ@ MX6<0TOZd Af SHI ELDED | NDUCTOR *159159* FI ELD The present
clainmed disclosure relates to the field of semi conductor process

partitul arly, the present clai regpdiDgm gspUeTICRt ates to a novﬂm ﬁ,nmmum’w

on-chip inductor with a 5 shield conprising a grounded | ow re

mat eri ghpppd an electrically floating high resistive material The*isoiso

di scl osure reveals a | ow noi se inductor using electrically floating high
resistive and grounded | ow resistive patt d_shield, BACKGROUND ART 10

| ncr easi ng ﬁﬂmwmr ?m&éﬁwﬁapmﬁsm%@ Htﬁrﬁﬁfﬁpf:%emlswd@a@r BrrshEsiHaore
notivated recent research activities to focus on the devel opnent of

i nexpemsitwe]arkyndicipreseates] aihgd dpsivsnregelata gt novel dowd nbswonahgentadiet weh st ens.
Si.licon, with its nmature technology, |ow fabrication cost as well as high
packi nghﬁmw&;rh;musg 4 eRRgMeZIB rBsistiemAaBhy Bl kicdincall BohwhSiakh sésysubvbe 15
needs of this rapidly growi ng communi cation market. To fulfill all the

above- ment i Angdl. HRIMLLETEM R 2 1BR& e lhmta%}ngda@%éaﬁptf gg%lgg'réggnéab' e

circuit conponents I's the on-chip silicon-bas spira

Advances,in t 0 are nmakin possi ble to devel op radi o frequency
(RF) c@f’é&fquéﬁﬁg Eeg%BY%p§FqWe€§g“eé(ﬁ1 In radi o frequency operation,

substrate i nduced noise inherent in the silicon technology is one of the
main factors that limts achieving high performance | ow noi se transceivers.

Low Noi &O’K@RUUR‘I?ART‘IA) being the first stage in the 25 receiving path,
are an |rrportant bui I ding bl ock of a single-chip transceiver. The

priyjfary goaly 95a§1ﬁﬁ %&lﬁﬁb s Or f&bﬂ%{z%élﬂfe @8Jn§§u{dno%{o§x chflm ehCel Ver.

However, ina dItIO n0|s romtransi stors noi se from

B AR HRER PR G b bR | 1 >
conponents 1 n bui rate.si &YI II cant anopunts

of sucHngﬁBgﬁlgf}’esrﬁgﬂg@lzﬁqw\querd‘éod}séléxépﬁlﬂ’é %\ﬁgfzﬂ |n°b§er per f or mance
t d I h d ] ffect of bstr at
t hor mVEEFHS: SahFReBRGHS BABR T .ckna%eﬁgwﬁﬁﬁrwaﬁaﬁsqogﬁw? dhgs
B O oLk EIRE GBRAT 3 Tsasierdce e«?rgégn”ﬁeéréa {6 Thorbishirhn, oovc
Chapng, M Rofo aran nd ALA Abidi, "A 1l RF Front-End I1C for a
D et nEsHPIcy Y EF9ViRBE Soprmuniqatpm yrwﬁ% 'Jaarﬁéﬁﬁ)l. dlghgte Gircuits,

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 develop radio
frequency (RF) circuits on a single silicon chip. In radio frequency
operation, 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.

T
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15 vol. 31, pp880-889, 1996). Unfortunately, a ground shield produces a

| arge pdd to ground capacitance. Another conventional technique uses thick
polyi'mi de inter-|level dielectric underneath on-chip inductors (see, e.g.,
Y. Nakghara,.H. Yanqg,.2Q,T.. H.,rayapa, .Y.. Suzuki .,and A. Furakawa, "I npact of
interc %efl%%e?@aﬁegh%ﬁéﬁs&ﬁ Binirizeliosoitaisne o ftnce. + | Eu
Tech. Di % pp8G1l- 864, 1%%% Thoa&g signfl;gfi cant rgsultls1 y be. achi eved,

t edi ouFECRYTE oM EHEY FindR tign fa 1Y pe1ss s tangistors, the thermglired with
this nmethod., 25 lt—lienc , the key challenges for, building on-chip

si | i corRaine &k theisyhsbrase sesistansgicoptmutes sigpitisantly tn bhe averalk y fact or
but also . in fabricating inductors having |ow noise performnce. For

si | i cornaige diguraidherkNA;. t Omehipdaduetass, which nze essentinl @reviti de gr ound
shi el ds underneath the_inductor inproves its noise performance (see, e.g.,
H. F&j i icomporsptsiin bwilding ks, décnamtcr, oftenwgemierate pignificanty 0. 6dB- Nf i n RF
Bi CMOS Technol ogy using Cobalt Silicide Gound Shields,"” | EEE BCTM

pp98- 1(13111102(109))? sw¢hyevlestirate hbisstthat sdllalegradethe overaltsirgeitt i on of an
on-chip siliconl0 based inductor 110 without a ground shield. Conventional
sem conperformapcedessiengoushs a very conductive silicon substrate 102.

Wt hout any ground shield, the thernmal noise in the substrate 102 may be
substantial. Figure 1B shows a cross section of an inductor 110 and a plate
type ground shield 120 nade of CoSi2. Figure 1C shows a ground shield
patterned bySdveral apprerchtsChat/beliraduge alis@ffeot of substoagyviernistads to an
unavoi dabl e increase in the parasitic capacitance, which severely degrades

theo ndﬁ&b@ﬂiaﬁre%nﬁ@ﬂo@té@“%we%%%?h&véB fitapRsbl@hs A for the
i nductors 110 of Figures 1A20 1C. Figure 2 shows the quality factor as a

functi ogpyriRfenitid@y oh&H neRledy §66 -im?’io aiibh e By %H‘é’z\&luchfgea Lhgy factor

is lower with the trench ground shield 130 when conpared to the unshiel ded

i nduct s all j i id |, & Onerp e ield 120.
hield&d BHﬁhirfggpislﬁgs\t}\:gﬁct'u%e sz&%é, eel.% we Re#ghga}m p.w:.l %e

Furt hernore, Figure t hat “shi ing t nduct or | f ades the

esonanis T ARNERRG, 23 £a, ABEr MDHDUMDS KGRV ERIAL € 58] one
5571 PRSPV RAR RS A HESHL SR SO, 1
: _ : b i 320.
o s Sl SRR MRl 8,nSHAT SRESRTNGIA bRAR SRS o 320,

115. The(ﬁ m condyct or atléso conprises an inter-netal dielectric |ayer 322
and a fPRFOBHOYBY RAPAFI'EBEC: Unfortunately, this technique may lead to an

increase in the parasitic oxide capacitance (Cox). Effectively; this
techni que brings a new conductive 10 silicon substrate (e.g., the

pol ysilicon shield 320) which is electrica]]y grounded, and cl gser to the
Pndtict or 110A0kRen wv%wagtteaimue/s@egzﬁw% PHABIISINGFLeVE)2 has its own
capaci tance C5; and resjistance Rs~. The capacitance CS between the inductor
100 spi diglectnir vpdermpadh onrohipsinducsorshisan,. e-g5 AdNakadaan) . Yang
configuration results in degradation in the inductor's performance. Figure
4 sbwsTaHpireyamia, thSupmdtii and #adtwrakamwa, i“hapectnf éntercenmashshi el ded

i nductor with one shielded with | ow sheet resistance patterned polysilicon.
As t he Gapphitahceviedactibmén RieBeDeyice 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



20 consi derabl e degradation of the quality factor. Additionally, above 4Gz
t he induttance begins to rise significantly due to self resonance at high
frequenci es. Thus, although | ow sheet resistance polysilicon or Silicide
ground 25 shields nmay inprove the inductor's noise performance, the quality
factor Mduciprs Hedwhonly inaphienipgdrigh qpmlisy dactondbupelsaimfatmicatimgern, in
order to achieve w despread acceptance, - and to ensure affordability, any
net hod Bidudens hgving law aieise performrandes dtbrssilicondiased indactors\ier cones t he
above-1isted drawbacks, should be conpatible with existing sem conduct or

f abr i cahasbegnompostesl. thEtusaviagrdididegmnmd sliieklsstin déédedtlothe hi p
silicon-based inductor having | ow noise characteristics. A further need

exi sts imductorhmyprotés itsdusiteperfidindreysogte. B Fujij BNi Sugakd Ig. degr aded
quality factor. A further need exists for an Inductor and a nethod for

f O 18 NOYoRRid:"gHATr YSREARIN BB JAGHAIGIR A NRE RiERien et hod meet the

above needs and are conpat e Wt I Ng sem con or fabrication
processgs such that significant _revanping of sem conductor capital
bqui prenechaoligy Ysag Cobalt Silicidn vard Shields, JEHE B'EM, paBELQ ovi des a
shi el ded _on-chip silicon-based inductors having a | ow substrate thernal
noi se. W@O)present di scl osure provides for such an inductor that does not
have a significantly degraded 5 quality factor. The present disclosure
provi des for an inductor and a nethod for form ng the inductor wherein the
i nductor and the formation nethod meet the above needs and are conpatibl e
with existinfigerd tAritlustrates absi¢heahatio crossestion afunhohlehip silipoint i cant
revanpi ng of sem conductor capital equipnent is not required. 10

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 110 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 of 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



A novel conplinmentary shielded i nductor on a sem conductor is disclosed.
The ,inductor is fabricated in one or nore |ayers of a sem conductor. A
region of electrically floating high sheet resistance material is deposited
bet ween the _inductor and the sem conductor 15 substrate, The high resistive
shield i s pdtefernieg nam to Biguretik dofl Kigpre 38, omet comveatiomal anethiodduced in
the shield by the inductor does not have a closed | oop path. The high

resi st iaddsfa pattemged plestricalbyrgroundadslow ghertrksistange silicoe shield to
achi eve hi gher performance inductors. In this fashion, noise in the

substr ahéelgs'SZOelthtweeln théindunter 1t®apdithe substratol10di Studiksdmveot
significantly degrade the figures of nerit of the inductor, such as,

qual i t petnconduated todavestigatefindyctens |t 10 mith sachpizadtemed owbshéett he hi gh
resistive shield and the |low resistive shield are patterned to prevent

f or fat resistdnadpylysilicor groundtshéelds 3201 eigure 8o atsceshows @t , t he grounded
|-ow resistive shield, which my 6 be made of silicided polysilicon) is

al i gnedinderpass111 benrgpsed € thdinduictdt 1EBb viael B8l Thd, sesniebnlfiedort he
i nductor may not "see' the substrate. In one enbodi nent, the grounded

shi el d all§o BBEpriebs patihesmeétA dRldctlc (9ferf32®hhd Shield biidesSlayéhe N wel |
structures may be aligned such that they conpensate for the gaps in the

el ect rigodl | Ynfdr@ahhtely, thid td@nighd HySlehg!td arl therbadd iR BRé paraglRodi nent,
the low resistive electrically grounded shield is nade of patterned

e Low res, stiv : itsel f. Th
i 1ici dgidaVBhsdtitieel€ B.O'E'f?&tﬁ'é}]ﬁgpid Eh}'cliﬁgl?%u% E?ig.g@léﬂ@@ﬁ édtiuctive® The

substrate projects int8 a portiorn of a . ayer between the rest
o 10 s e L AR BESl seel esL ot e
ouner SBhgRAEASR ARNERDIRE T Bleh RURRR e THEORIOIOH s P,
o1 B RA SFF B PR hat B LG o Gae ARt o v ch are
capacitance C, between 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 to 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



BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are
incorporated in and forma part of this specification, illustrates

enbodi ments of the invention and, together with the description, serve to
explain the principles of the 5 invention: FIGURE 1A is a side sectional

vi ew idiidisesatantgfraquencye mire ategradedi con based i nductor above a substrate.
10 FI GURES 1B- 1C axe side sectional views illustrating conventional shields
bet ween an inductor and a substrate. FIGURE 2 is a graph illustrating the
quality factor versus frequency for the conventional inductors of Figures
1A-1C. 15 FASHBE adwther dohogrmsdat drdezl tovachiewd wideopreadt acseptarsspyar e spiral
i nductor with a grounded | ow sheet resistance patterned pol ysilicon shield.

Fl GURRraBtb $n3usé dgfordabilityalany gisthbd ffomainenhi cinahips silizbe-bagedal 20
i nductor with a grounded | ow sheet resistance patterned polysilicon shield

of 5Fi gudecédy, whichRivercomesathdy abdvd-liktisd dAdwbacled) dhiol¥d fhact or and

i nductance versus frequency for a conventional unshielded inductor and the
25 conyanpafiBR withlé&itin@fsemigbh@actdt RndicABonSprodesd4E 4 is a graph

illustrating inproved quality factor for an
Thus, a need exists for a shielded on-chip silicon-based inductor
having low noise characteristics. 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.



I nduct or having a high sheet resistance floating shield over an unshi el ded
I nductor, in accordance with enbodi nents of the present clained 5
invention. FIGURE 5A is a top sectional view of a square spiral inductor
with a conplinentary shield that conprises both a floating high resistive
patterned polysilicon ntSUMMARY a grounded | ow resistive material, in 10
accordance with enbodi nents of the present clained invention. FIGJRE 5B is

a side sectiThalpreseaw afclohige proafdessshieldedneiuehiys silicohtlgased SA, in
accordance with enbodi nents of the present clained invention. 15 FI GURE 6A

I's a tqpduetdrsHinyiLWwobuBstyatailifersiilmisd. nThe d;ﬂresmtt Riiwldst@at i ng hi gh
sheet resistance patterned polysilicon shield and a grounded Silicide

shi el d,proR BECRr SRR M du@FP gk T @esSn @t hdveea @,fg,ﬁfﬁﬁeana!yal gsaﬂdémvent lon. 20
FI GURE GB is a side sectional view of the square spiral uctor with

shi gl dcgial cborBAThé gr@é‘eeﬁrd%m‘sﬁr %ag@ﬁqi :ﬁ?‘i‘ﬁ&u&t}rfaﬂﬁ PHRIROG cl ai med

inventi FIGURE? Is a top se I onal view of a square spiral inductor

wth a nf§£ 50{3’9\%% tRY it eu?é(}o?%?&re{rﬁ éﬁﬁd&&o{ﬁh&ﬁc@%ﬁﬁr&%‘t%%# ¢y shi el d and

a grou in accor ance w ments o e present
clal Meqy eet the above needs and are compatible with existing semiconductor

fabrication processes such that significant revamping of semiconductor
capital equipment is not required.

10

A novel complimentary 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

15 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 compliments a
grounded low resistive shield to achieve higher performance inductors. In
this fashion, noise in the substrate is reduced. The novel complimentarj;r

20 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 formation of eddy current in the

25 shield. In one embodiment, the grounded low resistive shield, which may



invention. 5 FIGURE 7B is a side sectional view of the square spiral
inductor with shields of Figure 7A, in accordance with enbodi nents of the
present clainmed invention. FIGURE 8 is a flowhart illustrating the steps
of a process of formng 10 a shielded inductor, in accordance with

enbodi nesisads of siticidedspolysilicanrisddligwverhtd cover The gapawfihe higlierred to in
this description should be understood as not being drawn to scale except if
speci f i msidtyvershiedd, sifth tHHSEHY MduabbiOmafHiotPREERRSRbEMACE MENTS Ref er ence
will now be made in detail to the preferred enbodi nents of the invention,
exanpl es of which are illustrated in the acconpanying . draw ngs. Wile the
invention wll be described in conjunction with the 5 preferred

enbodi nent s, In bnéidmbdHmMEHC RS gPcuhde! shidRY ivhRideif patterdadNiwelli Mt the
invention to these enbodi nents. On the contrary, the invention is intended

t 0 @VefordpdlDatii@tres0dHel Rak bR RENAGr&OMay HeLaligned\ShhthaytHs | ncl uded
within the spirit and scope of the invention as defined by the appended

| ai IS i , . N the 10
b eseni S B B o P L P BB, e T
provi de a thorough understandi ng of the present invention. However, it wll
be obvious to one of ordinary skill in the art that the present invention
b i3 . e ' . , ]
nonn: et hodl SHILAAGEE SERRRIATChS ol Heelide iy dfahaasey,
d i bgd. b i | [ f t
ceert DB ol RIS PRI bty MO B RAEB RS o s

i nventi on. i-on provi 0 conpl i mentary
shig| d of bot h f hoat i hi.gh resistive shieldan r. ded | ow
reststi g%bs%ag%t%@& B&e %t’faﬁg Hrﬂ{?ﬁtst o é‘rﬁu"r?% 0&5?1%9%&3 ver, the
present, i nvent j,on i limied to i oth t.he hi d logw resistive
shi el d;b?W%{%BﬁgiﬁﬁF,sugﬁh?%%aPﬁﬁﬁﬂﬁé HFﬂﬁéleéﬂéegavmr B o used.
When a fl oati,ng high.sheet resistance patterned polysilicon shigld is

f abri ca{"é?%l rﬁﬁéﬁ?’ﬁég‘ffﬂatlﬁ OY™HE &Péﬁ?c the &%i?so\}‘e%}fﬂgl‘nreétﬁi}‘iet &etor is
observed. 25 Referring to Figure 4) the inprovenent in the quality factor
is seen for a 11

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.



case in which only a floating high resistive shield is used. In contrast to
the prior art case which used only a grounded | ow sheet resistance shield
seen in Figure 3C, the floating high resistive shield shows an i nprovenent
in quality factor even at | ow frequencies. The floating high resistive

shi el d BRXEF BESCRIPTION Hp THEDRAWINGSct or with only a grounded | ow
resistive shield that has good noi se performance. Referring now to Figure
5A and Fi gurEFhemccempanying deawingsywhich drer inporporatediinabhg formasi ng hi gh
resistive shield 510. The high resistive 10 shield 510 is preferably

non- net pattiaf thislspécifitatite, dlusetates eimdmldiments af the ihvembien emdodi nent, t he
hi gh resistive shield 510 conprises |ightly doped unsilicided polysilicon.
Pr ef er afpiggthéhwithi gie desiriyitiors seiveetodledplainrtlye baitripleshifaher esi st ance of
greater than 10,000 OChns per square, although enbodi nents with | ower
resisst angentioay al so be suitable. 15 Figure 5B is taken along |ine AA of
t-he top sectional view of Figure 5A. The views show a square spiral

i nductor 110. However, the present invention is not limted to such

i nductors. In general, enbodi nents may be used with any el enment for which

shi el ding i SFIGEIREAA ishe kit Gtiohidl vy iB@strafiniges cbAvertibAsl ar
pol ygonal , spiral, or stacked inductors, etc. The inductor may be nade of

any nat glicgh basBg indhagr abdve aoguﬂsi;ﬁ%&.ed to al um numand copper. The
i nductor 110 has an underpass 111, ich may be connected to 25 the spiral

by vias 115. Enbodi ments have a fleating high resistive shield 12 510 in
an inter netal dielectric 322 between the inductor 110 and the substrate

1024n There _an~f el i Is oating high
r es]quti ve s@g??@%q;ﬁngct%% ésigg)sél3 &z?lgﬁ%ggséﬁﬁﬁﬂgttﬁp%é{%ﬁ&enr%odi ment, an
el ectrigal ed |. [esi_stiyv .eld 520 resides below the floating
hi gh regéll?igwsvgét%g’l %ng@@’gct?ﬁiaids%ggﬁgfrg% may provide a termnating path
for the inductor electric field (e.g., a short). The low resistive shield
520 may be made of highly doped silicided polysilicon, although this is not

required. In dinment,.the Jow 10.resistiv hield 5 may have a
Cheet resi stEICOTR 5% Bvtenhdllstalingoitis Tt faston ors TPangnes

sui t abl .éipe rati o of tﬁg%%esisggnce of th@ hi gh resistive shield 510 to
the | owtdrddieseanyentional indagiorsof Bigwss dislsr der of 1000; however, ot her
ratjos are suitable. Furthernore, the present invention is not limted to
usi both shields. In one enbodi nent, only the

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 illustrating quality factor and inductance
versus frequency for a conventional unshielded inductor and the

25 conventional inductor of Figures 3A and 3B.



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 grounded |ow resistive
shiel d 520 resi des above the electrically floating high resistive shield
-510. 20 The patterning of the shields 510, 520 may be configured in a
noncont i nuous fashion such that a current induced in the shield 510, 520 by
t he i nduct or FIGUREI|4 isatgrapheillusttatieg impogvghghalitst favhyr Srsanbe st at ed
that the shields 510, 520 are patterned to prevent formation of eddy

cur r entimduetéhBaving ladsighl Sheet2fbsistanse floatipesleiebd dvee an, uhsitiebddd ern nay
be conposed of 25 a nunber of segnents with a slot or gap 525 between them
I.n one hfucterbiedas@rtantsavithRERBbGiniave ¢f thedpieseld cldienad der of 10
mcrons and the slots or gaps 525 have a width on the order of 1 mcron.
Howey erindditigyi.esent invention is not limted to these widths. Furthernore,
t-he present invention is not limted to patterned shields 510, 520. Thus,
enbodi ments 5 with full shields wi thout patterning nay be suitable. Wth
only one shield, the inductor 102 nay be able to "see' through to the

substrate 10fy G@ﬁ@ﬁfsggg'aﬁ ?%) Qébtﬁif?&g@‘ié’{a?%&’ aUs?ﬁ% el n%ﬂﬁliﬁéto’%%ﬁ#é‘at wher e

one shield has gap ot her does not e versa. Int

el ect 1€ @?ﬁﬂ’é&%‘i@‘%% PRy PohprBEE bghh'S ApERAE i 288t e' an open
pat b th{, S4idhna ys‘iﬁgase By b a5 TR0 £ il 5L bkigupyg poses. the

graph 0 mnng parane ers wever, the

i nv ntlon | i t hese pa F he i nductor 110 may
be 3. %cﬁ%ﬁ%c%m neqlhﬂg}mgaﬁsap%ﬂg%w%qeq%ﬁg%lﬁ%cf éYeéb%?%at ed on Chartered
Sem conduct or Manufacturing Ltd's 0.25m | ogic baseline process with plug-in
anal og nodul es. The _ spiral may consist of the toanst netal with a
t hi ckness of = qQr th 2 nde ass , a 0.5p,.m.thick al num may
bo used ro cENPITRE AR 1ot ige ssetipRel B af thersdhara BirHoPaRtHalo 1 ¢ 352
t hi ckness between the spiral 110 and hlgh resistive shield 510 may be about
S.O-m Fignre 8 4 eg:zar@%mﬁﬁ/mﬂearrﬁapdm@nrmf tlee presepd @ﬁ}re 520 and
substrate may be 0.36umin thickness. The inductor 110 may have an inner
di anet einegnty@nO-m and its 14 width and spacing may be | O Op, mand 2. Op, m
respectively. Polysilicon strips with a fixed width of 7.5.mand a sl ot
wi di$h of 1.5m may be used to construct the entire | ow resistive ground
shield 520 as well as electrically floating high resistive shield 510. The
ground | ow r #JHJR¥E6ANised thibgectinmal viewefst squarecipivadripdugten withsa i ve
silicided polysilicon. The electrically floating high resistive shield 510
may achifleatinpehigl sheetf resistgneecphttetrsid polysidiconxghield and augraupdked
polysilicon with a high sheet resistance to mmc high resistive silicon.
10 Ref eSiliciglenshield) ini gevordbAcamdtriembalifibntoné thetprdserentlaimed an
el ectrically grounded Silicide shield 620 instead of an electrically
gr oundegnpahtiehned shield 520. Preferably, the electrically grounded
Silicide shield 620 is low resistance to provide a termnating path to
groggd for the electric field of the inductor 110. The electrically
grounded Silicide shield 620 may 15 be, for exanple, Platinum Silicide,

Titani um Si | ipERIPEB! 12 kid@esec‘éldda@w@nlof tﬁ@h@ﬁémsmﬁlaﬁﬁﬁmt&r et

convenlent naterlal to work . However) other naterials may be used
her e, g¥hgl e I =P Tl) is used
to 20 c o n r u ct e?:j%l {)fggg%@%hf ¢ s}Hbisl te?%?&edl 102 Iﬂ% l;())g ‘ghmﬁlrgé’er(ts

el ectri J Silicide shield 620 is placed. The Silicide shield
620 ma %@%n%% #ﬁ?ﬁg nThe substrate 102 regions within the field oxide 324
are a consequence of the sem conductor fabrication nmethod. Advantageously,
this and ot her enbodinents are well suited to be used in existing 25

sengonduct OrFf@BrEi]f %X‘ ¥'a Qgé réggtlonal v15ew of a square spiral inductor with a



The electrically grounded | ow resistive shield 620 is placed bel ow t he gaps
525 of t'he electrically floating high resistive shield 510. In this
fashion, the electrically grounded Silicide shield 620 serves to provide a
5 termpating path_ for portion of the electric field of the inductor 110
that nefjogiang high shert radistanse pattented; pelysiliconrshigld gnd|agrounded gh
resistive shield 510. Referring to Figure 7A and Figure 7B, another

enbodi Mi¥rwell shielsl, inaceprdandecwithyergbodimaertsief/idig presenp-olgimed shi el d 720.
The grounded N-well shield 720 may be patterned. In one enbodi nent,

el ect riiglengiagr.ounded Nwel | shields 720 are formed in the p-substrate 102.
Alternatively, P-well shields may be fornmed in a n-substrate 102. The wel |l
shields 720 are fornmed near the top surface of the substrate 102 and nmay be
positioned such that 15 they are aligned with the gaps 525 in the

el edrical | yFIGURE B 15 gBidecsdcsionat visw ef thé $quaRy spivrahindictet witdal | y
grounded N-well (or P-well) structures as the bottomshield, parasitic
capaci t ghietdd 6f Figuire Z&din Ac@rdafcd with kiddimencd of ehaviprbsddt or P+
contacts may be used to ground the N-well or P-well shield 720. 20

Ref erri glaimed inrenitipgy.e 8, an enbodi nent provides for a nethod of formng a
silicon-based shielded inductor 110. In step 810, a region of electrically
grounded | ow sheet resistance material is forned above a substrate 102. The
| ow sheet resistance material may be a patterned |ow 25 resistive shield

520, a Sil | CRUGUMR & 820w/ HaFBHIGTlrRIAL URLIseEs P2 ibodf of Mg at e 102

or an N-well shield 720. one e nt, step 8 conprises formng
pr ojgct | : : i Lo 59 thak above the
oot o b AIeIEd AuEHR 18 Fcbortinck MPh bRty oF heMEiendd o (om)
process e nically grounded | ow resistive shield 620 is then fornmed
on top 8¥Jﬁﬁg %ﬁ%%gg%?ons 622. The shield 620 may be nmade of Titani um
Silicide, PlatinumSilicide, etc. In step 820, a region of electrically
floating high resistive material 510 10 is fornmed above the electrically

ded | pSti. ial (5 20,..720) ., T hi gh i sti
0 ounied | oveoh bt kSR lo 838 %o 0y 00 L FROLEROR hET
ot er | 2l 5, B SGURSed e oLk ol 0 2R et Godlyg reST St ve material i

10



15 induced currents do not have a closed | oop path. In step 840, an

i ndyctor 110 is fornmed above the electrically floating high resistive
shield 510. The present invention is well-suited to a wide variety of

i nductors, includin but not limted to circular spiral, square 20 spiral,
stacked?EﬁﬂaIPﬁ')IQN%ET@BREEEBRWEMB@HMEN@S)UM shiel'd 520 as wel |
as high sheet resistive electrically floating polysilicon shield 510, a | ow
noi se and hiR¢fependeowithmow baduadein dethilie theapréfemmedvasnbodiadrtty ofact or can
be 25 easily achieved. Mre inportantly, there are no conplicated or

addi t i dhalinténtiop; exenmyplag of tvdpishiaredllvetiateddn tthe aceempahging or desi gn can
be inplenmented easily in all current CMOS and Bi CMOS t echnol ogi es.

Benef i qiramiygs!t WWhilerthet inves tidnadwild berlesoribed ihedsjuaictiovhewithedent

enbodi ments are realized using existing sem conductor fabrication processes

such t haeferiredicmsaiinents citasill bE udldesstobd ehalElieyrareaiuttiateraisd fprent i s not
required. As a result, the present embodinments do not require significant

COSt'S {IAniHTEAEIMRRntiohE thédacrh ByER -5, 09 Yhél8entr8Fy, 3hs iheémlaen 34 | | con
based i nductor 10 having | ow substrate thermal noise. The invention

provi degtéded ts Bovet AREHEAMes! '?ﬁédﬂ@ﬁﬁoﬂ@fanﬂfé@l@al@h&n hHieRthhy bdegr aded
quality factor. The invention provi des for such an i ndictor fabricated in a

sem congduRidyd + mﬁﬂqhetas;é{]@%ggﬁzggé o?' Phé AlvddiforeAS8efified BtRSI tiC

capaci tance. e I nven or an i1 nductor and a nethod for

form ”%v;feﬂb‘?xgg@g&g%rgé WEKt$le P :oli]%,l 13115’tHe“ﬁJ‘1'ﬁ)X hg Metail &t dbSr 6:98f?ﬁ%h°d meet

the ab are conpa | S I ng semcon Ct or rication

DD - Pressit nﬂlo{é}ﬁﬁoé'ﬁ%ﬂceﬁgée‘é?éc‘?ﬁé‘%tﬁ% 8fe S& o?ﬁPﬁPS#cPefr {api tal

equl p reqd egO|ng descrl I ons of specific

?FPE’S{?PE& B 2t esehee;%t%n?ﬁ‘é@?”&lé’ j ?ﬁﬁ%&@ﬂesi%&iedvfﬁa{&smé’"i?iSf
mol 11 Al BRESR ke dng PEiSFe Solny 'rﬁ%?éﬁmﬁ%ﬂﬁuﬁm w oachi ng.

The enbodi nts wer ch sen nd desqgrLi n ain the
princi W@X% PrafiiGeqE gﬁ?ﬁ FP%CI{Z‘S%S?%}E g‘ép %é{qeﬁn {o t her eby
enabl e others ngiiﬁegd in he art to best ut|I|z the i nvention
and varkeRw Mrec ‘#WSvﬁ?m@%eHﬁdlaﬁdc_‘éF?‘HF%héY%n@E €8 to the

part| cular use contenplated. It is intended that the scg
described in detail as not to unnecessarily obscure aspects of the present

invention.

Embodiments of the present invention provide for a complimentary
shield of a both a floating high resistive shield and a grounded low resistive
20 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.

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

B 11



of the invention be defined by the O ains appended hereto and their

equi.val ents. 19 CLAIMS W Caim 1. A shield for reducing el ectromagnetic
effects generated in a 5 sem conductor, said shield conprising: a) an
electrically floating high resjstive naterial_ in sajd_sem conductor, said

hi gh r esasg in/whigh epiyaa ing high wesistive\ahieldis vead. Ingontrastiosai d hi gh
resistive material from having a_closed | ogp path, said pattern _having a

pl ur al i the priogast cas;which bl)seg opdy argreunded lewsshaet resigtenee ghiald sai d

sem conductor, said |ow resistive material being substantially adjacent

sai d gapeen in Figneres3Cethe Boatingihigh resistiviershialdishows ancinprovement eri al i s
an electrical insulator and is used to conplinent said grounded | ow

r.esi st i weqhslitpfatombver8at Tove fedguendiesf Theafloatingttdaghi ressstive shighd r esi sti ve
mat eri al conprises high sheet resistance silicon. 20 4. The shield of Claim
1 wher enmysbe eisbd go complishenicandhéudtar witls oaly egrouaded lotv rpsisties t han
10,000 Ohns. 5. The shield of Caim1l wherein said sem conductor conprises:
a subst shiedd tRat hasigobdrndieé perforglageer i ¢ di sposed between said substrate

and said 20
Referring now to Figure 5A and Figure 5B, an embodiment provides
for an electrically floating high resistive shield 510. The high resistive
10  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.
15
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 desired, including, but not
20 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

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

12



high resistive material; and said substrate conprises projections into said
inter-metal dielectric upon which said [ow resistive material is forned,
wherein said low resistive material is operable to substantially prevent an
el ectromagnetic . 5 field frompassing through to said substrate. 6. The
-shi el d &30 1 an imtervuheta dieledttio 328 detweew theratdardter 1t@apdithes pol ysil i con.
10 7. The shield of daim1l wherein said |ow resistive material conprises a
wel | stsubstrate . 102. Thheresiniaylalsobe @ fagldokiddregiom 324 bdtween thei st i ve
material conprises an Newell structure. 15 9. The shield of Caim7 wherein
sai d | dlodtirsg higly eesiggies ishield GO dsd shaskbstedde B02.uct ure. 10. The shiel d of
Claim1l wherein said high resistive material is non 20 netallic. 11. The
shield of Claim1 wherein said sem conductor conprises an element that is
operable to generate el ectromagneti c energy, wherein said shield is

opegabl e t o FURIrfdriral! smbediteén S la@CEletReB g%lﬁfcfe‘ackﬁv keqigtivai d 25
elenent in a substrate of said semnm conductor. 12. The shield of daim

1 wher jHieRR52) $65HEOBEURY e desﬁ‘gh%siéﬂ%%]ﬁé}d 510.3Thds shiegd ded

silicon based inductor, conprising I nductor fornmed in a sem conductor;

and an 59209 el dy pRdvide fa '%mlﬁangigggae%l %hb‘iﬁdﬁ@ﬁo?rélédtn@'ﬁélas(é Jbgtween sai d

I nduct or a substrate, sai resistive material having a pattern

that | %Hb‘%@f CPHE 1OW S isTHA SHiBRE 588 &N be HAMESEhighly AbfedsflkifEs! Sti Ve

mat er i
polysilicon, although this is not required. In one embodiment, the 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 high
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

13



10 fromsaid inductor faces an open |oop path, wherein said high resistive
mat eri al has gaps. 14. The shielded silicon based inductor of O aim 13,
further conprising: an electrically grounded |ow resistive material between
said inductor 15 and said substrate, said |low resistive material being
subst antembedimentathmsesaeatyhpee afgdtiron thei ardgeef 30Imicsenshasddhenduct or

of Claim14 wherein the ratio of resistivity between said high resistive
mat er i alsletsdrsgans §25haes asridih optthemrder of 1imsicaon.| Basteveoohe 16. The

shi el ded silicon based inductor of Claim 13 wherein said high resistive

mat er i alpresendr insestionghtriof limgted torthiesé wiidiss. pBuythiermooe,. thB@rbE'enﬂ' he

I nductor of Claim 14 wherein said sem conductor conprises: 22

"5 10 an

i.nt er - mheentdorliendt limitéd popatierneal seiehlssil Q) 520bsThas, ensvudlimends hi gh
resistive material; and said substrate conprises projections into said

int eb- mavith fdjlleﬂﬁeldrsiwithpﬁﬂ pabieshimppmdyl busieablet i ve nmateri al

is formed,

wherein said low resistive material is operable to substantially prevent an

el ectromagnetic field from passing through to said substrate.

18. The

i nductor of Claim 17 where said |low resistive material conprises highly

doped si i ci d@Rthoehlyirle $iiBld, the 18@&8@102@14&& BE able £d Bbénthfo
| ow resistive materital conprises a well structure. 20. The in

tgin said
uctor of

G ai m 19heneiatrhte 209, |]9¥héf?c’ihﬁ%' é[r?e%‘bﬁﬁhéﬁt hSeLRAPEhRES SULHNHE! |

structure. 21. The inductor of

alm 13 wherein said I nductor conprises a

spiral SPRBR one shield 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 underpass 111, a 0.5um thick aluminum may be used to contact the center

of the spiral. 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 0.36pm in

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

14



20 22. The inductor of Caim1l3 wherein said inductor conprises a spiral of
substantially concentric rectangles. 23. The inductor of Caim 13 wherein
sai'd i nductor conprises a stacked formation. 25 23 24. The inductor of
Claim 13 wherein said inductor conprises copper. 25. The inductor of Caim
-13 wherein said inductor conprise$ alumnum 5 26. The inductor of C aim 13
wher ei iwisdh@and spacing mstyi be 10dpen iaad 2.8psubespeativelyl. yPolgsiliconduct i ng. 27. A
met hod of forming a shielded inductor in a sem conductor, 10 conprising: a)
f or m ngtepseyitba fifed widtheof & bjimeamd b esd otawidthoofel .Spmubay betwseddai d | ow
resistive material being electrically grounded; b) formng a region

conpr i songtrachithyd entive Idw resiztivergratind shield82fhag e=llsds slectridadlyi al bei ng
electrically floating and having a pattern that is 15 non-conti nuous,

wher ei Mok highrdsestivet shieldB1@r Mhle groundilo@sregiitive shieldcd20 aiali ng an
I nductor, wherein current induced in said high resistive material fromsaid

i ndgct qfsef steRf’s dveRP 2w resiatRAtdilicid8d pbhysillBdoThefelédtrically floakRigei N b)
conprises formng said high 20 resistive material with polysilicon. 29. The

met hod afh Pedistivé Shik1a5AI0 mE)Y, fhitvel david! 6f ﬂgoﬁr@fiéa fiirdteYyst i ve
material with lightly doped polysilicon. 25 30. The nmethod of "C aim 27

wher el pydloitRiEPah Foped Yol Al e vt 'adighdsheet resistance to mimic high

resistive silicon.

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 resistance to provide a terminating path 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 622 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



resistive material such that it mriiics high sheet resistance silicon. 31.
The method of Claim 27 wherein a) conprises: al) form ng projections above
said substrate using a shallow trench 5 isolation process; and a2) form ng
said region of lowresistive material on said projections. 32. The nethod
of Claim31 wherein a2) conprises formng said region of |ow resistive
material of Platinum Silicide. 10 33. The nethod of O aim 31 wherein a2)
conpri ses foTheelectrically gyoended Idvoresistivesshiebd 680 és pldcedf belowathieum
Silicide. 34. The nethod of Claim 27 wherein a) conprises 15 al) formng a
wel | stgapd 528 ofith@eleotrically floating high desistied shiedd 536. Ihmhthisret hod of C aim
27 wherein b) conprises bl) formng said high resistive material such that
sai d gafsshien, thiedsdestrichllygirduhdud 1IStk¢ide isliteld®20rderves EDpidridé ashi el ded
silicon based inductor, conprising: an inductor formed in a sem conductor;

an € ecterntiabtingf parhtfon@obtion of €hé sldctiéc fivldest thle iddaptaed Mtiaewaysai d
tnductor and a substrate; and 25 an electrically grounded |ow resistive
nat er i abafethyRRghsthedp3BEs 6f thédelectrically floating high resistive shield

510.

Referring to Figure 7A and Figure 7B, another embodiment uses an
10 electrically grounded N-well (or P-Well) shield 720. The grounded N-well
shield 720 may be patterned. In one embodiment, electrically grounded 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 shield, parasitic capacitance 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 embodiment provides for a method of
forming a silicon-based shielded inductor 110. In step 810, a region of
electrically grounded low sheet resistance material is formed above a
substrate 102. The low sheet resistance material may be a patterned low

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

16



and said substrate. 37. The shielded silicon based inductor of C aim 36
wherein further conprising: _ 5 a substrate; an inter-netal dielectric

di sposed between said substrate and said high resistive material; and said
substrate conprises projections into said inter-netal dielectric upon which
sai d | osubstsatt 102 aretreN-wielli shitlk 7801. 10 38. The shiel ded silicon based

i nductor of Claim37 where said |low resistive material conprises silicided
polysilicon. 39. The shielded silicon based inductor of C aim 36 wherein
said low 15 resistive material conprises a well structure. 40. The shi el ded

snh i c(cjm ggs eth iondusthbsdidhertd, atep 830Woen i sesSRIrthinpdne tidns 622 ygonal
shape
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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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| G'10%& ()-3 10zz 10zz. Mrg\: 10!!4f$10% ()- 10 10
101 SOt 109&' () -s510%& ()-'t ' #10% (& ()-,'f "' #10%z& ()-,D. 1 WwU3g\: !t L*#10
o0& ()- 1 L*#10%& ()- !tL9g#109%& ()-!kLOg#109%& ()-!; OL9g#10%&' ()-!9
f$100& ()- | LNOPQ~_=!t!1&#10%¢" #' & ()-' #109% & ()-'!#10%"& ()-' 10 10
10910%@propessing steps fvolved 0 the Abtv indattddodesdar cahdsSimphonented () - F
| X&SH#109RJ2J& ()-F &LI10% & ()-f !109% & () - &#109%%& ()-' XZ[\] Uo@t! ! f
10%r Y& gasilySalad@ufyentlOMED S )antiOBIGMOS tethhologies. Beneficially, the .
10"910% & () - UcdEb@t!!sM 109&' ()- YA10%& ()-S! 109& ()-910%&' ()- 310%& ()-
&310%& styuctiunr¥d and@PhFor( Inethod&of the present embodiments are realized

using existing semiconductor fabrication processes such that significant

5 revamping of semiconductor capital equipment is not required. As a
result, the present embodiments do not require significant costs to

implement.

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 to not increase 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 purposes 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
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C $10%& (i si9efd ?@Mé@l&%magmeﬁc effects generated in a

5 semiconductor, said shield comprising:

a) an electrically 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

10 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 is an
electrical insulator and is used to compliment said grounded low resistive

15 material.

3. The shield of Claim 1 wherein said high resistive material comprises

high sheet resistance silicon.

20 4. The shield of Claim 1 wherein said high resistive material has a

resistance of greater than 10,000 Ohms.

5. The shield of Claim 1 wherein said semiconductor comprises:
a substrate;

25 an inter-metal dielectric disposed between said substrate and said

20
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5 field from passing through to said substrate.

6. The shield of Claim 5 where said low resistive material comprises
polysilicon.
10 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.

21



|t g#10% () - @ f g#10% () - @ KvKwKx Ky KLMOoM=

I f& | 109% \ 9Sg#10%H& () - ! #109& ()-! #10% ()- 10Z Z 10Z Z 10Z Z !
& () - OObPvQQQQQZ[ PE: !f 10 10 1099109 ()-L)!10%& ()- !pL)!10%7& ()-
IDL)! 1098S& ()- ! p9Sg#l0%7& () - QRESST* UVWXOPE: !fy# 109%& ()- #10%& ()-Y
CINHI09& ()-Y L, C#100& ()-Y | @HL0% () - ! @L10%& () - VW2W-VWAWWAN] @

10

15

20

25

12. The shield of Claim 1 wherein said semiconductor comprises an

inductor.

13. A shielded silicon based inductor, comprising:

an inductor formed in a semiconductor; and

an electrically floating high resistive material disposed between said
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
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

material is at least 1000.

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

resistive material comprises lightly doped unsilicided polysilicon.

17. The inductor of Claim 14 wherein said semiconductor comprises:

22
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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. ™~

10
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 comprises a spiral of

substantially concentric rectangles.

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

formation.

25
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26. The inductor of Claim 13 wherein said high resistive material is

substantially non-conducting.

27. A method of forming a shielded inductor in a semiconductor,
10 comprising:
a) forming a region of low resistive material above a substrate, said
low resistive material being electrically grounded;
b) forming a region comprising a high resistive material, said high
resistive material being electrically floating and having a pattern that is
15 non-continuous, wherein said high resistive material comprises gaps; 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 -

20 resistive material with polysilicon.

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

resistive material with lightly doped polysilicon.

25 30. The method of Claim 27 wherein b) comprises forming said high
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5 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.

10
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
15 al) forming a well structure at a top surface of said substrate.
35. The method of Claim 27 wherein b) comprises
bl) forming said high resistive material such that said gaps coincide
with said low resistive material. -
20
36. A shielded silicon based inductor, comprising:
an inductor formed in a semiconductor;
an electrically floating high resistive material disposed between said
inductor and a substrate; and
25 an electrically grounded low resistive material between said inductor

25
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said substrate comprises projections into said inter-metal dielectric
upon which said low resistive material is formed.

10
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

15 resistive material comprises a well structure.

40. The shielded silicon based inductor of Claim 36 wherein said

inductor is polygonal shaped.



