; €3eAx] AuXXYt [ R $] 6Z] T] Ta KA PROCESS TO REDUCE SUBSTRATE EFFECTS BY

FORM NG CHANNELS UNDER | NDUCTOR DEVI CES AND AROUND ANALOG BLOCKS FI ELD OF
THE | NVENTI ON The present invention relates generally to fabrication of
sem conductor devices, and nore speC| fically to nmethods of reducing
substrate, effe

BACKGROUMNB-£ p SAN i}
very sonsit ?%@%WﬂéfaR bwA@%@ﬁ%bn&%ﬁN EBKE 208, 7 e

substrate effects. U S. Patent No. 6,180,995 Bl to Hebert describes a
process to etch a trench in a substrate under an inductor. U S. Patent No.
6,313,008 Bl to Leung et al I EPFORCESEANY rmed by an inplant and

i sotropic etch process. U S Bi to Merrill et al.
describes an inductor process with a trench in a substrate. U. S. Patent No.
6, 287,931 Bl to Chen describes an inductor process with a trench in an
insulating |ayer. O pedsenit  Noverfiddb 7 réd@ist %éﬂéeaupt t@l fa8&RidPesf a
trench under inductors. U S. Patent Nos. 9,241 to Abidi et al. and
5, 600, 174etdcdrehyctet davices aatd d:&:ﬁ'erépleeiﬁcaﬂjﬂtibQﬁe@fod@&ﬁ&@ﬁlu‘@iﬂghsﬂbsﬂméles
underlying the structure. SUMMARY OF THE | NVENTI ON Accordingly, it is an
obj ect ofeffelts rdesenductoy devicenand apowwd dealogprlosiesd net hods of reduci ng
substrate effects under inductor devices and around anal og bl ocks. O her
objects will appear hereinafter. It has now been discovered that the above

and ot her objects of the
BACKGROUND OF THE INVENTION

Inductor quality (Q) is very often reduced by substrate eddy
current, i.e. image current. Similarly, analog devices are very sensitive to noise

generated by the underlying silicon substrate, i.e. substrate effects.

U.S. Patent No. 6,180,995 Bl to Hebert describes a process to etch a

trench in a substrate under an inductor.

U.S. Patent No. 6,313,008 Bl to Leung et al. describes a trench

formed by an implant and isotropic etch process.

U.S. Patent No. 6,326,314 Bl to Merrill et al. describes an inductor

process with a trench in a substrate.

U.S. Patent No. 6,287,931 Bl to Chen describes an inductor process

with a trench in an insulating layer.

U.S. Patent No. 6,057,202 to Chen et al. describes a trench under

inductors.



present invention may be acconplished in the foll ow ng manner.

Specifically, in a first nethod of reduci ng sem conductor device substrate
effects, O or OZ' are selectively inplanted into a silicon substrate to
forma silicon-damaged silicon oxide region. One or nore devices are forned

over the silicon s trate oxi.mate the silijcon-damged silicon oxide
region within at | g@?ﬁ B’F?é‘tﬁcéﬁ- éé@%ﬁél faydridi ¢ slaang 5%996%4 talery esak or med
over the at,|gast, one, upper dielectric |layer. The passivation |ayer and the
at | east G dE5EEhe Hiduiclbtprocesdsy it Fendlas indeelying Bio RS- ench exposi ng
a portion of the silicon substrate over the silicondamaged silicon oxide
region. The silicon-damged silicon oxide region is selectively etched to
form a channel continuous mhﬁggy @ng‘gl\tﬂ}ﬁmdﬂlemh wher eby t he
channel reduces the subst nore sem conduct or
devices. A second nmethod of reducing substrate effects under anal og devices
i ncludes form ng an anal og device on a SO substrate and then sel ectively
et ching the siliconagdrdidlpy &l isOhntdife@bf SOTrbRing hQechBEM B ng&na@' at

| east partially underlying the anal og devi ce. BRI EF DESCRI PTI ON OF THE
DRAW NGS ififyerofredt metisodsndf adiacinggasbstfaté hdfeptseatdbr iind@etor aeviédsl ald@ nor e
clearly understood fromthe foll ow ng description taken in conjunction with
t he accompanypdrgatirgblionlgs in which |ike reference nunerals designate
simlar or corresponding elenents, regions and portions and in which: Figs.
1 to 5 schematically illustrate in cross-sectional representation a first
preferred enbodi nent of %he present invention. Figs. 6 to 8 schematically
illustrate in croséagﬁﬁﬁiHWHTWﬂEﬁPﬁgﬁﬁﬁaﬂméﬁeé second preferred enbodi nent

of the present invention. Fig. 9 schematically illustrates a plan view
incorporating the structure of Fig. 8 along Iine 8 - 8. DETAI LED

DESCRI PTI ON OF THE FERRED ENMBODI MENTS,, Fi f E di -
Figs.1to 5 Initi alﬁ)g{%’ l?(?tvf,lgge%l bs.coiefelqsﬂjsaltt &Igetf é‘gtr’ge gﬁgsogh%ngﬁf?‘létg?ﬂ?ttb? ew of
il t. . i - i . <A

first patarad ekt qlibe bboBhBLaIAPIY aR SARWIREMENRE, SHRSHEAN i
| eaving & H?gtt&e&owopfecﬁiﬁﬁc 9%%%%%@dé@c@§ﬂ9§?ﬂeteﬁ%ﬁﬁ koG Layer

12 is preferably conprise otoresist. 3 Usi ng rst patterned

maski ng |¥etivél aRpRol@s intodf sdisBesubsiRhand fdfni S silitsh ddificsh! 1 con
substrate 10 to "a depth of preferably from about 1000 to 20, 0O0A and nore

pref er abl gxifle oragadiauOrR000 ir@rd OdOD0ss tavef firmead Sivier ciR- dairBECguisdttdteon
oxide (Si02) portion 18 within silicon substrate 10. The oxygen inplant 16
i s ei t herpraxir@hteotheasilicri-damapead tsilanod d>dde vegioat withat atledsisenoligieefier abl y
from about 1E16 to 1E17 ions/cnz and nore preferably from about 4E16 to
8E16 i ondares: A Siebsivation daweydd fpuned owen 8hdab leastrarée mppenidielact2ie lofer.
preferably fromabout 8 to 521xxn_and nore preferably about 10 to 50um
For mati o Pagstyatignelayer and the at least one upper dielectric layer are patterned to
form a trench exposing a portion of the silicon substrate over the silicon-
damaged silicon oxide region. The silicon-damaged silicon oxide region is
selectively etched to form a channel continuous and contiguous with the trench
whereby the channel reduces the substrate effects of the one or more
semiconductor devices. A second method of reducing substrate effects under
analog devices includes forming an analog device on a SOI substrate and then

selectively etching the silicon oxide layer of the SOI substrate to form a channel at

least partially underlying the analog device.



As shown in Fig. 2, first patterned masking |layer 12 is renoved, the
structure is cleaned as necessary and a netal - oxi de sem conductor (MXS)
device 22 may be formed upon silicon substrate 10 adj acent silicon-danaged
silicon oxide portion 18. An interlayer dielectric (ILD) layer 24 is forned
over silicon substrate 10 and._over. 3 sem conduct or _devi ces 22 fornmed upon
silicon substrate 10 t L oo IGIN O d s DIRAWINGShout 4000 to

12, 000A and nore preferably from about 6000 to 10, 000A. ILD layer 24 is
preferably fornmed of thick field oxide, boron phosphorus silicon glass

2020 oty o oot Sl EQR TR el hOFE MO,
Pt Ut A PRS0, A5 S 0 BB onfonc R O

di el ectr ié?ccbfﬁfﬁh%r?t@g idvaWviglth Qe 18 dekDehay BluntdaRNde zit@ds‘ikgﬂilﬁf g8 may

be formed with the Second/upper dielectric |ayer 26 adjacent th

si | i con- deregpdnding elememsf,d@%i@ﬁghhdrpo&ﬁoh@aﬁ@mﬂmuﬂﬁélinon with, or in place
of, the sem conductor device 22. 1MD dielectric layer 26 is preferably
conprised of an HDP oxi de/ TECS oxi de sandw ch, PECVD Si H, oxide, PECVD TECS
oxi de or HDP oxide (for gap fill) and is nore preferably an HDP oxi de/ TECS
oxi de sandwi ch. Di efigstl fedlisefematiGalhadlustrabe ok omss-sedtiqnag repmbéntationm
about 4000 to 12, O00A and nore preferably from about 6000 to. 10, 000A.

For mat i orf Brstpastersesk erehodianens qb4ke pyesenbinveayien. 30 i s then fornmed over | M
dielectric layer 26. Passivation |layer 30 preferably conprises a | ower 2%
PSG | ayer 31 having a thickness of preferably from about 2000 to 4000A and
nore preferably from about 2500 t 0 ngd an upper,..overlying nitride or
silicon nitride |a§'§853§9%§ﬁ%‘nﬁgfaﬁfycgﬁ@g‘§g%$“ E}ioé‘g'é?%ttﬂ“ﬁ# g‘H&HP“sooo
to 8000 r t .4 .to _6000A. Etching of Trench 34
As Shom@%ﬂ%ﬁ&iﬂ%&é@i@%@égh&gﬁcgf?tﬁg(?rﬁge%%ﬁxberﬁ%r 32 is formed over
passivation |layer 30 and, using the second patterned nasking |ayer as a
mask, passivation layer 30, IMD dielectric layer 26 and |ILD | ayer 24 are
etehed over siliconFgAmRGRemiakionty MESISIAOR! Wiih MohOhildiBoldElchnd4 and
5 exposing a portion 35 of silicon substrate 10 roughly centere ver

si |'i con- danmgetk of Figc®alo leee ogtion 18. Trench 34 is preferably forned
using a reactive ion etch (RIE), an high density plasnma (HDP) oxide etch or
an i nductive couple plasma (1 CP) etch and nore preferably an RIE oxide etch

to save cost. Formation of Channel 36
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Preferred Embodiment - Figs. 1 to 5

Initial Structure

Fig. 1 illustrates a cross-sectional view of a silicon substrate 10 that

is preferably a semiconductor substrate.

A first patterned masking layer 12 is formed over silicon substrate
10 leaving a portion 14 of silicon substrate 10 exposed. First masking layer 12 is

preferably comprised of photoresist.



As shown in Fig. 4, an isotropic etch is used to etch out the
silicondamaged silicon oxide portion 18 to formtrench/channel 36.
Preferably from about 10 to 50um of silicon substrate 10 adj acent

si licon-danmage silicon oxide portion 18 is also renpved to create a wi der

channel 36. Channel__36 has a maxi rum wi dth 37 of from about 50 to 500pm
The formation of trésRE t%& fglﬁélﬂ?ﬁt& mgskinglaes thas aumeskat oxyEeR

12 SR L h gk 0T S e
o7 AR TEL DALY o ISRV G TR DA 1t o
Seal 110 ASualaunienT dacSeio) @Rkl GRS SR bOIRL 0

off tren ; i 1 8:.] r; t
Chi cknesc B e B QY B8 O irhPlaB ShGE RO ARTRE o s of 2100

to 6000g. preeahblufroay abod8 1E36 6 &ifa7abhy/ GATRAA SBErOhrdEQWR, Tidrhi AR ue'
PECVD silicon nitride (to mnimze wafer scratching). It is noted that

opti onal 4Hipen8Eds isedidntg | ayer 38 may not be necessary. 6 Second
Enbodinent - Figs. 6 to 9 Initial Structure Fig. 6 illustrates a
cross-sectional view of a silicon-on-insulator (SO) substrate 51 over
silicon substrate 50 that is preferably a sem conductor substrate. A
silicon oxide (Si 0Biliterydanmgedpdriionsld aser neixiingon widis20 af préerabdy a

t hi ckness. of preferably from about 500 to 2000A and nore preferably from
about 500T¢® %@@&.toﬁzﬁmmrﬁi%ﬁ?r@@V@b%w@Eﬂ@ﬁl-forned over Si Oz

| ayer 52 to a thickness of preferably from about 500 to 2000A and nore
preferably from about 500 to 1500A. A MOS device 56 may be forned upon SO
substrat 5r r(n,)d Elo evice represented as at 60 is formed within ILD
| ayer 58.#—@%&%—% conprised of nmultiple layers and is
preferably conprised of PECYD TECS oxi de, PECVD Si Hg oxi de, HDP oxide or a
|l ow-k dielectric material and is nore preferably conprised of a | owk

dielectric materialag &mﬁ%gffé"g @irgla]%(ﬁﬁerﬁgdirﬁagk%gg%gzﬁgégris ¥&RO%%¥’§§$ |5§g a

Passi vation |ayer 62 prefera conprises a | ower I"ayer

t hi cknesssiafctifeeic@l@iled ds' eadPybndWhetal-HA90 SeARSHRILPNEDSS ablikef rom
about 2500 to 3500A and an upper, overlying nitride or silicon nitride

| ayer 63 2rawiaygba folﬁir@&nﬂgén(ﬁlhwrefsﬁbﬁtdtﬁ 10 adjaerbubilidERQ aha 2A0GiTiap nor e
preferably from about 4000 to 6000A. Fornmation of Trench 66 first

pat t er ned»>pds povtati. &8 | ayer 62 and is preferably masking |ayer 64 is fornmed
over 7 conprised of photoresist having a thickness of preferably from
about 8000 to 22, 000A and nore preferably from about 12,000 to 18, 000. As
shown in Fig. 6, using first patterned masking |ayer 64 as_a nmask,

passi vation |ayer 620 interlpysrediggctaied (Bild)i dawer| & eis/ Smmedimsterasidicea ar e
patterned to, formtrench 66 exposing portion 67 of SiOz |ayer 52 adjacent
anal og deWiPeEaty LnanfoRves. anyo SRS UStOTCRiSHiReE 22) IREMEH oWRORNSiticeD 7,

HERCUCAIEN AT RGEE M A U G

preferably from about 6000 to 10,000A. ILD layer 24 is preferably formed of thick

field oxide, boron phosphorus silicon glass (BPSG), PECVD TEOS oxide, APCVD
O,/ TEOS oxide or HDP oxide and is more preferably BPSG doped oxide.

ILD layer 24 may also include interconnect structures and other

semiconductor devices (not shown).



resist strip (CRS) using a sulfuric peroxide mxture. Then, as shown in
Fig. 7, a second patterned masking | ayer 68 is deposited over patterned
passivation | ayer 62', over the side walls of trench 66 and partially over
the exposed portion 67 of Si02 |ayer 52. Second patterned nmasking | ayer 68
is preferably ¢ sed of nitride or silicon nitride and has a thickness
of preferabE Ph-as ot SoY1thin bhelggtricdpvien 26 preferably from about 1750
to 2250A. Fornatlon of Si dewal | Spacers 71 As shown in Fig. 8, second

patterned masking rutride/silicon nitride |ayer 68 is etched to form

vl T of trench 66 ARYferhdf iyt oacseegen@@?6‘3&5&?&?%&&%}%&5&9&3@53' hen
used tomec}h%m(ﬂ'e} sl %%%nﬁhgﬂ'lﬂdﬁc bEBRD e!;;heog n'ag’upfﬁr

69/ si de spac wet e ch pr ess pre erab y ‘enploys‘a

di lute HRg; b d unde t alog
devi ce 60dlg%gﬁadng§’er%gn&gé$%g ?6@ gig:%glr}nel 4 &{hgg&gﬁw tcﬁeo%?kg%?%r

from abOlﬂon?ﬂidtﬁ)nzﬁﬁh%laﬂdplﬁﬁé 8f, Bhes@habhutfpmedeut>. 100 to 200Nxn. The
formation channel 70 reduces the substrate noise effect on the anal og
device 60 and MOS device 56. Fig. 9 is an overhead plan view of a
systemon-chip 80 incorporating anal og device 60 with trench 66 and channel
70 forned around i tiMPedigherir. l&q. 28 is @eforably- seatprised ofi ew 6{DFig. 9
alone line 8 - Systemon-chip 80 also includes a central processing unit
(CPU) 82, Oméﬁbmoém@d@l sgrdpticle TRGVBeSES,. oddeaREeyE THOS beidenoefiDBn The

advant ages gf &)ge or nore_ enbodi nents of the present invention include: i)

reduct i orP>8fie ﬁaﬁ:’a@]@ ad cpwre preferahly sa uexidgn TERSroxide Sﬁﬂ@ﬁ’é@br

s e

fm'“-funﬁ&@g@éfﬂa@wa@%{‘aﬁméo%ﬂmﬂ%bfate e syst em on- chi p.

Formation of Passivation Laver 30

Passivation layer 30 is then formed over IMD dielectric layer 26.
Passivation layer 30 preferably comprises a lower 2% PSG layer 31 having a
thickness of preferably from about 2000 to 4000A and more preferably from
about 2500 to 3500A and an upper, overlying nitride or silicon nitride layer 33
having a thickness of preferably from about 3000 to 8000 and more preferably
from about 4000 to 6000A.

Etching of Trench 34

As shown in Fig. 3, a second patterned masking layer 32 is formed
over passivation layer 30 and, using the second patterned masking layer as a
mask, passivation layer 30, IMD dielectric layer 26 and ILD layer 24 are etched
over silicon-damaged silicon oxide portion 18 forming trench 34 and

5
exposing a portion 35 of silicon substrate 10 roughly centered over



Whi |l e particul ar enbodi nents of the present invention have been illustrated
and described, it is not intended to limt the invention, except 9 as
defined by the foll ow ng clains. CLAIMS 1. A nethod of reducing

sem conduct or device substrate effects, conprising the steps of: providing
a silicon substrate; s,ei,l ectively ipplanting O or QZ' into the silicon
subst r at SihTreamaged siliceg,p e84 con oxi de region; forming one or
nore devices over the silicon substrate proximate the silicon-damged
silicon oxide region within at |east one upper dielectric layer; formng a
passi vation | ayer [ at | east, ope upper. di el eci.ric |ayer: tterning
t he passivation | a%@“&ﬂg’%ﬂ%é’ rgferslélgs or Ypper? E%aéf%%ﬂ?ﬁlﬁﬁh&%ﬁ & form
a trench ' [ f 1 iy | . s hbyi

Garmged o bty ASES (D) otge el bF RN FUREN AL Hlagif R S8 e
silicon %@ﬁ&g?gg@régyggm%ﬁ@@%%%g@ kdyous and contiguous with the
trench, whereby the chahnel reduces the substrate effects of the one or
nore sem conduct or devices. 2. The nethod of claim1l1, including the step of
form ng an uppernost sealing |ayer over the patterned passivation |ayer,
seal i ng tHFenatircdf ChamdliBé anbi ent at nosphere. 3. The nethod of claim1,

i ncluding the step of form ng an uppernost sealing |ayer over the patterned
passivation |ayer, sealing the trench fromthe anbi ent atnosphere; the
uppernost sealing layer is conprised of a material selected fromthe group
consi sting of PECVDAhBhewadndrig- PEOVIDosOpiceshis usediéo erh dkiethawsilfua- of
claim1, includj nﬁi the step of form n%pan upper nost seal ing | ai/)er over the

pat t er neP 38388, aHicER %’ﬁé?d?ﬂrﬁé?ﬂnb% phepEn trRRchysbannel 6. Biaferabkeatamg t he
trench f "Hout hl% ’}00 58&1%' of gilic% SSubsirafe rald?aec%n’? fsilE:EnCycBmage silicon oxide

portion 18 is also removed to create a wider channel 36. Channel 36 has a

maximum width 37 of from about 50 to 500pm.

The formation of trench 34 and channel 36 reduces the substrate
noise effect on the MOS device 22 and, if formed, also reduces the substrate effect
on the inductor 28 quality factor (QQ). With the formation of inductor 28/dielectric

layer 26, a system-on-chip on non-silicon-on-insulator (SOI) substrate is formed.

Formation of Uppermost Sealing Layer 38

As shown in Fig. 5, an optional uppermost sealing layer 38 may
then be formed over patterned passivation layer 30, sealing or closing off trench
34. Uppermost sealing layer 38 is preferably formed to a thickness of from about
3000 to 7000A and more preferably from about 3000 to 6000A. Sealing layer 38 is
preferably comprised of PECVD nitride or PECVD silicon nitride (to minimize
wafer scratching). It is noted that optional uppermost sealing layer 38 may not be

necessary.
6



silicon nitride. 5. The nethod of claim1l, wherein a first patterned
masking |l ayer is formed over the silicon substrate to define the | ocation
of the O or Oz" inplantation into the silicon substrate. 6. The net hod of
claiml1, wherein a first patterned photoresist |ayer is formed over the
silicon substrate. tq defln the I gcation of the O or Oz" inplantation into
the silice : t-kigs. 640 8oy of claim1l1, wherein the O or Q' is

i nplanted into the silicon substrate to a depth of from about 1000 to

20, 000A. 8. The nethod of claiml1, wherein the O or QZ is inplanted into
the sili Cﬁglﬁlﬁﬁ%&&tge 10 to a depth of from about 5000 to 10, 000A. 9. The
nmet hod of erein the O or ' is inplanted into the silicon
substrate to a dose of fromabout 1E16 to 1E17 ions/cxnz. 10. The nethod of
claiml1, wherein the O or Oz' is inplanted into the silicon substrate to a

dose of from about r&gl@ HOuRERLEs 120 RS Betidrial ViRe: ras%tetl%ﬂl&fn Sh-FhdAL

wherein the silicon-damged silicon oxide region has a wdth of from about
8 to 521xH0I) sdbstfite Febhed sitcofi| stibdtrdte Bhahei & bRFesibly GOsriRERAAE0s! | | CON
oxi de region has a wdth of fromabout 10 to 50pm 11 13. The net hod of
claim 1, sabstrater A bidicah d>éds (Sinkelayepél isifetreed biver bidiyen substearyB( &ed of a
material selected fromthe groug consi sting _of boron phosphorus silicon

gl ass ( BRbBknepEch/prefaablokiote Abs@CID ﬁﬁlﬂmmmm‘e@dfdﬂﬁmydx@mmm The
met hod of _claimi,, wherein_the at |east one upper dielectric layer is
conpri sedP®f t%ﬁ@@ﬁddﬁéﬂc@)&@ gdicopslayen &4 ristthen formed givier Si0Owiastesii? the at

| east one_ upper dj c layer copprises: .a |lower dielectric |aye r

conpri sed S?Tﬁ# BYS&] l’éfré’é'i‘é oyt %@Ogéo%md s elenePlytiromy

phosphor @0 il '588“ gl ass (BPSG), PECVD TECS oxi de, APCVD 03/ TECS oxi de and
HDP oxi d

A MOS device 56 may be formed upon SOI substrate 54 and an
analog device represented as at 60 is formed within ILD layer 58. ILD layer 58
may be comprised of multiple layers and is preferably comprised of PECVD
TEOS oxide, PECVD SiH, oxide, HDP oxide or a low-k dielectric material and is

more preferably comprised of a low-k dielectric material.

A passivation layer 62 is formed over ILD layer 58. Passivation
layer 62 preferably comprises a lower 2% PSG layer 61 having a thickness of
preferably from about 2000 to 4000A and more preferably from about 2500 to
3500A and an upper, overlying nitride or silicon nitride layer 63 having a
thickness of preferably from about 3000 to 8000 and more preferably from about
4000 to 6000A.

Formation of Trench 66

A first  patterned masking layer 64 is formed over

7
passivation layer 62 and is preferably comprised of photoresist having a



an upper dielectric |layer conprised of a material selected fromthe group
consi sting of an HDP oxi de/ TECS oxi de sandwi ch, PECVD Si H4 oxi de, PECVD
TECS oxi de and HDP oxide. 16. The nethod of claim11, wherein the at |east
one upper dielectric |ayer conprises: a |lower dielectric |layer conprised of
BPSG doped. oxi de; _and, an .upper diel e ic | .;conprised of ap H

oxi de/ TEC%JCEQFB%OQQHW{IHY 1%7?“ %P@-‘trrgéd%@ gi%ﬁé%i?ﬁ Mg Eera ]rYePrtI;ﬁ‘é or
nore deviges i re MOS devices. 18. The method of claim1, wherein
t he one ﬁ%#gﬂgﬁg?gggaﬁs one or nore inductors. 12 19. The met hod of
claim1l1l, wherein the one or nore devices is one or nore MOS devices and one
or nore inductors. 20. The nethod of claim1l, wherein the passivation |ayer
is conprised of a l dg ancupp I | ai m
1, wherein the pas§$%§%?gﬁyﬁg§@$ ?%H%g%pﬁ#géﬁﬁg%ngg%ga%$ﬁ§$?%%2g%g%5§ and
an upper Rk, ssRiatish! lhfél”@,' N U8/drBLARd $licohNBy PRI HstiahdbMate
wherein the passivation Tayer is conprised of: a |ower 2% PSG | ayer havi ng
a_thi ckngsgterhed o forab oreihcR 60 @xposih@ROAr tRmd 7a6t 31@8 BiyeR bR adfieff arlbg cON
nitride l'ayer having a thickness of from about 3000 to 8000A. 23. The

met hod ofdesties 60 dnd MIBE&EHBN t he passivation layer is conprised of: a | ower
2% PSG | ayer having a thickness of from about 2500 to 3500A; and an upper
nitride or silicon nitride layer having a thickness of from about 4000 to
6000A. 24. The nethod of claimi, wherein the trench is etched using an

et ch sel efammptionseh ¢hanngldllp consisting of a reactive ion etch, an high
density plasma oxi de

As shown in Fig. 7, first patterned masking/photoresist layer 64 is
removed, preferably by a plasma O, resist strip (PRS) followed by a chemical

resist strip (CRS) using a sulfuric peroxide mixture.

Then, as shown in Fig. 7, a second patterned masking layer 68 is
deposited over patterned passivation layer 62', over the side walls of trench 66
and partially over the exposed portion 67 of Si0O, layer 52. Second patterned
masking layer 68 is preferably comprised of nitride or silicon nitride and has a
thickness of preferably from about 1500 to 2000A and more preferably from
about 1750 to 2250A.

Formation of Sidewall Spacers 71

As shown in Fig. 8, second patterned masking nitride/silicon
nitride layer 68 is etched to form sidewall spacers 71 over the side walls of trench

66, to protect the side walls of trench 66.

A wet etch process is then used to etch channel 70 within

8
510, layer 52 through second patterned masking layer opening



etch and an inductive couple plasma etch. 25. The nethod of claim1,
wherein the trench is etched using a reactive ion etch. 26. The net hod of
claim1l1, wherein the channel is etched using an isotropic etch. 13 27. The
met hod of claim 1, wherein the selective etching of the silicon damaged
silicon oxide regjon to formthe channel also renoves a portion of the

si i con Sigsidextall sppcgesel Theeve atrk proessrrgefgrably emmlopxp dB:lrdiite A 1L 28.

The met hod,of claim1l, wherein the selective etching of the silicon-damaged
silicon o%?ihbtém}'egi on to formthe channel also renpbves from about 10 to
501xm of the silicon substrate adjacent the silicon-danmaged silicon oxide
region. 29. The nethod of claim1l, wherein the channel has a maxi nrum w dth
of from about 50 t QUL i FeXely) Ofn deyi ce
substrate effects, (tclgrrpr|lsp:§gt%rﬁ3r{§{%ggtg%s{§ gg%lﬁﬁﬁéggh@%lc?eﬁ%e ésou%%‘%,r ate;

sel ect | velyddrMIH behte Bo. Uhaddhel !7tl%?t99vi§1itljl io‘f%&eﬁéﬂ%{?@}[ﬁ%& 5@0&’950&%@?0

silicon danaged silicon oxide region having a W rom about

521un; f oHOLAYaRd endte JrefRalbig ViY@ 00 Re280drhcon substrate proxi mate the
silicon-damaged silicon oxidé region within at | east one upper dielectric

| ayer; form ng a passivation |ayer over the at |east one upper dielectric
| ayer; patterning the passivation |layer and the at | east one upper
dielectric |ayer td'Heoformmttorent bhaxpe Sithrpduieethée anbsti-atieheoisé keffecnon
substrate over the silicon damaged silicon oxide region; and selectively
et chi ng tthe asplagdeviendged MOBideyiced)d. de regi on to form a channel

conti nuous and contiguous with the trench whereby the channel reduces the
substrate effects of the one or nore senm conductor devices. 31. The nethod
of claim 30, includi,ng {he step of .form ng an, uppernost sealing, | ayer over
t he patterned passidé}gti%nlsl Afer overdgadn qi“he"ﬁ%né’ﬁ fr SHFteRsoaMmBiR N0

at rmSpheri%tor%:)%rating_ analog device 60 with trench 66 and channel 70 formed around its

periphery. Fig. 8 is a cross-sectional view of Fig. 9 alone line 8 - 8, System-on-chip
80 also includes a central processing unit (CPU) 82, memory 84 and graphic
device 86.

- Advantages of the Invention

The advantages of one or more embodiments of the present
invention include:
1) reduction of substrate effects, i.e. noise reduction, for the inductor
devices;
2) increased inductor quality (Q factor) by reduction of the substrate eddy
current; and
3) to provide the environment for multi-functional chips on the same

substrate, i.e., e.g., system-on-chip.

While particular embodiments of the present invention have been

illustrated and described, it is not intended fo limit the invention, except

9
as defined by the following claims.



32. The nethod of claim 30, including the step of form ng an upper nost
sealing | ayer over the patterned passivation |layer, sealing the trench from
t he ambi ent at nosphere; the uppernost sealing |layer is conprised of a

mat eri al- sel ected fromthe group consisting of PECVD nitride and PECVD
silicon nitride. 33. The nethod of clajm30, including the step of formng
an uppernost sealing |ayer over theggéiuﬂéned passi vation | ayer, sealing
the trench fromthe anbi ent atnosphere; the uppernost sealing |layer is
conprised of PECVD silicon nitride. 34. The nmethod of claim 30, wherein a

fi i I ' h il bst r.
et ot it 1 GUATPa gr app¥Gferh PobGheEf YK 2BSidle HSTHEERPRELE 8

substr at e;p3Dpf- The net hod of claim 30, wherein a first patterned
phot oresi st™ | ayer is formed over the silicon substrate to define the

| ocation of t'}%o@idiﬁga@iicdm%a%é;i on into the silicon substrate. 36. The
met hod of claim 30, wherein the O or Oz~ is inplanted into the silicon

substrate to aeligpitlioimframnaiOusr 00AIS hAliQH0AbRate ThforR bkl cl ai m
30, wherein the O or is Inplanted into the silicon substrate to a
dept h of damagabsilitob0leregidh; OO0t ~. 38. The nethod of claim30, wherein
the O or @Z is inplanted into the silicon substrate to a dose of from
about 1E16 to foEhIng e/ onenoB9 deTives metel odheosilicomisub3tatenpemdimate the O or
QZ'" is inplanted into the silicon substrate to a dose of from about 4E16 to
8E16 i onstli¢pn-damaged gilicppeoxige rrgdon withiniatleet onpeppendidestst layeon- danaged
silicon oxide region has a w difgiBOf from ahout 10 to 50um 41. The net hod
of claim 30, rha PREsirtieR faster oNer theadrleast oneainnes didgetricilayetonpr i sed

i 11 con gl ass LGRS BedBeTBBRTJRY T RS 198 ARCTRAA Be RREHEFoToxi de.
42. Th t f ' . in the at | east dieglectric |
s compr i el ot ApsERhdxetnd Satieh G B sfR3h SRR et Foidiam (ne
at | east i a%%)ﬁ![icgﬁg%&%té{eg%ﬂégx r conprises: a lower dielectric |ayer

conpri se ‘a nateria romthe group consisting of boron
phosphorus  si | defivaly2 SichiP I siRESBataERd O%iliéen oxide region to form a

channel continuous and contiguous with the trench, whereby the channel

reduces the substrate effects of the one or more semiconductor devices.

2. The method of claim 1, including the step of forming an uppermost sealing
layer over the patterned passivation layer, sealing the trench from the ambient

atmosphere.

3. The method of claim 1, including the step of forming an uppermost sealing
layer over the patterned passivation layer, sealing the trench from the ambient
atmosphere; the uppermost sealing layer is comprised of a material selected from

the group consisting of PECVD nitride and PECVD silicon nitride.

4. The method of claim 1, including the step of forming an uppermost sealing

layer over the patterned passivation layer, sealing the trench from the

10
ambient atmosphere; the uppermost sealing layer is comprised of PECVD



APCVD 03/ TECS oxi de and HDP oxi de; and an upper dielectric |layer conprised
of a material selected fromthe group consisting of an HDP oxi de/ TEQCS oxi de
sandwi ch, PECVD Si H4 oxi de, PECVD TECS oxi de and HDP oxi de. 44. The net hod
of claim 30, wherein the at |east one upper dielectric |ayer conprises: a

| ower dielgctrigc layer conprised of BPSG doped oxi de; and an upper

di el ectri lgﬁbﬁﬁnéﬁnprised of an HDP oxi de/ TEOS oxi de sandwi ch. 45. The

nmet hod of claim 30, wherein the one or nore devices is one or nore MOS

devi ces. 16 46. The net hod of claim 30, wherein the one or nore devices

IS one or I A7, T met-hed of claim 30, wherein the one or
nor e devi%:'epfgH e%ge%éfél?r%?é’ ?<>6§r1]§é‘v% %58 I3 tgr%eﬁgnas léyFB%ftféf%‘Fg.ovfg. The
met hod of gl a4 i . ' [ l.aver... -+ i | ower
Tayer and e ner s © Qehn heTocatl' rnetsebr CF SRFRATH Brotne

passi vat i §hcdryi@stiase.conpri sed of a | ower 2% PSG | ayer and an upper nitride
or silicon nitride layer. 50. The nethod of claim 30, wherein the
passivation layer is conprised of: a | ower 2% PSG | ayer having a thickness
of from about 2000 to 4000A; and an upper nitride or silicon nitride |ayer
havi ng a é.lThkmeskodfof fdaim apatier&A00 fitst RA6FAd Photdheisidi@ds gbrabai m 30,
wherein the passivation |ayer is conprised of: a |ower 2% PSG | ayer havi ng
a t hi ckneseerdhefsilinonaybstraseodefinsieiaratmd oathaPper Oyf imphatatiorsiritd con
nitride | ayer_having a thickness of from about 4000 to 6000A. 52. The

met hod ofthgsdigenzmbsigataein the trench is etched usi ng an etch sel ected

7. The method of claim 1, wherein the O" or O," is implanted into the silicon

substrate to a depth of from about 1000 to 20,000A.

8. The method of claim 1, wherein the O" or O, is implanted into the silicon

- substrate 10 to a depth of from about 5000 to 10,000A.

9. The method of claim 1, wherein the O" or O," is implanted into the silicon

substrate to a dose of from about 1E16 to 1E17 ions/cm®

10. The method of claim 1, wherein the O" or O," is implanted into the silicon

substrate to a dose of from about 4E16 to 8E16 ions/cm’.

11. The method of claim 1, wherein the silicon-damaged silicon oxide region has

a width of from about 8 to 52um.

12. The method of claim 1, wherein the silicon-damaged silicon oxide region has

a width of from about 10 to 50pm.

11



fromthe group consisting of a reactive ion etch, an high density plasma
oxi de etch and an inductive couple plasma etch. 53. The nethod of claim 30,
wherein the trench is etched using a reactive ion etch. 17 54. The net hod
of claim 30, wherein the channel is etched using an isotropic etch. 55. The
met hod of_.cl ai m 30 erein the selective etching of the_silicon-danaged
silicon ox dﬂler é@ﬁfhﬂmefr ¢laim ]trh‘é'ls‘élF?a’hr’FbP af| least; enpwpes dslactrim layertise

e .si,l.i cons; damaged silicon_oxide region. 56.

silicon substr.at dj acent . t )
The uot notbtatistd o b RS e L SR TR ST Ceneiing o6 POy Phosphorus

silicon-d e il (o)'d! } ta.for h al.so re from
about 10 TRCEb KA o TER EEC B PLOR Phdre e e b TS Prifg i e

silicon o&-gﬁ region. 57. The nmethod of claim 30, wherein the channel has a
maxi mum w dt h of from about 50 to 500um 58. A nmethod of reducing substrate

effects under an anal og device; providing a substrate; formng a silicon
oxi de | ayer over the substrate; formng a silicon |ayer upon the silicon

oxi de | ayps.; THOEBtREd AFeclaim "D whekeeh 8Bk rdtCleh sty 8RS Lgsrgé& diBRchiid 15D j9xi de
| ayer; the one or nore dielectric layers including anal og devi'ce;

form ng acompsisachdf BRSGalopedwsgde.t he one or nore dielectric |ayers;

patterni ng the passivation |ayer, the one or nore dielectric |ayers and the
silicon layer to forma trench exposing a first portion of the silicon

oxi de layer proximte the anal og device; the trench havi ng expose side

wal | s; fO]fﬁ'ﬁﬁ@)e shetdadl pf spiverls wherein Hbeexipbesetl agieduppat | deleftrichéayterench;
the sidewall spacers form ng an openi ng exposing a second portion of the
silicon oMBI#&yer that is less than the first exposed portion of the
:Iel:loﬁgn eg)};loggdel\ g%‘g{:zg G?pngtgig H@yeert gohrlng%ség %f%l Ha%&?alosﬁe%?e ?;r%?rrl t{lg rg?'ggg the

consisting of boron phosphorus silicon glass (BPSG), PECVD TEOS oxide,
APCVD O,/TEOS oxide and HDP oxide; and

an upper dielectric layer comprised of a material selected from the group
consisting of an HDP oxide/TEOS oxide sandwich, PECVD SiH, oxide, PECVD
TEOS oxide and HDP oxide.

16. The method of claim 1, wherein the at least one upper dielectric layer
comprises:

a lower dielectric layer comprised of BPSG doped oxide; and

an upper dielectric layer comprised of an HDP oxide/TEOS oxide

sandwich.

17. The method of claim 1, wherein the one or more devices is one or more MOS

devices.

18. The method of claim 1, wherein the one or more devices is one or more

inductors.
12



silicon oxide |ayer to forma channel extending at |east part way beneath

t he anal og devi ce, whereby the channel reduces the substrate effects of the
anal og device. 59. The nethod of claim58, wherein the substrate is a
silicon substrate. 60. The nethod of claim58, wherein the silicon oxide

| ayer has, a.thickness of from about 500 to 2000A_and the silicon | ayer has
a thi ckne’sgsT%‘FIF?%\ﬂ%a%&]?u% OWETYHFOA ONE LT TrAEE %‘flﬁ%ﬂsdﬁ‘e&rdﬁﬁf%ﬁﬂl&ﬁherei n
the sili c(gn .oxiﬁg@ I a%/er has.ad%cgi ckness of from about 500 to 1500A and the
si licon |BYEreSHEs A% A BIRB ELEFO% om about 500 to 1500A. 62. The nethod of
cl aim58, wherein the passivation |ayer is conprised of a | ower |ayer and
an upper layer. 63. The nethod of claim58, wherein the passivation |ayer
i's conpri f 0 A=13 it rd iel_i

it de 1A are o ciah TR RS A0 el g OB B TR e,
conpri seqaygfa@hﬁ egﬁ/gyPegG | ayer having a thickness of from about 2000 to
4000A; and” an upper "hitri'de or silicon nitride |ayer having a thickness of
from about 3000 to 8000g. 65. The nethod of claim58, wherein the
passivation |layer is conprised of: 19 a |l ower 2% PSG | ayer having a

t hi ckness2lofThermathaliont c12i00, twiheB&AQA: passivation iftdmipgBed of 3 lbvesn
nitride |ayer having a thickness of from about 4000 to 6000. 66. The nethod
of cl ai m38 PShklyetand anhppsreptrade dosiivorgniri®ykevi ce on the substrate
proxi mate the anal og devi ce, whereby the channel extends at |east partially
under the MOS device. 67. The nethod of claim58, wherein the one or nore
dielectrig yers are | LD |l ayers. 68. The nethod of claim58, wherein the
one or %ﬁ?éﬁ%‘?@i%c%%y erein: Bypipassu@tion layerdis epmarised|adct ed from t he

group consistin ﬂm?ér ﬁ/g %& l-la;%%having a thickness of from about 2000 to 4000A; and

an upper nitride or silicon nitride layer having a thickness of from about

3000 to 8000A.
23. The method of claim 1, wherein the passivation layer is comprised of:

a lower 2% PSG layer having a thickness of from about 2500 to 3500A; and

an upper nifride or silicon nitride layer having a thickness of from about

4000 to 6000A.

24. The method of claim 1, wherein the trench is etched using an etch selected
from the group consisting of a reactive ion etch, an high density plasma oxide
etch and an inductive couple plasma etch.

25. The method of claim 1, wherein the trench is etched using a reactive ion etch.

26. The method of claim 1, wherein the channel is etched using an isotropic etch.

13
27. The method of claim 1, wherein the selective etching of the silicon-



oxi de, PECVD Si Hg oxi de, HDP oxide and a lowk dielectric material. 69. The
nmet hod of claim58, wherein the one or nore dielectric |layers are conprised
of alowk dielectric material. 70. The nethod of claim58, wherein the
sidewal | spacers are conprised of a material selected fromthe group
consisting of nitride and sil.icon nitrjde, 71.. The nmethod of cl ai 8,
wher ei n t‘ﬂaé‘n%eéjn O OXf ‘?ﬁ%oﬂg?ﬁaﬂﬁ t:%@tCh@’c”éﬁl %?%é%gvewporﬁenr#}tﬁ%d of
cl ai m 58, . i he._ ¢ i.s. forped usjng a wet, etch enpl oying a 10:|
dilute HI'—SISOEI:{J |H§Egatiﬁgjgg%$h%ﬁ@c%fc[%ﬁa%efd %lgfac?r?r?% € Bk ei n t he channel
has a width of fromabout 50 to 250pm 74. The nethod of claim 58, wherein
the channel has a width of fromabout 100 to 200um 75. A nethod of

reduci ng bkl HEEhEUD q\‘ﬂﬁer@ﬁ} %{@é&&fﬂ%vétgghgﬁﬂﬁedbiﬂrf%brgggég%gg&n

substrate; formng a silicon oxide [ayer over t icon s

form ng aikidn 60idel re¥RIN WP IR SidrirePAleXietfovededm etazmi:mo%gap%f nor €
dielectric layers over the silicon oxide |layer; the one or nore dielectric

layers i nbksilicon sabsaram ajadey tleesiliton-dant gdpaliena@tideregioner over the one
or nore dielectric layers; patterning the passivation |ayer, the one or
nore dielectric layers and the silicon layer to forma trench exposing a
first portion of the silicon oxide |ayer proximate the anal og device; the
trench ha% ddeexnpdmsdostigimwalwherein the charvia dwald mepivens widdr of fimnexposed
side wall g of the trench; the sidewall spacers form ng an openi ng exposing
a second PB#O 8P0HMe silicon oxide layer that is |ess than the first
exposed portion of the silicon oxide |ayer; and etching the silicon oxide

| ayer through the second exposed portion of the silicon oxide layer to form

a channel tendin t least part beneat h th nal.og devi ce,. wher eby

t he chann?’gl? )Ar e&g%%‘gof ﬁeed%%f'&éfcémé?’%@t S0 ?%?ﬁfé?éfﬁgﬁeqﬂ%%“?mgé.ﬁeme
nmet hod of tﬁ&%ﬁm 75, wherein the silicon oxide |ayer has a thickness of from
about 50(?‘ 0 2000g and the silicon layer has a thickness of from about 500

to providing a silicon substrate;

selectively implanting O" or O," into the silicon substrate to form a silicon-
damaged silicon oxide region having a width of from about 8 to 52um;

forming one or more devices over the silicon substrate proximate the
silicon-damaged silicon oxide region within at least one upper dielectric layer;

forming a passivation layer over the at least one upper dielectric layer;

patterning the passivation layer and the at least one upper dielectric layer
to form a trench exposing a portion of the silicon substrate over the silicon-

- damaged silicon oxide region; and

selectively etching the silicon-damaged silicon oxide region to form a

channel continuous and contiguous with the trench whereby the channel reduces

the substrate effects of the one or more semiconductor devices.

31. The method of claim 30, including the step of forming an uppermost sealing
layer over the patterned passivation layer, sealing the trench from the ambient

atmosphere.
14



2000A. 21 77. The nethod of claim 75, wherein the silicon oxide |ayer has
a thickness of fromabout 500 to 1500A and the silicon |ayer has a

t hi ckness of from about 500 to 1500A. 78. The nethod of claim 75, including
the step of form ng a MOS device on the substrate proximte the anal og

R e R
i d / - ) im 75,

anerei n cRen BT U paftieg s BRdsRRres ¥Ens o i psthecyebidiha an

the pass SaFRET e 6Pedhods PRLENTer 1 fome o TPEAMr Bhal i propt " ' 1

t hi cknes f, : \aplly i.f.rsi.de or silicon
nitride Toy T ﬁ%ﬂf%ﬁ?ggﬁg?éﬁg?ﬁ? AR EC YD RE Al 0E O 65 | The

met hod of claim 75, wherein the passivation layer is conprised of: a | ower
2% PSG | ayer having a thickness of from about 2500 to 3500A; and an upper
nitride 3. Jheimethodl of éldin 13y atclhbdivisndeastépbe khesitigain fippeirabgueaRPO to
6000A. 83. The nmethod of claim75, wherein the one or nore dielectric

| ayers arleyén Ovémther patt@ed Baksivihienntaybndealing lthe trehch fntner ienarhbiendne or
nore dielectric layers are conprised of a nmaterial selected fromthe group
consi st i rfosispheeythaeppemredscalbECiAyesit-tbropiisk] of PECYL siicamditaideow- k
dielectric material. 85. The nmethod of claim75, wherein the one or nore
dielectric layers are

34. The method of claim 30, wherein a first patterned masking layer is formed
over the silicon substrate to define the location of the O" or O," implantation into

the silicon substrate.

- 35. The method of claim 30, wherein a first patterned photoresist layer is formed
over the silicon substrate to define the location of the O" or O," implantation into

the silicon substrate.

36. The method of claim 30, wherein the O" or O,” is implanted into the silicon

substrate to a depth of from about 1000 to 20,000A.

37. The method of claim 30, wherein the O" or O, is implanted into the silicon

substrate to a depth of from about 5000 to 10,000A.

38. The method of claim 30, wherein the O" or O, is implanted into the silicon

substrate to a dose of from about 1E16 to 1E17 ions/cm®

39. The method of claim 30, wherein the O" or O, is implanted into the silicon

substrate to a dose of from about 4F16 to 8E16 ions/cm™
15



conprised of a lowk material. 86. The nethod of claim 75, wherein sidewall
spacers are conprised of a material selected fromthe group consisting of
nitride and silicon nitride. 87. The nethod of claim75, wherein the
channel is forned using a wet etch process. 88. The method of claim?75,

ol Ut 1 on. X531 F e SIEn St P TGl HAr B e AL S TR dEh of
;r\(/)vimd?trzot)%“%‘?tgn&af%‘glg\%fbgqp53_5@‘6‘%&?*0(2130]‘ claim 75, wherein the channel has
A AAAALCAALALALALAAA AAAAAAAAAABNSZY*8#M i

} xsni d*Y] ca] c™a] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
a] ca] ca] cal ol fRkise] Ol Gaid) 3D2lidein the at least ielectr i

i #k: cu+~#hT. 3g~ytoj e [ U] cg‘la] caj ca] cgl]nca]ec%ﬁ cea cg galipcpaeircgl‘lae e((::g CC('IJI ygg]lga] calc
a] ca] ca] calspliskpbeA apadahralleabs aﬂcﬁﬁ]tn@Fe@aIs %ﬁﬁ%&a@% 8@¥tdh phosphorus
#3&EL' ' ' zupkf "[Vje [U]ca] ca] cMa] ca] calca]ca] ca] ca] c”a] cha

U]( _c’(‘ (a]( ;:a%?%c;rg g}zasa] BFEC)aPEa]\da] TROS adxdde,c AFCADCA] LTEDS af>qdé caldc 2R

! J e * **+

, G ,,,,Doxide. b...//0T0g00{vql fa\W]]ca] ca] ca] c*a] ca] ca] ca] ca] ca] calca]ca]c
a)J cal ca] ca] ca] ca] ca] c™a]ca] ca] ca]ca]ca]c”a] cal calcalcalcalcalca! 0011X111125
2<22223! 3f 33404445N5553676n777808° 8| wnhc”~Y]]]] ca] ca] ca] ca] ca] ca] ca]ca] ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca! 88
9]9h9]99"]: \ﬁ zl)gk]}ec:,rr!eth(])g o]f clrllim ]30, ]Whe]rein] the] at le]ast ]one]upger iele]ctric]: la}!er i]s

y oy SAKKKK=>+>y>>>7829972/ xsnid_Z ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

ca] ca] ca]%9&%%?%@?@%&’%%}1?5%%@?%]‘% ]c!a} ca} ca} ca} ca} ca} ca} ca} ca} v@]@@] ]
AA" Ak AgAAA3BIVBBB$CCCCDZDDDERE| EE! FpFFGTGGEBH} xsnid_Z]]]]]1ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
]ca]ca!8 JJJ> L : i cal ca]
cal ca] caﬁ?gﬁ;ﬁ cﬁg%t%:lgilc%ﬁ]ga ca?e(}:’a caJ ca] ca E%/](P%:%gcg{es% ég c&éf@é%r%:cla}agg%ca] ca]
ca] ca] ca] Gl sALIMQBRRRSSSKTVTTT UWUUUVWLVWWWVW>W WAV

X XyXX}xsni d_Z]]]]]ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca

| ca] ca] ca] ca] calewicaldadfieligpdcalhplisad 68X ¥R elelid Alohh [thelgrdmpl 17~ "P
q__ T comastinghof idibhc phospleatieabitiabs aglad qBPsa) c ARG DATEaIS: akesd, ca] cal

cal] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! aaa! bpbxbbcdckcc

ddf ddde YeABE®IMY, f TEQGgudddhiind HDP oxide; and

i }xsnid_Z]]]]]ca]ca]ca]ca]ca]ca]ca]cal C%] cal] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] @appg]st:d]q},q]tda}l@)aa]rmmpnise of a material selected from the group

1 Jiii-76j]jj])kKTK[kkyl |l ?mmmj nno Tg[pa pqg ) ) .
qx?qq%xs]rﬁcﬂl_sﬁﬁlﬁ](}fciﬁ} @Bﬂ%‘%ﬁi/@%ﬁa }0?5 ]Q:%E}IEH’}’@&] EEF&@?%\I]{CQ%EEF&Q?CM cal
ca] ca] ca alcalca ajcalcalcalcalcalqrOrrrsRssss@ttttt @uuvevvvwm ww
\AM/6x>xAx}ﬁ€éqgﬂ’Jlf‘k‘§4ﬁr&l_§ﬁ]¥P}%§] cal ca] ca] ca] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calcalcalcalcalca:jBi K-10%4 & ()-10% & () -
F'10%9 & ()-CYL0U & ()-6\10% & ()-1099 & ()-!'10U & ()-"5zi K- 1) @0%A & ()-C ' Y10

g & - #104.8' - Cl Y1 ', : . :
140% & 0 %)1%?% g?tﬁpés%%‘g o) Yhegeinythey Bt 1east . SueompRey ylielestrio e () - 410
B & () 25h0hi&l) - 10% & () - C YL0% & () - 78#n} _A710] 910%E& () -

1100688 () HO%RE ()- 3\ 10%@ ()- 10%@& ()- " <10%@& ()- 10]d f g h i

a lower dielectric layer comprised of BPSG doped oxide; and

an upper dielectric layer comprised of an HDP oxide/TEQS oxide

sandwich.

45, The method of claim 30, wherein the one or more devices is one or more MQOS

devices.
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| =109@& ()- 6109%@ ()- |i=10%@& ()- cu+~dEodE10] @010%@ () -
V6! 10% 4Y10% 010¢
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10@ 10@,
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- SH10% & ()-T. 01239xan10] | 10%@& ()- 10] 10]
10] 0] 910% & () - $610% & () - 4<10% & () -

1)" 10%4 & 47) THERBINeHU A% (\)rhéﬂe%p%éﬂ s bl QYA Eebiced id HVEBibks MOS
\10%@ ()- TT10% ()-*v*2mbCio 3°

.1 10% (JevitedsQMERONY oFbR¥@Rdwdtoks. ! 10%& () -! 10%@& () -! uS4Y
10%@& ()-!s' 10%@& ()- 10%@& ()- 10@@ 10@@ 0@ s6! 10%@e’ () - s6! 10%@& () - U
neenn [ PE: 10@ 10@ 10@| 910%@ () -! - ! 109%@8& () - DI ) 10%@& () -
11 10%@0y (t%_l 1 109%@@&' ()-""" #$$&IEPE: 10@ 10% & ()-° Y10 & ()- !'10% & () -
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49. The method of claim 30, wherein the passivation layer is comprised of a lower

2% PSG layer and an upper nitride or silicon nitride layer.

50. The method of claim 30, wherein the passivation layer is comprised of:
a lower 2% PSG layer having a thickness of from about 2000 to 40004; and

an upper nitride or silicon nitride layer having a thickness of from about

3000 to 8000A.

51. The method of claim 30, wherein the passivation layer is comprised of:
a lower 2% PSG layer having a thickness of from about 2500 to 35004; and

an upper nitride or silicon nitride layer having a thickness of from about

4000 to 6000A.

52. The method of claim 30, wherein the trench is etched using an etch selected
from the group consisting of a reactive ion etch, an high density plasma oxide
etch and an inductive couple plasma etch.

53. The method of claim 30, wherein the trench is etched using a reactive ion etch.

17



10] 10] 10]L\8P10% & ()-)e){)))$*Z*dEbC 10@ 10%G& () -
SI109%@& ()- i YLO%@ ()-v 10%@& ()-s10%@& ()-! 10%@& ()-Z**+ , G ,, dEbC
10@109%@& ()-2! 109%@& ()- | 0=10%a& () - -

100%@&' ()-! ! 10%@& ()-S Yloty@ (-, 1A B-C Do xribC 100 10% ()~ 10010@
- 0 109 A
igg%&%g) @%ﬂ‘% %%ﬁgte@ﬂﬁ%f@%el(lf et égl%ﬁq@a{l)lsotropm etch.

10%@& ()-.//0TOgOOdENDC 10@ ) 10%@& () - |’ 10%@& () - %<10% () - #10%@& () -
Sl 10%@ ()- <10%@& ()- 0011X111dEnbC 10@ S6YL0%@ ()- 2f 10%@ () - 010%@& () -

o6 T B R RERIER TR A el 0-
52?42’1‘4%5?ﬁ%’f@%ﬁéﬁ%@?—%ﬁﬂw ] B e SRS e

@0% & ()subbbh Beeht dbe siton-damaged silicon oxide region.
10V6! 109 & () - = 11094 & ()- 1) 11004 &) - 11004 & ()¢

V98 109% & ()-=!y109% & () - 778( 8LBVMBNSOB" 8} 0aS410%@& ()- 1033 103J

10331\ 810%1J& ()-11810%1& ()-): 10%4 & ()- @BL0% & ()-

) 8899h999§ﬁE§E&1ﬁ&@W@0f(QlaMG@’@h@em 'th@%’@ct@\)e g@ching of the silicon-damaged
109 ()~ @ L0%E: () - <s! 10943 () - 1) c: dEaSA10vYE LOUGE () - #) LOUGE () -
F10%@& ()silicoroomdate(tegiceiofum the dnam&fl/@o(x)emcwe;s fravhabalEAB4DBGI0 VR () -
41 10%GK ()~ O 1004GK (). 110V (). +f 1004 ()~ 1)1 109 ()-

<<<LL=>+ g@é@ 1‘(1§€‘-ad]qt€§lp@%(§ lcq_@@@'la(g)edsnl@y@u@yrpgmn

57. The method of claim 30, wherein the channel has a maximum width of from

about 50 to 500pum.

58. A method of reducing substrate effects under an analog device;

providing a substrate;

forming a silicon oxide layer over the substrate;

forming a silicon layer upon the silicon oxide layer;

forming one or more dielectric layers over the silicon oxide layer; the one
or more dielectric layers including an analog device;

forming a passivation layer over the one or more dielectric layers;

patterning the passivation layer, the one or more dielectric layers and the
silicon layer to form a trench exposing a first portion of the silicon oxide layer
proximate the analog device; the trench having expose side walls;

forming sidewall spacers over the exposed side walls of the trench; the
sidewall spacers forming an opening exposing a second portion of the silicon
oxide layer that is less than the first exposed portion of the silicon oxide layer;

and
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61. The method of claim 58, wherein the silicon oxide layer has a thickness of
from about 500 to 1500A and the silicon layer has a thickness of from about 500 to
1500A.

62. The method of claim 58, wherein the passivation layer is comprised of a lower

layer and an upper layer.

63. The method of claim 58, wherein the passivation layer is comprised of a lower

2% PSG layer and an upper nitride or silicon nitride layer.

64. The method of claim 58, wherein the passivation layer is comprised of:
a lower 2% PSG layer having a thickness of from about 2000 to 40004; and

an upper nitride or silicon nitride layer having a thickness of from about

3000 to 8000A.

65. The method of claim 58, wherein the passivation layer is comprised of:
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66. The method of claim 58, including the step of forming a MOS device on the
substrate proximate the analog device, whereby the channel extends at least

partially under the MOS device.

67. The method of claim 58, wherein the one or more dielectric layers are ILD

layers.
68. The method of claim 58, wherein the one or more dielectric layers are
comprised of a material selected from the group consisting of PECVD TEOS

dxide, PECVD 5iH, oxide, HDP oxide and a low-k dielectric material.

69. The method of claim 58, wherein the one or more dielectric layers are

comprised of a low-k dielectric material.

70. The method of claim 58, wherein the sidewall spacers are comprised of a

material selected from the group consisting of nitride and silicon nitride.

71. The method of claim 58, wherein the channel is formed using a wet etch

Process.

72. The method of claim 58, wherein the channel is formed using a wet etch

employing a 10:1 dilute HF solution.
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75. A method of reducing substrate effects under an analog device;
providing a silicon substrate;
forming a silicon oxide layer over the silicon substrate;
forming a silicon layer upon the silicon oxide layer;
forming one or more dielectric layers over the silicon oxide layer; the one
or more dielectric layers including an analog device;
forming a passivation layer over the one or more dielectric layers;
patterning the passivation layer, the one or more dielectric layers and the
silicon layer to form a trench exposing a first portion of the silicon oxide layer
proximate the analog device; the trench having exposed side walls;
forming sidewall spacers over the exposed side walls of the trench; the
sidewall spacers forming an opening exposing a second portion of the silicon
oxide layer that is less than the first exposed portion of the silicon oxide layer;
and
etching the silicon oxide layer through the second exposed portion of the
silicon oxide layer to form a channel extending at least part way beneath the

analog device, whereby the channel reduces the substrate effects of the analog

device .

76. The method of claim 75, wherein the silicon oxide layer has a thickness of
from about 500 to 2000A and the silicon layer has a thickness of from about 500 to

2000A.
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substrate proximate the analog device, Whereby the channel extends at least

partially under the MOS device.

79. The method of claim 75, wherein the passivation layer is comprised of a lower

layer and an upper layer.

80. The method of claim 75, wherein the passivation layer is comprised of a lower

2% PSG layer and an upper nitride or silicon nitride layer.

81. The method of claim 75, wherein the passivation layer is comprised of:
a lower 2% PSG layer having a thickness of from about 2000 to 40004; and
an upper nitride or silicon nitride layer having a thickness of from about

3000 to 8000A.

82. The method of claim 75, wherein the passivation layer is comprised of:
a lower 2% PSG layer having a thickness of from about 2500 to 3500A; and
an upper nitride or silicon nitride layer having a thickness of from about

4000 to 6000A.

83. The method of claim 75, wherein the one or more dielectric layers are ILD

layers.
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85. The method of claim 75, wherein the one or more dielectric layers are

comprised of a low-k material.

86. The method of claim 75, wherein sidewall spacers are comprised of a material

selected from the group consisting of nitride and silicon nitride.

87. The method of claim 75, wherein the channel is formed using a wet etch

process.

88. The method of claim 75, wherein the channel is formed using a wet etch

employing a 10:1 dilute HF solution.

89. The method of claim 75, wherein the channel has a width of from about 50 to
150um.

90. The method of claim 75, wherein the channel has a width of from about 100 to
200pm.
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