AVOIDING PLASMA CHARGING IN INTEGRATED CIRCUITS FIELD
OF THE INVENTION [0001] The present invention relates to integrated
circuits or semiconductor devices. More patrticularly, the invention relates
to avoiding plasma induced damage during processing. BACKGROUND
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the fabrication of integrated circuits. RIE generates reactive plasma which
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cause performance variations, compromising gate oxide integrity and leading to poor process
capability (as measured by Cpk).
[0004] From the foregoing, it is desirable to reduce PID in integrated circuits.

SUMMARY OF THE INVENTION
[0005] The present invention relates to integrated circuits (IC), and more particularly to
reducing PID in ICs. In accordance with one aspect of the invention, a circuit is provided. The
circuit comprises a circuit control terminal, a primary circuit and a protection circuit. The
primary circuit comprises a primary control terminal and a primary gate oxide having a first
thickness. The primary control terminal is coupled to the circuit control terminal. The protection
circuit comprises a protection control terminal and a protection gate oxide of a second thickness
which is less than the first thickness. The protection circuit is coupled to the primary circuit

wherein the protection gate oxide reduces plasma induced damage in the primary circuit.



wherein the protection gate oxide reduces plasma induced damage in the
primary circuit. 1 [0006] In accordance with another aspect of the
invention, a method of forming an IC is provided. The method comprises
providing a substrate defined with a first and second active region. A
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gate oxide having a second thickness which is less than the first
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reduces plasma induced damage in the primary circuit. [0008] These and
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are described with reference to the following drawings, in which:
damage in the primary circuit.

[0008] These and other objects, along with advantages and feature of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. Various embodiments of the
present invention are described with reference to the following drawings, in which:
[0010] Fig. 1 illustrates PID from a plasma process;

[0011] Fig. 2 shows a circuit in accordance with one embodiment of invention;



[0010] Fig. 1 illustrates PID from a plasma process; [0011] Fig. 2 shows a
circuit in accordance with one embodiment of invention; 2 [0012] Figs.
3a-c illustrate top and cross-sectional views of a circuit in accordance with
one embodiment of the invention; [0013] Fig. 4 shows a circuit in
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illustrate top and cross-sectional views of a circuit in accordance to

embodhihesr g badiment of the invention; [0015] Figs. 6a-b-12a-b illustrate a
process of forming a circuit in accordance with one embodiment of the
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to reducing PID. Fig. 2 shows a circuit 200 in accordance with one
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[0017] The present invention relates to reducing PID. Fig. 2 shows a circuit 200 in

accordance with one embodiment of the invention. The circuit, for example, is a part of an
integrated circuit. The IC, for example, can be dynamic or static random access memory, signal
processor, system on chip, mixed signal or analog device such as an A/D converter or switched
capacitor filter. Other types of ICs are also useful. The IC, for example, can be incorporated in
communication systems and various types of consumer products. As shown, the circuit includes
a primary sub-circuit 210 and a protection sub-circuit 260. The protection sub-circuit reduces or
prevents charges from being trapped in the primary sub-circuit. In one embodiment, the
protection sub-circuit provides a shunt path for reducing or preventing charges from being
trapped in the primary sub-circuit.

[0018] The primary sub-circuit, in one embodiment, comprises a primary transistor 230. The
primary transistor comprises a first type transistor. Illustratively, the first type transistor
comprises a p-type transistor. Other types of transistors, such as n-type, are also useful. In one
embodiment, a first well of a second type is provided on which the primary transistor is formed.

For example, for a p-type transistor, the well comprises a n-type well. The primary transistor
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primary transistor comprises a first type transistor. Illustratively, the first
type transistor comprises a p-type transistor. Other types of transistors,
such as n-type, are also useful. In one embodiment, a first well of a
second type is provided on which the primary transistor is formed. For
compR@MPIR: Q@ pdyRe ransiialsihierwedcompiisesadtipewefol Beample,
primary transistor 3 comprises a first gate and first type diffusion regions

includ@4QaiR: Ihe frstgrte? ior e cinchides BErshoste alesmesient e first gate

and a first gate oxide 238. In one embodiment, the first gate oxide
oxide OMPIRRS Fifistnbdickness Tryhyeinally, T4 ibekosit3rh NOHAtRGEknesses are also
thicknesses are also useful. [0019] A control terminal 250 of the circuit is
usefuicoupled to the gate electrode of the primary transistor. The control
terminal is coupled via a control contact 253. First and second circuit
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accordance with one embodiment of the invention, the protection
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primary transistor. In one embodiment, the protection sub-circuit

termingRIRASER 3 PTOfRCl ﬁl%ﬁ?@?ﬁ@ﬁiﬁgﬁ%%%&l%ﬂ capacitor, for example,
comprises a protection transistor . e’protection transistor comprises
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_between the control contact and the ] ]
transistor while the primary transistor comprises a p-type transistor. Alternatively, the second

type transistor can be a p-type transistor while the primary transistor is a n-type transistor.

[0021] The protection transistor comprises a gate and second type diffusion regions 280a-b.
The gate includes a second gate oxide 278 and gate electrode 275. Separating the gate electrode
from the protection transistor body 263 is the second gate oxide. The protection gate electrode is
coupled to the primary gate electrode and the protection transistor body is coupled to ground 295.
In one embodiment, the protection gate electrode is coupled between the control contact and the
primary gate electrode. The second gate oxide comprises a second thickness T,. In one
embodiment, T is less than T. Preferably, the second gate oxide comprises an ultra-thin gate
oxide having a thickness of about 0.5-2.5 nm.

[0022] During processing of the control contact, plasma charges are generated. The second
gate oxide of the protection transistor, being thinner than the first gate oxide of the primary

transistor, provides a semi-resistive shunt path for the charges to flow through. As such, these
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primary gate electrode. The second gate oxide comprises a second

thickness T2. In one embodiment, T2 is less than T1. Preferably, the

second gate oxide comprises an ultra-thin gate oxide having a thickness

of about 0.5-2.5 nm. [0022] During processing of the control contact,
chargdRlasmashal gethaiR @eeratedxilibenseednd tBaeradde okihe pratestioniding

transistor, being thinner than the first gate oxide of the primary transistor,

perforR{AME a8 2-RMiH esiglvershatRathisier the charges to flow through. As
such, these 4 charges are trapped in the second gate oxide instead of the
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transistor. [0023] Figs. 3a-b show top and cross-sectional views of a
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embodiment of the invention. A substrate 305 on which the circuit is
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1ight1>§é|1‘§§%&%?t§zpé%ﬁhsﬁ%t§!"%ﬁﬂe???@“&%q{bﬁ%)s%ua@ oL IAEIAMH KL DRF (sOT) or

seful. Defined on the s rate are first and second active regions
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Iment, the primary sub- circult comprises a primary transistor

and the. protection sub-circuit ¢ ises otection ¢ citor.in.the form
o S rIsor 370 Fhe ranors.Tof BapIe, Comee LT, rfer o sub-
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comprise_shallgw trench isqlation, (STI) regions. Other types of isolai
capac SETRSIR 14b ST o2 At SR COABIPo e M8 SHEILE ol Other
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ypes QUBREStOpEHonER Welttor a first-type protection transistor: the second

well comprises a first-type doped well for a second-type primary transistor.
[0024]Th e ﬁreé%a?ating the activ%%egior?s are 1solation regions 33@3 IIE) one er){lbodiment, the

isolation regions comprise shallow trench isolation (STI) regions. Other types of isolation
regions are also useful.

[0025] First and second wells 315 and 318 are provided in the first and second active regions.
The first well comprises a second-type doped well for a first-type protection transistor; the
second well comprises a first-type doped well for a second-type primary transistor. The first
type, for example, comprises p-type and the second type comprises n-type. Alternatively, the
first type comprises n-type and the second type comprises p-type.

[0026] A primary gate conductor stack 333 is provided on the substrate. In one embodiment,
the primary gate conductor stack serves as the gate for the primary transistor. The primary gate
conductor stack includes a primary gate electrode layer 335 over a primary gate dielectric layer
338. In one embodiment, a gate contact layer 311, such as metal silicide, is provided over the
primary gate electrode layer. The gate electrode layer comprises, for example, polysilicon or

metal while the gate dielectric layer comprises silicon oxide or oxy-nitride. Other types of gate
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type, for example, comprises p-type and the second type comprises
n-type. Alternatively, the first type comprises n-type and the second type
comprises p-type. [0026] A primary gate conductor stack 333 is provided
on the substrate. In one embodiment, the primary gate conductor stack

electrG® 88 adhpegrieifahiheipNMQry SnEsIr FohexpifpRItIgaiatccaBevdematerial
stack includes a primary gate electrode layer 335 over a primary gate
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as metal silicide, is provided over the primary gate electrode layer. The
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the gate dielectric layer comprises silicon oxide or oxy-nitride. Other types
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example, the gate electrode material can comprise metal, heavily doped
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metal such as TiN, Ta, TaN and TaSiN, while the gate dielectric material

useful?%r@&@i&?ﬂéﬁ%ﬂiﬁfégﬁiﬁ@ﬁ%m%}‘ér' R RN AT S LS @RS TG djacent to

gate diélectric layer comprises a first thickness Ti. Ti, for example; is

the ga?eb&%dﬁézmwl%bﬁ{rm{ﬁggggﬁs?ﬁ?ﬁ%? lsQ; useful. First type diffusion

regions 340a-b are pro e’second active region adjacent to the

[00272"’“.e ﬁlotﬂg.‘ff’rts?r%é&av%kreé«ﬁ@,"ﬂ?ethr% R m%r{r&ﬂ%{‘s?'srtlosrféﬁ%l] i e Qr%%diment, the
ctive region, the protection transistor Is formed. In one embodiment, the

te of the.protection transistor comprises a protection lectrode 375
et o alRal e G DU DT RE e LCR S SRtk O48 T Johes on e

) l7c§191t£1e ate conductoi over the first a&tiye reﬁ;ion. In one embodi enI,, .
oxide X € tectlc*ntlgatee %ctrf)de 18 f)rm? or(lj%t € at? con ucﬁ_)lr %Vert € Iirst active
€ top sdrface of the protection gate electrode IS coplanar with the top

. szﬁace of the primary gate elefctrod ..In one embodiment, a bottom h th
region 00 G RSRLCH oGP et e RCBESAP Bl e Syt with the
primary gate electrode, causing the protection gate oxide to have
top sug‘[é

a :
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2.5nm. Second type diffusion regions 380a-b are provided in the first )
gate elg&{wélerébml]ogzd%étm%surface of the primary gate electrode, causing the protection

gate oxide to have a second thickness T, which is less than T;. T,, for example, is about 0.5-
2.5nm. Second type diffusion regions 380a-b are provided in the first active region adjacent to
the protection gate, forming the protection transistor.

[0028] A dielectric layer 385 is provided over the gate conductor, covering it and the
substrate. The dielectric layer serves, for example, as an interlevel dielectric (ILD) layer,
isolating the transistors from the metal layer above. A gate conductor contact 353 is located in
the ILD layer, coupling the primary gate conductor to a first conductive line 350 which serves as
the control terminal. In accordance with one embodiment of the invention, the protection
transistor is located between the gate conductor contact and primary transistor. Additionally, a
well contact 391 is provided in the dielectric layer, coupling the first active region to ground via
a second conductive line 394, where charges can be discharged or shunted to ground. The

conductive lines, for example, comprises copper. Other types of conductive materials are also
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the protection gate, forming the protection transistor. [0028] A dielectric
layer 385 is provided over the gate conductor, covering it and the
substrate. The dielectric layer serves, for example, as an interlevel
dielectric (ILD) layer, isolating the transistors from the metal layer above.

useful A Didde SQRNAUCOT caNiahab i® locatadaiy tharkds fRyah COBHRE teprotection
primary gate conductor to a first conductive line 350 which serves as the

transig@ntrol terminal. In accordance with one embodiment of the invention, the
protection transistor is located between the gate conductor contact and

[0029 PTiMaR, ransiater AdaBiRRA anwell antast AV jsrroxigasldwtiecontiguration.

dielectric layer, coupling the first active region to ground via a second
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ground. The conductive lines, for example, comprises copper. O
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charge to ground any charges flowing through the protection transistor.

Fore ﬁ%], le[g %b@)ﬁqup?%\:%&% @@éﬂtoﬁh?aﬁkﬁgw} %Hci{'fs%%‘?{ gt?a‘i'ib%?or includes a
we I h pe

configuration. The triple well can be provided for the n-
transistor. [ | confi ' li ' j
ge e B A S L I
For example,.as.shown in.Fig. 3c. the protection transistor.which is a .
e A B B X Bmary i

diffusion reeqtions.380a-b. The triple well can alternatively be provided for
Comprﬁ%es a n—tzp raBs1st0r.. L . .
€ primary sub-circuit for applications where the primary transistor

omprises a n-type transistor. [0030] Fig. 4 shows a circuit 400 in. . .
10030 P SR B LM OYHES OB PRERELE g invention. The
. _.example, is a part of an IC. The circuit is similay to the circuit of F'g.é
circuil R o RN RO e AERGH GPIHS HRBICAONS e Gh s ragreagp! tht
to the control terminal 250. In one embodiment, the protection capacitor

the ProfSRASHSER A SP5RIHGPERAFRISTLMP7BIrs K iAo the conirol terminal 250. In

one embodiment, the protection capacitor comprises a protection transistor 270. A body 463 of
the protection transistor is coupled to the control input 250. By shorting the protection capacitor,
leakage through the protection capacitor during operation can be avoided, improving
performance of the circuit.

[0031] Figs. 5a-b show top and cross-sectional views of a portion of an IC containing a
circuit 500 in accordance with one embodiment of the invention. The circuit, as shown, is
similar to that shown in Figs. 3a-b except that the gate contact 353 and well contact 391 are
coupled by conductive line 550, shorting the second well to the control input terminal.

[0032] Figs. 6a-b — 12a-b show a process for forming a circuit 600 in accordance with one
embodiment of the invention. A substrate 605 on which the circuit is formed is provided. In one
embodiment, the substrate comprises a silicon substrate. Other types of substrates, such as SOI
or silicon germanium, are also useful. As shown, the substrate is prepared with first and second

doped wells 615 and 618 corresponding to first and second active regions. In one embodiment,
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the protection transistor is coupled to the control input 250. By shorting the
protection capacitor, leakage through the protection capacitor during
operation can be avoided, improving performance of the circuit. [0031]
Figs. 5a-b show top and cross-sectional views of a portion of an IC

the firGORENRIGIE K GUIEENA Iy Reaopdancalwith 0Re @RRPHMEIMGIARes a first type
invention. The circuit, as shown, is similar to that shown in Figs. 3a-b

dopedS¥E@PIH A ARQ AR EOAG 3P R oy eh FRAtAGHS L AR ueQURIER! RYimplantation
conductive line 550, shorting the second well to the control input terminal.

with alRR3RLEIGS: Ba® -Jdark-ehriyRPracRemIRE taEming @cirit 8208 useful.
accordance with one embodiment of the invention. A substrate 605 on
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comprises a silicon substrate. Other types of substrates, such as SOI or
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with first and second “doped wells 615 and 618 corresponding to first an
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second-type doped well and the second well comprises a first type doped
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implantation with a mask can used. Other techniques for forming the
dielecéf“vmeaé’éer%’s“&ﬁ‘%% E‘fﬁ&‘%ﬁ%‘ﬁe [95%%{3111!:%?'1%& %@gaﬁé’éﬂ&{ﬁgwoﬁn be used to
other device regions on the substrate are Isolation regions . The
remoS2RLONJeglons. for Sxample, compriee Sl regions; varigys sonvantional rye g1y
processes can be employed to form the regions. For example, the
subs at?ocan etched usmgﬂconven jon Ie ch and m StlfetSCth%elstO
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xide. Chemjcal mechanical polishjing (CMP),can be ysed to remo
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substrate. The STI regions can be formed, for example, prior to or after
compriNgs R IHF OIFE BEPRRIAIS! ERAREHHFSar ghBE Rea R Fifmageks are also

above the substrate. The gate stack, for example, ]
useful. As shown, the first gate oxide comprises a thickness T;. T, for example, is about 3-

e
) example,

7nm, while the first gate electrode is typically about S00A — 1500A. Other thicknesses are also
useful. Conventional techniques can be used to form the various layers of the gate stack. For
example, the first gate oxide can be formed by thermal oxidation while the gate electrode can be
formed by chemical vapor deposition (CVD). Other techniques or types of layers can also be
useful. A mask layer 695 is formed over the substrate, covering the gate stack. In one
embodiment, the mask layer comprises photoresist. Typically, an anti-reflective coating (ARC)
is provided beneath the mask layer.

[0035] In Figs. 7a-b, the mask layer is patterned, creating an opening 761 where the gate of
the protection transistor is to be formed. As shown in Figs. 8a-b, the opening exposes a portion
of the first gate electrode and gate oxide which are removed by, for example, an anisotropic etch
such as RIE. Next, a second gate oxide is formed on the exposed portion of the substrate. The

second gate oxide 639 can be formed, for example, by thermal oxidation. In one embodiment,
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comprises a first gate oxide 638 and a first gate electrode 635. Other
types of gate stacks are also useful. As shown, the first gate oxide
comprises a thickness Ti. Ti, for example, is about 3- 7nm, while the first
gate electrode is typically about 500A -1500A. Other thicknesses are also

the thidRaEdS. SEanyentanakieabnigues cadubalusad taigivatiye vaikouslaye® &f nm.
the gate stack. For example, the first gate oxide can be formed by

Other thenmal Rxidatigsowkia the gate electrode can be formed by chemical
vapor deposition (CVD). Other techniques or types of layers can also be

[0036psefleAmasikilayer 695 isHormed Ryer the SRS atRHEPYANRIABVAR!E second

stack. In one embodiment, the mask layer comprises photoresist.
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layer. [0035] In Figs. 7a-b, the mask layer is patterned, creating an
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As’shown in Figs. 8a-b, the opening exposes a portion of the first gate

differ&l?ﬁl’@?qgﬂ%g&ﬁtglgﬁil%%é@ rﬂcﬁsgrﬁsé?ﬁﬂoﬁ? F%Qé/’ f@ﬁ—%)fa@_@{ﬁjsﬁgte is Rlanarized by,

anisotropic etch such as RIE. Next, a second gate oxide is formed oh the
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ample; rma n one embodiment, 8
electr g%%kness of the gate dielectric layer is reduced to T2. Typically, T2 is
about 0.5-2.5 nm. Other thicknesses are also useful. [0036] Referring to

. ing the first electrode. Pref ly, th d electrode. j
rans g S R e e RSt LS AE PSS g Rt TSy B Gadapglectrode t
electrodes is alsq useful, In Figs. 10a-b, the.substraeistplanarized by, gor
form s RN A RRBUEIY  bSAF MG BB SRR B LAEE e A

and second gate electrodes. [0037] Referring to Figs. | la-h, the substrate

patter@ﬁrBEg&%qS%%mrﬁgﬁ/%iﬁ?ﬂg&}gﬁsmn regions are formed in the first and

second active regions adjacent to the protection and primary gates. The first diffusion regions
980a-b, for example, comprise heavily doped regions of the first polarity type and the second
diffusion regions 940a-b comprise heavily doped regions of the second polarity type. The doped
regions can be formed by ion implantation. The implant can be self-aligned or formed using an
implant mask. Other techniques for forming the diffusion regions are also useful. Dielectric
spacers (not shown) can be formed on the gate sidewalls. A contact layer 911 can be formed on
the gate. The contact layer, for example, comprises metal silicide such as nickel or alloy thereof.
Other types of contact layers are also useful.

[0038] Figs. 12a-b shows a dielectric layer 985 formed over the substrate, covering the
transistors. The dielectric layer can comprise, for example, silicon oxide. Other types of
dielectric materials, such as silicon oxynitride, are also useful. The dielectric layer can be formed

using various techniques, such as CVD, rapid thermal oxidation or furnace annealing.



transistors 930 and 970. In one embodiment, the process includes
patterning the first electrode to form a primary gate conductor 933. This
produces primary and protection gates. After patterning of the gate
conductor, first and second diffusion regions are formed in the first and

[0039 FeCOonf-ActivREapipnsaiateniiaHbaiprie iRy ANty panHediasnt e
first diffusion regions 980a-b, for example, comprise heavily doped

interc6RAMRNSHRS itheulicst RelasiviyiRe ancvbe saaand odifusipgonegigRsAdQankiuctor
comprise heavily doped regions of the second polarity type. The doped

contadEGIGNDFRNDE FRImemRciAR imBlastainne fiewrplantakRBupled to a second
self-aligned or formed using an implant mask. Other techniques for

conduf@HBINELB8diffySianaaiRns ate dlspiMpeliaiieleqire ssRASEESHBbntrol terminal

shown) can be formed on the gate sidewalls. A contact layer 911 can be

and thfeoléé%ﬂdocfbnmf‘cﬁ%fhnyl? GRYRELIRYRSu Q" RAPRIEVAYMRIAER MG Rl os. 13a-b, the

silicide such as nickel or alloy thereof. Other types of contact layers are

gate c&hﬁ%é@?fﬂd LQQ‘?@I)E’E'&%S :c]r?eac'grﬁllﬁ% 90%?'&?‘8%I@&rﬁ{u%ﬁéefﬂﬂy@g(?%?(’ing as the
the substrate, covering the transistofs. T

e dielectric layer can comprise,
lo. il . : : . .
con SRy AL U0 P A AR L D s

yer can ormed using
. various techni s, such as CVD, rapid therm onidﬁti n or furnace
e o R A e R T R R
[004013”e r?Odigé% Lthe, intefeonnactions include date copductor and well, .
ontacts Y53 and 885 Fhe gatQ'e conductor contact is coupﬁl&*o}1 0 Arde

ductive line 950 while the well contact i led t d
damasg YR RSB S SHBod et HE SESh AU AVBIIRE: Jgsagmple. can

as the control terminal and the second C%Pducti e line iSEC u%lfdtrﬁo d q
comPr IR ATSTR® 85 SHSWRTHERCASAEE e Y3l kol duttghghtndersteo
well contacts are commonly cougled to_a conductive line 950 serving as

that thip, OBt P EE MR AR K THES EOHM LTS AR SIE bl FGrER = Gfnesten contacts

example, interconnections to the diffusion regions of the primary

and cqpRAGIAET (HGEHBRTY EAM ARG HeIRsHbg IC-

[0041] The process described above is just an example and not necessarily in sequence. The

invention may be embodied in other specific forms without departing from the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to be considered in all
respects illustrative rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended claims, rather than by the foregoing description, and all changes
that come within the meaning and range of equivalency of the claims are intended to be

embraced therein.
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[0040] Various techniques can be used to form the interconnections, such
as single damascene or dual damascene techniques. The conductive
lines and contacts, for example, can comprise copper. Other types of
conductive materials are also useful. It is further understood that the

What gosltagisdand lines can be formed from different materials, for example,
tungsten contacts and copper lines. The process continues to form the
IC. [0041] The process described gljoxeus just an example and not
necessarily in sequence. The invention may be embodied in other

1. S@e&#&fpémgh%ut departing from the spirit or essential characteristics
thereof. The foregoing embodiments, therefore, are to be considered in all

respRGis itkativedather than limiting the invention described herein.
Scope of the invention is thus indicated by the appended claims, rather

t@ﬁi@ﬂa@%i&%@ﬂﬂm% %ﬁﬁﬁiﬁﬁﬂpc&ﬁ%ﬂleﬁ%ﬂ@,%e%ﬁﬁ?f@rw}hmcmﬁes a primary

meaning ‘and range of equivalency of the claims are intended to be

gate o£IAPHRGEALIDAIRIN LY T‘}I(*}ﬁé SRR BT HeMR JoIElcY iIh%Oé?[?ﬁ'ﬁ% Ohitrol

a circuit control terminal; a primary circuit having a primary contro

termindl; . . : S
thickness Ti, the primary control terminal coupled to the circuit control

eyl AREPIEHOD iyl BRNInG,  BrRiGion GRS Beinctudes
protection circuit Includes a” protection gate oxide of a second thickness

protecfa SN 4255 than Ty e proteqtion Gl CoUpled 10 NS PUMAN e
CIrcuit, wherein the protection gate oxide reduces p asrﬁa Inauced damage

t [r%ilraal, the primary circuit includes a primary gate oxide of a first

in the primary circuit. . . . .
coupleH to ?hg prlm:}/ry circuit, wherein the protection gate oxide reduces plasma induced damage

in the primary circuit.

2. The circuit of claim 1 wherein the primary and protection control terminals are commonly
coupled.
3. The circuit of claim 2 wherein the protection circuit is disposed between the circuit

control terminal and primary circuit.

4, The circuit of claim 1 wherein the primary and protection control terminals are commonly
coupled to the circuit control terminal, the protection control terminal disposed between the

circuit control terminal and primary control terminal.

5. The circuit of claim 1 wherein the primary circuit comprises a primary transistor of a first
type and the protection circuit comprises a protection transistor of a second type, the primary
transistor is disposed in a primary well of a second type and the protection transistor is disposed

in a protection well of a first type.

11



2. The circuit of claim 1 wherein the primary and protection control
terminals are commonly coupled. 3. The circuit of claim 2 wherein the
protection circuit is disposed between the circuit control terminal and
primary circuit. 4. The circuit of claim 1 wherein the primary and protection

6. COmyeltammitaisiaies camprianbe ppiptadiotpistsuplcoriraldeimrab thecircuit
protection control terminal disposed between the circuit control terminal

controfGdArimary control terminal. 5. The circuit of claim 1 wherein the primary
circuit comprises a primary transistor of a first type and the protection
circuit comprises a protection transistor of a second type, the primary
transistor is disposed in a primary well of a second type and the protection

7. trapsisionis SisReses whdddpiotection well of a first type. 11 6. The circuit
of claim 5 wherein the protection well is coupled to ground or to the circuit

CRREYB BT LA R PSSy ARE S percomprises

p-type and second type comprises n-typé; or the first type comprises

NHPE-ANYHDEFGGPN W%&QH&H@%@&MR?P&OH@QéECb’J&%BE.C'aim 5

wherein: the primary transistor includes, a gate stack with a primary gate
electrode over the primary gate oxide, and first and second primary
diffusion regions adjacent to the primary gate stack, wherein the gate

] el{sﬁérggguﬁegygﬁi%§Qveh%g¢%r:ol terml_nal _and first and second diffusion
regions serves as first and second circuit

the primary transistor includes,
a gate stack with a primary gate electrode over the primary gate
oxide, and
first and second primary diffusion regions adjacent to the primary
gate stack, wherein the gate electrode serves as the control terminal and
first and second diffusion regions serves as first and second circuit
terminals; and
the protection transistor includes,
a protection gate stack with a protection gate electrode over the
protection gate oxide, and
first and second protection diffusion regions adjacent to the
protection gate stack, wherein the protection gate electrode serves as the

protection control terminal.

0. The circuit of claim 8 wherein the protection well is coupled to ground or to the circuit

control terminal.

12



terminals; and the protection transistor includes, a protection gate stack
with a protection gate electrode over the protection gate oxide, and first
and second protection diffusion regions adjacent to the protection gate
stack, wherein the protection gate electrode serves as the protection

10. canbeliannitalatnh Pherersuit of claim 8 wherein the protection well is
coupled to ground or to the circuit control terminal. 12 10. The circuit of

RS WDsERInme 8 3 tyRe FaNRIisRS YR P Sace wpe

comprises n-type; or the first type comprises n-type and the second type

CHERHsag R bhRpAdes e Firahi GLCaIonI hersinrl] ptagks of the
primary and protection transistors form a common gate conductor. 12.
The circuit of claim 11 wherein the protection well is coupled to ground or

to the circuit control terminal. 13. The circuit of claim 8 wherein gate

11.  SPARKERIHSRIMATY ARELIOERINURNHHLISHNER SHAPRIRCAI N nsistors form a

conductor. 14. The circuit of claim 13 wherein the protection well is

Commgg%gllt%dc(ggcg{&ggd or to the circuit input terminal. 15. A method of forming
a circuit of an integrated circuit (IC) comprising: providing a substrate on
which the IC is formed; defining first and second active regions on the
substrate;

12. The circuit of claim 11 wherein the protection well is coupled to ground or to the circuit

control terminal.

13. The circuit of claim 8 wherein gate stacks of the primary and protection transistors form

a common gate conductor.

14. The circuit of claim 13 wherein the protection well is coupled to ground or to the circuit

input terminal.

15. A method of forming a circuit of an integrated circuit (IC) comprising:

providing a substrate on which the IC is formed;

defining first and second active regions on the substrate;

forming a primary circuit in the first active region and a protection circuit in the second
active region, the primary circuit includes a primary gate oxide of a first thickness T}, the
protection circuit includes a protection gate oxide of a second thickness T, which is less than T},
the protection circuit coupled to the primary circuit, wherein the protection gate oxide reduces

plasma induced damage in the primary circuit.

13



forming a primary circuit in the first active region and a protection circuit in
the second active region, the primary circuit includes a primary gate oxide
of a first thickness Ti, the protection circuit includes a protection gate
oxide of a second thickness T2 which is less than T1, the protection

16. CiTeiitaneiast toathe 13 iwiRiial fouhi Men@ESH tha PratEpHBcOBieca e comprises:
reduces plasma induced damage in the primary circuit. 13 16. The
neiiad0f plaimarrheieinolanping theeiknasyiaae Vetestion sé@HiStype in the
comprises: forming a primary transistor of the first type in a primary well

first a@f B @pREONAdYPe in the first active region; and forming a protection
transistor of the second type in a protection well of the first type in the
smﬂg&%ysté@g&a%i&mﬁﬂg&afﬂ%@iﬁf; S ARG BIEMREY type in
and protection transistors comprises forming a gate conductor serving as

the se@®RAMPON,gais,of the primary and protection transistors. 18. The method
of claim 17 wherein the protection gate is disposed between the primary
transistor and an input terminal of the circuit. 19. The method of claim 18
wherein: the first type comprises p-type and second type comprises

17. PRGNS URIAYRE %%@}Qfﬁ%ﬁ‘rﬂf . iﬁ&g&;gﬁﬁg&?@iwpﬁa%m%gﬂs&ﬁnprises
p-type. 20. An integrated circuit comprising: a primary circuit whic

formiff19 45163, RIITANGAI5 NS AL A IPLINCNGSS Hn AN APERIRTHRN ransistors.

rcuit having a protection gate oxide of a second thickness T2 which'Is

less than Ti, the protection circuit coupled to the primary circuit, wherein
the protection gate oxide reduces plasma induced damage in the primary

clf%uit. 14

18. e method of claim 17 wherein the protection gate is disposed between the primary

transistor and an input terminal of the circuit.

19. The method of claim 18 wherein:
the first type comprises p-type and second type comprises n-type; or

the first type comprises n-type and the second type comprises p-type.

20. An integrated circuit comprising:

a primary circuit which includes a primary gate oxide of a first thickness T;; and

a protection circuit having a protection gate oxide of a second thickness T, which is less
than T, the protection circuit coupled to the primary circuit, wherein the protection gate oxide

reduces plasma induced damage in the primary circuit.
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