CELL STRUCTURE FOR DUAL- PORT SRAM CROSS REFERENCE [ 0001] The present
disclosure is related to the follow ng comonly-assigned U S. patent
applications, the entire disclosures of which are incorporated herein by
reference: U S. 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). BACKGROUND [0002] In deep sub-mcron
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important factors in embedded memory and SOC products. The thin style SRAM cell structure

with short bit-line (BL) provides better performance on BL RC delay. However, the thin style

cell structure suffers some problems including data node leakage, devices matching of pull-down

(PD) / pass-gate (PG) devices and current crowding, ete. Special operation mode (parallel

operation) of the DP SRAM requests more pull down drive capability to cover two-ports of the

ON operation mode. This further requires double beta ratio setting for static noise margin

(SNM). As such, the PD device width will be around 2X from the single-port cell. To consider

reasonable SNM, the device width ratio between PD and PG is around 2 ~ 4 on the DP cell. This

results in an L-shape or T-shape layout of the drain node of the PD device, and therefore may

suffer the above problems. It is therefore desired to have a new structure and method to address

the above issues.

SUMMARY
[0003] The present disclosure provides one embodiment of a dual port static random access
memory (SRAM) cell. The dual-port SRAM cell includes a first and second inverters cross-

coupled for data storage, each inverter includes a pull-up device (PU) and a plurality of pull-



1 down devices (PDs); a plurality of pass gate devices configured with the
two cross-coupled inverters; and at |east two ports coupled wth the
plurality of pass gate devices (PGs) for reading and witing, wherein each
of PU, PDs and PGs includes a fin field-effect transistor (FinFET), a
rati o between a nunber of PDs in the SRAM cell and a nunber of PGs in the
SRAM cell is greater than 1, and a nunber of FinFETs in the SRAMcell is
equal to or greater than 12. [0004] The present disclosure also provides
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first port; and a sccond group of PGs coupled with the first and second inverters to form a second
port, wherein each of the PDs and PGs includes a n-type fin field-effect transistor (nFinFET) and
each of the pull-up transistors includes a p-type fin field-effect transistor (pFinFET), and a ratio

between a number of PDs and a number of PGs in the SRAM cell is greater than 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]  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. Various drawings and associated text are provided in a Power Point file. Particularly,

[0007]  Fig. 1 is a schematic view of a dual port static random access memory (DP SRAM)

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



devi ce constructed according to various aspects of the present disclosure
in one enbodinent. 2 [0008] Fig. 2 is a schematic view of a DP SRAM devi ce
constructed according to various aspects of the present disclosure in
anot her enbodi nent. [0009] Fig. 3 is a schematic view of a DP SRAM devi ce
constructed according to various aspects of the present disclosure in
anot her enbodi nent. [0010] Figs. 4 and 5 are top views of a DP SRAM devi ce
constructed according to various aspects of the present disclosure in one
enmbodi 8R8] [B12p apthypmatie viendola AP SRAMD denienwnetiucedpocdriliop tofarmuDP SRAM
devi ce, const s uct e rding . to various aspects of the present disclosure
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device or a portion thereof constructed according to various aspects of
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DETAILED DESCRIPTION

[0014]  Itis to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of various embodiments.
Specific examples of components and arrangements are described below (o 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.

[0015]  Fig. 1is a schematic view of a dual-port (DP) SRAM cell 100 constructed according
to various aspects of the present disclosure in one embodiment. The DP SRAM cell 100
includes fin field-effect transistors (FinFETs). The DP SRAM cell 100 includes a first and
second inverters that are cross-coupled. The first inverter includes a first pull-up device formed
with a p-type fin field-effect transistor (pFinFET), referred to as PU-1. The first inverter also
includes a first plurality of pull-down devices formed with n-type fin field-effect transistors

(nFinFETs) and configured in parallel mode. Specifically, the drains of the first plurality pull-



(nFi nFETs) and configured in parallel node. Specifically, the drains of the

first plurality pull 3 down devices are electrically connected together,

t he correspondi ng sources are electrically connected together, and the

correspondi ng gates are electrically connected together. 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 plurality of

pul | -down devices formed with nFinFETs and configured in parallel node.
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sources of PD-11, PD-12 and PD-13 are clectrically connected to a first Vss line while the

sources of PD-21, PD-22 and PD-23 are electrically connected to a second Vss line.

[0017]  The DP SRAM cell 100 further includes a first port (port-A) and a second port (port-
B). In one embodiment, the port-A and port-B include at least four pass-gate devices, referred to
as PG-1, PG-2, PG-3 and PG-4, respectively. The pass-gate devices each includes a nFinFET.
The port-A includes a first pass-gate device (PG-1) and a second pass-gate device (PG-2). The
port-B includes a third pass-gate device (PG-3) and a fourth pass-gate device (PG-4). The drain
of PG-1 is electrically connected to a first bit-line (referred to as A_BL). The source of PG-1 is
electrically connected to the first node. The gate of PG-1 is electrically connected to a first
word-line (referred to as port-A WL). The drain of PG-2 is electrically connected to a first bit-
line bar (A_BLB). The source of PG-2 is electrically connected to the second node. The gate of
PG-2 is electrically connected to a first word-line (port-A WL). The drain of PG-3 is electrically

connected to a second bit-line (B_BL). The source of PG-3 is electrically connected to the first



word-line (referred to as port-A W). The drain of PG 2 is electrically
connected to a first bit- line bar (A BLB). The source of PG 2 is

el ectrically connected to the second node. The gate of PG 2 is
electrically connected to a first word-line (port-A W). The drain of PG 3
is electrically connected to a second bit-line (B _BL). The source of PG 3
is electrically connected to the first 4 node. The gate of PG 3 is
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electrlcally connect ed together or formed
0018] ° The cell 100 may include additional devices such as additional pull-down devices and

pass-gate devices. Specifically, the first inverter includes a number of pull-down devices
configured in parallel similar to the configuration of PD-11, PD-12 and PD-13. More specifically,
the drains of the pull-down devices in the first inverter are electrically connected together. The
sources of the pull-down devices in the first inverter are electrically connected together. The
gates of the pull-down devices in the first inverter are electrically connected together or formed
with one continuous gate. The second inverter includes the same number of pull-down devices
configured in parallel similar to the configuration of PD-21, PD-22 and PD-23 for balance.
Specifically, the drains of the pull-down devices in the second inverter are electrically connected
together. The sources of the pull-down devices in the second inverter are clectrically connected
together. The gates of the pull-down devices in the second inverter are electrically connected

together or formed with one continuous gate,
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connected together, respectively, More specifically, the drains of PG-3 are electrically connected

to a second bit-line (B_BL). The sources of PG-3 are clectrically connected to the first node.

The gates of PG-3 are electrically connected to the second word-line (port-B WL).

[0022]  The second port includes the fourth pass-gate device or the same number of the fourth
pass-gate devices (still referred to PG-4) configured in parallel. Specifically, the number of the
fourth pass-gate devices are configured such that the drains, sources and gates are electrically
connected together, respectively. More specifically, the drains of PG-4 are electrically connected
to a second bit-line bar (B_BLB). The sources of PG-4 are electrically connected to the second

node. The gates of PG-4 are electrically connected to the second word-line (port-B WL),

(0023]  In the SRAM cell 100, the number of the pull-down devices is greater than the number
of the pass-gate devices. Specifically, a ratio “R” is defined as R=Npd/Npg where Npd is a
number of the pull-down devices in a SRAM cell and Npg is a number of the pass gate devices

in the SRAM cell. The ratio R is greater than 1 to increase sink current, access speed, and device



fourth pass-gate devices are configured such that the drains, sources and
gates are electrically connected together, respectively. Mre
specifically, the drains of PG4 are electrically connected to a second
bit-line bar (B_BLB). The sources of PG4 are electrically connected to the
second node. The gates of PG4 are electrically connected to the second
word-line (port-B W). [0023] In the SRAM cell 100, the nunber of the

pul | -down devices is greater than the nunber of the pass-gate devices.
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to be greater than I in the disclosed configuration. In the present
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of a dual-port (DP) SRAM cell 104 constructed according to various aspects
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Additionally, the SRAM cell 104 includes 8 pass gate devices configured to form the first and
second ports. Specifically, the port-A includes 4 pass-gate devices PG-11, PG-12, PG-21 and
PG-22. The port-B includes 4 pass-gate devices PG-31, PG-32, PG-41 and PG-42. The drains of
PG-11 and PG-12 are electrically connected to a first bit-line (A_BL). The sources of PG-11 and
PG-12 are electrically connected to the first node. The gates of PG-11 and PG-12 are electrically
connected to a first word-line (referred to as port-A WL). The drains of PG-21 and PG-22 are
electrically connected to a first bit-line bar (A_BLB). The sources of PG-2 | and PG-22 are
electrically connected to the second node. The gates of PG-21 and PG-22 are electrically
connected to a first word-line (port-A WL). The drains of PG-31 and PG-32 are clectrically
connected to a second bit-line (B_BL). The sources of PG-31 and PG-32 are electrically
connected to the first node. The gates of PG-31 and PG-32 are electrically connected to the
second word-line (port-B WL}. The drains of PG-41 and PG-42 are electrically connected to a
second bit-line bar (B_BLB). The sources of PG-41 and PG-42 are electrically connected (o the

second node. The gates of PG-41 and PG-42 are electrically connected to the second word-line



PG 1 | and PG 12 are electrically connected to a first bit-line (A_BL). The
sources of PGI | and PG 12 are electrically connected to the first node.
The gates of PGl 1 and PG 12 are electrically connected to a first
word-line (referred to as port-A W). The drains of PG 21 and PG 22 are
electrically connected to a first bit-line bar (A BLB). The sources of PG 2
1 and PG 22 are electrically connected to the second node. The gates of

PG 21 and PG 22 are electrically connected to a first word-line (port-A
W) . Tipertdy ¥ilnsinghe pes@q cabelliPa@i3heane Ristt+i/TalleySReMmeEd0édat otogal second
bi t-1ine (BB, The sources of PG 31 and PG 32 are electrically connected
to the flrst hode. The gates of PG 31 and PG 32 are electrically connected
to the second word-line (port-B W.). The drains of PG 41 and PG 42 are
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cell 104 has a total of 22 FinFETs. [0026] Fig. 4 is a top view of a DP
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first direction and spanning io a second dimension 118 in a second direction perpendicular to the
first direction. The first dimension 116 is longer than the second dimension 118. The first and
second dimensions (116 and 118) are referred to as a longer pitch and a shorter pitch,
respectively. The first and second directions are also referred to by numerals 116 and 118,
respectively. The SRAM cell 110 includes a N-well region 120 disposed in the central portion of
the cell. The SRAM cell 110 further includes a P-well region 122 disposed on the both sides of
the N-well 120. In one embodiment, the N-Well 120 and P-well 122 are extended to multiple
cells beyond the unit cell boundary. For example, the N-well 120 and P-well 122 are extended

to 4 or more cells in the second direction.

[0628]  Various active regions are defined in the substrate by isolation features and are
isolated from each other by the isolation features. The isolation features are formed in the
semiconductor substrate with a proper technology. In one embodiment, the isolation features are

formed by a shallow trench isolation (STI) technique. In another embodiment, the isolation



first direction and spanning to a second dinension 1 18 in a second
direction perpendicular to the first direction. The first dinension 116 is
| onger than the second dinmension 118. The first and second di nensions (116
and 118) are referred to as a longer pitch and a shorter pitch,
respectively. The first and second directions are also referred to by
nunmeral s 116 and 118, respectively. The SRAM cell 110 includes a N-well
region 120 disposed in the central portion of the cell. The SRAM cell 110
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fin active region. |In another

semiconductor substrate within the openings to form fin active regions and the isolation features.

[n yet another embodiment, the various FinFETs may include strained features for enhanced

mobility and device performance. For example, the pFinFETs include epitaxy grown silicon

germanium on a silicon substrate. The pFInFETs include epitaxy grown silicon carbide on the

stlicon substrate.

[0030]  In one embodiment, the DP SRAM cell 110 includes a first active region 124, a
second active region 126, a third active region 128 and a fourth active region 130 formed in the
P-well 122, The DP SRAM cell 110 further includes a fifth active region 132 and a sixth active
region 134 formed in the N-well 120. The first active region 124 through the sixth active region
134 are disposed along the second dimension. The first through sixth active regions or a subset

thereof may be extended to multiple cells, such as 4 or more celils in the second direction.



enbodi nent, the fin active regions are formed by a process including
depositing a dielectric material |ayer on a sem conductor substrate,
etching the dielectric material layer to form openings thereof, and

sel ective epitaxy growi ng a sem conductor material (such as silicon) on the
sem conductor substrate within the openings to formfin active regions and
the isolation features. |In yet another enbodi nent, the various Fi nFETs may
include strained features for enhanced nobility and devi ce per f or mance.
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three fin active features lined up, referred to ast30a, 130b and 130c, respectively. The fin active
feature 130b is interposed between the fin active features 130a and 130c. The pull-down devices
PD-21, PD-22 and PD-23 are formed on the fin active features 130a, 130b and 130c, respectively.
The fin active feature 130b is extended longer than the fin active features 130a and 130c. The

pass-gate device PG-4 is formed on the fin active feature 130b as illustrated in Fig. 4.

[0633]  Various gate features are formed within the DP SRAM cell 110 for various nFinFETs
and pFinFETs. A gate feature includes a gate dielectric layer (such as silicon oxide) and a gate
electrode (such as doped polysilicon) disposed on the gate dielectric layer. In another
embodiment, the gate feature alternatively or additionally includes other proper materials for
circuit performance and manufacturing integration. For example, the gate dielectric layer
includes high k dielectric material layer. The gate electrode includes metal, such as aluminum,

copper, tungsten or other proper conductive material. Various gates arc oriented in the first

10



126b as illustrated in Fig. 4. [0032] Simlarly, for a balanced structure
of the SRAM cell 110, the third active region 128 includes one fin active
feature (still referred to as 128) oriented in the second direction 118.
The pass-gate PG 3 is fornmed on the fin active feature 128. The fourth
active feature 130 includes three fin active features lined up, referred
to as 130a, 130b and 130c, respectively. The fin active feature 130b is

i nterposed between the fin active features 130a and 130c. The pul | -down
devi cedrecppy b6 andmopfigusedwPDiRY agipes dcoyamsdioonta e therpudles devickeatilr es 130a,
130b 06 | ctl.val . The fin active feature 130b i s extended
Ionge?ﬂﬁﬁéﬁgﬁﬁ%M?f%§3%%¥ggxyéatures | 30a and 130c. The pass-gate device
PG4 is forned on the fin active feature 130b as illustrated in Fig, 4.

[ 0033][0034!i oUs Ugatresehiccanhodgsenaradofpgate 3 ans thposetineeDR: SRAMegtdtuEd 0 f or
vari ous, nF-NFET, nd .pFi.nFETs. A gate.feature includes a. e dielectric

| ayer ??ﬁbﬁ%ggniﬁ%éﬁﬁ?ﬁqg%ﬁﬂgﬁw‘%dwgﬂéﬁphﬁd[V’??WB@éggsgﬁﬂngz&ﬁbgéﬁyﬁf

pol ysikib-¢dand HUsospet1avlyt Sienigay cndinet BEE kit 1B@%ealispokdd ARPHBEHK ac@rbodi nent ,
t he gqlp fegﬁ&ri(ﬁlternative!y_or addi tional l'y includes other proper

mat er i 'SH8ref orUa: CPPAs 1 Pe MbivFBsC A dieh e abeiurgtivg featire dphdoianng Far
exanplg, pbhe, g8t Sglire! kifchR¥e sHoRGhiadas ikh&i%sgﬁ! M Bl aCd Vo GaliRL §14 2

| ayer. The gate el ectrode includes netal, suéh as alum num copper,

t ungstaef 18pb tdpeniipuep &r fovn Ru2 pid/RG ratespdctbely \Binilods, agathesshartgaerlitént ed in
the fi.rsi Lpection:.1 16 igured. wi th the ri o tive regions
to fof%§%%%8%§$Pﬁéﬁhg%@%ggg}aggﬁf?ﬂ%éﬁﬁbﬁg'ugggoéﬁﬂl%§§§w j?g&devices.

[ 0034]redpactivety. pr esent enbodi ment, a long gate 136 is disposed over the fin
active features 126a, 126b and 126c and further extends over the fifth

activ ture 132 forming PD-1 1, PD-12 . PD-13 and PU.1, respectively.
Siml ?@?ﬁ aA%f%ﬁ%ﬁFaﬁadﬂﬁﬁbPﬁ@%ﬁ?%@H%E$b§éHU%v§# P e JEt pgre £ eat ur es
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fornlgg‘PD- 21, PD-22, PD-23 and PU-2, respectively. A short gate 140 is

di sposEYCHNdRass gt Jayides atepyweneyrxally dishosed e thgrwosstss phile dbweld 12br m PG 2

and FK%Rhsﬂﬁﬁ&ﬁ&ﬁhM&%Mnm§HHhh%r|y1 anot her short gate 144 is disposed on
the active features 128 and 130b and configured to form PG 3 and PG 4,

respectively. [0035] In another enbodi nent of the configuration as
i 11 ustPBX0ed” i Fiilustates ¢ ke figw of thadth $RAM cell 110, including interconnect routings.

Various interconnect structures may be utilized to couple the nFinFETs and pFinFETS to form
the functional DP SRAM cell. In one embodiment, the drain of PD-12 is electrically connected
to the source of PG-1 by sharing a common doped region, a region defined in the fin active

region }26b and positioned between the PD-12 and PG-1.

[0037]  In another embodiment, the drain of PD-12 is electrically connected to the source of
PG-1 by a silicide feature {not shown) formed on the common doped region within the fin active
region 126b. The silicide feature is formed by a process known in the art such as self-aligned
silicide (salicide) and can be formed together with other contact silicide in a same processing

procedure.

[0038]  In yet another embodiment, the drain of PD-12 is electrically connected to the source
of PG-1 by a contact feature designed to contact both the drain of PD-12 and the source of PG-1.

The geometries of the contacts are to be further described later. Similarly, the drain of PD-22 and

il



region 124 through the fourth active region 130 in the P-well 122 and the
associ ated pull-down devices and pass-gate devices are symetrically

di sposed on the two sides of the NNwell 120 wth synmetrical interconnect
routing. [0036] Fig. 5 illustrates a top view of the DP SRAM cel | 110,

i ncludi ng interconnect routings. Various interconnect structures may be
utilized to couple the nFinFETs and pFinFETs to form the functional DP
SRAM cell. In one enbodiment, the drain of PD-12 is electrically connected
to t hethe sureeoHG-paq Ci%fyucsiﬁaucpm@c'&dmmmm sojpe theginongtioa bebgicothedef i ned in
the fi 1t ! enthe PD- 12 and PG 1.
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pol ysi plrcbdédtlirel $n etk BRbodMki, Hes foafifg et BbeatvPIRnRNtd B) 8Pinka-Eor m
interconnect. Nbre particularly, the gate electrode is extended to the

tar get‘%ﬁ“&d’&‘r@%@‘i‘%@“&% fegte desiamiet 19/1and RAoBrihg laeseted ighicwpd thewbetce.at e wi t hi n
the taygehed tlﬁ:o,‘éﬁﬁ@of PQ'%O:se e RAR) c b EENAL héfgité( 13 gff the gate electrode is
a netal gat'e, then the netal gate Is exten ormthe | ocal

i nterconnect. The LI features and gates are for rred during a sanme processing
{0041 Rcfcnrmg to Fig. 5, the DP SRAM cell 110 further includes various contacts (shown

as and labeled as 126 ) on gates, drain nodes, Vss connection, and various landing pads

(such as silicide feature). The contact features are positioned and configured for routing
including electrically connecting the doped regions or the gates to a metal layer. Additionally or
alternatively, the contact features are designed to have various geometries to function as a focal

mterconnect.

[0042]  In one embodiment, one or more contact features in the SRAM cell 110 are designed
In a square shape for normal contact function, such as contact features 146-1 through 146-8. In
one example, contact features 146-1 through 146-8 are routed to the corresponding metal lines in
the first metal layer or the second metal layer. In another embodiment, one or more contact
features are designed in a rectangular shape oriented in the first direction 116 to function as
contacting drains (or sources) of the multiple pull-down devices in the same inverter, such as
those contact features 146-9 through 146-12. In another embodiment, one or more contact
features are designed in a rectangular shape oriented in the second direction 118 to function as

contacting a drain/source feature to a gate, such as those contact features 146-13 through 146-16.
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procedure. In another enbodinent, this routing can be alternatively
achieved by an intra-cell routing through a contact feature designed to

| and on both the targeted gate and the source. Simlarly, the source of
PG 3 is electrically connected to the gate 138. [0041] Referring to Fig. 5,
the DP SRAM cell 110 further includes various contacts (shown as (r) and

| abel ed as 126 ) on gates, drain nodes, Vss connection, and various |anding
pads such as silicide feature). The contact features are positioned and
conf i dﬁ)ﬂ@ﬂ f dp vegeisiongpodingreisy dhie ngntedt detwie d 41 yis wotpdde thergt-tika3ldBped r egi ons
or the £s.t0 al. | oA T ly or alternativyely, the, contact
featu rcé)g é%f%d%gcs% g%ar{)%l e(ﬁgﬁ é" ng‘?]([)nlf s‘g’g Zé(')’r%e ?(?n(ta“scﬂe(‘)ﬁ? %ﬁ%df;{éj"ﬁx%fgé 4 [Ih%c al

i nt er conhecBL-H-0042F cbmaarfearanh o6l nenuedon theOrccioner Bantiachnieatanes in the
SRAM ce4l6l 110 are ge%i gned Jn as u,a\r?'.sh_a e for nornal contact function,
such aS'Ocbiit Aee Pdat HFeBoYFdnE: PhrdiRth oplEe §10-¢ f ropid ialakptee Blofitbatt

f eat urigs cdiftfrt tealé OGN islAGre8 (ANS bR ke B~ A Oihk RENEATELSRQBE NG JTRUA) (el NES 1N
the first netal |ayer or the second netal |ayer. |In another enbodi nent, one

or norECTEdive akk-Asfleatantass feghiee HST igriewed to the saenlammpdrapostrdpe ositbnt ed i n
the fi ~direction 16 t0 - i _ J:ng. Gr-ai wf ces)  of
the michs|EhER {800t el Sl WDBLLAN T onRBNMASL) I PR IR 5 1IRELERE) 0%t
f eat urld&2146 contbdifaugh 14462 12designednaidaicabybadicomhd drabrel 8D- IMDPP-IQont act

featur re.gesigned in a rect ul ar shape oriented in the second

b et e PO P B Ral R TR R G e BB tsatins S50 8% gat e,
such asniaboBeueOIhaGts ekt eSclddhcalld chbiiRUEb ¢d#643 Gng &2 bOR43E (nb Povar i ous
embodi nents, the contact feature 146-1 is routed to the bit-line BL-B; the

cont ache s@brchtata bl 1 i deyareddo elscirindgonded: iheeaw L38;and Hee droinwhde feature
146- 3 pis | r @uLeHadi Qe il 14?—!15 id d«:@'%&i—m%é&ﬁk@} %1188%@%%@ g%‘}nldrtﬁe (ﬂiﬂ%’(}% IS
routed to the Vcc power [ine; the contact feature 146-51s routed to the
Vee poimePUtd; ped the entgordtaat 1fiedd ivdesipasl © catrically echricor thhgatbil 36 dridnise
BL'A'Q?{:Eeo{’JPEP%Q tact feature 146-7 is routed to the bit-line BL-A; the
contact fedtureé 146-8 is routed to the word-line W-A; the contact feature
146-9 is routed to the conplinentary power line Vss; the contact feature
146- 10004l de$ignednd Daeligeticive af thy DEBRYERTtcetl N@0 A6k msicd®hicdBRlio vREbR2,
PD-23 and PU 2 the contact feature 146-12 is designed to electrically
connedtPLRET SRS SR oppembodimepy. Morg pertisjay, VHBUTBIHBEECY eat ur e
146- 12urh&uicOUs@Hh the DIPER ARl 11 T8 Rk abYsuReWE hnd hiRSen¥RSin A6 and 7. Tn one

embodiment, the DP SRAM cell 110 includes at least three interconnect layers (i.e. metal layers).

The contact features are described with reference to Fig. 5. The interconnect structure 180 of the

DP SRAM cell 110 includes a second interconnect layer (referred to as second metal layer or M2)

disposed over the first metal layer, and a third interconnect layer (referred o as third metal layer

or M3) disposed over the second metal layer, The previously described elements of the DP

SRAM cell 110 are eliminated from Fig. 6 for simplicity.

f0045]  Referring to Fig. 6, the second metal layer includes various metal lines substantially
aligned in the second direction of the DP SRAM cell 110. In one embodiment, the second metal
layer includes a power line (Vec line) 182. The Vee line 182 is electrically connected to the Vee
landing pads through the respective contacts. The Vee line 182 is substantially positioned in the
center portion of the cell 112 in the first dimension of the cell. The second metal layer also

includes complementary power lines, such as first Vss line 184 and the second Vss line 186
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contact feature 146-13 is designed to electrically connect the gate 138 and
the source of the PG 3; the contact feature 146-14 is designed to

el ectrically connect the gate 138 and the drain of the PUI; the contact
feature 146-15 is designed to electrically connect the gate 136 and the
drain of the PU-2; and the contact feature 146-16 is designed to
electrically connect the gate 136 and the source of the PG 2. [0044] Figs.
6 and 7 are top views of the DP SRAM cell 110 constructed according to

var i oudsitgspeaitbethofidasieé ther\exsdint [82.sThoBut end scandey seibodil e mid [ dd e

artic f Jun o tructyres 180 in the DP SRAMcell 1 10
gre coeHn(l'ls('t%rAulzt:l1 ecé%ﬁtgg%rggtgn %)@SCCO‘IQ—‘J e (‘Oémcchlcfpcﬁ%vcéﬁne enbodi nent, the DP
SRAM cell 1 10 i ncl udes at | east three i nterconnect |layers (i.e. netal

| ayer si046] Thelheoedoad tnefa &tyar estudeeidesandilimed(WiltA) 188 hed edCgsttankd ga 5. The
interc tructure 180 of th DP SRAM cel | 10 includes a second
|nterc[§ ﬁ @f‘ (Tsiét}cecre fespspyly T ﬁ@l g‘@‘é@ﬁﬁ"‘ rlrgf%ﬂd ]9Qy‘é€r‘ﬂ%ﬁ“‘k)3¥ CO‘H?%?‘}gé‘ed over
t he f|th§talsmtca4ec¢1mlacaqmdctalmg kA | Y-8 EPRNECThd RY&T h&®lgydr el i@ as third
netal |ayer or ? di sposed over the second netal |ayer. The previously

descr i HeiIEinsrénbl) B2 ‘I“Hé seyond SrANE SBHBL)11D0 clpewically srnhegiestiofthom Fig. 6 for
si npl 'c%h%%on&lgg%ﬁhm@%gﬁdcﬂ& -4 T(ﬂéﬂi f Bt Fléhf 1§%8ﬁﬂfglgec 1§acégﬂ¥?r{e[ 1|i]§£udes

various metal [ines substantia I'Tectlon of the
DP SRAMlu@ﬂSId fargit | Im b@n@‘\ Biod) H@énmd atshcamstémdmd bme(ﬁBaBL bkayléB clencicuities a
power con ect ed to

t he VCL((Z)m] Xg?he (’0“ (?émf] Fo0 gﬂm{: gg&l“%%bég%%d\/% %ﬁéﬁ{)@“@ ?G%H%y\/ﬁlé e 182 is

subst aratm:ad dnybopmmmq dieatethlined B the eRbad meell tay@maoé dﬁffaenceinlnomaow the
first dinension of the cell. The second netal |ayer also i ncl udes

conpl lin such as f rst ne 184 and the second Vss
| g i@@{)’i §b@ %’F Bivede Etg Bofnow) yas Oe)wtepx’ég%h?c"e?q"ﬁémi«éidyc'rwet he fhgy  and
secondnd(gsayel BRrépkE$ c@ﬁ[‘ijgul&ﬁc)ndQBﬁnedQ .ﬁﬁ& (dc6Ad In¥aFRNDES] @.Qe én‘?ootdhﬁerﬁ' rst and

second Vss connects, respectivel The second netal layer Includes
first Horias e W@écc@wlﬂﬁ‘«)& 38 1aﬁddq890f%;§®§1| dagengom the et worddime 180 of the cel |,

respectiohu e Witahg WA 0gs: 488304 J90uRY el SRLELGRL LY cggmect ed

to the | rst secon conta

secondn ﬁ@tmd:seil‘aﬁymmdlmmﬂt ud egstane b thetVdali lineland ehe(VAs Bhgs 119&1{®flfbda)e8\%ﬁnd bi t
l'i ne (“B 1B|f’) 111% | ectri 3%]1['}/, connected to the corresponding bit-Iine

cont acltc W Aﬂ% he | (Ef "flfé "Fig. 5, respectively. The second netal |ayer

[0048]  Referring to Fig. 7, the interconnect structure 180 of the DP SRAM cell 110 includes
various metal lines in the third metal tayer for word line routing. The metal lines in the third
metal layer are substantially aligned along the first direction of the cell 110. The third metal
layer includes a first word line (WL-A) 204 and a second word line (WL-B) 206. The first word
line 204 is electrically connected to the gates of PG-1 and PG-2 through the first via 208. The
second word line 200 is electrically connected to the gates of PG-3 and PG-4 through the second
via 212,

[0049]  The various metal lines may be configured and/or assigned differently according to the
configurations of the various pull-up devices, pull-down devices and pass-gate devices. In an
alternative embodiment with reference to Figs. 6 and 7, the second metal layer includes a first bit
line bar (A-BL-bar) 192 and a second bit line (B-BL) 194 electrically connected to the

corresponding bit-line contacts 146-7 and 146-1 of Fig. 5, respectively. The second metal layer
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includes a first bit line bar (A-BL-bar) 196 and a second bit |ine bar
(B-BL-bar) 198 electrically connected to the corresponding bit-Iline
contacts 146-6 and 146-3 of Fig. 5, respectively. In various enbodinents,
the metal lines in the second netal |ayer have different configurations.
[0047] Still referring to Fig. 6, various vial for coupling the second
nmetal layer to the third nmetal layer are properly configured and formed on
the second nmetal |ayer. In one enbodinent, the vias on the second net al

| ayer ielefesaelinal i ﬁ@t(/\;%)l?é@mﬂ andiongbioHne b (Billsbanop@cleitrieal 90 of t he
Secondcoqﬁéc?ddh"{‘l?’ce(l(me )o?ﬁﬁnl%%ﬂt K HeRofihés | BNE1LAY 1803 topﬁigf% ?s cgpvcg/ line 188 of

the second neta ayer e present enbodi nen ne of the vdd

line and the Vss lines is configured between the two bit-1lines for noise

shi el cﬁﬂ%0 [ G0a 8 is Redreyiew vg a 35 F1A4M diévnct: A0 inntnerheoambealimsiitr disilure 180 of

t he 104 ,n the third netal

Iayer %%ﬁﬁ {)loﬁg rou?ﬁhgﬁi&feﬁwﬁg C‘Ic“ Fftngém?lkgtﬁén {hﬁlcPlﬂf'UWE{Oéfl‘““} ayer are

subst anlficaplaincaliiognge 1 aborgnd he nbi ﬁuﬁ[hudlcﬁ@lbtﬂ andévfil. t®né ehbodidene, dae third
line (MWL-A) 204 and a second word line

met al des a first word . 204 . ' )

(WL- B)Dﬂigé?\ ﬁ%ﬂf 18 f PRISIOY © ?MCrRP %&M%elelloé@tf Figcdlin § PedaMactwligestiohe gat es
of PGTheash RGr dhellby QRAR ENE2 ik S, via 208. The second word line 206 is

el ectrically connected to the gates of PG 3 and PG 4 through the second

via 212 _[0049] The various netal |ines may be configured and/or assigned
di f f erl@0Hly &% Sritii iR Yo ohe DPBHEYglarise 2bhia aopihehembagihenss Ipetel - up

devi ces, ® | ter

embod ot B e RS B A OTRES S L A P ATUT ) e
a fir dinliTs Pl hePbar, wamammaez l#ndha S&@Qdﬁlﬂmbbitoﬂthmbp(SB[ﬁﬁ);e 1194

el ectrjgal Iy, connected to th dj .t-Line tacts 146-7 and
Thecy g eS8 T oNE g Grmer Gora b D‘P@}ﬂ?‘ﬁ%ﬁ%ﬁ%@@ 23 first
bit |imhe pés&-gﬁl@delf% renda L@oﬁ&ﬁmﬂl bt lnl:!uﬂ& ddmE BBl b hid RS rehespri cal ly
connect ed toi 5he correspondl ng bit-line contacts 146-6 and 146-3 of Fig. 5,

r especti VI 243 595D Fig. 8 is atop viewof a DP SRAM device 240 in
anot her enbodinent, simlar to the SRAMcell 110 of Fig. 5. The

di f f eneomees ng,gt e e t'(:)hg’{ev\go{aemi} KRAM Belikk 24Qeilp(9ﬁfdl%gﬂén9 rﬂl%cafrél%t inverler

sel f-expl ai ned fromt | ayouts and are not further descri etail. In

one efbBEINEARAM pail Z@Pllgmwirdwcw@b‘aNﬁmmwwriw@l‘yttlmaptmcs'mmvwl | 100
of Figp.t ln@iuﬁespfﬁltﬁ'nﬁHJFﬂOI .%‘é’&‘fn 19(—95—‘%&@ (.)glmllarly, each of the pull-down devices PD-

12, PD-21 and PD-22 includes 2 nFinFETs formed in the P-well. The ratic R of the DP SRAM
cell 244 is 2/1.

[0053]  Fig. 11 is a top view of a DP SRAM device 246. In one embodiment, each of the pull-
down devices PD-11, PD-12, PD-21 and PD-22 includes 3 nFinFETs formed on the P-well. Each
of the pass-down devices PG-1, PG-2, PG-3 and PG-4 includes 2 nFinFETs formed in the P-well.
The ratio R of the DP SRAM cell 246 is 3/2.

[0054]  In another embodiment, Fig. 12 is a top view of a SRAM cell 248. In Fig. 12, some
features are eliminated for simplicity. The similar features illustrated in Fig. 12 use similar
numerals of Fig. 4, The pull-up devices, pull-down devices and pass-gate devices are all formed
as FINFETs. The DP SRAM cell 248 is designed have a rectangular shape with a long dimension
(length) along a first direction 116 and a short dimension (width) along the second direction 118.

The DP SRAM includes a N-well 120 disposed in the center of the cell and a P-well disposed on
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The ratio R of the DP SRAM cell 240 is 3/2. [0051] Fig. 9 is a top view of
a DP SRAM devi ce 242 in another enbodinent. In one enbodinent, the first
inverter of the DP SRAM cell 242 includes 5 pull-down devices fornmed of
FinFETs PD-1 1, PD-12, PD- 13, PD 14 and PD-15. The second inverter of the
DP SRAM cell 242 includes 5 pull-down devices formed of FinFETs PD 21,
PD-22, PD-23, PD-24 and PD-25. The pass-gate device PG| through PG4 each
i ncludes two nFinFETs. The ratio R of the DP SRAMcell 242 is 5/4. [0052]
Fig. 16cbethaidegpriamsgfinspostiopl 22ram srsond poraa 122bh obihe SRABSdE h24: TWtOhe first

invertger, f: 4

speci fflﬁc P fm dgﬁchgdl?ll%A ofvvl% ddle%f%%{ @E)(?jﬂ]e@ I nci}“ Ejz 8‘@% g:ﬁé@&@c? %rir]red in

t he P—dvezlcilon Si&nThaMcyLm each fefurt:hB2pukil 13d awncodéwiree® (B tvlpulRPp 21 and

PD- 22 nclu T ratio of the DP SRAM
Cor A et PE S BER TR TP b3 Wslred R g dn o Pl <D< 6. |
one en[h@@licﬂﬁcmiue(ﬁaﬁ;h of the pull- down devices PD-11, PD-12, PD 21 and
PD-22 includes 3 nFinFETs fornmed on the P-well. Each of the pass-down
devi ce 1, PG 2, PGE@A and PG 4 includes 2 nFinFETs forned in the P-well.
The r R offePhisilip OSRARFRE fPatggsate sonfigureqd gde) varipua Agi-Hewn deticsdi ment

Fig. ]z%d'p§ssagaﬁ@&v\’dc@Wf@fnuﬁib@Rﬁ%&&Ili dABdevidts BhDnyrdi@r oP@FBasst gj%.?édé';/?cés are

elimnated for sinplicity. The simlar features illustrated in Fig. 12 use
si m | &e clingpietugh shapthemrhpigp Rzﬂb E;,iTM@l tha | -Raplicséwiycis finpalive-fdgwres d2vilces and

pass- q%gﬁﬁg?% G f‘g{lﬁccﬁh thd @ trpo(?tlon S 1E pFET] IZQTPﬁlg ”%ﬁw“(df)‘é‘ﬁ%ftlﬁ?qél ong a

desi gne ave a rectangul ar ai

first wiougcPDom g famdnamsﬂn@fetiuﬁd P s pzﬁmllc(l Vmatlfdn)qccainahmgﬁtsg@mse@ ﬁm of f
di rect | 8., The SRAM i ncl udes 120 disposed in the center o
the cdlf P%j}; Eh?ppwﬁ?[eld.“s;sb%ﬂfegw %@%B%@t% fe3ugpes ﬁmw&h%ov(if flv44es por t i on

122a andsieReanth GQDQQM:QHUMQQ) TRE phillicRRAM 1‘5%’0! LidA&: 10-§W@Fhe QhridRIGiel L3 active

features 132 and 134 are fornmed in the N-wel 120 and orientedin the
secondricgicf gr e dist grgetionHd o+ v ip| gateabiG !vémﬁmﬂ as estrai@n lapdons! inthe

confi g j)%{ﬁcﬁ’l JroLdm. %?cﬂ% adqlplq%qﬁél(ﬁlee?x n an c%lgedp%clzthc corp‘% ﬁ{)f%x %n of fin

active ures are Int rirented 1n
di r ectacove features 125-1 through 125-n to form the pull- down dewccs PD-11 through PD-In ofthc

first inverter. The first gate is further extended to the N-well and configured to form the PU-1.
Thus the gates of the pull-down devices and pull-up device(s) of the first inverter are intrinsically

connected.

[0056]  The second inverter is designed and configured similarly to form a balanced structure.
In one embodiment, the tin active features 129-1 through 129-n are formed in the second portion
of the P-well 122b. The pull-down devices PD-21 through PD-2n of the second inverter are lined
up in parallel and formed in the second portion 122b of the P-well. A second gate 138 is
designed as a straight line, formed in the second portion of the P-well, oriented in the first
direction and crossed over the corresponding fin active features 129-1 through 129-n to form the
pull-down devices PD-21 through PD-2n of the second inverter. The second gate 138 is further
extended to the N-well and configured to form the PU-2. Thus the gates of the puli-down devices
and pull-up device(s) of the second inverter are intrinsically connected. The SRAM cells in Figs.

4 and 8-11 are several exemplary embodiments of the SRAM cell 248.
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[ 0055] The plurality of fin active features are configured to form various
pul | -down devi ces and pass-gate devices. The nunber of the pull-down

devi ces and nunber of the pass-gate devices are chosen such that the ratio
Ris greater than 1. Particularly, the fin active features 125-1 through
125-n are fornmed in the first portion of the P-well 122a. The pull-down
devices PD-11 through PD-In of the first inverter are lined up in parallel
and formed in the first portion 122a of the P-well. The paranmeter "n" is
an i ntl@8eF].  digyi3gs piap vewiofe SRAM aﬂb%‘ioandncshwmbﬂdmmt deVize & somee shown

in Fi Geades brenindihHad fo?tsfng%‘icughﬁhimi 191'??&& fres 1ﬂustfd§edqgfi ém{l Pﬁgcmﬁ oﬂthhe

various gates are orient |rst direction 1 rst gate 136 is
desi grniad. g’ 1apslﬂﬁua|dg'ht:csl, puédododemas and pdse ga®idesitespoe blil Gmmod ad lF‘leFEWwel |,
orient d di.recti Qn and crossed over, the corres

ot el sRAS SET € Hh St e e b T B Rlig e B00er B Reel po 11
throughlo:ﬂn@t dfectibe11 Garrc&tshbn\daﬁér@ron (Whﬁh)fdldn%tthcg@&:@nd Srdctibd DRy, Eetrgnded to
the N-well and conflgure formt Thus the 8ates of the

pul | - AWMdBE IS Mgy lp‘@pldﬁﬁ’ﬁ"%ié%/ ﬂ@e»?@y* it wi 458l anl adtwelh gispesed omfhe both
i ntri ngdeGRldidhs. (ﬁﬂﬂ?@ﬁ&ﬁ@'zza[‘{?ﬁi@donﬁ g@:u% GOng ok (h\é%ﬁizﬁ{/z c'eﬁ ﬁ?&blﬂlﬁ&% rihd

configured simlar forma ba nce structure. inment, the
fin ad@ll%fcﬂ@mﬂdﬁégmmgﬂl drefonned dnthe 20wnll éE(éﬂlf(bmrmctdlimthehecwé@ondlqnorti on

of th I 21 throu PD- 2n t he second
i nvertelelr%) ﬁ?e‘“i(’i]fﬁ“eéﬂ“’e Pe““ﬁe" }a? af‘ln\fj\g?‘gﬂﬁcﬁo‘i”b#ﬁg Oijf?u‘”i {’f‘éolg"g ‘8?1‘6%"8? PP@ 122b of
t he P-amdlPiU-2A second gate 138 is designed as a straight line, formed in the
second portion of the P-well, oriented in the first direction and crossed

over t orres ondi f|na ive features 12 throuh129- to formthe
pun-&@@%ﬁdeﬁ@ SIBERIFN 495 (I Prot “a?ftnﬁé %é‘éeé wed By e 19784 e ond

gate IBBclish. fﬂfgtﬁﬂﬂﬁhty%ﬂlﬂﬁa@ﬂz ﬂeﬁu&b@rc%%ldtecﬁ{@qoﬁl@Oiaicﬁl'é peeLdb®n lievimst he
PU-2. Thus the at es of the pull-down devi ces and pul | -up device(s) of the

second™f! Reraaksdeyicas. Frlmemilﬁ@ferccd|tlwpt&b¢ﬂvéb@eécfes«rﬁbm@m\/p&@plpss‘»rg@teniegycs 4 and
8 11 aheaRRupleh B BIRAAI N i SHRAGIIENT Pufloulie FEAMLCR {e%‘%%g&@[?%?l Fi g.

13 is atop viewo anot sone
f eat urtemughr £2%h hiwi o eldn filor firsi prplidrcdftiye P-Hed 18R aiThapull elatvardesicésl H‘H»Sl r at ed

e TRy P P B S, S
desi gnegvdvax@red [PeCtimpgLth a25-5Ra@B Mk il fortion 22 JTRRSP-QRI(legRetly. The
parameter “n” is an integer. Only 3 fin active features and 3 pull-down devices are shown in Fig.
13 for illustration. The parameter “n” is not limited to 3. Furthermore, the pull-down devices
PD-1{n+1) through PD-1(2n) of the first inverter are paired with the pull-down devices PD-11
through PD-In, respectively, lined up in parallel and formed on the corresponding fin active

features 125-1 through 125-n, as illustrated in Fig. 13.

[0059] A first gate 136 is designed to include three portions. The first portion of the first gate
136 is designed as a straight line, formed in the first portion of the P-well, oriented in the first
direction and crossed over the corresponding fin active features 125-1 through 125-n to form the
pull-down devices PD-11 through PD-1n of the first inverter. The second portion of the first gate
136 is also designed as a straight line, formed in the first portion of the P-well, oriented in the
first direction and crossed over the corresponding fin active features 125-1 through 125-n to form
the pull-down devices PD-1(n+1) through PD-1(2n) of the first inverter. The first portion of the
first gate 136 is further extended to the N-well and configured to form the pull-up device PU-1.
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along a first direction 116 and a short dinension (w dth) along the second
direction 118. The DP SRAM i ncludes a N-well 120 disposed in the center of
the cell and a P-well disposed on the both side portions (first portion
122a and second portion 122b) of the SRAMcell. Two or nore fin active
features 132 and 134 are fornmed in the N-well 120 and oriented in the
second direction 118. The two fin active features 132 and 134 are
configured to formtwo pul | -up devices PU-1 and PU-2. [0058] A plurality
of fi nThechisianty EXtfurtaey ingledes o threbdriion drsigredad 4 steatght Ené enned in thet he second
directyd f ur I nt.i qure form
vari Ousc@%hud éﬂ&gu&i M. Z’{r/}!dé%@so%hccft as SI’_n‘(F G E 1déas)r 1 ﬁﬁf’ﬁ’le hnﬁo mteq?g 0];]
puII-db%@d@ewﬂmesmamMdenm&Bamjpmheppaﬂaxgaﬁﬂuﬂhmnﬁﬁsmxaﬁeuﬁmm&ﬁ@ such t hat
the ratio Rjs greater than 1. Particularly, the fin active features 125-1
throudh’i%gxh are formed in the first portion of the P-well 122a. The
pul | -down devices PD-1 1 through PD-In of the first inverter are Iined up

in par@bé®l and stantadensr it HesigRELAS POTHURA Sl yae toMea AR afuckrs- 1
through 125-n within the first portion 122a of the P-well, respectively.

The PRREMRPdmGRL [he turciivg keggres 1eflythmpugh h12%p predermicsn diesscandpogion
pul | - dgwR. elew) QQ% qrh@ §h%n'd@v1€és§’D 21%11%?5&1 Plblil'rlS) NRLEQRA N3 Ipﬂ ?f@{] n
E e ﬁb— % rough

i's not Ilmte urth ernore, th epu VI Ces
PD-| (unip p@lfdil@lh@dffw@ﬂ qrmlmorr@spcmd@grbm actde feiatunest1A8- Ipbitobigld 83hn wrmnces PD- |

| thrp p iyel ned.up ara n the
corresgéo%gﬁiﬁgj ﬂ?\ng |0\€;gﬁe l?lg’a Cgé) li%y FL{'H}G g kf‘igmﬂgo‘ﬁ%g‘ﬁrv“feﬁg fated in
Fig. IRu+[O05S8Eh PO of grtsecohdtniesed@s painaly o the pall dden Wbvies mmt ions. The
first ortrPB of the first gate 136 i s desrgned as a strarg | ine, forned
in t hé PrEE D 1RS¢ 1ed BR fiepgralld and frread pp theyrarresppading Hp pekbtei on and
CrOSS&QJtQﬁéQUQ@ hens@dy espnAdingrfitdinagsime features 125-1 through 125-n to
formthe Il -down devices PD-1 1 through PD-1 n of the first inverter.

The soﬁﬁggeportron of the first %? 136 is al so_designed as a straight
line d A} $FCPESAS (YIS gevigned to Brludpehree pestipns. ke Bist paatipmofithesecend st

di rectrdre:nm@n@c&rg%é%dd Q gmrn@&g,rermgmgwg JﬁB Ilﬁogr ﬁw&ﬁ%f‘g&[}%@é‘ﬁézm of

through 125-n to form evi ces
t he fﬂh§UHWQWQWM@mK%ThbM@rmstmmupbmbm;bﬁamhefbmumsﬂﬁghﬂ3m43629srmmmmher

The- 1 irse BpRR T b AR EREP AL RebBY op e oRaset bt ondTareet o g

l'i ne Qéct(mﬂtge[d 138 id 1@ designed as a straight line, formed in the second portion of the P-well,

oriented in the first direction and crossed over the corresponding fin active features 129-1

through 129-n to form the pull-down devices PD-2(n+1) through PD-2(2n) of the second inverter.
The first portion of the second gate 138 is further extended to the N-well and configured to form
the pull-up device PU-2. The second gate 138 further includes a third portion designed as a
straight line oriented in the second direction 118 and is connected to the first and second portions
of the second gate 138, Thus the gates of the pull-down devices and pull-up device(s) of the
second inverter are intrinsically connected. In another embodiment, the pass-gates may be

similarly paired such that each fin active feature includes two pass-gate fin transistors.

[0062]  Fig. 14 is a top view of a DP SRAM device 252 in another embodiment. The DP
SRAM device 252 includes 4 pull-down devices PD-11, PD-12, PD-13 and PD-14 for the first
inverter. The DP SRAM device 252 also includes 4 pull-down devices PD-21, PD-22, PD-23 and
PD-24 for the second inverter. The DP SRAM device 252 further includes 4 pass-gate devices



second direction 118 and is connected to the first and second portions of
the first gate 136. Thus the gates of the pull-down devices and pull-up
device(s) of the first inverter are intrinsically connected. [0060] The
second inverter is designed and configured simlarly to forma bal anced
structure. |In one enbodinent, the fin active features 129-1 through 129-n
are fornmed in the second portion of the P-well 122b. The pul | -down devi ces
PD-21 through PD-2n of the second inverter are lined wup in parallel and

f or medP@rl, P%@ Cord espfndi qwgfiglinnd amliowe if Bigt Ut & IRAMIdavie @59 fiurli@®- n wi t hi n

the seg rtion 12 t r.es | y. Further nor t he

S e G T et a0 X e T A S
pal r ecexwinple, tH@é)H)mAdeBMibbdﬁmlmeE’E}caﬁxg,u tumomagﬂm‘eﬁarcznmme@pﬂﬁ& fisel y, lined
up in a[allﬁf{a_g formed on the correspandi fin active features 129-1
thr oughet9e: 6 GEdin Se8pocaoR 1f Ao Sxapie [ OBE S RAN detf2 Faneudss | s

desi gngglakgnidrRehid et e6iRREd 1'an51§$ch R cbtr St IFSQBE[ doAeQhabhe cérﬁfé@ln&s gate
138 is designed as a straight line, forned in the secon& ortion of the

P- wel | Thedpl eRp@Hd¢vicet 3@ dl“follﬂ@tidﬁlvﬁemtsllmndldﬁdulcfr osded onehadihgrectinglespondi ng
fin a r i.ces
1 5SS SRR R MMCRUEI R0 1 L DR PR R0

secondl/gate 138 is also designed as a straight line, forned in the second
portion of the P-well, oriented in the first direction and crossed over

the c ponding.fin active res, 129-1 through 129-n to t he

o1 S Q0Eanout 09 iR §8a DR e trS i i e e it THYBF or . The
first groamidenicobsi h@@ec@pﬂga@m&@&% fumm,mtﬁmm,m-nh@nd\#wl | and
configured tg form the uII ﬁ device PU-2. The second gate 138 further

i ncl ud@doRthe Birst dvseeH |TB?1 vigg 23 alsy ingfuget 6 Pylhdovsi flarece dDFH .t he
secondpslns ea a@rpslé@ m@suﬁ%@@nﬂse;%mg GECQ)BHIH‘R/C{ ! $he 3%1@@&%9&0@ gions of

the second gate 138." Thus the gates of e pu -down devi ces an pul | -up
devi cé(léf)CY@icllndt?ES pesscgnedeavinee Pler !, 8Gel 3, RGF InBGEX, Pgﬂ -HloRGed, 864 1 andanot her

et ve anbul B RER ShaR! Falon BP P ot FaRBrbF R aRa00) S 14" s a

top VIfeeWu@i c@f@ﬁ’chRﬁd!/ﬁd&gMedeoQtﬁﬂcﬂcm rai@idhanctRb adt BRMple, TREDPBR ANYRAM devi ce
|| -down devices PD-1 1, PD-12, PD-13 and PD-14 for the

252 incl.ud
£ rst it @Fﬁﬂwsaej%w delpawreaapcnigddy thefist diesstion pift for #idith devi ces
PD- 21, cofidcdéns. BRmétheABmprDuLADP SR AN B R &COAdndIRYE H &lnguihPEoddR s REAM devi ce

252 further includes 4 pass-gate devices
oriented in the second direction 118 for source and gate connections. The DP SRAM device 254

also includes various metal features (various non-shading rectangles) formed in a first metal
layer as illustrated in Fig. 15. The ratio R of the DP SRAM device 254 is 3/2. The DP SRAM
devices 252 of Fig. 14 and 254 of Fig. 15 are two examples of the SRAM cell 252 with

segmented gates.

[0064]  Fig. 16 is a portion of a DP SRAM cell in a top view and constructed according to
various embodiments. More particularly, an interconnect structure 256 of the DP SRAM cell,
such as the DP SRAM cell 252 of Fig. 14 or 254 of Fig. 15, is constructed and presented in
Fig.16. The interconnect structure 256 includes a second metal layer with various metal lines
oriented in the second direction 118 and a third metal layer with various metal lines oriented in

the first direction 116 configured for various routings.



18 PG 1, PG 2, PG 3 and PG4 configured as showm in Fig. 14. DP SRAM devi ce
252 further includes various contact features configured and designed for

different routing functions. For exanple, the DP SRAM devi ce 252 i ncl udes

rectangul ar contact features oriented in the first direction 116 for drain
connections. In another exanple, the DP SRAM device 252 incl udes

rectangul ar contact features oriented in the second direction 118 for

source and gate connections. The DP SRAM devi ce 252 al so i ncludes vari ous
net al [0863lur d§2.(Wd# p sdhsmabnvishadin slgalroet G ISEHM cElb Feehustucedidceatinget al

| ayer 1%%/:1!15)1.'15%1%%%@@&03%& &cselngdlscjtosule-rxﬂ%né @1&3‘3&&%&@{ C;,ILH%EI‘)[D? ggﬁ | Ele%gl ce 252 is

2/1. [0063 Is atop view of a evi ce N “Anot her
enbodi imelntles dThetcDPrt cSMMradbyinde (254e pmbUﬂesR&Mublﬂ 1@ovirFigldvirbesPPD- 11,

PD12, 4, PD-I'S and P he fi i nverter. The DP SRAM
devi ce’. ‘ﬁiszp e QIFAEES 8 R PPr Faving b“e@up&&éoiﬂﬁ fices 45phrend pagrgses  pp. 24,
PD- 25 @nttefDh 3fe ébbodikentsae and )Ifﬂ\{rﬁﬂhtd%ﬁ oneléland® rSRAMI Q}%Wn%v@@s‘l further

i ncl udes 8 pass-gate devi ces P(L_)‘-,- , PG 12, PG 21, PG 22, PG 31, PG 32,

PG 41 WHHSWREIHshridRiicsy mpse @ch@;\mteudﬂwmsgmmgure@m ISRAN. d6¢ Feecea B f urt her
inclu t ! or. . different
Fouti N ARy aoyh AR AR e LR REhE R AR BPL A08 D2t

r ect ardgulcas aig @mr@c&ed fedt u@tescscﬂi trentebpdssgathdeficess inddhe eged @nhebdd fidr- drai n

connecj i on | n_anot her M devi 254 i ncl ude

rect an&gu Jevieshi ag?nwgtﬁfig?@g&‘%’ 'il%ﬁtoégﬁ; EI’{R?H}%(“%C dO‘HF‘r“’eogtﬂ?ed'ﬁa P f or
sour Ceba&mkvgat aceﬁm&ﬂltlﬁftﬁamThﬁhDR:a@B&Mdd&Mld@elc%ﬂqe disOofitRClchdpasvar i ous
net al (?ures vari ous non-shadi ng rectan?l es) formed in a first netal

| ayer éa’%@ QICES HIF SPRCICH trihg readidit hn% reag-Bb). g thetggtes phlhgromfirdeviase 254 i s

3/ 2. melcmn@%{\%(ﬂ@‘l’d ﬁ@?caa%t@fmg fr&td wt) aiﬂqmz;ﬁ%se%[ elﬁk&i %ﬁr? 1§é Pea&?@nt
exanpl es of the SRAM cel segnent ed gates 68

por ti dncludesg - C@FW\#@@@H dﬂdr?« lai% @@Cdﬁ‘ewsand const ruct ed accordl ng to
vari ous enbodi ments. More particularly, an interconnect structure 256 of

t he DIT WM JL lig is ﬂﬂugh/l&?oit %P?ﬁﬁﬁﬁéﬁf%&% 0 1%5%%{?1{:; cFrlnk%dnH‘e%t % 02%4 of Fig.

is constructed an resente nt erconnect structure
256 i roibedeseng li&e@BrStRAlMt!a‘hcd %(y)en d\pbittiltbn‘l)arhcdmssmtl\/abclliﬁrﬁes onOly@ntiad in the

zrelcgzg:églilréiﬁl 1% |1c9 1)%)}181110 lides 3 nea puﬂ mnaclewcey ﬁE’DV\'fI d!‘ld\i{%D ?gthc ncﬁl polrtla?s%s

includes 2 read pass-gate devices RPG-11 and RPG-12. The DP SRAM device 260 also includes

various contacts and metal lines (non-shading rectangles) of the first metal layer.

[0067]  Fig. 19 is a portion of a DP SRAM cell in a top view and constructed according to
various embodiments. More particularty, an interconnect structure 262 of the DP SRAM cell,
such as the DP SRAM cell 260 of Fig. 18, is constructed and illustrated in Fig.19. The
interconnect structure 262 includes a second metal layer with various metal lines oriented in the
second direction 118 and a third metal layer with various metal lines oriented in the first
direction 116 configured for various routings. In the present embodiment, the interconnect
structure 262 includes metal lines write bit-line (W-BL), write bit-line bar (W-BLB), read bit-
line (R-BL), power line Vdd, and the complimentary power lines Vss. The interconnect structure
262 also includes metal lines write word-line (W-WL) and read word-line (R-WL). The

interconnect struciure 262 may include other metal features in the first metal fayer,
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the first direction 116 configured for various routings. 19 [0065] Fig. 17
is a schematic view of a dual -port (DP) SRAM cell 258 constructed accordi ng
to various aspects of the present disclosure in one enbodi nent. The DP SRAM
cell 258 includes a wite port configured simlar to one port of the SRAM
cell 100 of Fig. 1. The DP SRAM cell 258 also includes a read port having
read pull-clown devices and read pass-gate devices. In one enbodi nent, the
read port includes one or nore read pul | -down devices configured in

par al | E068hd dhearsis gebedipgss- Gatsclgeod R SR 4 dhddviperaddreses paraislislics The
source L De. K l.- down devi. are connect ¢ er. line Vss, the
i ai e o HaC BRI S M SRR B RY Lblfsdyr (he
read pags:gdthendeyicpel;soandetine mdtnedtigé piheaterdicpddnfiggonmudiaiceies are
connec;gd to the _nahnTEQ%e of the finsé'invgptp(. The sources of the read
pass- §apP & d&lRiEL g e Thodideted Jrigwedpd jayauigte sipeqoddar Harkiwstreaifevi ces,
the drehasr @breldifer b@adRaSHay FREG HEWIHERSARIIRAINNES bR LApid) Gelthad bi t
lines (read-BL), and the gates of the read pass-gate devices are connected
to t hetSHEGEFAMPSHIE PiFraght lﬂégéialw9l‘? lang and eogimaigenie fembodi FreRETS, simd asgald- port
inclu ol 5 devi,cas.; 2 - e Vi,ces. 0066] Fig. 18 is a
top vi s ol b L e 888D RS Rk PR R e PRl B B T
t he DPPSRANE devitwend @0llidewa dpardsi cm widet iregDRcBRAMyvckdde (268 thahighst loayout .

n Fig. 18, the read port includes 2 read. pull-down devices RPD-1 | and
reo- 19¢ e VSRR ao Rl e s S e R TR e QuSOREG 1 | and
RPG- 1 2pulfdeviDR vERAM ket 0aliR® Qs 8avdling iugdesiphy sfox Aisy GRRE aghsyaRd met al
| i nes (non-shadi ng reqtanqles) of the first netal layer. [0067] Fig. 19 is
a por t5*8RPlrol 0wy ORrANPR kpllage Thahigby brleaniiakackiorsiand eravideabewirdiatig t o
vari ousig ' Y. -4 ardy..an i nterconnect structure 262 of
the DP SRE%?ggﬁFshﬁéﬁgﬁﬁggﬁgﬁ%t%%&%ﬁk%ﬁgglI 260 of Fig. 18, is constructed
and i |[P0&}]r at €l foreging hhg outlined feprarod srweed tmbodimenwr BroR6killachudest a

second, | lLayer, with various metal |lines oriented in.the. second
direcﬁﬁgﬁh%ﬁgegﬁﬁt%ﬂpﬁ?f%”HgﬁﬁﬁlFﬁygﬁ”ﬁf?ﬁﬁV§?P%u§dﬂ@?%ﬁ”IFﬂ%@“%?ﬁented in
t he fimsdifyiel steatprersstd GnEonichges fotcdrgingvain HRUSME plihbRg Snd/bPadhiifdrgs ent
enbodi ment, the iaﬁﬁrconnect ~structure 262 includes netal lines wite

bi t - | iSAEC CWBLAESS Hir'ne EMBPY IR & pshcqdiepsip) Thase leilles] in-thg arhghopR 19 ,  poweer
line Vetize and sidi@qGRaRh IRRERGYnPRYRS dbpdiEFonY &R spitliGnd RLBE PP Rk L Fuct ure

disclosure, and that they may make various changes, substitutions and alterations herein without

departing from the spirit and scope of the present disclosure.



262 al so includes netal lines wite word-line (WW) and read word-1|ine
(RW). The interconnect structure 262 may include other netal features in
the first netal layer. 20 [0068] In various enbodi nents, the disclosed DP
SRAM devi ce addresses various issues noted in the background. The present
di scl osure provides a dual-port SRAM cell structure and a |layout with

mul tiple pull-sown devices and nmul ti ple pass-gate devices configured such
that the ratio Ris greater than 1. The disclosed structure and |ayout are
al so gﬂﬂﬂﬁidéiﬂhbﬁﬂkﬂgﬁtal-gate. One or nore other advantages may present
in various enbodi nents. In one exanple, the fin active features are
straight and sone are | ong and continuous to formtwo Fi nFETs, such as
pul | - down Uevic@smﬁmdhmmnpa$$ﬂgahmydéuhm®&piEOmanugde a better device
tracking/ _&% between the pass- ﬁtg devi ces and pul | -down devices on a
wi dor 1 ange SRBSETON WTERGE StPENnE e M GHESE. Fi0n v HeCn Btladte vagl o

oper at deige-(PUNa@NnoglnRlinesfpin] ®wntdaeicsd (Mpsg shape of the active regions
solves pull-down device current crowding issue as well as |ithography
proximty ef PEEHLY phpashapelevicex i) sonfisuredwsith spe e cons-coipledgeyertetre

hi gher,pbeta ratio is achieved and provides better static noise margin
(SNM performance for the cell stability. [0069] The foregoing has outlined
f eat ur es ofat éf@vlewalpoemviede»vitfsthc Thodey skP(4 fod rdadintzhed suriring Shicudiok:

appreciate that ¢t se i scl osure_ a basis for
desi gni ng or (ﬂg?%wﬂaygtﬁﬁ d8¥8§é§§ ehﬁh 3?@&8? F%@“FBV?@ﬁggﬁ}ng out the
_Sa{Te gur DSSﬁs a_rmd/a@@r ﬁﬁ%bleﬁ!nlﬁlglbglh@: P?&ﬁﬁ&h@?ﬁ&ﬁﬁ@ﬁginfﬁ nhﬂ'@)eleml_ ‘ {ﬁﬁﬁ%s )
i ntroduced herein. Those skilled in the art should also realize that suc
equi val ent YoM¥teliétseie 9 hotddepart fromthe spirit and scope of the
rd ol terat ?SLS%E%‘%QFM'%‘%*“ﬁfépar%%g“} YA BB RPIART 1 ope of the
present disclosure. 21 WHAT IS CLAIMED IS: |I. A static random access nenory

( SRAM ceII co second er s, cross-coupl ed for data
storage, each |n§§§?ggﬂl % ﬂdﬁb 2 I ‘Pcﬁﬁqyﬁéb Eghf%iﬂLQHH&QMﬁW°ﬁé??ty of
pul | - dewivideith aessi(BRY dndar pliawal pdro0lvithasscgat widde icRs: ¢REs heionki gur ed

with t WO cross-coupl ed i nverters;
tpan the seconc? w?dt P

3. The SRAM cell of claim 1, further comprising a plurality of FinFETs formed on a

plurality of fin-type active regions.

4. The SRAM cell of claim 1, wherein the ratio is equal to one of 3/2, 2, and 5/4.

5. The SRAM cell of claim 1, further comprising at least four pass-gate devices, at

least six pull-down devices, and at least two pull-up devices.
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and at least two ports coupled with the plurality of PGs for reading and
writing, wherein: each of the PU PDs, and PGs includes a fin field-effect
transi stor (FinFET), a ratio between a nunber of PDs in the SRAM cell and a
nunber of PGs in the SRAMcell is greater than 1, and a nunber of Fi nFETs
in the SRAMcell is equal to or greater than 12. 2. The SRAM cell of claim
1, wherein each Fi nFET includes a channel having a top portion with a
first wwdth and a sidewall portion with a second width, the first width

bei ng | ess 6t harirl’tcfﬂﬁf‘sl\é@@}hdfvwkm‘nﬁ coBlleTlhle SRAM cel | of claim1, further

conpri sing | rred on | f. (!] acti ve
regi ons. ‘fajl"ﬁSL L%%&kjjy)é fl!(;;fL qqull m ;@ &P h ﬁD (la)% t‘i"g § ghié Eg’l dne of
3/2, 2(,011&@!1&05/14.1“0511 lﬂfh&llﬁl?i@il\/bi&(ﬁl lwhefeirc ldadim &f PUUII’ Phen, eompr wsd m’@lat albeaSt

f our gate deV| i st six pull-down devices, and at |east two
pul | - ucge‘“d‘ ev,égnne?@ éo 01“??@‘ IQP%A&/I”(‘}@IOF]C of claim5, conprising: a first PU

(PU), a fig %LO!P(DPUPE@%) a furiePONG D) (PBrd Db (mﬂz)aaﬂdﬂ Fﬁu?@dﬁ%% D12

conflguredtoformt irst inverter, wherein drains of
and POPafigwed t@fem Hiccsrepyd suanee vdrai dfaamsnefaPy2.rBD2 dr2R, nod D23 mecond

PU ( PUZ). D (PD22), and a sixth PD (PD23)
confi gur%‘tlj@tuggwl{eg%cgh%e{oggcz:l?ﬁc n?ln(%%lmngdf wherei n drains of PU2, PD21, PD22,

and PD23 aradirsgh@ RG i)catl bycoed ROEECRY chidighierine forseaedamchods; aflhacrnode a first
PG (PG 1) and se ond PG ég&? Ejonfl ured to forgn_? fiﬁ1 port, wherein: a
first drain of F3 BSliegaigp it ?CW" FirABEEEE 1 HOEIE P llFﬁléStQ?‘t’t he first

port, a second drsaédndafailP6RpG:s 1@1&@1‘16&'119@1)&%@{6@W‘@Eﬁ»ﬁﬁe Bﬁc@u@ﬁmgao&e bar of
the first port, a first source of PA is electrically connected to the

first drain nodéfrgnause seRGhe destiedy spnmcpd josthe fiest Braincagdeyandonnect ed t o
the second drain s@&ﬂg’so@r@@iof E&’Gi R { B @S oW AR (RFH) angont 1 gur ed

to forma second port,
a third PG (PG3) and foulth PG (PG4) configured to form a second port, wherein:

a third drain of PG3 is electrically connected to a bit-line of the second port,
a fourth drain of PG4 is electrically connected to a bit-line bar of the second port,
a third source of PG3 is electrically connected to the first drain node, and

a fourth source of PG4 is clectrically connected to the second drain node.

7. A static random access memory (SRAM) cell comprising:

a first set of fin field-effect transistors (FinFETSs) having two pull-up devices (PUs) and a
first number of pull-down devices (PDs) configured to form first and second cross-coupled
inverters; and

a second set of FinFETS having a second number of pass-gate devices (PGs) configured

to form at feast two ports, wherein the first number is greater than the second number.

8. The SRAM cell of claim 7, wherein the first set and second set of FinFETs
inchude at least 12 FinFETs.

9, The SRAM cell of claim 7, wherein a ratio between the first number and the

second number is equal to one of 3:2, 2:1, or 5:4.



athird drain of PG is electrically connected to a bit-line of the second
port, a fourth drain of P& is electrically connected to a bit-Iline bar of
the second port, a third source of PG is electrically connected to the
first drain node, and a fourth source of P4 is electrically connected to
t he second drain node. 7. A static random access nenory (SRAM cell
conprising: a first set of fin field-effect transistors (Fi nFETs) having
two pull-up devices (PUs) and a first nunber of pull-down devices (PDs)
configured ¥b forhe $RAN: cahel detord vdeoystheols! el sionvdstte s Fiilsars econd

set of td?‘ha@ﬁ'r:f-ﬁéﬂﬂ}(lv\g%l ﬁnqa%m?é&wmer of pass-gate devices (PGs) configured

to form at rein the first nunber is greater than the
second nunmber. 8. The SRAM cell of claim7, wherein the first set and

second set aof FipFEIs .. include east 12 FinFETs. 9. The SRAM cel | of
claim7, wherein '%MSQIEB%&@B}?%"HE‘@F'H& nunber and the second nunber is
equal to ONgeQfrsi3invorte? inkluded a Bird sulkdr d0mhe PR, SRAMnGRhihs of el bierst Wber ein
the first and second sets of FinFEIs are fornmed on a plurality of fin

act i vePPegignalectiiqallyTrenngrpgv tegdther ofhraiighi amez of whldgidd, nlonhecanfacs tlingnwed t er

i ncl udg@1 fddnstn sgty of the PDs, wherein drains of the first set of the
PDs are E gct I’ni cae(fbg connected toget her through one of silicide, |ong

cont act I| néwe serpad e indtdosnssetdnersabfet ofuhe PDIqecheeiemhtilnmehft grconchel udes a
second b ~of the.PDs, wherein the second set of the P are
el ect r?@tﬁeftﬁs%ﬁiﬁn%%c‘taéﬂ%éﬁﬁ?%gg LPW%%Q‘H‘OB% o8¢ oL ‘l%iiedlé’“glcé’ﬂ‘g‘c ]dﬁft 48t 1ine,
and camin@tonanertdter eof . 12. The SRAM cell of claim 7, further conprising:
word |ines connected to gates of the PGs, respectively; and bit l|ines
connected to drains of the PGs, respectively, wherein a ratio between a

first Tengih ofntRRANLY: bidieh AR SGAANhJength of the bit lines is

greater than about
word lines connecied to gates of the PGs, respectively; and
bit lines connected to drains of the PGs, respectively, wherein a ratio between a first

length of the word lines and a second length of the bit lines is greater than about 3.5:1.

13.  The SRAM cell of claim 12, further comprising two Vss lines and a Vdd line,
wherein the two Vss lines, the Vdd line, and the bit lines are formed in a first metal layer and
ortented in a first direction, and the word lines are formed in a second metal layer over the first

metal layer and oriented in a second direction different from the first direction.

14. The SRAM cell of claim 13, wherein at least one of the Vdd line and the Vss lines

1s configured between two bit-lines for noise shielding.

15, The SRAM cell of claim 7, further comprising at feast four Vss lines.
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13. The SRAM cell of claim 12, further conprising two Vss lines and a Vvdd
line, wherein the two Vss lines, the vdd |line, and the bit lines are
formed in a first metal layer and oriented in a first direction, and the
word lines are formed in a second netal |ayer over the first netal |ayer
and oriented in a second direction different fromthe first direction. 14.
The SRAM cel |l of claim 13, wherein at | east one of the Vvdd |ine and the Vss
lines is configured between two bit-lines for noise shielding. 15. The
SRAM cel | offo. cIaﬁﬁ%ﬂ90$uwﬁhemd@nmpwhsﬁmgoaHSRéééhﬁﬂ@umpwﬁewIines. 24 16. A

dual port st nd C r|5|n I,r st
i nverter havﬁﬁgﬂnfﬁl BV % §[H§HB ﬁﬁé SDP@@fﬁ M%ﬁﬂ lf@?@%obP%Lﬁo%ﬁ
puII-dﬂmmmuﬁ¢@mB)stors (PEB) a second |nverter havi ng a second pul | -up

transi stor (F)Qd and a second groug t he second inverter being
cr 0ss- coupl oM BYETHE hpyipga se %?“pgmﬁﬁﬁ§ﬂpﬂgbﬁbi6ﬁmﬁﬁ§§“@§ﬂéPD*

tranSHﬁéQkémiEG@hn%@MBkﬁQs%b&ﬁui@ﬁhﬁkrﬁ&1ﬁﬂﬂﬁ§econd inverters to forma
first port; and a second group of PGs coupled with the first and second

inverters tdimogimaokpisegae ponsistorsgfesetapldotitiothe fins ambsecand iv@gers te | udes
an n-t & effect transistor (nFinFET) and each of the pull-up
tran5|§§§Fgﬁ?HB{ &gs a p-type fin field-effect transistor (pFinFET), and
wher ei n t hersecaxieronpra PPRs: otyblach wiREshd first dnel sﬁﬁﬁﬂ/hmel tbrs td fbrmEhecdoiRAvticel | of

cl aim 16, rein PDs i ncl nFETs, wherein

drai ns of 3ﬂ5”???§%‘§ﬂ%h%§bf%é%gp meb%hﬁﬁﬁ? ‘ﬂf%@ﬁ%“dﬁéﬂﬁﬂ”EWPpg?de and
| ong canteagt of liﬁepulltdﬂﬁu@:ﬁ‘i-‘s%}(}l ngjhﬂiél@ a0p- (PP ﬂ@bléﬁ@& 15&11015&09%;5;‘&1':@?) ‘Mt?f ein
drai ns of the second group of are connected t hrough one of silicide

and | oHres Hescire mopek Dtﬁ@“fﬁ%@lﬁ@ﬁﬁﬁﬁw@ﬁﬂPGs i ncl udes 4 nFinFETs; and the
second group of PGs includes 4 nFinFETs. 18. The SRAM cel | of cIa|n116,
wherein the first group of PDs includes PD 11, PD 12, and PD 13;

17. The SRAM cell of claim 16, wherein

the first group of PDs includes 5 nFinFETSs, wherein drains of the first group of PDs are
connected through one of silicide and long contact line;

the second group of PDs includes 5 nFinFETs, wherein drains of the second group of PDs
are connected through one of silicide and long contact line;

the first group of PGs includes 4 nFinFETs; and

the second group of PGs includes 4 nFinFETSs.

18. The SRAM cell of claim 16, wherein

the first group of PDs includes PD11, PDI12, and PD13;

the second group of PDs includes PD21, PD22, and PD23;

the first group of PGs includes PG1 and PG2;

the second group of PGs includes PG3 and PG4, and

wherem the PDI12 and PG are formed in a first continuous fin active region, and the

PD22 and PG4 are formed in a second continuous fin active region.
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the second group of PDs includes PD21, PD22, and PD23; the first group of
PGs includes PG| and P&; the second group of PGs includes PG3 and P&,
and wherein the PD 12 and PG| are fornmed in a first continuous fin active
region, and the PD22 and PG4 are formed in a second continuous fin active
region. 25 19. The SRAM cell of claim 16, wherein: the first group of PDs
i ncludes 6 nFinFETs fornmed on first four long fin active regions and first
two short fin active regions; the second group of PDs includes 6 nFinFETs
formed on sBtondfecotkAMony of tlainatd.iwhereitegi ons and second two short fin
active regi o er b fidst. gr . of | nel udes 4 nFi nFETs: the second
group of %@Q?Iﬁ%lﬁgﬁl&&ﬁﬁgﬁ@%ﬁngﬁgg \I}]g(?lgﬁeg Oéa@hﬂg ! F)Héﬁ%ni e kS econd
gr oupsariffirRGsvoi shofft Gnmetdveangiome of the first and second four long fin
active regigns. 2Q. The SRAM.cel| of clain 16, erein: the first group of
PDs i ncl ude' eﬁe%ﬁgrﬂtﬁﬂ"s‘ﬂf ﬁé‘&?‘&{‘?* tﬁvﬂﬁ\a%ﬂaé’ﬂv‘%@’?éﬁ?%ﬁs@”ﬁ IesJBLHMe gr oup
of PDsrehiofb MBS cod oG sin hQiadyiaRs; anot her two fin active regions; the
first group of PGs includes P and P&; the second group of PGs includes
PG3 and PGahe Hi eiver&Pas tnsbideat nBWEEPG3 are forned in a first continuous
fin active fegicaR ;30F of PGs RERacAPHRRATALS for med n a second continuous
fin active region.~2 '

wherein each of the first and second groups of PGs is formed on one of the first and

second four fong fin active regions.

20. The SRAM cell of claim 16, wherein:

the first group of PDs includes 4 nFinFETs formed on two fin active regions;

the second group of PDs includes 4 nFinFETs formed on another two fin active regions;
the first group of PGs includes PG and PG2;

the second group of PGs includes PG3 and PG4; and

wherein the PG1 and PG3 are formed in a first continuous fin active region, and the PG2

and PG4 are formed in a second continuous fin active region.
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