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| ~~~~~~ a~wb1ssgbe!m 5 to 15 20 25 30 35 40 This inventi opchRigzResE0 t he
design and construction of high-Q inductors wthin high frequency
integrated circuits. BACXGROVND The présent environment sees the rapid
proliferation of wireless conmunications and the wirel ess products such as
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efficient, conpact, |ight werg I'o frequency and S
'm crowave frequency. It is efficient and econonically desirable '
fabricate the maxi mum nunber of required devices and el enents, |"““Hmmlmmmm“|“m“
i gduct or $gpepiicir $rpgd € I C and to limt the nunber and type of pr oces&%@
‘steps to ones which are consistent with those presently practiced in

manuf act uri ng. Pushi ng the perfornmance of conventional integrated circuits
i nt o t heThisghnfengdorreyatemge theveéedion|4ngi censitonetiphaat mugh-Chéndigepedne in
order towaghnengnt beeqlesty adtgnakea Hiecuitduct or i s one area which has been
exam ned for optimzation. Quality Factor Qis the commopnly accepted

i ndi cator_of inductor performance in an IC. Qis a neasure of the

8l at i on8MFEF* B Rveen power 1oss and energy storage in an inductor expressed
as an equation shown as Fig. 1. A high value for Qis consistent with | ow

i nduct or TROGresdst eatidcheat) séadWtBerapsd pesl Sleabt@nastl Wikglessnduct ance.

Hi gh freg&ﬁmuﬁxc;aoﬁg%dd%eeqipeqegs 8licdsh B fROWoasRl, Mo sT0- ALY eve a Q
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bout 10 woul d be desirable, fqr that freguency range. The
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VO 027060090, PCT! G502/ 00bex 2.1 iaté?é)reagle%l Crsgjlé:rsag.n copduclor Qyer.a,silicon
subst rat 8Ar€ 56t Forth rn U5 pdfe *7607956° V. 15 TIRSTER Y. one
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manuf act uri ng processes which are as conpati ble as possible with existing
silicon technol ogy, which is well _established, rather than to introduce the
process CHANGHSFHHATLD idelte GPTIER R SPPEIdAPHLAF OhPENERSEKi at ed

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. High frequency is
considered be greater than about 500 MHz. To achieve a Q of greater than
about 10 would be desirable for that freguency range. The technoleogy 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



10 with the use of non-silicon substrate materials. US patent 6,046,109 to
Liao et al. describes one approach to inproving Qof an IC on a silicon
subst r at ewo ¢ofags496 €ati on of isolating regions to separat e pchitgpiegsor from
ot her regions or devices that would otherwi se 15 be adversely affected. The
isolating regions are created by radi ati on of, for exanple, selected
silicon sem conductor regions with a high energy beam such as x-rays or
gama rays or by particles such as protons and deuterons, which results in
an incregse LbPedi@st Sdpli¥hl ¥ofbudcbe Avre&asiisaue&tnaee@trérw gepidt obrpengtration

of the rad |§ul&nscm Res as.deep 25,2055 eqyired to reduce noise, line |oss
and assure devi ce separation. Anot her approach to inproving the Q factor is
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| ayer haV$ mytarsFi Ped . 0P etfc Risthiet hrli s desgspher gRE JoPHedrh tqiimpraving Q

f err omagaetdnc 10Bincki @illikon Whbetrakees the cxpatiah chdeclaring cmphect ed by via

to under Q@ﬁz&a@@@h@cindu@ég{ Frof RAEPNGSRS 8L deRdlCd Qfxate'wt:bﬁ{ o@ROME £ 0T

j acent _to the ei n connecte ach other by a
rromagﬁ%tl bR d %Efaeﬁgecht)égenallsfi%m? ced® by e%% ov rﬁéisgp e¥’40

tor oi dal fPhgrerRYe i %elsﬁcﬁfci‘ éFFyC%F?FBWWFPCdPéIré@E‘PYESCW%?lenche@ PR with

f er ronaghedn cuomtser kalayst hie gaond sapeiongbys pgneirtes suohradpeeccaddyndurrents
and the gegn®phs LeiAD rseRAEALL N [RPLACHN Ot L RY i & @RL rikEagidtcheasi ng
WO 0210&G-90 P /§BO%4 og52%e§r§tq%n%f §_Luds afonnect the op805| te ends. The
ferromagne?lc 5B SRt alr "SIt Ures Br "2id° cofe®ire stated to
i%fcr easerF‘ﬁe‘rQﬂbﬁP F%‘Eﬂf@l PRyt sl u&l"ﬁe?'ﬁéﬁsr ard GAsyHRt BeYiFE STHSPELA"e t her eby

i ncreasi ng i nductance. Use of copper, a |low resistance material, in thick 5

i nt erconaﬁ&mrr@g%e& Q@rﬁﬁ:jr'biiﬁlgr esd o 2GR fynbhﬁrtekne{eeaﬁéﬁga@ (Al 'um num

has gene n, usgd aten cribes suyl.t p Q5.8 G&
for a 1. ‘%RYS'“’“ ro ané %‘i %‘1@ oc?eraE§0° eﬁr??mr?dﬁ%ere tw ce or
triple tlllé""(ﬁatth"a‘ﬁ E’Sn’iﬂ?nﬂ éP“ﬁll iR P eBS iIRRERRST &t B%F tABlucPoRLEorE0 US
peet ent 62034, .649sdrabes duo desdr sip@ss a taroiieadeandi hehisicdbnathichidrei Aotunetor
st_rluclt uren Sfhi enalyl Yad ralslamigﬂgna@nsmcekdélrw géﬁ&gatémbpmsgeﬁménseswlmhwr nb
col In I vel s . te by
Sl ati gt haped SRghEE, Cen e R Rk Bk T AR P e AN, REPT R 0
st ruct urén‘olfeaﬁﬁ’eg ivention, in which the magnetic field is normal to t he
substrate, provides |ower series resistance than a flat struct ure, |ess
efd ect omsthreathar, 1componansss ofoof herob (272 aners, psd,33btdL pGafRetLE astce and
higher Qat RE.and %fghowoeoaaﬁqgﬁecgp%al fatiRopatanh 219064 LAl u et

al . descrl bes a mul tg enent rsf%eﬁuctbure 1ma {#al ns a cogstant
di st ance *BEt{iEeR® 6&? ﬁréﬁu%f't?ﬁaﬁct S’ée SFEnEifS ef’h%‘?"éeﬁ? ea%a MEPRY B4CE

el ement ' $oressiost waicend They soicyedongdi duptansdePerdced Apasiieed trbpEmre

crowdi ng,inesfieebedd YnatheCc bOdMCbIerWt dirassd @y omdudsd: M evHtzptardat@mXi m ze

sgff-i ndu&kﬁrscelpfetc\é@?@ 1<ag&dhagur}@e 2&,1@59@@5&) wROSS1: 8l ¥a a&saineglme Q to
,15 for Al con L%cto over

descri bed*58 fﬁ%\?gﬁ‘etilﬁd%tteof'a]toﬁs‘fq}lﬁét Bo'fe%‘e S%ﬁaﬂc%’h st © 8?%e°\ef\éﬁ| chis
| ayer ed \mm ﬁ@m"a‘FFPﬂfsoR?‘tFe‘CtTr?ed(?rd&cﬁ%ﬂ%daﬁi’érebnﬁéb‘f@d e¥Fhsaraavel to
.avoi d serdresdjaesnisttantiee @ndst, heha@wobdcdlls |y Soanetelutd edclyptieasy A Q of

7 at 2. 4f<§lf¥orﬁa§néen05£fa§e L QQE&'BElﬁ/ 126 sf‘eaékéao YannReaswaben gt al .

d‘gOSCI‘I bes a {g’jal 1 orllrs], gl :Rr Err:z J.n %1efec%r1c Vﬁggﬁhcgdlst %Cks of
par al | el te6RHECt & ohgat e 7 ec an ular strip ging crossover

and/ or 3§eéF?5“§§PE|W(feF‘a’f%rlan|"-é}éo“lTﬁebqléﬁeﬁ%m%‘ftéds‘ébéﬁé‘f‘@d ey SHFTEUH

di oxi de. afiletle ségmeoterteing spatacdt tramaessh btier(py qiededtbliy, cdweredfing 2
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strips. A staggered stacking is stated to contribute to high Q by 40
reduci ng parasitic capacitance.



WO 02/ 06y90 4 PCT/ GB02/ 00525 US patent 6, 146,95B to Zhao et al, describes a
reduction in series resistance, hence an increase in Q by connecting a
spiral ingecheks@ad a | ower |evel to one at a higher |evel pggs/@@R@oEIsnuous
via. 5 Anot her approach to inproving the Q factor is to create shielding or
zones within the I C which include materials, or open space, that control or
limt the extent that el ectromagnetic lines can penetrate the IC, thereby
reduci ng substrate | osses. US patent 6,169,008B1 to Wn et al. describes
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strips. A staggered stacking is stated to contribute to high Q by

40 reducing parasitic capacitance.




20 US patent 6,153,489 to Park et al. describes formng a trench within the
silicon substrate which is filled with an insulating porous silicon, which
i's a highwigaslosidyity material) coating with a dielectric 504hi ch is
formed a oweiogr#g?(al | ine and a second dielectric |ayer fglcﬁz%eoc%%yz a
spiral inductor pattern which is conneéed to the netal line by a via. 25
Alternatively, the spiral can be formed within the porous silicon layer. In
anot her alternative a high concentration of dopants of the opposite
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present 1nvention IS not escrl related art. The well in the
present Fﬂ?/etﬁfl‘b’r’i’dll’ég%ra‘egt‘é’&rﬁaeselﬁ‘gl to the substrat e. The posi tion of t he
shield in the substrate with an insulating | ayer bel ow and a | ow k
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advant agesinpddns s @ppeirénsl tshiedngkid kel suhstdasearand RiFeSPUN~-SARY OF THE
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rranuf act ur.|
elecgrlcally connected to a fixed low impedance reference voltage,

comprigses metal, polysilicon or a heavily doped region of the substrate.
Provided its distance from the inductor is sufficient, the design and



WO 02/ 065a90 PCT/ GB02/ 00525 7 These and additional objects are achieved in
the present invention in which the capacitive coupling fromthe inductor to
t he substwat@obsoe! i M nated by providing a well filled W tpoTasganoss! ow
dielectric constant (k) material bel ow the i nductor and providing a
grounded patterned Faraday 5 shield at ®he bottom of the lowk well. The

i nvention may be fabricated on a bare silicon substrate or on an FEQO., or
on Site, HRS (high resistivity silicon), or a device wafer such as CMOS or
Bi CMOS, asvditibe dei ks cQ&chﬁrtlwlpsaxﬁ@tle saldetd alisimizechurasiGaAs, quartz, and

the like, ﬁ}%‘ %&%%Ruggd SCR?PT aﬂqegés %L&mnwbw%hwlhwléf pRdi fi ed

accordi ng %; s ,an equati on
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90 degr ewtnimizigl the wakfaqel preshefinthienigcisr 13dspanipypipeadtheFrgrie3A shows in
CKOSS- SegédiGRart] Ladrabethdbhdegr ees thestwedd cht chei saveholun proviEdgs £2B
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depletion layer in the substrate. The resulting 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 effectively 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 inductor. The patent describes remote placement of devices from
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devi ce foe’lk Ja]nEdl h"t‘etélnea?’étd circuit, conprising: a. a sem conductor substrate;
5 b. awell in the substrate, the wel | having a fl oor;
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 frequency environment.
A further object of the invention is to maximize the value of Q of an

35 integrated inductor by eliminating the losses caused 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.




c. a conductive ground shield disposed planarily on the well floor; and d.
an i nductor disposed above the well and parallel to the shield. 10 2. The
devi ce rewotoedsssmo cl ai m 1, wherein the substrate conpri sepcg/ddaloes26MOS or
Bi CMOS substrate. 3. The device recited in claim1l, wherein the substrate
conprises silicon, GaAs, HRS) quartz, gapphi re, or Site. 15 20 4. The
device recited in claim1, wherein the well is about 20 m crons deep. 5.
The device recited in claiml1l, wherein the well is slope-walled. 6. The
devi ce registeghd Bddiltabmald pbjdeE eade bbweiesbOn- Vi Ipedsesl kndencidd liad Wi th a

lowk di @lieat feC ARHLEIA codpridhe ARVIRe iL&RELED o PrLls@hdR Bee Wherein the
| ow-k di ell,ectrl Q tr,mterl aAf 2§ cogﬂ#,?ﬁsd a,goll%l m.de, Sil k1 or air. 3t0 8. The
‘devi ce rEAMTR N PAPYAEI hdFet FHAE SEMIGEETRIS §Pb ATt EhFET Fopgtant
conpr i setklofakswiat dedoe| PR gdeat e phrarraerY sEgsent owrdechpraliteresh Fetaday
comonl ystarddtaa growadtat oontheehok-k9wellheTileihesnhthiof idag@dod Maktidiafed, on

‘wherei n {hg-eandyedd LB o QuNdSHi &lhdridt,, COMMLI §84  Ofirs® (ABJtRkes ARRGLy
silicon)_ daope poLyaS|dI i.gcon or silici d

I e 0. Th evice recited in claim1,
wher ei n Thé “2BrdiEtT V&Y titotifid “sht el 8Sicsm%5°rs§b§?°%f % F%emcltl%%' sdb% 7T ate by
passi vat PHEFFHSUMatTaAl fra BT 4F. CaPF, JHiEteeettetiteedont Bf diser 10
wher ei n tirempessl yatatoningnshd atlbnismaddified aicso:Si@gly.Si 3N or BPSG 40 12.
The device recited in claiml) wherein the inductor is a spiral planar

i nduct Ofamfxg%s%%%%%u'&pwﬁ’ﬂﬁ s00525 11 13. The device recited in claim
e uct

1, wherern I'n or 1s separated fromthe conductive ground shield by a
passi vation/insul ation material. 14. The device recited in claim13,

wher ei n Fie passiewadquenidmnsiicat definksmaterial is Si02, Si3N4 or BPSG 15. A
met hod for nmaking a conductive ground shield for use with an inductor in an

i.ptegrated ciycuit onprising: a, providin senic ucgtor substrate
ARi ch i s{?l da%édg%\?\nw% ﬁ%gn%)olnr%’ft %B %?s'?gi ?/eacttl‘l?)rrl]/g“‘ln s’fﬁ%ﬁf?cg%%l SEFES B2 B Fer ni ng
in the fY$st ‘PasbPvatrotd iAsiy &eisaFedrer and etching a well having wal | s

and a floor through an area on the substrate which is preselected to be
rlrgr gi nal kg | axgsaﬁwg hﬁrr%sLéﬁéfiE@ranid?ktﬁﬁgeéi 9}0|0d$§eretg-é reget Hﬁﬁame@. wg wel | ;
15 eV e LA SALRL g ) LA n g secor
20 photoresist mask (7} ‘and patterning the conductor (9) and mask (7) prior

to depositing the groundplane (Faraday 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. 5 after 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.



d. etching through the mask a ground shield having a connection to outside

the well; e. conformally applying a third passivation/insulation |ayer to
t he 20 vvaWbs{,z;@g;ﬁ)@e wel | and the etched ground shield; angdGgadalobéR9 t he
well level with lowk dielectric material. 16. The method recited in claim

15, wherein the step of providing a serfi conductor substrate conprises
providing a substrate conprising Si) 25 GaAs, HRS, quartz, sapphire, or
Site. 1~. The nethod recited in claim15) wherein the step of providing a
sem condygtines WiskE BT o8 WIS asviN@eR di ng an FEOL as a substrate. 30 18.
The nethod recited in claim15, wherein the passivation/insulation layers
conprise Si02) Si3N4 or BPSG _19. The nethod recited in claim15, wherein
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wel | havebguathopactwadddst@n@EJS id fdbgdratisonngf whe REOB hifjygnwienh-afrlénehant
sel ecti vgrésrskhgy SUbS! kab &siTBESRT babstrdbe aliheadmbacuévwecei tRérdoRl SAAML9)

wherein bhe SLen, Qfiah 0o Yot &1 GhidA: 2 ekl GAUNYL,SER, Y8l 1a T th a

S|I|cons recite alm wher ei n t he step
of cover PA% PRE &K FPRAYT F8oTPEFTIRE %@CFs%“ﬁht’éa 8?1’6&8’(‘6% °Eofifitrees

coveri ng4Phealegatdss Cand Beg\WPDi02/ 3680 4 Y9t ZhP(HOCBEYYi00% 23bEt tase ‘dflC@lhes wel |
Wth a mebated doped sddsicationgdinpadafiehysddercOirthoks Hibt Cisdens ,23r Hise net hod

@C' ted '<Boxcclnabﬂa;pﬁormea§géa Lﬁqc§£ee@19£s Coxexélaglg l;sgte@ueé Roand floor of
e well wth a ‘%@s coveri

s, .and f the well
with cur §8r‘barf8f”6? é§| %’f aﬁ Vi'tgSR ot TS g?llé’uf‘ﬁgﬁé tiee ‘fl@t Off% r’i%é:hﬁet hod
recited iitnteddainimpBctethepeidiredtdyseepvoit f The inagtedre foelthewrelh fow k
di el ect ric€chat €hidkhconppesi®s fd lal i Mgkt el cveddl 1wt thsBahdDwhk k@heny adto

p0| y' m d%he %ﬁll&mhp&qagé JE@K& '?rQa@!‘ slugltx eyr @éﬂlbgqlégtgchggé (%IEPer oss |G,
conpr|5| pertrormn t he rocess ? F recit contan|ng
u

obese SEERETRLENTT ot BTt GF PHE GETamt U PUr o PYAZPHBP ¢ deM ng- an
i nduct or (@p¥asstpy hyéreiidal 4 WD&bWéﬂ%dmlFleP%ChWhﬁ@t REdotheEi etedarh
cl ai m 24 sevhrariee nEdrhehavphitichldsd Ishiesk raré hcoapogitgan) andikrlaeeéili ehard it he
step of GgRGd R rﬁ‘ﬂ:rBﬁQQl%%ﬁ &t @&Sneho £000h,£18 dike biC apgk Qfiaf aREL g ng an

| nduct or (LRClICHA08 ikePs. ot el g 20 heLaisen, Lhe L ULgs Blethe Lpductor

(C)ﬁpogrlegtgflleswtloéa@t)l Vré:qdaﬁtcgt ¢ ﬁl@d photore51st (7) as shown in FJ.g 3A and
. AAS9. AUthe A{ormAti onAbS rehAhgcobhd Abse s .(As.shdwn As, 3KEeht’ BD
~ytoj e [V]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

]calcalc cal ca cala, 7

1'1$0% (*}%IE\C@%% Lr% L‘% %%%L‘% ‘J> >%xsn on ¥ c ca] cac]ocaU] cal ca] ca] cal]

ca] ca] caPeatiEA enjinatatfen] 1 @HEE 48] o] 58‘]’%a]5@:%f‘]40a] 2LcRUPERFT&YFRa] ca] ca] ca

]z >>7? PaPAAAAV\BCDNEVERU By F- R4 G0QRUOWS AN e bdic \(W euc]dscaetal,

]U] c]“a] fa]cﬁ@]a&?&] 6 8] icah ¢ alopad)ea calical o2l salkcal ca}mUl:@ﬁ]&alﬂa] gadicalcal cau

calcalc a

V\XYYYYYZ%%Z%J\%\ Uﬁ%}pgi}‘éf Eﬁ:rcﬁﬁe é:é’g%lécetfl g? V\"franﬁf:%w] E c%:,af?: 1°n ca caU] caj ca

] ca] ca] ca"]eéﬁﬁrt,‘&]ic%ﬁt(’fa]”baF]OEa']rt?af?:’%f]déé]g(fﬁ]‘{i%]sééjﬂcda]( 1*€a? &] tAal"¢4] ca] ca

I ghi YYYZZZELA0e8] [9)]- 8Tt bditewd deesewte! ghevasheraYfiph o) e@s]ycailw}lea]lcaU] caj ca

]ze?] & a]$(i gchzga;xc@]la a] catsakea]watsajrealcabralcal ciakcad cad calicajsalsa] cal cal ca
K- o)

ground shield could be formed by doping the silicon at the bottom of the

ée)d developed and etched as seen in Fig. 3A. Alternatively, 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

35 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 su.face 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
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are taken to fabricate the complete IC structure desired.

Decreasing parasitic capacitance between the spiral and the substrate
10 without the addition of prohibitively thick dielectric layering, and
providing a Faraday shield ground plane which eliminates any remaining
parasitic capacitance in addition to its being shaped to avoid eddy
current problems, results in a robust IC structure which includes a low

loss spiral inductor having a high Q at RF and microwave frequencies.

15
In an alternate embodiment of the invention, after the formation of the
inductor coil a pattern is etched between the coils of the inductor to
form empty air space in the well below the inductor. Using RIE, the
dielectric in the well is removed from under the inductor through open
20 vias, as shown in Fig. 6 and Fig. 7, leaving an air dielectric in the

well.

While the invention has been shown and described in particular

embodiments, variations in process steps, materials and structures will be
25 - obvioug to those skilled in the art.
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1. A device for an integrated circuit, comprising:
a. a semiconductor substrate;
b. a well in the substrate, the well having a floor;

c. a conductive ground shield disposed planarily on the well floor;

and

d. an inductor disposed above the well and parallel to the shield.

2. The device
CMOS or BiCMOS

3. The device
gilicon, GaAs,

4, The device

deep.

5. The device

recited in claim 1, wherein the substrate comprises a FEOL,
substrate.

recited in claim 1, wherein the substrate comprises
HRS, quartz, sapphire, or SiGe.

recited in claim 1, wherein the well is about 20 microns

recited in claim 1, wherein the well is slope-walled.

6. The device recited in claim 5, wherein the slope-walled well is filled

with a low-k dielectric material.

7. The device recited in claim 6,

wherein the low-k dielectric material

comprises a polyimide, Silk or air.

8. 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.

9. The device

comprised of a

10. The device
separated from

11. The device

material is 8i02,

12. The device

inductor.

recited in claim 8, wherein the conductive ground shield is

metal, doped silicon, doped polysilicon or silicide.
recited in claim 1, wherein the conductive ground shield is
the substrate by passivation/insulation material.

recited in claim 10,
Si3N4 or BPSG.

wherein the passivation/insulation

recited in claim 1, wherein the inductor is a spiral planar
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a. providing a semiconductor substrate which is coated with a first
10 passivation/insulation layer;
b. patterning in the first passivation/insulation layer and etching
a well having walls and a floor through an area on the substrate which is
preselected to be marginally larger than an inductor intended to be
directly above the well;
15 ¢. covering the walls and floor of the well in turn with a second
passivation/insulation layer, a conductor and a mask;
d. etching through the mask a ground shield having a comnnection to
outside the well;
e. conformally applying a third passivation/insulation layer to the
20 walls of the well and the etched ground shield; and
f. filling the well level with low-k dielectric material.

16. The method recited in claim 15, wherein the step of providing a
semiconductor substrate comprises providing a substrate comprising Si,

25 GaAs, HRS, quartz, sapphire, or SiGe.

17. The method recited in claim 15, wherein the step of providing a

semiconductor substrate comprises providing an FEOL as a substrate.

30 18. The method recited in claim 15, wherein the passivation/insulation

layers comprise Si02, Si3N4 or BPSG.

19. The method recited in claim 15, wherein the step of etching a well
having walls and a floor comprises etching a well having sloped walls and

35 a floor using wet etching with an etchant selective to the substrate
material.

20. The method recited in claim 19, wherein the step of using wet etching
a well comprises using TMAH with a silicon substrate.

40
21. The method recited in claim 15, wherein the step of covering the walls

and floor of the well with a conductor comprises covering the walls and
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with low-k dielectric material comprises filling the well with a low-k

10 cured polyimide.

24, A method of making an integrated inductor for a low loss IC,
comprising performing the process steps recited in claim 15; and
continuing process steps to complete the IC, including the step of

15 fabricatiing an inductor directly vertically above the well.

25. The method recited in claim 24, 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

20 between the turns of the inductor openings which extend down into the

well, and removing the orgainc dielectric by reactive ion etching.



