Method and Structure for Isolating Substrate Noise [0001] This application

claims the benefit of U.S. Provisional Application No. 60/611,186, filed on

September 17, 2004, entitled "Method and Structure for Isolating Substrate
Noise,” which application is hereby incorporated herein by reference.
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circuit isolation, and particularly relates to noise isolation using guard ring
and proton bombardment. BACKGROUND [0003] Recent advances in IC
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circuits. The digital and .analog circuits are typically formed as a variety of
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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
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causes noise coupling between the digital and analog circuits. The analog
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significantly limits the performance achieved’in analog signal processing an

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 affected 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 amplifiers that are extremely
sensitive to the noise at the differential inputs. Figure 1 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 symbolize one of the
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the digital circuit and analog circuit, noise interference also exists between

ththe dlopalisiiguitcampenents. [0006] There is a significant dependence of the
noise coupling through the substrate on the constitution of the silicon

trate, Therefore, various methods have been developed to preak the . |
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._Isqlation Ia%/ers in_the substrate. As shown in Figure 1, an isolation layer 14
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typically formed of dielectric materials. One example of the isolation layer 14
[00a]trenchlisclationipeitivean dheeodauitsdibthenssatedpingfdimuddapdrabstrate on the
isolation, trenches with near vertical sides are etched between the circuits
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isolation is not fully satisfactory when full isolation between the circuits is

thgeﬁpjlfseephtfﬂilistiﬁs paitioukatyttae @he noniginsheeddnaidgCisciotsmare isolation layers in
thl:n;lcﬂ:t?;le. 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.

[0007] 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] 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
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higher resistivity path to another circuit region. [0009] Yet another method
refiagvigesT devriopad abigrr30lusiratesaopEotom A aidmepitirRRIRARN between the

Semi-insulating region 24 is created by proton bombardment from the topside
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semi-insulating region 24 has resistivity of higher than about 105[2-cm.
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noise. To further isolate the circuits, the substrate 2 is also bombarded from
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region 24 created from the topside and the semi-insulating region 26 created
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substrate is effectively isolated by high resistivity isolations. [0010] The
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increases to over about 1GHz, the noise interference becomes more severe and better isolation

techniques are needed.



-3 SUMMARY OF THE INVENTION [0011] The preferred embodiments of

the present invention provide an integrated circuit structure for isolating

substrate noise and a method of forming the same. [0012] In accordance with

one aspect of the present invention, a semi-insulating region is formed in a

substrate between a first circuit region and a second circuit region by proton
SbemheaRdMeRtTHRd gVEN TS are formed along the semi-insulating regions.

A backside semi- insulating region is formed using proton bombardment from
[oH’ﬁfaCk %Hrfacef of téﬁ‘e birate: g backaide e 58?15”&?&{59 1 Pichidied circuit

preferably co Riected with the semi- msulgflng region crel fom

d a en form d on the S|de semi msulatmg reglon
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the substrate noise. -4 BRIEF DESCRIPTION OF THE DRAWINGS [0014]
[0fb2]a mote awedlatecunidle stansting of the preseninreentior semd-insulating region is

advantages thereof, reference is now made to the following descriptions
fotaleshiiracohjirietibatwignth ir sicaomip aegiog addhovingendrewdigtregion 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 1 illustrates a noise path in a substrate between 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
BRIEFIDESORIPTI (9|6 THENDBAWENGEEN a digital circuit region and an

analog circuit region; [0018] Figure 4 illustrates the formation of a digital

n, an analog re ion, ard 019] Fi yre 5i lustrat the
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creatn “gemi- |nsulmt|ng region; BVQPL% Ig ur ra esap
accomba}lr(jlme@}af\)qlqm the b% lﬁ]5|de of the substrate [0022] Flgure 8 |IIustrates

& back Side groun&ed1 guar ayer formed on the backside of the substrate;

-5 [0023] Figure 9 illustrates a top view of a digital region, an analog region
[09h3] the ifsgiagidrillustrates a noise path in a substrate between 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 analog

regions with only the digital region insulated; and [0025] Figure 11 illustrates

noise levels as functions of frequency. -6 DETAILED DESCRIPTION OF

ILLUSTRATIVE EMBODIMENTS [0026] The making and using of the
[opussentlymiafersarpihedinepiaain fisausaedknietal asloveishauls e insulation

appreciated, however, that the present invention provides many applicable
refiygAtive concepts that can be embodied in a wide variety of specific

contexts. The specific embodiments discussed are merely illustrative of

ific sto e and use the inventign, and do not limit the scope of
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.through. 11 wherein like reference numbers are used to designate like
dl%ﬁ@ir{gﬁlgtlﬁ%'ﬁ%ﬁgu?ﬂge various views and illustrative embodiments of the

present invention. Figure 4 illustrates a silicon substrate 2 having two circuit
[062Fibns dFand &S] ThHiosutghehdie dtestsiptibmafdhe g étepnencgmbodiments,

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
DFTg 34D oRseR HTIQNhORApEiUS SRAFINGNIBMBOBIMREISESN the second
circuit region 6 side. The second guard ring 34 is substantially similar to the
' guar%]rln 2. In aother. tp diments onI ne gua 32 that is
O o 8 B S R B R MR Sl Rgssed n dea
uar be formed,closer fo gl region 6. Preferably, the
s R e R tyssgt.%ﬁﬁ b A appicabie
ubstrate to f ma et 7 reqion, ar.implanting an n urlt
i b e ﬁﬁeé’fsﬁn R b R MRS B foecinc
e formed simultaneously witk spurc rain_region implantati
it ol T R et A SR AR ARG igpencion
"ﬁ%ﬁ n%? tfl?r%% th%tpnq%%tluch as forming recesses and growing
ly doped silico |nt e recesses, providing the source and drain regions
are formed the same way. It is preferred that the guard rings 32 and 34 are
[0f2rhhed udibgyntedeseachembethow nisedcidisratedgothgnantstopusd Girstierso like
that there are fewer forming steps involved. [0029] The guard rings 32 and 34
refipatamyaigeexen o ne trsigptslkacicaiane Subsghkeutzhe various 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
0.2m to about 0.4m and a width of greater than about 0.5m. 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
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illustrates the formation of a proton mask 41 for forming the topside semi-

PrifetiBLNgheSiariI gt 2 RGN MRl thbdsTRumesbovey heaigsabeeiamd drain region
the analog region 6 and the topside guard rings 32 and 34. It is to be noted

infpRhe6SMINd&H SlinaiFeigio th RRedHERk R AreteN PRMBXPNSMAS Wnsiabland 34 may
over long periods if maintained at temperatures in excess of about 400C, so
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manufacture of the integrated circuit is substantially complete. Therefore, an

relRiSEJayRIVHIn bypicabyrexisha beineeridhe Reotemabsgte 4dnand therdigiadferred that the

region 4 and circuit region 6 since the proton mask 41 is preferably formed at

grardaingafierthedpanaiemal the digitalaandnnalebudeionfoamthBeieke parts of the

packaging. The packaging temperature after forming the semi-insulating

cif@giaRS RIOgEE s OYeprates harp kassimevsliegreferably less than 350C. The
inter-layer 40 8 represents multiple device layers that are not necessary for

rsta |nven rlse P L and/o othe
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intlg){ﬁe SIﬁjs\{\éQtlg.hI%ree;%garlH I}/mgs 32 and 34 have a preferred depth of about 0.2um to about

0.4pum 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 proton 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



comprises silicon or metal, on an adhesive layer 42. The adhesive layer 42 is
used to bond the inter-layer 40 and the proton mask layer 44. In the
preferred embodiment, the adhesion layer 42 is a photo resist. Although
conventionally the proton mask layer 44 is formed of heavy metals, in the

repréfatrethembedisant 19§ ihe piesRNMdD HeRtiQhySilE AR dS RERle e ehe iR Vention and may
metals since metals affect the characteristics of the underlying layers when

comptals prerslitfusadaddieraghasivrtayer 42 is preferably formed through a
traditional lithography coating approach to a thickness of about 15m to about

O e (75 DARAAGGE B T ek B0 éoﬂi«?ﬂ"ﬁﬁi”gﬁé?ﬁaw%fﬁ preferably
coaec?&?é%? A ﬁhi%ré’ SRGeah S hond the

|red ZQ?at its thickness be e é ven rot from peneé atin
AR A B AP R TGP o B B B ﬁ"tthéhep? fiion layer 42
k layer 44 efe abl usin etch, to e e %F‘? roton
' B e B SR tea%r%&%ﬂma%tﬁaa 3 S? bhrag metas. in
|Ilus(fateaﬁ£ro f rdment, which is syﬁlbollzed b?[z arr cal cal
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ilicgn proton mask layer 44, rot penetrate the hoto re %?Z%
af?ﬁf@ﬁ]ayé?rﬁstsasa%s A o PACTOATSEL 473 VL HERGRBM S AR ol e dhesive layer 42
._silicon rrP? % tro the Itattlc?f uctur% of the silicon S%Rstrat% ak £ about
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15Cum to :ﬂ)out 30um. The proton mask layer 44 is preferably formed by depositing raw wafer
material to a thickness of about 200um to about 600um, 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 10€2-cm before proton bombardment to about

10°Q-cm after.



resistivity of the region 36 is increased from about 1052-cm before proton
bombardment to about 1055-cm after. -9 [0033] To prevent the protons from
penetrating the proton mask layer 44 and destroying the underlying layers in
regions not intended to be bombarded, the topside proton bombardment uses

[0B33¢r enargyprafetabbrabayrbMigddeabayt BMaYiohBatRPS 44 and destroying the

semi-insulating region 36 substantially extends from the top surface of the
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36 is preferably less than about 50m, and more preferably about 10m to

loRBPUAGEON pldTeruidtR Ruh eNseMidnSIat MU egiPhe 36psid eéaialyuiaaiakgion 36
than 10m, and more preferably between about 30m to about 50m. The
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protons/cm2 and about 5E15 protons/cm2. The proton mask 41 is then

re§@MAYeekiniaLah miraditionsé phplerdessl RERRIRt.BPRIG8aHh, [BRBMAbA preferably about
backside semi-insulating layer 51 is then formed at the backside of the
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blanket bombarded by protons. Arrows 53 symbolize the proton

andafhaisterenbly etererdbeih e prole AatarIEMER psqpsalfeialiyt ibatvwepRferably
about 10MeV and about 20MeV. The preferred proton current is about 5E15

loRtatns/sraioBhsuiiva il fopie P siciadotilenvagkside senmiinpubhasingciatiPhe proton
51 substantially extends from the back surface of the substrate 2 into the

maibsiraiehddsingdhaesembaisibardnaaiinal 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

200um to about 400pm.

[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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parameters, the thickness of the resulting semi-insulating region 51 is
typically between about 200m to about 400m. [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

[08861sted ByordftetirefenomBRisiNERi RRRIOY AR HIR ORI S GR]T G B se mi-

be determined according to the thickness of the wafer. -10 [0036] In one

infURiessed wbpdimantiabackside guardHayan s dosmedardh® sefbunded. The

insulating layer 51, as illustrated in Figure 8. The guard layer 54 is preferably

guarauadedAThergsakdosypriad Rreierabiv s asnuassaIMaidhskeh @pper alloy, copper,

aluminum, aluminum-copper alloy, copper, copper alloy, gold, silver, iron, tin,

coppertikeola iR &raferathemaadimest (@ dprisieal guaiediayrar, Meibackside guard

blanket sputtered to a desired thickness of about 200m to about 1000m, and

layepma RretaliahlypaberdddeQnada@hericRg oisshereunhod msis] Giysiealnd more
vapor deposition (PVD), plating, and plasma enhanced CVD (PECVD) can

prafsrble bsest J0vpRackside: goajehlayeste ésnprrienally, proviRdedisr deposition

electrical isolation. In other embodiments, there is no backside guard layer
(PR pRete[ARd I dRRs i gheTVDS BECSD3 ransas0i e sislatintheagiciid guard layer
are preferably formed surrounding the region to be isolated, although they
54cRphgdabRed amabdo® ogletheral 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
semi-insulating region 36 enclose both digital region 4 and analog region 6.
Considering that there is a semi-insulating region underneath the digital

thée@iovr & @ndvaI Rl Qe RgiR Cirdigitad e At analaaRedion GREa6RERenerated by
isolated in a well constructed of semi-insulating materials and guard rings.

théQ@3RhThe insulatindasehemmdmEigure 9 protects digital and analog circuits
from both inside and outside noise sources. However, to have an insulating

me like this, more space is needed. In a typical IC circuit with both = .
[‘@%fm an rg%farg?&ﬁﬁ@’oﬁfg}gm é& BIfSS g]i]fé{Ft}Ié%I?dﬁ%‘ﬁgerﬁﬁﬁFﬂge noise isolation,
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" formed of guard rings 3%, 34 semi-insulating region 36 and a

RSN B SRAP LR oo S Ehicheltie BT S Srfisusgngre severe and
hile the. analog circuits 6 ar ed outside of the well. The noise .
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I ,and the f i t - about 1GHz, si th i .
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0. PEEASHgNE IS UAIES MR TGS VAR AT 4285 NATIONA o 10GH. 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 measured in a circuit with no noise
isolation. A -10db noise level is measured. Line 72 illustrates the noise
measured using the present embodiment. At 0.1GHz, the noise is about
-70db, at 1GHz, the noise is about -50db, and at 10GHz, the noise is about

emfi@nchiemeioracinadpeasanl e hadine At iRdiad QI $ReFRUSHON RIBAUA ccordingly,
60db at 0.1GHz and about 40db at 1GHz. As a comparison, by using a

thgUppeided SRmdAr: nRiseiraduGiiemde whpmt RERR@pbGith H0dehiesISi@ hines,
proton bombardment only, the noise reduction is about 25db at 1GHz.

mdigietore, dbapiatered embediments ehtwpiesentjitvention 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 -12
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12

embodiments described herein may be utilized according to the present

invention. Accordingly, the appended claims are intended to include within

their scope such processes, machines, manufacture, compositions of matter,

means, methods, or steps. -13 WHAT IS CLAIMED IS: 1 1. An integrated
WEHIEHT Sttychyrgronrising: 2 a first circuit region in a substrate; 3 a second
circuit region in the substrate; 4 a first semi-insulating region between the first
circuiére.gion and the second circuit region 5 wherein the first semi-insulating
‘region SUBSER LIRS 8 TBh Efface of the substrate 6 into the
substrate; 7.a first guard ring Iong the first semi-insulating region wherein
the fifstGhAPEHhE 88Ut aHBsig Extends from the top surface of the

substrate intp the substrate; 9 a second semi-insulating region substantially

exterfdiRP RO LRI 3f PESUREIERCHf 10 the substrate into the substrate:
and 11 .ai)(t;uard Ia%@r on the second se '-igfsulatin%r%%ion from ﬁ%e backside . |
of the SN MAE SRR AH? 5 SPBHAABEOR 1R Lot region
circuit ﬁtrli;.cture of claim 1 wherein the first '1rcuit re iofn comprises A2
wherein the first semi-isulating region substantially extends from a top surface of the substrate
into the substrate;
a first guard ring along 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 substantially extending from a surface of a backside of
the substrate into the substrate; 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 1 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 on the first circuit region side.
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2 digital circuit region and wherein the first guard ring is on the first circuit

region side of the semi- 3 insulating region. 1 3. The integrated circuit

structure of claim 1 wherein the second circuit region comprises an 2 analog

circuit region. 1 4. The integrated circuit structure of claim 1 wherein the first
5.guardr R ehis ARG deufitr stru ey fIDRRENG HBEIQ0 BPriba JiEsiebad b RBINMg along

side. -14 1 5. The integrated circuit structure of claim 4 further comprising a
thSERONE AUakcLIiNG @IeBrPoth thirRiceamiitesulatsie egieon on the second

circuit region side. 1 6. The integrated circuit structure of claim 1 wherein the

first guard ring is coupled to a 2 circuit ground pad through a

metalf%ont ct/s trate. stiucture 1. Thq infegrate F%qrcylt strycture of cla

1where|nnt e SUSTH Fing-hAs & Gt T, B SR o«

te cuit structure of cI |n he first semi- msulatlng
Clrr%ugl @ %%'épl%ﬁho? gboutcfélm%én%l %{F N 18 The integrated circuit

structure of claim 1 wherein the second semi- msulatlng region has 2 a
thickness of about 200m to about 400m 1 10. The integrated circuit structure

7. of clalfe injpgErEsH eHeWLHITaYe Pheks i hitlseis fhe Tirst guard ring has a depth of

about 0.2pum 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 50pm.

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

a thickness of about 200um to about 400pm.

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

about 200um to about 1000pum.

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

aluminum-copper alloy, and combinations thereof.
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2 about 200m to about 1000m. 1 11. The integrated circuit structure of claim
1 wherein the guard layer comprises aluminum, 2 aluminum-copper alloy,
and combinations thereof. -15 1 12. A method of isolating noise in an
integrated circuit, the method comprising: 2 forming a first circuit region in a

15Ubstales BIQBNIRAARE GG GiraHilHRgiafkincthesubstiadeic lsmppgiadirst
semi-insulating region between the first circuit region and the second 5 circuit

regiopmhgbeiniRedirslsespidnsh iatinesregion substantially extends from a
top surface of 6 the substrate into the substrate, and wherein the first

semitihiskiiatingdegioniedarmmerd hinaty stskreton bombardment; 8 forming a
first guard ring substantially extending from the top surface of the substrate 9

into themubsiraigi IhPIMRING ASLSAbE SEMEIATHIAENY FREIANEYich $8AaRE second
proton bombardment from a surface 11 of a backside of the substrate into

cithatsebmnaigicadid e faniemaigiasdiayesen tuessatany semidlFtbatiagop surface of
region from the backside of the 13 substrate. 1 13. The method of claim 12

thwhigreiatiadirsiaesondagmiarhvem heariewanaringthadig region is formed by a first
proton bombardment;

forming a first guard ring substantially extending from the top surface of the substrate
into the substrate;

forming a second semi-insulating region by a second proton bombardment from a surface
of a backside of the substrate into the substrate; and

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

substrate.

13.  The method of claim 12 wherein the first proton bombardment is performed with an

energy of about 1MeV to about 3MeV.

14.  The method of claim 12 further comprising forming a proton mask to shield the first

circuit region, the second circuit region, and the first guard ring region.

15. The method of claim 14 wherein the proton mask comprises metal.

16. The method of claim 14 wherein the proton mask comprises silicon.
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2 energy of about 1MeV to about 3MeV. 1 14. The method of claim 12 further
comprising forming a proton mask to shield the first 2 circuit region, the
second circuit region, and the first guard ring region. 1 15. The method of
claim 14 wherein the proton mask comprises metal. 1 16. The method of

1 7claimrld WhHeKRIn eROIOIRASK GRIMPIERSISHERE: a-d8 dnd BuTREMEMORE the first

of claim 12 further comprising forming a second guard ring along the first 2

sefEMisNSHIRIRGIQYINRNhe KecRBECIEsihragion side. 1 18. The method of
claim 12 wherein the second proton bombardment is performed with an 2

energy of about 10MeV to about 20MeV. 1 19. The method of claim 12

11t O pAckaEing e IlROTated, Pl ey el 16 eR%. 2 0 rmed with an
forming the first and second semi-insulating regions, the packaging'being

en%%d%]e(r) gag%rgtpﬁfﬂg{pm%% lll?(?%ma{} about 350C. 1 20. The method of claim
ur n

er comprising grounding fhe first and second semi- 2 insulating
regions. 1 21. The method of claim 12 further comprising grounding the first

guard ring. 2-17 . o . . o
19. The method of claim 12 further comprising packaging the integrated circuit after the steps

of forming the first and second semi-insulating regions, the packaging being under a temperature

of less than about 350°C.

20.  The method of claim 12 further comprising grounding the first and second semi-

insulating regions.

21. The method of claim 12 further comprising grounding the first guard ring.
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