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pressure to make these products more and more efficient, compact, light
weight and reliable at radio frequency and microwave frequency. It is
efficient and economically desirable to fabricate the maximum number of
required devices and elements, including inductors, in a single IC and to
20 . limit the number and type of processing steps to ones which are consistent
with those presently practiced in IC manufacturing. Pushing the
performance of conventional integrated circuits inco the high frequency
range reveals limitations that must be overcome in order to achieve the
desired goal. The inductor is one area which has been examined for

25 optimization.

Quality Factor Q is the commonly accepted indicator of inductor
performance in an IC. Q is a measure of the relationship between power
loss and energy storage in an inductor expressed as an equation shown as

30 Fig. 1. A high value for Q is consistent with low inductor and substrate
loss, low series resistance and high inductance. Righ frequency is
considered be greater than about 500 MHz. To achieve a Q of gfeater than
about 10 would be desirable for that frequency range. The technology of
manufacturing ICs over silicon substrates is well established.

35 Unfortunately, a planar spiral inductor fabricated in an IC having a
silicon substrate typically experiences high losses at RF, and
consequently low Q value. Losses experienced are a result of several
factors. Electromagnetic fields generated by the inductor adversely affect
the semiconducting silicon substrate as well as devices and conductive

40 lines of which the IC is comprised. The result of this interaction is loss
due to coupling, cross talk noise, resistance, parasitic capacitance,

reduced inductance and lowering of Q values. Elements of Q with respect
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Al ford area. The depth of penetration of the radiation can be as deep as

20 required to reduce noise, line loss and assure device separation.

Another approach to improving the Q factor is to alter the shape and
.dimensionality of the inductor itself in order to overcome inherent
limitations of the flat spiral inductor. US patent 6,00é,102 to Alford
25 et al, describes two such shapes, toroidal and helical, which are formed
in such a way as to align magnetic fields generated by RF currents within
the shaped inductor, thereby minimizing dielectric losses, cross talk and

increasing Q.

3.0 us patehts 6,114,937, 5,884,990,5,793,272 and 6,054,329 to Burghartz et
al. describe high Q toroidal and spiral inductors with silicon substrate
for use at high frequencies. There are described several embodiments which
focus on raising Q by increasing inductance. Devices described that are
incorporated in the IC in order to raise @ include: a substrate coated

35 with a dielectric layer having a spiral trench which is éapped.and lined

. with a ferromagneticimaterial in which lies the spiral inductor, connected
by via to underpass contact; and/or a second spiral inductor either above
or adjacent to the first, the two coils being connected to each other by a a
ferromagnetic bridge and externally, if stacked, by an overpass. The

40 toroidal inductor is similarly formed in dielectric trenches lined with
ferromagnetic material, the coils'being segmented to reduce eddy currents
and the segments being separated from each other by dielectric, increasing
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beyond 15 microns, and maximize self-inductance between conductive

28 elements, possibly raising the Q to 15 for Al conductor over Si substrate.

US patent 5,446,311 to Ewen et al. describes a multilevel inductor
constructed on a silicon substrate which is layered with insulating oxide.
The inductors are connected in parallel to avoid series resistance and the

30 metal levels are shunted by vias. A Q of 7 at 2.4 GHz is reported.

US patent 6,124,624 to Van Roosmalen et al. describes a mﬁltilevel
inductor comprised of closely spaced étgcks of parallel connected
elongated rectangular strips in which bridging crossover and/or

35 cross/under is avoided. The levels are separated by silicon dioxide. The
structure is stated to raise the Q , possiply over 25 @ 2 GHz, by a
reduction of series resistance using various serxies and parallel
connections through vias and by enhanced mutual inductance of layered
strips. A staggered stacking is stated to contribute to high @ by

40 reducing parasitic capacitance.
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i nductors on Silicon and Their Use in a

US patent 5,959,522 tc Andrews describes a structure having upper and
lower high magnetic permeability, i.e. greater than about 1.1, shielding

25 layers between whiéh is a layer comprising a spiral induction coil,
optionally including an annular ring. Through an open central area
designed to reduce series resistance, eddy currents and dissipative
resistive currents the shielding layers are coupled to each other and
concentrate the current-induced magnetic flux. The concentration of

30 magnetic flux permits increased inductance in a smaller area. A pattern of
radial projections of the shielding layers increases the effective
conductance. If the lowe; shielding }evel is nonconductive, it also

functions as electrical shielding to the substrate. and raise Q.

35 US patent £,760,456 to Grzegorek et al. describes the interposition of a
patterned segmented conductive plane, having an oxide insulating layer
covering both top and bottom surfaces, which functions as an
electrostatic shield between the substrate level and the spiral inductor
level. The conductive plane, which includes a perimeter region

40 electrically connected to a fixed low impedance reference voltage,
comprises metal, polysilicon or a heavily doped region of the substrate.
Provided its distance from the inductor is sufficient, the design and
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20 US patent 6,153,489 to Park et al. describes forming a trench within the
silicon substrate which is filled with an insulating porous silicon, which
is a high resistivity material, coating with.a dielectric layer on which
is formed a lower metal line and a second dielectric layer followed by a
spiral inductor pattern which is connected to the metal line by a via.

25 Alternatively, the spiral can be formed within the porous silicon lavyer.
In another alternative a high concentration of dopants of the opposite
conductivity type to that of the substrate is implanted in the trench
before filling the trench with porous silicon, and forming a polysilicon
trench electrode at a point adjacent to and connected with the porous

30 " silicon. 1Instead of ion implanting to form a conductive doped layer,

' highly doped polysilicon éan be used. Application of a reverse bias
voltage between the substrate and the doped layer creates a P-N junction

_ depletion layer in the substrate, The'ggsulting structure is stated to
- further decrease parasitic capacitance and minimize loss from metal levels

35 to substrate, increasing the Q.

Another approach to improving the Q factor.is redesign of IC real estate.
Us patent 5,959,515 to Cornett et al. describes efféétively reducing the
cross-under length of the inductor, i.e. the length of the conductor line
40 between the inner turn of the spiral inductor to the outside connection,
by leaving open a center around which is loosely wrapped the turns of the
spiral ipductor. The patent describes remote placement of devices from
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25 plane) on the substrate at the bottom of well terminates any remaining
parasitic field before it reaches the substrate. The two contributions
taken together increase the Q. Other advantages will be apparent to one
skilled in the art.

30 SUMMARY OF THE INVENTION
An object of the invention is to provide within an IC structure a high-Q

inductor suitable for use in a high fregquency environment.
A further object of the invention is to maximize the value of Q of an

. 35 integrated inductor by eliminating the losses caﬁsed by the penetration of
parasitic electrical fields emanating from the inductor into the
substrate.

A further object of the invention is to achieve the above objects using
40 processes and materials which are compatible with those conventionally

employed in IC manufacturing.



5 related art. The well in the present invention, is created deep into3 2005
"substr at ewdhgoddgs tion of . the shield in the subst rate w tﬂt%Bbmklisatl ngv

| ayer. bel ow and a lowk dielectric fill | ng the deep well above It

M ni mi zes the parasitic capacitive coupfing to the substrate and to

devi ces. Reduction of the parasitic capacitance increases the 10

sel f-resonating frequency of the spiral inductor, resulting in increased

Q The dlrﬁt;ecfaaacaddam@aﬂ ﬁbg@é@s eSS LAY qRt Lan HQQSM 19@&41&9 *ae th' ck

overal | neces Itatin E)ect rati o connecti
reduce cHPH £ 9e°aé’6[igt‘ivﬁg°‘tu6’1 FZem St at RAuCERr ttﬁ’et}it?r éé‘éﬁtraltﬂvﬁttl on t he
capaci ti vblm@aptaﬂ ry beewidérs rheellnditledr whtid ordmnisubst Hatbedtsic eneechtby 15

i ncreasi ng) tntageﬁliae_l 86idv €hé hinakaRssam yodicﬁagta )graﬁm'a gme&{tﬁ%%a@pg
at a uni Cc I Cl e_snl e
L LRLIDaLet CE QM LA6D Ll Bhal el BEHEOLy (LAl NgpLhe, S01C

i'n the bottom e dielectric I es
| ower s t AP3FAr a5tioPE %‘ﬁ‘ﬁéﬁ?tteaﬁ’éémbé‘tv@@% tcﬁec’i‘rﬁh%t desarﬁ’alght resigtiel

whi ch i netldases. tdreasddviice eadrariuch raqgeeg probiaMoe, i anduthorlispi r akherThe 20
el ongat egusegaedtradeshare alont hie cahi eldareduess caddyigUELSR e WHRE i40r OCESS
of the present w%%nttc%qngeuteb&eﬁmgt Bayed )l gOLALEG N O new and _extsting
t echnol ogi es. Tncreaa n he spaci ng "bet ween e m%Lﬁ'ctor coil and the
SUbstrate using a true, organic dielectric decreases parasitic

capaci t aPRIEF PRICRIREIQN Qi TG DHAWAN@®t t er ned conductive shield (ground 25

pl ane) on the substrate at the bottomof well term nates any remaining

par asi tl}:Ce%I el d. ngg atm wgaghh S tnhees gubstrate. The two contributions

t aken t oget her |ncre advantages wi Il be apparent to one
ski‘lled in the art. 30 SUMVARY OF THE | NVENTI ON An obj ect of the invention
15 to proha-der wihohe ntien cpCest rircrore gedtiigh- @d mdtrttedr 96 Webadde ihothidge in
a hi gh fwequencyshewviinonsent to Aef Usdahed. obj ect of the invention is to
~maxinze the value of Qof an integrated inductor by elimnating the |osses
caused bly thg p%rggt rlatl on_of 3t5par asitic e!jectrl cal fields_emanating from
the inductor i nt 6 the SUBE FATE " A UFTISF o%‘i ERFTTF e “ehveftrbrisis to
achi eve st}ﬁ’énatfb\}‘"égobﬁBeéf‘éeruéPEig’lﬂ@GMéb@@és @nd cerduetpnl @)widch are

Tonpat i iretwrédisthossk ¢onwentpanatdipgetid ayedhdear | G) namifmask Ui Ngeri VO

02/ 065490 aeMtZQQ&hengum Qoﬁ%@agay shield) (2) shown in 3B. Fig. 3C

shows 3A after deposition of groundplane (2)-and removal of photoresist

mask (7).
25 Fig. 4A shows the well and groundplane (2) of Fig. 3B after filling the
entire well with a low-k organic dielectric (4); two sides and the bottom

are shown as open for understanding of the shield position. 4B shows the

same in cross-section at 90 degrees rotation after planarizing.

30 Fig. 5 shows the filled well of Fig. 4A in relation to the spiral
inductor (5) integrated in the standard BEOL. '

Fig. 6 shows the structure of Fig. S'aiter adding open vias (6) in
preparation for the alternate embodiment shown in Fig. 7.

35 '
Fig. 7 shows the structure of Fig. 6 after the organic dielectric (4) has
been removed from the well through the open vias (6), leaving air

dielectric.




10 15 20 25 30 35 These and additional objects arehachi SVEd intthe B3 ENOYTI005
I nvention i the capacitive coupling fromthe inductor to

substrate ?‘;boe |%Bnat ed by providing a well filled with ord’gﬂ‘,/%B‘P&RPZS
dielectric constant (k) material bel ow 8he inductor and providing a
grounded patterned Faraday shield at the bottomof the lowk well. The

I nvention may be fabricated on a bare silicon substrate or on an FEQOL, or

Si Ge, con or a device wafer.such as CMOS
8? I gg&%‘%ﬁ%ﬁrﬁ%ﬁ&q&%éﬁg m*‘)&e materials, such as GaAs, quartz,
and the i ke could be used if the nmethod of etching the well is nodified
accor di nghywi@Rl BfoPESERmRTEAN1 G TTHE: RRAWNGS £d4 glulmgste@ w@w@tﬁoy whi ch

def i nes Qstﬁs&urgﬁﬁbga& EQP P sE001 b1 LRSS P S Blord) ﬁ%r?gt-‘?’e‘t ot n

.degrees in whic oca e

cross- secPf %cr?sih’ﬂﬁ rdt%\t &859?)"16581‘? SubstaRke\@nd aghivenhdeslceshdwrerm &lﬁpgn i2B
after appFWn@Av rexsiferaly( 89 ficondeopinted9) Ianthatphey aheswesll sBslct(Fed and
pat t er ni n@oéh@ot ONBUCEH:Qos(iH) ranshyFRGHert /drdiekBing TtQaéj%AQSéc}da@goE be%ceed
groundpl apg, (d'égf'éc’e%aﬁ Sh'ng 1(13) n\%QQWQ«rﬂ:.H 32 F‘é:(#‘| 5i 1con srtf'ﬁgtf(e (wﬂ.ch Iéls

deposi tiop_of removal of photoresl st
4A shows THE e\%eﬁt aﬁ@ﬁféﬁﬁd‘ﬁf’é’r@“&?ﬁmﬁf layeg. S‘S’E‘ &Ft 402 | §3MAg qﬂnéPSCéntl re

WPl wi t hizprcpnrhesphepaviscdetied| editicrte (@kss) .t movedildes randesdea@ battom are
shown as opersperd uader stendingh Ak hd1@ 1640161 daRES| EAON chadtBeShNgthg same

in cross- 5achion @akudQ deg %‘é‘&&%aﬂél%u &f et 'a%Qerr{ £o0%:n, Fi %’1:] 3 shows the
fllledvvel of. Fi 4A|nrelat|onto : B I 'ndu egrated
in the stanéled trﬁ%&f. Fegednghg e s"f}?lﬁ t"G‘rlér Eﬁt}ﬁlt@nd Ghaf%feahaa@dpﬁg

open vi as”(%f”r’rFOnp‘F‘é’ﬁéFa‘tﬁi oaifomestre sath esnetasténbddnmenthishOMIEl i g. 7.
Ftg. 7 showsetdiengt vistt arelotidd @ furaf tetrbhenol gadintudigkestibes, (khl has

b ab£Qm b wedd) t BpOoughn$he. 2060, §c£1 J) a ALl ot chan
d?glnegt?;?ﬁctﬁ,e@%g )ﬁcu aZOG‘}gl 0_PCT/ %!d@/ 00525h ﬂDé#AﬁhﬁB tchant

rate comp051t10n until a well which is
DESCRI PTI
a out 20 microns deep is formed, as seen in Fig. 2B. The side walls of
the well should have sufficient slope both to facilitate wall coverage by
20 insulator (8), conductor (9) and photoresist (7) as shown in Fig. 3A and
the formation of the ground shield (2) shown in 3B and 3C.

The bottom and sides of the well are then coated with a second
passivation/insulation layer (8) of Si02, Si3N4, BPSG or other such
25 material, followed by a layer of conductive material (9) such as metal,

' doped a-silicon, doped.polysilicon or silicide. Photoresist (7), such as
AZ-4611, is applied over the conductive material and an elongated,
segmented pattern for the Faraday ground shield (2) is opened down to the
insulator (8). The pattern prevents the generation of eddy currents in

30 the shield. A connection to ground (3} up a side of the well is also
exposed, developed and etched as seen in Fig. 3A. Alternatively, the
ground shield could be formed by doplng the silicon at the bottom of the
well through a masked pattern to make ‘the doped area more resistive with
respect to the substrate. A low dielectric constant (k) material, such as

k] polyimide 2560 or SiLK (4), is applied to completely fill the well. The
filling of the well is indicated in Fig. 4A; however two walls and the
ground shield are left open in the drawing for ease of visualization. The
filled well is shown rotated in cross-section in Fig. 4B. For a well

-which is about 20 microns deep, 25 microns of polyimide would be

40 appropriate to overfill the well and coat the surface of the wafer outside
the well. The dielectric is then cured, if polyimide, to 400 degrees C,
and if the surface across the wafer and filled well is uneven it is made



A wider choice of ‘'material will be available for filling the wells i3 &0y 205
‘st ruct ur ewDrie@stieel for BECL if fabrication of the FEOL (frpot/cgogeshs| i neg
.5 processing, i.e. the silicon subst rate and active devices thereon shown
in Fig. 2A preferably is first conpléted. In that way the well structure
does not risk exposure to subsequent processing that. may equal or exceed
400 degrees C. Beginning, then, with the FECL silicon substrate which is
coated wvkh ¥y RASSIAhI ANpbISULAS iwaBh | BY elukitté Ns RSP Gt opPliiMy e BPSG 10
(bor on- PRGN aHP: AAPEd 81 14,8816 $haSkradt WELL: deS RALLE NSl hOun +
correspond to an area ich 1I's mar gi na g arger than tha of & of t he

i nt ended*St rtfuct BHaAtPRILF e PFIEFEWPIN B &° pRit FEPPAYSSr EP HFESWER | i s .
et ched rhpbuglrian dpene griareacfradle fhililel wallll winht hbé amdrtdreiiegchant into
he sil ibaes: witbst/idke1 MSoRN FBANRFHED a8nd @acAdV 8nhi@t et &hiNgs( RIE) or 15

wet etchin it h SO iQn TMAH (tetranethyl ni um hydroxide), KOH
(ot assE GRS 05 48) b 1ot riA Shet AR Ao, PocARACHI] HreBt her-bt chant
sel ecti $&efidkepher $aPTiaGr dhesetPlehe &Cc PGS dasitasti|l a well which is

about 20 mcrons deep is fornmed, as seen in Fig. 2B. The side walls of the

wel | sheubfkhane wuhiiicebipash opRDBEd LR drackiibat gnavahl L@verage by 20

insul at ot , ; ) hbhotoresi st .(7) as.shown in Fi 3A and
1!(0 he for %Figogl)ﬁ Bl?g%agggr%%u%fg psrﬁtlplfeﬁlgg(ézl)y g%ocj\fmdlﬁenléﬁgrhcng & §ﬁm?hea'%{ot t om and
si des oPTPHEIRBI3 FaFadaheh ddagedndi R Weehrd impagtssy aky gareidarat i on

| ayer (8rafitSr(ORpaSiGite BPEGGHont trerdts dehn@ Shantertoakyoifdokdédywed by a

I a?/er. Ffsuﬁmduﬁ@?agm@mregwds (9)a suslEcasc rmtra&ﬁuredﬂ%%@lfﬁleiﬂuhgg@,1oflppgd

pol ysi : . resi : - i s, applied over
t he con%ﬁ%{is\&}ér%atlg%%ﬁraﬁ%q%% ae?%%%ac% é%,”sgggr'r“gﬁf%w Vﬁa ERFor the
1i%araday ground shield (2) is opened down to the insulator (8). The pattern
pr event 37 tdre agerarst i aredineatidyt Ehe riewention, 3oftehetizhifetmhtifn cdnhketion to
ground {(Sudtpracsilde wifttéhe ivedtdchis mitseen expaseds devrdt aprdcadeet ched as
seen | nfginge_mﬁér Akt grhat iV ehy vel Dere1gl0und; shiehd. coul g, hesf qraed by
doping L0a stlicqn ale Lbe hotiomol Log Wil Lhtohan a fasked pattern to
make 't he dopet” area mor e réster Ve WrPhFEsPEctRIT Phe EGh%t PRER. A | ow
29 el ect Y135 cBRASTRME ¥k FidmtberthFig9suchl 88138 PoRyT riigeeP?BBO b tBELK (4), is
appl i edweld .conpl etely fill the well. The filling of the well is indicated
in Fig. 4A; however two walls and the ground shield are left open in the
dr awi ng I Vi sual J | T il well_is.shown rotated in
cr.oss-svggl?igoggelsﬁinlglgnt.?C’zS?AJFé?édag’&gW gse\h%egﬁjr_%%éa %Lﬁargbcu%a(rirons deep, 25

mi cr onsSBIPSBRA i H%“\%b‘?’tf BB AGSPHroprd al et o2 by &fi 1Y Chersieli laf coat
2% he surefriteusfta eosmfbilindt 5% dde adte well. The dielectric is then cured,
if polyimde, to 400 degrees C, and if 'the surface across the wafer and
filled well is uneven it is made WO 02/ 065490



f9 14"3°%\’I€)9P%6‘6@°°5@'/ GB02/ 00525 even by CWP, ‘such as ch?Iwi ST ng vmrf‘?]bruary 2 GBO‘

-

alum na slurry, stopping at the passivation/insulation |ayer on the. v 2005
surfaee outside the. well as shown in Figio4B. This step in the procésNéJ
may have to be repeated to ensure coplanarity of the surface of the f| 'l ed

~well with the surroundi ng passivation/ insulation |ayer surface. The %ar

i nductor coil (5) is forned over the filled well as shown in Fig.. S

Additional process steps are taken to f&EMSate the conplete IC 5ty l,icture G

desired. Decreasing parasitic capacitance between the spiral and the*® 2200

-substrate 10 wi_thout _the ad tlondﬁ c:oihcb thICk dielectric

| ayering, ahdPpPBVii AYF & FHISIET S gt’oun fan% whi ch elini na@ any
remai ni ng parasati e cepachdyares 4%’5&6%!??4 on to |ts bei ng shaped to “avoid

-eddy current prob| eng, wd18Suh tthel subdtk@blStthb Grelllr NEEiNgea Wil | Ncl udes a

‘low |oss spiral induct ?ucpfw n? ‘fi‘ahh'sﬂfelg aiod%lgeaf aq;la %%yv%n et reﬂ%!enﬁ%cﬁé.

15 In an al ternafe énBot e I nventi formation
i nductor caind a pattern is etched between the coils of the inductor to

~formenpty air s:p.acenifncmlaeomahkpdaeaowbctﬁaethmd@d;l oind pParaig el g thkeshield;

T inductor. -

dielectric in thgel)l drs &érroyedﬁ&ie@m@lea iohex i duekeFs d hadudhiopen 20
vias, as shown in Fig. 6 and Fig. 7, leaving an air dielectric in the

well. Wile the invention has been shown and described in particul ar

enbodi nent €. ' vErd sevbess realtidotrsdadt e Wheriay i Subpbraler cRmFLEes it IFEChe
25 0bvi 0US ciuos t S0 Becsds Isheekranet he art. 14- 02-2003 YOR000678 10 CLAI MS New
Page: 10 February 2 GBO2 - 3 NOV 2005 1. A device for an int egrat ed
circuit, corrprl Si m <o ductor ubstr in

substrate, 3rhe’ Filg"hcaevrﬁ‘élte% oor a Eond’uc evesug?%ﬂanﬁ il efﬁ d| sposed
planarily eali¢mm.wepds.f HBdr quaﬁ‘dz'dsa%ﬂ‘ﬁrﬁdm:rt SFG%h sposed above the well and
parallel to the shield; wherein the well is filled with a lowk dielectric
material. 3. ﬁ@edgeygeceegﬁ&atﬁd d1Rik|13i MhdreiwheteiwBil he sHhgt batM crons
conpri ses gegrl,E_O_, CMOS or Bi CMOS substrate.

5., The device recited in claim 1,_wherein the well is slope-walled,

6. The device recited in claim 1, wherein the low-k dielectric material

comprises a polyimide, Silk or air.

7. The device recited in claim 1, wherein the conductive ground shield is
comprised of separate elongated coplanar segments which are connected

commonly and to ground at one end.

8. The device recited in claim 7, wherein the conductive ground shield is
comprised of a metal, doped silicon, doped polysilicon or silicide.

9. The device recited in claim 1, wherein the conductive ground shield is
separated from the substrate by pésg;vation/insulation material.

10. The device recited in claim 9, wherein thé'passivation/insulation

material is $i02," Si3N4 or BPSG.

11. The device recited in claim 1, wherein the inductor is a spiral planar

AMENDED SHEET



3. The device recited in claim1, wherein the substrate conprises si4§ §0V005
GaAs, " HRS, quartz, sapphire, or SiGe. 4. The device recited in claiml1,
wherein the well is about 20 microns deep. 5. The device recited in claim
1, wherein the well is slope-walled. 6. Thé-device recited in claim1,
wherein the low,k dielectric material conprises a polyimde, SiLk or air.
7.  The device recit®d i nTied d@vivekeciwdan elafin tlheheeindte iriduetod isuepsratelli I tHes
conpri sed of separate el ongated copl anar segnents which are connected
commonl y and“’c"é“?g‘f"&ﬁﬁ@l“@tShéﬁ*@béﬁ(ﬂ’?SSSV.a“‘PWén%gWP@@W@tﬁl-t ed inclaim7,
wherein the conductive ground shield is conprised of a nmetal, doped
silicon, doped polysilicon or silicide. 9. The device recited in claim1l,
wherein the conducti.ve ¢Fleuddvistiretickdi & chimal At edhefeidthé hRsGvipnriabigatin
passivation/insul ation material. 10. The device recited in claim9, wherein
t he passi-‘\xat%‘i‘?ﬁ?HééF(g%,i%%N4%PBSGm is Si02,' Si3N4 or BPSG 11. The
device recited in claim1, wherein the inductor is a spiral planar

i nductor.-- AMENDED SHEET - 3 NOV 2005 -11 12. The device recited in claim
1, wherein the inductor Asmstaparfet eshkinpm EdiRluctoen ditinl Veidd ofandise hivEh dnby
a pass i vatiqgn/insulation materjal. 13, The device recited in claim 12,
wher ei n t he 'PRULPVRERIRERTIEY) CHCPbrPomPrisieri al is Si 02, Si3N4 or PBSG 14.
A met hod for naki ac iV Ie o W t i.nductor in
an integrated cir crkgi t, ?ggrr%rafd& ﬁg&rngyagiru gﬂ\% déluﬁ%ttéa?lé s‘gl?ﬁglé\é\frsldg%aﬁgdr vglﬂbsat Jgfte
whi ch i siccoatasslvatianfinsulétiorsinyerl0 pass ivation/insulati on layer; b
patterning in the first ppassi.vati g_‘r%/lénsul ation | ayer. and etching a well

havi ng wal | s and &1 oor ARMHE FSbRagnvaIpe/ Insylpgiep deeryidceichisg a well
presel ect ed g Lk Ra r Nl i nd

directly above I?Evevarv{ilalg? Qch&%oﬂ\?g@i%ﬁgar% E%Qv@l Ehse nsglg%}afq% C%Hr?&ﬁ% E %gél\%cet?f © rli’ ¢
turn with a Bygondy lageghssaalicn/ nfsidbdta mnditeagigabova thondlict or and a

mask; d. etching through the k a.grou shi e havi ng a connection to
outsi de the well; %. corﬂoéﬁ‘ﬁ%ﬁnﬁ’?/3 a*ffgﬁy?w{;}dfm h‘?fjr g‘epé‘éeéli Vatthan s @ seqosd
llayer toist hgyag@ldtonAhsulitht WRr! a @MdutbeaRt £hask;9round shield; and 20 f.

filling the well level with lowk dielectric material. 15. The net hod
recited in claim ™4, whetding thraghlepmask pgrovidisngdaaving a connection to outside
the well; '
e. conformally applying a third passivation/insulation layer to the walls of

the well and the etched ground shield; and

20 f. filling the well level with low-k dielectric material.

15. The method recited in claim 14, wherein the step of providing a
semiconductor substrate comprises providing a substrate comprising Si, GaAs, HRS,
quartz, sapphire, or SiGe.

25
16. The method cited in claim 14, wherein the step of providing a

semiconductor substrate comprises providing an FEOL as a substrate.

17. The method recited in claim 14, wherein the passivation/insulation
30 layers comprise Si02, Si3N4 or PBSG.

18. The method recited in claim 14, wherein the step of etching a well
having walls and a floor comprises etching a well having sloped walls and a floor using

wet etching with an etchant selective to the substrate material.
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sem conductor substrate conprises providing a substrate conprising Sisj N10X 2005
GaAs,  HRS, quartz, sapphire, or SiGe. 25 16. The nethod cited in claim 14,
wherein the step of providing a sen conductor substrate conprises

providing an FEOL as a substrate. 17. ThelZrethod recited in claim 14,

wherein the passivation/insulation 30 layers conprise Si02, Si3N4 or PBSG
18. The nmethod recited in claim 14, wherein the step of etching a well

having walls and a floor conprises etching a well having sloped walls and a
floor using wet el9%hi nglhgimethedrasitedhimelaisel dovhereintthe sthe 0§ ubisg wat etching a

material. (R,. 2 el - 005 -12 19. The method recited
inclaim 18%%%%?&%%?3@?%%? ﬁlblg%%«g&%tﬁ'i ng a well conprises using
TMAH with a silicon substrate. 5 20. The nethod recited in claim 14,
wherein the step of covering the walls and floor of the well with a
conduct or’ conpri se¥). covdtierigethpd regited én alatm flfowherein thhstepeifl coveringhtha wadksal |
doped silic ihhcon qr silicide, 21.. T net.hod, recited in
clai m 14, m%épefﬁﬁpt%ﬁteﬁg‘!t”ée{lgwé ac?&@??tﬂrgc‘%’ﬂ%“%F?"se”n%gﬁ%}‘(ah? Pl&fbflo?{foﬂtﬁ%“&% |
with a mask it hicsatsdoped eilicog doped patlbisicanet silicegy, of the well with cured
phot oresi st having continuity outside the well. 22. The nethod recited in
claim14, wherein the step of filling the well with lowk dielectric

mat eri al conprises,(filli it lLowk cured pol yinmde. 15 23. A
met hod of naki ng 32% i nt eijhgalﬁggoq\ﬁéﬁh% St ala%’? lg’ V %ellnotgg S{)ef’:,(% coBTptE éf"ﬁﬁf‘ Is
perform ng tand flmooolee wedlepith negiskedmiphised @iv@i‘iﬂ%"theaﬁﬁls%ﬁ_tﬂd&" bPtheRI QLR TR

steps to corrFI ete the |C . including the step of fabricating an inductor
directly verdfeddthojorenghavinggentjpity oupmidethe welle nethod recited in clai m 23,
wherein the well is filled with an organic dielectric and the step of

continuing process steps to conplete the IC and of fabricating an inductor
includes the stepg2of eflthinnghdibtesiahintdieamt L, Réetdfin tHeatdpnsIURLiRE theQRANIES

“whi ch exteng dq(cv\@ ]iqnt.o the.wel |, and_ renovi neg the organic dielectric by 25
reactive i on®EHHE @t_rlc[ma&er 3l cpmprigepddimge the wellgwith aow-k cured polyimide.
5
23. A method of making an integrated inductor for a low loss IC,
comprising performing the process steps recited in claim 14, and continuing process steps

to complete the IC, including the step of fabricating an inductor directly vertically above
the well.

20
24. The method recited in claim 23, wherein the well is filled with an
organic dielectric and the step of continuing process steps to complete the IC and of
fabricating an inductor includes the steps of etching between the turns of the inductor

openings which extend down into the well, and removing the organic dielectric by

25 reactive ion etching.
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