United States Patent

[19]

(11] E

USOORE36440E
Patent Number:

Re. 36,440

Lee et al. [45] Reissued Date of Patent: Dec. 14, 1999
[54] INTEGRATED CIRCUIT SRAM CELL 5,517,038 5/1996 Maeda et al. ....ccooevvvvvvnvvninnnnnnns 257/69
LAYOUTS
|75] Inventors: Soo-cheol Lee, Scoul; Jun-eui Song, Primary Fxaminer—Sara Crane
Suwon; Heon-jong Shin, Seoul, all of Attorney, Ageni, or Firm—Myers Bigel Sibley & Sajovec
Rep. of Korea
[57] ABSTRACT
| 73] Assignee: Samsung EKlectronics Co., Ltd., Rep.
of Korea Integrated circuit SRAM cells include a semiconductor
o substrate having a field region and first, second, third and
211 Appl. No.: 09/176,158 fourth active regions therein. The first and second active
22| Filed: Oct. 20, 1998 regions each include a horizontal leg and a vertical leg and
are mirror 1mages ol each other about a vertical axis. The
Related U.S. Patent Documents . . . . L
Reissue of third and fourth active regions each also include a horizontal
(64] Patent No.: 5,742,078 leg and a vertical leg and are mirror 1mages of each other
[ssued: Apr. 21, 1998 about a vertical axis. The integrated circuit SRAM cells also
Appl. No.: 08/663,326 include first and second vertically extending gate conductive
Filed: Jun. 7, 1996 layers on the semiconductor substrate. The first vertically
|30] Foreign Application Priority Data extending conductive layer extends vertically over the first
Aug. 31, 1995 [KR| Rep. of Korea 0578487 active region horizontal leg and extends vertically over the
? third active region horizontal leg. The second vertically
(51] Imt. CL® oo, HO1L 27/148; HO1L 27/10; extending conductive layer extends vertically over the sec-
HO1L 29/76; HO1L 27/108 , ‘ ‘ _
52] U.S. CI 257/202: 257/204: 257/206: ond active region horizontal leg and extends vertically over
157 /396; 157 /QOé; 157 /906 the fourth active region horizontal leg. Accordingly, the gate
(58] Field of Search .......cooooooveveeeeenean... 257/202, 274,  conductive layers are formed perpendicular to the horizontal
257/318, 319, 365, 371, 377, 382, 206, legs of the active regions, so that the process alignment
278, 390, 909, 204 margin 1s large 1n the longitudinal direction of the active
(56) References Cited regions. A high integration density may thereby be pro-
duced.
U.S. PATENT DOCUMENTS
5.414,653  5/1995 Onishi et al. voveoevevereerrerrnnan, 365/145 19 Claims, 11 Drawing Sheets
72
12 58b
58a 57 |

lllllllllllllllll

"l ya

- "'q..".."

—
L]

FOVX agpaesisf)

g

::.."'-

Lo
£

e
%

L
':'l

35
X

o,

o o m L LA 1f1f:bﬁhﬁﬁﬁ'

- .l .. 10 ‘s lr:.:-"
A I
' -f::s‘}%

r -:1,_
] -:'I"_‘ a >

TN >
$raf t
ak -i.'..',‘ ’

L
gt
>

62a

¥y
-, *_'l - \

97

Bl 4 .
AL
T e
f*.:a:'s ;:'.‘;s:i:f{{s SN
AR o)

W
l'i’nr”mﬁu_.: 0P
l'illllllll | l'l:iﬁilitllti ‘ '/’ i.ﬁﬂ'

70

X
2

&y @
-F.Lﬂ"
-
(X

ﬁ

-»

>,

'I.*l

-

&

* .l

"l' ..I
4

)
A

¥

.1-‘-- v ) ;'-

LI ML W

‘:",.

*

ea 8 4

e’

&

SNTACre

e

*

e

o

X

| ] "
-.$ -
1 -"#‘ "1 g

' )

o’

i,

[ 3

»

%

-l

.....
-

........



U.S. Patent Dec. 14, 1999 Sheet 1 of 11 Re. 36,440

§ FIG. |
? PRIOR ART
.
10
FIG. 2
? * PRIOR ART
24
20
FIG. 3
PRIOR ARIT
;

34

7

NN
NN

32

AL



U.S. Patent Dec. 14, 1999 Sheet 2 of 11 Re. 36,440

FIG. 4
PRIOR ART

"R (.;ND ;
.m‘em
l@h\v

G hasa
L e
'I- . -l [
[ ]
[ ™ l. 'l
. "’. '."-l
» - * e
2 a o "
..'- > - -
E |
‘ il B .
-
.I.... :.' L] L
-
I-'l" 'I. > .
T e o N o *
& -
'.I t' "'l : L
hL® & ag ¥ -
ot vy nat *
L | L
P L -1 .
[ ] s ¥
Ly oy g, i A—
wh P gas
e agl Taly
. «n %, ST,
sy T & e ¥ K - . * ‘s ii‘l... i i.-l.'--
bl o dg hav g .-ul." . » - i
. ] L Y . .
’ :- Y . B8 & s 79 . .. .l R
- ¥ 2 & .' » | - ] .._-
| W T ] 51 i - B | J
v o' 1 A




U.S. Patent Dec. 14, 1999 Sheet 3 of 11 Re. 36,440

FIG. S

42 \'

7
g NV



a0
0 A

Re. 36,440
62 b

"ok, (LAY t._.._.._.u

VMM__,. AU Ll._n

Sheet 4 of 11

Dec. 14, 1999

A
&2 5N
& & ’ 5 ol
t\\\\‘ o
SR ¥y i,\\hf mm
X #ﬂﬂl ==
SN
. .mwmh_*." s _., K r 8 :
P TISLEARENY AL AT RIS S
il SR i & B, N, ”ll“ll"l_ - '“ ’
i e PP s SIS A SR s S e
. i..iﬂi..ﬁb..!m.?ﬂ ..@n'“li ® Ve e » Y L L X X
D T R RN RBAAN” OO
A N AN AL B %%
ré“(ﬁ Auv RO X
S— 8.0.9.0,90.0.90.9, _.o...-..oonwc "COn e’ se o v e vee o eon
nrw -mit- -wrﬁrirjaﬂthJLJ\— Qrgjufsrmr)tpo
LL Blovre e KX XA G LA B
?.V-V XL LA RN ATATIAS A AP AL
u"-“ " _alllc‘“ l“.“““‘.t“ﬁﬂ.m. i ......I% /- .‘t#ﬁ_
R e b DG, G, K S AN RS o0pscel
tam ¥ oy T N s e Pl B @@, L T Sa” -
=i o e ARES\\\}
S = ey ) e .
wlhm,_‘; 7 3 A\ .i
it = 2
» L "“' 3 “ .. . P — »
= e I Ak Ay =2
®

'5"'5
% el
A

f

I’-l’i
c"’se‘ 4

LT L
QUL
)

AN

A
TR

ETeEBEE

diit s ltﬁnln!i

\
'y

'4
¢
)

A LXK i..ﬂﬂ.ﬂ.ﬁlwln.“-ﬂ:ﬂ-“—uﬂlﬂll
ST RN
I

l
..
A

|
§

|

I-‘l‘"

'
¢
;i_-;t

3

3
}'i %

Y%
R
111

‘HI

%
!

>
tA;

P LT L e

U.S. Patent

10



U.S. Patent Dec. 14, 1999 Sheet 5 of 11 Re. 36,440

77 .77

{
%//%.  Drea

FIG. 9a

S1




Sheet 6 of 11

O

o § -
o a0

N
QQ

84k
18

NN R T _
NEARNAS %// Wn,...ﬁ"“ - Lol L
\

R M P OO e OO0
N7
,,/w\x%

¥ r i .-_-.J_._-__-_-.-.l_-_.-
L RN ERETEEE

o0
n_l

Re. 36,440

7
___q..___..

If"..'l.""

lrn-_

d - i
»

a a __.._._“-__“-.“n“_..“-_ !
B s e e A e oa
B® r kB ERPT N
£ " s e s EU P
P s v g e sl
' EN L BN N NN
N N

Yegws

. -._.. -... ....1. - R . o ..\\-. I o .
eI " ._._'.“_i. ..\“\ﬁ.\uq.“mﬂu...“vq\ h I ANMEARNETEALENELENRSN
. .. e S e e e .-I”...____._.“..”x”t“._”.____”.._”.......,_“.ﬁ\.n_‘___.“__._ﬂ__x., _.\-\\_“ R “

L EREREEN LERERES SR D,
.l..”r. [

ana et ety A N AP AR

7N
RN

et Tt N b

=3l

R AT

" Adimy =g
L ]
L |

FIG. 10D
FIG. 11b

r # 3 % - -
F o o v B b F & & w3 g il
riaodq ._-_l-.-.-..__i_ I.u_.._-ri._.l._.-.-_.- _
LI IR RN AR I RN Y
FET rur o4 » b & T Bow

.._-.- -I-iil-_-ﬂ- ﬂ.-a_-r.-_
_l_lli.-l.l....t-l.-l & 4

"Ik l. - oA ) Il.II.I. ] 1.-__Illli. .'_-I [ .-I llll... ™ ) .._.m__. ,
¥ e _“_l_-...-i.-k- e aate ._.I.J-_ AR _..-._._-L__.__.._\\ Sl A “rE
L _-_-t,-l_.--_--__..I-t--_-.-.- TR V-__-l
- . o o 4 @ ¥ F AT F R R Wy FEEARS ol L____.\... e om
‘.‘UII.I__ md s '_l..i-_ I.l. .--i.l .._.l.'. I.II-I.-I.I-_ amr H:f. o L FE I B
l-_ L ) l._-.l._, -_.__l-_ -_ii --_- [ ] ._.iu s Fa _._ill_ - o R o _:.Jo
* F" Wi F  THERWFUNODNE EBFARSE L T T /

3

= - 1 .
_.qul.l.-....h-tl'

Dec. 14, 1999

1. .-.-l-._j.l._-l___
Wi aAm LI N ]
.ll.ll-..lil.i.t.....l‘_

FIG. 11a

FIG. 10a

TG X .
R Ak T Ay a x
SRR v

_..-.ll‘_-_ -_._n_-_.._t_-_l_-It..-Uv._ -.._..r._--l V

— —————

s
DO
Q©

U.S. Patent



U.S. Patent Dec. 14, 1999 Sheet 7 of 11 Re. 36,440

FIG. 12b

P3  PL

o L) A e : -- - TUNT; Sotetety s | Zeveretss
e AT LA DAR XA o ""::.
bLEhEr sa¥Vihkd be iy ak e frgtisckblth Lty i1 "‘. illl-l as -
I aen-tindIbif; thr“””;*l“llttlltii*l ..‘f‘ §idif e
N Y TR X IS FRER AR E LN 1 =
Vit l.iJ;I‘LI:I..' *i_t.lhl_'t}..'l!'l.il“ b‘?“l rt.il 'l' ﬁr I _j\ '::E-
TSI uurunhi;‘ilnls_u‘lrlrl \4. .\.:"\ ”“I:H".""{ | '::h*\. sus “““ﬂh[i\ Aiit

P B e AF LR AR AR Y Tt RN R
-'-'r'ln-;h EdFthantantaniitisably \i. a Y FEPFATET ETLIY '-"'\-'\‘hli TEILONEL VS l“"l" .

carhirg IlilllllHiidll*lil'lil‘“‘ “etm" TYI AL IR 'l..‘fﬂ: K HHH'-H de('
...IJI'... :.ti]::“ll::”lr“-”” SFITTIIAE TSI _‘. "{HHHHH.H' L

: : ' e b iR » 1I"

AL NENEY DRI RN T T HITTLILIL --n--
ITHNTTER LY f 'r,iu.nunl'l h" ,, *
l A ”“TH”“l“:I‘; Tattbibiabv . -t
S = T LIFBIRIRaaL N l4 ki ::--
ien TR T LRI [N

T NIRRTy Ty EER LIRS TIRERA])
thjser seaciobliabi Mpraspinngead
1% o0 k-0 e by M Biw BTRIRLL T iR AN
Fha om- [ AT SRl FESNRINE]]
k4 PR Y LN F AR AP L)
ML, Tt 1 AH T LLErEI
dd e L awiivi RS IR R RET: I
bardy =7 ol ST RRAY RN ENL N TR
a0y eEd - . TISNR ST RN NETERAT
FRAa e HiwBF LIl n
N T - i Gt i
'y . i . A LEYLIEANRRE NS
Lev s vl aren! YRS INRE R RRNNY :

SRRV IL vl TR tpl v R B YRR NI
:h‘.;*|| ' Ve, - - % ‘fl'llli|iltil1-ITU' "'l-i"ill-
TN S EEE R e ! - rrEr vl n (I B I
1kidinti " R RS ERTERRARANY FNE fidtuug

YR A 1L IANEY, *hllllllilﬂilli—l f.-i o

LTI IIN I  E L TJaihendndirenil -
'AI“.I".“l-“":‘ III| IS SYRTRARERN RN -.-'h

. Vil g -Illiuurnn.nr "
-:'-1::,' e xR ,l; =| ulbnriullul 4 ",‘;{:‘$
" -'i"l'-lﬂl R W "1".-"-'-'
A oy
" ateaki-ibgidi, R L
ffii-;u-hfffffff f .
'.i'll iPELITETY "y ‘i‘.- ﬂ‘i‘ﬂuh LI Y H ‘_
irtlr l,‘; ..;_’,‘,'I;I “ » : ..-‘-k' r ff i'-l"'f" ifi‘-l .
l.1|1||.4.., ““f .".‘_ \I hilnlhlﬂ”-ll 1.
1 t 1 Il||-!|‘ l

?:

i'li L

Y

&% + a i & d

'll-'l'-l'l
I I BN W

Ao A

L

F

LW
. _Er

a B ¥ F XN
-"‘.I...

N
I
'q-
-
-~
-

A

-
i"l "'._l"j .Ii';
'r" f‘{:ﬁ ]

ll"‘ .

P

FREp T S S nliinkitnin RIS ERT

1. 301K i I N P pleridtannd  jLinE] AR R NN EY

SFTENRINY - AR  Penaal Ergg i Ty RFELY NN IF SRR LLE e - , 4 "

Flij-=u ska T e s T EL ANIITEL, IYRRR NN PRI T L - ¢ P i el ,f
- N W N A ; : . A s PERERENERERR Y] Eydpad kel - o

F i l‘ﬁ‘l
TR - ' : ' L, bl g o ERT T I I B

' U ||.H""'
IILI-:'IIJr frigadtin ]

. k o r " . J 1ehs rirel
VEH Tralibed .J.' Y et St l-'l:nnnrl
prata gt '1..-".4‘['-*1' cahk ! ) - : FhdtgbEad
T1Ei1 L. gy i - - - . .

4w dcaiirll
"..|I|'1-.'.': y Yo S NI LA A R PR RERRL LRI YRR LA RN RRAR Y
T I T L ve n cw e aem et cVERRPREPVE R EIN P E R bk RN rEERELOY
T30 O . ol v s .|-r|11l|HLIH%II."II'I-H-I"I"Iﬂ'Iﬂih-HII"IHH‘II'
T RTEE I N T IR T S I O elpid i p AR LRI R e PR R AN ERRE R
Fhdd .o R TRITE B . TR LR TR T AN T I L PV R I RR RN RN NREL ] |
TR LR i : t AR RFRER NS RRRY ]
rf:lﬂlh} ceg bl wWarsddarigl

villar 1 _.:',. y Ehro b kY

'.ntl;ih..-nnnu:n ||' : C o mow ..F*JHHHIHIIHHHHHII
. Jn. . . r e

Mltiaal bt b T e Ly e Ty TheTVEFERLI gl hnkLd

A ARNENLY X X fi’fflfnfi’!ff
r{lrrq:qﬂffif\ \1,11,1.;‘1::1(#\%\ hhh\i\\\\\i\i\ii

P f
.‘ 1- 1 " f -' T N 4‘:- . ‘l‘{; u".‘x\“i !‘fiil'. " ‘\"r‘

r:rr o'

SRS t / / 1.1.“1.“
Y i e

l""l':'l"*:" *'.‘f‘l'."r't'l' //// // TIXOTT)

3 I3 B R IR v launibapandnk
L I B - a1 bheldplodin)akk
ul:nlui Iﬂl eFRIRITRINbI AR

TR TYRREIT !
.l:-l.l-ltlr‘rlftrilll AR AR

L X}

FIG. 13a FIG. 13b

9?8 92b

. o . :
86a 2 ] ;
:: ::: illlli_l_!_lll!".lrillt ;‘l'q‘l‘-.l‘l‘lrlilll 1! 'q.:-: .4 ! B L b
L eases [ M ", biffs },,q,f’r i
s o (i : [ml;\'.‘\\
l :; .“ : illltfuuuufih ' -I l’ Iinqullu'l
b ™ v, LI TN I PR "n\-'l'l"'-nrnr-nf .
- r-;:nnnnn:-l. 4 ",:'"lulu LI 76
RPN TIREARTY ¢ phrelipisa ) Fov A,

ARYANA LS o ".!."\"-"““““

923 92b

LR LN S

'EREER N
sk & & B &4

L T I I
.I‘-IIII

d 4 & & & B 2 4 1L
llllll'l-'llil"l'

IIIII-IIJ

v
n
N ALY XA o ; B 6 b
. uuuu . . N
o '-r .IJII -’-"i';.I » ’i’i’ifllltlllilnilllil
‘ . "' nul FITRECRINEND! TR LY ILT 1L
e e ‘.lnmnn REREET] gbvnnpibengl yrd
_.!',l_l_ dansd worhideninby IR ISR RIE FI L
i AR S NIRRT NN mnmm nu
t :‘: |j|1‘ ||‘|‘l||liil I:I-IIIIIHlII lll
"a'a

Lt -
FALANAR LY
'1I ‘1I~.| rI \Iliullltl ‘.}" - '}:" 444 J' ‘£ l' J':F

y) v PARARA ALK I
llulllll'l. 4I|I|I|'I *I|| .\f‘.. 5 F } F J F L J . .:_.-"’

.. A & L BN
| B BN B B
f ¢+ 1 B =
LY -'I‘I‘ a
q:ﬁ‘-i'-- [ ] ll-_l'l_"llﬂ' 1

h . 1 ] .-- - a
¢ Errolwlnesniste,
Y |]I1.1..I'Hrllll1llll_]_h"’? Ililll*lhﬂj J-F]::_p}_:,_
....-"' ff!llln'f-"-.. w7
‘i‘*ah”.w... : AR AL AN
¢ u,”:{l‘{ &'1: .:t'. rf‘:_,‘r‘ :-:.HS&:.} }: VS 2
' I'I‘H\: \ o ‘e " "‘\ 0
"i-‘ f".l-.‘ .. '- '.".' ¥ . "
] !.' W Y '1'\\ \ f:lft :ﬂ"}: ; » :i 1_ : ."','*':":" "'I- ‘l *,m"_w.h,‘:-..'_ﬂ--..,lhh ".a Iﬁi’}d’__'

. "'.F f,-'-rili.iru

' _' ' & . / 1
r "I'I"I : : / . " o ﬂ"-”-l'
. tppbal g
Bibna i i rer QA1 I0E
LT | niljlapdin

TEEEIPNASR RN RETERAN B 4 o f.f rd i-t', ‘llt TN N RN R

N1 1T Iill-lli-l-ilil-ll'il““ i\‘l‘l'l\ "“*‘H\\HH;I“ sbebi3lidENNI

o .‘:.‘:.H‘ h""”* W Faresevdé
AN "\"Jt' A ’n‘\' +".i.\'k\t- Cana ~‘-f~. ARAAAAAS

‘WA :-:l.u‘ﬁ\l‘m &~ ,-ri:-i'u:ul:::j N "~

XN ,ﬁf/ 0 SN
9.8, XX :"? ; ? : / _ % V.9, ﬁ A

98a /]

FITE

98b
84d



Re. 36,440

Sheet 8 of 11

Dec. 14, 1999

U.S. Patent

FIG. 14

120b

102

120a

7

L2\ NORNIAASSS ...........u..""........m

e kR,

+
&
|
@
»
&
]

Ly [T —————

- ] & [ TR Y w
e L
N S : 1

H i

B
-r'
.
.III"'-.'ﬂl

- & W
-
PR
& el s S, h" F
." ". .
Hl.l.#r_." .' -i
oo - e

RS AT " ey

YO ¥ 400
L1 S YUY

i Bk B o

:
“ =

ol
i“fﬂa
!

- e R
22Ty
L) &
NI

T T 1 X%

i
2
w
L]

e e Ty PRy W L
IO \Wﬂ/ (N Cowmm o wow Pt

XEDPRIIRD, |
e LS o et e

SQOOGOOOOC o s % e " s

AR
Mﬂ.n. g..u.u.“.“.u.ﬂ.u.“.u.

S &I
A

ol .

0. Q

20

%% %% \
- * 44
pony” e o

I £

L]
?J.- a.n\.f
N w%.......,.p/
l_l_.rl&l
‘e - Tap A’ &'

s
SRS

A& A v ip.

.ﬂc!.-lh.ﬂ.. Y

1 e .ﬁ..._.d..

-
-

'h
i

,
&"b‘
I(«
XxXd
SRELL S,
siptnL
I

!

4
X

¢
¢
\
00

/

i

-.Wmﬁ....mfn[.
l&”ﬁj‘ -

-
.-..nm.r“.r
KL i

¢

o«
N P00t3%e%
KRS
' -t " e '”_ ._- L X
bl d

"ﬁ

o
.,"' -
OGO

Ry

-.cm Nt g O s

a0

>
S e
L

SNl
. - l_.:lr/ H“..‘..‘\
AN u,.._.m..._. .....m , l/ "  ."
ZRITE e 4

fb.l
=

A Y
=
- ..“rl..'-

. i._.’l

L
PSSO
L IR Q. &
ojocose I~
& 8 ®

® "I...

88

T
- " )
vi“'“‘“b

o

\
f{

.
“
AA;

106

S

:

§

{

NN

&



U.S. Patent Dec. 14, 1999 Sheet 9 of 11 Re. 36,440

130

L.-,_-—_--h--—----_--‘—*_-"-'—-'—'

FIG. 15b

130

1362 41,60 146b 11“’

147

77 77 5. f%//f’
7% .

_

wew ) B
FIG. 16a FIG. 16b

4



Re. 36,440

Sheet 10 of 11

Dec. 14, 1999

U.S. Patent

e mE g W

-_.'._._rfi_r:_llj!‘_.l.f "y
Il.l.n_l.- .1...'..
-t_n...
._._”v -.-___l”...-#..r.-_-u
] -u-nlrl___. ¥ “r -.-__._l.-_-.
L L EE ] _-_Il_.lllhl-ii_ i&.lii-..l
- e " EaAFY
- » -
F s - A .
. v )
[ . -
. L T am
el . LI T 4
- [ 3 - -1 1 [ - L | -.r.-l
._..._1_. -" .....|| " .m_.-.__.r.n n.-r-
Y S - P BN L B B
- L Ly
- T M . r 1|.I|'u.l [ Y .
) .rﬁ__. -.. -__.a_._._ _.._. . 1
T
L] ’

134 b

FIG. 17D

__ ____;td

Iiu.- l.l_l.li. -

..:__.:._,-.-. ......_..__.I__-.__.,_..-.__
= L _._--..__.._-.....L____..__.._..._q.._.-_l
- g . Il...'l....'_ll
- Pr Y w ok
- ﬂ._...-.I.i.-‘.'.-II.-.- .
" I'II -..I..-.l _

EAMIIL L ), f)_.'.'/.r/f.r _n“.-.._.... a_ J

FARARAKNE .x". :

Ii-_- Fy FRaF N
H ll..-_ _I-I__-_ -i #I!if.hi..-..—iit. U L i-_.r »
¥ ._m- U N BN L)
! * _. titi.-. .1.-...&._‘-....1___.-_&_.
-.-__.li ’iii’li_ll_i-inu

.l_...1 ' h
A
-nﬂ --r-t_- Il..ln LT
o L ili. L I l _- L]

A

iiiiiii

I PR I )
1 n &% ¥ 1 1
a

E
= of B & F ¥+ u
v ‘l‘q_i‘"u_l
A W w | IS

-.-_..l.
L

PN AR IR

P ORRIIIRN
illnt. r._.l._-..n_ l - {

[] T -l"u‘r.i’-q'
» L |
|
r

FIG. 17a

-_-. _-1-_. S )

“l_l.__.i__.-_.“l_._}Irild_.-..__‘. "

L

,.--.-jlr

--------
._.-.-_ll ¥ rh
. _-__-_-i

f m B e T L N & K

iiiiiiii

..
IR ER LR -: =y
ﬂjr._l-.._.._.-_--.-_-it l_lrlii-_q-.-_.._...._...

o
s o
~7
v

FIG. 18b

FIG. 18a

134 b

~
-
N LN
_ f —

- - l._.l.-_ﬂi

......... I.__.'l X
H.”........"%..._.. Aty ....n_./

g N\
.....,u"n"”.."”"_...” 3

...I.I.I.I

BAw kP .-_-_._._.__-,_.-_iF

: l/_/_/// . __vﬁ

%
=

4 & & B
] L]

—I.'Ilil

>

"'y

*
-
e lﬁ' ™

L L L i_l
:- = i

IIIIII

PSSy

" ll-I j'
.l"' [ | .Ill-.l

/.Z,..,nﬂﬂﬁ,,

- e S

134d



U.S. Patent Dec. 14, 1999 Sheet 11 of 11 Re. 36,440

FIG. 19a
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INTEGRATED CIRCUIT SRAM CELL
LAYOUTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to semiconductor devices,
and more particularly to SRAM cells.

BACKGROUND OF THE INVENTION

Integrated circuit Static Random Access Memory
(SRAM) devices are widely used in electronic systems.
Since an SRAM cell generally comprises six transistors, the
SRAM cell generally requires more area than a DRAM cell
which generally only includes one transistor and one capaci-
tor. Thus, in the SRAM cell, the pitch of the cells should be
minimized so as to 1increase the itegration of the devices in
an 1ntegrated circuit. However, in order to increase the
integration of the cells, the cell pattern and the SRAM
manufacturing process may become complicated.

An 1mtegrated circuit SRAM cell layout was published at
the International Electron Devices Meeting (IEDM) in 1985.
This SRAM will be briefly described with reference to FIG.
1. According to the SRAM published at the IEDM 1n 1985,
three polysilicon layers (one for forming a gate electrode
and the remaining two for interconnection layers) and one
metal layer are used to form an SRAM cell with an area of
0.9%x14.3 um~. As shown in FIG. 1, the active region pattern
10 and the pattern 12 of the polysilicon layer used for
forming the gate electrode are complicated. Also, the design
uses a Vss contact between a node contact and a bit-line
contact so as to reduce the cell size. Unfortunately, com-
pared with the conventional Vss contact which 1s formed
parallel to the node contact, the shape of active region 10 1s
further complicated.

As 1s known, when patterning the SRAM using
lithography, patterns such as the gate electrode and active
layer are effected by nonlinearities, distortions and other
elffects. Thus, as shown 1n FIG. 2, the edges of the pattern
formed on the substrate become rounded. As shown 1n FIG.
2, due to this rounding, the overlapping portion 24 between
the polysﬂlcon layer 22 for forming the gate electrode and
the active region 20 1s reduced, so that the channel length of
the transistor formed 1n overlapping portion 24 1s shortened,
compared with FIG. 1. As a result the leakage current of the
fransistor may increase.

FIG. 4 1s a plane view of the conventional SRAM
published at the IEDM. As shown 1n FIG. 4, a polysilicon
layer 36 for forming the gate 1s formed close to the neigh-
boring node contacts A and B. Thus, due to misalignment in
the lithography process, a short may occur between the node
so contacts A and B and the neighboring polysilicon layer
36. Reference numeral 38 represents a part of the bit-line
and reference numeral 39 represents an active region. Also,
GND represents a ground line, Vcc represents a power
supply line, and IL represents a connection line between the
contacts.

In order to solve the above problems, an SRAM was
published at the ISSCC (International Solid State Circuits
Conference) in 1992. The SRAM published by the ISSCC
has a cell area of 8.5x12.8 um” and includes one polysilicon
layer and two metal layers. One of the metal layers deter-
mines the overall layout size of the SRAM. As shown 1n
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FIG. 3, the metal layer forms a word-line 32 and a Vcc line
30 1 the horizontal direction and a connection line 34
between the contacts in the vertical direction. The cell size
1s determined by the size of each line and the space between
the lines. Since the SRAM cell published by the ISSCC 1n
1992 uses three layers, which i1s one less than the SRAM
published at the IEDM 1n 1985, this layout 1s also relatively
simple to fabricate.

Notwithstanding the above improvements, the state of the
art continues to desire much smaller SRAM cell layouts for
high density integration.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
integrated circuit SRAM cells having compact cell layouts.

It 1s another object of the present invention to provide
integrated circuit SRAM cell layouts which can employ a
reduced number of conductive interconnection patterns.

These and other objects are provided, according to the
present invention, by integrated circuit SRAM cells which
include a semiconductor substrate having a field region and
first, second third and fourth active regions therein. The first
and second active regions each include a horizontal leg and
a vertical leg and are mirror 1mages of each other about a
vertical axis. The third and fourth active regions each also
include a horizontal leg and a vertical leg and are mirror
images of each other about a vertical axis. It will be
understood that as used herein, the terms “horizontal” and
“vertical” (or “longitudinal”) denote orthogonal axes, and
should not be limited to a fixed orientation.

The integrated circuit SRAM cells also mclude first and
second vertically extending gate conductive layers on the
semiconductor substrate. The first vertically extending con-
ductive layer extends vertically over the first active region
horizontal leg and extends vertically over the third active
region horizontal leg. The second vertically extending con-
ductive layer extends vertically over the second active
region horizontal leg and extends vertically over the fourth
active region horizontal leg. Accordingly, the gate conduc-
tive layers are formed perpendicular to the horizontal legs of
the active regions, so that the process alignment margin 1s
large 1n the longitudinal direction of the active regions. A
high integration density may thereby be produced.

According to other aspects of the invention, the first
vertically extending gate conductive layer also extends
horizontally to the end of the second active region horizontal
leg. The second vertically extending gate conductive layer
also extends horizontally to the vertex of the third active
region horizontal and vertical legs. The integrated circuit
SRAM cell also includes a horizontally extending word line
The word line and the first and second vertically extending
cgate conductive layers are all formed from a single conduc-

tive layer, such as a single polysilicon layer.

Integrated circuit SRAM cells according to the invention
also 1nclude first and second vertically extending intercon-
nection lines. The first vertically extending interconnection
line connects the end of the first active region horizontal leg
to the vertex of the third active region horizontal and vertical
legs. The second vertically extending interconnection line
connects the end of the second active region horizontal leg
with the vertex of the fourth active region horizontal and
vertical legs. A U-shaped Vss line also connects the end of
the third active region horizontal leg to the end of the fourth
active region horizontal leg. The U-shaped Vss line includes
two vertically extending legs, a respective one of which
extends from a respective end of the third active region
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horizontal leg and a respective end of the fourth active
region horizontal leg. The horizontally extending base
region connects the two vertically extending legs.
Preferably, the first and second vertically extending inter-
connection lines and the U-shaped Vss line are all formed
from a single conductive layer, preferably a single polysili-
con layer.

Integrated circuit SRAM cells according to the mnvention
also 1nclude first and second vertically extending bit lines
and second vertically extending Vcc lines. The first verti-
cally extending Vcc line 1s connected to the end of the first
active region vertical leg. The second vertically extending
Vcce line 1s connected to the end of the second active region
vertical leg. The first vertically extending bit line 1s con-
nected to the vertical leg of the third active region, and the
second vertically extending bit line 1s connected to the
vertical leg of the fourth active region. The first and second
vertically extending bit lines and the first and second verti-
cally extending Vcc lines are preferably all formed from a
single conductive layer which 1s preferably a single metal
layer.

Accordingly, cells with simple layouts can be fabricated
using two polysilicon layers and one metal layer. Also, the
gate conductive layers are formed vertically with respect to
the horizontal regions of each active region, thereby increas-
ing the lithography misalignment margin in the horizontal
direction. As a result, the interval between lines can be

reduced, thereby increasing the integration density of the
SRAM cell.

Integrated circuit SRAM cells according to the mnvention
may also be described by their unique patterns of conductive
layers. The conductive patterns include first and second
Y-shaped gate conductors on a semiconductor substrate. The
Y-shaped gate conductors are nested within one another.
Y-shaped gate conductors include vertically extending
spaced apart main body portions, horizontal arm portions, a
respective one of which extends from one of the main body
portions towards the other of the main body portions, and
vertical arm portions, a respective one of which extends
from the end of the respective horizontal arm portion away
from the other horizontal arm portion. The conductive
pattern also mcludes a horizontally extending word line in
the semiconductor substrate. The first and second Y-shaped
conductors and the horizontally extending word line are
preferably all formed from a first conductive layer.

The conductive patterns also preferably include first and
second vertically extending interconnection lines, located
between the vertically extending spaced apart main body
portions of the Y-shaped gate conductors, and the horizon-
tally extending Vss conductor which overlies the horizon-
tally extending word line. The first and second vertically
extending iterconnection lines and the horizontally extend-
ing Vss conductor are preferably all formed from a second
conductive layer.

Finally, the conductive patterns may also mclude first and
second vertically extending bit lines, a respective one of
which overlies a respective one of the vertically extending
interconnection lines, and first and second vertically extend-
ing Vcc lines, located outside of the first and second
vertically extending bit lines. Preferably, the first and second
bit lines and the first and second Vcc lines are all formed
from a third conductive layer. Also preferably, the first and
second conductive layers are first and second polysilicon
layers, and the third conductive layer 1s a metal layer.
Accordingly, a compact, three-level interconnection pattern

for an SRAM cell 1s thereby provided.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 3 are schematic diagrams of a conventional
SRAM cell;

FIG. 4 1s a plane view of a conventional SRAM cell;

FIGS. § and 6 are schematic diagrams of the active region
of an SRAM cell according to the present invention;

FIG. 7 1s a plane view of an SRAM cell according to a first
preferred embodiment of the present invention;

FIGS. 8 to 13 are plane views showing fabrication steps
for an SRAM cell according to the first preferred embodi-
ment of the present invention;

FIG. 14 1s a plane view of an SRAM according to a
second preferred embodiment of the present invention; and

FIGS. 15 to 20 are plane views showing fabrication steps

for an SRAM cell according to the second preferred embodi-
ment of the present mnvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present mvention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete
and wilt fully convey the scope of the mvention to those
skilled 1n the art. In the drawings, the thickness of layers and
regions are exaggerated for clarity. Like numbers refer to
like elements throughout. Moreover, the terms “first con-
ductivity type” and “second conductivity type” refer to
opposite conductivity types such as P- or N-type, however,
cach embodiment described and illustrated herein includes
its complementary embodiment as well.

SRAM cells according to the invention include gate
conductive layers, interconnection lines, a word-line, bit-
lines, a Vss line and Vcce lines on a semiconductor substrate
which 1s divided into field and active regions. The active
regions include first, second, third and fourth active regions.
The active regions are L-shaped, and pairs of active regions
are mirror 1mages. Vertically extending gate conductive
layers extend orthogonal to the horizontal regions of the
active regions.

Preferably, the gate conductive layers include first and
second gate conductive layers, which are simultaneously
formed with the word-line using a single material layer. The
material layer 1s preferably a first polysilicon layer. The
interconnection lines and Vss line are simultaneously
formed from a second polysilicon layer. Also, the bit-lines
and Vcc lines are simultaneously formed from a metal layer.

Pull-up transistors are formed at the center of the hori-
zontal regions of the first and second active regions, and
P-type nodes are formed at the ends of the horizontal
regions, 1n which contacts are formed. Also, Vcc contacts
are formed at the ends of the vertical regions of the first and
second active regions.

Pull-down transistors are fabricated at the center of the
horizontal regions of the third and fourth active regions.
N-type nodes are formed 1n the vertex regions where the
horizontal and vertical regions join each other, and contacts
are formed 1n the nodes. Also, Vss contacts are formed at the
ends of the horizontal regions. Pass transistors are formed in
the vertical regions of the third and fourth active regions,
and a word-line 1s formed across the pass transistors.
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The wvertically extending gate conductive layers are
formed perpendicular to the horizontal regions of the active
regions, so that the process margin with respect to misalign-
ment may become large 1 the longitudinal direction of the
active regions. Also, the gate conductive layer becomes the

cgate electrodes of the pull-up, pull-down and pass transis-
tors.

According to the present invention, cells with a simple
layout can be constructed using two polysilicon layers and
one metal layer. Also, the gate conductive layers are formed
vertically with respect to the horizontal regions of each
active region, thereby increasing the misalignment margin 1n
the horizontal direction. As a result, the interval between

lines (pitch) can be reduce thereby increasing the integration
density of the SRAM cells.

The difference between a conventional SRAM cell and
SRAM cells of the present invention will be described with
reference to FIGS. § and 6. FIG. § schematically shows an
active region 40 and a gate conductive layer 42 of an SRAM
cell according to the present invention. Active region 40 has
a horizontal region H and a vertical region V which cross at
a right angle. Gate conductive layer 42 1s formed on, and
perpendicular to, horizontal region H of active region 40.
The misalignment margin 1s relatively small in horizontal
region H of active region 40 and relatively large 1n vertical
region V thereot, so that high density integration of the cell
can be achieved. Also, as shown 1 FIG. 6, an active region
40a and a gate conductive layer 42a formed on the semi-
conductor substrate after the lithography process 1s not
influenced by nonlinearities, distortions, or other eifects,
compared with the intended layout of FIG. 5.

An SRAM according to a first preferred embodiment of
the present 1nvention will now be described in detail. FIG.
7 1s a plane view of an SRAM cell according to a first
preferred embodiment of the present invention. The SRAM
cell comprises four active regions 50a, 50b, 50c and 50d, a
field region 52, first and second gate conductive layers 54a
and 54b which connect the four active regions to each other,

a word-line 56, bit-lines 72, first and second interconnection
lines 66a and 66b. Vcc lines 74 and a Vss line 68.

In detail, four active regions S0a, 50b, 50c and 50d are
symmetrically arranged 1in the upper and lower portions of
the cell. Here, first active region 50a, having an L-like shape,
formed at the left of an N well on the semiconductor
substrate. Second active region 50b, which 1s the mirror
image of first active region 50a, 1s formed at the right of the
N well, at a predetermined interval. The first and second
active regions each include a horizontal leg and a vertical
leg. Third active region 50c, having a shape obtained by
rotating L-like shape 1n a 180-degree arc, 1s formed at the
left of a P well and fourth active region 50d which 1s the
mirror 1image of third active region 50c 1s formed at the right
of the P well. The third and fourth active regions each
include a horizontal leg and a vertical leg. Pull-down tran-
sistors are formed 1n the horizontal regions of the third and
fourth active regions S0c and 50d, and pass transistors are
formed 1n the vertical regions thereof.

First and second vertically extending gate conductive
layers 54a and 54b function as a gate electrode of the
transistors formed 1n first second, third and fourth active
regions 50a, 50b, 50c and 50d and as a line for connecting
cach transistor formed in first, second, third and fourth
active regions 50a, 50b, 50c and 50d. First gate conductive
layer 54a extends vertically over the horizontal regions of
first and third active regions S0a and S0c, and extends
horizontally to connect with the end of the horizontal region
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of second active region 50b. Second gate conductive layer
54b extends vertically over the horizontal regions of second
and fourth active regions 50b and 50d, and extends hori-
zontally to the vertex of the third active region horizontal
and vertical legs. Word-line 56 1s simultanecously formed
with the first and second gate conductive layers 54a and 54b.
Word-line 56 extends horizontally across the vertical regions
of third and fourth active regions 50c and 50d.

First vertically extending interconnection line 66a con-
nects contacts 538a and 60a which are formed 1n first and
third active regions 50a and S0c. In other words, the first
vertically extending imnterconnection line connects the end of
the first active region horizontal leg to the vertex of the third
active region horizontal and vertical legs. Second vertically
extending interconnection line 66b connects contacts 58b
and 60b which are formed in second and fourth active
regions 30b and 50d. In other words, the second vertically
extending interconnection line connects the end of the
second active region horizontal leg with the vertex of the
fourth active region horizontal and vertical legs.

U-shaped Vss line 68 connects Vss contacts 62a and 62b
formed on both sides of third and fourth active regions 50c
and 50d. In other words. Vss line 68 connects the end of the
third active region horizontal leg to the end of the fourth
active region horizontal leg. The Vss line includes two
vertically extending legs, a respective one of which extends
from a respective end of said third active region horizontal
leg and said fourth active region horizontal leg, and a
horizontally extending base region which connects the two
vertically extending legs.

Vertically extending bit-lines 72 are formed together with
vertically extending Vcc lines 74. Bit-lines 72 cross the
center of the semiconductor device in the longitudinal
direction and connects to bit-line contacts 70. Vcc lines 74
arc formed on the left and right sides of the cell 1 the
longitudinal direction. In other words, the first Vec line 1s
connected to the end of the first active region vertical leg and
the second Vcc line 1s connected to the end of the second
active region vertical leg. The first vertically extending bit
line 1s connected to the vertical leg of the third active region,
and the second vertically extending bit line 1s connected to
the vertical leg of the fourth active region.

An SRAM of a first preferred embodiment of the present
invention, which has the above structure, will be described
in detail according to its fabrication steps. FIGS. 8 to 13 are
plane views showing an SRAM cell according to a first
preferred embodiment of the present invention, during inter-
mediate fabrication steps. Here, the diagram represented by
(a) in each figure shows the lines formed only at the
corresponding step, and the diagram represented by (b) in
cach figure also shows all lines formed during the previous
steps.

FIG. 8 shows a semiconductor substrate having an N well
78 and a P well 80. N well 78 and P well 80 are formed 1n
the upper and lower portions of the semiconductor substrate,
respectively. Also, reference numeral 82 represents a field
region.

FIG. 9 shows active regions 84a, 84b, 84c¢ and 84d. In
detail, third active region 84c of N-type impurities to form
an NMOS ftransistor 1n P well 80, having a shape obtained
by rotating I.-like shape 1n a 180-degree arc, 1s formed at the
left of P well 80. Third active region 84¢ comprises a first
pull-down transistor formation region 13 formed in the
horizontal region of P well 80, a first pass transistor forma-
tion region TS formed in the vertical region of P well 80, a
first N-type node N1 formed in the vertex region, where first
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pull-down transistor formation region T3 and first pass
transistor formation region T3 join each other, and a first Vss
contact region S1 formed at the left end of first pull-down
transistor formation region 13. Fourth active region 84d
having a mirror 1image of third active region 84c, 1s formed
in the right of P well 80. Fourth active region 84d comprises
a second pull-down transistor formation region T4 formed 1n
the horizontal region of the P well, a second pass transistor
formation region T6 formed 1n the vertical region of the cell,
a second N-type node N2 formed 1n the vertex region, where
second pull-down transistor formation region T4 and second
pass transistor formation region 16 join each other, and a
second Vss contact region S2 formed at the right end of
second pull-down transistor formation region 14. Third and
fourth active regions 84c and 84d arc separated from each
other by a predetermined distance.

First active region 84a of P-type impurities forms a
PMOS ftransistor, having an L-like shape, at the left side of
N well 78. First active region 84a includes a first pull-up
fransistor formation region Ti, formed in the horizontal
region of N well 78, a first Vcc contact region C1 formed 1n
the vertical region of N well 78 and a first P-type node P1
formed to the right of first pull-up transistor T1l. Second
active region 84b, which 1s symmetrical with respect to first
active region 84a of N well 78, 1s formed at the right of N
well 78. Second active region 84b comprises a second
pull-up transistor formation region T2 formed in the hori-
zontal region of N well 78, a second Vcc contact region C2
formed 1n the vertical region of N well 78, and a second
P-type node P2 formed to the left of second pull-up tran-
sistor formation region T2. First and second active regions
84a and 84b, which are respectively formed at the left and
richt of N well 78, are separated from each other by a

predetermined distance.

FIG. 10 shows gate conductive layers 86a and 86b, and a
word-line 87. In detail, as shown in (a) of FIG. 10, word-line
87 1s formed 1 the lower region of P well 80. Also,
word-line S7 1s formed across first and second pass transis-
tor formation regions TS and T6, as shown 1n (b) of FIG. 10.
Gate conductive layers 86a and 86b for forming a bulk
fransistor are formed i1n the upper region of the cell, a
predetermined distance from word-line 87. First gate con-
ductive layer 86a 1s formed at the left of the semiconductor
substrate with Y-like shape, perpendicular to first pull-down
transistor flotation region T3 of third active region 84c¢ nto
which N-type impurities are injected, and also extends
perpendicular to first pull-up transistor region T1 of first
active region 84a mto which P-type impurities are injected.
Layer 86a 1s also connected to second P-type node P2.
Second gate conductive layer 86b has a shape which 1is
obtained by rotating first gate conductive layer 86a 1n a
180-degree arc with respect to the center of the semicon-
ductor substrate in the clockwise direction, and 1s formed to
the right of the semiconductor substrate. Second gate con-
ductive layer 86b 1s connected to first N-type node N1 and
extends perpendicular to second pull-down transistor for-
mation region T4, and also extends perpendicular second
pass transistor formation region T2. Stated in other words,
the first and second Y-shaped gate conductors are nested
within one another, and includes a vertically extending
spaced apart main body portions, horizontal arm portions, a
respective one of which extends from one of the main body
portions towards the other of the main body portions, and
vertical arm portions, a respective one of which extends
from the end of the respective horizontal arm portion away
from the other horizontal arm portion. First and second gate
conductive layers 86a and 86b are formed from a first
polysilicon layer.
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FIG. 11 shows contacts. In detail, referring to (a) of FIG.
11, first and second contacts P3 and P4 are formed at first
and second P-type nodes P1 and P2 (see FIG. 9). Third and
fourth contacts N3 and N4 are formed in first and second
N-type nodes N1 and N2 (see FIG. 9). Vss contacts VS1 and
VS2 are formed 1 first and second Vss regions S1 and S2
(see FIG. 9).

FIG. 12 shows a Vss line 88 and interconnection lines 90a
and 90b. In detail, referring to (b) of FIG. 12, there are

formed two interconnection lines 90a and 90b along the
longitudinal direction of the semiconductor substrate. First
interconnection line 90a connects first and third contacts P3
and N3 (see FIG. 11) respectively formed on first P-type and
N-type nodes P1 and N1 (see FIG. 9) of first and third active
regions 84a and 84c. Second interconnection line 90b con-
nects second and fourth contacts P4 and N4 (see FIG. 11)
respectively formed on second P-type and N-type nodes P2
and N2 (see FIG. 9) of second and fourth active regions 84b
and 84d. Simultancously with the formation of first and
second 1nterconnection lines 90a and 90b. Vss line 88 with
U-like shape (which may also be regarded as an H-like
shape), is formed in P well 80. Vss line 88 connects Vss
contacts VS1 and VS2 formed in third and fourth active
regions 84c¢ and 84d into which N-type impurities are
injected. In other words, first and second vertically extend-
ing 1nterconnection lines 90a and 90b are located between
the vertically extending spaced apart main body portions of
the Y-shaped gate conductors 86a and 86b (FIG. 10). Hori-
zontally extending Vss conductor 88 overlies the horizon-
tally extending word line 87.

Vss line 88 1s connected to a Vss line of another cell
neighboring the above cell (not shown), so that Vss line 88
has low Vss line resistance. First and second interconnection
lines 90a and 90b, and Vss contacts VS1 and VS2 are
simultaneously formed from the same conductive layer. This
conductive layer 1s preferably a second polysilicon layer.

FIG. 13 shows bit-lines 92a and 92b, and Vcc lines 94a
and 94b. In detail, as shown in (a) of FIG. 13, bit-lines 92a
and 92b are formed 1n the vertical direction of the semicon-
ductor substrate, spaced a predetermined distance from the
center. Vcc lines 94a and 94b are symmetrically formed on
the right and left ends of the semiconductor substrate,
connecting respective Vec contacts 96a and 96b. As shown
in (b) of FIG. 13, bit-lines 92a and 92b are connected to
bit-line contacts 98a and 98b via third and fourth active
regions 84c and 84d formed 1n the lower portion of the P
well 1nto which N-type impurities are 1njected. Stated
differently, first and second vertically extending bit lines 92
and 92b respectively, overlie a respective one of the verti-
cally extending interconnection lines 90a, 90b (FIG. 12).
First and second vertically extending Vcc lines 94a and 94b
respectively, are located outside of the first and second
vertically extending bit lines 92a, 92b. Bit-lines 92a and 92b
and Vcc lines 94a and 94b are simultaneously formed of the
same metal layer.

According to the first preferred embodiment of the present
invention, first and second gate conductive layers 86a and
86b with a Y-like shape are connected perpendicular to
pull-down transistor formation regions T3 and T4 in the
third and fourth active regions. Thus, the margin with
respect to the misalignment 1s relatively small 1n the hori-
zontal direction of the cell formed on the semiconductor
substrate, but relatively large in the vertical direction (see (b)
of FIG. 10). Thus, each line interval formed in the cell can
become narrow 1n the vertical direction. Also, since the
active region of the cell or the gate conductive layer 1s
structurally simple compared with the conventional cell,
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each line interval (pitch) can be made relatively narrow in
the horizontal direction. As a result, the cell area can be
reduced, thereby increasing the integration density in the
semiconductor device.

An SRAM according to a second preferred embodiment
of the present mvention will be described in detail below.
FIG. 14 1s a plane view of an SRAM according to the second
preferred embodiment of the present invention. In general,
the second embodiment does not include a gradient part in

active regions 100c and 100d, unlike active regions S0c and
50d (see FIG. 7) of the first preferred embodiment of the
present 1nvention. Thus, an SRAM cell according to the
second preferred embodiment of the present invention may
have a larger margin of misalignment in the horizontal
direction than that of the first preferred embodiment. Also,
unlike the first preferred embodiment, according to the
second preferred embodiment, gate conductive layers 104a
and 104b, interconnection lines 116a and 116b, and contacts
110a and 110b have slightly different shapes. That 1s, gate
conductive layers 104a and 104b form branches each having
a shape obtained by rotating L-like shape in 180-degree arc
and L-like shape 1n field regions 96 of N well 94 and P well
1s 98. Contacts 110a and 110b are formed on the branches of
cgate conductive layers 104a and 104b. Interconnection lines
116a and 116b, which are also included in the contacts
formed on the branches of gate conductive layers 104a and
104b as well as the contacts formed 1n 1interconnection lines
902 and 90b (sce FIG. 12) of the first preferred embodiment,
arc formed. The remaining portions other than the above
described portions are the same as those of the first preferred
embodiment.

FIGS. 15-20 are plane views showing fabrication steps
for an SRAM cell according to the second preferred embodi-
ment of the present invention. In the same manner as the first
preferred embodiment, there are two plane views 1n each
diagram. The diagram represented by (a) in each figure
shows the lines formed only during the corresponding step,
and the diagram represented by (b) in each figure shows all
lines formed during all previous steps.

FIG. 15 shows an N well 130 and a P well 132 defined on
a semiconductor substrate. In detail, N-type and P-type
impurities are injected after defining the cell region of the
semiconductor substrate thereby forming N well 130 and P
well 132, respectively.

FIG. 16 shows active regions 134a, 134b, 134¢ and 134d
In detail, first to fourth active regions 134a, 134b, 134c and
134d are formed with the same shape as active regions 84a,
84b, 84c¢ and 84d shown in FIG. 9 of the first preferred
embodiment. As shown 1 FIG. 16, the right end of third
active region 134c¢ in which an NMOS transistor 1s formed,
1s not aligned in the same line as the right end of first active
region 134a 1in which a PMOS ftransistor 1s formed. This
asymmetric arrangement may increase the alignment margin
when forming the contacts in the active region. The first and
second active regions 134a and 134b formed at the left and
right of N well 130 of the semiconductor substrate, the first
and second pull-up transistor formation regions 142a and
142b formed thereon, the Vcc contact region 143, the first
and second pull-down transistor formation regions 136a and
136b formed on third and fourth active regions 134¢ and
134d, and the first and second pass transistor formation
regions 138a and 138b, are the same as those shown 1n the
first preferred embodiment. Also, the first and second P-type
nodes 144a and 144b formed on first and second active
regions 134a and 134b, the first and second N-type nodes
146a and 146b formed on third and fourth active regions
134c and 134d, and the Vss contact region 147, are the same
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as those shown 1n the first preferred embodiment Thus, a
description of these portions will not be repeated.

FIG. 17 shows gate conductive layers 143a and 143b, and
a word-line 150. In detail, two gate conductive layers 148a
and 148b are formed in the same manner as the first
preferred embodiment. First gate conductive layer 148a 1s
composed of a gate electrode formation region which 1is
formed in the longitudinal direction across first pull-up
transistor formation region 142a (FIG. 16) of first active
region 134a, and which 1s also formed across first pull-down
transistor formation region 136a (FIG. 16) of third active
region 134c, and a region having a shape obtained by
rotating L-like shape 1n 180-degree arc formed at the right
of a field region 152 formed beneath first and second active
regions 134a and 134b of the N well formed in the upper
portion of the cell. Second gate conductive layer 148b 1s
obtained by rotating first gate conductive layer 148a 1n a
180-degree arc with respect to the center of the semicon-
ductor substrate As shown in (b) of FIG. 17, word-line 150
1s formed across first and second pass transistor formation
regions 138a and 138b (FIG. 16) of third and fourth active
regions 134c¢ and 134d. First and second gate conductive
layers 148a and 148b, and word-line 150 are preferably
formed from a first polysilicon layer.

FIG. 18 shows contacts. In detail first and second contacts
154 and 156 are formed 1n first and second active regions
131a and 134b, and 1n third and fourth active regions 134c¢
and 134d, respectively. Third and fourth contacts 158a and
158b are formed at the right end of the shape obtained by
rotating L-like shape 1 a 180-degree arc of first gate
conductive layer 148a, and in the symmetrical portion of the
second gate conductive layer 148b, that 1s at the left end of
[-like shape, respectively, and a Vss contact 147a formed.

FIG. 19 shows 1nterconnection lines 160a and 160b, and
a Vss line 162. In detail, interconnection lines 160a and 160b
connect first and second contacts 154 and 156 formed 1n the
P-type and N-type nodes. First interconnection line 160a has
a shape obtained by rotating second interconnection line
160b 1in a 180-degree arc with respect to the center of the
semiconductor substrate. Vss line 162 1s formed 1n the same
manner as that of the first preferred embodiment. That 1s,
Vss line 162 with U-like or H-like shape 1s connected to Vss
contact 147a at the right of P well 132 formed on the
semiconductor substrate. First and second interconnection
lines 160a and 160b and Vss line 162, are preferably formed
of a second polysilicon layer in the same manner as the first
and second conductive layers 148a and 148b.

FIG. 20 shows bit-lines 164a and 164b, and Vcc line 166.
As shown 1n (a) of FIG. 20, first bit-line 164a is connected
to a bit-line contact 163a via first second and fourth contacts
154, 156 and 158b. Also, second bit-line 164b 1s connected
to the other bit-line contact 163b via the remaining contact
158a. In this embodiment, the contacts 154, 156, 158a and
158b are not aligned 1n the horizontal or vertical direction,
so that the upper portions of first and second bit-lines 164a
and 164b are curved. Vcc lines 166, connected to a Vcc
contact 143, are formed along both sides of the cell. First and
second bit-lines 164a and 164b, and Vcc lines 166 are
simultaneously formed of the same metal layer.

As described above, according to the present invention,
the gate conductive layers and word-line are preferably
simultaneously formed from the first polysilicon layer. The
interconnection lines and Vss line are preferably simulta-
neously formed from a second polysilicon layer, and the
bit-lines and Vcc line are preferably simultaneously formed
from one metal layer. Thus, an SRAM cell having simpler
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structure than that of a conventional SRAM cell can be
formed. Also, the gate conductive layers are formed perpen-
dicular to the horizontal region of the active regions, so that
alignment tolerances can be increased in the horizontal
direction. Thus, the nonlinearities, distortions and other
effects which can occur during the SRAM cell fabrication
can be reduced, and the interval between each line 1n the cell

can be reduced, thereby increasing the integration density of
the SRAM cell.

In the drawings and specification, there have been dis-
closed typical preferred embodiments of the invention and,
although specific terms are employed, they are used 1n a
generic and descriptive sense only and not for purposes of
limitation, the scope of the mnvention being set forth 1n the
following claims.

That which 1s claimed:

1. An integrated circuit [nonvolatile memory] SRAM cell
comprising:

a semiconductor substrate having a field region and first,
second, third and fourth active regions therein, said first
and second active regions each including a horizontal

leg and a vertical leg which define a vertex
therebetween, such that said horizontal leg extends
horizontally from the vertex and said vertical leg
extends vertically from the vertex, said first and second
active regions being mirror images of each other about
a vertical axis, said third and fourth active regions each
including a horizontal leg and a vertical leg which
define a vertex therebetween, such that said horizontal
leg extends horizontally from the vertex and said
vertical leg extends vertically from the vertex, said
third and fourth active regions being mirror 1mages of
cach other about a vertical axis; and

first and second vertically extending gate conductive
layers on said semiconductor substrate, said first ver-
tically extending conductive layer extending vertically
over said first active region horizontal leg and extend-
ing vertically over said third active region horizontal
leg, and said second vertically extending conductive
layer extending vertically over said second active
region horizontal leg and extending vertically over said
fourth active region horizontal leg.

2. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 1 wherein the second active region
horizontal leg includes an end, opposite the second active
region vertical leg, and wherein said first vertically extend-
ing gate conductive layer further extends horizontally to the
end of the second active region horizontal leg.

3. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 2 wherein said second vertically extend-
ing gate conductive layer further extends horizontally to the
vertex of the third active region horizontal and vertical legs.

4. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 1 further comprising a horizontally
extending word line, and wherem said word line and said
first and second vertically extending gate conductive layers
are all formed from a single conductive layer.

5. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 4 wherein said single conductive layer 1s
a single polysilicon layer.

6. An 1mtegrated circuit SRAM cell according to claim 1
wherein the first active region horizontal leg includes an end,
opposite the first active region vertical leg and wherein the
second active region horizontal leg includes an end, opposite
the second active region vertical leg, said integrated circuit
SRAM cell further comprising first and second vertically
extending interconnection lines, the first vertically extending
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interconnection line connecting the end of the first active
region horizontal leg to the vertex of the third active region
horizontal and vertical legs, the second vertically extending
interconnection line connecting the end of the second active
region horizontal leg to the vertex of the fourth active region
horizontal and vertical legs.

7. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 6 wherein the third active region hori-
zontal leg 1includes an end, opposite the third active region
vertical leg and wherein the fourth active region horizontal
leg includes an end, opposite the fourth active region vertical
leg, said integrated circuit [nonvolatile memory] SRAM cell
further comprising a U-shaped Vss line which connects the
end of the third active region horizontal leg to the end of the
fourth active region horizontal leg, said U-shaped Vss line
including two vertically extending legs, a respective one of
which extends from a respective end of said third active
region horizontal leg and said fourth active region horizontal
leg, and a horizontally extending base region which con-
nects said two vertically extending legs.

8. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 7 wherein said first and second vertically
extending interconnection lines and said U-shaped Vss line
are all formed from a single conductive layer.

9. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 8 wherein said single conductive layer Is
a single polysilicon layer.

10. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 1 wherein the first active region vertical
leg 1includes an end, opposite the first active region horizon-
tal leg and wherein the second active region vertical leg
includes an end, opposite the second active region horizontal
leg, said integrated circuit [nonvolatile memory] SRAM cell
further comprising first and second vertically extending bit
lines and first and second vertically extending Vcc lines, said
first vertically extending Vcc line being connected to the end
of the first active region vertical leg, said second vertically
extending Vcc line being connected to the end of the second
active region vertical leg, said first vertically extending bit
line being connected to the vertical leg of the third active
region, and said second vertically extending bit line being
connected to the vertical leg of the fourth active region.

11. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 10 wherein said first and second verti-
cally extending bit lines and said first and second vertically
extending Vcc lines are all formed from a single conductive
layer.

12. An integrated circuit [nonvolatile memory] SRAM cell
according to claim 11 wherein said single conductive layer
1s a single metal layer.

13. A conductive pattern for an integrated circuit [non-
volatile memory] SRAM cell which is formed in a semicon-
ductor substrate, said conductive pattern comprising:

first and second Y-shaped gate conductors on said semi-
conductor substrate, said Y-shaped gate conductors
being nested within one another, said Y-shaped con-
ductors including vertically extending spaced apart
main body portions, horizontal arm portions a respec-
tive one of which extends from one of the main body
portions towards the other of the main body portions,
and vertical arm portions a respective one of which
extends from the respective horizontal arm portion
away from the other horizontal arm portion; and

a horizontally extending word line on said semiconductor

substrate.

14. A conductive pattern according to claim 13 wherein
said first and second Y-shaped conductors and said horizon-
tally extending word line are all formed from a first con-
ductive layer.
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15. A conductive pattern according to claim 14 further
comprising first and second vertically extending intercon-
nection lines, located between said vertically extending
spaced apart main body portions of said Y-shaped gate
conductors, and a horizontally extending Vss conductor
which overlies said horizontally extending word line.

16. A conductive pattern according to claim 15 wherein
said first and second vertically extending interconnection
lines and said horizontally extending Vss conductor are all
formed from a second conductive layer.

17. A conductive pattern according to claim 16 further
comprising first and second vertically extending bit lines, a
respective one of which overlies a respective one of said

14

vertically extending interconnection lines, and first and
second vertically extending Vcc lines, located outside of
said first and second vertically extending bit lines.

18. A conductive pattern according to claim 15 wherein
said first and second bit lines and said first and second Vcc
lines are all formed from a third conductive layer.

19. A conductive pattern according to claim 18 wherein
said first and second conductive layers are first and second

10 polyslicon layers, and wherein said third conductive layer 1s

a metal layer.
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