ROM CELL CIRCUIT FOR FINFET DEVICES CROSS REFERENCE [0001]The present disclosure is
related to the following commonly-assigned U.S. patent applications, the entire disclosures of which
are incorporated herein by reference: U.S. Patent Application Serial No. 121721,476, filed March 10,
2010, by the same inventor Jhon Jhy Liaw for "FULLY BALANCED DUAL-PORT MEMORY CELL"
(attorney reference TSMC2009- 0686); "CELL STRUCTURE FOR DUAL-PORT SRAM" by the same
inventor Jhon Jhy Liaw (attorney reference TSMC2010-0190); "STRUCTURE AND METHOD FOR

SRAM CELL CIRCUIT" by thessaneg i eRRicAIAn il Wkt 1 5pe ¢qfgrence TSMC2010-0192);
and "LAYOUT FOR MULTIPLE-FIN SRAM CELL" by the same inventor j on Jhy Liaw (attorney

reference, TSMCZOlO 0193). BACKGROUND [0002]To program read only memory (ROM) array
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reference TSMC2010-0193).

BACKGROUND

[0002] To program read only memory (ROM) array chips, contact, via, active region, and/or

metal are implemented into (or removed from) a specific portion of selected memory cells. The
‘on” or “off” state of each memory cell is thus set. Each memory cell is capable of storing a
binary bit of data, either in a logic state of “0” or “1” depending on whether the path of bit line to
Vss of the memory cell is electrically connected or electrically isolated.

[0003] For data sensing of the ROM cells, designers use a simple scheme like a single end
circuit (inverter) to detect the data state. If the ROM cell bit line has significant voltage drop (for
example, to a lower voltage state from the beginning state) during a read cycle, it will represent a
logical value of 1. When the ROM cell bit line keeps a higher voltage similar (o the beginning
state, it will represent a logical value of 0. Designer are allowed to swap the definition of “0” and
“1”. However, the voltage differences between the high/low voltages arc decided by drive
current, leakage, stability and bit-line total capacitance of ROM cells. How to improve these
factors is a challenge to future scaling.

[0004] For device improvement (drive current, leakage, and device stability), a FinFET
device is the best candidate for ROM cell application. This is due to the additional sidewalls
device width (for Ion performance) as well as better short channel control (for sub-threshold

leakage and matching performance).



device is the best candidate for ROM cell application. This is due to the additional sidewalls device
width (for lon performance) as well as better short channel control (for sub-threshold leakage and
matching performance). [0005]However, device performance and reliability are issues when moving
to new technology nodes with higher packing density. Therefore, there is a need for a new structure
and method for ROM cells to address these concerns for high-end cell application and improved
multiple fins cell size. SUMMARY [0006]The present disclosure provides a read only memory (ROM)
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area and a source contact having a second contact area at least 30% greater than the first contact

area.
[0007] The present disclosure also provides another embodiment of a ROM celt array. The
ROM cell array includes a plurality of fin active regions oriented in a first direction and formed
on a semiconductor substrate; a plurality of gates formed on the plurality of fin active regions
and oriented in a second direction perpendicular to the first direction; and a plurality of ROM
cells for data storage and formed by the plurality of fin active regions and the plurality of gates.
The plurality of ROM cells are coded such that each cell of a first subset of ROM cells has a
source electrically connected to a Vss line, and each cell of a second subset of ROM cells has a
source electrically isolated. Each of the plurality of ROM cells includes at least two fin field-
effect transistors (FInFETs) formed on respective fin active regions and respective cross-points
of the fin active regions and the gates. Each of the plurality of ROM cells also includes a first
space between two adjacent intra-cell fin active regions and a second space between two adjacent
inter-cell fin active regions. A ratio between the second space and the first space is greater than
1.5, Each of the FinFETs includes a gate electrically connected to a word line, and a drain

electrically connected to a bit line.



[0008]The present disclosure also provides another embodiment of a ROM cell array. The ROM cell
array includes a plurality of fin active regions oriented in a first direction and formed on a
semiconductor substrate; a plurality of gates formed on the plurality of fin active regions and oriented
in a second direction perpendicular to the first direction; and a plurality of ROM cells for data storage
and formed by the plurality of fin active regions and the plurality of gates. The plurality of ROM cells
are coded such that each cell of a first subset of ROM cells has a source electrically connected to a
Vss ling; ﬂg- eack glﬁ!) %ﬁ ‘de‘ subset of ROM cells has urce electrically isolated. Each of the
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the plurality of ROM cells includes at least two fin field-effect transistors (FInFETs) formed on

respective fin active regions and respective cross-points of the fin active regions and the gates.

The drains of the at least two FinFETs are electrically connected by a silicide feature formed on

a silicon epitaxy feature,

BRIEF DESCRIPTION OF THE DRAWINGS

[0009} 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.

[0010} Fig. 1 is a schematic view of a read only memory (ROM) cell array constructed
according to various aspects of the present disclosure in one embodiment.

[0011] Fig. 2 is a schematic view of a ROM cell constructed according to various aspects of
the present disclosure in one embodiment.

{0012] Figs. 3 and 4 are schematic views of two ROM cells constructed according to various
aspects of the present disclosure in various embodiments.

[0013] Figs. 5 to 8 are top views of a ROM cell array constructed according to various
aspects of the present disclosure in various embodiments.

[0014] Fig. 9 is a top view of a ROM cell array constructed according to various aspects of

the present disclosure in one embodiment,



aspects of the present disclosure in various embodiments. [0013]Figs. 5 to 8 are top views of a ROM
cell array constructed according to various aspects of the present disclosure in various embodiments.
[0014]Fig. 9 is a top view of a ROM cell array constructed according to various aspects of the present
disclosure in one embodiment. [0015]Fig. 10 is a sectional view of a portion of a ROM cell array
constructed according to various aspects of the present disclosure in various embodiments.
DETAILED DESCRIPTION [0016]lt is to be understood that the following disclosure provides many
dlfferentmms] Fig. 10 is a sectional view of a portion of a ROM cell array constructed according to

various aspects of the present disclosure in various embodiments.

DETAILED DESCRIPTION

[0016] It is 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 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.

f0017] For high-speed application, the present disclosure uses multiple fins to improve ROM
cell current and devices matching performance. The present disclosure proposes a multiple-
space fin structure to reduce cell size. The multi-space fin structure has a narrower fin space for
intra-cell and a wider fin space for adjacent cells. For intra-cell drain or source nodes connection,
Si-ept with a silicide layer is implemented for the narrower fin space.

[0018] To reduce bit-line capacitance, the present disclosure uses source side coding with
asymmetry contact (or via) structure to reduce capacitance as well as lower contact resistance,
and increase stability, on the coding side. The drain side of the pass device uses a regular (square
or circle} single contact as the connection path for bit-line to pass device. But source side of pass
device uses longer contact shape for contact resistance reduction as well as yield improvement.
[0019] Fig. 1 is a schematic view of a read-only memory (ROM) cell array 50. The ROM
cell array 50 includes a plurality of ROM cells 52 configured to form a two-dimensional array. In
an exemplary embodiment, the ROM cell array 50 includes 4 columns (X, X+1, X+2, and X+3)
and 4 rows (N, N+1, N+2, and N+3). The ROM cells 52 are formed with fin field-effect
transistors (FInFETS). In the present embodiment, the ROM cells 52 are mask ROM cells. In
another embodiment, one ROM cell includes more than one transistor. In one embodiment, each
FinFET is a pass device. In existing ROM technologies, each cell includes only one transistor.
In yet another embodiment, the ROM cells 52 utilize n-type metal-oxide-semiconductor (MOS)

transistors for device performance with high carrier mobility.



embodiments, or examples, for implementing different features of 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. [0017]For high-speed application, the present
disclostyig e MRS Improse RAM.calleutantand,deviees maehing performance, The
present disclosure proposes a multiple-space fin structure to reduce cell size. The mul I-space fin
structuréoHagainagroweritiAMpade for datteswaticaradhdaiderdinssphee fopadjacesieetis (@omntra-cell
drain or;3outRe BAASSCORRECHAN. RireRbila sHicida anenis implementef i the nasroweLfin
space. [0018]To reduce bit-line capacitance, the present disclosure uses source side coding with
asymméH§ EOREti(Br via) B IS S TR BRI EIRM s lveiras RSwisekgstadisrelirstaride, and
increasesiabiitg @ihaeodingesidgTherdrainisids pfithawrnassdavice tses & 1rRYlaL (sauare or
circle) single contact as the connection path for bit-line to pass device. But source side of pass device
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form funBtichsl RONreeikinsiesba sreragerhncidata Brdtesel! PhalvaROWd irsféraonn 6t fecitdrss include

contacts ntha (RhNRIIGA DIREANSSHA AN BESkeS for bRilapate) injerconnection. I the

present embodiment, the ROM cell array 50 includes Vss lines 54 configured to connect to the
sourced YtnsidibsAnsh SR KIS B 2 rHEQMSHhES sonsisrgied aceaIiRstiR B nYs, A5P6eiid)

suppliefs.chbe ¥V selk arfay-s0 Risadnsivdes werddines-H62. 26 pheand 26dsenfigrragand
connecégﬁ%og%qf ates of traélif}listors_in the ROM cells 52. For example, the word lines 56a, 565, 56¢

and 56 RSP IS RO RIS e ROMNFA N PAR N+ F o P BRIV EN AT FRIRRIM cell
array 50-alsmincfieléia bitlinasHoss. G8b, IBRERNLbdtkaenfigusad andsennesteata hie-qiaing of
transistors in %hgz El%%lchllselszt.,ﬁq){gexam_ le, the bit lines 58a, 58b, 58¢c a%o] 58d are C(fnngcted to
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to Fig. 2. [0021] Fig. 2 is a schematic view of a ce constructed according to varous aspects
in one émedivdemnd Toeplsel b dundasypevaflihe ROWhcedh®2 ¢ ihadtrakEd binatdaBied e 5The ROM

cell 52 ipcludes ot RIBEE ke coptigien IhParalelkhesmyiplg HinF& T8 At6 fepred, qyer multiple

fin activeéﬁ;?lons. e FinFETs configured in parallel have the sources electrically connected, the
drains &&lficallly taridestir o ganssefettdcanyledineadi Hadfstrated in Fig. 2. In the present
embodimez the ROM &RIS3BGlesIAsINOEIRRASs SUSRAS AP RIBIR 3 (REMER] 8k Rarticularly,

the sources of the FINFETs in the ROM cell 52 are electricallg connected and coupled to the Vss

power R4 STRAGHRENGCHERiMEETLIh iHe O ceirs2d eoplaciAt ARrEBAR Steq RS upled to

the wornddinen®® 1T hia drainsoiithel Fis ol i the ReVEgelrhe asarglectisalbnapnnectediard coupled

to the bAt line EC>18. [0022 FLértheerore, the ROM cell 52 inclllj?_es a first contact 62 coupling the drains of
the esigned to'connect doped features (or gates) to the metal lines. The first and second contacts 62

and 64 are designed with different dimensions and/or geometries. In top view of the contacts, the
first contact 62 has a first contact area Al and the second contact 64 has a second contact area

A2 greater than the first contact area Al. In one embodiment, the second contact area A2 is at



FINFETs in the ROM cell 52 to the bit line 58 and a second contact 64 coupling the sources of the
FInFETs in the ROM cell 52 to the Vss line 54. The contacts are conductive features designed to
connect doped features (or gates) to the metal lines. The first and second contacts 62 and 64 are
designed with different dimensions and/or geometries. In top view of the contacts, the first contact 62
has a first contact area Al and the second contact 64 has a second contact area A2 greater than the
first contact area Al. In one embodiment, the second contact area A2 is at least 30% greater than the

st coniagt aien Al PTIRCHMER) e AZ/AY. TR IS GHBAIEE N 3IPPPEIN 8, (gR yiow of the

contacts, two perpendicular directions X and Y are defined. In active regions are oriented along
the Y dif€etidm The first contact 62 includes a first dimension along the X direction and a second

directiongong thendiss cHN-of s Ushand sesqRehcimensionsiRRURsIANYAlY. thgamerior
example, in a top view, th‘e_ first contact 62 has %eomet_ry of a square or round shape. The second
contact B HYBSEHWrd 8iReHESh 488 o iRe X ilitstiBn ahieral et reRrdaichrsibis MHsH gRtksy
directionyifibgsthirdiang faurth disensians aressikstantialb diffarente Radicwasly, thgcthird dipgension
(longer dimension) is substanti I!?{ ?rgater than the fourth dimension_ (shorter Vdi_r_n“e_r)sion)_. In one
embodif& ﬁﬁr&tﬁ%‘?ﬁﬂ’?ﬂo&ﬁﬁ‘éﬁé@ﬁ PRI AE S8 o EQRSH ATAN thEE fo (R keSSt AWiRe fords, the
ratio betweerdhetgngen dipanrsionand thamhomidinensior ofidbe seoansieontact S4iwareater than
1.3. For gxample,.n a top view, the second contact 64 has, a geometry of a rectangle oy ellipse shape.
The soué%élgo]?htgélﬁglé Brétke eﬁlcl)lr%% &gbr?ﬁg%:lto Ohd 3%0“?‘%(%0 "88%? ct relis lr’i%é“é WE?F%S P
improvedyietdsivnanothebermbodimdiifcthe. Rticbetweehthiiohgendisnendionzandithesbortar
dimensi f th ntact, 64.is greater than Li,In yet another embodiment, the ratio hetween
the Iong%ﬁbt%‘ﬁﬁgﬁf%gﬁgﬁg?%ﬂegﬁsﬁ%grté?%?r%éﬂr@%ﬁ%? t 5’8 Osfgééocr’?“lcril1 ggﬁ?gg’t 61?1 iglgrga%?@%%]it J024]Fig.
3 is a schithdiibaizanol REM 0%y Foarvikg tihe RONh abliie:7g@nd Mdowonstrudtechaoedrding to

various gapeetp At anpibensmRedineRt, Lherelpayodarias 0 ot BoMteglsaand are
illustrated by dashed lines In various embodiments, different ROM cells are designed and coded to
different 16 giE ¥t 4t IS Rtk iBredbntesapdaimment thE RO RELEBI TR 4§ toefiguredtodilvgic state

of "1," angibe RERMoeled4isiconfiautesio@ 199in stataal e RAMEeY {2 nclides multiple
FInFETs configured in parallel. In the present embodiment, the ROM cell 72 includes two FinFETs 75a
and 750" BhEh EiReRe Y18l o iRy A9 GUIed i D ey i raigr BV arH tReganecP keI At ources of
the FinkEdsev damndidtbbfiththeRM el 2are gleatiaally couptadte hamowsnhlingnyss &f. The
gates of the FinFETSs, 75a and 75b in the ROMQ?&%I!I 72 are electrically coupled to the word line 56. The

drains of Hie EMEETS 7ER A AH I iU RO/ s Saenetee el Sisisertacts bisei g,
than 2.
[0024] Fig. 3 is a schematic view of a ROM array 70 having two ROM cells 72 and 74
constructed according to various aspects of another embodiment. The cell boundaries 60 of the
ROM cells 72 and 74 are illustrated by dashed lines. In various embodiments, different ROM
cells are designed and coded to different logic states.
10025] In the present embodiment, the ROM cell 72 is configured to a logic state of “1,” and
the ROM cell 74 is configured to a logic state of “0.” The ROM cell 72 includes multiple
FinFETs configured in parallel. In the present embodiment, the ROM cell 72 includes two
FinFETs 75a and 75b. Each FinFET 75a and 75b includes a source, a drain, and a gate.
Particularly, the sources of the FinFETs 75a and 75b in the ROM cell 72 are clectrically coupled
to the power line Vss 54. The gates of the FInFETs 73a and 75b in the ROM cell 72 are
electrically coupled to the word line 56, The drains of the FinFETs 75a and 75b in the ROM cell
72 are electrically coupled to the bit line 58,
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[0026]The ROM cell 72 includes a first contact 62 coupling the drains of the FInFETs 75a and 75b to
the bit line 58, and a second contact 64 coupling the sources of the FINFETs 75a and 75b to the Vss
line 54. The first and second contacts 62 and 64 are designed with different geometries. In a top view
of those contacts, two perpendicular directions X and Y are defined. The fin active regions are oriented
along the Y direction. The first contact 62 includes a first dimension along the X direction and a second
dimension along the Y direction. The first and second dimensions are substantially the same. For
examplqifd 0P YRt 81 s 59Ia6RR 1.7 dsometay ol sauare,onroung shape, The second
contact 64 includes a third chmensmn a(long the Irection and a ourtﬂ dimension a ong ?he ¥
directiort"¥He tHirdharfdt foug thSdimé nsierrnd e siabistentiaidyi diftbrerPey tif whar iinTHETthireh dimension is

substaniiafly grgatet.than the foprthdimension. Fer-examele, in.a @paYbe%sI%?c?e&ﬂﬂddﬁ?gtaft 64 has
a geometry of a rectangle or ellipse shape. [0027]The ROM cell 74 includes multiple FinF Ts
configuré®ReHaIen #the siesinbernsetitabnt pemoMissiirditerigae X! FirreTdnsé and 75d.

Each FinhE Ty 26900 £5chinglbdes aSomiGe: ddingeada oale Rartisulatysihe auecesglthe

FinFETs_75c and 75d are electrically isolated, and are not coupled to the power line Vss 54. The gates
of the FIHFEIPSE ARG & sHecelitirislly ssuprditbeevalensné s, direvaind bf firstprEETs 75¢
and 75darenglantringibncatpleddaitha Diiline.ad. [rihiseasse as AR aeVethgsROMaceN 2 is
coded tglloqic "1t state,i,and the ROM cell 74 is coded to logic "0" state. Therefore, there is no source
contact in the RN el 743005 6] THY B8 ARagesonliRSh et sl dieis 7 8kt KHiGREE o couple
the bit linleB8 thndthdirdrains.ahHeaviasdiedverticalicangictive featusessiesigaethita codpladifferent

metal laygiz LIS SAMPIS, S YoRI0eS P0G he e ines 28 are et A fret metal layer
suc X c‘fion?

and are oriented In one directio as the X dire D HEER RS BESANYSHY SRS second

metal lajen sirdleweTodientedon dietbemdgitectiont(sudhvasithecYodirectian) SthHurthgraneayostthe
presentrggp(pl%@grgle&qi hegegond metal layer is over the first metal layer. The drains of the FinFETSs
75a, 75n, 75cC, and 75d are %herefore coupled to the bit line 58 through the vias 76. [0029]The FinFETSs
75a, 7595 and s RV fesinéd valdikée rewi il caEtiEE dsgtont givcthérersdint. enbibdimesty the

various dipragtiveiegiensaie Qiieniad Aorg ths ¥ disection. The-FnFELS, 18a@nd 78b,ae;formed on

two fin active regions parallel configured in the ROM cell 72. The FiInFETs 75c and 75d are formed on
two fin J¥VETEGSIEBatlléiborfigh esérin trdicRlett: dbn yarame b findEle Iiglons ddseeiated
with the:EiRfiETy TomadAaharesepasaledinapihietwringstiveriegions ssapciaiedniththe
FlnFETganS 58 rcfllge?e?cg:'trically coupled to the word line 56. The drains of the FinFETs 75c¢ and 75d are
electrically coupled to the bit line 58. In this case, as noted above, the ROM cell 72 is coded to
logic “1” state, and the ROM cell 74 is coded to logic “0” state, Therefore, there is no souice
contact in the ROM cell 74.
[0028] The ROM cell array 70 further includes vias 76 configured to couple the bit line 58
and the drains. The vias are vertical conductive features designed to couple different metal
layers. In this example, the Vss lines 54 and the word lines 56 are formed in a first metal layer
and are oriented in one direction (such as the X direction), and the bit lines 58 are formed in a
second metal layer and are oriented in another direction (such as the Y direction). In furtherance
of the present embodiment, the second metal layer is over the first metal layer. The drains of the
FinFETs 75a, 75n, 75¢, and 75d are therefore coupled to the bit line 58 through the vias 76.
[0029] The FinFETs 75a, 75b 75c¢, and 75d are formed on different fin active regions. In the
present embodiment, the various fin active regions are oriented along the Y direction. The
FinFETs 75a and 75b are formed on two fin active regions parallel configured in the ROM cell

72. The FinFETs 75c and 75d are formed on two fin active regions parallel configured in the



[0030]Fig. 4 is a schematic view of a ROM array 80 having two ROM cells 72 and 74 constructed
according to various aspects of another embodiment. The ROM array 80 is similar to the ROM array
70 of Fig. 3. For example, different ROM cells are designed and coded to different logic states. In the
present example, similar to ROM cell 70, the ROM cell 72 is configured to a logic state of "1", and the
ROM cell 74 is configured to a logic state of "0". The ROM cells 72 and 74 are similar to that described
above with reference to Fig. 3. [0031]The ROM army 80 is different from the ROM array 70 of Fig. 3.

For exa , O LN es. an isolation feature 82 an er.distinctive features as
elaboragg E%eﬁgl\?vﬁrhzl}gg{)ﬁgﬁ ggt% réc%gtih%méglglo%gﬁﬁgr%ﬁ%&%diﬁ?gg%%%ﬁ B%%%‘é%% the
FinFET$78elh7 Sty ofithis ROMDelis 7asapdtieRin FE TéTEd s 75d ofidiSROM cell 74 for isolation. In the
present gippdimesy, thesisolationdeatire, 8% Inalesias.ug RIREVR SA8.ARE[0 P FaFh FinFE T 84a

and 84 b includes a'source, a drain, and a gate. The gates of the isolation FInNFETs 84a and 84b are

electricANFYFoiAdeacanexanipiov s rste S bitpdss srabon mprE TosBRMhasaSade dietuically

connectedie &YSE 4ing,SH mqaglﬁher%pé%aag@ev, afigelides ne08 Mmerg:long finRetive.fegions
ex

continuously oriented along the Y direction an tending from the first ROM cell 72 to the second
ROM céll 74 the hrdent bRt tre R sifrats ik e nd (st BRIVG&EBNE iong fin
active regignsifaDtsHown) sthheoFNFELS Hhar 68 cand Bha-ane farsaed onthe diust dprg-finm@gtive
region. isolation FINEET 84 isolates the FINEETs 75a and 75¢ from each other. The FinFETs 75b,
75d, ang% (’gﬁég ?oilfirif‘gdE gﬁ“ﬁﬁ%@g‘ oRd T8 Be i\‘}gorveeg‘i‘ﬁfﬁ A TRETAAdNEEMFET 84b isolates the
FinFET §083b]and TadHroM each &ithedi {0038 Figs. hdronghBaara(tep Figws afa Bipeeliarray 100
at differ ta f fabrication according to yarious aspects of the present disclosure in various

em bodir%?gnﬁts(f%ﬁ §;)ér)ulance(rlrtﬁ S6dimen ‘}lfﬂréqlégw (:é{e%dgrré)@iggl‘iqg%c%gﬁ \1/%%'8? ﬁ’?ecﬁﬂﬂf\ﬂl%%l%’%?r‘gy 50 in
one embbelisvdgiio i RO KL detiladray 00 imolwdss FEflunatity ofR 8iviveelishedhfifBisd Sis Afbarray for
data stqjpge aRhACERSS Inth pﬁ?ﬁg@fe iment, t _ in.the ROM cell array 100 are
configured in four rows‘antlj ?!o}}?r\ columns vﬁ?ﬁ??&?ﬁﬁg&hﬁgﬁlﬁ%ﬁiﬁy%ﬁg 88?'r0%3/slh§rg%%ne%ed as
"N, "N-Fnbodinet gihy i9Qlion depesidipcitdesione EonifaRs e dab 8y dseX FitkKET 84X #R! and
"X+3," resBagtNei aNo@Rd iGN B AMARIOPRE IIRISE MBS ﬁﬁnﬁ%esmrﬁ%% Gell array

100 can be a subset of another ROM cell array. Oné exemplary ROM cell is labeled with numeral 52
and ha$ S EeI BoRsry 60 EEATROM CealttIied itafleeFRPERT: stfehud iPperFinFETS.
In the pgrsantebeslinent (eachcalldrgudes two Fin FETSs.

[0032] The ROM array 80 includes one or more long fin active regions continuously oriented

along the Y direction and extending from the first ROM cell 72 to the second ROM cell 74. In

the present embodiment, the ROM array 80 includes two (first and second) long fin active

regions (not shown). The FinFETs 75a, 75¢, and 84a are formed on the first long fin active

region. The isolation FInFET 84 isolates the FinFETs 75a and 75¢ from each other. The

FinFETs 75b, 75d, and 84b are formed on the second long fin active region. The isolation

FinFET 84b isolates the FInFETs 75b and 75d from each other.

[0033] Figs. 5 through 8 are top views of a ROM cell array 100 at different stages of

fabrication according to various aspects of the present disclosure in various embodiments. In

one embodiment, the ROM cell array 100 is a top view of the ROM cell array 50 in one

embodiment. The ROM cell array 100 includes a plurality of ROM cells configured as an array

for data storage and access. In the present embodiment, the ROM cells in the ROM cell array

100 are configured in four rows and four columns with a total of 16 ROM cells. The four rows

are labeled as “N”, “N+17, “N+2" and “N+3,” respectively. The four columns are labeled as “X”,

X7, “X427 and “X43,” respectively.  “N” and “X” can be any proper integer numbers.



[0034]The ROM cell array 100 includes a plurality of fin active regions 102. Each ROM cell includes
two or more fin active regions disposed within or partially within the cell to form two or more FinFETSs.
The fin active regions disposed within or partially within one ROM cell are referred to as intra-cell fin
active regions. Relatively, two adjacent fin active regions disposed in different ROM cells are referred
to as inter-cell fin active regions. In one embodiment, the intra-cell fin active regions are oriented in
parallel and configured side by side. In various embodiments, the intra-cell fin active regions may span

e TR ol R IME B K AdReerL R O O R R e AmpocTment

each ROM cell (such as the ROMce 523{ inciude two fin active regions Yorming tWo HNFETS in
each RBMMeielirtdatipdeihtrdboaiintivy A St encb bisrisuaktesidl ttondpth 6y direb P Nhrolighcdwdzadjacent

ROM cellg agilusiraterinfdg .o n 1Ds:fin agte regignsL02.a5a.05anted, indhe. Y ditection @pd are
configured with two difference spaces, in which a space refers to a distance between two adjacent fin
active rgéﬁéﬁér%tlong a direction perpendicular to the orientation of the fin active regions. In this case,

the spaggossthe distancomementvradirgentfin ActuaregiansAioRgdhens direction;, Thsyptra-cell
fin active regions include a first space S 1, and inter-cell fin active regions include a second space S2.
The secSHASPULE 596 UBEEHRAR YreasothaivRAteraf binee rerim B re B BbrRR AL, Weratio
betweentbeseroadtiapaas. SRaihthailitstspaceddbisoraairr hanrdady[AAB6] Une ROM call array
100 inclru.de_shf% I}l;_l rality of I%qt_esal% formed on the pl?ﬁl’it‘}/ of fin active regions 102 configured to form
various TROM €&fiS. Phe’ gRtek T4 Mt S0 S8R parSitai 5HH o shstar R ditb &5 888 Adicular to
the fin atitpesedgiondifo2ninRidvtepltted e mitodim ent, thergatest L0 areiotierigdisn thenXodirection.
Each ga extend to multiple cells. For.example, each.gate 104 extends through four columns of
oM cal e e S B B S e ek B Bsposes
on the iSolutioeifeamired fasnpattbenieimifothifin manufacgimngenhamoemignt and/@Qidvied or

performancg. improvement, I&]Qc%@(/l%ﬁ? 3,106 are oriented in the same direction with the

functional gates 104. The functional gates 104 and dummy gates 106 each include a gate dielectric

layer arB035§ate BlskerBrscispolkedimentheagh RN kedtisirhyesr (e RAMersibsdirshtdee diélectric
layer inglydesilisan xide:Anc e galeelesiedeninehides doprd nelysilicom 17 apaber smbodiment,

the gate dielectric layer includes a high-k dielectric material layer and the gate electrode includes a
metal. PREYhGRIBENC F4yeiond)Riehdrinadidecah Rbkraelial aaybrsspier s Bsilcor sxfde layer.

The gate@lecigdaslayerreayituttaenhinglude;arasiahal metahalavelaxehnayngre RrrP&pvek function
for the r,es‘%%a,c ive FINFET (such eg, n-type FINFET) such that the FINFET has a minimized threshold

voltage' AN IAbPoPAGCHEER BeOtaRt e TS YRS NETHY ShiHE draiobt it HER ISR and a
metal layepeaicbeifosmeddbyagateseplacementpiogess. [QABK]ReieripgpREig. e thiedR@M cell
array 100 further includes various contacts formed on various RQM features, In one embodiment, the
ROM ol Ay HO N CHbE oA N EARAGIS 08O AP i EBraL AL ‘S Tancing on
sourcesndt h@dféjimtcmatao‘.ﬁéf %08 ancrsollrtie eomtactzibid iarbudesigneddvithifferemheivaansions
andlor geameyias; Loa il sniaetidtRena sl eontackarea il andie RUIGECRNALL 110 has a

second contact area A2 greatér than the first contact area Al. In one embodiment, the second contact
area AZNg @Efedst300s Y radidhetfisn thecdist sogittatea AR. In the depicted embodiment, the ratio of

A2/AL iggsgpter ARG cell array 100 includes a plurality of gates 104 formed on the plurality of
fin active regions 102 configured to form various ROM cells. The gates 104 are disposed in
parallel and oriented in a direction perpendicular to the fin active regions 102, In the depicted
embodiment, the gates 104 are oriented in the X direction. Each gate may extend to multiple
cells. For example, each gate 104 extends through four columns of ROM cells. In one
embodiment, the ROM cell array 100 further includes dummy gates 106 disposed on the
isolation features for pattern uniformity, manufacturing enhancement, and/or device performance
tmprovement. The dummy gates 106 are oriented in the same direction with the functional gates

104. The functional gates 104 and dummy gates 106 each include a gate dielectric layer and a



[0038]The drain contacts 108 are similar to the contacts 62 of Fig. 2 and the source contacts 110 are
similar to the contacts 64 of Fig. 2. In the top view, the drain contacts 108 include a first dimension that
spans in the gate direction (X direction) and a second dimension that spans in the fin active region
direction (Y direction). The first and second dimensions are substantially equal. In other words, the
drain contacts 108 have a symmetric geometry in the X and Y directions. For example, the drain
contacts 108 include a square geometry in the top view. In another example, the drain contacts 108
include g.rund.shape 6hg QR \( W, In EQ top. view, the source contacts 110 include a third
at A : AV : Jnelu J .
dimensigrll that spans ih{]{h?a gate (J]lre%%l%n gégﬂlegcgl r% a(:]la a %Jf%hg(éﬁqfﬁ%eﬁ]sti;{rgctf?lé(f %(blzlilﬁsli Mhe fin
active retidifieirabgen ¢ridfirettion) cahelthirddariadodesnddimépsiprit@re Jubstahtiatiyidiffenent,
SpecificalbedbetbiedAimaiteian ey beiantiel arralaniian e urd meraRd.otetaerds, the
source contacts 110 have an asymmetric geometry in the X and Y directions. For example, the source
contacts 1M%5%nchigesdi s détkasis 1AvEaneplvEwT inchrisrridgeaepiblarms, soehcs om0 include
an elIipa@y@h.armér};mseeu@mgmaymmyemmqim@nbeﬂa%agp&%%?c@n%}elsql!ﬂrﬁlbmﬁ’nﬂ%&?d the
fourth dimepsion is greater than 1.5. [0039]The ROM cells are coded to the %%c sta‘fe “I" by forming
the sour¥8"EHEHOL IR N GreRsEitecH4EY Lifthrads g th@ S SiREE Eomak i hac & dingiG TahatBset of
ROM celitnimthelRMmeed avmed ldnshise seies o ptaeiskh0-acaardipgdo fhesodinggsource.
Therefocrﬁélyég_ig%gt?qtrE) ittern Oﬁ pont[?@'mas}g iagd(gsi_ ned specifically according to a particular ROM
coding SOUFEE. NS BH Sk PI&MGSHAB AT EIGR 6° by FFhiNG #icsBRE B5 AL 488, the ROM cell of
X colunff¥Td N rewfésroadedtia. thetleRON " canarby etminatingitheugeures aontastadRedR@M cell of X
column N+3 row.is coded to.the logic "0:.. Therefo e ROM cell array 100 is coded by a contact
layer de%?ﬁ‘é‘%%ﬁ% |ty%\‘p%185'rclé] ggﬁtg@tbsoﬂ ngéﬁct%&%g%&?fé‘%&%fﬁ 1%\5@&@%@‘ dded to
the logid 08 1ansingherrdstios thel ROMccallgate titbudothenlogicd@!. Fhetherimooe(atcditaend
photomaskis spacifically desianeacerrdingie.2 8 [g S design ol the ROMcell array, the rest of
the patterning photomasks are g%neericaﬁy gesignneﬁ oéz@f@ﬁ@%rﬁﬁg%f t eés'é\ilﬁ?éiel%”(l) éﬁued?—linFETs in
one celllQfehafetisany iarirseted totpstkes savgakendreind Ohthie FiePETIHoherceh Are@lectrically
conneciggniogethisr haee pembodingh dhe tiRskal cRRUSIIRNSSARLS ACRieyed by logalsilicide

features. In furtherance of the present embodiment, the semiconductor substrate includes silicon, and
the silicIEMETEIMEBe thecsbistcasy Ard/br Hiarkejasdembvslivoriacheaainaich2/Ad inesgsiteixy silicon
is formeda@n the sources (and/or drains), the sources (and/or drains) in one ROM cell are merged
togetheﬁ \ﬁlp n the shorter space S | is implemented between adjacent fin active regions within a ROM
cell. ThI3B Eontiftio e IR AR TORHIS ARG IHRLEH SDQFdEE- AARIOREPAISS, 4AnEies
embodiifiéntictkientiantachiemiees aredoriped by anpropadure dnclivgindostepesiinsha dielg e layer,
etchingcmg_gig?(l)%ctml ga){e‘r .to&o_rmr coﬁ{]t_ac_t holes, and.filling the contact holes with a metal, such as
tungsten AUMIRUM. OF Copper B3 1] S Fafeh il HEETE. RN RSP EAAPoR I R hcludes
variousfmetal lineg fordied ira (if st metab Jajitc dined eodpledrid despettivescontasisitinithegpresent

paralll b Sreeied  ane D aEhoh (e e R AR A iRt 48 SABS Rhore Plrculary
the metafdingls. 1ho drenvatagknd s 2@ &rectrds pdweirdige@quamefcﬁr?@alyimn liectedhto thersplrce
R L L LR L T
includes et s 103 ¢ sHnsatdentdwiesdraindicdiagty 108:cTine hetdikaden 1 dnayfberformed in
the firstamesadilay e ghembodimgnicthe Reah ngsidiheyMEIRLIRYST 2€e third and fourth

dimensions are substantially different. Specifically, the third dimension is substantially greater

than the fourth dimension. In other words, the source contacts 110 have an asymmetric

geometry in the X and Y directions. For example, the source contacts 110 include a rectangle in

the top view. In another example, the source contacts 110 include an ellipse shape in the top

view. In one embodiment, the ratio between the third dimension and the fourth dimension is

greater than 1.5,
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formed by a damascene process, such as a single damascene process or a dual damascene process.
The metal lines 112a through 112d and 113 include copper when the damascene process is
implemented. Alternatively, the metal lines 112a through 112 d and 113 include aluminum, such as
aluminum copper (AICu) alloy formed by metal deposition and metal patterning. [0042] Referring to
Fig. 7, the ROM cell array 100 includes various vias 116 configured to connect to various metal lines in
the first metal layer. The vias 116 may be formed by a damascene process. For example, the vias 116

are formpesy @ SHAUKEATESEENE PIAGESS il ARG LxRmRIG, SRR, LS JRiImpd o2 dual

damascene process wherein both the vias and overlying meta are forme evias 116
each lakeEsnsiresPedtvelimaraliiaalsf shargiestonerl |dyeo[Hogd 8] RefebsirigpfoRENy 8cthaiROM cell

array 10&;neludesvarinysimalal ingzd tgadawopanLBaisanfioed v cannreied o yayious vias 116.

The metal lines 1184 through 1189 are formed in a second metal layer disposed over the first metal
layer arftPU8EpRAY TE tAE Firserdvar fajief aH EvGg R Neal v 4G oTHegnte thParés 1 0N sadina 18g may
be formeghky a damascenadnacessaimiag e e maiahlings bl tiakah 14.2ddxisrms et formation

and composition. In gne example, the metal line 118a is a Vss line and is coupled to the metal lines |
12a to {%‘a’{ﬂm%dtﬁer?&ﬁe‘&fﬂﬁél alha Reifn st ah b atieitiag s ROMEIPHeiuie KM vss lines
orientedt¢il orthoganandireciansidermeddaidiferen sretat layrssane alectdnally-naipled dogether. In
another example, Ehejmge}al _Ii‘n[? _i_Lle is 2 biftlline and is coupled to E}h(‘e %ra}hr]s ?g the ROM cells through
the respactive vias T mefl THEL A S PRI Lt YED TRUHC S A HEC LR CohEQtiesReRs 60 44]Fig.
9 is a topQAéwedis ak Oddededh ainraly di2 0 tonsir detedsacC olidiRPIO wetions aserts afthepresent
disclosuye in. ther embodiment. The ROM cell array 120 is a tap view of the ROM cell array 50 in
one emlﬁgé?r%%ﬁn%Erﬁgﬁggf%ﬁ%?r‘gg PSRt {1% %‘6%}% ity of RGM ce %‘Ec%unlﬁbﬁi%ﬁ%gﬁé Carray for
data stdt&id embraiaresshdmethe presatteamisoplintentshenR@MeaaidlinltheRAOM cell array 120 are

configu i four , our.c 1S With;a, te; 6. ‘s.,;l'_h,_ FIows are lal led as
"N", NI?LM@]NQ#Q:%% 'I?\lg%’, ltr{é%ggci:%%/gglﬁ f#\@fgfj?glﬁc% Urﬁlr?sgﬁée gﬁe‘lle% %SE%%(?&QJ&%HH%(C%% and

"X+3", regpbetivan N dapigs rE BenfietBdy proper dpllejeraieatiisels. cheREMegsiarraynl@:can be a
subset ofBBathehIAIgS RAM: felbataloRna Fre MR RN calkindrReiedwith pumeral.p2.and has

a unit cell boundary 60. Each ROM cell includes multiples FInFETS, such as n-type FINFETs. The
ROM c&fi Hah 50 i UMM thRESHERNNGRY TGt dst sfiden thacdiieraisiss discussed
below. [0A4&ITHe ROMsedsariaydi2arinelydes aintdralify.ef fniactive. regions dadnEaghc-BOM cell
include%, two or m%re fin active regions disposed within or partially disposed within the cell to form two

or more FIRFETS i SSEH Fa PRt RIS £a1 > THESin Uetive taliond £52 Bitihectiaty e

orientatioge(libe Whelirdeticin) ttr opigie SUltpla ROIVheslise Wcthiepresantianbodimentniheifimactive

regionspl 24 extend through four ROM cells aﬂqn_g‘t e Y direction, gn[jwtherefo‘re}fﬁre referred to as
continuous Tin active redions [or Iy Stie R d&ivd PRRgE) SRR e 2L dliaPehidhs 102 of
. g . g y . . . .

Fig. 8 arecrefeiredtoms dhortdinaactivetvegions (&hortdtyle finpastivieuediahs)ing: depositing a
dielectric layer, etching the dielectric layer to form contact holes, and filling the contact holes
with a metal, such as tungsten, aluminum, or copper.

[0041] Sull referring to Fig. 6, the ROM cell array 100 further includes various metal lines
formed in a first metal layer and coupled (o respective contacts. In the present embodiment, the
ROM cell array 100 includes metal lines 112a, 112b, 112¢, and 112d configured in parallel and
oriented in one direction (such as the X direction parallel with the gates). More particularly, the
metal lines 112a through 112d are Vss power lines and arc directly connected to the source
contacts [10. The sources of the ROM cells having the logic state “17 are electrically coupled to
the Vss through the respective source contacts 110 and the metal lines 112, The ROM cell array
[00 also includes metal lines 113 connected to the drains contacts 108. The metal lines 113 may

be formed in the first metal layer. In an embodiment, the metal lines in the metal layer are



[0046]The intra-cell fin active regions 122 are oriented in parallel and configured side by side. In the
present embodiment, each ROM cell (such as the ROM cell 52) includes two fin active regions 122,
forming two FINFETs in each ROM cell. The fin active regions 122 are oriented in the Y direction and
are configured with two difference spaces. A space refers to a distance between two adjacent fin
active regions 122 along the X direction. The intra-cell fin active regions 122 include a first space S I,
and inter-cell fin active regions 122 include a second space S2. The second space S2 is substantially
greater irst, 31, [0047]The ROM cell array 120 includes a plurality of gates 104 formed
on the p%?lgl?tt@%l[ ?ﬁé%ﬁ%\%nﬁegﬁ#g Siﬁtgo% |g‘slﬂ?§% tcgl %‘rgr%e{}gﬁb%cse ROM g%?l[s% ‘%Cgé%e% TG are
disposedlia prralldingd diebeebich al diéctidn]pdrpehdicutapporthvéifin dutivemegions ma2:skhithe

present sipkasiment Ae: aaies LA QriaRied ia iggt AreCRN, FACH BIRmav FEAc o muliple

cells. For example, each gate 104 extends through four columns of ROM cells. The ROM cell array
120 furtAdriNERMESCaRRshiy fate s ros drssb sedsirtidenasiiniomibaird sdoerpattern uniformity,

manufagbedny enfaRsemers. aBAOIENGRIRSIIOIMENGR) IMBIAE VST DE. YRy, IRleS Q0 are
oriented in the same direction with the functional gates 104. [0048]The ROM cell array 120 includes

one or hidBLolgitH gutedash iieh dadhcot thetssHtiiusts fhactve gy 1zofanaedobfigured for
isolationiaindhe  psarssembadinentidhe REM call avayried nchdesenaisalationaated 24,
orientated perpendicular to the Q{u actiye, re%ir_gn rléz‘, disposed over various continuous fin active

§ht dmr?#:%dpgd ES toHm ARG PN R BT faLaS SRS REACES AL ISBIRHM B¢ Es)@8hch being

regions 122"8hd'¢6
associated wvith png centinueysifinfactive régionid22! drefurtheraneenatthecpresast.emosinent, the
isolatior}i qtlem]ﬂ%g iés,rconfigured and coupled to a grounded potential, such that the corresponding
FINFETS are biased 16 the off-states for electrical isolation. Therefore, the corresponding FinFETSs are
also refédfddlo adiolatigricdEidcshfORPM T fungtivitalngatdss Madpdumeny tates IBaGhandlisolation
gate 124 gach.inehidleia,0aif lelactic s and.gate siectiods disposed,of e gargdielectri
layer. In oné embodiment, the dielectric layer inc udes silicon oxide and the gatt]e efectrode includes
doped fBiRSHcHN: tcandimer abodineercdinyyates disleogiel lkyer imcudesleadtiytk fiislestrit material

layer ang\the gaig eigetiodernclugges asmelal.s &g %ﬁ)gri;%lq(i@p 1@%%%&'&9? A Egﬁ%ge?i@

interfacial layer, such as a silicon oxide layer. The gate electrode layer may further include a metal or
metal allSYFFEySHRBRANY BRTser Nisikl idachs ebr thedrispemnel BrmEtionsishcampojeFilFET),
such thahthexmifitE Teasdaamininized thresholdvolage apdjmpigued ArviceRerianmanagofhe gates

having ahhi h-k dielectric material layer and a metal layer can be formed by adgate-re lacement
Jhro gh the respective vias 116. In this embodimeént, cach ROM cell includes two Vss lines

roces

P oriented in orthogonal directions, formed in different metal layers and electrically coupled
together. In another example, the metal line 118b is a bit line and is coupled to the drains of the
ROM cells through the respective vias 116, metal lines 113 of the first metal layer, and the drain
contacts 108.
[0044] Fig. 9 is a top view of a ROM cell array 120 constructed according to various
aspects of the present disclosure in another embodiment. The ROM cell array 120 is a top view
of the ROM cell array 50 in one embodiment. The ROM cell array 120 includes a plurality of
ROM cells configured as an array for data storage and access. In the present embodiment, the
ROM cells in the ROM cell array 120 are configured in four rows and four columns with a total
of 16 ROM cells. The four rows are labeled as “N”, “N+17, “N+27”, and “N+3”, respectively.
The four columns are labeled as “X”, “X+17, “X+2”, and “X+3”, respectively. “N” and “X” can
be any proper integer numbers. The ROM cell array 120 can be a subset of another large ROM

cell array. One exemplary ROM cell is labeled with numeral 52 and has a unit cell boundary 660,
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[0050]The ROM cell array 120 also includes drain contacts 108 landing on drain(s), and source
contacts 110 landing on source(s). The drain contacts 108 are similar to the contacts 62 of Fig. 2, and
the source contacts 110 are similar to the contacts 64 of Fig. 2. The drain contacts 108 and source
contacts 110 are designed with different dimensions and/or geometries. The drain contact 108 has a
first contact area Al, and the source contact 110 has a second contact area A2 greater than the first
contact area Al. In one embodiment, the second contact area A2 is at least 30% greater than the first
contact af, [ ent embodiment.-the ratio of A2/Al is.greater t .3, [0051]Fig. 10 is a
sectiona%‘\%gv@%ygcs%ﬁ?gﬁéggégrIgt%c%nre 1 O'Sé{gaI hdf)gfﬁ r?ﬁ(i‘n; %m&#%&%&%%lgﬁs
accordirigdayandusiispbetd ofrtvel peddrit disclospiréor ThedEmivordidistossttietore. 150 includes a
semicongyger Su'@’ﬁ@%%@eam‘?@emw%‘&&&’EﬁgmﬁH &+9m Ngludss %aé}%%zf*'tﬁaﬁﬁﬁ’@h{c the
substrate includes germanium, silicon germanium, or other proper semiconductor materials, The
semicorffici {isiaer1Bo bl varzassshiation feihiney paaiadichisassshalvhintréncilisolation
(STI), fommpehiniecuRsiEate [e:3eRaale Rtions dewers Ihe $aEiEPRIHAIL SRS T35, Lpg fiso
includes various doped regions, such as n-well and p-wells. [0052] The semiconductor structure 150
include 8o il L ANRHIBNEESS. LirscHAm 1880ughe mHHRI & FEYiorRIL56 11 5B¢ apigstBO are
orienteckintpataltek, Thetiin acivecewionsanekibriShideaiuss canbednmed nid Progessing,
sequen(;e(jnﬁl_u‘ fn% fqrm_i{??%_trgnc’h‘es in.the semiconductor substrate 152 _z__indc partially filling the
trenched With A HETSEHE AR RS ARBHIMAVS M i e e 505 eBEiNAtdN AEWRHIAY dIBlectric
materiakcFines, ehpdiishirigenrocass] 6ok g chermicabmeacbapigalpalishing: (CMR) piasessylis applied
to remoye gaﬁv%ﬁ%eﬁ%\‘{)e dielectric material and planarize the surface. Thereafter, the formed STI
features are partlaﬁy removed to form the fin active regions using a selective etch, such as hydroflouric
(HF) welt0€dstl. Paitfeulatly,atik fprocessingggegueticerinclimésiatching trenahesrifighe sertcenductor
substrate ;15 filli > by. ore dielectric.m ials such as silicon oxide, silicon
nitride, ts’?lcl%oﬁhgggﬁ i%i%%ﬁggrc};{ﬁn&gﬁl%éﬁ&bﬁdt er{e?cf)@fﬁg ﬁﬂgﬁ t}se(r‘qu%?gngg\@ ﬁgﬁ/e‘ mu tlf-(‘%ﬁ/é‘?’%trﬂlcture,
such asglirefrapoxitE lideimaewitkisiiEdn nitddehiRiaYltheltrebibh fin fettheraptmof teapresent
embodigientethe $H {EalEDASASRIRIHRING R PIRCESS &ﬁﬂk’&%%esf&&%@. 2% gaing g nad oxide,

a

forming a low pressure chemical vapor deposition (LPCVD) nitride layer, patterning an éﬁ' 0obenlng
using pHEYERSSiSE LR ridekpthsRinitya trerierirnthE23utieetbe Shibnaligngrdhintaatseliniial oxide
trench lingrtordmprove thadirrehriniesface Sillingithrdrenghnith GMPRxide 2 81 5ig, 808 micakd
mechanical planarjzation (CMP) tg etch back, and using nitride stripping to leave the STI structure. In
one emB¥fment, e SEITCBIAT Clols SUBEiate is ey thunbedivhienss plwells formed in various fin
active re@idvis. [00h3]Nanous patey are fudheeformeeony hedinactivesegians: Agptefeatye
include%gl gcat\gedielect(iqtjiﬁ yer}]fgyo ggch as silicon oxide) and a gate electrode 162 (such as doped
polysiliconf tis5asat Gh trie GRS IR &PHRE: FAAGHE ersodfifierPArecydp9astine
alternatprelji dradditionaily inel diles ih erqropksumaterials for sitcuitpedormancennd maaufacturing
integratign, Far example, the, gate dielectric layer 160 may include a high-k dielectric material layer.
The ga\tée?r[;(ijl(()ectlzgt%h)1 8 mg Shalu éil F%gtg’lf Cs“&%% B it ,[%bpgél@}téﬁgs%ﬁ %?tb?éeﬁod%‘&ﬂ ¢
conductitésmEgeahuile. gath eiectiotiexraysintiudghdmetal having & OidpetiwoihiuRciordor the
ooty HF ol BORIRSasieUdios iiandsdislertie MR e JalR g e
formed by a gate-last process or a high-K'gate-last process (a complete gate-last process). '[5054]In
the pre$8HPEMBodIERIOF iz stmemeR. sexfioodeiictarcsisbsmate MHOIMcldes Tifirstregipn 164 for

a first RO a6l (FigLAonby sRowARAFIN.ALING IShROM GeINANg2 second region 166 for a

second ROM cell. Particularly, intra-cell fin active regions include a first space S I, and inter-cell fin
active relitHs incT@&e%%é?Sgn@"%a’co@ Suclyiies sweopidapacecbrion sutstdAtialiyapedien than the first

space Jdatinuous fin active regions 122 and configured for isolation. In the present embodiment, the
ROM cell array 120 includes one isolation gate 124 orientated perpendicular to the fin active
region 122, disposed over various continuous fin active regions 122 and configured to form
multiple FinFETs (also referred to as isolation devices), each being associated with one

continuous fin active region 122. In furtherance of the present embodiment, the isolation gate
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[0055]Alternatively, the semiconductor substrate 152 includes a dielectric layer (not shown) embedded
therein for isolation, referred to as semiconductor on insulator (SOO. The 501 structure can be formed
by a proper technology, such as separation by implanted oxygen (SIMOX) or wafer bonding to include
the dielectric layer inside semiconductor material. In one example, the dielectric layer includes silicon
oxide. [0056]In another embodiment, the fin active regions include epitaxy features formed in the
source/drain regions. In one embodiment, the epitaxy features include a semiconductor material that is

the same,ag the, saImice aga* Giar %&Pa;@gio . Ve %%%fiilgaﬁf‘sdaﬂﬂ%“?ﬁé eg?gﬁg@‘fm {he. itf:a‘rxg

features formed on'two adjacerit intra-c€ll fin act ures are merge errdue to the lateral
epitaxy BrégdHaHE thi-sthgrt Spacle@ikah isilleide mEycsd fornied emrtdsporénged@fiBxyrfedtures to
electrically.geAngst the.suraes; fand/or drains) of the two adjacent intra-cell fin active regions. In yet
another embodiment, the epitaxy features include different semiconductor material(s) for a strained
effect. [ n vahisu&ariiosairsists | He BiavssdROM caldaveli i eats édd anduinidedies noted in

the backgroundicE@i-exapitddy adepting.asynmetis.aontash stistutgsibitling wapagijapge and
contact resistance on coding side is reduced. Particularly, the drain side of the pass device uses
regular (SPGB OREY Lidis dovaMidnes oReetidh prdntier ieiitlectertseiprludeacineed The
source pislestiiche pass device usesdongear cantaskShRRRSTO IRUCH ERAAC resistangr R improve
yield. The as%WHnetric contact strugtureéprovi@}es enhanced cell speed and reduces cell size. In

another S aHbIE Y S ST iAWt it dritt spateate difledidMeen a8 Barticularly,

the multiplesfin activerfegivisyinclude assmallenspede Bykbelweenithedotracelhadiagsntfimactive
regions, larger space S2 between the inter-cell adjacent fin active regions. In yet r
exampIéﬁ}%gléoiﬂ%%l{%%ﬁlfﬁ?ﬁ\?‘ﬁrdm%udgfs’r:?l Strappidy €el ESh |gfﬁlr1é3 Betiel f\%’?ﬁ%‘ﬁ E@I%Eﬁays. The
strappirigtiedlbineliyged m iEDreiE hne doupdEDlastrapngaiecdndrassekbne tnpetahdinegoupled to a
strab welliegipn-dhisnadersiopd doalifersnt ewhadiments mavRye dliEreRiadieniages, and that
no particular advantage is necessarily required of any embodiment. R%S% e ?oreg Ing has outlined
feature$BMsEV Al staBBRlitaRINER! PHSSESskilled in the art should appreciate that they may readily use

the preggmsglisclopyirerasa Qasis Ry desigRINgok, 9%&]9%8&%&@5%@%&3%@% ARy esPr

carrying out the same purposes and/or achieving the
source contacts PO landing on source(s). The drain contacts 108 are similar to the contacts 62
of Fig. 2, and the source contacts 110 are similar to the contacts 64 of Fig. 2. The drain contacts
108 and source contacts 110 are designed with different dimensions and/or geometries. The
drain contact 108 has a first contact area Al, and the source contact 110 has a second contact
area A2 greater than the {irst contact area Al. In one embodiment, the second contact area A2 is
at least 30% greater than the first contact area Al. In the present embodiment, the ratio of
A2/A1 is greater than 1.3,
[0051] Fig. 10 is a sectional view of a semiconductor structure 150 as a portion of a ROM
cell array constructed according to various aspects of the present disclosure. The semiconductor
structure 150 includes a semiconductor substrate 152. The semiconductor substrate 152 includes
silicon.  Alternatively, the substrate includes germanium, silicon germanium, or other proper
semiconductor materials. The semiconductor substrate 152 includes various isolation features
154, such as shallow trench isolation (STI), formed in the substrate to separate various devices.
The semiconductor substrate 152 also includes various doped regions, such as n-well and p-wells.
{0052] The semiconductor structure 150 includes various fin active regions 156, 158, and
159. The fin active regions 156, 158, and 159 are oriented in parallel. The fin active regions and

the STI features can be formed in a processing sequence including forming trenches in the
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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. What is claimed s. A read only memory (ROLM) cell
array comprising: pluraln active regions oriented in a first direction and formed on semiconductor

substrate;

a plurality of gates formed on the plurality of fin active regions and oriented in a second

direc On pRRAETHALIGINERAGEIANANG R PIYRIRCAIROM;Ges ipimed by, ihe piprality of

fin active regions and the plurality of gates, the plurali

of R eing coded suc €ach cell

of a first'S{f5aai BRAOW Eenehpasgra sourte Blebiiichiybohaditte apowier. lilepandedishicgll of a
second susel AfROM Callsias asertcR 1eirgaly selaisdprocess, is applied to remove the

excessive dielectric material and planarize the surface. Thereafter, the formed STI features are

partially removed to form the fin active regions using a selective etch, such as hydroflouric (HF)

wet etch. Particularly, the processing sequence includes etching trenches in the semiconductor

substrate 152 and filling the trenches by one or more dielectric materials such as silicon oxide,

silicon nitride, silicon oxynitride, or combination thereof. The filled trench may have a multi-

layer structure, such as a thermal oxide liner layer with silicon nitride filling the trench. In

furtherance of the present embodiment, the STI features are created using a process sequence

such as: growing a pad oxide, forming a low pressure chemical vapor deposition (LPCVD)

nitride layer, patterning an STI opening using photoresist and masking, etching a trench in the

substrate, optionally growing a thermal oxide trench liner to improve the trench interface, filling

the trench with CVD oxide, using chemical mechanical planarization (CMP) to etch back, and

using nitride stripping to leave the STI structure. In one embodiment, the semiconductor

substrate 152 also includes various p-wells formed in various fin active regions.

[0053]

Various gates are further formed on the fin active regions. A gate feature includes a

gate dielectric layer 160 (such as silicon oxide) and a gate electrode 162 (such as doped

polysilicon) disposed on the gate diclectric layer 160. 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 160 may include a high-k

dielectric material layer. The gate clectrode may include metal, such as aluminum, copper,

tungsten, or other proper conductive material. The gate electrode may include a metal having a

proper work function for the associated FinFET. For a gate stack including high-k dielectric

material and metal, the gate can be formed by a gate-last process or a high-k gate-last process (a

complete gate-last process).

[0054]

In the present embodiment for illustration, the semiconductor substrate 150 includes a

first region 164 for a first ROM cell (Fig. 10 only show a portion of the first ROM cell), and a

second region 166 for a second ROM cell. Particularly, intra-cell fin active regions include a

first space S1, and inter-cell fin active regions includes a second space S2. The second space 52

is substantially greater than the first space S1.
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2. The ROM cell array of claim I, wherein each cell of the first subset of ROM cells includes a drain
contact having a first contact area and a source contact having a second contact area greater than the
first contact area. 3. The ROM cell array of claim 2, wherein the second contact aiea is at least
:30% greater than the first contact area. 4. The ROM cell array of claim 2, wherein the source
contact includes a first dimension in the first direction and a second dimension in the second direction,
the second dimension being at least 30% greater than the first dimension. 5. The ROM cell array

of claim G iereiA e, 1Al ARAEHNEAIRS:R (ILERDIAS GRSy A8 Q.91 seurs, e round

shape, and the source contact includes a second contact geometry as one of a rect ngle an ellipse
shape. 6ThedHaMhshinhereidadem ROV Ed| ihcludes isroditer fie1d@@tllam15(§t©i)(F|ﬁhtE3§)I7RONl

cell atray, ot Glaim.ad. Whesginagh £ Fopéw@&am %ﬁ‘%ﬁ%ﬁ "RIQNSEXIGNES GRpIIHAHSY Rpugh
more than one ROM cell. A read onIy memory cell array comprising:
(SIMOX) or wafer bonding to include thc cl1c ectric layer mudc semiconductor material. In one

example, the dielectric layer includes silicon oxide.

[0056] In another embodiment, the fin active regions include epitaxy features formed in the
source/drain regions. In one embodiment, the epitaxy features include a semiconductor material
that is the same as the semiconductor substrate, such as silicon, In another embodiment, the
epitaxy features formed on two adjacent intra-cell fin active features are merged together due to
the lateral epitaxy growth and the short space SI. A silicide may be formed on the merged
epitaxy features to electrically connect the sources (and/or drains) of the two adjacent intra-cell
fin active regions. In yet another embodiment, the epitaxy features include different
semiconductor material(s) for a strained effect.

[0057] In various embodiments, the disclosed ROM cell array addresses various issues noted
in the background. For example, by adopting asymmetric contact structures, bit-line capacitance
and contact resistance on coding side is reduced. Particularly, the drain side of the pass device
uses regular (square or round) single contact as the connection path for bit-line to the pass device.
The source side of the pass device uses longer contact shapes to reduce contact resistance and
improve yield. The asymmetric contact structure provides enhanced cell speed and reduces cell
size. In another example, implementing multiple fins with different spaces reduces ROM cell
size. Particularly, the multiple fin active regions include a smaller space S1 between the intra-
cell adjacent fin active regions and a larger space S2 between the inter-cell adjacent fin active
regions. In yet another example, a ROM circuit further includes a strapping cell configured
between two ROM cell arrays. The strapping cell includes a first metal line coupled to a strap
gate and a second metal line coupled to a strap well region. It is understood that different
embodiments may have different advantages, and that no particular advantage is necessarily
required of any embodiment.

[0058] 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
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a plurality of fin active regions oriented in a first direction and formed on a semiconductor substrate;

a plurality of gates formed on the plurality of fin active regions and oriented in a second direction
perpendicular to the first direction; and a plurality of ROM cells for data storage and formed by the
plurality of tin active regions and the plurality of gates, the plurality of ROM cells being coded such that
each cell of a first subset of ROM cells has a source electrically connected to a liss line and each cell
of a second subset of ROM cells has a source electrically isolated, each of the plurality of ROM cells
including.at. two.fin fi effect transistors, (FINFETS). formed on respective fin active regions and
M e e R AR R AR
whereindisclogiiehapfithe plmainofRIGMacksils ogiss saifitduspacetetieenctwdadiacaritdntra-cell fin
active regiong:antthIRCORH SRACE HRIWESR M adiacantinter-cell fin active regions; and the second
space is greater than the first space. 10. The ROM cell array of claim 9, wherein: a ratio between the
second space and the first space is greater than 1.5; and each of the FinkEtTs includes a gate
electrically connected to a word line, and a drain electrically connected to a bit line. It. The ROM cell
array of claim 8, wherein each cell of the first subset of ROM cells
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includes a drain contact having a first contact area and a source contact laving a second contact area
greater than the first contact area. The ROM cell array of claim 8, wherein each ROM cell
includes two drains electrically connected by a silicon epitaxy feature and a suicide feature disposed
on the silicon epitaxy feature. A read only memory (ROM) cell array comprising: a plurality of fin
active regionsiocaimed ik a first direction and formed on a semiconductor substrate; a plurality of
gates formed on the plurality of fin active regions and oriented in a second direction perpendicular to
the first direction; and a plurality of ROM cells for data storage and formed by the plurality of fin
active regions and the plurality of gates, the plurality of ROM cells being coded such that each cell of a
first subset of ROM celsrbasoal g owarcerg (EDNCathy| coanecbaalittng power line, and each cell of a second
subset of ROM cells has a source electrically isolated, wherein each of the plurality of ROM cells
includes a first spelosiitgteiden activeadigioen dirdredall fifirsctivectiegioms faned secomthispadetioetween
two adja%gg&,ia@r-cell fin active regions, and the second space is greater than the first space 14The
ROM cell array of claim 13, wherein at least two fin ‘field-effect transistors (FINFETs) are formed on

respeqtive ﬁ_” aqimrmg}o&sgg@ f&?ﬁ&cﬁﬁﬁt@%ﬁﬁéﬂﬂ%ﬁ #h e fin _glive éﬁSji_Q{i‘&%Bq ihe QalRs:
wherein drains of the at least two FinFETs are electrically connected by a silicide feature formed on a
silicon e&%prﬁéﬁa‘a&m cular to thefirst direction; and

a plurality of ROM cells formed by the pluraity of fin active regions and the plurality of
gates, the plurality of ROM cells being coded such that each cell of a first subset of ROM cells has a
source eectrically connected to a power line, and each cell of a second subset of ROM cells has a

source electrically isolated.

2. The ROM cédll array of claim 1, wherein each cell of the first subset of ROM cells
includes a drain contact having a first contact area and a source contact having a second contact area

greater than the first contact area.

3. The ROM cell array of clam 2, wherein the second contact area is at least 30%
greater than the first contact area.

4, The ROM cell array of claim 2, wherein the source contact includes a first dimension
in the first direction and a second dimension in the second direction, the second dimension being at
least 30% greater than the first dimension.

5. The ROM cell array of claim 2, wherein the drain contact includes a first contact
geometry as one of a square and round shape, and the source contact includes a second contact

geometry as one of arectangle and ellipse shape.

6. The ROM cell array of clam 1, wherein each ROM cell includes more than one fin
field-effect transistor (FINFET).
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15. The ROM cell array of claim 14, wherein each cell of the first subset of ROM cells includes a drain
contact having a first contact area and a source contact having a second contact area greater than the
first contact area. 16. The ROM cell array of claim 15, wherein the source contact includes a first

dimension in the first direction and a second dimension in the second direction, the second dimension

being greater than the firstrRNEoS 0o 7ot ligaRON et @i aycaf I aienplLkal iyher ein bevdiatiiopentact

includes a flr%t tact otrﬂgz%%sopeq a%f a Sﬂbﬂe g]nd round shape, and the source contact

includes a seconopcon?ac{/geo etry as one 'of 2 rec angle and ellipse shape | 8.The ROM cell array of
claim 3 wherein: eache plurality of ROM cells includes at least three Finn-ifs formed on at least active
regions, respectively: and my adjacent two of the at ast three fin active regions are configured with the

first space. 19. Téne ROA/I@&JIC;H eﬂg&@w furthe. MBﬁlg an isolation gate disposed on the
ically c

plurality of fin active regions and electri nnecte to a Vss'line, thereby forming 'Finn-ifs at
off-state for isolgipiaity of fin active regions oriented in a firgt direction and formed on a semiconductor
substrate;

a plurality of gates formed on the plurality of fin active regions and oriented in a second

direction perpendicular to the first direction; and

aplurality of ROM cells for data storage and formed by the plurality of fin active regions and
the plurality of gates, the plurality of ROM cells being coded such that each cell of a first subset of
ROM cells has a source electrically connected to a Vss line and each cell of a second subset of ROM
cells has a source electrically isolated, each of the plurality of ROM cells including at least two fin
field-effect transistors (FINFETS) formed on respective fin active regions and respective cross-points

of the fin active regions and the gates.

9. The ROM cell array of claim 8, wherein:

each of the plurality of ROM cells includes a first space between two adjacent intra-cell fin

active regions and a second space between two adjacent inter-cell fin active regions; and

the second spaceis greater than the first space.

10. The ROM cell array of clam 9, wherein:
aratio between the second space and the first spaceis greater than 1.5; and

each of the FInFETSs includes a gate electrically connected to a word line, and a drain

electrically connected to abit line.

11. The ROM cell array of clam 8, wherein each cell of the first subset of ROM cells
includes a drain contact having a first contact area and a source contact having a second contact area

greater than the first contact area.
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The ROM cell array of claim 13, wherein the ROM cell array is coded by a contact layer defining a
plurality of source contacts associated with the first subset of ROM cells.

12. The ROM cel array of claim 8, wherein each ROM cell includes two drains
electrically connected by a silicon epitaxy feature and a silicide feature disposed on the silicon epitaxy
feature.

13. A read only memory (ROM) cell array comprising:

a plurdity of fin active regions oriented in afirst direction and formed on a semiconductor
substrate;

a plurality of gates formed on the plurality of fin active regions and oriented in a second

direction perpendicular to the first direction; and

aplurality of ROM cells for data storage and formed by the plurality of fin active regions and
the plurality of gates, the plurality of ROM cells being coded such that each cell of a first subset of
ROM cells has a source electrically connected to a power line, and each cell of a second subset of
ROM cells has a source electrically isolated,

wherein each of the plurality of ROM cells includes afirst space between two adjacent intra-
cell fin active regions and a second space between two adjacent inter-cell fin active regions, and the

second spaceis greater than the first space.

14. The ROM cell array of clam 13, wherein at least two fin field-effect transistors
(FinFETS) are formed on respective fin active regions and respective cross-points of the fin active
regions and the gates, wherein drains of the at least two FinFETs are electrically connected by a

silicide feature formed on a silicon epitaxy feature.

15. The ROM cell array of clam 14, wherein each cell of the first subset of ROM cells
includes a drain contact having a first contact area and a source contact having a second contact area

greater than the first contact area.

16. The ROM cell array of claim 15, wherein the source contact includes a first
dimension in the first direction and a second dimension in the second direction, the second dimension

being greater than the first dimension.
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17. The ROM cell array of claim 15, wherein the drain contact includes a first contact
geometry as one of a square and round shape, and the source contact includes a second contact

geometry as one of arectangle and ellipse shape.

18. The ROM cell array of claim 13, wherein:

each of the plurality of ROM cellsincludes at least three FinFETs formed on at least three fin

active regions, respectively; and

any adjacent two of the at least three fin active regions are configured with the first space.

19. The ROM cell array of claim 13, further comprising an isolation gate disposed on the
plurality of fin active regions and electrically connected to aVss line, thereby forming FinFETs at off-

state for isolation.

20. The ROM cell array of claim 13, wherein the ROM cell array is coded by a contact
layer defining a plurality of source contacts associated with the first subset of ROM cells.
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