;e3ec  d@zZ6T HR 9 A METHOD OF REDUCI NG SUBSTRATE COUPLI NG / NO SE FOR
RFCMOS COVPONENTS | N SEM CONDUCTOR TECHNOLOGY BY BACKSI DE TRENCH AND FI LL
FI ELB- OF THE | NVENTI ON The present invention relates generally to
fabrication of sem conductor devices, and nore specifically to nethods of
fabricati ng RFCMOS conponents. 1 BACKGROUND OF THE | NVENTI ON As shown in
Fig. 1, conventional radio frequency conplinentary netal-oxide

sem conduct or (RFCMOS) conponents utilize conductive netal/ polysilicon and
silicide shields for inductors and a triple-well|l approach for transistor

noi se reduction. That is, a gate electrode 12 is for rred over P-substrate 10

and underly mmmm% N-weII 20 and st 19. Sidewal |
spacers 14 M‘m er the side walls M‘ %@ WB‘ rode 12 with source/
drain inplants 2g3,extending therefromwithi e 10. A resist protect
oxi de (RPO) Iayer 16 is formed over the substr#%%0 adjacent gate

el ectrode 12. Shallow trench isolation (STlI) structures 24, 26 are forned
Wi thin substrate 10 to electrically isolate gate electrode 12 with STI
structure 26 fornmed beneath inductor coils 30. An interlevel dielectric
(ILD) layer or internetal dielectric (IMD) layer 28 is forned over gate

el ectrode 12 and RPO |l ayer 16. Inductor coils 30 are forned over ILD/ I MD
| ayer 28 with corresponding field plate coils 32 formed under inductor
coils 30 within ILD IMD layer 28. Inductor coils 30/field plate coils 32
are formed over STI structure 26, for exanple. Fig. 2 is a plan view of
Fig. 1 taken along line 2 - 2 showing the coiled nature of inductor coils)
30. Although substrate coupling and noise are reduced, they are not

suffi ci entA MIEEAYSDOE REIRSCING SOBSTRAPE COUPLINGYROISHFOR IIOMERS to
Bel cher et al. descCri béS a backside trench etch process. U S Patent No.
6,287, 932 BALOMPONENTS INSEMICONDRESTORSPECHNODDGY BY BACIEHPRV t h
insulating layers. U 'S. Patent No. 6,100,199 to Joshi et al. describes a
met hod for form ng enbedded theRENCShAMNIDFIELf or sem conductor chips

usi ng a backside trench etch process. U S. Patent No. 6,303,423 Bl to Lin
descri bes a nethod for form ng high performance system on-chip using post

passivation process. H gh quaiill¥ op THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of fabricating RFCMOS

components.



el ectrical conponents, such as inductors, capacitors or resistors, are
formed on a | ayer of passivation or on the surface of a thick |ayer of

pol yrrer. 3 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the
present invention to provide an inproved nethod of fabricati ng RFCMOS
conponents. It is another object of the present invention to provide a

nmet hod to fabricate on-chip inductors with m nimal substrate coupling.

QO her objects will appear hereinafter. It has now been di scovered that the
above and other objects of the present invention nmay be acconplished in the
foll owi ng manner. Speci fiﬁ:ﬁbml{éb%gq{ﬁﬁ PRVENTRONT ont side and a
backside is provided. One or nore | e forned over the
substrate. One or nore isolation structures are formed within the substrate
proxi mate the one or nore RFCOVSE conponents. The backside of the substrate
is etched to formraspdwiwydntFighdhesnviehtivral t fadis fhsjueate @ntblaviertady

| east the one or nore isolation structures. The respective trenches are
filled w netaiatidet r semivandnctar WKRFEMOS)he couigzineate cutilde ngeomaictiog se
for the one or nore RFCMOS conponents are reduced. 4 = BRI EF DESCRI PTI ON OF
THE DRAW Retalypelysdiconrayl sitigidgshiglds dersinsfuctare apdes &iplerwielbapperachifor be
nore clearly understood fromjthe foll ow Pg dgscri,p i on takerlj i]g)conj ction
with the HCOSWRIRALReduatipigkhat is Rrgain elecirade dfdt EnmedyRs apeosiiads ffat e

simlar or_gorr ondin Nt $u~ .0 QNS 1 a ortions and in which: Fig.
T s & soRafSmETPRRERRIrI R Behad R R5a B BRI N ot et ur es.

Fig. 2is TIQJVQF s?a@éﬁ‘soﬁ B9 -tdrhK &R t‘ﬂ@gﬁih& NGal%s of Latdclktronel £2 ith
I a

schenati ca strate in cross-section representation a preferred
enbodi n’emsoﬁ’xfcefbﬁiﬁﬁﬁ%%{ts DOVRRhURY Wek&frbinGFithth §itbsrabei Mo 2Bsiétokdced
cross-sectional representation of successive processing the structure of
Fig. 3. FogidegRPO)dapdriléds formdd enadrithé ssbdtrate 10 adjas@ttigatnalectrefe ezent at i on
an alternate enbodiment of Fig. 7 when a pair of RFCMOS transistors are
formed. Fig. 9 is a plan view of the backside of a single chip |ocating the

position of the structure of Figs. 3 to 7. 5
Shallow trench isolation (STI) structures 24, 26 are formed within

substrate 10 to electrically isolate gate electrode 12 with STI structure 26 formed
beneath inductor coils 30. An interlevel dielectric (ILD) layer or intermetal dielectric

(IMD) layer 28 is formed over gate electrode 12 and RPO layer 16.

Inductor coils 30 are formed over ILD/IMD layer 28 with
corresponding field plate coils 32 formed under inductor coils 30 within ILD/IMD
layer 28. Inductor coils 30/field plate coils 32 are formed over STT structure 26, for
example. Fig. 2 is a plan view of Fig. 1 taken along line 2 - 2 showing the coiled

nature of inductor coil(s) 30.

Although substrate coupling and noise are reduced, they are not

sufficiently reduced to desired levels.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS For the purposes of this
invention, a lowk dielectric material has a dielectric constant of |ess
than*about 3. Initial Structure As shown in Fig. 3, radio frequency
conplinmentary netal -oxi de sem conduct or (RFNMOS) conponents section 53
include a MOS transistor 52 having a gate el ectrode 49 forned over
substrate/ sem conductor wafer 50 and underlying P-well 58. Only two wells
are required in the present invention. Substrate 50 is preferably an N-type
or a P-type wafer and is preferably conprised of silicon (Si) or gernmanium
(Ge). Substrate/ waf gy, Weley ks 51. 1S c re
formed over the si dg's\iva%%fésﬂlg}r&gsz%@% e%t@(%%gerfé a%fd%&géér%ﬁg%?%efﬁggcﬁ th
sour ce/ d@%}&@&gants 62 extending therefromw thin substrate 50. A resist
protect oxide (RPO |ayer 56 is formed over the substrate 50 adjacent gate
el ectrode 52. RPO | ayer 56 is preferably fromabout 20 to 100A thick and
nore preferably fromabout 20 to 50A. Shallow trench isolation (STI)
structures 64, 73 alUds. PatanedNavi6l 2871932 B2stbrRutrbess@ abrdescribdsen gEita indeadr ode
52 and serve to electrically isolate gate electrode 52. An interlevel

di el ect ri pregespyvithaipsulagngilajtess.net al dielectric (1 MD) |ayer 68 is forned
over gate electrode 49 and RPO | ayer 56. ILDINMD | ayer 68 is 6 preferably
from about 20,000 to 50,000A thick and is nore preferably from about 40, 000
to 50, 000A thick and r efer i sed, of .HDP.CVD oxide, PE TEOS, HD
TEOS, ozone TEGS or Cronabringe 2aobeRiede s & dreriee Ratethif LomNge | o
dielectri i ot .S, L 68
and over SRRHENBmaf Bl iofOlor el idu s FRipe Wihas Bl BYREy |
partial |y eglngsiotészal | y isolate inductor coils 70. It is noted that field
plate coils are not needed beneath the inductor coils 70 in the present
invention. Flip Wafer 50 and Etch Trenches 80, 82 As shown in Fig. 4, a
protection layer 72 is formed over inductor coils 70 and ILD/ IMD | ayer 68
to protect them frobSubeafublot 6308423 ilny. LPr descibesnna Mettapdefor7fdringng or med
to a thickness of preferably from about 5000 to 10, 000A and nore 0

pr ef er abl Yigh derfesmance gystenyor@ban uspiH et ipessivaly@r process. brigh «fusbity
conpri sed Pf PE. TECS, ox] de, nitr.i(ge, Si02 +.SiN, pol.%/i m de Qr | oy k

di el ect ri E5FHIR IcQMPoRRAtshsheh g7 drEVCBTSy CPRAEIOTYPBITBUET: Aradermed O1 daf er
50 is thenp inverted to exposg backsid 1 and a patierned masking | ayer 74
is for medTa ver Pﬁgs%%t%: e %‘Fka\‘kféf’g?%‘ﬁé?a eao?ﬁf)é’l{%%%s of preferably
from about 10,000 to 30, 000A and nore preferably from about 10,000 to O

20, 000A. Patterned masking |ayer 74 is preferably conprised of photoresist,
positive photoresist or polyimde and is nore preferably positive

phot oresist. 7




Patterned maski ng | ayer 74 exposed portions of the backside 51 of wafer 50
now above STI's 64, 73 and gate el ectrode 52; and above inductor STl 66.
Usi ng patterned masking |ayer 74 as a mask, wafer 50 is etched through
backside 51 to form gate el ectrode trench 80 exposing STlI's 64, 73 and at
| east a portion of N-well 60 between STI's 64, 73; and inductor trench 82
exposi ng i nductor STI 66. Filling Trenches 80, 82 Wth D electric Materi al
La, a As showmn in Fig. 5, patterned masking |ayer 74 is renoved and the
structure is cleaned as necessary. A dielectric material |ayer 90,
preferably a | owk diel ect i aviRARY OF THE INVGENTRORED over etched wafer
50", at least filling trenchés 80, 82 usSing a backside fill process.
Dielectric material layer 90 is preferably fornmed to a thickness 92 of
preferably fromabout 5 to 300. m above etched wafer 50' and nore preferably
from about 10 to 10Aceordiigly eittisian whjeet ohlthé pyresendGnientioret@ pabligle an
conprised of a dielectric material such as Si 02, polyimde or a lowk

di el ect ri émpraved mpthodveffabrieating REWMQhemrponents.deposi t ed oxide and is
nore preferably conprised of a lowk dielectric material fill covered by a
| ow t enperature deposited oxide. Planarization of D electric Material LaXer

90 As shown in Fig..6, diglectri erial layer 90 s planarized to form
ol anar i zed di ol ectr e APEIF AT SRRt A et i RERGtg mgthod to

pr ef er abl ; . . fer 50" and nore

pr ef er abl ¥at¥r¥c§¥r§ %BSIGQ) @ng&ﬁ%@@ﬁﬁ%ﬁ%@%{&g%@g}%ﬂf or the planarized
dielectric material 90" to be above etched wafer 50' (hence the possible OA
t hi ckness 92') for the sake of mechanical strength. Ideally, air-gaps are
best from an RF couQithatdhp@idivildhppés Merdneftect ric material [ayer 90 is
preferably planarized using a chem cal nechanical polishing (CWP) process.
Optional Renoval of Protection Layer 72 As shown in Fig. 7, the etched
wafer 50" is again inverted 'right-sideup'. Protection |layer 72 may then be
optional |y renpoved Hrlns avwrbdenddisedreredithat tte abayve amt othdp okjgas obghe
(although this iis not requiyed) and the structure may be cl eaned a

necessar y Pr¢5eBt s2Y§T8Ion H\rgy é‘?E‘C‘FFHS}Pb%‘%%F}PPSé%{%’Fm& BRABE- Shef ﬁcﬂ'ci)"o‘?

pol yi m de i,vation layer..for exanphe.. Mly a.cl ing ste '
Fequi red_ shoare e\ Bl G SPRISs R Mot TE Py R REGMPS
openi ngs B0mG3REnfs fe AIMBBYoRE &\%%b&ﬁa@p@heobptrﬁ(ﬁie'i%‘la{'iéﬂesrtruf%?uﬂeg c?trv?e pad

area(s), it not renoved, and wre bond connection pads nay be forne or
the entir goreddwithif thdsubstatdprskitaeMiRf orfe dram@ed RECONIS Gofiponeh &l ThE
showi ng the backside 51 of wafer 50, inductor coil 70 and RF&VQS ( RFNMOS
t ransi st obacksidmef gieosulsfrati istetdiegl to/fobmi regpectiveasanches twithialthy sebstedtong
line 7 - 7. Fig. 9 shows pad openings 80 fornmed through protection |ayer
72. 9  Asndhwpign ait dedst ghe one oninoRASNMaEon rseinstaresr Ehe msphctie REMIRS are

filled with dielectric material whereby the substrate coupling and noise for the one

or more RECMOS components are reduced.



transi stor 53, having inductor coils, inductor coils 70 for exanple, are
etched and back-filled with dielectric material |ayer 90. Further
processing may then proceed. Fig. 8 illustrates an alternate enbodi nent of
Fig. 7 showing an exanple of first formng at |east tw adjacent RFCMOS
transistors 52, 102 and then processing according to the teachings of the
present invention. As shown in Fig. 8, the RFCMOS transistors may i nclude
an RFNMOS transi stor 52 and an RFPMOS transistor 102. One skilled in the
art woul d recognize that the transistors 52, 102 illustrated in Fig. 8 may
include: two RFNMOS tr ' ' ' FSe one RFNMOS

transi stor and one RFP ; BESCRIPMION] EDRA Gs wo RFCMOS

transi stors may be formed over the substrate/ sem conductor wafer 50 in any
variety of RFNMOS and RFPMOS transistors. Filling of trenches 80, 82 with
pl anari zed di el ect rThe f@dtardsadnd ageantdges of e lprededd ineshtichewilbitkemore
substrate coupling to the level of that for a silicon-oninsulator (SQO)
whi | e bei nigady sumdsrstoad diromnthfeafoilomebg el eseipiiom wakerFin comjunctidre veith sheo
need for triple-well MOS transistor 52 designs or conplicated shield

desi gns f aecomanyiag clrawings i wihich Aikes nefatase onumpeals lesiginat sippidar or
advant ages of one  or re enbodi nents of the pres nil i nvention include: 10
1) a dr astPEeIRAMGERG glements; gedipps g EBU%‘P‘?%‘P@‘"S‘F“P@&C Fom RF conmponents to
the substrate; 2) a significant increase in the Q Factor of the inductor;
3) elimnation of two chip solution (one CMOS and the other passive
conponents and the | i cat k-6l icr ek X ) a
si npl e and manuf actg abl ies ?e%ﬂ%%lghg.lﬁ%t??ﬁe&ggtrﬁﬁ?éﬁ gﬁ%@ﬁ?%@@ﬁ%@“ﬁhe
present i gyapidr& have been illustrated and described, it is not intended
tolimt the invention, except as defined by the following clainms. 11
CLAIMS W claim 1. A nethod of reducing substrate coupling and noise for
one or nore RFCMOS conponents, conprising the steps of: providing a
substrate having a FigoRtisa glnardwapfiFagKistallen afomgtine? ohe or nore RFCMOS
conponents over the substrate;

Figs. 3 to 7 schematically illustrate in cross-sectional representation a
preferred embodiment of the present invention with Figs. 4 to 6 being an inverted

cross-sectional representation of successive processing the structure of Fig. 3.

Fig. 8 schematically illustrates in cross-sectional representation an

alternate embodiment of Fig. 7 when a pair of RFCMOS transistors are formed.

Fig. 9 is a plan view of the backside of a single chip locating the

position of the structure of Figs. 3to 7.



5 formng one or nore isolation structures within the substrate proxi mate
the one or nore RFCOVS conponents; etching the backside of the substrate to
formrespective trenches within the substrate and over at |east the one or
nore isolation structures; and filling the respective trenches with
dielectric material whereby the substrate 10 coupling and noise for the one
or nore RFCMOS conponents are reduced. 2. The nmethod of claim 11, wherein
the substrate is a P-type substrate or an N-type substrate. 3. 'The nethod
of claim1l, wherein the substrate is conprised of a naterlal sel ected from
the group conshuimg sl pEHSCKIPTIONI oI MR VRS

wherein the s
wherein the one or nore RFCMOS conponents conprlse a MOS transistor fornmed
upon the substrate and inductor coils formed over an ILD |layer or an |IMD

| ayer formed over ther MaSpurpnes sf dhis ikdentidsS Dlbwl-kldielectritentitédiwdchasfa cl ai m
1, wherein the dielectric material filling the trenches is conprised of a
mat er i al dislenttie doristamh af lessghawpbewh®si sting of Si 02, polyinmide and a | owk
dielectric material covered by a | ow tenperature deposited oxide. 7. The

met hod of claim11, wherein the dielectric material filling the trenches is
a | owk d'iel.e ric material having a dielectric constant of |ess than about
3 that is%@@g—"é%‘—tﬁl}ga | ow tenperature deposited oxide. 8. The nethod of
claiml1, wherein the dielectric material filling the trenches is

pl anarized. 9. The nmethod of claim1, wherein the dielectric materi al

f||||ngthetrenche i ri usj ﬁﬂg@, j.ca I ng
(CWP) process. %ﬁeﬁ?&%ﬁgg gfgeg?a?drgﬂig fee erefn tﬂ@%@ﬁegt {rnlegﬁndax?(g‘%l al
filling t b@nicbﬁaﬁa@s REFNMOB Cednfpéhenttd GKARSS 53 inkhel® abeids graheisgf0sp above
the etched substrate. 11. Thé nmethod of claim1l, wherein the dielectric

mat eri al Bavinigl & i gage telhertitodendh ésrmed over substrate/semiconductor wafer 50 and

underlying P-well 58. Only two wells are required in the present invention.

Substrate 50 is preferably an N-type or a P-type wafer and is
preferably comprised of silicon (Si) or germanium (Ge). Substrate/wafer 50

includes a backside 51.

Sidewall spacers 63 are formed over the side walls of gate electrode 49
of MOS transistor 52 with source/drain implants 62 extending therefrom within
substrate 50. A resist protect oxide (RPO) layer 56 is formed over the substrate 50
adjacent gate electrode 52. RPO layer 56 is preferably from about 20 to 100A thick
and more preferably from about 20 to 50A.

Shallow trench isolation (STI) structures 64, 73 are formed within
substrate 50 proximate gate electrode 52 and serve to electrically isolate gate
electrode 52. An interlevel dielectric (ILD) layer or intermetal dielectric (IMD) layer

68 is formed over gate electrode 49 and RPO layer 56. ILD/IMD layer 68 is



formed to a thickness of fromabout 10 to 100. m above the etched substrate.
12. The nethod of claiml1l, wherein the dielectric material filling the
trenches is planarized to a thickness of fromabout 0 to 5000A above the
etched substrate. 13 CS 01 -131 13. The nethod of claim1, wherein the
dielectric material filling the trenches is planarized by a chem cal
mechani cal process to a thickness of fromabout 0 to O 1000A above the
etched substrate. 14. The nmethod of claim 1, wherein the respective
trenches are etched within the backside of the substrate using a patterned
maski ng | ha&A Gf.; d of
claim1l, aﬁﬁégﬁﬁf?ﬁgl?Eg%%%??%gﬂf?@R@ﬁégﬁg%gﬁgf%ﬁ%ﬁ*ﬁ}fﬁ?ﬁﬁ%%ghﬁgc épge of
the substi@beo &S50)G00A Batk ahaas preskiblg cbaRisell Of EOPQED dxige HaCKEDEE Of
the substrate; the patterned nmasking |layer being conprised of a materi al

sel ect ed HIDTEOSe ogonaFEOSs Biw-kalielectritoinateeils hnd goaidre peeferalilpiewilst and
polyi mde. 16. The nethod of claim1, wherein the respective trenches are
et ched wi dielecttiqmalteridlsi de of the substrate using a patterned masking |ayer
formed over the backside of the substrate; the patterned masking | ayer
bei ng conprised of positive photoresist. 17. The nethod of claim11, wherein

the respective tre es expqse_the qne or nore_|s ion structures. 18.
The met hod of cl ai Rlncnriﬁ,‘mw{e&élssﬂ aft g‘f’ré’E‘F Ser g&bﬁ@ R¥sreeP 40EroY¥eAthne or
nore isolatjon s ur.es fore. the backsd f th ubstrate.is .etiehed to
form the PRl PIESEHERTs 8 % i BaRiSeS sohd® B RaBY “ardriay

wherei n tﬁ?ha@é‘% c&r;w&ﬁls%%n%%@ @ ifefd PRAPLOHEarRIRTIIMER] bEANTH O -

20. The nmethod o alm 1, erein the one or nore RFCMOS conponents

conpri se fﬂdd&@@ﬂﬁ?ﬁbl%ép@@@ﬁh@énﬁ&i. The nethod of claim1, wherein the
one or nore RFCMOS conponents conprise an RFPMOS transi stor.

Flip Wafer 50 and Etch Trenches 80, 82

As shown in Fig. 4, a protection layer 72 is formed over inductor coils
70 and ILD/IMD layer 68 to protect them from subsequent processing. Protection
layer 72 is formed to a thickness of preferably from about 5000 to 10,000A and more
preferably from about 5000 to 7000A. Protection layer 72 is preferably comprised of
PE TEOS, oxide, nitride, SiO2 + SiN, polyimide or low-k dielectric materials and

more preferably low-k dielectric materials.

Wafer 50 is then inverted to expose backside 51 and a patterned
masking layer 74 is formed over the backside 51 of wafer 50 to a thickness of
preferably from about 10,000 to S0,000A and more preferably from about 10,000 to
20,000A. Patterned masking layer 74 is preferably comprised of photoresist,

positive photoresist or polyimide and is more preferably positive photoresist.



22. The nethod of claim 1, wherein the one or nore RFCMOS conponents
conprise-nultiple RFPMOS transistor. 23. The nethod of claim1l, wherein the
one or nore RFCMOS conponents conprise an RFNMOS transi stor and an RFPMOS
transistor. 24. The nethod of claim1, wherein the one or nore RFCMOS
conponents conprise one or nore RFNMOS transi stors and one or nore RFPMOS
transistors. 25. A nethod of reducing substrate coupling and noise for one
or nore RFCMOS conponents, conprising the steps of: providing a substrate
having a frontside and a backsi de; wherein the substrate is a P-type

substrate or an N typgauhshialy 1By borT0g0 000 dIRT & MEHR-LATBOREN! S

over the substrate; rmng one uCt Ur et W

substr at e \rRGE abBfe STEs 61, 780hE SFCRELSQIBLMAA sbove Indudtsy 8ir 431
etching the backside of the substrat® to formreéspective trenches w'thin

t he substrate and over at |east the one or nore isolation structures; and
10 filling the respective trenches with dielectric material whereby the
substrate coupling Bsthgnpatterredr mtaskingniayer #one aRBCWRS veatep Gleist etched
reduced. 26. The net hod of claim 25, wherein the substrate is conprised of
a mat eri altthroaighdraslisitle drh horf@rrgﬁ gate destrads ireiechoB0 sxpcp%r@g\ Sahe 64efhand atn  27.
The nethod of claim 2 the substrate is em condyctor wafer. 28.
The net hodfast adosHAR N\)OFf’gﬁ Ee'f“f?é’ncﬁqg Sd/ %%'r%n‘h rcg%éhé%ﬁép%%rl se
a MoS trans stor ﬁﬂ{ned upon the substrate and inductor coils fornmed over
an ILD | ay¥ Pr3 Iayer fornmed over the MOS transistor. 29. The net hod
of claim 25, V\/nerel n the dielectric material filling the trenches is
conprised of a material selected fromthe group consisting of Si02,

pol yi m de FaRfyarbRMes 801 & W DieldMiEMariflQ4gEeRJ by a | ow tenperature
deposi ted OXI% 30. The method of claim 25, wherein the dielectric
material filling the trenches is a

As shown in Fig. 5, patterned masking layer 74 is removed and the
structure is cleaned as necessary. A dielectric material layer 90, preferably a low-k
dielectric material, is then formed over etched wafer 50', at least filling trenches 80,
82 using a backside fill process. Dielectric material layer 90 is preferably formed to a
thickness 92 of preferably from about 5 to 300um above etched wafer 50' and more

preferably from about 10 to 100pm.

Dielectric material layer 90 is preferably comprised of a dielectric
material such as SiO, polyimide or a low-k dielectric material covered by a low
temperature deposited oxide and is more preferably comprised of a low-k dielectric

material fill covered by a low temperature deposited oxide.

Planarization of Dielectric Material Laver 90

As shown in Fig. 6, dielectric material layer 90 is planarized to form

planarized dielectric material layer 90 having a thickness 92' of preferably from



low-k dielectric material having a dielectric constant of |ess than about 3
that is eovered by a |ow tenperature deposited oxide. 31. The nethod of
claim25, wherein the dielectric material filling the trenches is

pl anari zed. 16 CS 01-131 32. The nethod of claim25, wherein the
dielectric material filling the trenches is planarized using a chem cal
mechani cal polishing (CWP) process. 33. The nethod of claim?25, wherein the
dielectric material filling the trenches is forned to a thickness of from
about 5 to 300m above the etched substrate. 34. The nethod of claim 25,

wher €i n { pGot 611530008 ABOR! bithed Qvbicl 1500 Nold BRABARBI FrdifTdBRl: (P1R

t hi ckness of from about 10 to 100. m above the etched substrate.

met hod of 160081. Mt 35 novhesRidtofyhfordibel Slahstiged did@édtak Iﬁmlehhngo'ttlaebé aswes is
pl anarized to a thickness of fromabout 0 to 5000A above the etched

subst r at eetcBéd wifer 58' fledcofthe passib]%&)A whiekaess 92Mefodi the sake iof m@dhanical
filling the trenches is planarized by a chem cal nechanical process to a

t hi cknesssigéngtholdealipiair-gapsaredseifraboae REweupling poidwfsievat e. 37. The

met hod of claim 25, wherein the respective trenches are etched within the
backsi de of the substrate using a patterned masking |ayer formed over the
backsi de of the sub trate rein t

respective trenches éﬁl%c%f ﬂ%ﬁrlﬁﬁ%&?ﬁepﬁeﬁgﬁbgﬁr@q h?%@: ustiest Fﬁ?rgicﬁgi ng a
patternednﬁgﬁ @91<ﬁ%ﬁﬁu%§ﬁﬁP?§H9¥§¥ t he backsi de of the substrate; the
i'ng

patt er ned maskin ayer onprised of a material selected fromthe
group consi sting of phot oresist, positive photoresist and polyimde. 17

CS 01-131 39. The nethod of claim 25, wherein the respective trenches are
et ched w UptivnahRe®aekbofdaoictibhd.ayebgtrat e using a patterned nmasking | ayer
formed over the backside of the substrate; the patterned nmasking | ayer

bei ng conprised of positive photoresist. 40. The nethod of claim 25,
wherein the respectlve trenches expose the one or nore isolation
structures. 41. TheAswshpva isfFigl &&wﬂhﬂm‘e?ﬁ@irﬁoalsmﬁ?ﬂlemﬂ%wdl 'sight-side-

formed over he one
rotection ?ayer 72 may then be optionally removed from over inductor coils 70

and ILD/IMD layer 68 (although this is not required) and the structure may be
cleaned as necessary. Protection layer 72 may be comprised of a oxide, nitride or

polyimide passivation layer, for example. Only a cleaning step will be required

after the backside CMP (see above).

Then standard front side pad openings 80 (see Fig. 9) may be used to
open protection layer 72 in the pad area(s), if not removed, and wire bond

connection pads may be formed for the entire chip.

Fig. 9 is a plan view of a larger portion of wafer 50 showing the
backside 51 of wafer 50, inductor coil 70 and RFCMOS (RFNMOS transistor)
transistor 52 with Fig. 7 being a cross-sectional view along line 7 - 7. Fig. 9 shows

pad openings 80 formed through protection layer 72.




nore isolation structures before the backside of the substrate is etched to
formthe respective trenches. 42. The nethod of claim 25, wherein the one
or nbre RFCMOS conponents conprise an RFNMOS transi stor. 43. The net hod of
claim 25, wherein the one or nore RFCMOS conponents conprise nmultiple
RFNMOS transistor. 44. The nethod of claim 25, wherein the one or nore
RFCMOS conponents conprise an RFPMOS transistor. 45. The nethod of claim
25, wherein the one or nore RFCMOS conponents conprise nultiple RFPMOS
transi stor. 46. The nethod of claim 25, wherein the one or nore RFCMOS

component s conpr i SABMLHEEMMAS Fi 205 I RIRMACRN 3hEIdDs | Site hsUfiiEss  CS
01 -131 47. The nethod of cl ai 25 erein the one or nore RFCMOS

conponent gra@oigiri 53¢ hatihgoindiRtd dRHbMHARUCtAN@IBITY for REANPIE A€ cidted APMOS
transistors. 48. A nethod of reducing substrate coupling and noi se for one

or nore RbatlBlledmptindieleshricmapridlaygrofe steps of: providing a substrate
havi ng a frontside and a backsi de; wherein the substrate is a P-type wafer
or an N-type wafer that is conprised of a material 5 selected fromthe
group consisting of_silicon and germani um form ng one or nore RFCMOS
conponents over t heF4ithet processingymay thenRECSEdnpre i sol ati on structures
within the substrate proximate the one or nore RFCOVS conponents; etching
t he backside of the substrate to formrespective trenches within the 10

substrate and over Al lf?ﬁﬁstﬁﬂgs Q eﬁﬂr{l{é‘(géeeetr}lggdi%i Qnofsﬁ;{gtlj_\ﬁ.u }1?3’3‘.”{‘%25!“

filling the respecti Ve trenches w ctric materia ere

substrate egz%@iei Miéﬂfbrﬁﬁhg %t ikt Hhe a%l@ex&rRF@M@ﬁ of509083ha tREF

reduced. 49. The nethod of~cl aim 48, erein the substrate I's conprised of
silicon. processing according to the teachings of the present invention. As shown in Fig. 8,

the RFCMOS transistors may include an RFNMOS transistor 52 and an RFPMOS
transistor 102. One skilled in the art would recognize that the transistors 52, 102
illustrated in Fig. 8 may include: two RENMOS transistors; two RFPMOS
transistors; one RFNMOS transistor and one RFPMOS transistor and that more than
two RFCMOS transistors may be formed over the substrate/semiconductor wafer

50 in any variety of RFNMOS and RFPMOS transistors.

Filling of trenches 80, 82 with planarized dielectric material layer 90'
greatly reduces the noise/substrate coupling to the level of that for a silicon-on-
insulator (SOI) while being a simple and manufacturable technique. Further, there
is no need for triple-well MOS transistor 52 designs or complicated shield designs

for the inductor coils 70.

Advantages of the Invention

The advantages of one or more embodiments of the present invention

include;

10



50. The nethod of claim48, wherein the substrate is a sem conductor wafer.
51. The nethod of claim48, wherein the one or nore RFCMOS conponents
conprise a MOS transi stor formed upon the substrate and i nductor coils
formed over an ILD | ayer or an IMD | ayer fornmed over the MOS transistor. 19
CS 01-131 52. The nethod of claim48, wherein the dielectric materi al
filling the trenches is conprised of a material selected fromthe group
consisting of Si02, polyimde and a lowk dielectric material covered by a
| ow t enper ature deposited oxide. 53. The nmethod of claim48, wherein the

di el ectric matgyd alastic rbdi@idn G Mb@t}&!&%upﬁng of R f ol 18F EhpbReiks ighe
having a dielectric constant of less than about 3 that 1s covered by a | ow
t enper at upgbsiepesi t ed oxi de. 54. The nethod of claim48, wherein the
dielectric material filling the trenches is planarized. 55. The nethod of

cl ai m 48, wher Bj axsiph#icdntinerdase in thet(@ Faetor bf the induttoe; t renches i s

pl anari zed using a chem cal nechani cal polishing (CMP) process. 56. 'The
met hod of cl ai &) 4Bmipgiégreiof twe il ssdutio (aae MADS fand| they other passiches i s
formed to a thickness of from abqut 5 to 300m above the etched substrate.
57, The nePRBENEA®angithe ﬂ%‘}‘P\‘/bﬁ%tﬁgiLhr\PIChB’ rrasrementLol R Kepandao fi11ing the
trenches is foryed tq a thicﬁﬂqﬁa qﬁ Frﬁn1about 10 to 100wm above the

et ched substra E?m .efﬂénwgi AU C S HYUS: wherein the dielectric
material filling the trenches is O planarized to a thickness of from about
0 to 5000A above the etched substrate. 59. The nethod of claim48, wherein
the dielectric matepigle bhiddul LhBolRARIGH e BIADA LARAGBN RarkhBELEa

mechani cal process to a thickness of from about to 1000A above the etched
substr at eillidbratednd Heddibed, it is not intended to limit the invention, except as defined

by the following claims.
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60. The nethod of claim 48, wherein the respective trenches are etched
within the backside of the substrate using a patterned masking | ayer forned
over 't he backsi de of the substrate. 61. The met hod of claim 48, wherein the
respective trenches are etched within the backside of the substrate using a
patterned masking | ayer forned over the backside of the substrate; the
patterned nmasking | ayer being conprised of a material selected fromthe
group consi sting of photoresist, positive photoresist and polyimde. 62.
The nethod of claim48, wherein the respective trenches are etched within

t he backside of the substrate using a patterned masking |ayer fornmed over

t he backside of the substrate; the patterned masking | ayer being conprised
of positive photoresist. 63. The net ppd®iscl ai m 48, wherein the respective
trenches expose the one or nore isolation structures. 64. The method of

cl aim 48, Wéenithn a protection layer is formed over the one or nore

i sol ation structures before the backside of the substrate is etched to form
the respective trenches. 65. The nethod of claim48, wherein the one or
more RFCMOS conponents conprise an RFNMOS transistor. 21 CS 01-131 66.
The net hod- 6f methgdrph gedyging spbstrafe oupling angr BOIREENOSNE OFFeREeNRECYEXPr i se
mul ti pl e RENMOS transistor.}ﬁ?. The et hod of claim48, wherein the one or
mor e RECVERTPSRRRSeriePdRE the 8teRR OkFPMOS transi stor. 68. The net hod of

claim48, wherepn. = ne conmprise nultiple
RFPMOS tr ansi sﬁ%&lhgég%g%ﬁéﬁngfa%ﬁ%ﬁ@ %ﬁ%%glid%’the one or nore
RFCMOS COMpONne Ririf Wb o? tndid mi&ﬁ%&dé&%v&'}ﬂe@ﬂbﬁfﬁw transistor.
70. The nmethod of clPaim 48, wherein the one or nore RFCMOS conponents

<2:<2)rrpr i5e one oforflhg dReNYFRotd RBRItRINYthuchités Wiehid thEBuBs R \Pox ik ABhet OF S.

. A% AU;AhoA{:brA’(brAﬂé%GKhM%dmﬁiorﬁlmlts;A{ L. Ah@ A{r . Ah. A@r . Ahr. Ah. AUr . Ahs. AU. Ah
Als=orli96 v etching the backside of the substrate to form respective trenches within the
substrate and over at least the one or more isolation structures; and
filling the respective trenches with dielectric material whereby the substrate

10 coupling and noise for the one or more RFCMOS components are reduced.

2. The method of claim 1, wherein the substrate is a P-type substrate or an N-type

substrate.

3. The method of claim 1, wherein the substrate is comprised of a material selected

from the group consisting of silicon and germanium.
4. The method of claim 1, wherein the substrate is a semiconductor wafer.

5. The method of claim 1, wherein the one or more RFCMOS components comprise
a MOS transistor formed upon the substrate and inductor coils formed over an ILD

layer or an IMD layer formed over the MOS transistor.

12
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9. The method of claim 1, wherein the dielectric material filling the trenches is

planarized using a chemical mechanical polishing (CMP) process.

10. The method of claim 1, wherein the dielectric material filling the trenches is

formed to a thickness of from about 5 to 300um above the etched substrate.

11. The method of claim 1, wherein the dielectric material 90 filling the trenches is

formed to a thickness of from about 10 to 100um above the etched substrate.

12. The method of claim 1, wherein the dielectric material filling the trenches is

planarized to a thickness of from about 0 to 5000A above the etched substrate.
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13. The method of claim 1, wherein the dielectric material filling the trenches is
planarized by a chemical mechanical process to a thickness of from about 0 to

1000A above the etched substrate.

14. The method of claim 1, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside

of the substrate.

15. The method of claim 1, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside
of the substrate; the patterned masking layer being comprised of a material selected

from the group consisting of photoresist, positive photoresist and polyimide.

16. The method of claim 1, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside
of the substrate; the patterned masking layer being comprised of positive

photoresist.

17. The method of claim 1, wherein the respective trenches expose the one or more

isolation structures.

18. The method of claim 1, wherein a protection layer is formed over the one or
more isolation structures before the backside of the substrate is etched to form the

respective trenches.
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20. The method of claim 1, wherein the one or more RFCMOS components

comprise multiple RFNMOS transistor.

21. The method of claim 1, wherein the one or more RFCMOS components

comprise an RFPMOS transistor.

22. The method of claim 1, wherein the one or more RFCMOS components

comprise multiple RFPMOS transistor.

23. The method of claim 1, wherein the one or more RFCMOS components

comprise an RENMOS transistor and an RFPMOS transistor.

24. The method of claim 1, wherein the one or more RFCMOS components

comprise one or more RFNMOS transistors and one or more RFPMOS transistors.

25. A method of reducing substrate coupling and noise for one or more RFCMOS
components, comprising the steps of:
providing a substrate having a frontside and a backside; wherein the
substrate is a P-type substrate or an N-type substrate;
5 forming one or more RFCMOS components over the substrate;
forming one or more isolation structures within the substrate proximate the

one or more RFCOMS components;
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10 flllmg the respective trenches with dielectric material whereby the substrate

coupling and noise for the one or more RECMOS components are reduced.

26. The method of claim 25, wherein the substrate is comprised of a material

selected from the group consisting of silicon and germanium.
27. The method of claim 25, wherein the substrate is a semiconductor wafer.

28. The method of claim 25, wherein the one or more RFCMOS components
comprise a MOS transistor formed upon the substrate and inductor coils formed

over an ILD layer or an IMD layer formed over the MOS transistor.

29. The method of claim 25, wherein the dielectric material filling the trenches is
comprised of a material selected from the group consisting of SiO, polyimide and a

low-k dielectric material covered by a low temperature deposited oxide.
30. The method of claim 25, wherein the dielectric material filling the trenches is a
low-k dielectric material having a dielectric constant of less than about 3 that is

covered by a low temperature deposited oxide.

31. The method of claim 25, wherein the dielectric material filling the trenches is

planarized.
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32. The method of claim 25, wherein the dielectric material filling the trenches is

planarized using a chemical mechanical polishing (CMP) process.

33. The method of claim 25, wherein the dielectric material filling the trenches is

formed to a thickness of from about 5 to 300um above the etched substrate.

34. The method of claim 25, wherein the dielectric material 90 filling the trenches is

formed to a thickness of from about 10 to 100pm above the etched substrate.

35. The method of claim 25, wherein the dielectric material filling the trenches is

planarized to a thickness of from about 0 to 5000A above the etched substrate.

36. The method of claim 25, wherein the dielectric material filling the trenches is
planarized by a chemical mechanical process to a thickness of from about 0 to

1000A above the etched substrate.

37. The method of claim 25, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside

of the substrate.

38. The method of claim 25, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside
of the substrate; the patterned masking layer being comprised of a material selected

from the group consisting of photoresist, positive photoresist and polyimide.
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O 39. The met é of clhﬁm 25, wh(e)rein the respective trenches are etched within the

L109&& () - 109&& () -

backside of the substrate using a patterned masking layer formed over the backside

of the substrate; the patterned masking layer being comprised of positive

photoresist.

40. The method of claim 25, wherein the respective trenches expose the one or more

isolation structures.

41. The method of claim 25, wherein a protection layer is formed over the one or

more isolation structures before the backside of the substrate is etched to form the

respective trenches.

42. The method of claim 25, wherein the

comprise an RFNMOS transistor.

43. The method of claim 25, wherein the

comprise multiple RFNMOS transistor.

44. The method of claim 25, wherein the

comprise an RFPMOS transistor.

45. The method of claim 25, wherein the

comprise multiple RFPMOS transistor.

46, The method of claim 25, wherein the

comprise an RFNMOS transistor and an RFPMOS transistor.
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47. The method of claim 25, wherein the one or more RFCMOS components

comprise one or more RFNMOS transistors and one or more RFPMOS transistors.

48. A method of reducing substrate coupling and noise for one or more RFCMOS
components, comprising the steps of:

providing a substrate having a frontside and a backside; wherein the
substrate is a P-type wafer or an N-type wafer that is comprised of a material

5 selected from the group consisting of silicon and germanium;

forming one or more RFCMOS components over the substrate;

forming one or more isolation structures within the substrate proximate the
one or more RFCOMS components;

etching the backside of the substrate to form respective trenches within the

10 substrate and over at least the one or more isolation structures; and
filling the respective trenches with dielectric material whereby the substrate

coupling and noise for the one or more RFCMOS components are reduced.

49. The method of claim 48, wherein the substrate is comprised of silicon.

50. The method of claim 48, wherein the substrate is a semiconductor wafer.

51. The method of claim 48, wherein the one or more RFCMOS components

comprise a MOS transistor formed upon the substrate and inductor coils formed

over an ILD layer or an IMD layer formed over the MOS transistor.
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bG 10b %So/'ﬂngé Qe_th&c? %?%aﬁ)n_ 42%0‘%1erein the dielectric material filling the trenches is

comprised of a material selected from the group consisting of SiO2, polyimide and a

low-k dielectric material covered by a low temperature deposited oxide.

53. The method of claim 48, wherein the dielectric material filling the trenches is a
low-k dielectric material having a dielectric constant of less than about 3 that is

covered by a low temperature deposited oxide.

54. The method of claim 48, wherein the dielectric material filling the trenches is

planarized.

55. The method of claim 48, wherein the dielectric material filling the trenches is

planarized using a chemical mechanical polishing (CMP) process.

56. The method of claim 48, wherein the dielectric material filling the trenches is

formed to a thickness of from about 5 to 300pm above the etched substrate.

57. The method of claim 48, wherein the dielectric material 90 filling the trenches is

formed to a thickness of from about 10 to 100pm above the etched substrate.

58. The method of claim 48, wherein the dielectric material filling the trenches is

planarized to a thickness of from about 0 to 5000A above the etched substrate.

59. The method of claim 48, wherein the dielectric material filling the trenches is

planarized by a chemical mechanical process to a thickness of from about 0 to

1000A above the etched substrate.
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60. The method of claim 48, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside

of the substrate.

61. The method of claim 48, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside
of the substrate; the patterned masking layer being comprised of a material selected

from the group consisting of photoresist, positive photoresist and polyimide.

62. The method of claim 48, wherein the respective trenches are etched within the
backside of the substrate using a patterned masking layer formed over the backside
of the substrate; the patterned masking layer being comprised of positive

photoresist.

63. The method of claim 48, wherein the respective trenches expose the one or more

isolation structures.
64. The method of claim 48, wherein a protection layer is formed over the one or
more isolation structures before the backside of the substrate is etched to form the

respective trenches.

65. The method of claim 48, wherein the one or more RFCMOS components

comprise an RFNMOS transistor.
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67. The method of claim 48, wherein the one or more RFCMOS components

comprise an RFPMOS transistor.

68. The method of claim 48, wherein the one or more RFCMOS components

comprise multiple RFPMOS transistor.

69. The method of claim 48, wherein the one or more RFCMOS components

comprise an RFNMOS transistor and an RFPMOS transistor.

70. The method of claim 48, wherein the one or more RFCMOS components

comprise one or more RFNMOS transistors and one or more RFPMOS transistors.
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