| NTEGRATED PASSI VE DEVI CE SUBSTRATES Field of the Invention

This invention relates to integrated passive devices (IPDs) and nore
S5specifically to I PDs fornmed on silicon substrates. Background of the
| nventi on (Portions of the technical nmaterial contained in

frequency (RF) ol oot riRAPCHATED PATEVE BHICE SBRTRATES Doccive
devi ces. Many of these circuits are used in hand held w rel ess

products. Accordingly, mniaturization of passive devices and passive
device circuits is an inportant goal in RF device technol ogy.

| nt egr at i orfielidoftheilaveatiomt i on of passive devices on the scale of
active 15 silicon devices has not occurred for at |east two reasons.
One, typical paS%isiaverdicnaeki¢otodategratappayside fedces(IPDa) end alore
technol ogi es. But, nore fundanentally, the size of many passive

devi ces5i s spetificailyl tonPDE forresd seailemcyutfiratdye device, and thus is
inherently relatively |arge. However, still, there is unrelenting
pressure to produce nore conpact and area efficient |PDs.
20Si gni fi cant advances have been achieved. In many cases these

i nvol ve surg‘,fc %HH%ftﬂ%mln?i%Yn (SMI). Small substrates containing

| ar ge nunbe'r-si(gf—p'arss-i-ve—co'rrp'oﬂents are routinely produced using

surface nmount technol o : re .recent vances..in _prodyci ng

it eor at 6d. pass{oataRs PLbeeeRir R ot R R IR By Bhner e

resi stors capaci Sors and inductors are built as integrated thin film
1

devi ces on PHOEBitabl e substrate. See for exanple United States Patent

No. 6,388,290, incorporated herein by reference. This approach is
10 State of the art radio frequency (RF) electrical circuits use large quantities

of passive devices. Many of these circuits are used in hand held wireless
products. Accordingly, miniaturization of passive devices and passive device
circuits is an important goéﬁﬁ RF device technology.
Integration and miniaturization of passive devices on the scale of active
15 silicon devices has not occurred for at least fwo reasons. One, typical passive
devices to date employ different material technologies. But, more fundamentally,
the size of many passive devices is a function of the frequency of the device,
and thus is inherently relatively large. However, stili, there is unrelenting
pressure to produce more compact and area efficient IPDs.
20 Significant advances have been achieved. In many cases these involve
surface mount technology (SMT). Small substrates containing large numbers of

passive components are routinely produced using surface mount technology.



5 being used widely in advanced technol ogy products. Wth
increasing miniaturization, and continuing shrinking of |IPD

di rensions and features, electrical interactions between the |PD
substrate and t he passive devices nounted on the substrate are of
growi ng concern. United States Patent Application Serial Nunber

10/ 277,239, fil dtbrerecsnéadance2doprotiicgdriegesied passive dedercretwars
descri bes and clains a high resistivity | PD substrate that offers

pr ocessi ng imaanthagiis teclipd!egly whete rebistade sépanifods adindutiorparedurit ags.
This substrate can also be made thin, to reduce the profile of the

| PD. The sidtegmatddthitefiior dddces on & Baitaiilo sebetrdte.o Sed fapgatancsie iUnited s
intrinsic silicon, with an oxide layer on the surface of the silicon.

Wen the 0>St§'t@s|F%Y@’ft N 61388120t iAdbrporafts hdteinlsy RfdtbRtd. eThigabpagR s S
described in that appllcatlon charge buil d-up occurs in the

interfage t i t e and the oxide |ayer.
The co ngl n??}dgﬁﬁégd W{@e@ i Bl Svdegitb Moo Reln @S

the high resistivity substrate and the oxide |ayer

behaves as a soygg| ||nﬁgaﬁ gmﬂ a‘%‘ux‘?fatnﬁh!r?noa?oﬁﬁnht#ﬁgtghﬁgg@é' fsgwn 1 or

creatively enpl oyl ng orage € accunul at es

Sccumil o cdmaTTend i fEE ShahkAReraclints PLREEETte B0 SPerateand g

t he characteristics of electr. evi es on the substrate.

I f the accE’?ﬁ.uP%?%‘éF %‘%‘?E‘éé“PB”t?at?é‘ttgﬁtSP ’"a"‘f" RE QFWP&’H?Q %‘Uk?@ff} atUé“ted
appears as if sem conducting, creating a ture.

surface no@tea Aatent fpplieationsSerial awamap/% s2?e9x Qm %CtOPWeZ‘w@@OZ
structure acts as an added series capacitor, and degrades the

capaci fi6r jpafreseanthese isavesoged desdribenang claimamhigh eesistivily & renders
t he substrate sem conducting, the performance of all of the IPD
conponent s substrdte tkairdffacepicsessipaadeahtagess ¢auptdtewitte thecdebinedsligedtric t y
of the entire substrate. A significant part of these adverse
ef fects onppessiiese Thigpobstrdts can aldochd MBddevincie resuchughetpofilbef thact
that much of the accunul ated charge just described 10 is nobile. Due
to the nobipD! Yhefsubbatacigetibét Rahe Atsrementibedspificatorelsestinsie fiel d
effects fromthe accunmul ated charge varies with applied voltage.

Consequent kiicomiitreard BLId8 ek bRNRE sBffadd @ tE@ stk eWidh thB®xide layer is
silicon/silicon oxide interface is difficult to avoid, the adverse

field ehf eqlieOhid B8 iRfR ;ﬂﬂte‘%t %d?rﬁgﬁlﬁl%g%esgﬁbéc?M%fj?@ﬂzcgﬂﬁaﬂ '&ﬂa?d?ee

5]
charge I n charge t’ra S | e sili1con roac

charge trapg;@0f Jobifls tid Red PRk senfb8H #% fibn ws?stlvaty substrate and the

oxide layer. The combination of the high resistivity substrate and the oxide layer
behaves as a so-called dual dielectric, a structure well known for creatively
employing charge storage effects. The charge accumulates at the interface, and
20  the electric field produced by the accumulated charge influences both the
substrate characteristics and the characteristics of electrical devices on the

substrate.



interface is described by Janseman et al., "Elimnation of

accunul ation charge effects for H gh-Resistivity Silicon Substrates”
[reference] Janseman et al. create ion inplantation danage in a
surface |l ayer of the silicon substrate. It is well known that ion

i npl ant ati on danmage reduces charge nobility in silicon due 20 to the
creation of cryditae asawmylatethcharpe ipsmstantiabthesilictrasufstratappperys as
sites. O her approaches that inprove the surface

char act er i st sasicandudivgsereatnmas MO 3 siruckialeWhendhé agdasembodnted IPD
contri bute new dinensions to | PD technol ogy. Summary of the

| nventi on déticedy e ceeeitargede>amplophoWe0S|stidcub atisaiseart dddedsktiezsses
probl enms with accumul ation of nobile charge carriers at or near the

surface of capatitdp, &nd HbGlatas the ddpRacitdPERhaRbeS tNaicevaas the | ayer of
pol ysilicon added between the intrinsic silicon substrate and the

sur f ace 50X 'a%umﬁ?at&d‘@%gb Rehdifs Q{é suSsYr%'t&@émﬁbhﬂﬁcﬁ érﬁ“lrﬁ‘;%néé gf at

| east |ightly doped. In“terns of commercially avallab l'icon

material, ol %fgﬁléj%ﬁ‘cﬁ@abﬁ&ﬂ & sﬂﬁé‘% e RABafted A5 1 ’fh\é' nfe}ﬁu{?é

appr oXI mat er ence to intrinsic silicon materi al

i n connect |rggswt&_t2}ftt@¢]gaql{g Sﬂ‘féﬁt%{féon is intended to nean sili con

having a resis 500 ohm cm and preferably higher
t han 1000 ohm c i stivity values of 4000 ohm cm or her
56 cont enpi at AFIORTEL AR dVe3e Siberae Sate PABPSSILS FPaBHNaRs i e
but ot her oxides ma% be used, such as tantal um oxide, titanium oxide,
etc. The pé‘f’?sqel"ic@d dPﬁ)}%F“%@ﬁ?@ﬁh@"“&hﬂf&? Wﬁ%’@ﬁegﬁhéf%ﬂét WF‘B@d
carrier traps due to the 15 | arge nunber of crystal defects in the
pol ysi Pcors maple. Derde fee m&thisa@fctbﬁ@paw@g!aéﬁd ¢hasgsi theiadyerisataledtie e
is converted fromnobile charge to fixed charge by these traps. Brief
Descri pti ofietsteffenss fooaihagoeorupied chargayades witlykapplad aiitsgesi | i con
starting wafer for preparing the IPD
Consequently, while the occurrence of charge states in the silicon/silicon oxide
interface is difficult to avoid, the adverse field effects of the accumulated charge
may be reduced by fixing the charge in charge traps in the silicon.

15 One approach to creating charge traps and fixing the mobile charge at the
inferface is described by Janseman et al., “Elimination of accumulation charge
effects for High-Resistivity Silicon Substrates” [reference] Janseman et al.
create ion implantation damage in a surface layer of the silicon substrate. lis
well known that ion implantation damage reduces charge mobility in silicon due

20  to the creation of crystal damage and the production of charge trapping sites.

Other approaches that improve the surface characteristics at the

silicon/silicon oxide inferface would contribute new dimensions to |PD

technology.



substrate of the invention; Fig. 2 shows the silison wafer with
pot ysil'i con deposited; Fig. 3 is a view of the polysilicon wafer of
the invention show ng over 500 (PD sites for building thin film

| PDs; Fig. 4 is a schematic section view of a typical |IPD
showi ng conventi onal SMI conponents nounted on a conventi onal
substrat e; Fig. 5is a schematic view of a thin film

approach to I PD fabrication on one 5 of the sites of the substrate of
Fig. 3; Fi Gurimasy af siedRivehtienci rcuit di agram showi ng an exanpl e of
an (PD; Fig. 7 shows the (PD with an active IC chip mounted on the

(PD; Detail ed Dggshhid Hevelopdh@ improvsd P saMstaite thatidddeducvatstlerhs -
The substrate vvafer is asingle crystal silicon wafer cut froma

boul e, “and Hoh o5 rASSIRI RSk E4ibistit or hBaPielduftdbalof ah 1bDI NS ©

reS|st|V|ty In thi's description, ence to silicon neans single

crystal S' 5 H‘Bgtf%tes'ﬂh qﬁ@rcg@;} u:bsﬁé%f sﬁéjfé&apoi’ ﬁbi@ﬂ:\ﬁpséd@éa hﬁ'ﬂb’éen the

typi cal rger t .

rotent ol St R ARl A R RAE
h d he _f ol

destri pti oReph SURRIEAIES BiE ehiaas dBBRAAoRER:  ThAraor saBrEciaRy AV aleblfo o

6" or 8", are also useful. The single crystal wafer has useful

attri but es SHiGPn HETD 3 SisepE Shcar weter Wl hayerg psisdivity ok apmioxigmagely 5-
200-700 microns), but is robust 20 physically, and can be handl ed and
processed. 30tohng cmer@efﬁrqtcedo@]tnasrc aligen magerial in connection with this

10 invention is intended to mean silicon having a resistivity higher than 500 ohm cm,
and preferably higher than 1000 ohm cm. Resistivity values of 4000 chm c¢m or
higher are also contemplated. The surface oxide is preferably silicon dioxide, but
other oxides may be used, such as tantalum oxide, titanium oxide, etc. The
polysilicon layer contains a high density of stable charge carrier traps due to the

15 large number of crystal defects in the polysilicon layer. Charge that accumulates
at the Si/SiO; interface Is converted from mobile charge to fixed charge by these

traps.

Brief Description of the Drawing

20 Fig. 1 shows a single crystal silicon starting wafer for preparing the IPD
substrate of the invention;
Fig. 2 shows the silison wafer with polysilicon deposited;

Fig. 3 is a view of the polysilicon wafer of the invention showing over 500



It has a highly polished uniformy snooth surface. And it is
conpatible wth silicon wafer fabrication processes and tools. Using
the silicon wafer as the substrate wafer, a |ayer of polysilicon 12
is deposited on the surface of wafer 11, as shown in Fig. 2.

The thickness of the polysilicon |ayer nmay vary widely, as long as a
requi red milRDmites ifer lprildmgrihintfdmpgPBe] de t he charge trapping centers
necessary to at |east partially achieve the goal of the invention.
Any t hi ckness ofFighdliy i dchenniibsettionviedef a typice éPDIshoedng ¢onvientonald | |
provi de sonme trapping centers, but it is preferred that the

pol ysi | i corsNRyempbAechts rh@afiéd Bnh dorventithal susktpref er ably 0. 2

m crons. The maxi mum thi ckness for the polysilicon |ayer is |ess

 mportant, and Ry se aaRKEFARE VENRST ¥ ThY fIRPASHRERI] IPTSrBHER PO B

and conveni ence. Since polysilicon can be easily deposited to have a

very high registitad df¥ne Q@@gtratt?ﬁff%g?gr eater than that of the

intrinsic silicon substrate, ysilicon layer thickness is not

necessari |y congid gioad R ATLRLMELYHPORSE AhiSBR 0 G XF [RBL O

may be produced th™a resistivity nor e n 't he
context of the pnvention, resistivity values.of nore than 1

Kohm cm and prg%ge?a%]oyls%??@%ﬁq@%&){ﬁ}l@ﬁﬁgrgoagt?groggge-fﬁgt al | ows
the polysilicon |ayer thickness to be 15 substantial, e.g. 50

m crons. However, the stress effects nentioned above nmay al so

influence the polysilicon |ayer thickness, suggesting that the |ayer
be substanQﬁ!ﬂ!‘S&.ﬁéﬁsﬂﬂm 50 microns. No advantage is seen in nmaking
the polysilicon layer thicker than 3.0 mcrons. To conplete the |IPD
substrdfe of thE&ig. hieatiempf asilicos weéaritlg Theywibstrate2@afeois@dingle t he
surface of the silicon/polysilicon conposite substrate. The

i nsul at i ng chay# silicay waderany frbivgd bdule| and has propeetiasadeschibéd earlier, in
preferably grown or deposited Si02, or deposited Si3N4. The thickness
of the insyagiculkg, ihiheic reBigtivBl Vin ShiHabsdtptiah) teferEfte B fcoramblhgkness

in the range 0.1-5 mcrons is recomended.

single crystal silicon. Silicon wafers are produced in many sizes, but typically the
larger the diameter of the wafer, the lower the potential device cost. Currently,

15  silicon wafers are available in diameters up fo twelve inches. With twelve inch
wafers state of the art, that size will be used as the example in the following
description. |t should be understcod that smaller wafers, for example 6” or 8,
are also useful. The single crystal wafer has usefui attributes for an IPD
substrate wafer. It is typically thin (e.g. 200-700 microns), but is robust

20  physically, and can be handled and processed. It is very fiat over a farge area.
It has a highly polished uniformly smooth surface. And it is compatible with

silicon wafer fabrication processes and fools.

Using the silicon wafer as the substrate wafer, a layer of polysilicon 12 is



As described in nore detail below, the main processing steps required
to produce the IPDs are conducted at the wafer level. After these
steps are conpleted it may be desirable to thin the wafer-to produce
| PD devices with 5smaller profi I es. To acconplish this, part of the
silicon wafer i.s renpved .usi n ovvn waf.er thinning technl gues.

The net hodd%%(és&eggnggfaéﬂgﬂc‘?tﬂ &1y 4i #9 Y égé]l s preferably Low
Pressure Chem cal Vapor ositi o LPCVD). Thi s pethod, and CVD

equi prent for i QW%’?P??}B tt“ﬁé’%@“‘fgﬂ Iaygirg'u%%ywqﬁ%@sl NG Adidst ry.
Briefly, the 10 met hod commnly used for CVD polysilicon involves the
pyrol ysis gauled sieimum ifpkresentite mpavidg theecéwar%traraasa@ﬁﬁ@ter $Becessarydo
Polysilicon is used in nearly every MOS transi stor nade, and is thus
one of t healipast na@ﬁfﬁﬂmac:hmaége paal qfﬁln%mvamtmrkn@vwhw@oﬁsseqﬁwvwcont he
el ectrical and physical properties of polysilicon are also well

known. Showijiprodudesa useful resultdld. wilhprohide soess sappieg cerstejaydut it is
15described, it is typically processed by ion inplantation to reduce
t he resi stprefdred that the mpilicoatiay@nde dttedss Oriamirong)sed preferdtsy 0.2
intrinsic form Thick, w de-area, polysilicon |ayers have al so been

used in soniose! T15e n@s(mhﬁttmemés% foHRESHoRGRIcHN |dyae isheby Fhpdres, and
| ayers are typically inplanted with ions to form'di ode structures. In

the appli Cﬁfags,%, eRfddRBEY BALbrfeMiorlstic Asidlst PBoNERRIcRL © 1S
used 20in i1t rinsic stat an un| |gh resistivity across
t he substr 'R.QX f
CvD pgl ySi | |I|g§ﬁ\§v£erl?ﬂ % @f&%yocfite%havesfta he pr@?é%sﬁ% hol cégfor

form "t t hc?r &85%? kl*dn #8t J)fat}(le 1r§tri%§carﬁgonl éubs‘?%\f\e Re ’po@smcon layer

thickness is not necessarily_ constrained by resistivity considerations. Polysilicon
may be produced with a resistivity of more than 10 KOhm-cm. In the context of
the invention, resistivity values of more than 0.1 KOhm-cm, and preferably more
than 1 KOhm-cm are desired. That allows the polysilicon layer thickness to be
15 substantial, e.g. 50 microns. However, the stress effects mentioned above may
aiso influence the polysilicon fayer thickness, suggesting that the layer be
substantially less than 50 microns. No advantage is seen in making the
polysilicon Iéyerthicker than 3.0 microns.
To complete the IPD substrate of the invention, an insulating layer is
20 formed on the surface of the silicon/polysilicon composite substrate. The
insulating layer may be any high dielectric material, but is preferably grown or
deposited SiO,, or deposited SisN4. The thickness of the insulating layer may

vary substantially. For SiQO;, a thickness in the range 0.1-5 microns is



nmet hods may be found useful. For exanple, nethods are known for

e- beam’'evaporation of polysilicon. Any suitable alternative for
formng a thick, wide area, lowresistivity, polysilicon substrate
layer is within the scope of the invention. The |PD production
approach described here is ainmed at wafer scal e 5device fabrication.
In this appFEHReNEd-ar ge number of finished, or nearly finished,
devi ces are produced on the silicon vvafer After fabrication is
essential ly conpf é’ﬁécriti%”\AEW@rf}/qt%ﬂ 'éﬁ‘@‘édthﬁ‘ﬁ’ﬂ@nIW%ﬁinﬁsSfeP%fetqnéeéﬁQe
of wafers increases, and IPD chip size shrinks, wafer |evel

fabri cati oprasiicarites IRDe preveonsiustacraidhe waferievsl. Aftenibrse stapseree i nch
wafer 31, which is capable of providing 10nore than 500 device sites
33. (For scoppiatéd if mayhlee desiebld taathinothe verfehtoi podiote IERbdevijestaitih site
is approximtely a centinmeter square, easily |arge enough to
accommofat emmtled fbfiles. To acchhmwlieth theés tpaviestalss sitiCorwabar istmheved using
fabrication can be multiplied using thin filmfabrication approaches

for form ngnthe wadsrthin@irdetetigEgues) common prior art 15 approach, even
at the wafer level, is to nmount and attach di screte passive el enents

to the wafer subgi h?éﬂ%d [Fé’ét! fAproduéding dokysiRBA Iéé@lrf‘g erfré’{ﬂg L%ﬂt

technol ogy (SMI). Fig. 4 s ows this rret hod as to th
circuit il byusisate D t.’ﬁ%g
referenced earl ?aéer?18 ?gugéoﬁ&n stri cﬁlf?%/m%ﬁ B @ecause i t

?%’222‘%2‘1 ﬁ%ﬁé"ﬁfd%\fgi@ %wgfgs?ﬂ% P‘%@wéﬁ’%ﬁe& i cfd's‘%eYPEr e s,
T

por 1 ofdantT Zﬁ%dag@w&%ﬂiyovaqdﬁﬁr8@%&9@*%{'6\5‘% Bk eubiE RESIAE 4 ¢
t he passive E ortion, i %@%J)ortlon t hatycont ai ns four |nductors 42

and three akefrlﬂ%atﬂﬁs 2R 00 Ho Eelysilipen lsd-b?efjl'ﬁﬁ‘eé Vil d
be produced as an_(PD. Although the circuit of Flsg 3 is useful here,
8y

and bel ow, e&%ryéﬂ%maﬂseetqrdnaw @dria thuscone ofdbe st ggmeton industrial
invention, a wwde variety of circuits may be made using the
i nvent i on. NEgeriakmsndver. Erasgduentigritie efestidshandrakysieal poerertiesrahdi ng
froma 5 high-Q standpoint, see Proceedi ngs 1994 | EEE MIULTI-CH P
MODULE CONBEREiNIGEHE zht@M[B@W,efIRA@S Theoa4@h itinotinsiady highhyeesistivdyyas just
ref erence.
15  described, it is typically processed by ion implantation o reduce the resistivity for
IC applications. It is rarely used in its intrinsic form. Thick, wide-area, polysilicon
layers have also been used in solar cells, or photocells. Here again, the
polysilicon layers are typically implanted with ions to form diode structures.
In the application to be described below, the polysilicon substrate is used
20  inits intrinsic state, and uniform high resistivity across the substrate is a desired
property.
Since the technology of CVD polysilicon is so well developed, CVD is the

preferred choice for forming the polysiilicon layers 12 and 13. However, other



Thin filmpassive elenments may be formed by a variety of thin film

t echni ques. These techniques are well devel oped and the specifics
need not be reiterated here. See for exanple U S. Patent 6,075, 691,

i ssued June 13, 2000, 10 and U.S. Patent No, 6.005.197, issued
Decenber 21, 1999, both incorporated herein by reference. The l|atter
pat ent desdhe¢theds mayihe found ysefust Feraxample.gnrefbegs arekiwn B grkeamsi | y
be adapted for the application described here. A convenient way of
defi ni ng a evaporation of pelysilicen. ddny seitable altepaaisiefer thewingea thiel, wide area,
formed on a substrate using one or nore |layers, typically a plurality
of layers, logpesstiviy, miysiiEontsebsinatetiayer ds within the $tope 6f thenineentionls f or
produci ng single passive elenents or conbinations of interconnected
passi ve el ement FhariRDgrodudtioal dpprosaprdeseribeatihdrg iEagnedat whfer ecalet he
silicon/polysilicon substrate is shown at 51, with a grown oxide

| ayer 53. Resicetfalsridagion. Trthid appredch, r=0Erdd mshbérefdinisietiabr ndasy
contacts 55 and 56, and 20 | ower capacitor plate 58, has contact 59.

Both compr ifpghBY! d&fcdsaB!prodideRedn FaRRHsHiebn Nafdre Affer fasHEatioguct or
spiral 61, are forned last, wth contact’'s not shown. The structure is
protected w LW I r : rate. s t Fi g.
5is relat y&é?’}t%\%k?ééﬁ?p%m t@%%#ag utszt(aji-c%tﬁ H@Bqﬁ’s‘a’ﬁ‘fﬁ é\% gh%tﬁire:mg&%@g her
damage duri. rocessihg.  Aft.er fabrication t.he.passive circuit

el ennts. | INdeRistoAa0 o B TheshRRs. FRls Hipiarhpd e ot i i
to renove a portion of the sipgle crystal silicon |ayer. The

pref erred talt;‘F Vfig &éﬁﬁ\ﬁ’g"ésa E’%‘é‘fﬁ 'Eﬁﬁ{W?g%'t%ml‘N(‘f‘éﬂ% ‘BS?%%W?R&PFGM‘H‘EQV\BII
known process 5 conbi nes abrasive polishing with chem cal etching.
KOH or 18 sdnqrasnan aPe devige sies 3é.c ffpérﬁtssm@!fcuxéaeiwf@m@t@bm@v@ nefurry.
The IPD of Fig. 4 is shown inplenented according to one enbodi nent of
t he i nvent isbawnn Fagh site isEperomalely 4 centirdetensquare oeasipilargefenphigh to
sites 33 shown in Fig. 3. Polysilicon substrate 71 is shown with thin
fil minductescemibgidatd &2]PILS 10 and Lo, and capacitors Cl, C2, and CD.
MOS transistor 72 is shown in phantom because, while part of the
schemati c_ci rcuiThe effeciivenees of wafeedcain fatatibPcan ibe railtisisd udity thid
for Fig. 7 is deliberately changed fromthat of Fig. 3. This circuit

and this | gyatdbritaeon BpploBBhEYHIP KsrEnikY thel pdssiveatdvitsa Al sgth@dh privP&rtof
circuit having passive conponents. It is an exanple of a circuit

taken f150mabPF‘oaBFn! &Fer?éttthég\/grfﬁggxréé,”ig?@ n%%fghgﬁﬁﬁ gglt%ﬁ% 8@9@? g&%%;él g” as

toits effectiveness I's ma in

desi gned wekdinght 4 1 ViR 64 tihl CFRIEAARRYESENL QUEH AR ool Indufht koW

t hat i nductor %} enen are especia nsrtiv

condi tions . it ignals,. This recogni.tion,i | oyed in

the desi gn S TDIRGY M e/ o 2T PR Ipis Mot dnabplicsfoyedP Dt

pol ysilicon substrate 71, with the 20 | PD sho in Fig. 6, S an |,

ot ve | & ARleBs 6 Fy 2t S Bal e Moo G aPB . lpragees RarieboT A8 WRhn

Part of the active IC chip is transistor 72. The interconnections in

t hi s enbodis@efstigly apnbkhbeeauss|itfontainmpr apbre elpmeat.der MQafransistor

interconnections S, Db G \Vgs, VD, P, Pout, gnd. Of board

i nt er c@fnedtli doveveador reasons that will become apparent below, it is a useful
illustration. The circuit may be considered a hybrid circuit having an active
portion and a passive portion. Here we will be concerned mainly with the

passive portion, i.e. the portion that confains four inductors 42 and three



(not shown) may be provided on the | PD substrate 71. One purpose of
the grouping of the inductor devices as shown in Fig. 6 is evident in
Fig. 7. The active IC chip is deliberately positioned so as not to
overlay the sensitive inductor elenents. Thus the stacked substrate
arrangenment is effectively inplenented to 5 save space aq& grovide a
conpact  dEAPRRIRAM A5 AMEHRART CEIRSr BTR BPHBNEREILRT PEIHERE 8561 PR

i nductor elements. =~ The inprovenent in (PD performance resulting
from use éfthpwugh thecifsuitehFigas isleaefbherst aad belowe aparishiple iuillustrate
properties of three t¥gps of passive devices nounted on three

di f f er ent thauteshrelpgy of ielinvantion, & wida variedy obgitguds maydre mege aisingdhe
10from SEH Anerica, a provider of single crystal silicon wafers. A
first | ot inveeldmgnBoeshotherma@ampie specirad thatimfagde moradereanding fremsacond
| ot, designated B, was a silicon wafer with 0.5 m crons of
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herein by reference. The latter patent describes a multi-layer structure for PCBs,
which could easily be adapted for the application described here. A convenient
way of defining a thin film passive device is a passive device that is formed on a
substrate using one or more layers, typically a plurality of layers, deposited on
16  the substrate.
Thin film methods for producing single passive elements or combinations
of interconnected passive elements are generically represented by Fig. 5,
wherein the silicon/polysilicon substrate is shown at 51, with a grown oxide layer
52. Resistor body 54, formed from first level metal, has contacts 55 and 56, and
20 lower capacitor plate 58, has contact 58. Both comprise buried levels. Upper
capacitor plate 60, and inductor spiral 61, are formed last, with contacts not

shown. The structure is protecied with polyimide layer 63.

The substrate siructure 51 of Fig. 5 is relatively thick, which reduces the



L7 L8 L12 Avg A -1.461 -1.379 -1.395 -1.488 -1.431 B -1.058 -1.031
-1.044 -1.098
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risk of fracture and other damage during processing. After fabrication of the
passive circuit elements, and completion of the IPD, the substrate 51 may be
thinned to remove a portion of the single crystal silicon layer. The preferred
thinning step uses chemical mechanical polishing. This well known process
combines abrasive polishing with chemical etching, KOH or a suitable
alternative etchant is used in the abrasive slury.

The IPD of Fig. 4 is shown implemented according to one embodiment of
the invention in Fig. 6. The IPD is formed on one or more of the sites 33 shown
in Fig. 3. Polysilicon substrate 71 is shown with thin film inductors Lgi, Loz, Ls
and Lp, and capacitors C4, C3, and Cp. MOS transistor 72 is shown in phantom
because, while part of the schematic circuit, it is not formed in the IPD. The
circuit layout for Fig. 7 is deliberately changed from that of Fig. 3. This circuit
and this layout are for the purpose of illustrating a typical type of circuit having
passive components. 1t is an example of a circuit taken from the prior art
referenced earlier. No representation as fo its effectiveness is made here.

The layout in Fig. 6 is designed with all the inductor elements grouped
together. It is known that inductor elements are especially sensitive to ambient
conditions, e.g. parasitic signals. This recognition is employed in the design of
the active/passive module shown in Fig. 7. The polysilicon substrate 71, with the
IPD shown in Fig. 6, has an active IC chip 81 flip-chip mounied over the top of
the IPD as shown. Part of the active IC chip is transistor 72. The
inferconnections in this embodiment are shown as solder bumps for the electrical

interconnections S, D, G, Vgs, Vps, Pin, Pout, gnd. Off board interconnection sites

10
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(not shown) may be provided on the IPD substrate 71. One purpose of the
grouping of the inductor devices as shown in Fig. 6 is evident in Fig. 7. The
active IC chip is deliberately positioned so as not to over!é.y the sensitive inductor
elements. Thus the stacked substrate arrangement is effectively implemented to
save space and provide a compact device module, without compromising the
performance of the inductor elements.

The improvement in IPD performance resulting from use of the invention
was demonsirated by comparing the properties of three types of passive devices
mounted on three different substrates. All three substrates are silicon, obtained
from SEH America, a provider of single crystal silicon wafers. A first lot,
designated A, had no special surface treatment. The second lot, designated B,
was a silicon wafer with 0.5 microns of polysilicon. The third lot, designated C,
was included to compare the other approach mentioned above for creating
trapping centers. The C lot was a silicon wafer implanted using an Ar beam at
200KeV at 10" particles/square cm.

The three types of passive elements tested were a balun fransformer
(results given in Table 1), a bandpass filter (results given in Table 2), and a 1
mm 50 ohm frace (results given in Table 3).

Measurements were taken at different positions (different tiles or IPD
sites) on the wafers. The different tiles are represented by location 3 (L3),

location 7 (L7), location 8, (L8) and location 12 (L.12).

11



A -1.595 -1.576 -1.565 -1.527 -1.566 B -1.357 -1.379 -1.392 -1.341
-1.367 C-1.277 -1.326

TABLE 1 - BALUN INSERTION LOSS (dB) COMPARISON AT 2.451 GHz

L3 L7 1.8 L12 Avg
A -1.461 |-1.379 |~1.395 |-1.488 | -1.431
B -1.058 | -1.031 {-1.044 |-1.098 | -1.065
c -0.941 |-0.934 }-0.938 |-0.954 |-0.942

o
TABLE 2 - FILTER INSERTION LOSS (dB) COMPARISON AT 2.451 GHz

L3 L7 L8 L12 Avg

A -1.585 |-1.576 |-1.565 }-1.527 | -1.566

B -1.357 |-1.379 |-1.392 |-1.341 | -1.367

c -1.277 |-1.326 |-1.229 |[-1.251 | -1.251
10
15

12
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TABLE 3 - TRACE INSERTION LOSS (dB) COMPARISON AT 2.451 GHz

L3 L7 L8 12 Avg

A -0.153 [-0.134 ;-0.138 |-0.153 | -0.145

B -0.070 -0.048 | -0.066 |-0.076 | -0.065

Cc -0.033 |-0.035 |-0.041 |-0.028 |-0.034

The measurements are experimental results and resuilts in other
experiments may vary quantitatively.

The resuits show that modifying the surface of the intrinsic silicon
substrate with a deposited polysilicon layer is comparable in effectiveness with
implanting the surface with argon. Moreover, the use of a deposited polysilicon
layer may be expected to provide a more effective solution in terms of the
stability of the interface. At least some of the implantation damage may be
annealed removing some of the trapping centers when the wafer undergoes
additional processing. The interface between the polysilicon and the overlying
oxide can be more stable under those conditions.

Various additional modifications of this invention will occur to those skilled
in the art. All deviations from the specific teachings of this specification that
basically rely on the principles and their equivalents through which the art has

been advanced are properly considered within the scope of the invention as

13



A -0.153 -0.134 -0.138 -0.153 -0.145 B -0.070 -0.048 -0.066 -0.076
-0.065 C -0.033 -0.035

described and claimed.
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-0.041 -0.028 -0.034 5 The measurenments are experinental
results and results in other experinents may vary quantitatively. The
results show that nodifying the surface of the intrinsic silicon
substrate with a deposited polysilicon layer is conparable in
effectiveness with 10 inplanting the surface with argon. Moreover,
the use of a deposited polysilicon |ayer may be expected to provide a
nore effective solution in terns of the stability of the interface.

At | east sonme of the inplantation damage nay be anneal ed renovi ng
some of the trapphpg centers when the wafer undergoes additiona
processing. The interface between the polysilicon and the overlying

Rt omal - modtt T LR et E 4 PR SR ER MRS . L 0t hose
skilled in the art. All .I.devi agé on% rom he_,sgeci fic egchi ngs of
this sloecitfi fﬁti onh"’l'\rll\%_'ts' IE%%?:@ rl?’ ﬁ PV;;& etsﬁlg Bl”‘{&ﬁ%ﬁ%‘l syale, "lFﬂaF‘r
equi val ents through whi.c e art has been advanced are properly
consi dered within trReIsEyE neeretthan Onl ERhseMas  descri bed and

cl ai ned.
b. a polysilicon layer on the silicon wafer substrate, the polysilicon

layer having a resistivity of more than 0.1 KOhm-cm. , wherein the
entire polysilicon layer is in direct contact with the silicon wafer
substrate,

¢. an insulating layer on the polysilicon layer, and

d. at least one thin film inductor or capacitor on the insulating layer.

2. The IPD of claim 1 wherein the polysilicon layer has a thickness

greater than 0.1 microns.

3. The IPD of claim 1 wherein the silicon wafer substrate has a resistivity

of more than 1.0 KOhm-~cm.

4. The IPD of claim 1 wherein the silicon wafer has a diameter of at least

8 inches.
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Clains 1. An integrated passive device (IPD) conprising: a. a
silicon wafer substrate, the silicon wafer substrate having a
resistivity of nore than 0.1 KOhmcm, b. a polysilicon |ayer on the
silicon wafer substrate, the polysilicon |layer having a resistivity
of nmore than 0.1 KOhmcm , wherein the entire polysilicon |ayer is
in direct contact with the silicon wafer substrate, c¢. an insulating
| ayer on the psl yEid IPCOsF dlaen coripdising a ?mrén@,a@i in8D&okd)iaRdd pidtality of

i nductor or capacitor on the insulating |ayer. 2. The 1PD of

Clai”'l‘qﬁﬁﬁﬂé‘thQ§Q@¥¥%%Bgﬁﬁgpbﬁﬂﬁhégﬁ%sa thi ckness greater than

0.1 mcrons. e | claim1 wherein the silicon wafer
substrate has a resistivity of norethan 1.0 KChmcm 4. The |1 PD
of claim1l wherein the silicon wafer has a di aneter of at |east 8

i nches. 5. The IPD of claim1l conprising a plurality of

i nductors, and a plurality of passiveresistor and/or capacitor
devi ces.
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