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present invention is directed, in general, to sl devi heNS Miﬁﬁ?

norée spécifically, to a 5 sem conductor device havisges sinplified high Q

i nductor substrate and a nethod for manufacturing th rate.
Background O The Invention Integrated circuits mmﬂuﬁmMﬂm@Em to the success
of many technol ogy areas, and especially critica tinued 10
growt h of the tel ecommunications industrl. Seni conduswee devices in the
f'orm of integrated circuits are the cornerstone of many tel econmuni cations
systens invol ving eSIMPAMBPED HIGH! Qi INPUGQTORI SUBETRATRY of which
require high frequency capabilities. H gh frequency 15 tel ecomruni cati ons
circuits typically_require the use of inductors to either tune a circuit to
a particul AechBirpddFieddPfcyher Anyeptdom critical circuit functions such
as maintaining a critical current flow, or to filter and elimnate

undesi red el ect pheal ppekset f rigmddasided i3 gakactéQ, | fia cpdsacdi on tof

i nductors is needed %o allow a particular integrated circuit device to
per f or m cofEBEEPRAVCREruseALERScr ePe i ndMREDr s SPR&H fdicd 1d¢par ak@ fPom t he
i nt egr gt ed seink 68hHESVIrC &I RN -] Mgvﬁhﬁ_e 4 05 L APl ereatatd i PHOhleR® tdue to
the need for many interconnections. This 25 situation has driven the

i ndustry t6UBBEEAts ehe 8 reétrenfer ransgratirgngs thaty sefositiéde -needed

i nductors as possible into the sem conductor device itself. However, the

i ntegrati ogzekq2Buhbdbet @hal FHGA 3R conduct or devi ce creates other

pr obl ens dUE‘r8§rﬁE—TﬁUUCTUT“§‘ﬁHgﬁEric nat ure. 0 ~4 .1 UN 2002 2 The
magnetic field associated with a conductive coil formng an inductor is a
wel | known donuflNéEIFaras ShapedtstateteFetieabiale ythraurress af manval
Cr0ss- sect ik@BnnbbgymagReld, C dieldspdd o eSr M 1baiheof EEQURRGY 13RRI4 ed to
the 5 i nductor and na% cause interfering effects wthin the sem conductor
devi cdli t sEFPWIRh© hekr atedfcommEpdcRGIONSUr ARt Tile t & THICONTIGIO ¢
field my peodues saver alhdindesiy able effechsarNe ofrbhess i 540 feduce
the effectiveness of the conductive coil's ability to performas 10 an
inducpor.dG@rPGréﬁ@P@yqﬁmﬂﬁﬁﬂ teleeompnicbl@ns haystrrsQisvodivingddct i ve
circuit 1Spackl0ubedl fiPList diliderlalalas duie songrpay, shond dro Ité?ﬁi%er gy
di ssipated or lost. Hgh Qinductor circuits fa Q of 10 or greater
conserve stfifici entfreqeegEyt o alclp@badities. High frequency

15 telecommunications circuits typically require the use of

inductors to either tune a circuit to a particular desired
frequency, to perform critical circuit functions such as
maintaining a critical current flow, or to filter and

eliminate undesired electrical noise from desired signals.

20 If a collection of inductors is needed to allow a
particular integrated circuit device to perform correctly,
the use of discrete inductors that are separate from the
integrated circuit device may give rise to implementation
problems due to the need for many interconnections. This

25 situation has driven the industry to move in the direction of
integrating as many of these needed inductors as possible
into the semiconductor device itself. However, the
integration of an inductor into a semiconductor device

creates other problems due to the inductor’s magnetic nature.



15 appropriate inductive response. Alternately, low Qinductor ci rﬁé{jtﬁﬂ‘f %02
Qof three or less) lose a sufficient portion of - the energy appl
of ten tHrough the generation of eddy currents in the sem conductor device,
-causing themto performpoorly as inductive el enents. Eddy currents are
mnimzed in 20 a sem conductor |ayer that corresponds to | ower dopant
concentrations thereby providing a | ayer having conparatively higher
resistivity. An exanple of an integrated circuit, that will not support a
high Q inductor, has a highly conductive substrate 25 and a highly
resistive epita®hal mgERe} ikayiEe g cvssanid ted subshr & ecoltiist ine egrated
ciroul t ischypical ol .a undamenial Quilding Bl oekosed | popRoy gupcant
comuni cat I ons crochips.” Thi s subsiFate nmay haveé a positrve dopant,” such
as boron, stthchuPs, dopaatlBhaonmeerdr atlildptiltatl icrasygpiseadtipngr edbhés t han
101lcmmB rmekin h r highly ¢ uct L v | ri.c - Lhe E | ayer
al so has amﬁgg?k%ge%gggéngig%fn%??% ggggdgéédﬁggqﬁghggp§h%xég§cgﬁtEé?ion of
about 3015tmd3ctraki ngnd hendgPl daayser Hinglinferifig~ &fHeNt200XitRhinr eshsti ve.
The highly_conductive substrate is_ usgd t reyvent a.f.unctipnally .
destructi vaelﬂﬁg%%ﬁg%rk oW s Jré‘?%if'up. Q{}g? cﬁ-gﬁﬁrgécé‘ﬁrns ?Aﬁe%pé#\}c?lutsage IS
appl i ed tocarsentsonbuect bo Fhdevi meghatacdifriedid onagppmssdecd o sklveradr mal
operating pol.arit Latch-up _is reduced | sem canduct or | ayer
corr espondﬁﬂ&e%rﬁpbﬁereﬁg‘f)‘g'ﬁ?' concéht r eﬂﬁqo CSthi 1P t%é’r ey I6vi 8%
| ayer havi agfeotpacatiyedy ttheghesndortdues icditly s labsdri hedicstdedfiop aA
hi ghly .resistive substrate, however, . 10 woul d exacerbate the | atch-up

il

phenorenon®?H-§ BGusHEy *RoRMGRP€at POREShi crochi ps require that inductors

be integrated into a mcrochip to achieve a required circuit performance
and size, as statedseaelieknowh &hatntkgrated anductoctisee cfiocued aver the

EPI | ayer under_ 15 discussi.Qn, .the inductar ul d i nduce .eddy, currents into
t he hi ghl yacgﬁ(ﬂjucriel v%gsu §tl(r%atteh3f e’r‘ﬁ%g?/%eﬁu}\r@\% n%n%lr rgsézoern%dr gﬁol %gléa. To
be energy ehkirrgiyedisandathdr etoleskowHlighsQ thduchbegratrediitsduet @ odoul d

have to be bor ned over, a . hi %hl§ resisti i):zf.subs%rate. A sem conduct or

devi ce, t hé ef%’fe,grrﬁjastter‘io (L Fﬁgreat aYtragesBrf sSWrERY n Ws qwgn o

el i mnate tbergereagti ONdOEt SpeIrtestSorts I erflst eandh tsalocesisfwilg yirmtieamrodat e

i ntegrated i.nductors. ver, achi evenent. of the required trade-off

currently F&§aHHES ?rﬁn@b‘\é\\ﬁdﬁ%%%a?r glreosrc%sg'ossteeﬁs s1Urf o é’tor':&dﬂnor?sfof t he

sem conductae dmdEmgs toepebyd25odddnngstthsfanthal garadacitan | 0f tedag and

therefore cost tp the sem conductor waf sr. . Accor di ngrle% what, i s needed in

the art is HEPRPFi 1T P AP HSI R NGEPIPPELER ¢ e AT 1D BHEFD D dstid OF ™

i nt egr at edpbbdligt assindiot sesricdentnttsor Befer surBéntsnaee yniinlieed rivent i on

To ad%bessathgegggggagé gysﬁﬁgmgsf%%E%ncéggrggpgggsprégr lower dopant
concentrations thereby providing a layer having comparatively

higher resistivity.

An example of an integrated circuit, that will not

support a high Q inductor, has a highly conductive substrate

25 and a highly resistive epitaxial (EPI) layer grown on the
substrate. This integrated circuit is typical of a
fundamental building block used in many current
communications microchips. This substrate may have a
positive dopant, such as boron, with a P+ dopant

30 concentration that is typically greater than 10®cm™ making
the substrate highly conductive electrically. The EPI layer
also has a positive dopant but with a reduced or P- dopant

concentration of about 10%cm™ making the EPI layer highly



.0 ~r JUN 2002 4 art, the present invention provides for a nethod&ﬁé

manuf acturing a sinplified high Q inductor substrate and a sem con tJ”N 2002
devi ce having that substrate. In one enbodi nent, the nmethod for
“manufacturing the sinplified high S Q inductor substrate conprises formng

a base substrate over a sem conductor wafer, wherein the base substrate has

a given dopant concentration and then fornlng an epitaxial (EPI) |ayer over
the base substrate that uniquely has diff¥erently doped regions. The EP

Iayer includes epitaxially formng a 10 first doped region in the EPI |ayer
over the bassisulister.ate and then epitaxially formng a second doped region

in the EPI Iayer over the first doped region. The first doped region

preferably has %E% f;?“E RhLatl oo QE\BQE‘EEtEh%’% tﬁ% %0‘68“

concentration of t Se su strate the second ped “reqi on has a
dopant conmqrmlhmsﬁeshancthgef|pk$¢n@m$re@nré@m Tise pebsknup.

t t d h ; f
i mpl 1 11 od THESh O Saoseer VBB B IPe ARF ot n s ror oy ot Reiter o,
cont ai i ng d@tVlZ@ I eastatmr@ma@m coppemtat itons theheserdal f e::mawlrdpped
i I

the O Tor G TEdra ed ttinetr Foma it B ovpei:EEhURER PR IING 20

required | axom:a;q@owmnsgt a@céllfgbert Heprdeti cenceﬁtF@tmmg, tdmblb}as'ehsmisy r at e,

D one croadiciRnte of U CRENL ok VAR N Jol pdRg AR N AE PARS.
Oopan a about

substrate ype n conc ntra I'0n rangin
1014 cm 3 tdmmhauuebaS&hmmmgdwheAehmghlgopaaistDmeeﬂnbatr@heofhemmm&r,

1015ci d 3)}Jof§1fc?’p'xcaa¢!erk§%é nan larg) L@eng@thetn%{npe%' | lustrated and descri bed,

epi taxial | ormn | ayer epl aX|§}Iy formng an EPI | ayer
having first and second doped regl ons toa 04 JUN 2002 s thickness
rangi ng from abdlitgISufw¢eqQuaboyt cFumun Epat aenal hickochipg adquiste ddped

B g o S L
required circuit performance and size, as stated earlier. 1If
an integrated inductor were formed over the EPI layer under

15 discussion, the inductor would induce eddy currents into the
highly conductive substrate thereby incurring a large energy
loss. To be energy efficient and therefore low loss, the
integrated inductor would have to be formed over a highly
resistive substrate. A semiconductor device, therefore, must

20 incorporate trade-offs within its design to eliminate the
generation of spurious currents and successfully accommodate
integrated inductors. However, achievement of the required
trade-offs currently requires many additional process steps
in the construction of the semiconductor device thereby

25 adding substantial manufacturing time and therefore cost to

the semiconductor wafer.

Accordingly, what is needed in the art is a simplified
and more cost-effective way to accommodate integrated

inductors into semiconductor wafers.

30 Summary Of The Invention

To address the above-discussed deficiencies of the prior



5 equal to or greater than about 101' cnB. In a further aspect of dglej
enbodi nent, a dopant concentration of about 10lecms is used, and Umrng
doped r'egi on has a thickness ranging fromabout 0.5p.mto about 2umlIn yet

* anot her enbodi nent of the present invention, 10 epitaxially formng a
second doped region over the first doped region includes doping the second
doped region with a p-type dopant to a dopant concentration ranging from
about. 101" cm 3 to about 1016 cm 3 wher#in a dopant concentration of about
1015ciri 3 is typical. The second doped region has a 15 thickness ranging
from abouerSum tdeabewessih linvandtieer apadides hé Qi esentms Hvaht ioh
provi des ' ry wafer, thy i §es auhase sukstnate that 4s

f or med ovgﬁﬁgggg%?%g%%ﬁé}g%ﬁ&g#gﬁﬂg%gggﬁgtéhag 3 gl ven dopant

concent r aseod Coadugpiorax i vi(@@Pl )hdayreg | shdor nedbetertehe 20 Iyaseone
Substrate Gh l.ncl S ast . .fi o ' . Jhe
firet dopSatPasten™ s o nesnog, hr, haRhL AR SpRp Cn g bRt LRl Ot it
concent r ali andycéatresubkamathecginpensdoplnrncogicentasti snbstrate dase
substrate. . ped:r eqi 1S | t \ Lr dop gi on
25 and ha$ §g§%§§§?ﬂg8ggeﬁ??%ﬁ o"%pﬁgeezlsn ?cﬁ%n%t%ﬁ% %l[llr);s?gag%egg? egi (g%.’é]%\hi |l e

t wo dopeddopgintnscéraven bezehnispeent calery Setrmfiont lgnt hpdeawhalar EBKI | | ed
inthe art _w_ll recia h e i p i ntion
coul d pr oI5t SPRBREe RaR®t S8PAEFREPoRiRy Tobaictbotohs uet et Ly Em

| ayer. 30dbpedf aegdoinsg hdteoBPLi hegerr abhdudes oepl yaxpakler fednomg a

al ternpati f eat ures .he present Jivent | t 0, ~r_Ju 2 6
thosel%ski ?fﬁéfgeci r@tpﬁeg (a%{etgtlr%ly Set %‘eer E!uEJr;idgL% teﬁc?%to%}eh%‘e ablefse% 2 es%kr]iz% Ton of
t he i nventanon theat epdkbansllAdibtniomnala fsatamneslopkdt heginuenhi thewEiP1I be
descri bed . hereinafter .that. formthe subject of the clains of the invention.
Those 5 SRAVEGd i s He e 1-ERbUICE Spp S8 abe t RAE . (AT Cairtehd 19 e t he

di scl osed’prefespibilgn hasd as gepehicc cenbedirehioasgaebast sthan tesi givery or

nmodi fyi ng ot her, structures for carrying out the sane purppses of the
oresent | RRRA o SHRLE I 11 68 | Hie ndadP sLRSEEATRr oo o §ee such
10 equi valdemted argfirarctians dvpwoit depardntframdrhe i rtlamncthscbpesof t he
invention%g; %Ls br.oadest form Brief Description O The Draw ngs For a
nore conpl Ad& $tndi ng of the present invention, reference i s now nade

to the follow ng 15 descriptions taken in conjunction with the acconpanying
drawi ngs, in wiheh:pE&RERE invehtsbnattdss e thagr ant sbowecag ahy iloroad t

construction of .an integrated circuit_wafer that wl]l.support.a,high Q

Cnduct or ; SOREGRED FAPOLEFSEELRY dPagr SHPEROWRG BhIBnbod HEATC 6T an

I nt egr at edubigteuwtie wafretughhahewtblkniuppoft thehEBh ryaducdntaninsg ract ed

accorgding.to the_pringiples of the, present inyention;, .ElGURE.3 illustrates

2 Gh A A SRR 5P an SR nERECBT ESEARRF at i qEEFEEET Ehd foPSe

const r uct etdkcdoner drogitle khealance in the semiconductor device between
maximizing the Q for an integrated inductor formed in the
device and maintaining a required latch-up resistance for the

device.

25 Forming the base substrate, in one embodiment of the
present invention, includes doping the base substrate with a
p-type dopant to a dopant concentration ranging from about
10* cm™ to about 10%® cm™ wherein a dopant concentration of

about 10%cm™ is typical.

30 In an embodiment to be 1illustrated and described,
epitaxially forming an EPI layer includes epitaxially forming

an EPI layer having first and second doped regions to a



.principles of the present invention having a high Q thick netal inductors
and FIGURE 4 illustrates a flow diagramof a method that may be us@dg tJUN 2002
construct the integrated circuit wafer of FIGURE 30 2. 0 ~ JuN zooz

- Detailed Description Referring initially to FIGURE 1, illustrated is a

di agram showing a prior art construction of an integrated circuit wafer 100
that will support a high Q inductor. The 5 integrated circuit; wafer 100

i ncludes a substrate 105, an induced |ayef 110 and an EPI |ayer 115. The
$ubstrate 105 has a positive dopant with a P- dopant concentration that is
typi cal | y abdutcKroase m@rakd nir thealsabst 31at et 0Bt ghV ymr esi st i ve
electrically. The induced |ayer 110 is a thin, 10 highly conductive |ayer
that s constructigd by M ffyiSiBnahol P! ANLLATBARY dORANN | BLO LRE £pr
substrate 105. A P+ dopant concentrgtlon of 1018cm 3is typical. The EP

| ayer 115 islayrih griovan ¢l teina ted sodedimgat, 1 10cdnderasioping dogadtrst
concentratio Ql . typigal diffusj Pragg Lek y
be used to f%ﬁé%?ﬂ%gyﬁﬂﬁceggﬁg§e$l§YéFi%@%udesg%bé ?%?#%mﬁgg EESEQEE?§HB
Brush sc¥ub edwshity,or)orkadey Hhapl ekaitiglol) cdeposilin $olfiud téieff asbent
source, 4) if.cC 5) ' Ln.dg p R iCh12Q -3

di ffusion sgﬁfggﬁi%n%ﬁg%é%ﬁégﬁ'm%?é?gggt Eg|?§§g%€ﬁgbﬁ ?gg%%ﬁﬁﬁéﬁgfa%?ation
process whi chs nasedl sondetugeliirot f doped heed heluckas | ayehi¢cknepsackadginghe
foll ow ng st . h r i 2) 100:1 HF cleaning, 3) Inplant
dopants, 4) f@?%é%%ﬁﬁéggaﬁﬁﬁ,H§n§$§?9c?%%h wafer for EPI 25 growth . The
integrated circuit wafer 100 provides a structure that will both support a
hi gh Q i nt egr at edI® ndeét cxnciree pr evbadimenst ¢t upheomtiadadt Thwestibonrat e
105 is hyghl | 511 .herefo S eddy,c n at
30 woul & Feap tETkEaL Ly AOEn e Cn e RE G e PRty O e st
Addi ti onal | ydopéed Fegierdihaleded 1dopbeynghe secoydNiQped sehighl yith a
conductive, pr t heup .fr C | NG+ .S t i c a 10
PR e A s i S e R B i S
|l ow Q i nduct b®*‘camrierto sibtowdt i10nS,cras vektreinnd odopaat ebonchowesasiont bé 5
process step ded:14 g -eonst r.uct. ein e t efore
both tine co%%(lgjltrgn]?nggaﬁ%l cogsl y. lj:tra% ng (rﬂlg\%v %é%l?@éeg?l&?é s{&?latlggaéi fg a
di agr aml§howthgckmeesboaingbny 6fomnabategdametiocalboutt Swafer 200 that will
support a high Q inductor constructed according to the 10 principles of the
present inventiony. T i gr i reuit 00..1 ides

substrate 205 andI%nglglt tegyea?gé%%gha\%ﬂﬁg i rsge{ném nggglgﬁgﬁdo%%%@?(g%? oRs
210A, 210B, shithondecpoeferibtythatnednpyiaasepibaseabupsttess. that is

formed over a semiconductor wafer and that has a given dopant

concentration. An epitaxial (EPI) layer is formed over the
20 base substrate, which includes at least first and second
doped regions. The first doped regjon is located over the
base substrate and has a dopant concentration greater than
the given dopant concentration of the base substrate. The
second doped region is located over the first doped region
25 and has a dopant concentration less than the first doped
region. While two doped regions have been specifically set
forth, those who are skilled in the art will appreciate that
other embodiments of the present invention could provide for

more than two differently doped regions within the EPI layer.

30 The foregoing has outlined, rather broadly, preferred

and alternative features of the present invention so that



. The present invention includes the sem conductor wafer 15 200 thatﬂ;r] 2002
conpri ses the base substrate 205 having a given dopant concentratio J“Qt
is'formed over the sem conductor wafer 200. The EPI |ayer 210 is preferably
" expitaxially forned over the base substrate 205, which includes first and
second doped regions 210A, 210B. The first doped region 210A 20 is |ocated
over the base substrate 205 and has a dopant concentration greater than the
gi ven dopant concentration of the base sibstrate 205. The second doped
region 210B is located over the first doped region 210A and has a dopant
concentrat i Brosesskihhadt he theserdoped pPegten RROArspsnpnthre defbddedent ,
the first doped.{ggion ZJPARY hzﬁvfaﬁrc%ﬁ b%llél NG, 120, PPM bapen r§euLge
directly fed 1nto one dopant controller and ich i1s then mxed with
tri chl or osi faakuyae) anth¢ | bweehitom wigtle b dessri®d inegedn@itgre thpte EPI
| ayer 210 i own, _at er.at 3 . ab 0G .second d
regi on ZloBﬁ%%§ ggefé?%% & y Pgnggﬁﬁgg%%gmgng%p%%%oggﬁI£§ﬁ$§g thﬁggg
mai nt ai fii ngskheldd€Sinh| dveatrs |shoerlsy mpprecigteabtwt 11BOF. cano readdNy200z
9 The present i ntJ. t f i u r}qad gane
manuf act uri %%e a@}sélgm:ﬁl%r‘&ll@ﬁafgﬁé%%#ﬁ%oggéu%%?étfg%t hr oug(ﬁﬂ{"%rg{ for m'ang of
the EPI | ayeas230 tont alesignitg | east modd fdopent oddvegenstaticing.esThése

differently i 2194, vi.de in,

sem conduct%‘g]@gzg{lgegggt 3@2% maxi ﬁ?ﬁ%%%eb% ftglrebgtgnlaél%%é%r é{lggnﬁaﬁét or
formed in tHeodevisdel il maint@ieni agta sequidedilsat cheaplresiBiahceucdr t he
devi ce., Wi I; 0 e n eci.ticall et
forth I8 thr 3 bigbal he RE RS Ts BN 8S A5 Gt T B T AEr By o8
appreci at e shapeodvhiethentbhodentnts ofi the presdetti fiwemti on coul d provide
for nmore than two differently doped regions within the EPI |ayer 210.

For mi ng thengsg gg EiaE§020 fi hgh'saggboginent of the present invention
i ncl udes d0ﬁ+ﬁ§—+§e—§asg—sugséﬁ&ie—QBg—wrgﬁ—15 a p-type dopant to a dopant
concentration ranging fromabout 101' Cn 3 to about 1015 cm 3 wherein a
dopant concentrafFoon af mboet ddibons iwqemftEndihg Thdh, thiee BRlesleayer
210 is epitaxial for avi first second doped io \,  210B
to a thi cknérslge?lé%aflhgw%%o%ra n(r)% Sum t%l%gﬂ)ourﬁg%% 73%1 'I%ggfi @tﬁé’g@é@
regi on 1210Adhasrapthboknesskemngimgcbnomalidoh Ovbum ttheabeatowanyamds t he
second dopeg1 re hon Z%IOIBWB%sha t hi ckness rangi ng from about Sum to about
Sum EpitaX|5?V ?8fﬁlng &7 irst doped region 210A in the EPI |ayer 210
i ncl udes doping the first doped region 210A 25 with a p-type dopant to a
dopant concentratil6HRBqulal ifldusktrgteat e tlhagrahowhdwilig cm Jomher eiarta
dopant concentrati on. out 1018 i S..preter a@tr}'! L
epitaxialIyg?%?ﬁ%%ggfﬁé(ggé%hd&ﬁ%ﬁégkggg?6%C§&g§%%€%$ é?¥$€% {Eﬁéﬁft
regi on 210Aai htbhd@siddpingrthe second doped region 210B 30 with a p-type
dopant to a dopant concentration ranging fromabout 1014 cm 3 to about 1016
cm3 rein ad cong I o] Scm 3 i referred. ~
GuN QD83 10 Ther SParsE Pnotpaghabiect e BRETr i BrcfipRte o
el ectrical |l gn tihecdgratediopedcneadi om R240A thfatt hei EPl dupperrt21@ ilsigh glg y
conductive an secaon d.reaion 210B of the EP|.]| 210_js  hi ghly
resistive. @ngﬁggégra‘%‘e%tm&?ed %%cordnlxg £4 éllle pl:lnéxgies ot tttlxe
present invention;

FIGURE 3 illustrates a diagram showing an embodiment of
25 an integrated circuit wafer constructed according to the
principles of the present invention having a high Q thick

metal inductor; and

FIGURE 4 illustrates a flow diagram of a method that may
be used to construct the integrated circuit wafer of FIGURE
30 2.



5 circuit wafer 200 affords a structure that wll both support a.&igh Q
integrated inductor and prevent a |atch-up condition as seen in t 4 dUiNo2002
art” exanple of FIGURE 1. However, epitaxially formng the EPl |ayer 210
~using two differently doped regions allows the structure to be constructed
using 10 basically only one additional process step wherein only the dopant
concentration is reduced to formthe second doped region 210B. The tine at
whi ch the dopant concentration is reduced, and the anount of the dopant
concentration reduction deternine the thickness of the first doped region
210A and 15D¢ebailedRefgriptopnt he second doped region 210B, respectively.
This process may be acconplished much nore quickly, easily and cost
effectively tha i £ fusion arythe i ON proc d ;i he
exanpl e of FIGug%égsrgﬁéﬁiﬁégﬁéﬁi%%gnﬂt8URE§§§§FIIgétfgie |s1§§gi§§$a%120
showi ng an @hbdodamentonfingn a meipat edt ccpragittuggfion 300 eondnitggreded
according to. . prinei pl o] e S Lnyent | havi Lgh Q. thick
met al i nduc %%Sg*ﬁew?%%gg?gge h%?r%ﬁ?? §g$%?9§0§ #%Qrugegﬂgugggg'suggkrate
305, anSEPlihbgaraBed hkavicngtf iwesterand Getontudeped rafiunzi30n0525a310B
first and s n [ f t ansi r T | 5, 0 [ oyYr~Ges,
drai ns and ?ﬁ?%?%%sgégagtggﬁ ghai%?ErEgvzfgggéf%%fTichégFggggggtEaépﬁg

met al i nt ercannacprdvhti BSeprha witikcla et alodanductcorce3dsathios ithtadgrist ed

circuit waf I he ~fii [ St 2d 30 gi 310 f]%hg Pl l.ayer
310, which ?gpﬁggﬁﬁgpé%ﬁﬁﬂ%tﬁge(%ﬁd Eﬁggg co% de%%a ré%#%n 105§6€h§ﬁg EP
| ayer 310, whsthtisgehidkkyriesildti.ve The aifhiduded strect urld that awithiinhot h

support ~a hj i nt i o] d. pr nt_a ch-up. -~ _~r. JUN zooz
condi 1100 aa2aEk PhERRELREe L TYRE FRRB R b are Aot BYr SYsBLr g3 & el
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dopants, 4) Drive in dopants, and 5) Clean wafer for EPI
25 growth.

The integrated circuit wafer 100 provides a structure
that will both support a high Q integrated inductor and
prevent a latch-up condition. The substrate 105 is highly
resistive and therefore does not support eddy currents that

30 would lead to energy loss and low Q inductor circuit

situations. Additionally, the induced layer 110, being



. thickness ranging fromabout 0.5mto about 2um The second doped {pgkﬂmﬂgﬁ
the EPI |layer forned in the step 415B has a dopant concentration |eSs 02
the first doped region. 15 The second doped regi on has a dopant
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dopant concentration of about 1015cm 3 is typical. The second doped region
has a thickness ranging fromabout Sumto about Sum The thickness of the
first doped region of the EPI layer 20 fo¥ned in the steps 415A and 415B i s
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appl i ed. Thaanghillye cdapant ivencentranicen lias chedipc €a oan ¢ ddver rggmawt h Saihcehe

EPI | ayer |

continued,for a_s nd, | engt.h of. ting.to determpe e

t hi ckness o hFhéjé‘ﬁgﬁ% g%ﬁ%ﬁ ﬁég%ohs 5 l?helﬁétwééa4 :%%dg%?nféﬂ§¥%6 420
mbenlthEPfeFumdib&p?ﬁmfﬁdyiﬁErffntgmmﬁ?mithMDneahe?AﬂHWOQ|Qﬁdm;uﬂf
single ayer separate do regi ons_grea s ifies e
manuf act ur e rgng rsd‘cttutvlf%el,o Fat i WFEEUpng%iP r%@b%t%{%/ht éé@ﬁ’&&ﬁ r]f%llfct or
whi | e :ﬁhibF&bn@sbchbpspneaSeGOﬁ@?ﬁ@ﬂstﬂu@ﬁttme rm?mmﬁdffﬁyﬁfﬁaE%;MHMB“Eign
or inplantatiaon, process. 0 e _present .inventian has been describe
in 0~J QP%Nt§65§%§§ed§%§$I%gpﬁo§8n§WFHP@d%qg19%?%%%‘should under st and

that they can nake various changes, substitutions and alterations herein
wi t hout departi nGuirnmdmagt heogpitrd t FAGURECOPpe dfl et nahesht ien & n ditegyram

br oadest for .. 0 ~ ,JUN 2002 14 AING 1. A thod for nppuf ri.ng a
em conduct howin: 7 FDREHR € B oL Eas e etk VATRE coad it
sem conduct e Mafseippotdte abadehs @b s thidatos cra\dong tarugiteeh adapanriing to the
concentration;. and

faorm_ng, an_epitaxial (EPl} |ayer over the base, .
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concentration |ess than the first doped region. 2. The nmethod as recited in

Claim1l wherein npl eti ng . farmatian _of, the sem. conduct.or devi.ce incl udes
form ng an inducﬁ%@iH?%ﬁﬁiguﬁﬁ29ﬂﬁﬁﬁﬁ(ﬁnc %ﬁaéﬁe senifonductor Water

15 200 that comprises the base substrate 205 having a given
dopant concentration that is formed over the semiconductor
wafer 200. The EPI layer 210 1is preferably expitaxially
formed over the base substrate 205, which includes first and
second doped regions 210A, 210B. The first doped region 210A

20 is located over the base substrate 205 and has a dopant
concentration greater than the given dopant concentration of
the base substrate 205. The second doped region 210B is
located over the first doped region 210A and has a dopant

concentration less than the first doped region 210A.

25 In one embodiment, the first doped region 210A may be
formed by using 120 ppm boron source directly fed into one
dopant controller and which is then mixed with
trichlorosilane (TCS)and flowed at a rate of about 5

liters/minute. The EPI layer 210 is grown at a temperature
30 of about 1150°C. The second doped region 210B may be formed
by removing the 120 ppm boron source while maintaining the

TCS flow at 5 liters/minute at about 1150°C.
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doping the first doped region to a dopant concentration equal to or greater
than about 10" cm3 5. The nethod as recited in Caim1l wherein epitaxially
formng a second doped region over the 3irst doped region includes doping
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electrically, the first doped region 210A of the EPI layer
210 is highly conductive and the second doped region 210B of
the EPI layer 210 is highly resistive. The integrated
5 circuit wafer 200 affords a structure that will both support
a high Q integrated inductor and prevent a latch-up condition
as seen in the prior art example of FIGURE 1. However,
epitaxially forming the EPI layer 210 using two differently
doped regions allows the structure to be constructed using
10 basically only one additional process step wherein only the
dopant concentration is reduced to form the second doped
region 210B. The time at which the dopant concentration is
reduced, and the amount of the dopant concentration reduction
determine the thickness of the first doped region 210A and
15 the resistivity of the second doped region 210B,
respectively. This process may be accomplished much more
quickly, easily and cost effectively than the diffusion or

the implantation processes used in the example of FIGURE 1.

Turning now to FIGURE 3, 1illustrated is a diagram
20 showing an embodiment of an integrated circuit wafer 300
constructed according to the principles of the present
invention having a high Q@ thick metal inductor. The
integrated circuit wafer 300 includes a base substrate 305,
an EPI layer 310 having first and second doped regions 310A,
25 310B, first and second field effect transistors (FETs) 315,
320 having sources, drains and interposed gates, an inter-
level dielectric region 325 having metal interconnections 330

and a thick metal inductor 335.

The integrated circuit wafer 300 employs the first doped

30 region 310A of the EPI layer 310, which is highly conductive
and the second doped region 310B of the EPI layer 310, which

is highly resistive to afford a structure that will both

support a high Q integrated inductor and prevent a latch-up
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is located well “up-~level” from the first and second FETs
315, 320 and 1is connected to other appropriate circuit
components through the metal interconnections 330 in the

5 inter-level dielectric region 325.

Turning now to FIGURE 4, illustrated is a flow diagram
of a method 400 that may be used to construct the integrated
circuit wafer 200 of FIGURE 2. The method 400 of
manhufacturing a simplified high Q@ inductor substrate starts

10 in a step 405 and continues in a step 410 with the forming of
a base substrate over a semiconductor wafer. The base
substrate formed in the step 410 has a given dopant
concentration ranging from about 10 cm™ to about 10 cm™
wherein a dopant concentration of about 10*®cm™ is typical.

15 Then, an EPI layer is formed over the base substrate to a
thickness ranging from about 3um to about 7pm in steps 415A

and 415B, that uniquely has differently doped regions.
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in the EPI layer over the first doped region in the step
5 415B. The first doped region formed in the step 415A has a
dopant concentration greater than the given dopant
concentration of the base substrate formed in the step 410.
The first doped region has a dopant concentration equal to
or greater than about 10'" cm™, where a dopant concentration

10 of about 10Y®cm™ is typical. The first doped region has a

thickness ranging from about 0.5pm to about 2um.

The second doped region in the EPI layer formed in the
step 415B has a dopant concentration less than the first

doped region.

15 The second doped region has a dopant concentration
ranging from about 10* cm™ to about 10'® cm™ wherein a dopant
concentration of about 10¥cm™ is typical. The second doped

region has a thickness ranging from about 3um to about 5Spm.

The thickness of the first doped region of the EPI layer

20 formed in the steps 415A and 415B is determined by a first
length of time that the first dopant concentration is
applied. Then, the dopant concentration is reduced and the
growth of the EPI layer is continued for a second length of
time to determine the thickness of the second doped region.

25 The method 400 ends in a step 420 when the second length of
time is complete. The method 400 of using a single EPI layer
with two separate doped regions dgreatly simplifies the
manufacture of a structure, that will support a high Q
integrated inductor while inhibiting latch-up, as compared to

30 the current use of a diffusion or implantation process.

Although the present invention has been described in
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detail, those skilled in the art should understand that they
can make various changes, substitutions and alterations
herein without departing from the spirit and scope of the

invention in its broadest form.
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base substrate; and
epitaxially forming a second doped region in the EPI layer over the first doped
region, the second doped region having a dopant concentration less than the first doped region.

2. The method asrecited in Claim | wherein completing formation of the semiconductor
device includes forming an inductor in the semiconductor device.

3. The method as recited in Claim 1 wherein forming a base oubstrate include dopmg
the base substrate to a dopant concentration ranging from about 10" cm™ to about 10" gm."

4, The method as recited in Claim 1 wherein epitaxially forming a first doped region
in the EPI layer 1ncludes doping the first doped region to a dopant concentration equal to or greater
than about 10" cm™

5. The method as recited in Claim 1 wherein epitaxially forming asecond doped region
over the first doped region mcludes doping the second doped region to a dopant concentration
ranging from about 10" cm™ to about 10' cm™

6. A semiconductor wafer, comprising;:
a base substrate over a semiconductor wafer, the base substrate having a given dopant
concentration;
an epitaxial (EPI) layer over the base substrate, including:
an epitaxially formed first doped region located over the base substrate, the first
doped region having a dopant concentration greater than the given dopant concentration of the base
substrate; and
an epitaxially formed second doped region located over the first doped region, the
second doped region having a dopant concentration less than the first doped region.

7. The semiconductor wafer as recited in Claim 6 further comprising an integrated
circuit having an inductor incorporated therein.

8. The semiconductor wafer as 1ecued in Claim 6 whexem the base substrate is doped
to a concentration ranging from about 10" cm™ to about 10' cm™

9. The semiconductor wafer as recited in Claim 6 wherein the epltaxxally formed first
doped region is doped to a concentration equal to or greater than about 10'7 cm™

10.  Thesemiconductor wafer asrecited in Claim 6 wherein the epitaxially formed second
doped region is doped to a concentration ranging from about 10'* cm™ to about 10'6 cm?



