STRUCTURE AND METHOD FOR A SRAM Cl RCUI T CROSS REFERENCE [ 0001] The
present disclosure is related to the foll ow ng commonl y-assi gned U.S.
patent applications, the entire disclosures of which are incorporated
herein by reference: U S. Patent Application Serial No. 12/721, 476
filed March 10, 2010 by the sane inventor Jhon Jhy Liaw for "FULLY
BALANCED DUAL- PORT MEMORY CELL" (attorney reference TSMC2009- 0686) ;

U S. Patent Application Serial No. 12/823,907 filed June 25, 2010 by
Jhon Jhy Liaw for STHRYCTERRBENDRM EFIROBUPRPORRASRAMRCUATt or ney
reference TSMC2010-0190); U.S. Patent Application Serial No.

12/ 827,406 filed June 30, 2010 by Jhon Jhy Liaw for "ROM CELL CIRCU T

FOR Fl SROSSRNMFEREN(®t t or ney reference TSMC2010-0191); U.S. Patent
Application Serial No. 12/823,860 filed June 25, 2010 by Jhon Jhy
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Fi nFET 1's advant ageous to the planar transistor because of its | ower
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FinFETs, a single fin size for all transistors can provide the
mnimzed cell size. As to a high speed application, equal nunbers of
pul | -down devi ces and of pass-gate devices provide a proper tradeoff
between the cell speed and the cell size. In this situation, the beta
rati o BACKIEROUND or | ess than one. However, this will lead to
various beta ratio associated i ssues such as current crowdi ng.

[0002] In deep sub-micron integrated circuit technology, an embedded static random access
memory (SRAM) device has become a popular storage unit of high speed communication, image
processing and system-on-chip (SOC) products. For example, a fin transistor, such as a fin field-
effect transistor (FinFET), is introduced to replace a planar transistor and is used to form a
SRAM device. The fin transistor has a channel (referred to as a fin channel) associated with a top
surface and opposite sidewalls. The fin channel has a total channel width defined by the top
surface and the opposite sidewalls. In advanced technology nodes, such as 32 nm or beyond, a

FinFET is advantageous to the planar transistor because of its lower leakage.

[0003] Ina SRAM cell, such as a SRAM cell with 6 transistors (6T-SRAM), the layout with
the beta ratio close to 1 provides a reduced cell size. In this situation, the pull-down devices and

the pass-gate devices have a same device dimension. In a SRAM cell using FinFETs, a single fin




[ 0004] When the al pha ratio is higher, the wite margin is degraded.
When the alpha ratio is lower, the read stability margin is degraded.
The existing approaches are not capable of tuning the alpha ratio for
optim zed read stability and wite margin. Qher issues associ ated
with the existing nmethods and structures include SRAM cell stability
and device density. Various barriers may present in FinFET SRAM
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fabrication cost. Therefore, it is desired to have a new structure and a method to address the

above issues.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]  Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. It is emphasized that, in accordance with
the standard practice in the industry, various features are not drawn to scale. In fact, the
dimensions of the various features may be arbitrarily increased or reduced for clarity of

discussion.

[0006]  Fig. | is a schematic view of an integrated circuit having various SRAM cells

constructed according to various aspects of the present disclosure in one embodiment.

[0007]  Fig. 2 is a schematic view of a static random access memory (SRAM) cell constructed

according to various aspects of the present disclosure in one embodiment.

[0008]  Fig. 3 is a schematic view of a SRAM cell constructed according to various aspects of

the present disclosure in another embodiment.



100091Fig. 4 is a flowhart of a nethod making the integrated circuit
of Fig. 2 according to one enbodinent. [0010]Fig. 5 is a sectional
view of a portion of the integrated circuit nade by the nethod of
Fig. 4 constructed according to various aspects of the present

di scl osure in various enbodi ments. 100111Fig. 6 is a schematic view
of an integrated circuit having various SRAM cells constructed
according to various aspects of the present disclasure i n another
enbodi | [ be1ssm fpwenajtot 3 meHindradhing s Bupgsstedcigrrgf g ¢ according to
constr ygt edhaeaeddi ng to various aspects of the present disclosure in
anot her enbodi ment. 100131Figs. 8 and 9 are top views of a SRAM

devi ce constructed according to various aspects of the gresent

di scl od0H8] i nFignd iseraseldnabiew of a portion of the integrated circuit made by the method of

Fig. 4 constructed according to various aspects of the present disclosure in various embodiments.

[0011]  Fig. 6 is a schematic view of an integrated circuit having various SRAM cells

constructed according to various aspects of the present disclosure in another embodiment.

[0012]  Fig. 7 is a schematic view of'a SRAM cell constructed according to various aspects of

the present disclosure in another embodiment.

[0013]  Figs. 8 and 9 are top views of a SRAM device constructed according to various

aspects of the present disclosure in one embodiment.

[0014]  Figs. 10 and 11 are schematic views of an interconnect structure constructed according

to various aspects of the present disclosure in various embodiments.

[0015]  Figs. 12 and 13 are top views of a SRAM device constructed according to various

aspects of the present disclosure in another embodiment.

[0016]  Figs. 14 and 15 are schematic views of an interconnect structure constructed according

to various aspects of the present disclosure in various embodiments.

[0017]  Fig. 16 is a schematic view of an interconnect structure constructed according to

various aspects of the present disclosure in another embodiment.

[0018]  Fig. 17 is a sectional view of a semiconductor structure constructed according to

various aspects of the present disclosure in various embodiments.



[ 00141Figs. 10 and 11 are schematic views of an interconnect
structure constructed according to various aspects of the present

di scl osure in various enbodi nents. [0015]Figs. 12 and 13 are top
views of a SRAM devi ce constructed according to various aspects of
t he present disclosure in another enbodi nent. 10016] Figs. 14 and 15
are schematic views of an interconnect structure constructed

according to various aspects of the present disclosure in various
enbodlQﬁ%éiLﬁﬂﬂﬂﬂ¥ﬁﬂ£_iﬁ§|s a schematic view of an interconnect
structure constructed according to various aspects of the present
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of a sen1cqnductor structure constructed according to various aspects
of t hecpbedimsntsdirsshmplgs.do implesranbng digistsotifepprsf various embodiments.

Specific examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting. In
addition, the present disclosure may repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and clarity and does not in itself dictate

a relationship between the various embodiments and/or configurations discussed.

[0020] Fig. | is a block diagram illustrating an integrated circuit 10 formed on a substrate 12.
The substrate 12 is a semiconductor substrate in the present embodiment. The semiconductor
substrate 12 includes silicon. Alternatively, the substrate includes germanium, silicon
germanium or other proper semiconductor materials. The semiconductor substrate 12 also
includes various isolation features such as shallow trench isolation (STI) formed in the substrate
to separate various devices. The semiconductor substrate also includes various doped regions

such as n-well and p-wells.

[0021]  The integrated circuit 10 includes a plurality of SRAM cells configured in array for
proper data accessing. In one embodiment, the integrated circuit 10 includes a first SRAM cell
14 having a first cell size and a second SRAM cell 16 having a second cell size greater than the
first cell size. In another embodiment, the integrated circuit 10 includes a plurality of first SRAM
cells having the first cell size and configured in a first array and a plurality of second SRAM
cells having the second cell size and configured in a second array. In one example, the second

cell size is at least 10% greater than the first cell size.

[0022]  The first SRAM cell 14 and the second SRAM cell 16 are similar since each includes
two pull-up devices and two pull-down devices configured as two cross-coupled inverters for
data storage and further includes two pass-gate devices coupled with the inverters for data
accessing. In the present embodiment, the pull-up devices are formed with p-type field effect
transistors (pFETSs); and the pull-down devices and pass-gate devices are formed with n-type

field effect transistors (nFETs).



DETAI LED DESCRI PTION [0019]It is to be understood that the foll ow ng
di scl osure provides many different enbodi nents, or exanples, for

inpl ementing different features of various enbodi nents. Specific
exanpl es of conponents and arrangenents are described below to
sinplify the present disclosure. These are, of course, nerely
exanples and are not intended to be limting. In addition, the
present disclosure may r ggat ref erence nuneral s and/or Ietters in
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of the PU-1 and PD-1 are electrically connected together, forming a first data node (“Node 17).
The gates of PU-1 and PD-1 are electrically connected together. The source of PU-1 is
electrically connected to a power line Vce. The source of PD-1 is electrically connected to a
complimentary power line Vss. The second inverter includes a second pull-up device formed
with a pFinFET, referred to as PU-2. The second inverter also includes a second pull-down
device formed with an nFinFET, referred to as PD-2. The drains of the PU-2 and PD-2 are
electrically connected together, forming a second data node (“Node-2). The gates of PU-2 and
PD-2 are electrically connected together. The source of PU-2 is electrically connected to the
power line Vce. The source of PD-2 is electrically connected to the complimentary power line
Vss. Furthermore, the first data node is electrically connected to the gates of PU-2 and PD-2,

and the second data node is electrically connected to the gates of PU-1 and PD-1. Therefore, the

first and second inverters are cross-coupled as illustrated in Fig. 2.



[ 0023] However, the first SRAMcell 14 and the second SRAM cell 16 are
different fromeach other by using different nunber of transistors.
In the present enbodinent, the first SRAM cell 14 includes a first
nunber NI of nFETs for the pull-down devices and the pass-gate

devi ces; and the second SRAM cell 16 includes a second nunber N2 of
NFETs for the pull-down devices and the pass-gate devices. The second
nunmber N2 is %reater than the first nupber Ni. In one enbodi nent, the
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| i ne Weoupled as a data storage. The first inverter includes a first pull-up device formed with only one
pFinFET, referred to as PU-1. The first inverter includes a first pull-down device formed with

two or more nFinFETs. This pull-down device is still referred to as PD-1. The drains of the PU-1
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lower level voltage) to the sources of the corresponding pull-up dev1ces in the first SRAM cell
14. The write-assist circuitry 18 is designed to provide one of the higher and [ower voltages to
the source of the pull-up devices according to operation status of the first SRAM cell 14.
Particularly, during SRAM read operation, the higher level voltage is applied to the sources of
the pull-up devices 14. During SRAM write operation, the lower level voltage is applied to the

sources of the pull-up devices 14. The write-assist circuitry 18 is also referred to as voltage



nFi nFETs, referred to as PG 1, and a second pass-gate device forned
with two or nore nFinFETs, referred to as PO-2. The source of the
first pass-gate PO-1 is electrically connected to the first data node
and the source of the first pass-gate PO-2 is electrically connected
to the second data node, form ng ports for data access. Furthernore,
the drain of PG1 is electrically connected to a bit Iine ("BL"), and
the gate of PG 1 is electrically connected to a word line ("W"
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Si mi | afeijrol eleuilgy. iy Qeuibboowy gi tB? & Mith @RpYe fUpGs PRIy @py1bg uged and'be
compl i ERAtRE Yo B §nibdred Ofcdi®. bit Tine BL, and the gate of PO-2 is
electrically connected to the word |ine W, [ 0031] Referring back to

Fig. 1, the integrated circuit 10 further includes a wite assist
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pul | -up, gleyikgerAagear ding to operation status of the first SRAM cel
14. Particularly, during SRAM read operation t he hi gher | evel

voltage is applied to the sourc s_of the p deV|ces
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also referred to as vol tage control circuitr Any circuit known in
t he ar tiffarenitly aBoevd if I in direalfidst SR Aviblycel d 4 hge Hystithpeshold b liekedY | andithe

i ntegrate L FCHIT 10 2 ags| st

ci'r oot BEGYEE PN s SRART M [ PR8N Beon PR ol 2 PRI spqmple, the
|eve|SnFmFETmﬁnheﬁﬁ$SR$mAeMrCﬁamimeﬁﬁnFET@@Qh@ﬁ&ﬁmd&RSHh&ﬁUG@ne of

t he vol tage | | s accor o] er |on nodes,, such d or
' to. g (i Brog Se i Sy iscieras TRELG R ob Sog Parheiies o BRARTEY) |
14 pr Omr&%gdr\%@@gévm 1legsttualﬁneisé%ha &raﬁ&;gwm@ér\wg the operations to
the first SRAM cel [ 0033] I n anot her enbodi ment, as the first SRAM

cell 14 and the second SRAM cel | 16 have dlfferent nunber s of
transi 484k, tmiartheaped heembodingnittbe aF inklel s ig thafaist SRAMEEd 44/ or

fabri Cﬁ)?gatgél bl RHERbEce (Rl RAEISaldInt BenFE Toh REM G AdrNAbG

first res vol t age Ts 1n the second SRAM cel
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parti cgRam exanphe diffdientfin hiSkast SicagRomgositdd, &gaalbn Mgl digsssidrhan t he
second threshold voltage V2. [0034]In furtherance of the enbodi ment,

t he nFlnFETs | the fi S ricated b firs .
dovi ce [ MGShat Bnt R bAE oot HEANEsre Ty el s baapnERY P Ty i
are foged.dy m@m@ﬁ'% ARV edoP FBlkisRBKP rlﬁ‘%ﬁ@&nb&ﬁﬁneﬁtsth@ ifk-dt @R Riacks
fromthe first device formation process. Accordin ., the nFinFETs in

the fi pestdiSmon foan the bacoad dratetstackilin RETPSS pxamities, de tamaSW%@dl the 6
are di fgc%ru? néte stgc!?staré FiRlenPlNGt eastco%gBPEAté R f QhATR Oé&te%gectllc thickness

di nensi
and gate electrode material.

[0036] In other examples, the nFinFETs in the first SRAM cell 14 and the nFinFETs in the
second SRAM cell 16 are different in at least one of p-well doping concentration, p-well

dimension, and channel doping concentration. In yet other examples, the nFinFETSs in the first



[ 0035] The nFinFETs in the first SRAMcell 14 include first gate
stacks and the nFinFETs in the second SRAM cell 16 include second
gate stacks. In one enbodinent, the first gate stacks are different
fromthe second gate stacks. In various exanples, the first gate
stacks and the second gate stacks are different in at |east one of
gate dielectric material, gate dielectric thickness and gate

el ectrode materi al . 0036 | n, ot her exaqgles t he nEinFETs in the

first SRAM el (4 an ta?uaﬂflﬁ Tyipit nq SR MecelldOawgdiSRINT et feastens pE
di ffergaéket@o o f8RRk aﬁ@ﬁtﬁe@w@&dewﬂ@m WLEQPF&R&&@“ on, p-well

di nens channel dopi'ng concentration n yet other exanples,
the nFinFETs in the first SRAMcell 14 and the nFinFETs in the
second [@RAM cEig 4 i Bovechalit of @ msthodi4f taformeagsntegited sircybbiéns ehopifyM
featur liyi
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sectional v f an integr med b 0.
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and the second SRAM cell 16. The nethod 40 and the integrated circuit

80 are described below with reference to Fi
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the present embodi ment, each of the pull-down device and pass-gate
devi cedown deviee fridrps-SRAdevacss in tha firss SRddd selb it inctydes ¢nly sre st miTEiEBS2

second "BERRRedl T B TR R 2R RS ATGCE BER By 1BEncludes
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accor difg, d;tl%l %ﬂ@ai‘%m@d@%spet{t%%%cg%s 5éc6ﬁi|ng1t5'dﬂggﬂib§@nieﬂﬁ| udes a

first p-well 86 fornmed in the substrate 12 and nay be
[0039]  The first nFinFET 82 includes a first p-well 86 formed in the substrate 12 and may be
isolated from other devices by isolation features, such as shallow trench isolation (STI) features
88. A first channel 89 for the first nFinFET 82 is formed in the first p-well. The first channel 89
includes p-type dopants but may has a doping concentration different from that of the first p-well

86.

[0040]  The first nFinFET 82 includes a first gate stack 90 disposed on the first channel 89.
The ftirst gate stack 90 includes a first gate dielectric feature 92 and a first gate electrode 94
disposed on the first gate dielectric feature 92. The first gate stack 90 may further include first
gate spacers 96 disposed on sidewalls of the first gate dielectric feature 92 and the first gate
electrode 94. The first gate dielectric feature 92 includes a first gate dielectric material, such as
silicon oxide or a suitable dielectric material having a higher dielectric constant (high-k dielectric
material). In one embodiment, the first gate dielectric feature 92 includes more than one
dielectric material layers. For example, the first gate dielectric feature 92 includes an interfacial
dielectric layer, such as silicon oxide, and a high-k dielectric material layer on the interfacial

layer. The first pate electrode 94 includes a conductive material layer, such as doped polysilicon,



i solated from other devices by isolation features, such as shal |l ow
trench isolation (STlI) features 88. A first channel 89 for the first
nFinFET 82 is fornmed in the first p-well. The first channel 89

i ncl udes p-type dopants but may has a doping concentration different
fromthat of the first p-well 86. [0040] The first nFi nFET 82 i ncl udes
a first gate stack 90 disposed on the first channel 89. The first
gate stack 90 includes a first gate dielectric feature 92 and a first

gat e emstal.rentdl abay.dindigomet! ahmﬁﬁelﬂf qureﬁnb@émena ithe| st gatecel¢cirgtle Ppinghides
The fi

it s pos e S8 Sy o0 pfiibal oS or cRERHETE P Lol OALEBD 96 R REa firt
first gatdeceledayer d}dﬁn@d sulfﬁhé kafmncgan en meélrstcgateubeiécem eriar o2 aﬂd a

i ncludes a,first tric such a or_.a
SOrt abrrof tiaBt il Pn Fredfirabo i el el Becths ERRRRELAR 18er

( hi gh- kqcided @afahintom@biinalyminhf. BnRotebedinpR) the stdvad toidiktigalager
dielectric feature 92 includes nmore than one dlelectrlc te@ial

| ayer s incinges @ayms UNEHEN PRI ¢pped pely el i gricempgiensdhaseot; 1ot ges an
| nterfagial of ﬁa&&taqlaedmﬁmenﬁlu Glehag sifibbd 680, Q?fa'cg?cm@iﬂg sicBh Ahridte or

dielectric material layer on thé interfacial l'ayer. The first gate

el ect r eifieorDekyiniidlicides a conductive material |ayer, such as doped
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enbodi M €aih 1 ¢
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second conductive |ayer includes alum num tungsten, copper, doped

pol ysilicon or conbinations thereof e spacers 96 include a
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f eat ur egnctfthtidRGrdaeavianyhAdoped Bavhemebsd drain (S/ D) features 102.
[ 0042] I n anot her enbodi nment, the first nFinFET 82 further includes a

first | ant atj on feat e 1l f or med t n-
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enbodi ment, the first poc ket lantation feature 104 incl udes p-ty

dopant siligert oxiges aglugepatedsit iterutey sy itakle digleatyic magsiat hayingst fOfVﬁtedlfﬂﬁeP‘élP
channekwgﬁmtéggﬁgégkagg gngg the substrate_lz i's a dielectric
n

mat er i interlayer dielectric (ILD) material.
I n various enbodlnents the dielectric material |ayer 106 includes
si | i coffds] deTheasetondortiimali B84 BiclideonseosidiewsH 188 §uined i e ditsiralet] 2iagd

mat er ' g;: yh%\{sloﬁjageaair(!‘;rg Offer gév?cleg%g Iislo?atloxcl) q“eatttﬁ’gst Slgch%\év-slﬁ %Ia&ll e%cltlbl A second

mat er |
channel 112 for the second nFinFET 84 is formed in the second p-well 108. The second channel

112 inciudes p-type dopants but may has a doping concentration different from that of the second

p-well 108.

[0045]  The second nFinFET 84 includes a second gate stack 114 disposed on the second

channel 112, The second gate stack 114 includes a second gate dielectric feature 116 and a

10



[ 0044] The second nFi nFET 84 includes a second p-well 108 fornmed in the
substrate 12 and may be isol ated from ot her devices by isolation
features, such as STl features 110. A second channel 112 for the
second nFi nFET 84 is formed in the second p-well 108. The second
channel 112 includes p-type dopants but may has a doping
concentration different fromthat of the second p-well 108. [0045] The
second nFi nFET 84 includes a second gate stack 114 di sposed on

h
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the second gate dielectric feature 116. The second gate stack 114 nay
f ur t hediclepieic dichturs é t@ it @as@oscpa@eplsctm@ ldB sPwseehndrzatsi didlogiti¢ Eante 1 He
second. gat.e di el ectr . .
The. oo SRHE SIeEb AL Gk AR bl S8 iR BERE0E. BEhT, SUEAHL Rlfdt
di el ecéitel cenbvdinednit,ahe seeu:&hgaa@dnsllebme Geatioi il tieinoludes :hb@hh:k] ahceligdatid c
material. In one _enbodi nent, t seco ate dielectric feature 116

| hcl udBeieaYah ERT S &eéeewﬁcgamg?q@? Wiret 0 inglydesap Anisy i 1ali he
secondgigRtic q’dyé} gt d high ke s hd€rihingcy @tﬁﬁleaen metlmre{fa&anbyéﬂl eheSdcbiE
Iayer and a hi'gh-k diéelectric material |ayer formed on the

i nt er f ga¢ drsctmﬁlyérl § inthles e enddctipgtreatesiab dayven dechiasglopgspalisdlicog, metal, metal
conducgj X’d? mf{tﬁ'sulc?q@ﬁm 8§e& o%ﬁnéjn‘?pcﬁgoegﬂ%%{té blt%ﬁdeefﬁ%%l md@?ﬁ{ate

al | oy i Cl n one e se con
eIectrmdeo&iﬂmﬂmﬂhadmsmanQmsHame&nmﬂ@ahdmmbmﬂgnmﬂb@KMan18ay&ﬂssaﬁmt

exanpl e, .the seco ate.electro 118 includes a first.conductive
Cayer g e et Nt s SulBb e S et ot e nolT el d oS biectisafe
f eat ur @cddbeonttRe 38COHHILE dRFsEIE Vst LaUREL RN O ERSBEMUIHR stdck 314. In
conductive layer of the second gate stack 114. In one exanple, the
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tungsten cépper iI'l'rcon or co |na i on

secon dcog;nahnmt&padwr@f 1"21613 secmidLgae: spactire] Bdnclide aditkectivialmateiag ugsas silicon
silicon @%Iq # .car 9 Eﬂllicon Pltrlde or silicon
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nFi nFET further includes a second pocket inplantation feature 126
fornedmphd@h%lgb%@W6ﬂd2@@h¢h%@ﬂydﬂ@dﬁgwﬁnﬂ@$@Q@éﬁﬂbé%Mé@ﬁ1¥%e second
channel 112 and the second source and drain features (such as SID

featur hyhi24) i b DRNARE Shlech iy BRROE LR er hRIRSLRRMhARCKA!

i npl antation teature I ncludes p-type dopants a oplng
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of the embodiment, the second pocket implantation feature 126 includes p-type dopants but has a

doping concentration greater than that of the second channel [12.

[0048]  The dielectric material layer 106 is also disposed on the substrate 12 in the region of
the second nFinFET 84.



the second nFinFET 84. [0049] However, according to the present
enbodi ment, the first nFinFET 82 and the second nFinFET 84 are
different fromeach other. In one exanple, the first nFinFET 82 and
t he second nFi nFET 84 are designed and formed with different
threshol d voltages. [0050]In the present enbodi nent, the first

nFi nFET 82 and the second nFi nFET 84 are forned differently in at

| east one of conposition, formation and di nension. [0051] Referrin
Fig. 4/00Pk nHeweterascoringiote preseptegibodisng & qu‘?h‘ﬁ{'?%w %f%’e‘@%s%f
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to formthe second SRAM cel | In furtherance of the enbodi nent,
t he f|nEmFﬁﬁﬁﬁEEmkﬁgnﬁtmﬁ@bﬂﬂ@bWé@dﬁ@ﬁmhéﬁﬁhﬁ§WOH@¥Bce formation
process 42 and the second nFinFET 84 is fabricated by the second

devi ce [6(861;3 nO[He Blzfg&’]?%%'lb%é nlié;'l@tthé ﬁlsgllll; Ju@EF’F@i aricf tﬂénséclaﬁd BF@PET @@\éf

formati ne exa east one step of the firs
devi ce fdim&dtffmtlpnmmds&t pee o cbfnpnsm)n flororatipmend dispevoi.ve step of t he
second device formation process. [0052]The first device formation

proces des .a.st f rm n
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process defines the firs wel | Wi_{ i.on.
anot her 6-d dibcence pgthe e @P%% fhe fﬁr?ﬂ"%% f{% 'a?ittbbﬁatm% Hﬁgg}ié’%‘f'ﬁ? st
p-vel | ¢deRlingp QQ@S@ 4% nd BERINE nfinFEl R-ivBblicMed By @ebidoBd dBridebolmation
concentratlon [ 0053] The first device formation process 42 further

i ncl udewcessdtahnt S4differenofrem theelirkg degice formation process 42. In one example, at least

one step of the first device formation process is different from the respective step of the second

device formation process.

[0052]  The first device formation process 42 includes a step 52 by forming the first p-well 86
in the substrate 12 using a first p-well lithography process and a first p-well ion implantation. In
one example, the first p-well lithography process defines the first p-well 86 with a first p-well
dimension. In another example, the first p-well ion implantation includes a first p-well doping

dose to form the first p-well with a first p-well concentration.

[0053]  The first device formation process 42 further includes a step 54 to form the first
channel 89 in the first p-well 86 using a first channel implantation, resulting in the first channel
89 with a first channel doping profile and a first channel doping concentration. In one
embodiment, the first channel implantation includes a first channel doping dose designed to tune
the threshold voltage of the first channel 89. In another embodiment, the first channel

implantation includes various implantations designed to form the first channel doping profile.

[0054]  In another embodiment, the device formation process 42 further includes a step 56 to
form the first gate stack 90 on the first channel 89. In one embodiment, the formation of the first
gate stack 90 may utilize a gate stack with high-k dielectric for gate diclectric and metal for gate
electrode. In another embodiment, the formation of the first gate stack 90 may includes a gate-

last process, or a high k-last process, a gate-first process, or a combination thereof. In the gate-

12



channel 89 in the first p-well 86 using a first channel inplantation,
resulting in the first channel 89 with a first channel doping profile
and a first channel doping concentration. In one enbodi nent, the
first channel inplantation includes a first channel doping dose
designed to tune the threshold voltage of the first channel 89. In
anot her enbodi nent, the first channel inplantation includes various

i mpl antations designed to formthe first channel doping profile.

[ 0054] lest raiprssh @ dumibozitaaaak is formediean the subsypigdtyi dspos B liBoggPYur t her

i nclud . . RENSIT :

chan ne? Eﬁtggﬁé ﬁ%oeg%l%g 2‘;%&1&%@ la{ h&a fl%g)?rltgt@ (Ii ?f?\ fh%% u?ﬁ%@%ﬁ%ﬁ "%"é(g‘iat“é' t ack
90 maypalishingzihe dugatyezast sk ivpartnllyirgheteddarel that a inetal gate glatteode is formed

dielectric and netal.for gate. el ectrode. | not her, enbodi ment, the
Formt Phihsriom 8 pish R AR GRSt MERD oGRS g Rhrer e
pr ocesgackds fatmdil 9h tie JuBStatdy0Rpsstion, Bhbaapty SikteMiQCLISIchiy; & [LD
conbi nation thereof. In the gate- |ast process, a d gate stack

) ) L. . uny
i s formagrialiaysids fouped pmthe syisuae by dprassies angd pelishiiea Pisyupath S5 nd
et chi ng. A \ : i
deposi%Fg%&%ﬁhyggﬁkgﬁ$ﬂ%?kg%§%3&%%%Pégﬁga§p%% ?éHﬁgéﬁﬁgﬁ?ﬁm?énnved;
and t hdapositioms il pphtieng laeatdiog® dnsthboeaagldn de gatstfirftamossd a gate stack of

pol i shi according t.o, one e le.  l.n.the high k:|ast, proce a
Gurmy AR KEERs B e SR e bt A ) Wb dcpoSitions

|'i t hogr@piplpAsderni dhdasnshigt Sduirdtgind Afaih Eundt#¢ fodined By edridus idnor med
on the substrate by deposition and polishing; the dunny,gate stack is
r erov etiplaiidionmed an Ak Brnateril byesds formedap dicisybstitrbyndapgsitigpang polishing,
el ectr . : gym% \p#is and polishing, according to
anotheggggg%g?égﬁgﬁgyﬁﬁgggte- ¢%@? process, a gate stack of a high k
dielectric material and a netal electrode is forned on the substrate
by depl¥psli onkhe fitstdeyise dpmptipmprosesa it glsaieludes pisg 58 solormdheayidiony ai n
feat ur e ra%dfdgéiﬁr?eq%t é’s, V! 'a%)Hl% I\!LQE) 'f%mr@f(ﬁ)?dng% S %nlg?tﬁl%ﬁ _Ii 629 ugi‘?t%er i al
| ayer 1s tormed on e’substrate by deposition and pol1shing, stlich
cheni cabparaehint sakcepat idsdin depifdihRy.. [ 4086} dihbodimestt thd éivit devitoformbtian

process 42 o.inclydes a step 58 to f.or he varjous source.and

G o - PeirnetmnenmiEEss Rt haihes Pelsfinlit BbgR ardeld SrefRHiEedpEs 104
102, ugithedoR$BEMmE Five chdnhslt 89S PR 68t gtdetdmpiaitadioR iigicAORSa fitdd packet her
enbodi ment, the first device formation process 42 further includes a
first padasatiqngesant ati on to forma pocket inplantation features 104
at the edges of the first channel 89. The first pocket inplantation

| mpl enpbg) @ Sildidty RAC KRbnd MRSRME RGN pARESE 44LiRGRRA RisRbl6@1bY YornlifE he
second devi ce forn%tlon process 44 |ncFudes a step 62 by formng the
s ec ondsquenvep-wvell 088 imthe lsebstrated 2 waing a second ipnge! blitbegraphy pyosees #nd a second p-
l'i t hogr aphy .process and a_secon -well ion. 1.on. e
exanp £ ot {aPeBEGREn AR ReF PR Sy b S BB R Rlob P e digeond
p- wel | p-1R8 1B ththa seaenswpH debdnsidh Meassther.cxhmpnhe edonéyanglien t he
second, p-wel | i.on inplantation includes a second p-well doping dgse
Lo for IMAHERIOBIBH IS Aaerndar o doPhecdsie o loRRINE Sedat P B ceond b-

[ 0057] Jbg .shepndicdevi ce formation process 44 further includes a step
64 to formthe second channel 112 in the second p-well 108 using a
second channel inplantation, resulting%in t he second channel 112 with

a secolM5@nhanhe seargidsyjicp fesmalien pirersa 4 BuBwtingdeietterighiofgrm the second
concentrahdiqhs i RO 1R AR i oh MR AR Al /D
incIudg%ﬂgggéggkﬁegﬂ%ﬂﬁgﬁgg%gﬁggmgéggxﬁggﬁgﬁ%dito tuﬁ%’tlélt.reshold
vol t agecoid ¢Haend édD ndthavacmdlchdib2! ddpmgamofile@nd a second channel doping
concentration. In one embodiment, the second channel implantation includes a second channel

doping dose designed to tune the threshold voltage of the second channel 112. In another
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enbodi ment, the second channel inplantation includes various

i npl antati ons designed to formthe second channel doping profile.

[ 0058] I n anot her enbodi nent, the device formation process 44 further
includes a step 66 to formthe second gate stack 114 on the second
channel 112. I n one enbodinment, the formation of the second gate
stack 114 may utilize a gate stack wth high-k dielectric for gate
dielectric and netal for gate electrode. In another enbodinent, the
f or mat EERoHment deseewd ghymwekimytapdation paclydes vaious igalantgtignsidgsigagto form
proces J = ~pr.ocess, a gate-first process, or a
conbingrfgﬁﬂgﬁg?g%%&x% §8 %he second device formation process 44

al so includes a step 68 to formthe various source and drain

f eat ur é80585 uch ansthehembadbiettete dese fopmatindprodres 8 Drtheinelpdes aispep, 66 to
usi ng r.e: V. n u [ [ . .
embodi ot poskfi 6 86k EONATR, SREaFLBkRe 138, Do RBactilaf M Bffution o
second thpoekeid datgpkaitldd imap utibzd ogawe stagoekiehighvkplidadtat foopat eitiesrsanti2 6
at the edges of the second channel. 112. The seco pocket

il an G St 40 AU SRIoUIERE S TSR S8 TS Hog e bebb{4 oy
the presfifes 8TREJAIBRALess @ mgmalasd@-\:se&,@_d‘%azmtst SOt QF aesmBadad t he
second devi ce formation process 44 are difterent fromeach other in
at | eadterehe step in terns of conposition and formation. For exanpl e,
the respective materials may be different, such as the netal gate

el ectr t gpd g finfeki 2 ARAhdGAes SXRPBE G0 [drfiGhe vari
fornatﬂgﬁgﬂgy?ﬁiéﬁﬁngﬁg%ggn%@§ﬁ$§%e¥ég5§%tivef?npl nta?ion d%gggus
bei ng dofrteelntrain\Waenen simdras sheelBs Db feathees fl 27 sitd the /[ Baluess éruseg on
processes are sa t hose respective steps for the first nFinEET 82
na tneBediR s R seukr A LFTOFRE {hen o SRR Kbt y sPias o8ied
exanpl gorndakien ploBrss @y @urthkd hch@ys Hechad prtteSimplintatios aulblny afpockdpot h

first nFi nFET 82 and secogd nFi nFET 84. [0061]1n anot her en@%dinent,
the fi ‘GPlARIR ERITes 140 PP EtRss OalhFistond SRTRPET “ahtf LHOROESHd SRAM
cel | 16, Rehiislesn Reni e donld ckdimpliaihias dbdeose pFi nFETs in the
integrated circuit 10 of Fig. 2. Accordingly, the first device
formation Erocess 42 includes various steps to formthe first pFinFET
and t hé00S8L onln e pieswnt pwbediticain thsribeialsyica ormabprpresesy 42 plidc §36pd to

formthe, . . nFi nEET,  Partd ir : Con
pr oces a3 FRARATOLR 14 LBUIKGHH: Nobench Bl I Ehrafl S K0 WPLARACT oy
t 0 t uneompesitiesind derimadon.Hioe skahe, tind tesgpetianaatetials spg dadifthesnt,cech as the

f or mat Inﬁﬁon ptﬁ%%ﬁfs:lissoddédfmétgr%léj eﬁr?g SitRrent ri'g ar?ctiYetr e £|1?p g,stﬁe %Qr%!atlicﬁldmgf bc;[ he

second "H! &
different, such as respective implantation doses being different. When other steps of the first and

device formation processes are same, those respective steps for the first nFinFET 82 and the
second nFinFET 84 are implemented simuitaneously. For example, the ILD layer 106 may be

formed simultancously for both first nFinFET 82 and second nFinFET 84.

[0061]  In another embodiment, the first SRAM cell 14 includes a first pFinFET and the
second SRAM cell 16 includes a second pFinFET, such as those pFinFETs in the integrated
circuit 10 of Fig. 2. Accordingly, the first device formation process 42 includes various steps to
form the first pFinFET and the second device formation process 44 includes various steps to
form the second pFinFET, Particularly, the first device formation process 42 includes a first
p_Vt process applied to the first pFinFET to tune the respective threshold voltage and the second

device formation process 44 includes a second p_Vt process applied to the second pFinFET to
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tune the respective threshold voltage. The first p_Vt process and the
second p_Vt process are different fromeach other. [0062]Fig. 6 is a
schematic view of a SRAM structure 130 constructed according to
aspects of the present disclosure in one enbodi nent. The SRAM
structure 130 includes various SRAM cells fornmed on the substrate 12.
In the present enbodi nent, the SRAM structure 130 includes a first
SRAM cel | 132 and a second SRAM cell 134 fornmed on the substrate 12.
The SRANMCARS tespechve theeskarbdvpkagey Eelfitet pL30 PErcesssnd &%efjﬁ\dtPﬂPA%?SS'FFFe

| abel s gidh &l %o ea@{iﬁthﬁi mlar to the labels in Figs. 2 and 3. The
conplinmentary bi ne is labeled as bit line bar or "BLB". [0063] The

SRAM structure 130 i s one enbodi nent of the integrated circuit 10 in
Fig. 1[0063]f uF tghénsemsr;éeroﬂlqﬁeweﬁhéam pituctirpy &34 ¢ansirucsRINgceding ta 3sperts

the fi i~ fhe%%entca?stc!]osmei net AL&ar %@W H&tﬁiellgao%pcq%&e Qartéifs M

SRAM c& 8 'second ce1 I ntegra Circul
10. [ 0Q6&H fbheed dn it sufbisidde @l In tiS@etencdmisielbmeray the SRA[MJ bthuctipe daW inckRglesod

pFi nFETs 136. T irst SRAM ce| | 1 further includes varjo

Dase. gus SHAEAL | S Roou Mesl 42t Kie e Hieva el AR Mpells
the segopd sﬁwﬂsﬁé‘dturel;ééaie f{@&ﬁt YA MRUBhWbdis mmgiesvar@@msaf tontfré bEES
142. The second SRAM cel further includes various pass-gate

devi cesn Bigst Zpand|3- JB\M@O@@UW(@@QFYdﬁt liriinabaled ayt ligedwe st TBLBne exanpl e,
the SRAM structure 130 is the integrated circuit 10 of Fig. 2. In

anot heré%%?ggll"ﬁ %_31&@/! Qﬂﬁﬁn@@?@lg%ﬁybrﬁﬁ&h Bet OQ%HeI ml‘é@%d%ﬁ%hn@ ¢§iOfiet NG

first 2 each 1 nc e a single nFinF furtherance of
thi s eXatprace vthibe passdigatiethddirstcdh Med!! p3d isﬂeﬂ)ﬁmt %lé&tlvb@sﬂ Idfofttie

o nretiod 6t ara i nEd ey at G e 2k MeRRRR Tt B Me e

t hr esh@dtéyrated circuit 10.

[0064]  The first SRAM cell 132 includes various pull-up devices of pFinFETs 136. The first
SRAM cell 132 further includes various pass-gate devices and pull-down devices of nFinFETs
138. Similarly, the second SRAM cell 134 includes various pull-up devices of pFInFETs 142.
The second SRAM cell 134 further includes various pass-gate devices and puli-down devices of

nFinFETs [44.

[0065]  In one example, the SRAM structure 130 is the integrated circuit 10 of Fig. 2. In
another example, the pass-gate devices and pull-down devices of the first SRAM cell 132 each
include a single nFinFET. In furtherance of this example, the pass-gate devices and pull-down

devices of the second SRAM cell 132 each include at least two nFinFET.

[0066] The pFinFETs 136 are formed by a first p_Vt process designed to tune the threshold
voltage of the respective pFinFETs 136 and the nFinFETs 138 are formed by a first n_Vt process
designed to tune the threshold voltage of the respective nFinFETs 138. The pFinFETs 142 are
formed by a second p_Vt process designed to tune the threshold voltage of the respective
pFinFETs 142 and the nFinFETs 144 are formed by a second n_Vt process designed to tune the
threshold voltage of the respective nFinFETs 144.

15



vol tage of the respective pFinFETs 136 and the nFi nFETs 138 are
formed by a first n_Vt process designed to tune the threshold voltage
of the respective nFinFETs 138. The pFi nFETs 142 are forned by a
second p_VWt process designed to tune the threshold voltage of the
respective pFi nFETs 142 and the nFinFETs 144 are fornmed by a second
n_Vt process designed to tune the threshold voltage of the respective
nFi NFETs 144. éOOG? ]In the present enbodi nent, at | east one of the
first MO0§7] prbris greaend embedipicnts at lpasypnapfshedist p.oVigregesradihs fishi e

réspec hcgssqg'glfi%]fen# Hgmstf?eci% Qve\/(;new grgce;ééor@rbd Vi BRcSEGRAMtheRend n Vi

proces I'n opin ose. iS a schematic view of
a SRANba&Ek,m&ancdhmmngabad accordlng to aspects of the present
di scl osure in one enbodinent The SRAM cell 150 is one enbodi nent of

t he se S h
furt heﬁ@r@]ﬁ Rﬁl\gﬂt 'S % Snﬁg)”d. rre‘}rll »9 ﬁ%&i&ﬁqce I §§E’ Cte%%ﬁéd?d’gé e as%) RCEA Sthe
fir SL §F§§Mt@i@closﬂré 110&‘)nddm€30b1h‘htﬂ1gr'laieﬁkﬁdw reelliit 50 &Gme bmbadjdnenu adnhd @cdtidg .
7, the follown scrlptl al s fers t ig. 6 and th

cor r espeAdY gl bé%g‘ﬁi’ BYgegHe f'(f(b'éd?)'l*ﬁ 1gsRAll &&FF‘%'_‘LWF Ei(\%ﬂ'“%’rt?e SRAM
cel 1. TpenpaM %%%%é% th@msvéﬁgwcw i4 &tﬁ@rntegl&fe& anditaormaghdpintio Fig.
154. Particul arl SRAM cel | 150 includes various pull-up devices

of pFi HFE%“O*IE‘GH% dﬁsen;smmise)erﬁﬂeisﬁa@g @rapndh e corespeadiss daselipid pass- gat e
devi ces and pul | -down devi ces of nFinFETs 158. The pass-gate devices

of nFi gd%l)-g ]@ﬁe @%%AI\/K}P@[]C oty ggm; ﬁmft QR A peﬁl %b SRARPEL %ancludes a write

Furthe es one or nore pull-down devices
(1 abel @drtds2 RidPD)eadpott rbafsé’agaukaligl,ethﬁ SB&M beibbﬂﬂedclaéeSRaﬁ@S pof l-upriemnicesTef

160 cont.i e f h

et neerentBas 4o e SRR 8L RER R batd el R SIE RS M ol By

as " R\/\Vd'e':%ces[&(ﬁ?m:mﬁ $58’ lﬂ@ }ia@s EAt@&ew&s@ﬂdFlﬁFETh%&)&?e péEEsrell a6 fc&methe
formed by the second rocess deS|gne to tune the threshold

vol t agaviBe PeThéS% @%%f“ﬂﬁe“ﬁﬁ%@l 15 inclpges ofs 95 Prere PUls 80 E°HIGH ned
by the geGoNgk @ pp) aﬂ%%ﬁ%%ted&ﬂcg@ﬁgoeiéa A qanﬁggeﬁmflhpwmo%méar@% 8fm

the respective n The nkinFETs 71 are fornmed
n_\t pricoesspatbidgiednt enbatimenthde nEimEERs 6D molfmré@ecme@th@tq%wwéémﬁ\f@

nFi nFETS 00.7 one enbodi nent, the first p_Vt process is
d|fferéﬁp%?$85$ ééggn%nd p_\t process.

[0070]  Referring to Figs. 6 and 7, the pFinFETSs 156 are formed by the second p_Vt process
designed to tune the threshold voltage of the respective pFinFETs 156. The nFinFETs 158 are
formed by the second n_Vt process designed to tune the threshold voltage of the respective
nFinFETs 158. The nFinFETs 160 are formed by a third n_Vt process designed to tune the
threshold voltage of the respective nFinFETs 160.

[0071]  In one embodiment, the first p_Vt process is different from the second p_Vt process.
In another embodiment, the first n_Vt process, the second n_Vt process and the third n_Vt
process is different from the rest one of the first n_Vt process, the second n_Vt process and the

third n_Vt process.

[0072]  Figs. 8 to 9 are top views of a SRAM cell 200 constructed according to various
aspects of the present disclosure in one or more embodiments. The SRAM cell 200 and a

method of making the same are collectively described with reference to Figs. 8 through 9. In one
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I n anot her enbodi nent, the first n_Vt process, the second n_\Wt
process and the third n Vt process is different fromthe rest one of
the first n Vt process, the second n_Vt process and the third n_\W
process. [0072]Figs. 8 to 9 are top views of a SRAM cell 200
constructed according to various aspects of the present disclosure in
one or nore enbodi nents. The SRAM cell 200 and a net hod of maki ng the
sane are collecti vek&descrl bed with reference to Fi 8 throu

| n oneemidipentnBn dRAM el SEHNS the IR Aggeil 44 ohEigskamhe A'\i&e%“ g g %
or t heﬂ?cw&@?ée 1 26 i Oforihb@on gsenT B&deEOM B8k dte 2RPinkRdd M4 Rd FRIFES

sem conductor substrate and 1 nclude various FinFETs. [0073] The SRAM
cell 200 is formed in a unit cell region 212 of the sem conductor

subst r B0@3] ThEheliRAMaell 209 dgpuredin2 ung celéfaginad 1B\ T thesemiiopdicinr substrate.
bounda,h){ u%‘njft 51 291’5%81‘%'.'1 tthff- BJﬂFc ?Jlrgoh?c?aﬂ( b}é{.e(g'oﬂg St%égddn%ntdﬁ 'u'ﬂ?td

in a rectang u ig“g'ﬂape spanni nmensi on ina rst
direct ¢e®1ne@nnlzs:pamiaﬁm@i m ractmmdhaqbn REmSing o ﬁﬁsstidhnaas'&aézaﬁm a first
dlrect e endlcular to first ‘gglrectlo% The |rstdd|manz tﬂt
216 1 sTRSHEEF G HARTNAL SBERHEeRoL? Giin 3 pefondgiernmemepdigi Qdatia
di MeNs§iRREod. 21k AIiAbAdioR s B & &SiRbr Bsh the sé&®nddingngrh 2p8 t S& @MEstaind
shorter pitch, respectively. Furthernore, two perpendicul ar

di r ect esersl dimensiestsi (abéjarulc?d@a aicrgfetrodiods alengeepiéshragd ashouss PHCli r st

di r ect R

o N welcP ety oRStuByRGEPAN Sl A d i tons P acelaCkdipd) dnb BE ey
The SRAMS aéiri;t dﬂ@élxdntﬁlﬁfmed a|seuohd|desctmn\2/é8 ITh(erS@g&M il Q0@ gichidys LWAvell

di bot d f th N-

N el 1 (00 Pl B55%mP redPail ol “Hhy o8 SV API g B 4P

unit cgki (r@@@ﬁmmﬂlspb%ﬂﬂﬂt}v{@l')d)tﬁléﬁle§ bIth@SLWME2T08 gh @RS erab&liflehi Mew-vell
the substrate by isolation features and are isolated from each ot her

by t he230ssddtwelh23%ae grigadedtnayligne galls bayand dhqpscetirtoundityred in t he

substrate with a proper technol ogy. For exanple, the isolation

feat ur ga7qr € Wridut ZRActe rofibns 48 d@ﬂ%d@ﬁhf%@hﬁ@ﬁ%e byl iBSlatRIRANAGRE hn 240

includes a first active region 226 and a second active region 230
f or medisplated Hiwnteagk bthepbpthe TypkatioprAMwed. [The Golation fdatyres aie fayeed ingthe hi r d

ggg' V%%erg Ite w tﬁ%Z r(ﬁ)egte%ﬁnocfg r h:o?;é‘;t{e{n\/pqe tl?egl &Qt %at(;%r g?eqltfh'%ec} %S’H’ V\ﬁll !

¢ 8t As are disp ose al ong second
di nensmmmlmx tb@SleAtvemmomclmmmitacmtlagmn R26 anka maﬂmbkicnwt

e b 00 b3S AT Y Sl R 50 BEbETHE b it Bl
act i vey1egidQohith &é‘ﬂz@e Pe 33423 Anddng k@ svell 20! IThel ey tcdi%\dttﬁ 8ctdGedons
pass-gate device. [0 In one enbodi nent, the first active region

226 i nwkdisesset along |€}r€s‘1€0?j@| dimgrnign andviayebe(amiandgd taranltiple celis: dp one
oS ) 0 A, R SOUL 5185 26  po

is di sqhmedn R18. dnfthe @tsepoerhbaiimertt, ¢ale adtivestgiacini the P vedii 222 lmwm/mph&
PG 1 i (ifosed in a second portion of the first active region 226.
Si mi | afIWR 95vifE A0d @ HA-SiS $Y¥er egi on 230 i ncl udes the second pul | - down
device (PD-2) and the second pass-gate device (PG 2) that are
cascadpd7s|Theinsaye@bodieMGtie first aeliacigivs aké ihe@snde tied pull-down device

(PD-1) and the first pass-gate device (PG-1) that are cascaded. The source of PG-1 is electrically
connected to the drain of the PD-1. Particularly, PD-1 is disposed in a first portion of the first
active region 226 while PG-1 is disposed in a second portion of the first active region 226.
Similarly, the second active region 230 includes the second pull-down device (PD-2) and the

second pass-gate device (PG-2) that are cascaded. The source of PG-2 is electrically connected
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to the drain of the PD-2. Particularly, PG2 is disposed in a first
portion of the second active region 230 while PD-2 is disposed in a
second portion of the second active region 230. The third active
region 232 includes the first pull-up device (PU-1) and the fourth
active region 234 includes the second pull-up device (PU 2).
[0076] Vari ous gate features are fornmed w thin the SRAM cel | 200 for
various nFi nFETs and pFi nFETs. | n one enbodi nent, the SRAM cell 200
i ncl udeshedmin afitheBD2. PagiculedyPoe-2ds disersed i hilisheortien of thesaean 24iyc and
extend i i t i 2

A o R G T
SRAM cadtive PEMon Zﬁﬁlmme@sahesfesmldi Lgnaieelcbéﬁltldrj en®®8 fordpwsedregivnt2Bé cel |
region. éé a[ﬁd ext ‘gﬁ ? eirst direction over the second active
regi on'239°HNESTRE P Plfﬂevécet V&Pt egion 234, forming the gates for
PD-2 and PU-2. The SRAM cell 200 includes other gate features for the
pass- gpigsldevvatisis ghtd feneeedrd Gatinge Mithird the SBRAVcee200 B0 Garione hEid EBTaand
gate feature 240 dis ed ovyer. th f' t. active_region 226 or m
the gablnt ors paone comheeimeny th s8N eel pRLingliees & l@he? SRabiers et
di sposgd @Y Rlsidn 10 298¢ SREnRA T M8 i ﬁsazh@a;o%mel h Fifd Béhvtené‘%l&ﬁ?i% dnlthe
PG 2. 0077]In one enbodi ment of the configuration as iTlustrated in

Fi g. 8thindhelive region 33 femang e gads ﬁn,tPnﬂréamfé VdnsThSRAM q@lhg80 |inchpdtzs and
t he as . o n t

Symmet ?el(gglllcféa%g 58{;1&)40253% gei%hh‘ﬁfe ceft] 9% ]ZZ%&[% e?teﬂ?é’d ﬁ%i? %Pdu.lectlon over
pul | - dthmwﬂmd hceg regich PHsswdgiad ﬁ;udbmtc.esre@omziéu hiechibpthh gwes i PDe? emt

t hresh I t ddr.ess t he |s h as cu ent crowdi n

| evor Pl 1B SBARE OB RURES chireh SHER AT Tl - Gk Aeibs (RO hog
PD-2) ahBoddashiomedrRIM B@Vﬁ)@ﬂnélhﬁe%ta dat¥y @&h&l AoUpb R VMt the ﬁﬂéh fctive region
pass-gate devices (PG 1l and PG 2? are designed to have the first

t hr esh&?td faralingige eare fordS-hellhe pail 309;adsodrelpifnisa. safeooatBie\dit Hispesed jquer the
referepee.d 9l & 10% 23|0I foHﬁhg @‘t‘{ﬁ’ pgtop view of the SRAM cel | 200
ngs ar i

i ncl udi ng interc nnect rout ous interconnect structures may
be utilized to couple the nFinFETs and pFinFETs to formthe

f unct i 83F] Smmnc@mbodlmnmféheeqmﬁgmrﬁmn as ltlhﬁlat;hdan HigoB, thpfinst argl the second
electricall conn ource .o

doped 145¢ i8N EGrSRel e B4R 550 pEigd Do R8T s 8 TR are

posi ti gmadetbeztlwaﬂ@okdaieml?ﬁb vadidhs BGtHe. N0 22D ) mhapuﬂl-HMn eeviad bt pdss-

the drain of PD-1 is electrically connected to the source of, PG1 b
a si | i @lgdeiesanifunqdipha Wf)emrtﬁw%d esﬁltatgﬁ%toca&m%wﬁa&ﬁ% fﬁi@@?wrreny

Wi t hi ncx%%mf ii§sak, c@s%hésg@mr BIbRR AR Tm?)uﬁldohﬁ'dé@wémtﬂf énd BDHohed by
a process known I n the art SUC% as sel
designed to have a first threshold voltage Vtl. The pass-gate devices (PG-1 and PG-2) are

designed to have the first threshold voltage Vil as well in this example.

[0078]  With further reference to Fig. 9, itlustrated is a top view of the SRAM cell 200
including interconnect routings. Various interconnect structures may be utilized to couple the
nFinFETs and pFinFETs to form the functional SRAM cell. In one embodiment, the drain of
PD-1 is electrically connected to the source of PG-1 by sharing a common doped region, a region

defined in the first active region 226 and positioned between the PD-1 and PG-1.

[0079]  In another embodiment, the drain of PD-1 is electrically connected to the source of
PG-1 by a silicide feature (not shown) formed on the common doped region within the first

active region 226. The silicide feature is formed by a process known in the art such as self-
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al i gned suicide (salicide) and can be fornmed together with other
contact suicide in a sane processing procedure. |In another

enbodi nent, a contact is designed to |and on both the drain of PD1
and the source of PG 1. In yet another enbodinent, the drain of PD1
and the source of PG 1 share a common region. Simlarly, the drain of
PD-2 and the source of PG 2 are electrically connected in a way
simlar to the connection between the drain of PD-1 and the source of
PG 1, sligtedadichie (ealiside) ¥idgran pedeiied fogetioswjtirntictpaniasssifigdaing oe) of
PD-1 a t C I

Foat ur &roegay e oG BT bARL oo KERRTE Sk DGt Bha T GURT g of

t he dr &Dak aifdithaisourcpddG-of [nBRt odhed eRbodnantetheldexdn of Kad 1| qud(tl@rﬂwrm@(ﬂ

usi ng ond interconnect,.f ure,  defi econd node
(ods ST SHE acRbaT BRI Sl oo PSR B R M E R 8% e
second eleBirREIGPIMAE ed BatwayesiRNS th g mEnddioRbaasEn tha URNICOMITRa tant aeer
(referred to as first interconnect |ayer) by a sane processing

pr oced§ewce qifeGl; sush agbya sileidadedie-er connect features nay be a
silicide feature. [0081] Various contacts 248 (illustrated as a

rect an%@ow t hrh@@ralré(araﬁrrﬁ)démmﬁ; QRd 9Bt Bfre eQEtﬁbﬂly%ﬂﬁ&tedﬂ@ﬁ]g\éaﬁﬂs@US
| andi ng pad he vari ous contacts are desig as a_ square or

rect andfter cermeat fiﬂ@iplevﬂfé‘wmg%ﬁwEMWCG (n@decbfprtda@tnorig) deigligrsdhadrains

rectan i,en n t

| ande. ShTsoREIY hud PO EE PRG S SHARI AP bR PR RS
SiniIaﬂb&mngmemhemdmmnb@QOdSZde$n@mﬁﬁtms al'tedoftamgiceneci featiechndnhd he
second direction 218 such t he contact Ian on ot t he second
gate fé?ﬁ"ﬂ& B Senarideaie At f’ﬁe F”tﬁ%‘eﬁfrf"“‘[eﬁ E‘u %asaﬂ‘d“ 11

i1l ust m&.@om&ﬂ a@y@) b)nat ShtORbeGEing pRkeRs The Fa@%mc@mnmh&@ okl
t he SRAM cel I'n one enbodi nent, various interconnect features

associ a‘taé&e\mlmcieﬁéa@mm cel | 200 include various nmetal |ines
oriented in the second direction 218 and forned in a sane netal |ayer

as ill lﬁ%Srlf‘t e@ah&ls'@ogtactl'@iﬂl *lnuﬂﬁ?ed%%qut ﬂt@Qﬁ‘L)@q afenfol:rhgi orﬂ-gatesone

metal line'is a power line for Vdd coupled to the source of
pul | - upra@iewctce,sa,nd (ynieouséaretllmg fade Ths varipistcohiapie a@d&pjge@i 4@ Sﬂh@e dr @mngﬁf

PU- 2, d '
PU- 1. g%toﬁg\f% eFrm ﬁ‘éampsle é‘ téll(é‘tﬁ gestl%led as a 1ecf;ar1 01 Egltt&? in tﬂg selcm% d%ectmn

power I ne (Oor co

power Riifiejchfigdt tlfel dostacMasdsamchosnit Miedt gmtf@dturb RBearidshe amne@fttedpwcz a
power |ine for second Vss. The netal lines in th S ne%@% | aye é are
coupl ed!Piarhnanclisr coRAT ST ENPA AR Frgtanels oppued 't“ﬁ oiFGPN F%érp

cont acksy ?r(é%oma&QQrﬁi%]oh BofNAE BRbnEFRO MR 39 dnki RE A& tHe P19 11

the SRAM cell 200 includes a voltage control circuitry connected to
deV|ces Particularly, the voltage control circuit

tsngpf)rlﬂlw%ﬁ t RigsplérangHé ilusgaigeieripynsteaonnges fawmsdemsd angng ﬁ@ucﬁéﬁ?’ with fhe

devi Ce%RAIM 9&9@0(9 NG 09@ elg.%cﬁhne}u', D&fous ﬂﬁer'c(l)r{ngéttféa"i'ﬁl@ga§sgcié:t|3<9w1tp1 the SRAM
cell 200 include various metal lines oriented in the second direction 218 and formed in a same
metal layer as illustrated in Fig. 10. In one example as labeled in Fig. 10, one metal line is a
power line for Vdd coupled to the source of the pull-up devices, one metal line is a bit line
coupled to the drain of PU-2, and another metal line is a bit line coupled to the drain of PU-1.
One metal line is connected to a power line (or complimentary power line) for first Vss and
another metal line is connected to a power line for second Vss. The metal lines in this metal

layer are coupled to the corresponding landing features through corresponding contacts 248.
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[0084]Figs. 12 to 13 are top views of a SRAM cell 300 constructed
according to various aspects of the present disclosure in one or nore
enbodi nents. The SRAM cel|l 300 and a nethod of making the sane are
collectively described with reference to Figs. 12 through 13. In one
enbodi nent, the SRAM cell 300 is the second SRAM cell 16 of Fig. 1 or
the SRAM cell 16 of Fig. 3. The SRAM cell 300 is forned on a

sem conductor substrate and include various FinFETs. [0085] The SRAM
cel | 3400835 1 &t mristher amaodipient idugtrateddeyiign | Bibe BRAMheellsditiiedidnservattage
substr i n

Boundary i S1eY P shuelel L BRI, FELDRR. Pl lobfeRitobSign s
in a reopmiedbl are whratmy $p\aﬂrim¢gmd o camhwtcsittodhermﬂlisumdﬁv&tﬁthwug o pSt
dlrectlon1 nd sgar %1 q: 2 1ﬁecond di mension 318 in a second

di r ect "5 PEFH ARG "t'®t'he first direction. The first dinension
316 is longer than the second di nension 318. So the first and second
di mensije08d] ( 3EfgsartiodR8)e @p eicvwaiodnSeeh N ocld S0(Bcdnetngesd aﬁtbfbi@hlgaﬂ daréous

hor t t ively. Furth
i 7 oot OIS GF e der E G SoH5 PP R G Rp GBI SRAT AR 309 1
dir ect Inwmo%lcﬁr RGeS AR RNAe AITc8itd Pllesditbbd TP RRAM: 66 llas H00niagh welas

a Nwell (region) 320 di sposed he central Bortlon he cel

The SRANt edpbedimew, thaSRHeY cﬁlhé@%élge oyt AM(qe dﬁ@ﬁf!&i@rmeﬁd‘g\ééek&m
t he bo 20
and posiT 1 So3nEpRRREPIARS (o pt fofRRaREPAP LIRS oh lial b
boundaEyﬂWﬂGOSG]various fin active reglons are defined in the
substrate by isolation features and are isolated from each ot her by

he i I f . dinth
subst S0l T KN SRRATSy 0T kaRsRly it FTaebi& s FrheidEnflabhapra
t he SRAMt agit belBRQionrsa L id@Sinkd bpthealticsebsiedgrB 1326 antbnagdanehtaké inie

region 330 formed in the P-well 322. Particularly, the first active
region® lge‘:gfoarﬂ%ﬁ detioed I grrergpedatshepeowanmingiony ff‘\‘s"l qipgnsin 7 (fgin a first

feat ur @§ectdnFhli @-ﬁe‘nylmgttgg sé:c%ﬁ@ AtheSibh 468 f@@ée@&cﬁ(ﬁ@cﬂ&{ A I\/Félﬂ'l:c%-ra? to the first

includes two or nore fin-like active features.

f ur t hedire¢ionudés fi astﬂhnm@oaétlﬁvﬁelomwgtl@n tmcmlmemwlw &@tthwﬁrsm@ on
334 forsgc{% dd{1 gn@%ns SVYE and g%ﬁietef'ne to atishae Egéir gﬁd Y ortelgplfcﬂ 332 and
t he four ive eglon inc es on y~0 e* |n e active

f eat ur eespa'dmel_fyl FatthérmotQuwd perp@idicnéar dgitons alardeﬁﬁhclszgms[emgw adaird Rerred

second dlne si on and be exte ded to mult I n on
enbodi m&a Shdrechiss oA aweond raﬁwnéétwéf:#f@@ 13:9 dnlydeaqdeyel o 4

or Nor @egRh) $20 dlsgol& ﬁ%ﬁ@&@ltrgﬂ d’o%n' &‘@h@@eﬂ The skev Bél%ﬁﬁfurt%émﬁ@lh&%%tﬁ-
each active region in 322 includes a pull-down device and

a passsHt(egiay B%?edlsm%m] !hn b@?ﬁ@l@ﬁbﬁtﬂlﬁ mewell 32kelnf cmegmbaémemé threcyi Ve !
326 | n% blglﬁcﬁ) %ﬂ 3%2&? 13){?61:%%%({ t%%tl@l%vblfs egg&.@?}: uﬁi@gel Q&l

pass- gate devi ce are casca e source o G—l IS
electrically connected to the drain of the PD-I. Particularly, PD 1
i s di s;{ﬂi&éﬂ i Nagodsi ﬁrsactip@relgiom agfdetihel hithatubsicite beispryonfeaBes awtilatee

) ond portion of_the fir activ 32
St arpieb RS St BEERURREG ibsSormeri ity fE wETRAERI N down
devi ce st hvitprbpg té&ﬁ@lﬂ@y, RacSasgAt e 16eHE 6RbddPRea) the SRAM eIl 300
cascaded. The source of P0-2 is eIectricaIIX connected to the drain
of t he Pidgs fipshagtive gegaen 326 apdsgcond a@ﬁ@g@@@a 3htosmed ingthe Boyali B3- of t he

second pal Ay, OHANHI0 I DR frih e 30038 ub By roPERRe RORL 0N

of the second’active regi 330. T e active region 332 1 ncludes
t he f|ﬁ@nwgushnugbdémmq@nqEwﬂﬁymanm3ﬂh%rh5mFEﬁsamhﬂwﬂmmegwmne§84me

ehod RNE. CustEn 10 S sHE OB jhoricsl amdeRE it Sl S hbmagve

region 334 formed in the N-well 220. Each of the third active region 332 and the fourth active

20



i ncludes two or nore nFinFETs and each of the pull-up devices

i ncludes only a single pFinFET. [0089] Various gate features are
formed within the SRAM cell 300 for various nFi nFETs and pFi nFETs. In
one enbodi nent, the SRAM cell 300 includes a first gate feature 336
di sposed in the cell region 312 and extended in the first direction
over the first active region 326 and the third active region 332,
formng the gates for PD-1 and PU-1., The SRAM cell 300 includes a
secondrftgatne?ﬁemlmeé ophygngifiedsagtiveneatne. ddrifirst iyfoyrh datbvedpgionsaended
in the t 0 t he
Four t B e A el B e
SRAM cethboBH0nt, the Iﬁn:deasd dtelserong atteverle@muﬂr zers cktondet! hee 4 pagoreyztle indbe besesd
I n one .enbodi,nment, the SRA |1 300 udes a gat.e

o 'sposEa08e Tkt PErRLpp GEmpagrigh 35w 145 Es fy G PR ERIAS S ety
The celbwsO8/iad @ dipasd-pdedevicegat e feature 344 disposed over the
second active region 330, formng the gate for PO-2. [0090]In one

enmbodi nent. of the c nfj uration as illustrate n . Fi the, first
and ¢ hiD3gkonks e w%a TS KT OReRp | @*ﬁeawa fﬁﬁ@ﬂﬁ&@&f&daf'éa
pul | - dowm. 1 flgnd tﬁ@ﬁts@ﬁ%s%ﬁﬁl’egﬁé EPGAPMaCHS cAlcRicAY TREB béreadf BG-diisHesaehlly
on the two sides of 320. The pull -down devi ces and

pass- gawe@ted/todég d@maoﬁtbfh Ba lt d)aﬁwéarhn PP is dsposse dsmBrstipugpe agds fird
addr es t, &L t he
backgr%ﬁn ?q#%§ - Omﬁqgggﬁ%%gﬂl1%3€M9$ﬁ9%5§§@92§gé e5|%ﬁéhﬁja
have aSaeitolydtht tseoe;sh\ attivevedivags) Mtlﬁdes‘lihesqnamkptgbdcemd@ﬂu@éﬁD(}}@nd_tland
PG 2) are desi ned t.0 t he secon esho e Vt.2

T b el B e DRL%) LR R R RSO ot PR Bt G Regl e
Vil fog t‘h@@raﬁﬁﬁ'\fh@?bﬁ 280Phcudtl, M62 i URoRBRAM Giek Fonﬁ@ﬁ’bf e @edomffl@&ldéy

applying different threshold voltage related inplantations to

pul | - deigiPidBPivduls Phid ipdisrrserhing sevidgwgionaddissseondercive regipg fiw i”PP third
furt heg%rv%f ShgreS hOufidGhe £t IéLul Ly&émt@@ 1)%na tleOBudl SO Tedidie3RRAM

cell uding 1 nterconne routings. Various I nterconnect
st r uct urckslenthy stzendpilliupdavico(PFEbRpl e t he nFi nFETs and pFi nFETs to

formthe functional SRAMcell. |In one enbodinent the drain of PD-1
is ele Leal connec h oWpce P
doped ﬁeotrgs?gn Inyth le|Secl)ln ela'e?(li %3%‘ gaCﬁ ﬁ[h at(%%vlm\% al?{‘lﬁl ﬁg%ﬁ%gp&

posi ti m&ﬂem(w&emb AeinPDAd at&h@hcl?@? the pﬂlﬂ@@Zﬁ:hnesanﬂtldi‘ﬁe ron@r’dmngierpﬁm FET.
the drain of PD-1 is electrically connected to the source of PG 1 by

i i B £ 7Pt sl g o m S i e AT QT POR R P FPlsP s o)

a proc@pRFKMOWA dnb chidBdiaicht, HéCsR A9 e300 alch@ed fist gat@ Federd 5396 dlcpo@a) in
and can be fornmed together with other contact silicide in

pr oces diergll predetidrand exigndgdon ther firairisaiionepmer th feg reti regign a%@?@féa to
| and Oﬂuﬁa%hv a@ﬁgﬁrﬁt nfoﬁﬁllgg_%elgd?egq oL P18 1SAY PRI Oth?@R}\M L ytin@h@isher

enbodi nent , rain o the source of PG| share a common
regi on Secﬁnd'rgaitafdayi,re B ¥edigrasehinghe Ed]}@gland 12 el standedinghe PGt Qirgotien over

arai n UF eshd SR e 260 PELNETo R Rl in adP G NE FeiedRa B B
PU-2. The SRAM cell 300 includes other gate features for the pass-gate dev1ces. In one
embodiment, the SRAM cell 300 includes a gate feature 340 disposed over the first active region
326, forming the gate for PG-1. The cell 300 also includes a gate feature 344 disposed over the
second active region 330, forming the gate for PG-2.

[0090]  In one embodiment of the configuration as illustrated in Fig. 12, the first and the

second active regions in the P-well 322 and the associated pull-down devices and pass-gate



100931The drains (drain node) of PD-1 and PU-1 are electrically
connected using a first interconnect feature, defining a first data
node (node | or data node). Simlarly, the drains (drain node) of
PD-2 and PU-2 are electrically connected using a second interconnect
feature, defining a second data node (node 2 or data node bar). The
first interconnect feature and t he second interconnect feature are
formed in a sane |nterconnect éﬁ (referred to _as

i nt er cARYiESErg BERIrigAlydispasad Oﬁrt ¢y op s Nbish 620 TF?E@ rrlt dewiydlgyices

second aﬁdq%a%g %9@ NEGEed RAIMEER de@reﬁt fhrdshSld81h £ ERIress the i issues, stich as
[ 0094] Vari ous contacts 348 (illustrated as a rectangle with an X"

are focweat om“giatmssueddlatunsedmd@s backgdoundr Theus:IFdovdi deyicpad-1 ThePD-2)
\Iég: I gggtﬁpq%g:tggedt tgcgr%{/ X de%gn h(ﬁaeaitagg Y#h th%rpass- attéag'g)lc%s kfrt} 9 a&tggﬁ\e{ﬁ)ea\@é

srg a recttangte orien
seconddekigmdtid ﬁ)@e&ﬂ@sesu:ﬁhthtebtaﬂd tblexge Oh2 acivell andis caamplet I thdyerefeint St

Cont acmbalicish hoMauod oEerangl 6 o U el a0kt R ShRaer!

318 su t Vo |@PolRGL ReldiBeinsRERRbnI A Be hERLLNE d33&
and thggdpﬁab?nbyt#ﬁlt he Iéﬁ-&tfndtﬁ%%g)gpﬁ gg 14t amﬁﬁw |Inl ust?gte vari ousS

|ntercemhgﬁtgﬁ@dbupesﬁﬁbﬁﬁedYon and coupled with the SRAM cel | 300.
In contrast to one enbodi ment of the SRAM cell 200, the SRAM cell 300

does noe§ PNl fiAnd el a0 rggggr%adtgaqyat SV BRIRAMIO096) | 1

one e ustrate various I nterconnect features
associ atchaling mh:rctoheecSRAMngsel Vat BOOirtercdnude suactines s1ayde atilifddrie souple the

ayer. oTFER SEAARRTErE DEe Bl RN FET R R P Ep e o

pover PpDopisfedsctr ity eeineted td Be sdiRcessaWEe b?fshatr g apehimosplopeiegRd, a @gRn
nmetal line is a bit line coupled to the drain of PU-2, and anot her

metal  Hptiediia the fsptactiyqweciop dpt et Resitioned brtapsh Be PPul 4nd A et al
lines in this netal |ayer nay be coupled to the correspondi ng | andi ng

feat ur ggobr opdhoARF ERBRRMEM G ARt @tC[5[§-1Qéglect[lgﬁf%/?doﬂ?&teﬁ%%ﬂe%hﬂce 300

further includes various interconnect features, such as various netal
lines BFrkhy adilicide fenure (1os shatin dernied on Shescoamaor dnped egion within the frslt a

over Bt 50 fha didickcardte s OMiCATRY Bprgcbkabtn FRORSALE dch

power [ine ment a power ss and anot h
met al kliged |sﬂrctziermaeletdedartcbsaa bpﬁw&ned togntfhef with stheorohtds shcrﬂfhm ensemral

lines in this net coupled to. the c rr ndi

f eat ur egoft%%rﬂap@we?an (apaihar %lr@b QiRtct S g o R 39%%@

| ayer. pD-1 and the source of PG-1. In yet another embodiment, the drain of PD-1 and the source of
PG-1{ share a common region. Similarly, the drain of PD-2 and the source of PG-2 are
electrically connected in a way similar to the connection between the drain of PD-1 and the

source of PG-1, such as by a silicide feature.

[0093]  The drains (drain node) of PD-1 and PU-1 are electrically connected using a first
interconnect feature, defining a first data node (node 1 or data node). Similarly, the drains
(drain node) of PD-2 and PU-2 are electrically connected using a second interconnect feature,
defining a second data node (node 2 or data node bar). The first interconnect feature and the
second interconnect feature are formed in a same interconnect layer (referred to as first
interconnect layer) by a same processing procedure. The first and second interconnect features

may be a silicide feature.
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[ 0098] I n anot her one enbodinent illustrated in Fig. 15, the SRAM cel
300 i ncludes various interconnect features, such as various netal
lines oriented in the second direction 318 and forned in a sanme netal

| ayer. In one exanple as labeled in Fig. 15, one netal line is a
power line for Vdd coupled to the source of the pull-up devices, one
netal lineis a bit line coupled to the drain of PU—2 and anot her
nmetal line is a bit line coupled to the drain of PU-I. One netal |ine

i s conlW884led Yaioys mmcrs P8 dlpppted andraciagle a1 owve? alrelfﬁe)edfoargareﬁ=rst

Vss an i

Vos. “TRARBAFind BBl Lihlifelas, FRPARERE Coltia Mg a0¥ spite SGCARK
cor r esiparidp mgw. Hodixagpleeatantes it desigoghascoretesgonudntgl io drt ours! deegtion

100991Fj g. 16 | Iustr int o] re 370 f n the
sravt ool st frebiee e SR AL o GOBRLREE kel B s i LA et
The i nsiiRan@6theSEdnuRt 8rdesiddd dsnatsigge didnesdde freetontieidtetiods3 18 &dch
formed on the SRAM cel| 200 and interconnect f ture ﬁ 4 fo med on
t he SRAM Berontashandsippbathihersegnidesic st rad @leba first
direction 376 and a second direction 378 perpendicul ar to the first

di rect [0@95;376:1 {99 &&91 5 Thetrat@b@rcﬁ@ MBebndeBALAHLRS forhidd BF nEePledyivd thb
t he SRAM cel %00 and i nclude various netal lines oriented in the

secondS]ﬂl\Wb‘éﬁt'fl 39R- Brgnigand iof erpsoilimant sbthe SRaMpel| Zipethe SR gell 300 does
exanpl t for Vdd coupled to the source
of theﬁﬁc?ﬁ%CH% 3@“%§n%“g§%§%ﬁﬁﬁﬁﬁT+%ﬁﬁls a bit line coupled to the
drain of PU-2, and another netal line is a bit line coupled to the
drai n B096]U- 1n o@nemhetiaknt il lngraled ind rg]éé,t\edou&)mt@lq@ovm feapunes aggciated with

I f f \V
Com e TSRS AR ELerb S bl Bh VR0 BOSKDRH PR O e
met al 1naaysemearreeai¢@unlhedné @(ahﬁ)& HasbebsIna M. ng, drﬁmdaltaﬂ@mé &t poves 1hd§1fcﬁrugh

corresgonding3| tacts 24? 01011 Further tg SRAM eII g
ditg Rl rain

i ncl ud&dd goup sepise Phiheppf ap; Y§e%8ﬂ%@8@ feaa mﬁﬁ?m3 o the

devi cegy PIE’QréddCa%t%rl aretar i .yelbrtarae c&ﬁ;mécftglth@(!ﬂéﬁLHftPUW IThe GRANGRESH thi9
a high voltage power |ine and | ow vol tage power line as

i 11 ust matabldyerimy hﬁ@lotlra!get(tfd;m:@loerspendmgﬁaﬂqhyg fastusgsehugblecartespamidingh
betmee&mi %:thh vol tage and the | ow voltage during a read operation
and a WIte operation, respectively. The voltage control circuitry is
further connected to the pull-up devices through one of netal |ines,

as il |1089TJat €thei SRAVigell 360 fit0ed DRILdEFheriont etacomned feaieat, Bm:ésaswﬂotfsor

(e S L 00 TSR, LGS R 95, S A BB

met al  FioNpt i SnBmeaMBie it totedted toMOsbvae Uik e cb@plifent®9Woser liic) tibtefirst Vss
pul | -up devi ces, one metal line is a bit line coupled to the drain of

PU- 2, #Klpnathet lﬁeﬁa linetig Fornepied fosa povsr ding fgseend pised Thometblings i Hugpetal
PU- 1. I
r@;u%rco @&d i EOR g&ﬁoﬁrg% %Rdlﬁ ROWRES tlnloﬂgl? é&resﬁnec d JIRRLRMYS

power rst taI 1 ne co ted to a
power MHh@mﬁbﬂymgm@ﬂle&S. The netal lines in this netal |ayer are
coupled to the correspondi ng | andi ng features through corresponding

S e T TR A TR

300. Eachconetdt fdancts)cled o Rharidusrmsdialpinkd origntedian tleeseend dideeticeXd@radd

glrj Ll ;Jg anqee %Cagéel{qe%e%ﬁ?z%y:g%?g%ae %Themﬂ edasggbele[dhie flgl rlgtoncan?ecgai lllnre]?s as §0C“9e?‘f'me
for Vdd coupled to the source of the pull-up devices, one metal line is a bit line coupled to the
drain of PU-2, and another metal line is a bit line coupled to the drain of PU-1. One metal line is

connected to a power line (or complimentary power line) for first Vss and another metal line is
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clear regarding to the context. The first pull-down device and the
second pull-down device are used in a simlar way. The first
pass-gate device and the second pass-gate device are used in a
simlar way. [00103]Fig. 17 is a sectional view of the sem conductor
structure 380 according to another enbodi ment. The sem conduct or
structure 380 is a portion of the integrated circuit 10 in Fig. 1.
The sem conductor structure 380 illustrates tw exenplary fin-|ike

t r ansi $wcstefl o pppPWerdine qurﬁécctr\ﬁ%o\’srsi mbe mrial tinegis thit wetal laxsy 35%0%153]5’6 (9 then
of the (LjLoby FRAMGEL boakdes G RRGART N gL 346, Of both. [00104)
The sem co duct ucture 380 |nc es 7 sem conduct or substrate

382. The seniconduptor substrate 382 includes silicon. Alternatively,
t he suth@d9ht eFigndé iblewatereamntsragnnect biructisn 3 Yefonmed emiho SRt eell BPGput the
sem co [ NS t

d.e|ec$%?§h?g1§?§ @% togﬁﬁhéwﬁﬂ%QQ%#?éﬂﬁaﬁgc%bﬁ%%ggﬁ%a e%gkgﬁ@&;

i sol at maacorhm:cofeauex anptemed be thdi SR Adtceil 200 adeinte898nécn 6aude 3745 fokmedon

oxi de. or structure 38 ncl udes _.anot her nduct or
| ayer é'%SeRéMQ’?ﬁg‘@g f“? BERCOngRCtSHRCte g‘ﬁhéffﬁnﬁ &4 @3}5&1 esggn §?€‘]t"éff’r @aortdg
as Semdﬁ@a%@tﬁ'be[%@ndl&ﬁé{%éftw firktfkLtion ¥, SO structure can be forned

by a proper technol ogy, such as separation by inplanted oxygen
(SIMOX) or wafer bonding to include the dielectric |aye

serm con®i@fbr Thaingreamect ferdarosi72me cawindabifuiie s8AM 5%3003@@ lr“éude
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el ectrode 392 (such as doped polysilicon) ngpOSG on the gate

di el ecthmtactiia%Ber 390. In one enbodiment, the gate dielectric |ayer

i ncludes high-k dielectric material |ayer. The gate el ectrode
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sem compdlapaevisds Hmlwler )88iﬁ): vaﬁtegmctaﬂohcifcij'rt@tis cagicond BOathifzb voltape power

exanpl A gifca Loy voyBes B ina e Rl 1bF bo/BE el o i thE eIty o
one or sEREebdvbdhikd RighReItiRanaetd Iy v‘bﬁ@eQﬁuﬁ?&éaﬂ o@&aﬁ@ﬁ hrvBa wEG On i n
the p-well for one or nore nFi nFETs 00107]Tn one enbodi nent, the
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channel doping process only to pass-gate devices ate formati on,

|ight d&Péal driiernteichmject Gniwedsi3h forporkiaM wﬂlwﬁnnc?tp@meouq mﬁ@&lnr@ﬁ)
]]: glr, xt : ggﬁte(&n tﬁ%feggn %ueng?ﬁ@‘?] e?nra’f ?rr?eurzggé;eg L% Ilen(rc:l,E q g‘ [n gr%aé?itample ong | o
addi ti et liadarnhwet tpd ﬂg'vrnlﬂcme;slsd totthesoaetai of ickenaill- qu*dmmek, odepa:naﬂ hnms a

Ibgt I‘aO? ft?ge tagupt %gto%mel ?|P%f 2, ! hg anoatl?ei 119&:?; ?mg?sval bCltelsﬁe éogg{eg?g{hg%le}ir?gf

PU-1. One metal line is connected to a power line (or complimentary power line) for first Vss
and another metal line is connected to a power line for second Vss. The metal lines in this metal
layer are coupled to the corresponding landing features through corresponding contacts 348. In

the above description in the various figures regarding the various devices of the SRAM cell 200
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[ 00108] I n another enbodi nment, the processing flowto forma SRAM
cell includes the follow ng steps: formation of fin active regions,
wel | formation, channel dopant formation, gate formation, |ight doped
drain (LDD) formation, pocket inplant (pocket junction) formation,
addi ti onal pocket doping process only to pass-gate devices, gate
spacer formation, source/drain (S/ D) dopant formation, silicide
formation, and interconnection formation. In the addltlonal pocket

dopi ng ap¢ B Michlb 38 diagh ettbinciggrsidiat figbprlhep fley igerind peeendrrylinpetevice,
channel 1.0 davi » ToRN of
he. SRATP R T B T e e g
nethodc&ﬂEu@mﬂV@dedmandwdeéﬁmdbswubehnmmhcmoamimQS$DHWQmﬂduwnd@@@nt@

of the sent disclo 0010 | n varj,ous

i sct ouSe Braanirssive 106 Gre bt e SR LS ool prn e eBise il seiin
I n one sexigvmlag, by performing different threshold voltage tunlng
processes to different SRAM cells, high packing density SRAM cel |l s

and hi ¢¥0198} r diie- 3rawpectipnal Vé’?ﬁ"eoﬁ‘tb? PR CR uglos s tuse BG 4oqptdingty another
anot her, facdt ek 90 Btil- UP
devi cesm%?&%h HQ%%“E‘QWSE‘QE%@.’%E @Sge%agemanqiﬂﬁe E@%rgcahﬁ t |Cs1 capabk

of mai r’{tha|s¢mmgr1t:bl@t0h strgcdigte SB@ B lusiratgs tayockxomplaey mkilye mansistars erpeatiase dhe
SRAM p anot.her exa e

S oo nTRE i PO ral B e SR MY e PR SR ol o, o
manuf agbth; i ng cost. [00110] Thus, the present dlsclosure provi des one
enbodi nent of an integrated CIrCUIt f din a tOéfg@}(r;duct

subst r A¢W04rh cThersemiseRAusPr sipetiies 8P iralystee & semicpy rate PRt
access s&ﬁﬁeﬁaﬁc(&wrae@sh il R0 8o, 'Ai%tmeﬁﬁlell &b%@osuat@cﬂnauceegaﬂﬁnﬁ%l\ﬂ
cell having a second cell size greater than first cell size.
first SHav gghianiuncenadiess pfapessentcandpesorf Iineﬂeualef Tb@:iemie@ﬁw@t Pipsfrate 382
(nFETs) fi

Tl ER R 08 Bl By oE AN S8600 SR by
t he fi resﬁmga,ttﬁe Sitehelktc lé;@@lgﬁlﬂnclluﬁeme:oﬁmiamﬂl ﬁi&rﬁemlctolnducs@mnctu@alw

tack i.s djfferent fromthe fir at e ack in a Ieas t.e
eI ectr o'aféucl?ﬁﬁeqth%sem@a? C&ﬂréﬁs@tﬁ% gﬂ% é‘fl‘ic‘é“ on e @s‘e&tﬂa aé%ﬁ% 8 egetied To
t hi ckngs SemiktQQLddl oh hs@RQF fBiBI) e B0t turel A8 bk kdrfied BRAMNGRL technol ogly
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i ncl udeychaassersaritpnrivyrimetanid oesfgemr{éﬂ\é@& adwafeEtrendingnig lmq%@esféeélﬁkﬁctﬂc
nunber first nunber NI. [00113] In yet another
enbodiﬁ%% p§¥%e3€%§§¥&gﬁgxéce’l includes first two pull-up devices;
fir st {01051 | FideamicdesiccesayeoA9d 'gtpae:dnwl toHotnh 6n hethetregions 386lahd GP8. The

devices. to.formfi led in rt rs f.or data.stora

and 11 Tsoreremss ik rad B 08 Bt rgire ey Rrmfodd it Ny o RASe
Cross- th@f&rﬂlh%ratpﬂft&né@mfaﬂflﬁ}/él'oﬁliﬁe Rafitendh@br adran@eeR®gthd N the
enbodi ment, the second SRAM cel | includes second two pull-up devices;
second serisopictor dryn3Wethiauak ti‘@cﬂwmggﬁ@dhweﬁuﬁ@@é@dﬁe Thovgatgsened mgsk
devi ce for e;
and souBRhedi R AREAN photBEAREs EPL BB MR IRl @ LSy PhOFROC:
cr oss- couph edridenegnrt ers to form second ports for data access. The
first cond. SRAM cel I.s ea i ncl yde. a urality, of fin-lik

1 et - SROMSRE Vst atier e Fenir ety Sp U5 Tui B brioht Vi Bt iy infges
above epfeQlisarin E;ay@‘@@b (&ich hhﬁnédmﬁﬁde@w Puhtk elé@u&%\&%f%ﬁjcﬁadddﬂée
second two _pul | -up devices includes a single pe fin-Ilike

field- @pryé&*port)rdaﬁﬁgs;eétoerthf( gt Arkertyic layge R9GT ntﬂﬁé em ?@fnwwep&aiq diglestiic
devi ce d I type
Fi e A b b R gid AR PRRRE A e (P BRSO ATIRS el st
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Fi nFETSllhgs?rgtlupnFt -Ie-:sszamlcondt}/c?m s? 9&51%%80 nc u es a 1rst 1eg10n 3d4r¥t01e %ea(;[l %gorg l: %E'Tt

25



region; and at |east one of the first p-well and the first channel is
different fromrespective one of the second p-well and the second
channel . [00116] The present disclosure also provides another

enbodi ment of an integrated circuit. The integrated circuit includes
a first static random access nmenory (SRAM cell having a first cel
size on a substrate. The first SRAM cell includes first and second

pul I -up devices each having only one of first p-type field effect
t r ansi &drsseqiregion 39¢ forope alrfam@e“@bﬁ%f Spifp P'Jf’d‘?)“sﬁﬁ‘plfe CREEVEISHIPN gBP B
wWth the.t }egfj& n, iRk é%ﬂ"ﬁg A o | idRs SN R Sl %efa%c@ fdo[oRt38% Wan active
Cross-coup inverters ata storage; and first "and second
pass-g@gbndmﬂwqewdtﬁmbnguwmdwwﬂhﬁfﬂhe flrst two cross-coupl ed
i nvert or data access
dovi colDRTIE i Pletede e O Fs ok Witk Rt AIAREEE el s By
one of gdid &k putk-dopaeddvicel, dn@idee e fhNi@niak stepd: SorpalilmT 8) fin IR eiraiag] aéled
CIrCUIt al so i ncludes a second SRAM cel | F t he substr% havi ng a
secondiogaptions phagnefdonant formebian.dditipng] shanng) JopigieRsocestentk RS SERAM
cell '&%k&g%tetfﬂhﬁﬂloﬁnﬁgﬁtQHﬁetdeuHH|(]LDBF’fcgﬁl‘éh&ﬁEo&éﬁﬁnd?ﬁ%'f(ﬁ&k&']h%ﬂ@ﬂﬁ
of second p hird and fTourth devi ces con %ure W t
t he t hfordataond gdto spackr fpumitanpscmlec\ﬂckr@s ($/@)fiopamf. teweineh, sileide fogrtieo@pl ed
inverters for dat.a s i S
confi gug é%?n\];{?(iur?n f%lénaslgréon eta\?lgglé)%egl C’i]gnn%pgj lgpeesg 3%? acglﬁ o%apq'l?ﬁl’ns;e?
accessdopahisi aitfpdidrd tb ercdlamiath dﬂﬁwliabs@mé He\dmsnndeym;@thabetamm dfher d
and fourth pass-gate devices each include at | east two of second
nFETs. SKAM @leond nFETs are different fromthe first nFETs. [ 00117]
I'n One[tmimd' eMouRs: e&B@dihl@ﬁteg{e%tr&@ss%gr fid4 fo fohﬁ‘ﬁ SRAM teMichrlcdidye a
first threshold voltage, and the second nFETs have a second threshold
vol t ag‘@lldwfrrgeste@mfofm@mntqﬁénfaptrl@treglnnfeg\ﬁ&|f@lmﬂ@pﬁ adjenne| deppagformetion, gate
anot he d ck,
and oGRS tbeed Bt bR ARG FREL RGPl ihGlop B BaROECC
t he fiadcifiticgal ;e)csétamlmmgrpxmssl mdsto pasegand deyades, gleespheco demmaoe sbake/dgat e
di el ec c,material . and te dielectric thickness. [.0011 I n.yet
anot het Rhdan et P g Bl afcssonee B umat bt fle oGy
nFETs d?:ké’ttdobﬁ-%%tro&ﬁlﬁ 11Rfad@ B RN Qo clboROMGt BONERNELRD IR GhafnalBlides of the
dlnen5|on and p-we dopi ng concentration. [00120] In yet another

enbodi pashreate dpecds mﬁteamr&tr@ belactia ofchadRAN ¢all sOther epbrdimprimol 4dRAY!
dr ai f, ust h
(oL QBB bR ol s SRBHD 58 BB gl

featurﬁmandohhsge&nddmdem&e doplng feature adjacent the second NLDD

f eat ur d |l.east .one of rs featyre an

oot (BRI R atibaran e g r bR r Rt Re ter o ru g e
NLDD fgakibnd@ Ml ohd @t B paasikiils ¢l eidleROhictind|dkSltagk Ol probdisesed
anot her enbodi ment, the first pFETs each include a first gate stack,

and t hdiffseabhidA NEetls, @acmckwg|de@sety§%\d@ﬁ6§ %jlﬁthég*b‘i%@l%t kA ABTEf r om

the fi e
i o1 cclThedBE £ Phafibsllle 3 R AARe 1y ARbM BRLLPLGTBLRIAEL (R
ermbodi uredrvjcet hea bigh (padmggdidnmy SRA Mscedl thleeacsuit m@%a@i@aa“tmntaharg Holtkeread

Fur  het e Pyt RGPS CF R G hasictt BT S £ <P e

secondmpibl antPthe BRIAGE Strudtiire ¥Riipl A e ReiferendiogictiRing and Reluéd the mabRAMuring
cell has a first alpha ratio ranging within 0.8 and 1.3; and the
second®®RAM cel | has a second al pha ratio ranging within 0.2 and 0. 6.
[ 00123] The present disclosure also provide one enbodi ment of a

met hodygg i& nﬁm qﬂe bpegédeq%élomé mowe@ofﬁe Eifodihétiof afl ARGPIRAGERRFormed
nmenory (S first cell size on a substrate, wherein the

f or m nig acsferrmcr@edtmwrwbgﬁw B@Ilﬁteglﬁb’ﬂ Gitewt heludesrgiing staic lﬁnctoylp@mﬁssnnemow

(SRAM) cell having a first cell size; and a second SRAM cell having a second cell size greater
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[00124] In one enbodi nent of the nethod, the first nFi nFET fornmation
process includes formng a first p-well using a first p-well doping
dose and with a first p-well dinension; formng a first channel
region in the first p-well using a first channel doping dose; formng
a first -type light doped drain (NLDD) feature in the first p-well
and interposed by the first channel region, using a first NLDD dopi ng
dose; formng a first Bocket doplgg feature adjacent the first NLDD

f eat ur thapghafirshealisizst The ke SRAdHrefinalydes fisrfipadicld offegidtanggiors (n\FETs)
di el ec r :

ai ol corr G o alctiicl i IBRRin A SRR e e ecdpd hEEs 8 Raving
f or m ngecand igats staglat ifeehefrdm odelivngddeadki r st gate dielectric |ayer
using a first gate electrode naterial. The second nFi nFET formation
process,| udes form secon n | ng
fose aRtit ke B RS Bk B n G SR IR be il

r egi on |dadt drd&f g6 el&dr@e\n@itdﬁlausgateg:iie}actsemmabmmaei dicloqpiinthidass;
formng a second -type |ight doped drain (NLDD) feature in the second

p- wel | sed t he usi.n

oo adfita] absubegimpdimat e S SpattanT st Pstipe? Al ST ne
second nNEPD theabHESRISMNG! 3nchRRRO A deddAE keinbelapl HOhERehd AITTS Agl e
second gate dielectric layer on the second channel region, with a
second sefane numberddd isigecatprthanithy fighsmbes ddond gate dielectric

thickness; and formng a second gate el ectrode on the second gate

di el ect[ﬁm%{ ayeYet H§dtﬁl£l cFhbBEERAL 1226 St sai@mtaegqﬁcmg %Ht alo pd-up @aﬁéesone
of the first p-well doping dosé, the first p-well dinmension,

first dindnwe buiﬂdpwmge\dmgonfigveedf wrtlsthertl_@mfvd@piiﬂg demw to fgren fl"lti‘strtS\tO Cross-

pocket dopi dose, the qgate di e r

G of cctPiied fhafictes MR AORE FLfRhpl dRLEl BisodlBulltaity B8RS oo
di f f er effss-topad iespeaitb Yenofist lma‘rtstfhnedazemasd mtheémbaimnemgthdmnd SRQM
second p-wel |l dinension, the second channel g\@lagﬁdosei,the S@bﬁ
NLDD dGEH g udssrecondiwopulinmdiepisetk &tcopd pr gl g gaitfisugider G ei ¢
mat eri @oonll Rfo SREANENIRE G0 fiRls8&inti ko LRkE il 1B SREADAEahe

el ectrode material. [00125] In another enbodi nent, the nethod further
i ncl udescondtwie pags-gatwdeyieessnfignred with the &ey‘onchtwg CfQ?ﬁ“ﬁi’lﬂ-’tjer‘f‘VQfWes tPifpran

SRAM ce| | [ r
oo Ry AP AR PP NIGA D L LI SED dans .
second figkd-¢tFklsansatds tHvek HIBY.m ng of the MWIte aSSISt C|rCU|try
includes formng the wite assist circuitry connected to the first

Grmboai NIAT R Tader B A% HESedfton BEF o' BEBTR AP PREF Threye ey

readi | Yeddsi@ thHBulPLe8&Mes tichck 98 Vingleas-typeimslile ffeld-elas Lrgmnishg (PFinFET);
nDdlfyln ot her grocesses and structures for carrying qut the sane

pur pos&&° amheows i pellidey nidexicesand therlishtveyenss ~é@teﬁﬁ‘é6%ﬁ%wﬁ6ﬁéﬁtﬂ§fe n-
intr OdW et n'FmFEH?Sa%d%gdhl Afgﬁe ée'@o&cﬂ@vo uqi (ﬁmlﬁe%céé SR the @b ffidcAbs-

such e ent  const ructions do not dep fromthe spirit and scope
of the gpﬂe@sems Idmisdﬂscasmne,Ity@ﬁd~trtmﬁmmwnﬁmﬁlffa}<én yeiranothsr erhlndgaent, the

Spi it e o bRaT B Pty SR Cor RS PRl R

An i nt ggviadsed circuit formed in a sem conductor substrate,
conprising: a first static random access menory (SRAM cell having a

first cell size; and a second, SRAM II ing.a cond cell e
or eat e otttsh Finofer aoaBiemins S shavgen s ¥t Tiiadag FEeneRidLLR)

i ncl udeggq B! §ld e tBS §mmceﬂfﬁa§§geaoﬁ@a§,h§ra%&at(%ﬁﬁwﬁam @aCihd e i geta

first gate stack, and he second SRAM cel cl udes second
NFETs eawthcrivaviodnat, shecfsonlgdiseadt neldeis firsepane welbiprveld angd p Siest ghanael

stack. region; the second nFET's each include a second p-type well (p-well) and a second channel
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2. The integrated circuit of claiml, wherein the second gate stack
Is different fromthe first gate stack in at |east one of gate

el ectrode material, gate dielectric material, and gate dielectric
thickness. 3. The integrated circuit of claim1l, wherein: the first
SRAM cel | includes a first nunber N1 of the first nFETs; the second
SRAM cel | includes a second nunber N2 of the second nFETs; and the
second nunber N2 is greater than the first nunber, NI. 4. The |

i nt egriedd; @idrat isast ov of thaifiistip-welhandehe first phanpgl i difiomaprea resppive @e 8f

first davi.c . first two pull-down devices
conflg%ggdBHékh t he ¥E%§$OTV%mnmﬁl-up devices to formfirst two

cross-coupled inverters for data storage, and first two
pass- gﬁ}ﬂélﬁc]ev”flteexescmrdwcgwwlw nrhVIdmnﬁihﬁmthdﬁnw oban ingprtesticircuit. The

: R\CIIGL;@ egrai%]c%%aﬂ% SR torttst%t 1ang% 5 ,8R¢ r%gl%gfy (Eﬁﬁ[\}?) el rplgv1§§AMr§i%L:ll
size on a substrate. The ﬁrst SRAM cell includes first and second pull-up devices each having
only one of first p-type field effect transistors (pFETs); first and second pull-down devices
configured with the first and second puli-up devices to form first two cross-coupled inverters for
data storage; and first and second pass-gate devices configured with the first two cross-coupled
inverters for data access, wherein the first and second pull-down device and the first and second
pass-gate devices each inciude only one of first n-type field effect transistors (nFETs). The
integrated circuit also includes a second SRAM cell on the substrate, having a second cell size
greater than the first cell size. The second SRAM cell includes third and fourth pull-up devices
each having only one of second pFETs; third and fourth pull-down devices configured with the
third and fourth pull-up devices to form second two cross-coupled inverters for data storage; and
third and fourth pass-gate devices configured with the second two cross-coupled inverters for
data access, wherein the third and fourth pull-down device and the third and fourth pass-gate

devices each include at least two of second nFETs. The second nFETs are different from the first

nFETs.

[00117] In one embodiment of the integrated circuit, the first nFETs have a first threshold
voltage, and the second nFETs have a second threshold voltage different from the first threshold

voltage.

[00118] In another embodiment, the first nFETs each include a first gate stack, and the second
nFETs each include a second gate stack different from the first gate stack in at least one of gate

electrode material, gate dielectric material and gate dielectric thickness.

[00119] In yet another embodiment, the second nFETs are different from the first nFETSs in at

least one of channe! doping concentration, p-well dimension and p-well doping concentration.

[00120] In yet another embodiment, the first nFETSs each include a first n-type light doped
drain (NLDD) feature and a first pocket doping feature adjacent the first NLDD feature, the
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second two pul | -down devices configured with the second two pull-up
devices to formsecond two cross-coupled inverters for data storage;
and second two pass-gate devices configured with the second two
cross-coupled inverters to form second ports for data access; and
wherein the first and second SRAM cel | s each include a plurality of
fin-like field-effect transistors (FinFETs). 5. The integrated

circuit of imd4,, rein: ach of, the first two |1l -up,.

Gevt ceteodsifs TedtiohiSt factond LoD BRGTAY 4 Feidirodhet 6B Fistist Rejpgen
fin-11 e sédofli I @Glurd, AN 8l 184s06nd ATthOREINLDD featurce@@hhefirst fiekétidoping
two pull-down devices and the first two pass-gate devices includes a

si ngl efepuis/is diffareit B ismeainETne of g second NI fleagfre padths seeomd ppetist
pul | - doyw I, ges and the second two pass-gate devices includes a
pIuraI@ﬁ@ng%X%-fype Fi nFETs (nFi nFETSs). 6. The integrated
circuit of claim4, further conprisin% a wite-assist circuitry
connecit@zklo Intyet 4rothst emberlipant thg pird @V E¢esach include affirstigpée stankegidahed

oLy AP P8, g R R

rati o rangi'ng w e secon
secondofadaphdcdi@tic mateting kg dwlldchicmilei?al and glle Gielectric thickness.

[00122] In another embodiment, the second cell size is at least 10% greater than the first cell
size. In yet another embodiment, the integrated circuit further includes a write-assist circuitry
connected to the first and second pull-up devices. In yet another embodiment, the first SRAM
cell has a first alpha ratio ranging within 0.8 and 1.3; and the second SRAM cell has a second

alpha ratio ranging within 0.2 and 0.6.

[00123] The present disclosure also provide one embodiment of a method. The method
includes forming a first static random access memory (SRAM) cell of a first cell size on a
substrate, wherein the forming of the first SRAM cell includes forming first n-type fin field-
effect transistors (nFinFETs) using a first nFinFET formation process; and forming a second
SRAM cell of a second cell size on the substrate, wherein the forming of the second SRAM cell
includes forming second nFinFETs using a second nFinFET formation process different from the

first nFinFET formation process. The second cell size is greater than the first cell size.

[00124] In one embodiment of the method, the first nFinFET formation process includes
forming a first p-well using a first p-well doping dose and with a first p-well dimension; forming
a first channel region in the first p-well using a first channel doping dose; forming a first —type
light doped drain (NL.DD) feature in the first p-well and interposed by the first channel region,
using a first NLDD doping dose; forming a first pocket doping feature adjacent the first NLDD
feature using a first pocket doping dose; forming a first gate dielectric layer on the first channel
region, with a first gate dielectric material and a first gate dielectric thickness; and forming a first
gate electrode on the first gate dielectric layer using a first gate electrode material. The second
nFinFET formation process includes forming a second p-well using a second p-well doping dose

and with a second p-well dimension; forming a second channel region in the second p-well using
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8. The integrated circuit of claim1, wherein: the first nFETs
each include a first p-type well (p-well) and a first channel region;
t he second nFETs each include a second p-type well (p-well) and a
second channel region; and at | east one of the first p-well and
the first channel is different fromrespective one of the second
p-wel | and the second channel. 9. An integrated circuit,

conpri si ng a first static random access nenpry (SRNW

havi ng 5090 shanggl dopiieese fomiag batcPad atypquhiehit dpped pran (N PQP)W elihp
i ncl udes:ond p-well dold”; nl"?"[Er pd @QH@&goﬁ%HanM 1%¢(WE9§§g g %Bn@ﬁmﬂmdmg’dcﬁ@e

d
of first D Pype t transistors first and
second fqnuiuhg mmmncdmﬁﬂ(ctek)pmrféatgn rdidcanit the sedvad INIA YD fephide yespmeccped | - up
devi ces to ) inverters fo t a
and - pooi® R bt bl s AT R Gl B TiReb e AR RERENn
first taongpasdiek@up rﬁﬁiemﬂ\aﬁdi t eécondl @iite dRlBtrakieBig:ss; whe f@ining d’l&ciﬁnd’ Site
and second pul | -down devi ces ang the first apd secon

devi C_e§leéti§ qnribe srgendeity disicetrislaser pepe fsqegibedts gegr E@i‘gfa? RiFeast one
transi %F%Sﬁl.‘(tﬁfﬁ 1Bdopifiidbse, the ﬁrs@p%ﬁmqerg%wlh%@rét cﬁ%n%h&)pﬁiﬁbﬁ)ﬁé Mefirst

having a second cel|" size greater than the first cell size, wherein
t he sedddd Saning d@ﬁlel thie fiest paiekst dapting dbsaribtie gaseidielscisigimaterjnl des/fisegateac h

havi ng d%rllelc ncotnl%kr?gss g an%rﬁ thl%lectrode material is different from respective one of the
second p-well doping dose, the second p-well dimension, the second channel doping dose, the
second NLDD doping dose, the second pocket doping dose, the gate dielectric material, the

second gate dielectric thickness and the second gate electrode material.

[00125] In another embodiment, the method further includes forming a write assist ciccuitry.
The forming of the first SRAM cell includes forming first p-type fin field-effect transistors

(pFinFETs); the forming of the second SRAM cell includes forming second pFinFETs; and the
forming of the write assist circuitry includes forming the write assist circuitry connected to the

first pFinFETs.

[00126] The foregoing has outlined features of several embodiments. Those skilled in the art
should appreciate that they may readily use the present disclosure as a basis for designing or
modifying other processes and structures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein. Those skilled in the art should also
realize that such equivalent constructions do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, substitutions and alterations herein without

departing from the spirit and scope of the present disclosure.
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third and fourth pull-down devices configured with the third and
fourth pull-up devices to form second two cross-coupl ed inverters for
data storage, and third and fourth pass-gate devices configured
with the second two cross-coupled inverters for data access, wherein
the third and fourth pull-down devices and the third and fourth
pass-gate devices each include at |east two of second nFETs, wherein
the second nFETs are different fromthe first nFETs. 10. The
integrwﬁg:ai m 9, wherein: the first nFETs have a first
t hreshol d voltage, and the second nFETs have a second threshold
voltage different fromthe first threshold voltage. 11. The

i ntegrated ¢ircuinigperelcdicieudt fﬂm@|ar$emr€@llﬁliqf(§tsubﬁn§tﬁsc<éﬁ[@Fﬁ“‘lgqcI ude a

first gate econd
gat o stack T erubRdes sert MFmOSHSRANY EfihafRE e EeeAnaCe 0l
gat e el ect r adeonhiSBAM keIl lgaire ajsieedrelaterllsae tgﬁa@r ttah thealivdt @Htseze, wherein:
dielectric thickne

wherein the seco%%ﬁﬁéﬁf‘l\ét‘:@l W&‘%E‘?éﬁ?" fYrPS ‘ﬁ fid &%rgﬁ:@t&(‘f’ghﬁs Y

| east one ofahavngh (HaRhRALRIGENt ration, p- vveII di nensi on, and
p-wel I dopi ng concentrati on. 13. The int egrated circuit of

clai m9, wherei nthe second SR{eMfceH dnclygeETecopd oRET heachdaviag s seeqndngals pe
| i ght doped a first pocket doping feature
stq l?(!l Ffet(eﬁﬂ:@%)a ftﬁee@rsﬂ“%?e &&Q

adj acent the TSt

2. The integrated circuit of claim 1, wherein the second gate stack is ditferent from
the first gate stack in at least one of gate electrode material, gate dielectric material, and gate

dielectric thickness.

3. The integrated circuit of claim 1, wherein:
the first SRAM cell includes a first number N1 of the first nFETS;
the second SRAM cell includes a second number N2 of the second nFETs; and

the second number N2 is greater than the first number N1I.

4, The integrated circuit of claim I, wherein:
the first SRAM cell includes:
first two pull-up devices,
first two pull-down devices configured with the first two
pull-up devices to form first two cross-coupled inverters for data
storage, and
first two pass-gate devices configured with the first two
cross-coupled inverters to form first ports for data access;
the second SRAM cell includes:

second two pull-up devices,
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t he second nFETs each include a second NLDD feature and a second
pocket doping feature adjacent the second NLDD feature; and at
| east one of the first NLDD feature and the first pocket doping
feature is different fromrespective one of the second NLDD feature
and the second pocket doping feature. 14. The integrated circuit of
claim9, wherein: the first pFETs each include a first gate stack;

and the second pl-TETs each ing¢l ude sec ate stack different
fromthe first gate §‘E“é’8& VH pgﬁ -dogy E"tﬁfﬁ%%ggg g\ g‘@tSP‘(‘ﬂlg mat eri al ,

gate dielectric t%tpﬁﬂ-luﬁldev@&dtoqatn?séébiﬂ &) drbs- crohb ek N&Sers for 15.
The integrated circuit of claim9, wherein the second cell size is at

| east 10@6greatéhmﬁhaﬁﬁiwgiflrst cel | size. 16. The integrated
clroult of claimd. WhiehoGR %Atéldpgc@s bG8 SRS the SLLGH 1Y
con e

connected to the flrs 7. The
i ntegrated circuwb cﬁfssmblap ed mvemhertcelfcrrm $dumd‘ porsst foSRAMacedss; has a
first alpha ratio,ranging within 0.8 and 1.3; and the second SRAM

cell has a secoﬁadalpha ratio ranging within 0.2 and 0. 6. 18.

A method copidis itfOfirst and sech@f SRAM &lkichat inshat h phiraling @Mfiad iR SFeld-effect
menory (SRAM cell of a first cell size on a substrate, wherein the

fornlnﬁmﬁﬁﬁﬁh@mﬂﬁﬂ§l SRAM cel | includes forming first n-type fin
field-effect transistors (nFinFETs) using a first nFinFET fornmation
process; and

5. The integrated circuit of claim 4, wherein:

each of the first two puli-up devices and the second two pull-up devices includes a single
p-type fin-like field-effect transistor (pFinFET);

each of the first two pull-down devices and the first two pass-gate devices includes a
single n-type FinFET (nFinFET); and

each of the second two pull-down devices and the second two pass-gate devices includes

a plurality of n-type FinFETs (nFinFETs).

6. The integrated circuit of claim 4, further comprising a write-assist circuitry

connected to the first two pull-up devices.

7. The integrated circuit of claim 1, wherein:
the first SRAM cell has a first alpha ratio ranging within 0.8 and 1.3; and
the second SRAM cell has a second alpha ratio ranging within 0.2 and 0.6.

8. The integrated circuit of claim I, wherein:

the first nFETs each include a first p-type well (p-well) and a first channel region;

the second nFETs each include a second p-type well (p-well) and a second channel
region; and

at least one of the first p-well and the first channel is different from respective one of the

second p-well and the second channel.
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formng a second SRAM cel |l of a second cell size on the substrate,
wherein the formng of the second SRAM cell includes form ng second
nFi NFETs using a second nFi nFET formati on process different fromthe
first nFinFET formation process, wherein the second cell size is
greater than the first cell size. 19.The nethod of claim 18, wherein:
the first nFinFET formation process includes formng a first

p-wel | usi ng a fA? 8 erﬁpatg\@cmfuldtr&m@hdose and with a first p-well

di mensi on, YiRhel region in the first p-well
using a i I‘zSﬁlsthﬁiiU’l@hd(ﬂlﬁ)ﬁ:td&@ as@y (SRAM) ckibhadimga first telbiizdon y pdsiratght
doped d ain H(‘N%,DD% fea n the first p-well and interposed by the
first ¥ %iﬁ‘ﬁé ghP M ‘H@'“‘éesfl rst NLDD dopi ng dose, formng a
first pocket dom@aganh%@ao%%uﬁt%@@ﬁeés ehfiEndvidoeSInI NI (R AU Be HEluRY e
first pocket dopi n% dose, formng a first” gate diel ect ric |layer
on the firstanghnn FET@gl on, W|th a first gate dielectric material
and a first gat I r te
ol ectrode on t hgmgﬂl a%csi?&to%jg)ug rl?eé C?Il‘? ureduvgltlﬁgh%aﬂt%dgegoh{l EBHQB

el ectrode nddvees &l forrh itﬁestsxecomh fdﬁpl’eEEﬁeftarsrfatdamstqnnge;em i ncl udes:

fs Ce):: (r)nn 3 g paWZﬁC ° n Hgtr?\é\lﬁ éﬁcon % -gale CE:%{:():QSd C()E)lﬁ gur ed W(:iit?lpi):f‘lg] 191 Sgtcx)’:fsoem (a).SrS]‘;dCO\l{lmp ltég a

inverters for data access, wherein the first and second pull-down devices and the first and
second pass-gate devices each include only one of first n-type field effect transistors
(nFETs); and
a second SRAM cell on the substrate having a second cell size greater than the first cell
size, wherein the second SRAM cell includes:

third and fourth pull-up devices each having only one of second pFETs,

third and fourth pull-down devices configured with the third and fourth pull-up
devices to form second two cross-coupled inverters for data storage, and

third and fourth pass-gate devices configured with the second two cross-coupled
inverters for data access, wherein the third and fourth pull-down devices and the third and
fourth pass-gate devices each include at least two of second nFETs, whetein the second

nFETs are different from the first nFETs.

16.  The integrated circuit of claim 9, wherein:
the first nFETs have a first threshold voltage, and
the second nFETs have a second threshold voltage different from the first threshold

voltage,

{1.  The integrated circuit of claim 9, wherein
the first nNFETs each include a first gate stack, and
the second nFETs each include a second gate stack different from the first gate stack in at

least one of gate electrode material, gate dielectric material, and gate dielectric thickness.
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form ng a second channel region in the second p-well using a second
channel dopi ng dose, formng a second n-type |ight doped drain
(NLDD) feature in the second p-well and interposed by the second
channel region, using a second NLDD dopi ng dose, formng a
second pocket doping feature adjacent the second NLDD feature using a
second pocket doping dose, form ng a second gate dielectric

| ayer on th Sec?ﬁ@mﬁ%@%ﬁ%lr L& 9F i W\Li%né %ﬁe“s@@cﬂuj G5 Al ﬁt'fFom the
mat eri al a second-gate di el ectric t Rness rm ng
a secoﬁﬁﬁgﬁﬁ§sehébﬁﬂa@e06dumhécbpmgmdm@atanmupweﬁummmmhayanhuaﬂhgomng
second gate %Iectrode material ; and wherein at |east one of the
first SONEI48pi ng dose, the first p-well dinension, the first
channel doplng dose, the first NLDD dopi ng dose, the first pocket
dopi ng dose, .the first gate dielectric material, the first gate
dielectric ﬂﬁlckﬁ@E@wg @%@“Pf?%ﬂ“%ﬂ%@“@ﬂectrode material is

different f rtRéTﬁfs?ﬁPﬁPst LR iG] fiksDR-t @dgpéﬁedx ngﬂﬁlﬁm ER%E anll Qneﬁst

second p-well dinension, the second c nne opi ng t he second
NLDD d@puwgmdmgehmmhsmm@emnﬁzﬁthéDEW@mmng dose, the second gate

diel ectric R sgcotnalnFEll"hg c%?&cqnd% ag%t $ dq\lﬁl)@ e“u% ¢ h' Ceco%igbckfa

second gate el'ectrode deriar ARy
conprl&mngeb@aamagmammmdbﬂiﬁsﬁha&e@thUltry, mhere|n the
form ng of the first M cell jncludes rmng first p-type fin

fiel d-of f ect FIhPRS %ft‘f'efr rs{ NEPRHEqgye and e f?‘é? i?ﬁC%gt et dorepam

cell i %bé@i@@ ohO6MhO&B/RFROBIPELRRERY théfdond pocket doping feature.

14, The integrated circuit of claim 9, wherein:
the first pFETs each include a first gate stack; and
the second pFETs each include a second gate stack different from the first gate stack in at

least one of gate clectrode material, gate dielectric material, and gate dielectric thickness.

15.  The integrated circuit of claim 9, wherein the second cell size is at least [0%

greater than the first cell size.

16.  The integrated circuit of claim 9, further comprising a write-assist circuitry

connected to the first and second pull-up devices.

17. The integrated circuit of claim 9, wherein:
the first SRAM cell has a first alpha ratio ranging within 0.8 and 1.3; and
the second SRAM cell has a second alpha ratio ranging within 0.2 and 0.6.

18. A method comprising:
forming a first static random access memory (SRAM) cell of a first cell size on a
substrate, wherein the forming of the first SRAM cell includes forming first n-type fin field-

effect transistors (nFinFETs) using a first nFinFET formation process; and
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the formng of the wite assist circuitry includes formng the wite
assist circuitry connected to the first pFinFETs.

forming a second SRAM cell of a second cell size on the substrate, wherein the forming
of the second SRAM cell includes forming second nFinFETs using a second nFinFET formation
process different from the first nFinFET formation process, wherein the second cell size is

greater than the first cell size.

19.  The method of ¢laim 18, wherein:
the first nFinFET formation process includes

forming a first p-well using a first p-well doping dose and with a first p-
well dimension,

forming a first channel region in the first p-well using a first channel
doping dose,

forming a first n—type light doped drain (NLDD) feature in the first p-well
and interposed by the first channel region, using a first NLDD doping dose,

forming a first pocket doping feature adjacent the first NLDD feature
using a first pocket doping dose,

forming a first gate dielectric layer on the first channel region, with a first
gate dielectric material and a first gate dielectric thickness, and

forming a first gate electrode on the first gate dielectric layer using a first
gate electrode material;
the second nFinFET formation process includes:

forming a second p-well using a second p-well doping dose and with a
second p-well dimension,

forming a second channel region in the second p-well using a second
channel doping dose,

forming a second n—type light doped drain (NLDD) feature in the second
p-well and interposed by the second channel region, using a second NLDD
doping dose,

forming a second pocket doping feature adjacent the second NLDD
feature using a second pocket doping dose,

forming a second gate dielectric layer on the second channel region, with a

second gate dielectric material and a second gate dielectric thickness, and
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forming a second gate electrode on the second gate dielectric layer using a

second gate electrode material; and

wherein at least one of the first p-well doping dose, the first p-well dimension, the first
channel doping dose, the first NLDD doping dose, the first pocket doping dose, the first gate
dielectric material, the first gate dielectric thickness, and the first gate electrode material is
different from respective one of the second p-well doping dose, the second p-well dimension, the
second channel doping dose, the second NLDD doping dose, the second pocket doping dose, the
second gate dielectric material, the second gate dielectric thickness, and the second gate

electrode material,

20.  The method of claim 18, further comprising forming a write assist circuitry,
wherein:

the forming of the first SRAM cell includes forming first p-type fin ficld-effect
transistors (pFinFETs);

the forming of the second SRAM cell includes forming second pFinFETs; and

the forming of the write assist circuitry includes forming the write assist circuitry

connected to the first pFinFETs,
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