; dee3e7 7] L"n86NnT<Al 3 0 APR 2003 An Inductor Or Low Loss interconnect And A
Met hogd OF Manufacturing An Inductor Or Low Loss Interconnect In As 0 APR 2003
Integrated Gir.cuit Cross-Reference To Rel ated Application This application
clainms priority of Provisional Application Serial No. 5 60/106945 whi ch was
filed on Novanheductor 099&“(Lousénteréﬁ:mbmdIA)M@@hodxl@fMamﬂactﬁmfgeAn

1-2-3-22-2-5-20-8 1 ISI erial No

60/ 124478 whi ch waléa‘ﬂ‘ﬁf’rg’ 8’7{’%?%%“& g ?‘?%"céﬁ&’k&a‘wﬁgy%mcket No.

Bel k 7-24-6-14-2-16-10-16); and Appl [ catl on Serl al No. 09/386132 which was
filed on Septenber 10, 19990831 & plagatipp. J. T. Chu 3-3-9-1).
10 Field of the Invention The present i nvent| on rel at es generally to
integrated circuits and, nore particularly F to an inductor and a nethod of
manuf act uri ng an .ndﬁblﬁapphqatlamlcimfem%@@ Erovasienal ApplgaionegiabNot he

| nvent4 on &d3108va5iwHiggwas fird o@fNJvegimeulrg@aqL@éeﬁt witohnelirodtkeeNsi ty CMVS

"t ronent - SEer S22 2 hAD oGS ) 45&3%%%@%&@5?@@ S Novel ude a

P- doped efli/tdi78IwHictyens ﬁl@dmﬁdvimhaS,PtBQDL(chesmbstormwockheN% bul k

substrate 1, S Lvihy as_| s _1x1Q19 at ed

usi ng con\gﬂg |7(a)7hdz’agsll§’:icll¥géhc}6g'r %@ggélécaép%g%?}g\?%é o éfg?%%&%}f B@E use of
eddy curr ent Sdptersles 10n1999%¢Lsdeandaoohey DosketNe J. Fo@hwién%& i nductors
formed on standard substrates have been reported having a maxi numquality
factor Q of approximately three (3 ality factor Qis a nmeasure of

i nducl®r perfornmance. A higher Qé&idgﬁ&t@ﬁmuer i nductor while a | ower
Q signifies a worse inductor. Although the P+ epitaxial |ayer degrades

i nductor 25 performance, it suppresses |latchup and provides inmpurity
gettering in CMOS de%eclé@semi'ﬁ%’ﬁ%‘ﬂ%@m@rﬁﬁ@aﬂﬁ tq Biigeraisd cHaSHBF ginare

substr at e gagtidulalyas en @dutRNahdd eRtHodlod ninhRPHGNzAR ihductiih 68 itlefistddy and
possi bl e yleI | oss. Further, a change to a higher resistivity substrate
woul d caus&“Bfifts in device characteristics and result in new design rul es
to satisfy the new | atchup condltl ons. Th| S woul d require redesign of 30
existing circuit libraries. BacRgr Oivestiomary of the I nvention The
present invention provides an integrated circuit with a buried |ayer for

increasing the Qof an inductor forned in the integrated circuit. In one
i lust¥ative embodi nEhtintegrtiondd&ighr Qiinductnt srisdthibighafensity £&9Y1@8ed circuit

havi It ng aI &H@ﬁlbloaga@dﬁ&@tm%&ﬁiﬁwg&aasﬁf dRHMcBinl sA¥Rfatd £ R {Iﬁfhﬁ&ﬁk \Aﬁ&tae at P-

epl axi a n a u n.o I,dS e .supstrate

D oen LR el o ot man Ay iafks hdage & B R e ST, o o Thi s
provi des a*ohmghona Prduiit orbsie) E‘hpP@Sﬁnmmhgtrﬁemasemmdﬁtﬁmmas 1x10%

char act ot st SBuaydf LSRRI W hYEALARLHEL DS TSLaLES douREay ding an

i ncreased ¢ ness ne In or to further
i ncre#se @egn@@ed' h@capﬁ%géqﬂdyfcumwelpssmm&estan@fé shlosiratesss i nt er connect
(transm ssion line). The interconnect is forned in the sane manner as the

i nductor except t hathr@aﬂchaindh&)S?sr folBed O sthIA® Sutistrafes hRVE BenShape to
form an induct is to be u dersto%g éhat hot h t{}g féé ogﬂ fgeneral
descri pt i SFPOG. W@gfaomﬁwuabq wfactas Qesmprotmgirin e n& '3 BUE are
not restri@id ¥y@eastte dhi@dbdivepdrfodmance. A higher Q signifies a better inductor while a

lower Q signifies a worse inductor. Although the P+ epitaxial layer degrades inductor

25  performance, it suppresses latchup and provides impurity gettering in CMOS devices.
Therefore, changing to a non-degenerate substrate to increase Q translates into a
reduction in device density and possible yield loss. Further, a change to a higher
resistivity substrate would cause shifts in device characteristics and result in new
design rules to satisfy the new latchup conditions. This would require redesign of

30 existing circuit libraries.
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15 Brief Description of the Drawi ng The invention is best understood frt&{n
the follow ng detail ed description when read in connection with t?_,I‘BEAPR
acconpanying drawing. It is enphasized that, according to common practice
in the sem conductor industry, the various features of the drawi ng are not
to scale. On the contrary, tBumhaBngitbnmvefitidhe vari ous features 20 are
arbitrarily expanded or reduced for clarity. Included in the drawing are
the following figures: Fig. | is a schematic diagramalong line 1-1 of the
integrated circuit Tiqu)mexitrinﬁngion@rdwidﬂsmdiiﬂggramdi ayutt tvath abwoeddayeg t o an
illustr f. : op view
of the ﬁ]trégrr§£WQ?@Bf¥;m&p§oP@?ﬁgﬁh %Ijgf%ta c&&g’n rﬁg%n %lds?%ﬁ‘ﬁ acturing
an int egmab@hm;emr,@mmd@mmrfwmgd nmmamtaglrata@cmuﬁ wmmmﬂhm t he

pr esent i for

for mgng fg@ﬁﬁ? % gQﬂr bU%ed I%ccod%g@d%g%eg anl lthﬁﬁqﬁgétrggﬁra \E}IJr n%ﬁg:ilﬁfagnt Fi gs.

5 and 6 h}r@hgrcwevéatti éswbsg@ﬁcan@lu §s ajaghlatdongd bwdphamé@@n%ir betwgen lgss Fi gs. 7
and 8 ar@fedquwdiar Thi ipp&idei® High Qfﬁﬂﬁﬂt&gwﬁ r*éwrvﬁg deditehnd1 rding to
second and third, |Ii_Hstrat|ve enbog“g‘e a and .11 are charts

i |1 ust r aF13RFIESHCEr LHe PSSt &pvenyien Hrﬂ\’/‘ meiancrerssd 12a is a flow
chart dlm@k@msﬂnhmhyatmﬁgmihﬁHo@&@ﬁth&ﬁdlﬂﬁoﬁomﬁhtdﬁdrdﬁc|Qiyer according to
an illustrative enbodi nent of the present invention; 10 Figs. 12b-12e are
schematic diagranms illustrating the steps shown in Fig. 12a; Fig. 12f is a
fl owdchart di agr anmThe presentdoiting relates toa by ioss irnércannaon(ltwsmiseiohé;wb.

acoor df D fdkg bt NS o5 S RO 1R e Rlort BECRUER B by ot fon 15

Fi gs. 13 1 are c rating experi ata of an
layer is not formed in a spiral shape to form an inductor.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary, but are not restrictive, of the invention.

15 Brief Description of the Drawing

The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to common practice in the semiconductor industry, the various features of
the drawing are not to scale. On the contrary, the dimensions of the various features

20 are arbitrarily expanded or reduced for clarity. Included in the drawing are the
following figures:

Fig. 1 is aschematic diagram along line 1-1 of the integrated circuit
shown in Fig. 2 including an inductor according to an illustrative embodiment of the

present invention;
25 Fig. 2 is a top view of the integrated circuit;

Fig. 3 is a flowchart diagram for manufacturing an integrated circuit

according to an illustrative embodiment of the present invention;



i nductor f.ormed according to an enbodi nent of the present invention; and
Fig. 16 is a mcrograph of the experinental inductor. Detailed Desq@makq(m
of the Inventi.on Briefly, the present invention is directed to an
integrated circuit 20 including an inductor or fransm ssion |ine. As is
shown in Figs. 1 ahés2Is?HeVrhdueegamdghirmings? Bunsgrlpde acagidinglos and one
or nore gendugtiaMee édbedified?0a, 120b, 120c, 130. The thickness X1 of the
conductive layer 130 may be from.5 umto 6 Vim 1 umto 5 um or
approximately 3 um The buried layer 105 is positioned between | ower doped
layer 110 and a | oWgs. dapéd abdiiche mibitds i giaeis IEstrafing thairbesks lof¥ey 4105 i s
nore highly 25 doped than the | ower doped |ayer 110 and the bul k substrate
100. The | ower doped | ayer 110 can be highly resistive and the bul k
substrate 100 can egsh7 ghd § arefowthiavtediagiams forforkiRg 20DBuriduelajparr i ed | ayer
105 s typi I UGt nan k substrate 100. The dopi ng of
t he Euri% Ofcglly%%% %g&? g&ge gc]j[hgsgra%lggf%é&g%?g‘!st he quality factor Q of the

i nductor and maintain |atch-up resistance. One or nore of the conductive

| ayers can have angtjic i i of

i nterconnects (traan%}ri ggﬁﬁgggﬂhﬁggﬁ'@ﬁr%@%drﬁ}élr%icﬂgarlsﬁg%ttkgfg{régprg%rﬁﬁed in the
same man#EPRERR:t he i nductor including the buried | ayer 105, the | ower doped
| ayer 110, and the | ower doped bul k substrate 100 except that the

conductive layer (corresponding to |ayer _130). is nqgt forned in a spiral
shape to forman i %&1626%3&%@%{“@9?@ . “é‘ﬁ’@&ﬁ? g‘%’ﬁ?‘“ﬁ?@%?des high Q

i nduct or sondhttie ayasercyidivg thQinliHtighative elbsditiear 6fhe pesemidndtiobncur rent and
vol tage characteristics. The illustrative enbodinent is particularly useful
for super chip integration as it enables RF integration while naintaining
exi 90i ng CMOS ci r ciigs. 121t 2 drescheTimicpliagsans illustvaing the sieps deswex inbed i n
greater tapl. below with reference to Fig. 3 and continuing reference to

Figs. 1 and 2. 15 Fig. 3 is a flowhart di agram describing the process for
formng an integrated circuit including an inductor. At step 200, the

buried layer 105 i gid QDMRG floM8hdH Qe L MAktrdiRE Thd\EbrRMfiort of A he bul k
substrate 100, Slg(:l eaned. usi ngql Lor, exanpl e, . a, brush %crub as is well
cnown.  TFRACHERYE BV AEing 10 » Thgperitsiiiue cbRdiment pLBR ISR r ate 20 t hat
i s dopedinvemtidpmgoncentrati on | ess than approxi mtely 1x1016 cm 3 and
preferabl e approxi mately 1x1015 cm 3. The dopant nay be boron or anot her
sui tabl e dopant The bul k substrate is also cleaned using, for exanple, a
10011 HF clean (4 Fsuld.dd, torendilRiarychante imstraviegiexpgrimeniddae afgnone part
hydr of | ugBhi&oRfrthkd abordin8Ro 44 eRbodin®al bitkhd bidskitiiRvkntion! £ 102 (shown in
Fig. 5) is formed 25 on the substrate 100. The dopant is selected to
subsequently formthe P+ buried | ayer 105 having a doping concentration
greater than or eqBfl 16d apidrogiaphbihe ekxpdrtiéntalindudter. 1x1018 cm 3) . For
exanpl e, the diffusion source 102 nay be a 5000 A thick | ayer of
borosilicate gl ass having an 8% concentration of boron. Next, at step 2130,
a cap layer 104 (shown i nDiaged Desdriptibnofithd Iovention di f f usi on source 102 to
i nhibit out gassing of 30 dopants fromthe diffusion source 102 during
subsequent processing steps. For exanple, the cap |ayer 104 may be a 2500 A
thick |ayer of undBpefly.ghe presens igyeasion isirestes;jo an yegraied a¥grit substrate 100
:j -Sf f@@neaﬂn@mdinfg eéﬁrﬂi&g:témft%l?ﬁ%tsﬁm' lgkf &msmgbﬁﬁiﬁqgﬁﬂﬁd@, inbingse t he
st Ocnorr?p(%ysresc g buged {a(})rer %g’n anduorﬁeeor moe}'ggtr)nd]ﬁcgvc layers 120a, 120b, 120c, 130.

The thickness X1 of the conductive layer 130 may be from .5 pm to 6 pm, 1 pmto 5

um, or approximately 3 um. The buried layer 105 is positioned between lower doped

layer 110 and a lower doped bulk substrate 100. The buried layer 105 is more highly

25  doped than the lower doped layer 110 and the bulk substrate 100. The lower doped

layer 110 can be highly resistive and the bulk substrate 100 can be highly resistive.



~ 0 APR 2003 (shown in Fig. 6). For exanple, the substrate 100 ma bg
heated in a nitrogen (N2) atnosphere for 20 m nutes at 950C SUbSé(ﬂJ PR 2@3
at step 2150, -the cap | ayer 104 and the solid diffusion source 102 are
renoved ( go 6),.usi a 12, ]d HF tth%' ﬁgm% Gfbot Substrate
100 is clz Q{gn yer 05‘%5}913@%6‘1 S (IB] UpIt axi 5&%“ .IL gF ormed on

t he buri edbp{}?tg/egﬂlcxgaﬁned’ &eeyePLOSelplstlawﬁra]Eo lln;qpesg the gumsy rfmioij@l Qfghq/ve IBL- knovxﬂ
processes Br hﬁ&tﬁﬂﬁ&ﬁ&fﬁ Pésls&%é) h&'6r or@ﬁhﬁ@éb clidd ff }ssc ess than
1106cm§or approxwrateyIS 6 g e thickness (Yfe

epi t axi al havayasringreased shigknage tonimpppved hmtheloyselofumemnn@ctﬁ{trapsumsm 5 um 1
um t o5 3“%@3‘&&‘@& it st £ gﬂ ﬁ%tg%%aéﬁxﬁéngﬂﬁéreag th@%%ct%?ﬁc’l@dxﬁ)ﬂh‘é‘ee”

appr oXi me Tumt'o 4um an rates an

al t er nat i Wriqdrlaxarsl9St de loweridon labléf Utﬁ)rﬁ@ijthed9‘é¢r Cl%d bk sbsigate 400, t he
substrat e ﬂhﬁt I‘BE eaRRR S ?Sp (cBﬁ‘Es %@ﬂglt@lagé‘r DI SPnSIDERed Iﬁhaesﬁ‘dPSt rate
is, for exa ilicon tha ;g d with boron'to a concentration of

| ess thanSth?LU” @@rﬁngn@‘ﬂfdorpreferabl y approxi mately 1x10'5 cm 3. The
substrate is also cleaned using, for exanple, a 100:1 HF clean. 15 At step
2220, dopants are i ted, |nt the subst.rat.e usji.n n ractices.
The dopant is boronq;BT'rg USHRIEYE SR Ogﬁn%é’rr%‘f}dﬁfh%h ée‘i}gwgrsdgﬁifrﬁrg?eg@%l ect ed
t o f @om alatzhupehiractetistysrand W@S\cuﬁmamd@pltmg charcesristied. | Oie glusdtee t han
1x10' 8 ¢ st 22 t he su stral IS d to drive the
dopant s |?}%P)°(ﬁ§%£ ]ﬁﬁéﬂcgfa@yféghq g’rfsg?%cglt?rlfl Fafu]ao %?nl%]g.gﬁgu sequently, at
step 2 24 0intaghaticgubiiler mumtgiing ORQisiisg CMS emcmhhbraxa@s sTleppr2 &30 invanfion

epi taxi al ;. I i r al

Ryer i o FoRiabed ieleRclupi b0l win Bsbichtt LpAE"s Stbeonlifidf reRBHIBHN i
|l ayer is Figssl ttbh 1 x 1016 cm 3 and preferably aprroximately | x I OS cm
3. Fig. 8illustrates a further alternative enbodinent to formburied | ayer

105. 1?% th ep 2310 FlgPS @@ﬂbﬁ&hﬂ{ d1|ag!iﬂfddsénl§ihg\tﬁbp}6césb¢ox5£¢b§ﬁd I00 At
step

110 I
The' b eprirnad Sraytit Bihen R bl HhoRRe ﬂaevebioi%ﬁoax' | ayer
nmay be foThepqucmstfmefomm tmh':adﬁmer a3 ngﬂetdrdaedé:&bvaaxdnes&rdmefmﬁg, ﬂhe P-
epi taxial ol gy &1%%&‘% 'E&‘F‘eﬂﬁl?kﬁlﬂtr% 1008 L]@th‘erd%s‘j} Oth the
P+ and P- epl aX| al Tayer , epltaxia r own SI |con
wher e t hebmsh &gsib ascisayell lsane\rn |”Ehmlﬁﬂ1@svrt§ﬁeqelw eopaaDif, (ORI, U | 5 30

acconpl i sipges %pé’@foﬁ é&c&ﬁlﬁtﬁﬁ@é&@&hﬁf Rf;@tﬂaﬂcgr :ne'San? Ged gagerabgn form ng
t he epitaxi al

of the i S, ter than 1x10'8
e o SR ARt PO frm” o ng Popant ey teshpeen ?fsﬂéﬁm%t%é ¢ PR 1BF 5 om 3.
5 3 0 ARk 2008ratehie alsaeleahapugin g desaasipbam 100: 1IFHF clBnde evludes a sinplified

B N ghor  riER e RafdteT A Galel ) o Wl kAR bR DTt 65 Do

i ncreased while reducing the costs. Further, the perfor mance of the
substrate can be eadt 5tpp 2420, @rselid diffusiqmrsowecel W2dphaym mFis. Phis daieidng t he
buri gd | adﬁ?fhe%@@straﬁ 1149} nﬁ{e'dgj)lm){t xs@:l&?%é!d %%E&;ﬁ]@ﬂ?ﬁfbr@théw IRARL Yt he

t hi ckness_of the buried |a his two e{%h% ocess may he, penf orned
in a singl® ¥yins %m%ﬁ%%ﬁra“qﬂlgjea@‘%‘hﬁ'é? tedy 186hi #18 profil es
of a st an@amoé?mnsi)r Foe eparfipla, tho diffisech spubet 102tmeayhibara 500G AuhicKilfykesent

dopi ng concent.r ns A nod |edsbtra atio of bul k
Subst at DB ERETIAR & GeOoe RN G BordHe Dby LroR 205D HEE st ng
one of t hE)4n@hdwenlin Bigo§kis fd’dn&adsmwhddrfﬂmmnkxmrcatl@zne hdﬁb:ltbbagassmglouﬁdes a

bul k,subs art. The
buri e?:l I &Jeﬂhﬁ(f@%j ﬂﬁrﬂé@? 1?@?1% k%egérlg'%rﬁgssulbgeéég &25}0&#5]%]2%5% %;rsubst rate 100
and the |mrplmlpfe@plléxﬁér104my beree2 W0rA duck Jay@rrofwdpmdmhcaé,@glam t he
original profile of the standard substrate is 15 reproduced to, for

exanpl e, a depth of o¢ tEgzlm‘_M(}”t‘Ple l?u]Ic@ulfktﬂdf@ wo @aﬁ&afedbtmd@ﬁe@hé &Sphnts

transi stor current vo 3 g g&@c aracteristics r% ensitive to the
far regi oRE Ge bulksussipte 169 Bomphe dFRsIRuIaHe e ?‘ﬁn Wée #eetPy ayer 105
is adjusted as a trade-off between | atchup imunity and inductor
performance (an increase in Q. A lower dose 20 in the buried | ayer 105
results in increased shunt resistance apd |lower |atchup imunity because
the buried layer 105 contributes to shunting of the base-emtter junction
of a lateral non transistor formed on the substrate. The sinul ated dose
dependence of hold current is illustrated in Fig. 11. A dose of 1x10'5 cm 2
is sufficient to preserve latchup for a worst case situation where 25 the
devices are closely spaced and tub ties are separated by 10 um The exact
dose may vary dependi ng on | ayout and design of the integrated circuit.
Returning to Fig. 3, at step 300, transistors, vial and interconnects are



formed to.produce a desired integrated circuit. The processes used to
produce the other .conponent parts of the integrated circuit are wel0 ARRQWG
and omtted for brevity 30 sake. In addition, tubs (p doped tubs and n
doped tubs) may be fornmed in the epitaxial Iayer usi ng wel | know processes.

"tub" ((shaver Haligy@). yFarekamnpledihe subsirate 10fanay he hegted nagiisagenh@®k) i s doped
separ at elaymb ré 12 2088huef af $57°6USbERhtlyOat stéh @1#&&&?3@9@04 nduct or

may be forrre from.one or nore_jnterconnected condugtive gers 120a, 120b,
120c, 1360d\WetidAEsion serreh 0% B darReTeAdshanyRe fig. Qsesepe 4 hv:d HibstAkct i on

gﬂot 520%05&@?%08 lt}(evdulﬁﬁraaélﬂomlslt%%hed?&id"@ﬁﬁi% mﬁo;@rpdlegﬁagug 1h hque @gd t

rou e | er eve e S a r,ovi de e conducti ve
L oo s T G el et Th RN kel BHr GOm0 i P YR gt on
These | aygocesasse 'Idl@@?iﬂfegdn@diﬁraﬂ@ﬁ bﬂrheed e pisdxtd é«s)teaﬁsdlassdthm@nmlrd;gomﬁ e th
processes exc ucti v, r Uu.C r may e the
sane as OF @ BP?QPKéEP%tﬁ{ lfx:i@mcfrhe ﬁ?%@lig 88} quz ygr 11% beS6B  120c. The
process tappfaximatedt tien nedOgmontiuotte pm| aymrto 3861, Bew, ng4pmt Mitekhieksesof 3 um

i s descri ot 1, a
barrier Iog;?lﬁeier %@Waig flrgr5 ﬁ%%%%ﬁ%&@f%e#é%?“%ﬁm ﬁhfe%b?f?l&%r | ayer 125
is a barrier between the netal conductive |ayer and the prior

i nt elconnecti on | ayldg. { #lvairatghan plargaive pageess fou denmng vhe kmeﬁéayeré%r 125 is

a titani ymddg 2310 tHeauBstrate DE0 s RIdIBEN QnA b1 é:@ﬂip%maltﬁ‘ﬁfﬁxr schdnPrheThe
t hi ckness of "t he %ltanlu 15 nitride 25a"is, for exanp Ie 600. The

t hi cknesSUBSITAIHIS, {orEXHED $ 9@}thﬁtzlggopgdywﬁle)PO@%&%W@DC@?@UOQ@ k$%p 405, the
lconduc'; |3 \Rarl ByIOF'® diBd ahd fewrm@ apﬁro&hﬁg}ﬁl@ﬂbcﬁ@’rs kchﬁayel'he?ﬁ@rs]trﬂibﬁ aésmduct i ?/e
ayer s e thickness of the conductive |ayer
1.30 is u aP%dB%%?f?f% l'ff %@nf@hce “¥hi ckness of the conductive | ayer 130
may al so be approximately 1 umto 5 umor approximately 2 umto 4 um 20
Furt¥er, the thi ckndssew?230ndopantiare implantedymsp the3gbstagtceingstandaidnat el y 3
um AL StRRbd0. TR BEALER Y hibiBlied AdnicheirEkon ThE gspiNC i ve | ayer

| 30. The'p ot ctive | rns a, barri bet ween, the conductive | ayer
130 and £ gﬂuﬁﬁma ?ﬁpn@% atyel:fmaameaddqmn& SRACERIRIIAR GG B¥Rr 130, The
protecti \lﬁtld)]éy:ﬁf OJJB&mA &, ste];pOZZSQXﬁﬁTQhIGSHafEI Nofio almdleIon &rivb Emtsﬁzg .
appr oxi e rdma ormed on the
pr ot ect :Tg ?tquéto éjlﬁ%ﬁf%g& SP%&“%%%&N% &l %i@efhgcsfléﬁ 4% be

r esit anthO@s clhaneétamrh Mgt@rﬁé@ss PuemtixtadlagechlG hegrowndnchd weieddyyer 130. The
har drmsk 103 ahe $0SpRAMANLRES, {ofr%Ed EAERS. krbWAGRb SR iTela aoﬁxﬁg%qqgeted

using sputterin pown deposi tion techni ques I ckness
of the hdr gauwallayees Eesth@g 1zppr 655 read ersfesbbmppsoimeatedt &plU20m " a resi st
| ayer 160 is fornmed on the hardmask | ayer 155 and patterned. At step 425, a

EatéI ernkl S formeg IHigtS’lﬂluﬁﬁ?&wﬁ fdr%iéﬁéltel‘ﬁﬂn%mﬁlboﬁnhéxﬂﬁﬁff@ﬁﬂ Blﬁ’lﬂtan ydie

ar dmas y chin u sequent at s t he tern
formed i r]ib?'hgtfég;%é?&l% EFW.‘L‘%@]; HE HEONE ﬁﬁ%ﬁ]qsﬁygrﬁ%?tl?f’tﬁ?{hsﬁ erred to
t he 25ond e epiaxidldyyer 170 is Go®mARRIe P9-2pit@aliyyet ARy epitaxial Byeridbhms any

r emai ni nghetoﬁf edﬁ&/?flogh%’h{a 83! c%&ta%xgi’/ﬁ&crjtg% f?]sforﬁggﬁﬂle s'gﬁe%%&}ﬂbé Et{kﬁn

perforne e excessl ve e renmml ning portion O

har dnmask thesspaie preeess améprmibe £y bsltwal dayies exdeptithatitha §|onglgwé [the. lperas
pr Ocesseéhad%'eﬂatsloi/h tHe!T8 RRD-8F a.Fl??éjrk'ﬁlte' Yét e'xﬁﬁﬁﬁre éﬁ@aﬁaﬁl gapsul ated by a

cap 5 lay ﬁr "13 e_cap.lay e or exanpl e, an_oxid eposited using a
process tH&PD p\ﬁ’sm T&e&g%axe% I@pserclémaaevémiog%wﬁmhoromnﬂe&errm ary oxide

i s hogh- dedvmplished B MaryiddDR aﬁ?ébﬁﬁoﬂb@\{dnﬂﬁ tﬂe gcmr@&g@sxsh@j‘foﬁaﬁ@ the

Subsequent Jthxmﬁayeré ! f‘}?ndgﬁlﬁgr 0 t%e(burllég layexy 1§ greater than 1x10" cm™ and the

doping of the P- epitaxial layer is approximately 1x10% cm™.
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30 sake. In addition, tubs (p doped tubs and n doped tubs) may be formed in the epitaxial

layer using well know processes. A “tub” (alternatively referred to as a "well") is a
region that is doped separately than the rest of the substrate.
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concentration of either the first or second | ayer.

At step 410, a protective layer 150 is formed on the conductive layer
130. The protective layer 150 forms a barrier between the conductive layer 130 and
the hardmask that is to be formed on the conductive layer 130. The protective layer
150 is, for example, TiN formed to a thickness of approximately 1000 A. At step 415,
25 a hardmask layer 155 is formed on the protective layer 150. The material for the

hardmask is selected to be resistant to the etching process used to etch the conductive
layer 130. The hardmask layer 155 comprises, for example, tungsten which is
deposited using sputtering or other well-known deposition techniques. The thickness
of the hardmask layer 155 is approximately SO00A.

30 At step 420, a resist layer 160 is formed on the hardmask layer 155 and
patterned. At step 425, a pattern is formed in the resist lJayer 160 and is transferred to
the hardmask layer 155 by etching. Subsequently, at step 430, the pattern formed in
the resist layer 160 and the hardmask layer 155 is transferred to the conductive layer
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An inductor was formed using a quarter (.25) micron CMOS process

that differed from a typically 0.25 CMOS process in two aspects. First, the substrate
100, previously obtained, by growing several microns of P- epitaxial silicon over a P+

25 bulk silicon substrate was modified to include a 2x10"cm™ bulk substrate 100, a
buried layer 105 formed by implantation and diffusion, and an epitaxial layer 110 on
the buried layer. No lithography is involved for these steps. The doping concentration
of the bulk substrate was approximately 1x10'® cm™. The doping concentration of the
buried layer had a peak concentration on the order of 5x10"® cm?®. The doping

30  concentration of the epitaxial layer was greater than 1x10" cm™.

Second, a 3 pm thick fifth level of metal (this layer corresponds to

conductive layer 130) was added to a 4-level aluminum back-end (an integrated circuit
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Fig. 16 is a micrograph top view of the finished inductor. As is shown
10 in Fig. 10, the peak Q of an 8nH inductor increased from 4nH in a standard substrate to
10nH for the modified substrate, with the position of the peak increasing from 0.8GHz
to 1.5GHz. As is shown in Fig. 13, the typical decrease of L with increasing
frequency, observed for a standard substrate and indicative of substrate losses, does not
occur in the modified substrate. The results demonstrate that the modified substrate
15 can be used to fabricate high-Q inductors while preserving CMOS I-V and latchup
characteristics.

Although the invention has been described with reference to exemplary
embodiments, it is not limited to those embodiments. Rather, the appended claims
should be construed to include other variants and embodiments of the invention that

20  may be made by those skilled in the art without departing from the true spirit and scope
of the present invention.
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(b) forming an inductor above the buried layer, the buried layer forming a portion of the inductor.

2. The method of claim 1 further comprising adjusting a quality factor Q of the inductor by
varying the doping concentration of the buried layer.

3. The method of claim 1 further comprising providing the inductor having a thickness X greater
than .5pm.

4. The method of claim 3 wherein the thickness X is .5 pm < X < 6 pm.
5. The mettod of claim 3 witereii the thickness His 2 pm < X <5 pn.
6. The method of claim 3 wherein the thickness X is approximately 3 pm.

7. The method of claim 1 wherein the buried layer has a peak doping concentration greater than
or equal to 1x10" cm™.

8. The method of claim 7 wherein the peak doping concentration is approximately 1x10'® cm™.

9. The method of claim 1 wherein the doping concentrations of either the first or second layer
are less than 1x10' cm?,

10. The method of claim 9 wherein the doping concentrations of either the first or second layer
are approximately 1x10' cm™.

11. An integrated circuit comprising:

a buried layer between a first and second doped layer wherein said buried layer has a dopant
concentration greater than a dopant concentration of either the first or second layer; and

an inductor above the buried layer, the buried layer forming a portion of the inductor.

12. The integrated circuit of claim 11 wherein the inductor has a thickness X greater than .Spum.

13. The integrated circuit of claim 14 wherein the thickness X is .5 pm < X < 6 pm.

14. The integrated circuit of claim 12 wherein the thickness X is 2 pm < X <5 pm.

15. The integrated circuit of claim 12 wherein the thickness X is approximately 3 pm.
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9. The integrated circuit of claim 18 wherein the average doping concentrations of either the
first or second layer is less than 1x10' cm?.

20. The integrated circuit of claim 19 wherein the average doping concentrations of either the
first or second layer is approximately 1x10' cm™.

21. A method for forming an integrated circuit including a buried layer (e.g., 105) comprising:
forming a first epitaxial layer on a substrate;
forming a second epitaxial layer on the first epitaxial layer, the first epitaxial layer having
(1) the same conductivity type as the second epitaxial layer and (2) a peak doping concentration greater
than either the average doping concentration of the second epitaxial layer or the substrate; and
forming an inductor over the second epitaxial layer such that the first epitaxial layer forms
a portion of the inductor.

22. A method of forming an integrated circuit comprising the steps of:

(a) forming a buried layer between first and second doped layers wherein the buried layer has
the same dopant type as said first and second layers and a dopant concentration greater than a dopant
concentration of either the first or the second layer; and

(b) forming a conductive layer above the buried layer, the buried layer and the conductive layer
forming an inductor.
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