| NTEGRATED PASSI VE DEVI CE SUBSTRATES Field of the Invention This invention
relates to integrated passive devices (IPDs) and nore 5 specifically to

| PDs forned on silicon substrates. Background of the Invention (Portions of
the technical material contained in this section nmay not be prior art.) 10
State of the art radi INTEGRANEY PASSIVE BEMCEaﬁUBS\é'ﬁA'E%Suse | ar ge
quantities of passive devices. Many of these circuits are used in hand held
wirel ess products. Accordingly, mniaturization of passive devices and
passive device circuits is an inportant goal in RF device technol ogy.
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efficient IPDs. 20 Significant advances have been achieved. In nmany cases

t hese involve surface nount technology (SMI). Small substrates containing
| arge nunbers of passive conponents are routinely produced using surface

mount  t el und of the Invention

(Portions of the technical material contained in this section may not be
prior art.)

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 goaﬁ;ﬁ RF device technology.

Integration and miniaturization of passive devices on the scale of active

15  silicon devices has not occurred for at least two 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, still, 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.



More r-ecent advances in producing integrated passive device networks
involve thin filmtechnol ogy where resistors capacitors and i nductors are
built as integrated thin filmdevices on a suitable substrate. See for
exanple United States Patent No. 6,388,290, incorporated herein by

ref erence. Thi o]
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resistivity IPD substrate that offers processing advantages coupled with
t he desi r StadisdPatent No. 6388290, iiecorpdtated ebsin bytreferancel Jbistappradehishin, to
reduce the profile of the IPD. The substrate described in the

af or emgnt ib@mﬂ;iugétpwlcfay irpadvaﬁqde@ttébnﬁmg?y@rddm@ with an oxide |ayer on the
surface of the silicon. Wen the oxid ayer is 15 made thin, as in the
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creatively enploying charge storage effects. The charge accunul ates at the
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i nfl uences both the substrate characteristics and the characteristics of

el ect ri calStdiegi RatenbApplication Serial Number 10/277,239, filed October 21, 2002

10  addresses these issues, and describes and claims a high resistivity IPD
substrate that offers processing advantages coupled with the desired dielectric
properties. This substrate can also be made thin, to reduce the profile of the
IPD. The substrate described in the aforementioned application is intrinsic
silicon, with an oxide layer on the surface of the silicon. When the oxide layer is

15  made thin, as in the preferred embodiments described in that application, charge
build-up occurs in the interface between the high resistivity 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.



substrate. 2 If the accunul ated charge is substantial, the silicon substrate
appears as if sem conducting, creating an MOS structure. Wen the surface
nounted IPD device is a capacitor for exanple, the MOS structure acts as an
added series capacitor, and degrades the capacitor perfornmance. Moreover,

If the 5 accu e r r taats: ' ' t
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effects fromthe accunul ated charge varies with applied voltage.
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oxide interface is difficult to avoid, the adverse field effects of the
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the silicon. 15 One approach to creating charge traps and fixing the nobile
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damage reduces charge mobility in silicon due i ]
A signiticant part of these adverse effects on passive components in the

IPD device is due to the fact that much of the accumulated charge just described

10  is mobile. Due to the mobility of the accumulated charge, the adverse electric
field effects from the accumulated charge varies with applied voltage.
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
interface 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. It is
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 interface would contribute new dimensions to IPD

technology.



20 to.the creation of crystal damage and the production of charge trapping
sites. Oher approaches that inprove the surface characteristics at the
silicon/silicon oxide interface would contribute new di nensions to | PD
technol ogy. 3 Summary of the Invention W have devel oped an i nproved | PD
substrate that addresses problenms wth accumul ati on of nobile charge
carriers at or near the surface of an IPD 5 substrate. The inproved
substrate has a | ayer of polysilicon added between the intrinsic silicon
subst r at e SiHAMary of the daxentioRe As known in the art, typical silicon
substrates are at least lightly doped. In terns of commercially available
silicon materi &Ve havstdavelopbdsan incprovediBD swibistratethat @addesssesiproblems
approxi mately 5- 30 ohmcm Reference to intrinsic silicon material in
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resistivity higher than 500 ohmcm and preferably higher than 1000 ohmcm
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silicon material, a standard silicon wafer will have a resistivity of approximately 5-

30 ohm cm. Reference to intrinsic silicon material 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 ohm cm 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



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
pol ysilicon wafer of the invention show ng over 500 4 IPD sites for

bui I di ng n.filmlPbs; FEi.g. 4 Ls_ a schematic section view of a typical |IPD
show ng ciﬁ@éﬁ??gﬂ%?”'@ﬂﬁ%gﬁ%ﬁgﬁ?s nmounted on a conventional substrate;
Fig. 5is a schematic view of a thin fi I(%n a&Bro?%tg | PD fabri .atit)n on one
5 of the sites 8 4 92 sehRMatc Seeorryigw of-a Wpiral 1) ShaWihePRYETIOBAL cui t
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di agram showi ng an exanple of an IPD;, Fig. 7 shows the IPD with an active

| C chi p mSMT eamponents meDNteden & ¢anyepieraligpbistiatelo Fig. 1 is a view of a
silicon wafer 11. The substrate wafer is a single crystal silicon wafer cut
froma boul e, gl hizsa pelograatic epwless thib &itm egprogoh to IPD fabricatioh @n,one
intrinsic resistivity. In this description, reference to silicon neans

si ngl e?cryﬁrtﬁaé sifdd bLPR sublstrafOBf PRf 87 s are produced in many sizes, but
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used as the ex?:riglfsllwgwé tt\'?e IFQH) lw(?’t\p{I :?r?active IC Chip mounted on the IPD;

Detailed Description

10 Fig. 1 is a view of a silicon wafer 11_. The substrate wafer is a single
crystal silicon wafer cut from a boule, and has properties described earlier, in
particular, intrinsic resistivity. In this description, reference to silicon means
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 to twelve inches. With twelve inch
wafers state of the art, that size will be used as the example in the following
description. It should be understood that smaller wafers, for example 6” or 87,
are also useful. The single crystal wafer has useful 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. ltis very flat over a large area.
It has a highly polished uniformly smooth surface. And it is compatible with
silicon wafer fabrication processes and tools.

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



description. It should be understood that smaller wafers, for exanple 6" or
8", are also useful. The single crystal wafer has useful attributes for an-
| PD substrate wafer. It is typically thin (e.g. 200-700 microns), but is
robust 20 physically, and can be handl ed and processed. It is very flat over

a large aa@@esutebtomﬂ:fe surfc@hdpivarel ahad shawhan g, smooth surface. And it is
compatible with silicon wafer fabrication processes and tools. Using the
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wil | prodeideast paytially aelygvmhe goal ofithe inyangond rydﬁ@kneaﬁsfﬁglyé@ﬁ%rs but

it is preferred that the polysilicon |layer be at least 0.1 mcrons, and

pr ef erfabl willQpraduee arusedu! reébelt, iex iwilli pravides kores drefpping benteos, \itlitiison Iayer is
less inportant, and may be governed nostly by considerations such as cost
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Since polysilicon can be easily deposited to have a very high resistivity, near to
10  or greater than that of the intrinsic silicon substrate, the polysilicon 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
also influence the polysilicon iayer 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 SizN4. The thickness of the insulating layer may

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



than 1 KOhmcm are desired. That allows the polysilicon [ayer thickness to
be 15 substantial, e.g. 50 mcrons. However, the stress effects nentioned
above may also influence the polysilicon |ayer thickness, suggesting that
the |l ayer be substantially |less than 50 microns. No advantage is seen in

making th LLLcon | ayer thicker than 3.0 mcrons. To conplete the IPD
substrat eF%?&ﬁ%éﬁg%éemion, an insulating layer is 20 fornmed on the surface

of the silicon/polysilicon conposite substrate. The jnsuylating.layer may be
oy i gh df of AR daSCHReaT BIOTOBERa Selghotis BT PERGAAING: et FRiTRI0S & or
deposited Si 3N4. The thickness of the insulating | ayer may vary
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reconmended. As described in nore detail below, the main processing steps
requi red tompietdddtembhdel diissrabicetocibirdthet wafemto phedusaf IBD Hevieés witht er t hese
steps are conpleted it may be desirable to thin the wafer to produce |PD
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wafer is renoved using known wafer thinning techniques. The nethod used to

produce t LY.SLF i I S. preferably Low Pressure Chem cal Vapor
Deposi ti oﬁﬁ?ﬁﬁgﬂauﬁﬁ@é‘b%ﬁ@%%nd CvD equipnent for inplenmenting the
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Pressure Chemical Vapor Deposition (LPCVD). This method, and CVD
equipment for implementing the method, are widely used in industry. Briefly, the

10  method commonly used for CVD polysilicon involves the pyrolysis of silane at
modest temperatures, for example, 550-650 °C. Polysilicon is used in nearly
every MOS transistor made, and is thus one of the most common industrial
materials known. Consequently, the electrical and physical properties of
polysilicon are also well known. Though it is intrinsically highly resistive, as just

15  described, it is typically processed by ion implantation to reduce the resistivity for
{C 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 o 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 polysilicon layers 12 and 13. However, other



nodest. tenperatures, for exanple, 550-650 C. Polysilicon is used in nearly
every MOS transistor made, and is thus one of the nobst common industrial
mat eri al s known. Consequently, the electrical and physical properties of
polysilicon are also well known. Though it is intrinsically highly

resistive, just 1 escribe Lt is typical rocessed_by 1on
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are typically inplanted wwth ions to formdi ode structures. In the
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12 and513-deVLE‘éef‘éBFi?at%rhe{§1 thid BbS1eden RYar énEJ HSRidHeq, BPheQﬁg.”pl e,

nmet hods are known for e-beam ‘evaporation of polysilicon. "Any suitable
ubst at e TER. PEVEPE R pleth el b 0B BoFRicon, BAfH o R Eb R B Sl uct | on
approach described here is ainmed at wafer scale, 5 device fabrication. In
this appr &&santially cargeletrthewaier isidicerhindo 'RIP ching: | 4s the sizedwalaesi ces are
produced on the polysilicon wafer. After fabrication is essentially
conpl et e, indreased,eand PLIchipdsizensbriniDwaiepsvelAabtibatian becarhesvaiver more
attractive. Fig. 3 shows a twelve inch wafer 31, which is capable of providing
10  more than 500 device sites 33. (For simplicity, the wafer flat or notch is not
shown.) Each site is approximately a centimeter square, easily large enough to
accommodate an IPD.
The effectiveness of wafer scale fabrication can be muitiplied using thin
film fabrication approaches for forming the passive devices. A common prior art
15  approach, even at the wafer level, is to mount and attach discrete passive
elements to the wafer substrate. Typically this is done using surface mount
technology (SMT). Fig. 4 shows this method as applied to the |PD circuit
illustrated in Fig. 3 of U.S. Patent No. 6,388,290, referenced earlier. This circuit
is not strictly an IPD because it contains an active element, i.e. MOS transistor
20 41. However, for 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 contains four inductors 42 and three



.increases, and | PD chip size shrinks, wafer |evel fabrication beconmes ever
nore attractive. Fig. 3 shows a twelve inch wafer 31, which is capabl e of
provi ding 10 nore than 500 device sites 33. (For sinplicity, the wafer flat
or notch is not shown.) Each site is approximately a centineter square,

easily | . h to I T ffecti fer scale
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formn ssi ve devices. A co rior, art 15 approagch,, even at the
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substrate. Typically this is done using surface nount technol ogy, (SM).

Fig. 4 sﬂm/@cgnp@gmfmwra@napma@m¢ vartiefy of picyits mayibe madesii@ e in Fi g.
3 of US Patent No. 6,388,290, referenced earlier. This circuit is not

strictlyinventi® Fecanstherexaomia,iars] ame thetimay bé enenetdernardinyi®n @ansi st or
20 41. However, for reasons that will becone apparent below, it is a useful
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active portion and a passive porfion. Here we will be concerned mainly with
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as an | PD. hough the circuit, of Fig.,. 3 is, useful here, d below, as a
vehicle to iIAILr ﬂ%g? Basst'YFee{eé’&q’mﬁI'B@X/bgiforl’?@sp)‘l@e\fﬂqe@hf’{tz“ﬂ\ﬁ@’é variety of
circuits may be nmade using the invention. For another exanple, and one that
may be ntﬁc@nmmnd‘mg;erm%n@ues are well developed and the specifics need not be

reiterated here. See for example U.S. Patent 6,075,691, issued June 13, 2000,
10 and U.S. Patent No. 6.005.197, issued December 21, 1999, both incorporated
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
15  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 59. Both comprise buried levels. Upper
capacitor plate 60, and inductor spiral 61, are formed last, with contacts not
shown. The structure is protected with polyimide layer 63.

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



5 hi gh- Q standpoi nt, see Proceedi ngs 1994 | EEE MULTI - CH P MODULE CONFERENCE
MCMC- 94, PACGES 15-19, incorporated herein by reference. Thin film passive
el enents may be forned by a variety of thin film techni ques. These

techni ques, are well devel oped and the specific¢s need not be reiterated
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PCBs, which could easily be adapted for the application described here. A
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Resi stor body 54, fornmed fromfl rst level netal, has contacts 55 and 56, and
20 | ower @gﬁﬁlﬁtk"éretﬁl‘%tés yged jpthe-abieshe s$9TY-Bot h conprise buried | evel s.

Upper capacitor plate 60, and inductor spiral 61, are fornmed last, with
contacts not dJhiewkD Theigsdrisshaws implgmentedtaagonding tcpohgziemhlmdmw]\épf 63. The
substrate structure 51 of Fig. 5 is relatively thick, which reduces the 9
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in Fig. 3. Polysilicon substrate 71 is shown with thin film inductors Ly, Lg2, Ls

10 and Lp, and capacitors C4, Cz, 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. [tis an example of a circuit taken from the prior art

15 referenced earlier. No representation as to 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

20 IPD shown in Fig. 6, has an active IC chip 81 flip-chip mounted over the top of
the IPD as shown. Part of the active IC chip is transistor 72. The

interconnections in this embodiment are shown as solder bumps for the electrical

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

10



passive circuit elenents, and conpletion of the IPD, the substrate 51 may be
thinned to renove a portion of the single crystal silicon |ayer. The
preferred thinning step uses chem cal mechanical polishing. This well known
process 5 conbi nes abrasive polishing with chem cal etching. KOH or a

sui tabl e (dttsHoRA) inYsy BE PhaRded 8n4RE IPDRUbBRaRDT RSO Shpbsy of e | PD of
Fig. 4 is shown inplenented according to one enbodi nent of the invention in

Fig. 6. T ' Of iLh Fig. 3.
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The «circuit layout for Fig. 7 is deliberately changed fromthat of Fig. 3.
Thi s ci r calemenid Tiwisghe glankedsubstrate amangrinpobtis affectivelydmplamented toypi cal
type of circuit having passive conponents. It is an exanple of a circuit

t aken 5 r osavénepace and providé arafmnepastcediccanbdele, wilhoubpompeathisingptineas to its
effectiveness is made here. The layout in Fig. 6 is designed with all the

i nduct or pbABRNASCAbPHHREHAduétePeldmesnts] t 1s known that inductor el ements are
especially sensitive to anbient conditions, e.g. parasitic signals. This

Hoon ne peTiEmBtSferhontifToBIR Binfince rBRUAGG B BER T Xfe RAHISn Shopn 11
he |.PD as, shown.

Part of |t WESsEm sttt Yporfarna e qrapenies otfareeitybes cbARetls RYCER i s
emod menEnoz?Jrn(taedS (r;(ri\ﬁlf?reisdi?fglredn(%rsuggtrrr:}:\jtses].c ?Arll tthpge gllJt?gtEartiag %lre silicon, obtained
10  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
15 200KeV at 10" particles/square cm.
The three types of passive elements tested were a balun transformer
(results given in Table 1), a bandpass filter (results given in Table 2), and a 1
mm 50 ohm trace (results given in Table 3).
Measurements were taken at different positions (different tiles or IPD

20 sites) on the wafers. The different tiles are represented by location 3 (L3),

location 7 (L7), location 8, (L8) and location 12 (L12).

11



interconnections S, D, G \gs,

71. One purpose of
is evident in Fig.

t he
7. The

VDS, Pin,

PO"t,

gnd. Of board
i nterconnection sites 10 (not shown) nay be provided on the |IPD substrate

groupi ng of the inductor devices as shown in Fig. 6

active I1C chip is deliberately positioned so as

not to overlay the sensitive inductor

arr angenent

el enent

S.

Thus the stacked substrate
i's effectively inplenmented to 5 save space and provide a conpact

el eront 5. THALE o BRLHA NEERTBNI b (e SOMEIRERR At 84a1GHE! t ne
invention was denDnstrated by conparing the properties of three types of

passi ve devi ces
are silicon

nmounted on three different substrates.
obtained 10 from SEH Anerica, a

Al

t hr ee substrates

rovi der of single crystal

syrface treatnent.

m crons of

gonpar e t he ot her

» Clot was a

015

) .

ted were a bal un
results given in
Measur enent s

silicon wafers.. A first |pt3des|i gnated A8 had pg2specpy
The second | ot, designated B, S a silicon waf er wijth 0.5
polysilicon. The t/mu rw U
approach nenti oned aﬁbve TJfﬂgteaéﬁﬂggr 38§gmgﬁg§§ Hfgdﬁ¥hq
silicon wafer i rrpl anted uUsing an Ar bhedam at ] l?;7(](]K \[_at
particles/ square cp BThe {1r@28 tlyded3 o] -p&ddi Ve QQ@nﬁnﬂ@Gﬁes
transfornmer (results given in Table 1)|, a bandpass flilter
Table 2), and a 1 |nm 50 plne4t ace.9434equbDios8gii vewsyn (Talg42 3
were taken at different stitions (difflerent tiles or| I PD
5
TABLE 2 - FILTER INSERTION LOSS (dB) COMPARISON AT 2.451 GHz
L3 L7 L8 L12 Avg
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 |-1.229 |-1.251 | -1.251
10
15

12



20 sites) on the wafers.
| ocation 7 (L7),

(L3),

| ocation 8,

BALUN | NSERTI ON LOSS (dB) COVPARI SON AT 2.451 GHz

FI LTER | NSERTI ON LOSS ( dB)
L3 L7 L8 L12 Avg A -1.595 -1.576 -1.565 -1.527

-1.566 B_-1.357 -1.379 -1 392 -1.341 -1.367/

(1 35:  1GAHIE S < TRACK INSERTION LOBR (E) GOMBARISONAT ARSI S
L3 L7 L8 12 Avg A -0.153 -0.134 -0.138 -0.153

The different tiles are represented by |location 3
(L8) and location 12 (L12).
L3 L7 L8 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 5 TABLE 2 -
COVPARI SON AT 2.451 CGHz

11 TABLE |

229 -1.251
T 2.451 GHz
-0.145 B -0.070 -0.048 -0.066

-0.076 -0.065
L3 L7 L8 12 Avg
-0.153 |-0.134 | -0.138 {-0.163 |-0.145
-0.070 | -0.048 |-0.066 |-0.076 |-0.065
-0.033 |{-0.035 |-0.041 |-0.028 |-0.034
5

The measurements are experimental results and resuits in other
experiments may vary quantitatively.
The results show that modifying the surface of the intrinsic silicon
substrate with a deposited polysilicon layer is comparable in effectiveness with
10  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
156 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



C -0..033 -0.035 -0.041 -0.028 -0.034 5 The neasurenents 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
i npl anting t f W th argon. Moreover, the use of a deposited
polysiIié%ﬁ“?@?é#ﬁﬁgﬁsﬁﬁgéxpected to provide a nore effective solution in
terms of the stability of the interface. At |east sonme of the inplantation
damage may be anneal ed renovi ng sone of the trapping centers when the wafer
undergoes additional processing. The interface between the polysilicon and
the overlying 15 oxide can be nore stable under those conditions. Various
additional nodifications of this invention will occur to those skilled in
the art. Al deviations fromthe specific teachings of this specification
that basically rely on the principles and their equival ents through which
the art has been advanced are properly considered within the scope of the
invention as 13 described and clainmed. 14 Cains: 1. A nethod for
fabricating an integrated passive device (IPD) conprising

14



the steps of: a. providing a silicon wafer substrate, the silicon wafer
substrate 5 having intrinsic conductivity, and having a plurality of |PD
sites, b. formng a polysilicon |ayer on the silicon wafer substrate, c.
formng an insulating |layer on the polysilicon layer, and b. form ng at

| east one L%ﬂ,bg,fi | m passive device on the IPD sites. 10 2. The nethod of
claim1l V\% ih the silicon wafer substrate has a resistivity of nore than
0.1 KOhmcm 3, The method of .claim1 wherein the polysilicaon |ayer has a
resistivity of - M@Wﬁ%r@q“q@éﬁa}wt%atﬁd ﬁﬂ?@'\f?e&l’l\ﬂﬁe SPLDICAMR S her ei n
the polysilicon layer has a thickness greater than 0.1 mcrons. 5. The

met hod ofthelsieps of:.wherein the polysilicon layer is deposited on 20 the
silicon wafer using CVD. 6. The nethod of claim1 wherein the silicon wafer

substrate has a resl ptovdihg so$ilican wafdrasubstratedGhergilivonhbaféer sibstratet hod of
claim 3 wherein the single crystal silicon wafer has a dianeter of at |east

8 inches. 5 8. The REjihgthtAhsie!cBhBLAIVCEREhalitg 4 PicRality ONPBSHexe devi ce
conpri ses ‘

b. forming a polysilicon layer on the silicon wafer substrate,

c. forming an insulating layer on the polysilicon layer, and

b. forming at least one thin film passive device on the |PD sites.

10 2. The method of claim 1 wherein the silicon wafer substrate has a

resistivity of more than 0.1 KOhm-cm.

3. The method of claim 1 wherein the polysilicon layer has a resistivity of
more than 0.1 KOhm-cm.
15
4. The method of claim 3 wherein the polysilicon layer has a thickness

greater than 0.1 microns.

5. The method of claim 4 wherein the polysilicon layer is deposited on

20  the silicon wafer using CVD.

6. The method of claim 1 wherein the silicon wafer substrate has a

resistivity of more than 1.0 KOhm-cm.

15



one or nore inductors. 9. An integrated passive device (IPD) conprising: a.
a silicon wafer substrate, the silicon wafer substrate having 10 intrinsic
conductivity, and having a plurality of IPD sites, b. a polysilicon |layer on
the silicon wafer substrate, <c¢. an insulating |layer on the polysilicon

| ayer, and b. at | east one thin film passive device on the IPD sites. 15
10. The IPD of claim9 wherein the silicon wafer substrate has a
resistivity of_nore than 0.1 KOhmcm 11 The IPD of claim 10 wherein the

pol ysi | i con | ajerTheamethadeef elainy Btwhesein thersinglp siydalisifeamyafar es a2. The

| PD of claim 11 wherein the polysilicon |ayer has a thickness greater than
0.1 m cr odimmeitér GBat I€hst 8 Rizhek. cl aim 9 wherein the silicon wafer substrate
has a resistivity of nore than 1.0 KOhmcm 14. The IPD of claim9 wherein
the single crystal silicon wafer has a 5 dianmeter of at |east 8 inches. 15.
The IPD of claim9 wherein the thin fil m passive device conprises one or

more ifduct or Sg  The method of claim 1 wherein the thin film passive device comprises

one or more inductors.

9. An integrated passive device (IPD) comprising:
a. a silicon wafer substrate, the silicon wafer substrate having
10 intrinsic conductivity, and having a plurality of IPD sites,
b. a polysilicon layer on the silicon wafer substrate,
c. an insulating layer on the polysilicon layer, and

b. at least one thin film passive device on the IPD sites.

15 10. The IPD of claim 9 wherein the silicon wafer substrate has a

resistivity of more than 0.1 KOhm-cm.

11 The IPD of claim 10 wherein the polysilicon layer has a resistivity of
more than 0.1 KOhm-cm.
20
12. The IPD of claim 11 wherein the polysilicon layer has a thickness

greater than 0.1 microns.

16



10 16. The IPD of claim9 conprising a plurality of inductors, and a
plurality of passive resistor and/or capacitor devices. 17. A substrate
conprising a planar silicon wafer, a planar |ayer of polysilicon on the
wafer, and an insulating |layer on the layer of polysilicon. 15 17

13. The IPD of claim 9 wherein the silicon wafer substrate has a

resistivity of more than 1.0 KOhm-cm.

14. The IPD of claim 9 wherein the single crystal silicon wafer has a

5 diameter of at least 8 inches.

15. The IPD of claim 9 wherein the thin film passive device comprises

one or more inductors.

10 16. The IPD of claim 9 comprising a plurality of inductors, and a plurality

of passive resistor and/or capacitor devices.
17. A substrate comprising a planar silicon wafer, a planar layer of

polysilicon on the wafer, and an insulating layer on the layer of polysilicon.

15
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