| sol ati ng Substrate Noi se by Form ng Sem -1 nsul ati ng Regi ons [ 0001]
This application clains the benefit of U S. Provisional Application
No. 60/611, 186, filed on Septenber 17, 2004, entitled "Method and
Structure for Isolating Substrate Noise,"” which application is
hereby incorporated herein by reference. TECHNI CAL FI ELD [ 0002] This
invention relates generally to integrated circuit isolation, and
particularly rel ; | I tH is g i on
Porbar drment | BACKSEIRE [BSEAe NelsE hRobiig Suaal-fudd AR epigils
fabrication nmake possible the integration of digital and anal og
circuits d¥%he s Ehﬁ applicatipip claipp the benefinef B §y Progisignalefpplicaiéen Ney 60/611,186,
nobi |l e comruni cation systens where a digital core is conbined with
anal og RF fid¢draSepsembenhé7,Ri0§# t catitledadethodhbralStoicneefor $sodatimg Sy piteed Nyise,”
formed as a variety of conmponents near one surface of a wafer. These
conponent svhichyaplpBcaion seiweetnl int@pehied deparatreftrdige. nt er - net al
dielectric layers. Usually, the topnost |ayer is nade of a
dielectric material and serves as a passivation layer for the entire
struct ur e THOHNMJAITRELDt egrati on of the digital and analog circuits
causes noi se coupling between the digital and analog circuits. The
analog circuit is_especially affected by the noise geperated in th
di gi t al il “fﬁﬁsgnvsefla?ﬁ ﬁlfﬂé%lsr&epvaﬁy ol ipseratnd clrevit Bp %é‘n‘geﬁi“é‘&l y relates
i n anal og signal processing and

to noise isolation using guard ring and proton bombardment.

BACKGROUND

[0003] Recent advances in IC design and fabrication make possible the integration of digital
and analog circuits on the same IC chip. This technology is widely used in mobile
communication systems where a digital core is combined with analog RF circuits. The digital
and analog circuits are typically formed as a variety of components near one surface of a wafer.
These components may be at several levels separated by inter-metal dielectric layers. Usually,
the topmost layer is made of a dielectric material and serves as a passivation layer for the entire

structure.

[0004] The integration of the digital and analog circuits causes noise coupling between the
digital and analog circuits. The analog circuit is especially affe;:ted by the noise generated in the
digital circuit. This significantly limits the performance achieved in analog signal processing and
data conversion circuits, such as differential amplifiers that are extremely sensitive to the noise at

the differential inputs. Figure 1 illustrates the noise path between the digital and analog circuits.




data conversion circuits, such as differential anplifiers that are
extrenely sensitive to the noise at the differential inputs. Figure
1l illustrates the noise path between the digital and analog circuits.
-1 Region 4 is a digital circuit. Region 6 is an analog circuit.
Arrows 8, 10 and 12 synbolize one of the noise paths in the

substrat
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the substrate. As shown in Figure 1, an isolation layer 14 breaks the noise path between circuit

regions 4 and 6. Isolation layer 14 is typically formed of dielectric materials. One example of the
isolation layer 14 is a trench isolation between the circuits to be isolated. To form deep trench
isolation, trenches with near vertical sides are etched between the circuits and then filled with

dielectric materials.

[6007] However, even deep trench isolation is not fully satisfactory when full isolation
between the circuits is required. This is particularly true when high-speed analog circuits are

involved.

[0008] Another known method is placing a guard ring in the substrate and between the
circuits to be isolated. As illustrated in Figure 2, a p+ guard ring 20 is formed in a p- substrate 2.
The guard ring 20 is grounded as shown at 22; therefore, it creates a low resistivity path for the
substrate noise. The noise is more likely to take the low resistivity path to the guard ring 20 than

a higher resistivity path to another circuit region.

[0009] Yet another method has been developed. Figure 3 illustrates a proton bombardment

approach. Semi-insulating region 24 is created by proton bombardment from the topside of the



[ 0008] Anot her known nmethod is placing a guard ring in the substrate
and between the circuits to be isolated. As illustrated in Figure 2,
a p+ guard ring 20 is fornmed in a p- substrate 2. The guard ring 20
is grounded as shown at 22; therefore, it creates a lowresistivity
path for the substrate noise The noise is nmore likely to take the
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-3 SUMVARY OF THE | NVENTI ON [ 0011] The preferred enbodi nents of the
present invention provide an integrated circuit structure for

i solating substrate noise and a nethod of formng the sanme. [0012] In
accordance with one aspect of the present invention, a

sem -insulating region is fornmed in a substrate between a first
circuit region and a second circuit region by proton bonbardnment.
Two guar i r I the sem -insulating regions. A
backsideqggﬂﬂﬂa$ﬁgﬁ?iﬁﬁﬁgﬂpggf@ﬂqis formed using proton bonbardnent
fromthe back surface of the substrate. The backside sem -insul ating
regi on i goergf er amk yreromarahBsimehtd of R fre&ht mdSHloAlpre\ddd finfErated circuit
created fromtopside. A grounded guard layer is then fornmed on the

backsi de «aqahrd @5 bk Gbsh 8Ok O Tknol S BEALE hegpRIbOd] Ment s of

t he present 1 nventrion ectively 1solate trate noise. -4

BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] For a nore conplete

under st af@i012j of It hecopiamsentthione espiec oL the prtséh énaatiom taasgas- insulaeihg odgion is

reference is now nade to the follow ng descriptions taken in

conj unct ifgnediih B shi\@ratcAERERAN NP Bir it8b 88 Snd b Bedditl €Beuit region by proton
bombardment. Two guard-rings are formed along the semi-insulating regions. A backside semi-
insulating region is formed using proton bombardment from the back surface of the substrate.
The backside semi-insulating region is preferably connected with the semi-insulating region

created from topside. A grounded guard layer is then formed on the backside semi-insulating

region.

[0013] The preferred embodiments of the present invention effectively isolate the substrate

noise.



[0015] Figure | illustrates a noise path in a substrate between a
digital circuit region and an analog circuit region; [0016] Figure 2
illustrates a conventional nmethod of formng a guard ring in a
substrate to isolate the noise between a digital circuit region and
an analog circuit region; [0017] Figure 3 illustrates a conventi onal
met hod of using sem -insulating regions created by proton

bonmbard } a digital circuit region and
an ana|g§ﬁ§5%§ﬂ$$£§ﬁ§39 n,F?8@§§F9§&§§¢§ 4 illustrates the formation

of a digital region, an analog region, and guard rings; [0019]

Figure 5[o8149str %E&_rﬁdi'@cérﬁﬁl@ﬁtdrﬂ_@rs&ﬁldﬁxgmfﬂie%’teﬁﬁ&véﬂ[on?aﬁd)ﬂhﬁ la@antages
sem -insulating region; [0020] Figure illustrates proton

bonbard i . i . . .
com ) haSTrd e 90R5y6k 16 1 OHAPLTRBISR L B sopppeion it e
bonmbar dnent fron1tQ§?backsidﬁ.gf the substrate; [0022] Figure 8

i |1 ustrat&SPHIER ‘@@g%f%ﬂ' d guard | ayer forned on the backsi de
of the substrate; -5 [0023] Figure 9 illustrates a top view of a

digital reisyn, ForOaingihRIhBisePpdthliNQ subtrtabdtRBen a digital circuit region and an

analog circuit region;

[0016] Figure 2 illustrates a conventional method of forming a guard ring in a substrate to

isolate the noise between a digital circuit region and an analog circuit region;

[0017] Figure 3 illustrates a conventional method of using semi-insulating regions created

by proton bombardment to isolate the noise between a digital circuit region and an analog circuit

region;

[0018] Figure 4 illustrates the formation of a digital region, an analog region, and guard
rings;

[0019] Figure 5 illustrates the formation of a proton mask for a topside semi-insulating
region;

[0020] Figure 6 illustrates proton bombardment to the topside of the substrate creating a

semi-insulating region;
[0021] Figure 7 illustrates a proton bombardment from the backside of the substrate;

[0022] Figure 8 illustrates a back side grounded guard layer formed on the backside of the

substrate;



regions; [0024] Figure 10 illustrates a top view of a digital region
and anal og regions wwth only the digital region insulated; and
[0025] Figure 11 illustrates noise levels as functions of frequency.
-6 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0026] The maki ng
and using of the presently preferred enbodi nents are di scussed in

mvent i oR0Pbi oE L Hedg iR ARt 2o Sial el oeith abAPos AR Tt msoation

enbodied in a wide variety of specific contexts. The specific

embodi meAtEOR scussed are nerely illustrative of specific ways to
make and use the invention, and do not Iimt the scope of the

i nvent i ong 027 i - y .

Fi gur es. 4004 oughSHTE S EefEael ) BB ol TPl nd S B B with only the
designatﬁ e elenﬁﬁts throughout t he various views and

i |1 ustrati&@ Eﬁﬁ@dp f the present invention. Figure 4
illustrates a silicon substrate 2 having two circuit regions 4 and
6. Throughess| theides¢1 iRkirdes Rdisd ReRLEfiflies SMhediq®nt s, region 4
is referred to as a digital circuit region and region™6 is referred
to as an analog circuit region. However, in other enbodi nents,
regions 4 and 6 can also be two digital regions, two anal og regions
or two compound regions that include both anal og and digital
circuits.



[ 0028] Topside guard rings 32 and 34 are forned in substrate 2. A
space 36 is |left between the topside guard rings 32 and 34 in order
to forma topside sem-insulating region. In the preferred

enbodi ment, there are two topside guard rings fornmed. The first guard
ring 32 is formed along the topside sem -insulating region 36 on the
first circuit region 4 side. The second guard ring 34 is forned
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the first guard ring 32. In other enbodinents, only one guard ring
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and/ or siembefiganisysqussed e mgredyHisEarive of speaific WaEs togpakeqad yseihg invention,
rings 32 and 34 may also be fornmed by nethods such as form ng

r ecesses anghdo geolnt ghenicgpé of opegngdn.i con in the recesses, providing
the source and drain regions are fornmed the same way. It is preferred

that th d ri 2 34 f ormed ' th t hpd d
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form ng steps invol ved. [00%21 The 8ﬁgrd rings 32 and 34 .

subst ant TeFTepceEIYmBbRIS preaised incdesigpats dike glcgncyts thipuzbous dhe yaripus views and

illustrative embodiments of the present invention. Figure 4 illustrates a silicon substrate 2 having
two circuit regions 4 and 6. Throughout the description of the preferred embodiments, region 4 is
referred to as a digital circuit region and region 6 is referred to as an analog circuit region.
However, in other embodiments, regions 4 and 6 can also be two digital regions, two analog

regions or two compound regions that include both analog and digital circuits.

[0028] Topside guard rings 32 and 34 are formed in substrate 2. A space 36 is left between
_ the topside guard rings 32 and 34 in order to form a topside semi-insulating region. In the

preferred embodiment, there are two topside guard rings formed. The first guard ring 32 is
formed along the topside semi-insulating region 36 on the first circuit region 4 side. The second
guard ring 34 is formed along the topside semi-insulating region 36 on the second circuit region
6 side. The second guard ring 34 is substantially similar to the first guard ring 32. In other
embodiments, only one guard ring 32 that is closer to the digital region 4 is formed. In yet other
embodiments, a single guard ring may be formed closer to analog region 6. Preferably, the guard

rings 32 and 34 are formed by implanting a p type impurity into a p- type substrate to form a p+



into the substrate. The guard rings 32 and 34 have a preferred depth

of about 0.2mto about 0.4mand a wdth of greater than about 0.5m
They are preferably connected to the substrate 2. In the preferred
enbodi ment, the guard rings 32 and 34 connect to a circuit ground pad
through a netal/contact/substrate structure, which is known in the

art. [0030]. Figure 5.illustrates the formation %f a %hgton mask 41
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41 is formed over the digital region 4, the analog region 6 and the .
t opsi de duisle@bh, Hgsguazd gipgs 33mnd 30 are formed sinpdaagpushyavith the source and drain region
sem -insul ating regi on produced by proton bonbardnment is unstable

over | ongmphlntatids and/onsilicitlationeid the integnged aitemite$he topside gsardaings 3D and 34 may
400C, so it is preferable that the proton bonbardnment not be
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| ess t haf"8&bee thﬁ*h@gﬁerﬁféﬁﬁwea@ammst% ngpedents nultiple device

| ayers that are not necessary for understanding the invention and may
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preferab#y f%rned 82 a pﬁg$on mask Iay%#14g, mﬁlch prepgﬁggﬁy OF Hie Substrdte
into the substrate. The guard rings 32 and 34 have a preferred depth of about 0.2pm to about
0.4pm and a width of greater than about 0.5um. They are preferably connected to the substrate 2.

In the preferred embodiment, the guard rings 32 and 34 connect to a circuit ground pad through a

metal/contact/substrate structure, which is known in the art.

[0030] Figure 5 illustrates the formation of a proton mask 41 for forming the topside semi-
insulating region 36. The proton mask 41 is formed over the digital region 4, the analog region 6
and the topside guard rings 32 and 34. It is to be noted that a semi-insulating region produced by
proton bombardment is unstable over long periods if maintained at temperatures in excess of
about 400°C, so it is preferable that the proton bombardment not be performed until the
manufacture of the integrated circuit is substantially complete. Therefore, an inter-layer 40
typically exists between the pr;)ton mask 41 and the digital region 4 and circuit region 6 since the
proton mask 41 is preferably formed at a point after the formation of the digital and analog
regions and before packaging. The packaging temperature after forming the semi-insulating

regions produced by proton bombardment is preferably less than 350°C. The inter-layer 40



conprises silicon or nmetal, on an adhesive |ayer 42. The adhesive

| ayer 42 is used to bond the inter-layer 40 and the proton mask

| ayer 44. In the preferred enbodi nent, the adhesion layer 42 is a

photo resist. Al though conventionally the proton nask |layer 44 is

formed of heavy netals, in the preferred enbodi nent of the present

I nvention, silicon.is preferred, gver netals since netals ffect.the
char act eFTETIERS TBHPIR BYiRG BF e FayRme R HataPe ar Bedh Fijgiien ind may
The adhesive layer 42 is preferably formed through a traditional
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prevent the protons fronlpenetratigﬁ and reachi ng the underlying

| ayers. MielolBEsi4dpnddhe profasymesk lpyerdfeln the prederradeinbadiment, thg adhesion layer 42
preferably by using dry etch, to expose the region 36 to proton

bonbar dmesdt phddh st rAdghioggh d@nvaatienadly thpetahnagk lsyagdliafemed pOB3RY metals, in
Figure 6 illustrates a proton bonmbardnment, which is synbolized by
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protection of the silicon proton mask |ayer 44, protons penetrate

the phot QehgshSthaftetdRflcd SYiRE ﬁﬁcfb)‘@fnegglgyég‘ gvg@ﬁ’ ARk %ﬁfﬁge?gﬁei acﬁg@sive layer 42

prot on bonmbardnment to the silicon’region destroys t
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15um to about 30pm. The proton mask layer 44 is preferably formed by depositing raw wafer
material to a thickness of about 200um to about 600pm, and more preferably about 300um to
about 400pm. The thickness of the proton mask layer 44 is related to the energy and proton
current of the proton bombardment and it is desired that its thickness be enough to prevent the
protons from penetrating and reaching the underlying layers. An opening 50 is formed in the
proton mask layer 44, preferably by using dry etch, to expose the region 36 to proton

bombardment. Photo resist 42 acts as an etching stop layer.

[0032] Figure 6 illustrates a proton bombardment, which is symbolized by arrows 52,
performed from the topside of substrate 2. Without the protection of the silicon proton mask
layer 44, protons penetrate the photo resist 42 and inter-layer 40 and bombard region 36. The
proton bombardment to the silicon region 36 destroys the lattice structure of the silicon substrate
and forms amorphous silicon; therefore, the resistivity is increased. In a typical case, the
resistivity of the region 36 is increased from about 1002-cm before proton bombardment to about

10°Q-cm after.



resistivity of the region 36 is increased from about 1052-cm before
prot on bonbardnent to about 10552-cm after. -9 [0033] To prevent the
protons from penetrating the proton mask | ayer 44 and destroying the
underlying layers in regions not intended to be bonbarded, the

t opsi de proton bonbardnment uses |ower energy, preferably about 1MeV

to about . The topside sem -jnsul ating region 36 ubstantiaglly .

xt ends. AP ne DO} e oESiEs b telbeatiharBpRity R T80E 4R Ao Bcsidbyine e
depth of the resulting sem-insulating region 36 is preferably |ess

t han aboWRdEbARE layers AbFegiqns @pbinganded Kplapombandsd; dedppride motpn bpibardment uses
wi dth of the sem -insulating region 36 is preferably greater than
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current is also preferably |ow, nore preferably between about 5E14
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removed through a traditional photo resist stripping approach. [0034]

A backsi de,gay séh@%h?a&i}lg Qe diGY 54 isﬁ)l-efiex,sabl Ek?t.-ilgﬁ t ?yﬁ)l.kﬁl,lhﬁléiqg&é?k%@ragfy about

the substrate 2, as illUstrated i'n Figure The backs _

S o S B SouH RS oB kB RS S R RHEREY Bl 100,
pr ef er abl bet ween about 10MeV and about MeV, The preferred, proton
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backsi de sem -insulating region 51 substantigllé ext ends fron15he

back sur flew.aueie preferaglyket weaneabpui HE 8 pratwng/ghs enéeleout GEi hgrotenssan”. The proton

bonbar dnent
mask 41 is then removed through a traditional photo resist stripping approach.

[0034] A backside semi-insulating layer 51 is then formed at the backside of the substrate 2,
as illustrated in Figure 7. The backside of the substrate is blanket bombarded by protons. Arrows
53 symbolize the proton bombardment. The energy of the proton bombardment is preferably
between about 10MeV and about 20MeV. The preferred proton current is about SE15
protons/cm’ to about 5E16 protons/cm’. The backside semi-insulating region 51 substantially
extends from the back surface of the substrate 2 into the substrate. Using these bombardment
parameters, the thickness of the resulting semi-insulating region 51 is typically between about

200pm to about 400um.

[0035] Better isolation is provided if the semi-insulating region 36 is connected to semi-
insulating layer 51. Therefore, the depth of the semi-insulating layer 51 may be adjusted by
adjusting the bombardment energy and the optimal energy can be determined according to the

thickness of the wafer.
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paraneters, the thickness of the resulting sem-insulating region 51
Is typically between about 200mto about 400m [0035] Better

I solation is provided if the sem-insulating region 36 is connected
to sem - insulating |layer 51. Therefore, the depth of the

sem -insulating |ayer 51 nay be adjusted by adjusting the

bonbar d ner and the o an be determ rdin
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enbodi ment, . a backside guard Iayer 54 is formed on the sem
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Is preferably grounded. The guard |ayer 54 preferably conprises a

met al sughamddayer Gdiprefenablyl comipmses « wpé suchl ds @jumiowppanminwepeEer alldyo gopper,
gold, silver, iron, tin, and the like. In the preferred enbodi nent,

t he bac ks:bpkﬁ:rgu@y @old 8, ibcth, kif, Adahk ike. 9P did SreReell @mBodifint, €6k backside guard
t hi ckness of about 200mto about 1000m and nore preferably about
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b
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al though they can be forned as strips or other

54 is preferably grounded for electrical isolation. In other embodiments, there is no backside

guard layer 54 formed.

[0037] Topside guard rings 32, 34 and semi-insulating region 36 are preferably formed
surrounding the region to be isolated, although they can be formed as strips or other
configurations. Figure 9 illustrates a top view of a digital region 4 and an analog region 6 being
isolated. Topside guard rings 62, 64 and semi-insulating region 36 enclose both digital region 4
and analog region 6. Considering that there is a semi-insulating region underneath the digital
region 4 and analog region 6, digital region 4 and analog region 6 are each isolated in a well

constructed of semi-insulating materials and guard rings.

[0038] The insulating scheme in Figure 9 protects digital and analog circuits from both
inside and outside noise sources. However, to have an insulating scheme like this, more space is
needed. In a typical IC circuit with both digital and analog circuits, there may be one digital
region and multiple analog regions. Figure 10 illustrates another scheme protecting the analog
circuits from the digital circuit noise. Digital circuit 4 is enclosed in a well formed of guard rings

32, 34 and semi-insulating region 36 and a semi-insulating layer (not shown) on the backside of
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configurations. Figure 9 illustrates a top view of a digital region 4
and an analog region 6 being isolated. Topside guard rings 62, 64
and sem -insulating region 36 enclose both digital region 4 and
anal og region 6. Considering that there is a sem -insulating region
underneath the digital region 4 and analog region 6, digital region

4 and anal og.reqi gn_6..are each isa ed in 1N ons t ed, of

S i no ShEonER: A BalHE aRAGE gual Y &R plelef oSisr of A L dPe iPisg eenerated by
schenme in Figure 9 protects digital and analog circuits from both

i nsi de anle Yaralicyeuin s thes isplaieddrsidaonever, to have an insul ating

schene like this, nore space is needed. In a typical ICcircuit with

bot h di gi and i i {: : i Qi eg| . .
and mul {1002 naitas trage! EfbidiBent BTHR ety AREn thAl AL e RIORe solsion
protecting_the anal o circuits fromthe digital circuit noise.

D gi tal GRHEHAY e the e, ddhe feSraa cifcyibgmps ugbogt o i Op ivergand they

and sem -insulating region 36 and a sem -insul ating |ayer (not shown)

on the baERYGNSY iRgreases i qvgpabiybd iy ginge thompise interéeranes bsgomes monetsgvege and
are placed outside of the well. The noi se generated by the digital

ci rcuit ibstterhgdatisakeingghes amsi meded. G394 1 THspate$ poisekivelsB0dndEd asfunftions of
the present invention provide effective noise isolation,

par ti cul @fehiyenshelink 70 shéwethenolsh ¢evieNine gudddeidl aCdircGlt imtithtioOmsisel ifolati@l A -10db
0.13mor lower, and the frequency increases to over about 1GHz,

since theoRESR] s HakdRl aNGe 7P ARRNESs fH%rrﬁ)is%%t%@ﬁeé‘ﬂﬁn% gt O;}Srggent embodiment. At

i solation techniques are needed. Figure 11 illustrates noise |evels

70 and 7%.1@2, %Cﬁdl&pﬁ a%ut —70db, at 1GHz, the noise is about —50db, and at 10GHz, the noise is
about —40db. Therefore, the present embodiment has a noise reduction of about 60db at 0.1GHz
and about 40db at 1GHz. As a comparison, by using a guard ring only, the noise reduction is
about 20db at 1GHz, and by using proton bombardment only, the noise reduction is about 25db

at 1GHz. Therefore, the preferred embodiments of the present invention have greatly improved

the noise isolation between digital and analog regions in the integrated circuit.

[0040] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform

substantially the same function or achieve substantially the same result as the corresponding
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frequency. Line 70 shows the noise |level neasured in a circuit with
no noi se isolation. A -10db noise |level is neasured. Line 72
illustrates the noise neasured using the present enbodi nent. At

0. 1CGHz, the noise is about -70db, at 1GHz, the noise is about -50db,
and at 10GHz, the noise is about -40db. Therefore, the present
enbodi nent .has a_ noi se reduction.of .about 60db at., 0.1 . and about ..
2000 ar - peaep g RSl FRIEEh g 2 o BiAGH See i Bhire i iR AlPuginely
reduction is about 20db at 1GHz, and by_using proton bonbardnent
only, théhsppsadedeinims pesninteadediguncipdgwithiy thaicsgope spy Ripessass, aghines,
preferred enbodi nents of the present invention have greatly inproved
t he noi senangbichre.gompesitiesnofdnajter aneamdmethalingr stepd.ons in t he
integrated circuit. [0040] Although the present invention and its
advant ages have been described in detail, it should be understood

t hat various changes, substitutions and alterations can be nade
herein w thout departing fromthe spirit and scope of the invention
as defined by the appended clains. Moreover, the scope of the
present application is not intended to be Iimted to the particul ar
enbodi nents of the process, machine, manufacture, and conposition of
matter, nmeans, nethods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate fromthe
di scl osure of the present invention, processes, machines,

manuf acture, conpositions of matter, neans, nethods, or steps,
presently existing or later to be devel oped, that perform
substantially the same function or achieve substantially the sane
result as the corresponding -12
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enbodi nents described herein may be utilized according to the present
i nvention. Accordingly, the appended clains are intended to include
within their scope such processes, nmachi nes, manufacture,
conpositions of matter, means, nethods, or steps. -13 WHAT | S CLAI MED
IS: 1. An integrated circuit structure conprising: a first circuit
region in a substrate; a second circuit region in the substrate; a
first semywiAsUkaAYEEH.on between the first circuit region and the
second circuit region wherein the first sem -insulating region
substantially extends froma top surface of the substrate into the
substrat e]l- a f Andntegrated diredingjrughomepmmisingdj oi ni ng the first

sem -insulating region wherein the first guard ring substantially
ext ends from t héirdt oppcdiuegian én ofulstigesubstrate into the substrate; a
second sem -insulating region extending substantially froma surface
of a backsi de abecohieiraidysgionietht Bidtrhtee substrate, wherein the first
sem -insul ating region physically contacts the second

sem -i nsul at i ng [fRSRitins ARt theFedURbEWeaY BE G0 cirf\8t 28AMRAA the second circuit region
sem -insulating region fromthe backside of the substrate, wherein
the guar dy},aMef mk $ird E%Qﬂﬁﬁating region substantially extends from a top surface of the substrate
into the substrate;
a first guard ring along and adjoining the first semi-insulating region wherein the first
guard ring substantially extends from the top surface of the substrate into the substrate;
a second semi-insulating region extending substantially from a surface of a backside of
the substrate into the substrate, wherein the first semi-insulating region physically contacts the
second semi-insulating region; and

a guard layer on the second semi-insulating region from the backside of the substrate,

wherein the guard layer is grounded.

2. The integrated circuit structure of claim 1 wherein the first circuit region comprises a
digital circuit region and wherein the first guard ring is on the first circuit region side of the semi-

insulating region.

3. The integrated circuit structure of claim 2 wherein the second circuit region comprises an

analog circuit region.

4. The integrated circuit structure of claim 1 wherein the first guard ring is along the first semi-

insulating region and is on a same side of the first semi-insulating region as the first circuit region.
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2. The integrated circuit structure of claim1l wherein the first
circuit region conprises a digital circuit region and wherein the
first guard ring is on the first circuit region side of the sem -
insulating region. 3. The integrated circuit structure of claim?2
wherein the second circuit region conprises an analog circuit

region. 4. The integrated circuit structure of claim1l wherein the
first guard riAgekfedhteN8rd@ubéthlorIpith4 ﬂaﬂﬁéﬂ'céﬁlbﬂﬁné §9¢hRd gﬁ%ﬂd kg ON
a same side of the first sem-insulating region as the first circurt
region. -14. ' o} LU . t Y

conpri si ngajéng%%%;ggr%B%Irﬁldﬁlglh%glgqjg%)?g’i V{rlllfe?\%ﬁ pﬁesg#oﬁlrd g“alger?n{gﬁlk ﬁ%é?ﬁl?ﬁg‘: of the
region, wherein the se.condEh%uard rigﬂ is.on a sane side of the
sem'-insulsglPJlWS)uF‘éIbﬁrgﬁmggs éecs?ggcgﬁ Eieeli ¢ region. 6. The
integrated circuit structure of claiml wherein the first guard ring
is coupled to a circuit ground pad through a netal/contact/substrate
structureb. 7. Theinteyraed aitedl saictars df chiith Uctheren e fivbtaguardlringhie caupled tha
first guard ring has a depth of about 0.2mto about 0.4m 8. The

i nt egr at edirelit grolihd Sddrehibl € nfal/ebmbdPsdbsbRldtuiche first

sem -insulating region has a depth of about 10mto about 50m 9. The
integrated circuit structure of claim1 wherein the second

sem -l nsul7<-’:1t| n%htra ?n%g?eﬂecr r?i?cuit structure of claim 1 wherein the first guard ring has a depth of

about 0.2um to about 0.4um.

8. The integrated circuit structure of claim 1 wherein the first semi-insulating region has a

depth of about 10um to about 50um.

0. The integrated circuit structure of claim 1 wherein the second semi-insulating region has

a thickness of about 200pm to about 400um.

10.  The integrated circuit structure of claim 1 wherein the guard layer has a thickness of

about 200um to about 1000um.

11.  The integrated circuit structure of claim 1 wherein the guard layer comprises aluminum,

aluminum-copper alloy, and combinations thereof.
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a thickness of about 200mto about 400m 10. The integrated circuit
structure of claim1 wherein the guard |ayer has a thickness of
about 200mto about 1000m 11. The integrated circuit structure of
claiml1l wherein the guard |ayer conprises alum num al um num copper
al l oy, and conbi nations thereof. -15 12. The integrated circuit
structure of claim1 wherein the sem-insulating region and the

substratejare fpg RcrAtd drddTBulBleVTcRim | WherditHeRbAOREIBGElekforiahd
structure conpri si ng: a seni conduct or substrat e; a sem-Insulati ng

region eXH&ﬂﬂBﬂ&gﬁHQﬁkﬁB&%Pﬁk d Lia top surface of the
u

sem conductor substrate 1nto the sem conductor substrate; and a first
guard ring adjoining the sem -insulating region, wherein the first
guard ring extends substantially fromthe top surface of the

sem condudBor dabintegrated cirenibstiusire smmirsingduct or substrate. 14. The
integrated circuit structure of claim13 further conprising a second
guard ring adjoining the sem -insulating region and on an opposite
si de of the senperniganfugtor ppsiratgi on than the first guard ring,
wherein the second guard ring extends substantially fromthe top

a semi-insulating region extending substantially from a top surface of the

semiconductor substrate into the semiconductor substrate; and

a first gnard ring adjoining the semi-insulating region, wherein the first guard ring
extends substantially from the top surface of the semiconductor substrate into the

semiconductor substrate.

14,  The integrated circuit structure of claim 13 further comprising a second guard ring
adjoining the semi-insulating region and on an opposite side of the semi-insulating region
than the first guard ring, wherein the second guard ring extends substantially from the top

surface of the substrate into the substrate.

15.  The integrated circuit structure of claim 13 further comprising a backside semi-
insulating layer extending from a bottom surface of the semiconductor substrate into the
semiconductor substrate, wherein the semi-insulating region physically contacts the

backside semi-insulating layer.

16.  The integrated circuit structure of claim 15 further comprising a metal layer
adjoining the backside semi-insulating layer, wherein the metal layer is on an opposite

side of the backside semi-insulating layer than the semi-insulating region.
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surface of the substrate into the substrate. 15. The integrated
circuit structure of claim13 further conprising a backside sem -

i nsul ating |ayer extending froma bottom surface of the sem conduct or
substrate into the sem conductor substrate, wherein the

sem -insul ating regi on physically contacts the backside

sem -insulating layer. 16. The integrated circuit structure of claim

15 furthenyconghi gitdigated SR strh@WRlof cPﬂh QB WhRgkir A€ sBALHShIdEhg re 10n
sem -insulating |ayer, wherein the netal |ayer is on an opposi

side of t I n
Cegi on. - TR HEmaRHu o Bl Bl R, %ﬁdﬁ*ﬁséﬁé%ss#‘%i%%% &n
the sem |nsu %hugggr%glon conprises sane materials as the
SeﬁlCOHdUCQ substrate, and has a resistivity of greater than about
105 a-cm 18. The integrated circuit structure of claim 13 wherein
the sem -insulating region forns a first ring, and the first guard
ring fornmd8a s@beimkgritadciraitdtrudtercaiftlairhé 3 fihesdin thademi-euls@goegioni ngs
are co-centroid and encircle an integrated circuit region. 17

forms a first ring, and the first guard ring forms a second ring, and wherein the first and

the second rings are co-centroid and encircle an integrated circuit region.
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