Menory Cell Structure TECHNI CAL FI ELD The present invention rel ates
generally to sem conductor devices, and nore particularly to a nenory cell
| ayout for integrated circuits. BACKGROUND Conpl enent ary

met al - oxi de- sem conductor (CMOS) technol ogy is the dom nant sem conduct or
technol ogy used for the manufacture of ultra-large scale integrated (VLSI)

br ovi ded si gni 1 cant { mpr ovediROrh GHE Gt oF mnce, circart
density, -and cost per' unit function of sem conductor chips over the past
few decades._ Si %?jficant chal l enges, however, are faced as the sizes of
cvos devilEeENEGALIFIEEDt 0 decrease. One such challenge is soft errors. Soft

errors are errors that occur in the logic state of a circuit due to excess
charge carriers, which are typically induced by alpha-particles and cosm c

ray neutrons. e%%ﬁ?ﬁﬁ%nﬁélﬁfe%scgénﬁﬂ&&o%Eﬁﬁddﬁﬂh’&@ﬂdéﬂi&d@, ancCidogeli t, the
| ogi ¢ val ues may altered. For. exanple, a |logic value of a capacitor

or.. line may be altered froma logic "0" to a logic "I," transistor gates
may be t HrA&Ha®f fo AFhemory cell layout for integrated circuits. S

BACKGRQUﬂD |

Complénﬁcﬁtary metal—.cn;ide.-semi_e(jnductc.;r '(CMOS) technolégy is .t‘h.e o
- dominant s;emiconductor teébﬁélog_y iuse(_i -fc')r .thc méinufacture- of ultra-large .scale_-'-
intggrated (ULSY) circuits today. Size reduction of the -semico.nduct_or structures héis.:
provided sigﬂﬁcénf inﬁprovemgnt in the si;eed, pcrformance, circuit density, a.qd cost per . _.
unit function of semiconductor chips over the past few_ d’e%:ades. Significant challenges,

hbwever, are faced as the sizes of CMOS devices continue to decrease.

O-neAsqch ‘_qha]lenge is soft EITOrS. ASoft errors are errc’;r:s that .occ'ur.in the
logic state Of, a circuit ciue to excess charge carriers, which ére typically induced by
alpha-particles and cosmic ray neutroqs. As the excess lch'ar'gg caiﬁérs art;,-lindﬁced mto
a _cir'c_:u‘i_t,' t{le log1c valueg may beﬁ altered. Forlexa.m];ﬂe, .'a }ogi"c ‘{alue of_ a cépgcit@r or .

line may be altered from a logic “0” to a logic “1,” transistor gates may be turned off or



on, or the like. Soft errors occurring in SRAM devices or other nmenory
devi ces can cause the stored data to becone corrupted. Attenpts have been
made to limt the effect of excess charge carriers and soft errors on
integrated circuits. One such attenpt involves the addition of
error-correcting circuitry (ECC). Another attenpt involves increasing the
cell size to increase the capacitance of charge nodes, thereby decreasing
the ef f el ¥ thexdess SO ARPES BEuFTRg B SRAM dgHETsHy OtheT BB ‘gfdtﬁe? ga
addi ti onal capacitance, such as a MZM structure, trench capacitor, stack
capacitor, or the Iike, Lo be added to the charge node. Yet another
attenpt FHveRregoied dadde Perymaror@stst ance between the source/ drain areas
- of the charge node and the gate of the charge node. Yet other attenpts

i nvol ve reducing the well resistance and/or increasing the well strapping

frequency. These michiiifave bBOVRME to 1R BleAlffeyt GrRfbis enadetidionahd sdff cuitry,
addi tional processing, increased power requirenents, and/or increased

sizes, which may adversely affect the design and fabrication of smaller,

nore powveko@fdd mi@fdted Bt@s at Ofe Sidhtiteindt inkdBEe iR RAditldnF erbScdtredg@e for an
integrated circuit - that is nore resilient to soft errors and excess charge
carriers.

circuitry (BCC). Another attempt involves increasing the cell size to increase the
~capacitance of charge nodes, thereby ciecreasing the effect of excess charge carriers. Yet
another attempt requires additional capacitance, such as a MIM structure, trench
capacitor, stack capacitor, or the like, to be added to the charge node. Yet another
attempt involves increasing the resistance between the source/ drain areas of the charge
node and the gate of the t;harge node. Yet other attempts involve reducing the. hwell

resistance and/or increasing the well strapping frequency.

These attempts, however, generally require additional circuitry, additional
processing, increased power requirements, and/or increased sizes, which may adversely

affect the design and fabrication of smaller, more power-efficient integrated circuits.

Therefore, there is a need for an integrated circuit that is more resilient to soft

errors and excess charge carriers.



SUMVARY OF THE | NVENTI ON These and ot her problens are generally reduced,

sol ved or circunvented, and technical advantages are generally achi eved, by
enbodi ments of the present invention, which provides structures and

| ayouts for a nmenory cell layout for integrated circuits. In one enbodi nent
of the present invention, a 6T-SRAMis provided having a unit menory cel
such that the unit nmenory cell has a short side. and a long side. The |ong
side is preferably at least- twice as long as the short side. The

sour ce- t o-SIMMMARK OF THEISVIENTEOINI al | y parallel to the shorter side of t he
unit menory cell. In another enbodi nent of the present invention, an
ST-SRAM is provided having a unit nmenory cell such that the unit nmenory.

Il h h d d | f
east tai oo as. | onboRen AECSEP LS aceeorfllandRe Sl R Gy tnf

substantially parallel to the shorter side of the unit nenory cell.. BRIEF

PR el R S R R e R S

fol | owi ng descrl ptions taken in conjunction with the acconpanying .

r
dr aw ngs hmh prowqes structures and layouts for 2 memory cell layout for mtegrated circuits.

. In one embodiment of the present invention, 2 6T-SRAM is provided having
" : 3 unit meﬁnory cell such that the unit memory cell has a short side arid'a long side. The
iong side is preferably at least twice as long as the short side. The sourCe—to%drain axis

 is substantially paralle] to the shorte_r-Side of the unit memory cell.

In another embodiment of the pfesent invention, an 8T-SRAM 1is prc;vided
** having & unit memory cell such that the unit memory cell has a short side and a long side.
The long side is preferably at least twice as long as the short side. The source-to-drain

axis is substantially péréﬂcl to the shorter side of the unit memory cell.



FIG | is a schematic diagramof a typical 6T-SRAM FIG 2 is a plan view
of transistor formation and the M |ayer of a 6T-SRAM in accordance with
one enbodi nent of the present invention; FIG 3 is a plan view of the M,
M2, and M3 |ayers of a first enbodi ment of the present invention; FIG 4
is a plan view of the M, M2, and M3 | ayers of a second enbodi nent of the
present invention; FIG 5 is a schematic diagram of a dual -port 8T- SRAM

FIG 6 i W}ﬁ& ' (%ﬁrmat'ion and the M layer of a
dual -porgR%fI)'- (g éﬁ?@éﬁmk’% e enbodi nent of the present

i nvention; and FIG 7.is a cross-section view of an orientation of p-well
straps in accordance . wth one enbodi nent of the present invention. -4

DETAI LED- DESCRI PFbON @lord LdoWpIdté TinderseMatd MENES pri®nimidiengomnghdusteng of

the presently preferred enbodi nents are discusse in detail below It
shoul d be appreciated, however, that the present invention provides

advantages thereof, reference is now made to the following descriptions taken in

conjunction with the accompanying drawings, in which:
FIG. 1 is a schematic diagram. of a typical 6T-SRAM;

FIG. 2 is a plan view of transistor formation and the M1 layer of a 6T-SRAM

in accordance with one embodiment of the present invention;

FIG. 3 is a plan view of the M1, M2, and M3 layers of a first embodiment of |

the present invention;

FIG. 4 is a plan view of the M1, M2, and M3 layers of a second embodiment

of the present invention;
FIG. 5 is a schematic diagram of a dual-port 8T-SRAM,;

FIG. 6 is a plan view of a transistor formation and the M1 layer of a dual-port

8T-SRAM in accordance with one embodiment of the present invention; and

FIG. 7 is a cross-section view of an orientation of p-well straps in accordance
with one embodiment of the present invention.

-



many applicable inventive concepts that can be enbodied in a wide variety
of specific contexts. In particular, the nethod of the present invention is
described in the context of formng a 6T-SRAM and an 8T- SRAM One of
ordinary skill in the art, however, will appreciate that features of the
present invention described herein may be used for form ng other types of

devi ces, such_as other SRAM configuratio n evi ces ot her than
SRAME. A&@W R%%%@Ffmk%émyﬂ%éﬁﬁﬁé&g herein are nerely
illustrative of specific ways to nmake and use the invention, and do not
limt the scope of the invention. . Referring first to FIG 1, a schematic

di agram of a 6T- GRAMAGH] add¥shhg SRS HRAEATY PrefélfifemieanfimS kit dildiRsdil - SRAM

cell conprises. a first. pass-gate transistor- PG 1, a second pass-gate.
transistor PG 2, a first pull-up transistor PU-1, a second pull-up. '

transi st qp qBkM Deldv.f i1 ShouRiibd aiRiiathd A eVeRthihd pread ifverBeRRPeoRMEd - down
transistor PD-2. In operation,”the nenory cell forns two conpl énentary.

nodes, node-1 and node-2. Because node-| is tied to the gate of the second

pul I -up t;ﬁﬁﬁ%@ﬁ@iﬂ?ﬁv@m@m thét bfn bé %éabtoaieﬁhﬁ ORlR wkiehhsr febdlc

pull -up transi'stor PG 1, the values stored in eac

ébﬁtéxtsl. In particular, the ﬁ;ethod of the presént invention is de_scribéd in the context of

' t;of:rning a ST-SRAM and an 8T-SRAM. VOne of 6rdinary skili i_u-the-art-, ﬁowever, will
- .appfeqiaté that feétgres of the present invcﬁﬁbn described hereinm‘ay be tsed for forming B
| _' othef tj_pes of dév_ices, such as other SRAM cdnﬁguraﬁons and memory déviccs otlc-lerr""‘-i
than SRAMs. Accordingly,' the speéiﬂc embodiments cﬁscussed he;:ein. are 'merelyl-f'?:

illustrative of specific wa-ys to make and use .the. invention, and d6 not limit the scope of

the invention.

Referring first to FIG. 1, a schematic diagram of a '6'.1"'-SRAM cell for

- .reference is shown. Generally, the 6T-SRAM cell compriées. ;l. first pass-gate transistor = -
PG-1, a second pass_-gate_tfansistqr PG-2,a ﬁrsf: pull-up transistor PU-I, a second Puu'lfpﬁ.;g;-. :

transistor PU-2, a first pull-down transistor PD-1, and a second puﬂ—down transistq;_ 5

- PD-2.



node will remain conplenentary to each other. For exanple, when node-1 is
hi gh, the PMOS second pull-up transistor PU-2 prevents the current from
the current source VCC fromflowing to node-2. In parallel, the gate of

t he NMOS second pul |l -down transistor PD-2 is activated, allow ng any
charge that may be in node-2 to go to ground. Furthernore, when node-2 is
low, the PMOS first pull-up transistor PU-1 allows current "to flow from
V,,, to node-1; &ndperhdomdhememorheciNfammsttwosompigmengsyimodsanadest akd PD-1 i s
de-activated, preventing the charge in node-1 fromgoing to ground. The
gates of the first pass-gate transistor PG 1 and the second pass-gate

t ransi st opder%- 2Begagseneda-f it Hed jo thecgnte of theosegong pullup Hangisiey POl awht r ol
reading data fromand witing data to the nenory cell. - Values stored in
node-1 and node-2 are read on a bit-line (BL) and a conplenentary-BL,
respect i uedey? inkied o gheegast of thei Bt pyll-vp dppnsisior &Gl s@a salugsrpiored; igreaghot
shown). FIGS. 2-4 are plan views of a layout of a 6T-SRAMcell in
accordance wi th -one enbodi ment of the present invention. Specifically, FIG
2 is a phede vilbwmorbpmplegmentry oeeash othesn dbier eampls, ivdes npdect iskughrtea” and
polysilicon) and the first netal |ayer (M);

PMOS secoqd pull-up transistor PU-2 preventsr the current from the current source Ve
ﬁoﬁ flowing to node-2. In parallel, the gate of the NMOS second pull-down transistor
PD-2 is activated, allowing any charge that may be in node-2 to go to ground.
Furthermore, when node-2 is low, the PMOS first pﬁll—up transistor PU-1 allows cqrrent
to flow from V. to node-1, and the gate of the NMOS first pull-down tragsistor PD-l is
de-activated, preventing the charge in node-1 frorg going to ground. The gates of the
first pass-gate transistor PG-1 and the second pass-gate transistor PG-2 are electrically
coupled to a word line (WL) to control reading data from and writing data to the memory
cell. -+ Values stored in node-l and node-2 are read on a bit-line (BL) and a
complementary-BL,, tespectively, which are electrically coupled to a sense amplifier {not

shown).

FIGS. 2-4 are plan views of a layout of a 6T-SRAM cell in accordance with

one embodiment of the present invention. Specifically, FIG. 2 is a plan view combining



FIG 3 is a plan view conbining M., netal |layer 2 (M), and netal |ayer 3
(MB) in accordance with a first enbodi nent of the present invention; and
FIG 4 is a plan view .conbining M, M2, and M3 in accordance with a
second enbodi nent of the present invention. Referring nowto FIG 2, the
6T- SRAM cel |l conprises a first pass-gate transistor PG 1, a second
pass-gate transistor PG 2, a first pull-up transistor PU-1, a second
pul | -up tihasemsbodud®l- & vicas {dctise agea land qolysilicoahsind ther fiRDmE}al dmetr VEleond
pul | -down transistor PD-2 forned on a substrate. For illustrative purposes,
thick-lined rectangles wth no fill indicate contact lines forned on M.
The substFHL & ivey phe, vibwrcombinigg M1, oicalniagero? (Bl kar®l me@l Ggyer $t M8 niad- Si
SO, non-bulk Si, or the |like. The gate-thicknesses of the transistors are
preferably | ess than about 1000 A and nmay- be of varying widths. The first
and secongtcprdbheedwithn atfirstresitstdiment ofi thwepresent prvefitombing Gy é is agdie viewdt h of
| ess than about ‘40 nm The gate dielectric |layer of the transistors nay be
a single layer or nultiple |ayers, wherein at |east one |ayer preferably
conpr i sescditi@ng Vil y Miednd M3 én amordante ogina ceovndi embuglimerit def, thSipRdenta net al
oxide, a high-K dielectric; or a conbination thereof. Furthernore, it .is
preferred that the gate oxide |ayer have a.thickness.- of |ess.. '
invention. S - ‘ . :

Referﬁng now to FIG. i, the 6T«SR.AM cell 'cbzﬁp'ﬁ;;es 2’ first pass-gate
‘!_transistér PG-1, a second pass-gate ;i:ransistor_PGfZ, a :f.ir_st. pull—up ‘trlansistor- PU-1, a
. second puﬁ—up transistér .E?U-Z, a. flrst p.ull-d(')w.n'lltraﬁs.istoi: PD-1, and a second pull-down
transistor .PD—2 formed;on a Substraté. ' For illustrative purposes; thick-—l'med- rectangles
. with no- fill indicaté coﬁtact lines formed oun M1. The substré_ité may bé, for-example"i
: _fqrmed of bulk Si, SiGe, strained-Si, SO, ﬁon—bulk Si, or the hke The gate ﬂ}ickgesses‘ S
pif the transistors are preferably lesé than about 1006 A and may beA of | ‘%aryingwidths. o
The first and second pull-down transistors, however, pr‘eferably i’igve a gate width of less
than about 40 nm. | The gate dielectric layer of the transistors may be a single layer o_f '
multiple layérs, wherein at least one layer preferably comprises SiOs, nitrided oxide,l a
- nitrogen-containing pxide, SiON, a metal oxide, a high-K dielectric, c;r a combination-'.""‘-f“'-

thereof. Furthermbre, it is preferred that the gate oxide layer have a thickness of less.



-7 than 13 A It has been found that using the paraneters described herein,
a nenory cell may be fabricated having a preferred naxi mum storage

capaci tance of |less than about 0.5 fento-farad. Preferably, the first

pul | -up transistor PU-1 and the second pull-up transistor PU2 are PMOS
transistors forned in an n-well 270, or a deep n-well, and the other
transistors arge NMOS transistors. The sources of t,ge irst pull-u

transi st den RBA. alibias besa fowecbifat wing theparamgiers §eGFophnyelyy & MOy E“’rikal ly
coupled to a voltage source VC, contact |ines 210 and 212, respectively,

| ocated on M1, via plugs 214 and 216. The drain of the first pull -5up
t ransi st oay pe/fabricated baviap s pssfemedmprinim E@Fqgﬁcfék}%m‘i‘qeéﬁ 4558 ag@;t P3the
drain of the first pass-gate transistor PG 1, and the gates of the second
pul |l -up transistor PU-2 and the second pull-down transistors PD-2 are

el ectri ciemtg-fargdupl ed via an intra-cell connection 220 |ocated on M and
pl ugs 221, 222, and 223. Simlarly, the drain of the second pull-up
transi stor PU-2, the drain of the pull-down transistor PD-2, the drain of

the second pass- aps iRl QIuRE Gansiist P18 SRALUEBS s@lond ell-ubitr8distapl | - up

transi stor PU-1 g?\%&taﬁlg’ Qll rfgtto%lull'lgﬁd%ﬂm transistor PD-1 gre gl ectrically
PU-2 are PMOS transistors formed in an n-well 270, or a deep n-well, and the other
transistors are NMOS transistors. The sources of the first pull-up transistor PU-1 and

the second pull-up transistor PU-2 are electrically coupled to a voltage source Veo contact

Tines 210 and 212, respectively, located on M1, via plugs 214 and 216.

The drain of the first pull-up transistor PU-1, the drain of the first pull-down
transistor PD-1, the drain of the first pass-gate transistor PG-1, and the gates of the
second pull-up transistor PU-2 and the second pull-down transistors PD-2 are electrically
coupled via an intra-cell connection 220 located on Ml and plugs 221, 222, and 223.
Similarly, the drain of the second pull-up transistor PU-2, the drain of the pull-down
transistor PD-2, the drain of the second pass-gate tramsistor PG-2, and the gates c?f the
first pull-up transistor PU-1 and the first pull-down tramsistor PD-1 are electrically

coupled via an intra-cell connection 224 located on M1 and plugs 225, 226, and 227,



coupled via an intra-cell connection 224 |ocated on ML and plugs 225, 226,
and 227. The source of the first pull-down transistor PD-1 is electrically
coupled to ground Vs5 via VSS contact |ine 228 and plug 229; and the source
of the second pull-down transistor PD-2 is electrically coupled to ground
V5S via VSS contact line 230 and plug 231. The source of the first.
pass-gate transistor PG| is electrically coupled to the BL via a BL
contact |ine 232 #Fhesqircegof2R3firstindl-owss transiaasP}t is electmivally caplddGo- 1
electrically couples the BL to the drain of the first pull-up transistor
PU-1 and the drain of the first pull-down transistor PD-1. ... The gate . of
the first gpams Vgatie V tavatast laie@?28 RE plug-229; arel the sourcabf the seoptl edlltdownhe W
via a W. contact line 234 on M and plug 235. The source of the second
pass-gate transistor PG 2 is electrically coupled to the conplenentary-BL
vi a a conmaesizot BD2-iBklectindliyotoupled ¢o §@6naNg, yih ¥g @8fct lirsi 280 adiplug t he
second pass-gate transistor. PG 2 electrically couples the BLB to the drain
. . . of the second pull-up transistor PU-2 and the drain of the second
pul | -down28t.ansi stor PD-2, The gate of the second pass-gate transistor
PG 2 is electrically coupled to the'.... W via a W contact |ine 238 on
ML and plug 239. One of ordinary skill in the art wll

The source of the first pass-gate transistor PG-1 is electrically coupled to the

BL via a ﬁL coﬁtacﬁ Tine 232 and .plug 233.7' l_The- _ﬁrst __rpass'-gatc ﬁansist,or PG-1
‘. el‘ectrically couples the BL to f_he drain of the ﬁrst pull-up Eansistdr PU;I and thg: drain of
the first imll-doWn transistor PD-1. . The gate-,o‘f the first pa;ss—ggte_tr.ans;,.istor PGllS

electrically coupled to the WL via a WL contact line 234 on M1 and plug 235.

~ The source of the second pass—gaté tfansistof PG-2 is électriéa]ly coupled fo
 the complementéryBL ‘via' a compleméﬁtary-BL contact lirie 236 and plug 237.
- Similarly, the second pass-gate trénsistor.PG—2 electrically couplé's the BLB to the drain
of the second pull-up transistor PU-2 and the drain of the second'éuﬂ—aown tr;cmsistor
PD-2.. The gate of the second pass-gate transistor PG-2 is electrically couplcd-to the .
- WL via a WL contact line 238 on M1 and plug 239. One of ordinary skill in the art will
appreciate that_ the above structure defines a unit or ﬁlemory ce11:260, as illustrated By tﬁe. -

dotted line. The unit cell 260 defines the basic buﬁdixl_g block for designing memory



appreci ate that the above structure defines a unit or nenory cell 260, as
illustrated by the.. dotted line. The unit cell 260 defines the basic
bui | di ng bl ock for designing nenmory -g cells and may be duplicated to
create larger nenories. In the preferred enbodi nent, the |ength of the

| onger side of the unit cell 260 is about 2 tinmes or greater the |length of
the shorter side of the unit cel] 260. Mdreover, it.is preferred that the
| engt h ofelis ad swasteeduplisaterbtogreait R gRs MR es- St %fe??fﬂif&&te“g’.o of, 8 or
shorter. In the preferred enbodi nent, the transistors are aligned such

that the longitudinal axis_ of the sourcefdrain, regions ar rallel to the
shorter lengd offthe knnggmside ebibe vpgeell 4o0Hs gRoyt 22imss rgf%im‘aég?aleﬁg‘iﬂé%flﬂ}e i s

formed within the unit cell 260. Preferably, the substrate is a p-type

substrate, thereby providing a large p-well _substantiall ncircling the
n-wel | 25rtes siogHL dhe Nwwlhgﬁﬂ-cé\gowayﬂbﬁ i3 B?eﬁ%‘:g tbﬂ‘igﬂe ﬁﬂ qef tBeHIOMET £ or ned
on the substrate by perfornming an inplant with n-type ions as is known in

the art , thereby allow ng PMOS devices to be forned_ therein,.such as the
first ptife of ghe tubeallsd6dris poout 0% M eT shEtshd fﬂ&ﬂﬂ Pfﬂi?ﬁfeﬁﬁgf@ﬂ%% thiy o

Preferably, the NMOS active area (e.g., the source/drain areas of the first

transistors are aligned such that the longitudinal axis of the source/drain regions are

parallel to the shorter side of the unit cell 160.

An n-well 270, or a deep n-well, is formed within the unit cell 260.
Preferably, the substrate is a p-type substrate, thereby providing a large p-well
substantially encircling the n-well 270, on.which NMOS devices may be formed. The
n-Weil 270 is formed on the substrate by performing an implant with n—tyée jons as is
known in the art thereby allowing PMOS devices to be formed therein, such as the first

pull-up transistor PU-1 and the second pull-up transistor PU-2.

Preferably, the NMOS active area (e.g., the source/drain areas of the first
pass-gate transistor PG-1, the first pull-down transistor .PD—I, the second pass-gate
transistor PG-2, and the second pull-down transistor PD-2) comprises less than about
25% of the area of the unit cell 260, agd the p-well area comprises less than about 65% of ‘

the area of the unit cell 260. It is also preferred that the distance between the NMOS

-10-



pass-gate transistor PG1, the first pull-down transistor PD-1, the second
pass-gate transistor PG 2, and the second pull-down transistor PD 2)
conprises.less than about 25%of the area of the unit cell 260, and the
p-wel | area conprises |ess than about 65% of the area of the unit cell
260. It is also preferred that the di stance between the NMOS -10 active
area and ‘the n-well 270 be about 5 rumto about 70 nm and nore preferably

b f d nb cth
o mum e ia B e el 2 bbb TRl O SooR e Peti Rl 5001
contact is less than 3.6 ppm FIG 7 illustrates this enbodinment for

I 1 lustrat F?ﬁm%é%{ﬁ%ﬁ%m y. A p-type substrate 710 has forned thereon. ..

menory ce each of which may be, for exanple, a 6T-SRAM or an
8T- SRAM nenory cell. P-well nmenory straps 714 are forned on one or nore of
the netal |ayers, such as ML, M2, M3, or the like, and may be el ectriccally
coupl ed, for exanfirthermhare, igtieuprdfereldepshodifers) the nidxtmth\digtop! etvde - wel |
strap to the p- type substrate
. p-well of any memory cell and a p -well” strap contact is less than 3.6 pm. FIG 7
i]lustrates this rembodiment for i]lustrativc pttrposés only. A p-type substrate 710 has o
| formed thereon nieﬁlory cells,712,'each of which may be, for exé.mple, a 6T-SRAM or an

- 8T-SRAM memory cell.

P-well 'memot'y stratts -714‘ are fqrme& 'ort one or mot'e of the tnetat lztye;;,a
”suchl as Ml, M2 M3, or the ]jké, -and may be ctectﬂcallj cdttttléd, for example,to |
: ‘gmund.‘ Plugs 716 etectrica]ly c’ottple the b—we]l strap to tlte p-type sut:strate.
As illustrated in FIG. 7, thtz maxmlum distance VfIt)m a p-well to .a p-well .
strap contact is preferably less thaﬁ about 3.6 pym. The mammum resistance over this
distance is preferably less than about GOOt) ohrtls, but mt)re prefetabty ieés than abt)ttt

4000 ohms.

FIG. 3 is a plan view combining M1, M2, and M3 that may be used to in
conjunction with the memory cell layout illustrated in FIG. 2 in accordance with one

embodiment of the present invention. For ease of reference, structures filled with back |

211-



As illustrated in FIG 7, the maxi numdistance froma p-well to a p-well
strap contact is preferably | ess than about 3.6 m The naxi mum resi stance
over .this distance is preferably |ess than about 6000 ohmns, but nore
preferably | ess than about 4000 ohnms. FIG 3 is a plan view conbining M,
M2, and M3 that may be used to in conjunction with the nenory cell | ayout
illustrated in FIG 2 in accordance with one enbodi nent of the present

i nvent i onlastesrindiasie stficuefsdoenabon 33, seticmes filiet lveith foiwdrd Bhghkes-iddicgs ashes
i ndicate structures |ocated on M3, structures filled with forward sl ashes
I ndicate structures |ocated on M2, thick-lined squares wwth an "X"

- i ndi cat e strucisreb doaatssinoVBl2a tidck-NBed $duiaresIvittesh SXfuakizateWidsrbetrmech V3 iandli cat e
vial between M2 and M, and rectangles wth no fill indicate straps or
contact lines |ocated on ML. Ot her configurations, however, may be used.
MB i ncl udéd thinHlinest squdres withnen 37D, indicBle d20betwveds M2 el BBO andirectangles

conpl enentary-BL 340, and a second Vss line 350. In this enbodinent, the

| ongi tudi nal axis of the lines contained on MB are preferably parallel to
t he shor teth sodillafidicate straps or contact lines located on M. Other configurations,

however, may be used.

M3 include§ a first -V line 310, a BL 320, a Vm ﬁe 330, a
complementary-BL 340,. and a second V, line 350.. In this embodimémt, the
longitudinal axis of the ﬁnes contained on M3 are preferably paralle! to the shorter side of
the unit cell 260. Regarding the first Vi line 310, a via 312 electrically couples ‘the Vs
line 310 on M3 to contact line 314 on M2, which is electrically coupled to contact line
228 on M1 through via 316, The contact line 228 on M1 is electrically coupled to the

source of the first pull-down transistor PD-1 as discussed above with reference 10 FIG. 1.

Regarding the BL 320, a via 322 electrically couples the BL 320 on M3 to
contact line 324 on M2, which is electrically coupled to contact line 232 on M1 through
via 326. The contact line 232 on M1 is electrically coupled to the source of the first

pass-gate transistor PG-1 discussed above with reference to FIG. 2.
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the unit cell 260. Regarding the first VIine 310, a via 312 electrically
couples the V,, line 310 on MB to contact |ine 314 on M2, which is

el ectrically coupled to contact line 228 on ML through via 316. The
contact line 228 on M is electrically coupled to the source of the first
pul | -down transistor PD-1 as di scussed above with reference to FIG 1.
Regarding the BL 320, a via 322 electrically couples the BL 320 on M3 to

contact Iine 324 quoMin %Evhmféﬁbeﬁra'm'été'cn?&t{ 'csgplé n& SAL AG %(b ig 232

on ML through via 326. The contact |ine 23 ct r“? ca coupl ed
to the source of the first pass-gate tran5| stor PGl di scussed above with

ref erence M® t&t&atac hnB@Q’(i'bH'M?J wieh Y elet:th@ﬁh 3 ttS'c%n 11§vn§ﬁ]5h 31!y

couples the V,, line 330 on to contact
el ectrically coupl-ed to cont act line 210 on M through via 326. The

contact | ith@ugilfiadn6 MIThecobta@Elind TR drynEAYR TG first
pul | -up transt@sttor PU-1 as discussed a ovg v"\aﬁe Cgﬂ)y[f (laerﬁtlggﬂgeosoll—lg&&;ﬁe R
Additionally, a via 333 electrically couples the V,, contact |ine 330 on MB

to cont actfirktipidl-up2BarRioMBU- A GlcdsSe®liR®: Lr-fwlﬁﬁlzeﬁenggltw 3.0 K80kisgh ! Ve

212 on ML through via 327.. The contact [ine I's ele r| C
coupl ed to the source of the second pul | -up transistor PU 2 as di s_cussed

above W th yvighsy ae&ﬁdélﬂr c%hﬁes the V.. contact line 330 on M3 to contact line 325 on M2, *
lvtfhich is electrically coupled to contact line 212 on M1 through via 327.  The contact ..
- Hne 212 on M1 is elt:ctticaﬂy coupled to the source of the second pull-up transistor PU-2

as discussed above with reference to FIG. 2.

- Regarding the t:omplemeﬂ_tary-BL 340, a vig 342 ‘electl-ic.allly couples -'_the“
éomplementary—BL 340 or.1:M3 to contact lint: 344 on M2, which_ is elahtrically _cout)le_d
| to contact .]itte 236 oﬁ‘Ml through via 346. The tto:ttact line 236 on Ml‘is électr_onicttlty L |
coupled to thé source of thé second pm1~édte transistor PG-1 as discussed above wlth S

reference to FIG. 2;

Regarding the second Vi line 350, a via 352 electrically couples the Vg line -
350 on M3 to contact line 354 on M2, which is electrically coupled to contact line 230 on .
M1 through via 356. The contact line 230 on M1 is elcctricalﬂy coupled to the source-

of the second pull-down transistor PD-1 as discussed above with reference to FIG. 2.
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Regardi ng the conpl enentary-BL 340, a via 342 electrically couples .the
conpl enentary-BL 340 on MB to contact |line 344 on M2, which is electrically
couplred to contact line 236 on ML through via 346. The contact |ine 236 on
M is electronically coupled to the source. of the second pull-gate
transistor PG 1 as discussed above wth reference to FIG 2: Regarding the
second WS line 350, a via. 352 electrically couples the Vss line. 350 on
M3 to contact |inke 854360 ivdocardd oh MR ehdds rprefatably odeqped dudto tlmorthact | i ne
230 on ML through via 356. The contact line 230 on ML is electricallly
coupled to the source of the second pull-down transistor PD-1 as di scussed
above wi tongimtizabade of theFWG.is paralld 30 AeVibnghiGidesof tiocatiecklAIE0MR Aavia 365
preferably oriented such that the longitudinal axis of the W. is parall el
to the longer side of the unit cell 260. A via 362 electrically couples
the W 36kctizallfieconpies det WL 1360 28 4homothet life 88 s Ml ewhichdalelegtriceldyipl ed t o
the gate of the first pass--gate transistor PG 1l as di scussed above with
reference to FIG 2.- A second via 364 electrically couples the W. 360 to

t he cont aotpled itneth23gatomf Nhe fivki phssigatee krangistor 13-y asodipdusstdt sbovbewigat e of

t he second pass-gate '

reference to FIG. 2. A second via 364 electrically couples the WL 360 to the contact

line 238 on M1, which is electrically coupled to the gate of ‘the second pass-gate

transistor PG-2 as discussed above with reference to FIG. 2.

It should be noted that intra-cell connections 220 and 224 are shown on M1,
but no connections are made to the intra-cell connections 220 and 224 from any other
component or structure on M2 or M3. As noted above, the infra-cell connections 220

and 224 act to electrically couple various semiconductor components.

FIG. 4 is a plan view combining M1, MZ, and M3 that may be used to in
conjunction with the memory cell layout illustrated in FIG. 2 in accordance with a second
embodiment of the present invention. For ease of reference, structures filled with
back-slashes indicate structures located Oﬂ_ M3, structures filled with forward slashes
indicate structures located on M2, thick-lined squares with an “X” indicate vias between

M3 and M2, thin-lined squares with an “X” indicate vias between M2 and MI, and
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transi stor PG -2 as discussed above with reference to FIG 2. It should be
noted that intra-cell connections 220 and 224 are shown on M, but no
connections are nade to the intra-cell connections 220 and 224 from any
ot her component or structure on M2 or M3. As noted above, the intra-cell
connections 220 and 224 act to electrically couple various sem conductor
conponents. FIG 4 is a plan view conbining M, M, and M3 that may be used
to in conj ' i : ! r i .2 in-
accor danceiml\/é\/lﬁlitbi%ﬂggl{,vsliEeMcI%)ogféili n@ﬁ% | T Snt&e%(%m% eﬂ%rgtggeohﬁ ?‘n\e}&e)ﬁ}%f Sgr;lhfﬁi g%tlcélgsebf
reference, structures filled with back-slashes indicate structures |ocated
on M3, str } wi.th forward slashes indicate structures |ocated
on M, thigﬁ%ﬁgﬁgysﬂ(flugg%s with an "X" indicate vias between M and M,
thin-lined squares with an "X" indicate vias between M and M., and -14
rectangles with no fill indicate straps or contacts |ocated. on M. O her
configurations, hMﬁeﬂdﬂdﬁsrﬁeﬂter&SGEGdﬁONB seenmidude dine 420, mid &/WIL 48@. 440, a
second V,, line 420, and a W. 430. In this enbodinent, the |ongitudinal
axis of the lines contained on MB are preferably ' , ‘

this embodiment, the longitudinal axis of the lines contained on M3 are preferably =

- parallel to the longer side of the uait ool 260. Rgga:diug the first Vi line 410, a via 412
eléptrica]ly- couples the Vi ﬁne 410 on M3 to coﬁtact Ime 414 on M2, which is
~.¥ectrica]ly coupled fo contact line 230 on M1 throﬁgh via 416. The contact line 230 én -

‘ _N.I_l'-i_s clectr%ca]ly goublgd_to .the source of the second pu]l-down‘ transistor PD~2'a§'
-discussed above wiFh refe;eﬁce to FIG. 2. 1Tt should be noted that Vvia' 412'éLud ﬁa 416

~ substantially coincide in this plan view, and thereby éppear as a single via.

Regarding the second Vi, line 420, a via 422 clectric'ally'éouéle's tﬂe' Vs line

420 on M3 to contact line 424 on MZ which is electrically coupled to contact line 228 on"
: Ml through via 426. The contact line 228 on 1;/11 is electronically coupled to the source -

of the first pull-down transistor PD-1 as discussed above with reference to FIG. 2. It o
should be noted that via %22 aﬁd via 426 substantially coincide in this plan view, and -

thereby appear as a single via.
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parallel to the |onger side of the unit cell 260. Regarding the first V,,
line 410, a via 412 electrically couples the V, line 410 on M3 to cont act
line -414 on M2, which is : -electrically coupled to contact |ine 230 on ML
through via 416. The contact line 230 on ML is electrically coupled to the
source of the second pull-down transistor PD 2 di scussed above with
reference to FIG 2. It should be noted that via 412, and via 416.

substanti al | y coiRegacting thet WIs 4pd,aa vid 43¢ erodichlhecelpesadporl, 439 @ i ngl e
via. Regarding the second V line 420, a via 422 electrically couples the
V., line 420 on M3 to contact |line 424 on M2, which is electrically coupled
to cont actontachEn® 2B om M, vhictois glectricallg 26upldh & emicalife biaen RAGhamghll is

el ectronically coupled to the source of the first pull-down transistor
PD-1 as di scussed above with reference to FIG 2. -1t should be noted that
via 422 and43b6a TREcontisimetd3d!ib lecoically deupled thite gakaof the @ittt @Rgloatt her eby
appear as a single via. Regarding the W. 430, a via 432 electri caFI y
couples the W. 430 to the contact line 434 on M2, which is electrically
coupl ed ttonsBturaG-1 b elistdked nabldke thitlp ugference ao4B6;. TheAcepb@ttvid 4B® 234 is
electrically coupled to the gate of the first pass-gate transistor PG 1l as
di scussed above with reference to FIG 2. A second via 433:

electrically couples the WL 430 to the contact line 435 on M2, which is electrically
coupled to contact line 238 on M1 through via 437. The contact line 238 is electrically
coipled to the gate of the second pass-gate tramsistor PG-2 as discussed above with

reference to FIG. 2.

The M2 layer comprises BL 440, a V. line 450, and 2 complementary-BL
460. In this embodiment, it is preferred that the lines on M2 are oriented such that the

longitudinal axes are parallel to the shorter side of the unit cell 260.

Regarding the BL 440, a via 442 electrically couples the BL 440 on M2 to
contact line 232 on M1, which is electrically coupled to the source of the first pull-gate

transistor PG-1 as discussed above with reference to FIG. 2.

Regarding the Ve line 450, a via 452 electrically couples the V. line 450 on
M2 to contact line 210 on MI, which is electrically coupled to the source of the first

pull-up transistor PU-1 as discussed above with reference to FIG. 2.  Additionally, a via
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el ectrically couples the W. 430 to the contact [ine 435 on M2, which is
electrically coupled to contact line 238 on M through via 437. The
contact line 238 is electrically coupled to the gate of the second
pass=gate transistor PG 2 as discussed above with reference to FIG 2. The
M2 | ayer conprises BL 440, a V,, |line 450, and a conplenentary-BL 460. In
this enbodinent, it is preferred that the lines on M2 are oriented such

that the 4Lngddidlpabufase § SlRA - I o5t qe unit.
cel | 260. Regardi ng?t he Bl 246 & V@Jpﬁdﬂﬁ&% g@f%ﬁg%ﬁ ?@1’(‘:@#1% lggetchg:%gﬁ 440
on M to contact line 232 on M, which is electrically coupled to the

source of dok i - ' r i SC with..
ref erence Ciogﬁlgﬁ(g) St%e @%gcarggpﬁgseﬁlgﬁ@?%@i tﬁ%@ij&fﬁ%—%ﬁ%&iﬁ@%ﬁ%ﬁ é)égc{%r%i Wi y
couples the V,, line 450 on M to contact line 210 on M, which is

el ectri calthfrégesR |ge;. bo the source of the first pull-up transistor PU-1 as
di scussed above with reference to FIG 2. Additionally, a via -16 453.
electrically couples the V,;~ line 450 to contact line 212 on ML, which is
electrically coupled to the source of the second pull-up transistor PU 2
as di scussed abovd&oghrding the complementary-BL 460, a via 462 electrically couples the '

q;amplementary-BL 460 on M2 to conrtact. line 236 on.Ml. The con't_a,ct' line 236 on M1
s elgéuigaﬂy couﬁled to the source qf the_'_seéond pull-gate transistor fG~2 as ciis‘c’:usSed’
~ above with reference to FIG. 2.
-AIt should Il;e noted that intra—céu connections 220 and224 _ax_;e ghbwh on Ml,
but no connections are made to the intr-a-.cell connections 220 and 224 fiom any other e
component or structure on M2 or M3 As noted gbov_e, the intra-cell connections 220

and 224 act to electrically couple various semiconductor componenté.

FIG. 5 is a schematic of a dual-port 8T-SRAM (8T—SRAM.)-. In operation,
the 8T-SRAM operates substantially the same as the 6T-SRAM described above, cxcépt e
that the 8T-SRAM includes two bit _liqes, two cbinpicmentary bit liﬁe:s; and tv}o_ word
lines. ‘The two bit lines, i..e., bit line A (BLA) and bit line B (BLB), and the two. -
compleméntary bit_ ‘]inc's, ie., complementary bit line A (complementary-BLA) and

complementary bit line B (complementary-BLB), provide data lines to read data from
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reference to FIG 2. . Regarding the conplenmentary-BL 460, a via 462
electrically couples the conplenentary-BL 460 on M2 to contact |ine 236 on
M. The contact line 236 on ML is electrically coupled to the source of the
second pull-gate transistor PG 2 as discussed above with reference to FIG
2. It should be noted that infra-cell connections 220 and 224 are shown on
M, but no connections are made to the intra-cell connections 220 and 224
from any astvitesloiago e T-SRAM.r UEhautve word\NBesyi. elyBrordind At Hbay §yord he
intra-cell connections 220 and 224 act to electrically couple various

sem conduct or conponents. FIG 5 is a schematic of a dual -port 8T- SRAM

( 8T- SRAMline|Br(Wp&h) secintmi the pess@TieSRMMs Dpebabagosibrhding and Witiihe same as the
6T- SRAM descri bed above, except that the 8T- SRAM i ncl udes two bit Ilnes

two conplenentary bit lines, and two word lines. The two bit lines, i.e.,

17 5 L 125 B LT
conpl ementary bit line B (conplenentary-BLB), provide data lines to read
data fr Ochéc;raance with one embodiment of the present invention. The S8T-SRAM cell
- comprises a first pass~gaté transistor PG-1, a second pass-gate transistor PG-2, a third
pass-gate trausisfof PG-3, a fourth pass-gate transistor PG4, a first pull-up transistor
PU—I; a second pull-up transistor PU-2, a first pull-down transistor PD-1, and a second
pull-down transistor PD-2 formed on a substrate. For illustrative purposes, rectangles
with no fill indicate contact lines form on MI. The substrate may be, for examplg:,
formed of bulk Si, SiGe, strained-Si, SOI, non-bulk .Si, or the like. The gate thicknesses
of the transistors are preferably less than about 1000 A and may be varying widths. The
first and second pull-down transistors, however, preferably have a gate width of less than
about 40 nm. The gate dielectric la.yer of the transistors may be a single layer or
multiple layers, wherein at least one layer preferably comprises SiO,, nitrided oxide, a
nitrogen-containing oxide, SiON, a metal oxide, a high-K dielectric, or a combi‘n'ation

thereof. Furthermore, it is preferred that the gate oxide layer has a thickness of less than

13 A. It has been found that using the parameters described herein, a memory cell may
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and wite data to the 8T-SRAM The two word lines, i.e., word line A (WA)
and word line B (WB), control the pass gate transistors to control the
reading and witing. FIG 6 illustrates a cell layout of the 8T-SRAM
illustrated in FIG--5in accordance with one enbodi nent of the present

I nvention. The 8T-SRAM cell conprises a first pass-gate transistor PG 1, a
second pass-gate transistor PG 2, a third pass-gate transistor PG 3, a

fourth page-fbictdd BiehS bOfreRGed ,m@;i&lhﬁxsﬁtoil%g{s 'dcagigciﬁaﬁ@é“%f $dsQ rthgg%’gc}utagd .

second pull-up transistor PU-2, a first pu o} transi stor
second pull-down transistor PD-2 fornmed on a substrate. For illustrative
pur poses, femptfanagl es wth no fill indicate contact lines formon M. . The

substrate may be, for exanple, forned of bulk Si, SiGe, strained-Si, SO,
non-bul k Si, or the |ike. The gate thicknesses of the transistors are
preferably | ess tpggqa}?out 1000 A and nmy be varying widths. The .first and
second pul | - down ably; e &irst pyllaipdransistos PA-Atang theasesond pralt-up wianiktoof <1 ess
than about 40 nm The gate dielectric layer 'of the transistors may be a
single |l a or myltiple layers, wherein at |east one |ayer preferably
conpri ses)é@rl%)ﬁfe RMQS frarsster iferanedain #1 prvedlehS& omtaidedpny-wekl ded tigi Gliera
netal oxide, -a high-K dielectric, or a conbination thereof. Furthernore, -

it is preferred that_the gate oxide | ayer has a thickness of |ess than
_transistors are NMOS transistors. The sources of the first pull-up transistor PU-1 and "

the second pull-up transistor PU-2 are electrically coupled to'a voltage source Vo contact

 lines 610 and 612, respectively, located on M1, via plugs 614 and 616. -

The drain of the ﬁst‘ puil-up traﬁsistor PU-1, the drain of the first puﬂédo%;ﬁ
transistor PD-1, the drain of the first paés—gaté transistor PG-1, the drain of the tthd -
'_ pass-gate traﬁsistor PG—3, and tﬁe gat'e's-o-f the second pull-up Hanéistor PU-2 and sécond .
pull-down transistor PD-2 are electrically coupled via an intra-cell connection 620,' also
}'efened to as node-1, located on M1 and plugs 621, 622, 623, and 624. Sifiﬁlarly, the
dram of the second pull-up transistor PU-2, tj:le. drain of the second pull-down transiéfbf o
PD-2, the drain of the second pass-gate transistor PG-2, the drain of the fourth pass-gaté:\"' N
 transistor PG-4, and the gates of the first pull-up transistor PU-1 and first pull—cioiwn
transistor PD-1 are electrically coupled via an intra-cell connection 625 .located on M1

and plugs 626, 627, 628, and 629.
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13 A It has been found that using the paranmeters described herein, a
menory cell may -1s be fabricated having a preferred nmaxi num st orage
capaci tance of less than about 1 femo-farad. Preferably, the first pull-up
transi stor PU-1 and the second pull-up transistor PU2 are PMOS
transistors forned in an n-well 650, or a deep n-well, and the other
transistors are NMOS transistors. The sources of the first pull-up

transi stor .PU-1 &hetdoarcsaxfahe fpstl fullugosit aasdisboPDAUis2elettcalll estplecad | y
coupled to a voltage source V,, contact 'lines 610 and 612, respectively,
| ocated on ML, via plugs 614 and 616. The drain of the first 'pull-up
transi st grouBd-V viahé domthet lmk @30end iphsts G301 and 6Dvaid the eousdesdfakie Robdd t he
drain of the first pass-gate transistor PG 1, the drain of the third
pass-gate transistor PG 3, and the gates of the second pull-up transistor
PU-2 and psBcomna tpatsistat@in2tis alesirkbldy cBipled & groah@ 84 vie &) soneetiphediyvi a an
intra-cell connection 620, also referred to as node-1, |ocated on ML and
plugs 621, 622, 623, and 624. Simlarly, the drain of the second pull-up
transi st and Pig? 634 hed €35i n of the second pul | -down transistor PD-2, the
drain of the second pass-gate transistor PG 2, the drain of the fourth
pass-gate :

The source of the first pass-gate transistor PG-1 is electrically coupled to a bit
line-A (BLA) via a BLA contacf line 636 and plug 637. The first pass-gate trénsistor
PG-1 electrically couples the BLA. to the drain of the first pull-up transistor PU-1 and the
drain of the first pull-down transistor PD-1. The gates of the first pass-gate transistor
PG-1 and the second pass-gate transistor PG-2 is electrically coupled to a word line (WL)

via a WL contact line 638 on M1 and plug 639,

The source of the second pass-gate transistor PG-2 is electrically coupled to
the complementary bit line-A {complementary-BLA) via a complementary-BLA contact

line 640 and plug 641.

Similarly, the source of the fourth pass-gate transistor PG-4 is electrically
coupled to the complementary bit line-B (complementary-BLB) via a
complementary-BLB contact line 642 and plug 643. The fourth pass-gate transistor

PG-4 electrically couples the complementary-BLB to the drain of the second pull-up
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transistor PG4, and the gates of the first pull-up transistor PU-1 and
first pull-down transistor PD-i are electrically coupled via an intra-cell
connection 625 located on M and plugs 626, 627, 628, and 629. -19 The
source of the first pull-down transistor PD-1 is electrically coupled to
ground VSS via Vss contact line 630 and plugs 631 and 632; and the source
of the second pull-down transistor PD-2 is electrically coupled to ground

VSS via V. ty 14 K Mg saurce of. the. -
First paseraardl POZ irdlfe B oftBd Sond Byl donEoriii PLS, PH festrd
(BLA) vi.a a BLA contact line 636 and plug 637. The first pass-gate

Ui |- up. ¢ o B R SR PR B R PhEea® St e Heee i oy

PD-1. The gates of the first pass-gate transistor PG-1 and the second

pass-gate Lﬂfﬁs ' qws[ el.ect & cQu t rd |i (ML) -via
a W. cont g%‘% | F]Ozgggcgﬁ(%n% f zgn{crjlgpa\t E%fgéé%cr‘rﬁlééjbﬁ rogce)[v@f X@rﬂ“ﬁ (§g§ndwig -
pass-gate transistor PG 2 is electrically coupled to the conplenentary bi't
line-A (CQ&HL'&SIPE% HiVg EAE'&A‘-)g'atg 'u%nﬁstSPﬁB'-aeﬁ%ﬁ‘é&ﬁé’m‘?&%&%&%@ § it-line B (BLB)
via 2 BLB contact line 646 agd'plug 647. V‘As discussed above, the drain of the third. .
_ pass;gatg '_c;ansisior_ PG-3 is electrically coupled to thc“gat.es of the second pull-up .
' transistor PU-?_. andrt‘hg second pull-down transistor PD-2, the drain of the first pull-up

transistor _PU;—I, the drain Qf the first pull-down transistor PD-1 and the drain of the first

pass-gate transistor PG-1.

One of ord;tna}y skﬂl in the art will appreciate that the above Sil‘_l.lCtUl"e dcf,fmes
;.aunit 01': mer-nory c;ell 660, as ijlﬁstrated by the dotted line. .The; uﬁt Cell_ 660 defines the
basic building block for designing memory cells and mgy:be duplicated to create larger
memqries. In the preferred embodiment, the length of £he Ionger- side of the unit cé]l o
660 is about 2 times or greater the length of the shorter sidc of the unjt ceﬁ _660_.
Morgover, 1t is preferred that the length of the shorter side of the unit cell 660 is about: |
0.745‘ pm or §hortér. It is also preferred that the area of the unit cell 660 is less than

about 1.2 ym* In the preferred embodiment, the transistors are aligned such that the



line 640 and plug 641. Simlarly, the source of the fourth, pass-gate
transistor PG4 is electrically coupled to the conplenentary bit |line-B
(conpl enentary-BLB) via a conplenentary-BLB contact |ine 642 and plug 643.
The fourth pass-gate transistor PG4 electrically couples the
conplenmentary-BLB to the drain of the second pull-up -20 transistor PCT-2
and the -drain of the second pull-down transistor PD-2. The gates of the
fourth pabsghedisaltaxineitht srureRErdinaeglonsre phiatlel tp deshgateider &ld &fiodellPG 3'
are electrically coupled to' a word line (W) via a W contact line 644 on
ML and plug 645. The source of the third pass-gate transistor PG3 is

el ectri caﬁg@ coupled to a bit-line B (BLB) via a BLB contact |ine 646 and
plug 647. As discussed above, the drain of the third. pass-gate transistor
PG 3 is electrically coupled to the gates of the second pull-up transistor

PU-2 and the seco rapsi stor PD-2. the ..drain of . the first
pul | -up transi st OMP&{{T’!H ?ﬁ@mﬁlﬁ Ai 7B nf%eél’flPr@fmﬁﬁlwlgb‘b\ﬁﬂe tqngn%‘?%;ﬁé - PD-1
and the drain of the first pass-gate transistor PG 1. One of ordinary skill
Int he arlbreﬂréﬂly%ﬂé bl b3 ;;[- Be asl.)u \Sft?atg,t rtlllje%éblfrr %rocwi(%{hllg eas large p-well
substantially encircling the n-well, on which NMOS devices may be formed. The
n-well 650 is formed on the substrate by performing an implant with n-type ions as is

“known in the art, thereby allowing PMOS devices to be formed therein, such as the first

pull-up transistor PU-1 and the second pull-up transistor PU-2.

Preferably, the NMOS .active area (e.g., the source/drain areas of the first
pass-gate transistor PG-1, the first pull-down transistor PD-1, the second pass-gate
transistor PG-2, and the second pull-down transistor PD-2) comprises less than about
33% of the area of the unit cell 660, and the p-well area comprises‘ less than about 75% of
the area of the unit cell 660. It is also preferred that the distance between the NMOS
active area and the n-well 650 be about 5 nm to about 100 nm, and more preferably about
15 nm to about 100 nm. The maximum distance between a p-well and a p-well strap
contact is preferably less than 3.6 wm and has a resistance of 6000 ohms, but more

preferably 4000 ohms. The p-well strap is discussed above with reference to FIG. 7.
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aunit -or. nenory cell 660, as illustrated by the dotted line.. The unit
cell 660 defines the basic building block for designing nenory cells and
may. be duplicated to create larger nenories. In the preferred enbodi nent,
the I ength of "the | onger side of the unit cell 660 is about 2 tinmes or
greater the length of the shorter side of the unit cell 660. Moreover, it
is preferred that the |l ength of the shorter side of the unit cell 660 is
about 0.745 gm oAltsdught garticuldr émbalimentproéftae imdntidrabatebesr dxcabed e - uni t
cell 660 is less than about 1.2 pnt- In the preferred enbodi nent, the
transistors are aligned such that the -21 |ongitudinal axis of the

sour ce/ dr détail méthi mfescnae éo ppaciid ehbddimeits, i hondderstsiddthanthet iheentiontis @et | - 660.
An n-well 650, or a deep n-well, is forned within the unit cell 660.
Preferably, - the substrate is a p-type 'substrate, thereby providing a | arge
p-wel | slibstedodrreapdndireghy irrscbpe) dut ineludesrad] ¢hanges, mbilidicatdSSantbagjuiedernmy . be
formed. The n-well 650 is fornmed on the substrate by perform ng an i npl ant
with n-type ions as is known in the art, thereby allow ng PMOS devices to
be f or medcéthiag ewithin sthe hspirit arve térmssef the claims appended hereto. . For example,

. different arrangements of the metal layers may be used. Accordingly, it is understood
that this invention may be extended _to: other structures and ‘mater_ials_,,_ and thus, the
speciﬁcaﬁgn and figures are to be regarded in an i_]lustratiye_ra!;.}iel_j‘ than a Testrictive

Sense.
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pull -up transistor PU-1 and the second pull-up transistor PU-2. Preferably,
the NMOS active area (e.g., the source/drain areas of the first pass-gate
transistor PG 1, the first pull-down transistor PD-1, the second pass-gate
transi stor PG 2, and the second pull-down transistor PD2) conprises |ess
than about 33%of the area of the unit cell 660, and the p-well area
conprises | ess than about 75% of the area of the unit cell 660. It is also
preferred that the distance between the NMOS active area and the n-well
650 be aBOHATISAThAWMIEDJdE: 100 am and nore preferably about - 15 urn to
about 100 am The maxi mum di stance between a p-well and a p-well strap
contact is preferably less than 3.6 .. mand has a resistance of 6000 ohns,
but nore preferably 4000 ohnms. The p-well strap is discussed above with
reference to FI hough particul ar enbodi ments of the invention
have beeg descré%F%%x eﬁ&@?ﬁﬂﬁnw th reference to specific enbodinents, it is
under stood that the invention |s not limted correspondingly in scope, but

i ncl udes al | di f| ons ui vgl ent com n hin the
spirit and te? \9%1?%{8%53\8{1%?1 WH@ Oy tagx h@W@%f er ent
arrangenents, of the netal | ayers may. be used Accor d| ngl y,. it is
under st O&Qq'sistor having an NMOS active area; and '

an n-well area having at least one PMOS transistor formed therein; and
wherein the memory cell has a long side and a short side, the long side being at
least twice as long as the short side, a longitudinal axis of the p-well being parallel to the

short side.
2. The memory cell of claim 1, wherein the memory cell is a 6T-SRAM cell.

3. ‘The memory cell of claim 2, wherein maximum resistance between cells p-well to

p-well strap contact is less than 4000 ohm.

4. The memory cell of claim 2, wherein maximum distance between cells p-well to

p-well low resistance strap is less than 3.6 pm.

3. The memory cell of claim 2, wherein the p-well area is less than about 65% of the

memory cell.
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that this invention may be extended to, other structures and materials, and
thus, the. specification and figures are to be regarded in an illustrative
rather than. a restrictive sense. WHAT IS CLAIMED IS : 1. A nenory cell
conprising: a p-well area having at | east one NMOS transistor forned
therein, the NMOS transistor having an NMOS active area; and an n-well
area having at |least one PMOS transistor forned therein; and wherein the
menory cell has a long side and a short side, the long side being at | east

twice as |@ng &hettemaheell obdldien 2,aviepsia odiithdle ffowh tedf whibgreR 1Mkl - bei ng
parallel to the short side. 2. The nenory cell of claim1, wherein the

menory cell is a 6T-SRAM cell. 3. The nmenory cell of claim2, wherein

maxi mum r eSM&XSaantiee et iedless tha doup7ighl to p-wel |l strap contact is |ess
t han 4000 ohm 4. The nenory cell of claim2, wherein maxi nrum di stance
between cells p-well to p-well Iow resistance strap is less than 3:6 pm

7. The memory cell of claim 2, wherein the NMOS active region is less than about,

| 25% of tl;g ‘membry. cell.
8. The mcrﬁory cé]l of cla@ 2, whérc_in the 'shdr-tA éidé is;Alcs's than ébdﬁt 0.485 IJ.IIL '

9. ihe memo;y cell of claim 1, wher;:ir_l the memory cell is an 8.T—SlRAM celii

--10. | The memory cell of ciaiin 9, wherein mammum résisténcg betﬁveen_ cells p—well to .
p-well strap contact is less than 4000 ohm.

11.  The memory cell of claim 9, wherein maximum distance between cells p-well to |

p-well low resistance strap is less than 3.6 pm.

12.© The memory cell of claim 9, wherein the p-well area is less than about 75% of the

memory cell.

13. The memory cell of claim 9, wherein the distance from the n-well area to the -

NMOS active area is less than about 100 nm.



5. The nmenory cell of claim2, wherein the p-well area is |ess than about

65% of the nenory cell. -24 6. The nenory cell of claim?2, wherein the

di stance fromthen-wel|l area to the NMOS active area is |ess than about 75
um 7. The nenory cell of claim2, wherein the NMOS active region is |ess

t han about. 25% of the nmenory cell. The nenory cell of claim2, wherein the
short side is |less than about 0.485 gm 9. The nenory cell of claiml,
wherein the nmenory cell is an 8T-SRAM cell. 10. The nmenory cell of claim?9,

wher ei n nigixi mifhereanstyartif bimdewheeld the PGS lattdvereyioh is 1sdstiam 1bomt act i s
| ess than 4000 ohm 11. The menory cell of claim9, wherein maxi num

di stance between cells p-well to p-well low resistance strap is |ess than
3.6 m 1Z3%bkthremmryeelll of claim9, wherein the p-well area is |ess than
about 75% of the nmenory cell. 13. The nenory cell of claim9, wherein the

distance fromthe n-well area to the

15.  The memory cell of claim 9, wherein the short side is less than about 0.745 um.
16.  The memory cell of claim 1, wherein the n-well is a deep n-well.
7. * The memory cell of claim 1, wherein the p-well substantially encircles the n-well,

18.  The memory cell of claim 1, wherein the memory cell includes a plurality of Vi

lines, the plurality of V, lines being located on one or more metal layers.

19.  The memory cell of claim 1, wherein the memory cell has an area of less than
about 0.4 pm?, at least one of the PMOS transistors or the NMOS transistors have a gate

thickness less than about 1000 A.

20.  The memory cell of claim 1, wherein the NMOS transistor has a gate layer and a
gate dielectric layer and the gate dielectric layer having one or more layers and at least
one layer compﬂsing 5104, nitrided oxide, nitrogen content oxide, SiON, metal oxide,

high X dielectric, or a combination thereof,



NMOS active area is |ess than about 100 am 14. The nmenory cell of claim9,
wherein the NMOS active region is |ess than about 33% of the nenory cell.
15. The nmenory cell of claim9, wherein the short side is | ess than about

0.745 tim 16. The nenory cell of claim1, wherein the n-well is a deep
n-well. 17. The nenory cell of claim1l, wherein the p-well substantially
encircles the n-well. 18. The nenory cell of claiml1l, wherein the nenory

cell includes a plurality of V55 lines, the plurality of WS |lines being

| ocated omjone ToE M@E@I@ﬂdhﬁy?rﬁerﬁ hemﬁnﬁ@@ﬁﬁbcﬁﬁick Splfﬁas?nbﬁ‘é m1,

wherein the nenory cell has an area o ess t out at Ieast
one of the PMOS transistors or the NMOS tranS|stors have a gate thickness

| ess than n%wnl@ﬁas@fh% JE%@@E&HWI@%@H &h@ﬁyer n%&&%cﬁiae NMOS

transi stor has a gate layer  and a gate die e ric gate
dielectric.layer having one or nore layers and at |east one |ayer"

conpri si nghiskdls ofMkdsithdes Rxi de, nitrogen content oxide, .SiON, netal oxide,
high K dielectric, or a conbination thereof. 21. The memor y cell of claim

1, wherein the nenory cell includes at |east one

22.  The memory cell of claim 1, wherein the memory cell has a maximom storage
capacitance of less than about 0.5 femto-farad.

23. . The memory cell of claim 1, wherein_ the memory cejl_ includcs at léa.st oﬁe bit
line, each bit line being paralle] to the longitudinal axis of the p-well.

24.  The memofy cell of claiin,l, wherein the memory cell is formed on a substrate

comprising bﬁlk—Si, SiGe, strain-§i, SOI, non-bulk Si, or a combination thereof.

25, The memory cell of claim 1, wherein the memory cell includes at least one bit e |
line, each bit line having at least one of a Vcc line or a Vg line thereof adjacent the bit

line.

26.  The memory cell of claim 1, wherein the memory cell includes a plurality of
metal layers, and the memory cell includes a bit line and a complementary bit line, the bit

line and the complementary bit line being on different metal layers.
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pul | -down transistor having a gate width of |ess than about 40 nmand a
gate dielectric thickness of less than 13 A. 22. The nenory cell of claim
1, wherein the nenory cell has a naxi num storage capacitance of |ess than
about 0.5 fento-farad. 23. The nmenory cell of claim1l1l, wherein the nenory

cell includes at |east one bit line, each bit |ine being parallel to the,

| ongi tudinal axis of the p-well. 24. The nenory cell of claim1l, wherein
the nmenory cell is formed on a substrate conprising bul k-Si, SiGCe,

st rai n- Si 47.Sol A mamerywkel c@nprising:a conbi nation thereof. 25. The nenory cel

of claim1, wherein the nenory cell includes at |east one bit 1|ine, each
bit line having at |least one of a V,, line or a V line thereof adjacent the

bit Line. 26.apvelneenhyvired firsoportioaiand 1 secshe P@Litiﬂn,tth@ﬁfﬁﬁﬁ@fﬁ}én 68Jihg 4 nCl udes
a plurality of netal layers, and the nmenory cell includes a bit line and a
complenentary bit line, the bit Iine and the conplenmentary bit |ine being
on di f f erfémst paseigale ttaayistos an@¥ firsApalbowy taesibtof drERecSidN®itich RviMgla area
having a first portion and a second portion, the first portion having a
second pass-gate transistor and a second pull-down transistor; and
an n-well area positioned between the first portion and the second portion, the
n-well area having a first pull-up transistor and a second pull-up trénsistor;
wherein
the memory cell has a long side and a short sider, the long side being at
Jeast twice as long as the short side, the short side being less than 0.485 pm,
and a longitudinal axis of the p-well being parallel to the short side
the gate of the first pass-gate transistor is electrically coupled to a
word line;
the soutce of the first pass-gate transistor is electrically coupled to a
bit line;
the drain of the first pass-gate transistor is electrically coupled to the

drain of the first pull-down transistor;
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first pass-gate transistor and a first pull-down transistor, the second.
portion having a second pass-gate transistor and a second pul | -down
transistor; and an n-well area positioned between the first portion and the
second portion, the n-well area having a first pull-up transistor and a
second pull-up transistor; wherein the nenory cell has a long side and a
short side, -the long side being at least twice as |long as the short side,

t he short side bei trﬁﬁ‘s‘?s of the
p-wel | being paral pg?gﬁ&t%fgﬁé; or?ﬁgf{%ﬂ tgrtlggf%?ﬂn{tc@{aﬁrps@bass gate

transistor is electrically coupled to a mord line; the source of the first
pass-gate tran¢|§&pr is electrically coupled to a bit line; the drain of

the first pass- gate transistor is electrically coupled to the drain of the
first pull-down transistor; the source of the first pull-down transistor is

electrically coupl g fQinbs t]}{csﬁ's{ b:%@dgate transistor, the drain of the first puH—up
| transistor, the drain of the first pull-down tragsistgr, the gate of the second
pu].l-dc?wﬁ- tIanmstor and _s.ecfond pull-up trans1stor are .ele_ct"dcgl}y cqu_pled;_
' the dram .Of the secoﬁd .pass-g.al‘:e t:énsistgr; the drainrof _the_:se;:_oqd
- puﬁ-up traﬁsisfor,-the drain of the second pull-down tr,ansiétor,’;he gat?o‘_f the.
o ﬁrst\pul}—-dg.wn transistor; and first pull-up fransistor é-r{.e_lélep-tridéﬂy.co_tlpled:;:_ -

- the source of the first puﬂ-up transistor is electrica]ly.coupledlto a Ve

the source of the second pull-up transistor is electrically coupled to the
Vee line;
| the gate Qf the second pass-gate ;ransisté;r 'is electz;iqa]ly cbupled to the
word line;
' the sourpe of the second pass-gate tran$§stpr is electﬁCgHy coupled to a

bit line bar;
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the drain of the first pass-gate transistor, the drain of the first pull-up
transistor, the drain of the first pull-down transistor, the gate of the
second pull-down transistor, and second pull-up transistor are electrically
coupl ed; the drain of the second pass-gate transistor, the drain of the
second pull-up transistor, the drain of the second pull-down transistor,
the gate of the. first pull-down transistor, and first pull-up transistor

are el ectrical |y coupliRdinin of R sSaU SOkl hankitrSt o8 Lo bRAShSLOT s

electrically coupled to a V,, the source”of the secon transi stor
is electrically coupled to the Vcc line; the gate of the second pass-gate

transistor is el %tdgdjﬁ@tmésgéwgﬁg éo‘%vr{tlf' swpid line; the source of the
second pass-gate transistor l'ectrically coupled to a bit line bar; the

drain of the second pass-gate transistor is electrically coupled to the

drain of the second pyldsuGRUBS IHeaRInd! ﬁad rR QM § et 3By 366800
puII-dovmtranS|stor Is electrically coupled to -
the Vg line;

a first axis along the source-to-drain direction of the first pass-gate
transistor is substantially parallel to the shorter side of the merﬁory cell;

a second axis along the source-to-drain direction of the first pull-down
transistor is substantially parallel to the shorter side of the memory cell;

a third axis along the source-to-drain direction of the first pull-up
transistor 1s substantially parallei to the shorter side of the memory cell;

a fourth axis along the source-to-drain direction of the second
pass-gate transistor is substantially parallel to the shorter side of the ﬁlémory
cell;

a fifth axis along the source-to-drain direction of the second puil-down
trans_istor is substantially pqrallel to the shorter side of the memory cell; and

a sixth axis along the source-to-drain direction of the second pull-up

transistor is substantially parallel to the shorter side of the memory cell.
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the V. line; a first axis along the source-to-drain direction of the first
pass-gate transistor is substantially parallel to the shorter side of the

menory cell; a second axis along the source-to-drain direction of the first
pul |l -down transistor is substantially parallel to the shorter side of the
menory cell; a third axis along the source-to-drain direction of the first
pull-up transistor is substantially parallel to the shorter side of the
menory cell; a fourth axis along the source-to-drain direction of the
second pas®- gatldetreansy s¢lbof diamsi stharin akistineabavba] bavellns a3gEf € side
of the menory cell; a fifth axis along the source-to-drain direction of

the second pull-down transistor is substantially parallel to-the shorter
si de of t H&apeeniaoy isdeds|thancahoutad090 xhm. axi s al ong the source-to-drain
direction of the second pull-up transistor is substantially parallel to
the shorter side of the nenory cell. 28. The nenory cell of claim 27,
wherein resi stance between a p-well to a p-well .strap contact is less than
about 400@9hmThe memory cell of claim 27, wherein the distance from a p-well to a p-well strap

contact is less than about 3.6 um.

30. . The memory cell of claim 27, wherein the p-well area is less than about 65% of
the memofy cell.

31. ~ The memory cell of claim 27, wherein the distance of thé ﬁ;ﬁell area fo the
NMOS active area is less thail”a.iﬁbut 75 nm .

32. The memory cell of claim 27, wherein the NMOS acﬁve region is _leés than about
25% of .fhe memory cell.

33.  The memory cell of claim 27, wherein the n-well is a deep n-well.

34, The mcmory cell of claim 27, wherein the p—weﬂ s‘ub‘stantiall-j cnéircles the
n-well.

35.  The memory cell of claim 27, wherein the memory cell includes a plﬁra]ity of Vs
lines, the plurality of V; lines being located on one or more metal layers.
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29. The nenory cell of claim 27, wherein the distance froma p-well to a
p-well strap contact is |less than about 3.6 um 30. The nenory cell of
claim 27, wherein the p-well area is |less than. about 65% of the nenory
cell. 31. The menory cell of claim 27, wherein the distance of the n-well
area to the NMOS active area is | ess than about 75 am 32. The nenory cel
of claim27, wherein the NMOS active region is |ess than about 25 % of the

menory cell. 33. The nmenory cell of claim27, wherein the n-well is a deep
n-wel i . 34. THa:enmemory oeﬂlofcl@ImQUamﬁﬁré’iﬁ,thfy\ﬁ@ﬁl@tyrteﬂﬂh@s&1!&%5 b guhgiantial ly
encircles the .. n-well. 35. The menory. cell of claim 27, wherein the
menory cell. includes a plurality of V55 Lines, the plurality of V5 |lines

bei ng” | oabowd 4 pmine leaist oreref HERMIOS wateistors okhe 8840 ﬂﬁnﬁﬁ%@fvﬁ%ﬂte of claim
27, wherein the nenory cell has.an area of |ess than about

Ieast one of the PMOS transistors or the NMOS transistors have a gate
thickness less than about 1000 A, and the memory cell includes at least one pull-down

transistor having a gate width of less than about 40 nm.

37.  The memory cell of claim 27, wherein at least one of the first pull-up transistors
and the second pull-up transistor has a gate layer gnd a gatg oxide layer and the gate
oxide layer having one or more layers and at least one layer comprising SiOy, nitrided
oxide, nitrogen contegt oxide, SiON, metal oxide, high K dielectric, or a combination

thereof.

38.  The memory cell of claim 27, wherein at least one of the first pull-down transistor
and the second pull-down transistor have a gate width of less than about 40 nm and a gate

oxide thickness of less than 13 A.

39. - The memory cell of claim 27, wherein the memory cell has a maximum storage

capacitance of less than about 0.5 femto-farad.

40.  The memory cell of claim 27, wherein each bit line is parallel to the longitudinal

axis of the p-well.



t hi ckness | ess than. about 1000 A, and the nenory cell includes at |east
one pull-down transistor having a gate width of | ess than about 40 nm 37.
The nenory cell of claim27, wherein at |east one of the first pull-up
transi stors and the second pull-up transistor has a gate |layer and a gate
oxi de layer and the gate oxide |ayer having one or nore |ayers and at |east
one |l ayer conprising Si02, nitrided oxide, nitrogen content oxide, SiON,
nmetal oxide, high Kdielectric, or a conbination thereof. 3S. The nenory
cell of clgi m Zifhe NbRIPEA @Fcl&&ﬁ@lt whBRiPhe kendr ESHt isfutthedio sibisansi st or
and the second pul I -down transi stor have a gate wi dth of .l ess than about 40
am and a gate oxide thickness of less than 13 A 39. The nenory cell of

claim 27, é’&%ﬁ‘%ﬂ%‘% gbhikeslﬂﬁma%aﬁﬁ‘si SOASHcR-FEK BIeFL Sb@bRgRocipaRit ance of |ess

t han about m o-f ar ad The menory cell of claim27, wherein each
bit line is parallel to the longitudinal axis of the p-well. -32 41. The
menory cell of claim27, wherein the menory cell is formed on a substrate

42.  The memory cell of claim 27, wherein the memory cell includes at least one bit
line, each bit line having a V. line and a Vi line adjacent the bit line.

43, . Thé-méiﬁory cell of claim 27 , wherein the memory cell includes a plurality of
metal layers, and the rﬁemdry cell inchi.d.es'-'z'i b1t line and a édmblémenfm;jk bit line, the bit

line and thé ucdmplemen't.afj bit line being ijmr différent metallayers o
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conprising bulk-Si, SiGe, 'strain-Si, SE@, non-bulk Si, or a conbination

thereof. 42. The nenory cell of claim27, wherein the nenory cell includes
at |east one bit line, each bit line having a V,, line and a V,, line

adj acent the bit line. 43.. The nenory cell of cl-aim27, wherein the nenory
cell includes a plurality of nmetal layers, and the nmenory cell includes a

bit line and a conplenentary bit line,. the bit line and the conpl enentary
bit line being on different nmetal |ayers. 44. A nmenory cell conprising: a
p-wel | a#éa havinemosy dellrcstnppioingi on and a second portion, the first portion
having a first pass-gate transistor, a second pass-gate transistor, and a
first pull-down transistor, the second portion having a third pass-gate
transi stor, aafpewell rephsangatfisttpostivel Siierscend porticke terfistpdriociontg a
transistor; and an n -well area positioned between the first portion and
t he second portion, the n-well area having a first pull-up transistor and
a secondfiptiphssegatd transia] Dsecondpassigatet thasivemoand adakd pulladoven fr@R@tos] de and a
short side, the long side being at |least twice as long as the short side,
the short. side being | ess than 0.745 prnz,

the second portion having a third pass-gate transistor, a fourth pass-gate transistor and a

second puli-down transistor; and
an p-well area positioned between the first portion and the second portion, the
n-well area 'having ;1 f’u:s-t pull-up transistor and a second pull-up transistor; -
wherein
the memory cell has a long side and a short side, the long side being at
least twice as long as the short side, the short side being less than 0.745 jm,
and a longitudinal axis of the p-well being parallel to tﬁe short side
the gates of the first pass-gate transistor and second pass-gate
transistor are electrically coupled to a first word line;
the gates of the third pass-gate transistor and fourth pass-gate
transistor are electrically coupled to a second word line;
the source of the first pass-gate transistor is electrically coupled to a

first bit line;

34



and a longitudinal axis of the p-well being parallel to the short side the
gates of the first pass-gate transistor and second pass-gate transistor
are electrically coupled to a first word line; the gates of the third
pass-gate transistor and fourth pass-gate transistor are electrically
coupled to a second word |ine; the source of the first pass-gate transistor
Is electrically coupled to a first bit line; -34 the source of the third

pass-gate {ransi sty 5. elfk LeSOUALALo! 8 cRoRaRPRGdEd Jd et the
upl e to t

drain of the first pass-gate @uruaszly 33 s el et ca he .
drain of the first puII-dovvn tran5|stor t he source of the first pull-down
transi stor 'Sse%x?fﬁﬁhﬁfal |y coupled to a V. line; the source of the second
puII-dovvn transrs 18 el ectrically coupled to a Vss line;

thp drain qf the ﬁr;t pass-gate transistor is clectrica}ly couple}t"l‘ to the. '7
| d:aln Of-thﬁb ﬁl-st puﬁ—down &ansistor;
the source of the first éull—doﬁn transistor is clcct;icaj}y_ coupled to a
Vg
“the sourgé of the se_cAond pull-down _tra‘nsistor_ 1s elecﬂicall_y coupled to
| a Vss line;
the drain of tﬁe first passfgatle tran;istor, the draip -qf the ﬂrét .
. pu]l-dox;vn transisf:or, the ‘drain of the first pull-up transisto-f, the ;gal_:eéf the
second_ pull-down trans;stor, the. gate of the second pull-up transistor, a?d the
" drain of &e third pass-gate tran_sisto;: are electrically COUpIed; ’
the drain of the fourth pass-gate transistor, the drain of the .?e?de
pu]_l—dov‘vn_ transistor, the drain qf thg sqcond'pull-ul? transiétor, the gate of t]:l_é
B ﬁrst pull-down transistor, the gate of the ﬁrst pull-up transistor, and the draln

of the second pass-gate transistor are electrically coupled;
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the drain of the first pass-gate transistor, the drain of the first
pul | -down transistor, the "drain of the first pull-up transistor, the gate
of the second pull-down transistor, the gate of the second pull-up
transistor, and the drain of the third pass-gate transistor are
electrically coupled; the drain of the fourth pass-gate transistor, the
drain of the second pull-down transistor, the drain of the second pull-up
transi stor, the gate tfe sohee of theffirstgtullpud frardisor it sleviscadlyaoypled® g¥i.e of the
first pull-up transistor, and the drain of the second pass-gate transistor
are electrically coupled; the source of the first pull-up transistor is
electrically couphgd to a V,,,, the source of the second pull-up-transistor
is electrically coupled to the V,~, line; the source of the second
pass-gate transistor is electrically coupled to a first conplenentary bit
line; the source of t He sboue bhtheassondgud-tpr tansisst dr eleciricllgcouplediol tie coupl ed
to a second conplenentary bit line; a first axis along the source-to-drain
direction of the first pass-gate

Ve line;

‘the source of the second pass-gate transistor is electrically coupled to a

first complementary bit line;
. the source of the fourth pass-gate transistor is electrically coupled to a

second complementary bit line;

a first axis along the source-to-drain direction of the first pass-gate
transistor is substantially paraliel to the shorter side of the memory cell;

a second axis along the source-to-drain direction of the first pull-down
transistor is substantially parallel to'the shorter side of the memory cell;

a third axis along the source-to-drain direction of the first pull-up
transistor is substantially parallel to the shorter side of the memory cell;

a fourth axis along the source-to-drain direction of the second
pass-gate transistor is.substantially paraliel to the shorter side of the memory

cell;
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transistor is substantially parallel to the shorter side of the nenory
cell; a second axis along the source-to-drain direction of the first

pull -down transistor is substantially parallel to the shorter side of the
menory cell; athird axis along the source-to-drain direction of the first
pull -up transistor is substantially parallel to the shorter side of the
menory cell; a fourth axis along the source-to-drain direction of the
second pass-gate transifftlosxis slosgtistsamice abdyaipdiredtioalof the sebendgudird®wn si de
of the menmory cell; -36 a fifth axis along the source-to-drain direction
of the second pull-down transistor is substantially parallel to the
shorter side of ttesixendyybstagially parllsl tsthe shorter siloofrhé henseueel- t o- drai n
direction of .the second pull up transistor is substantially parallel to

the shorter side of the nenory cell; a seventh axis along the
source-to-drain directdgixthakistalagti sodrqeassirgiatdretticensitsd seond pull-up
substantially parallel to the shorter side of the nmenory cell; and . an

eigth axis along the source-to-drain direction of the fourth pass-gate
transistor is substantially parallel to the shorter side of the memory cell;

a seventh axis along the source-to-drain direction of the third pass-gate
transistor is substantially parallel to the shorter side of the memoi‘y cell; and -
. an eigth axis along the séurce-to-drain direction of the fourth pass-gate

. transistor s substantially parallel to the shorter side of the mcmo'fy cell. -

45..  'The memory cell of claim 44, wherein resistance bém(een ap-well to a p—WeH

 strap contact is less than about 4000 ohm.

46.  The memory cell of claim 44, wherein the distance from a p—We]l to a p-well s&ap

contact is less than about 3.6um.

47.  The memory cell of claim 44, wherein the p-well area is less than about 75% of -

the memory cell.

48.  The memory cell of claim 44, wherein the distance of the n-well area to the

‘NMOS active area is less than about 100 nm.
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transistor is substantially parallel to the shorter side of the nenory
cell. 45. 'The nenory cell of claim44, wherein resistance between a p-well
to a p-well strap contact. is. |less than about 4000 ohm 46. The nenory
cell' of claim44, wherein the distance froma p-well to a p-well strap
contact is less than about 3.6um 47. The nmenory cell of claim44, wherein
the p-well area is |l ess than about 75% of the nenory cell. 48. The nenory
cell of claim44, wherein the distance of the n-well area to the ' NMOS

active ad®a iBhd BeMofyedll cHeliit 410Ohein th8NMOS adiive rogioR islesehdn abbutc| ai m 44,
wherein the NMOS acti've region is |less than about 33% of the nmenory cell.

50. The nenory cell of claimd44, wherein the a-well is a deep n-well. 51.
The rrermgy:;;,gg{ﬂe Bémelydel 44, wherein the p-well substantially encircles the
n-wel | . . The menory cell of claim44, wherein the nenory cell includes a

pIurallty of W5
50.  The memory cell of claim 44, wherein the n-well is a deep n-well.
51. The memory cell of claim 44, wherein the p-well substantiaily encircles the

n-well.

52.  The memory cell of claim 44, wherein the memory cell includes a plurality of Vg

lines, the plurality of Vi lines being located on one or more metal layers.

53.  The memory cell of claim 44, wherein the memory cell has an area of less than
about 1.2 pmz, at least one of the PMOS transistors or the NMOS transistors have a gate

thickness less than about 1000 A.

54,  The memory cell of claim 44, wherein at least one of the first pull-up transistors
and the second pull-up transistor has a gate layer and a gate oxide layer and the gate
oxide layer having one or more layers and at least one layer comprising SiOs, nitrided
oxide, nitrogen content oxide, SiON, metal okide, high K dielectric, or a combination

thereof.
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lines, the plurality of VS$ lines being | ocated on one or.nore netal

| ayers. 53. The nenory cell of claim44, wherein the nenory cell has an
area of less than about 1.2 nR, at |east one of the PMOS transistors or
the NMOS transistors have a gate a thickness |ess than about 1000 A 54.
The nenory cell of claim44, wherein at |east one of the first pull-up
transistors and the second pull-up transistor has a gate | ayer and a gate
oxi de layer and the gate oxide |ayer having one or nore |ayers and at

| east one.Layer, conprisi | 2...nifride xi de i . i de,

S O ot 27 oty el g Al ool ol PP SO e G

The menory cell of claim44, wherein at |east one of the first pull-down.

transi stor nd th ond, pul.l. - down transi.stof; h i | ess

than: abouraBR el A A50E sRit e AR BL Y ar E B AT s e ' T2

menory cell of clai m 44, wherein the nmenory cell has a maxi mum storage
‘oxide thickness of less than 13 A. |

56. o The memory cell of claim 44, wherein the memory cell has a maximum storage
capaéitancé of less than about 1 femto—far_éd.

57. -* The memory cell of claim 44, wherein each bit line is parallel to the longitud‘i'naI
axis of the ?—weﬂ. :

58. - The memory cell of claim 44, wherein the memory cell is formed on a substrate

comprising bulk-Si, SiGe, strain-Si, SOL non-bulk Si, or a combination thereof.

59. - The memory cell of claim 44, wherein the memory cell includes at least ore bit,; Lo

line, each bit line having at least on of a V,, line or a V line adjacent the bit line.



capaci tance of |ess than about 1 fento-farad. 57. -.'The nenory cell of
claim44, wherein each bit line is parallel to the |ongitudinal axis of the

p-well. 58. The nenory cell of claim44, wherein the nenory cell is
formed. on a substrate conprising bulk-Si, SiCGe, strain-Si, SCS, non-bulk
Si, or a conbination thereof. 59. .. The nenory cell of claim44, wherein
the nmenory cell includes at | east one bit..,:. line, each bit |ine having
at least on of a V,,, line or a Vss |ine adjacent the bit line. 60. A

oo, di ndCh o B IR et DB A BOTRR Rk et O

p-type substrate; formng in the n-well a first pull-up transistor and a
second pull-u NS p-well a first pass-gate

transi stor, &Jse{élgl” a;%g)@e s?rra{é'rt{é lgrs}jt%gl,%ua first pull-down transistor,
and a second pull-down transistor; wherein the menory cell has a shorter
side and a Io ngagql E]Pﬁlth@ es%lbgt?atebel ng at least twice as |long as

t he shorter Wher ei n source to-drain axis of each transistor
is parallel to the shorter S|de

forming in the n-well a first pull-up transistor and a second pull-up transistor;

forming in the p-well a first pass-gate transistor, a second pass-gate transistor, a
first pull-down transistor, and a second pull-down transistor;

wherein the memory cell has a shorter side and a longer side, the longer side
being at least twice as long as the shorter side, and wherein the source-to-drain axis of

each transistor is parallel to the shorter side.
61.  The method of 60, wherein the n-well is less than about 65% of the memory cell.

62.  The method of 60, wherein maximum distance between any p-well location to a

p-well low resistance strap is less than about 3.6 pm.

63.  The method of 60, wherein the distance between an NMOS active area and the

n-well is less than about 75 nm.

64.  The method of 60, wherein the shorter side is less than about 0.485 pm.
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61. The nethod of 60, wherein the n-well is |ess than about 65% of the
menory cell. 62. The nethod of 60, wherein maxi num di stance between any
p-well location to a p-well |ow resistance strap is |ess than about 3.6
p.m 63. The method of 60, wherein the distance between an NIVICS active
area and the n-well is |less than about 75 nm 64. The nethod of 60, wherein
the shorter side is less than about 0.485 tm 65. The nmethod of 60, wherein
the n-well is a deep n-well. 66. A nethod of formng a nenory cell, the

met hod conpri sj t he .s s .of . roviding,a p-type substrate having a
p-wvel | ; f(%gm' ngﬂ%@e&o@@&g&meg%t Iy lssag%eﬂ’r%é?’éﬁ- formng in the n(::]wel | a
first pull-up transistor and a second pull-up transistor; formng in the
p-well a first pass-gate transistor, a second pass-gate transistor, a
third pass-gate transistor, a fourth pass-gate transistor, a first
pul | -down transistor, and a second pull-down transistor; wherein the
menory cell has a shorter side and a |onger side, the |longer side
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being at least twice as long as the shorter side, and wherein the
source-to-drain axis of each transistor is parallel to the shorter side.
67. The nmethod of 65, wherein the n-well is |ess than about 75% of the
menory cell. 68. The nethod of 65, wherein maxi nrum di stance between any
p-well location to a p-well low resistance strap is |less than about 3.6 m
69. The nethod of 65, wherein the distance between an NMOS active area and
the n-well is less than about 100 an. 70. The nethod of 65, wherein the

shorter gede xS b638 of AiADP Mkl /4D, boMBinadalbing HEdEh00 of 65

wher ei n e n-we

providing a p-type substrate having a p-well;

forming an n-well in the p-type substrate;

forming in the n-well a first pull-up transistor and a second pull-up transistor;

forming in the p-well a first pass-gate transistor, a second pass-gate transistor, a
ﬂ]jr_d pass-gate transistor, é fourth pass-gate transistor, a first pull-down transistor, and a
second puIl—doWn transistor;

wherein the memory cell has a s‘horte; side and a longer side, the longer side
being at least twice as long as-the shorter side, and wherein the source-to-drain axis of

each transistor is parallel to the shorter side.
67.  The method of 63, wherein the n-well is less than about 75% of the memory cell.

68.  The method of 65, wherein maximum distance between any p-well location to a

p-well low resistance strap is less than about 3.6 pm.

69.  The method of 65, wherein the distance between an NMOS active area and the

n-well is less than about 100 nm.

70.  The method of 65, wherein the shorter side is less than about 0.745 pm.
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71.  The method of 65, wherein the n-well is a deep n-well. -
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