(19) United States
12y Reissued Patent

(10) Patent Number:

USOORE45988E

US RE45,988 L

Tanaka 45) Date of Reissued Patent: Apr. 26, 2016
(54) SEMICONDUCTOR INTEGRATED CIRCUIT 5,981,987 A 11/1999 Brunolli et al.
6,031,982 A * 2/2000 Truong ............. HO1L 27/11807
: : : 257/208
(71) " Applicant: Sony Corporation, Tokyo (IF) 6,838,713 B1* 1/2005 Gheewalactal. .......... 257/211
2
(72) Inventor: Yoshinori Tanaka, Tokyo (JP) 0980,462 BI™ 1272005 Ramesh ... g%}]gzé/gg?
(73) Assignee: SONY CORPORATION, Tokyo (JP) (Continued)
(21)  Appl. No.: 14/600,627 FOREIGN PATENT DOCUMENTS
: JP HO07-249747 A 9/1995
Related U.S. Patent Documents (Continued)
Reissue of:
OTHER PUBLICATIONS
(64) Patent No.: 8,357,955
Issued: Jan. 22, 2013 Japanese Office Action 1ssued Feb. 24, 2015 for corresponding Japa-
Appl. No.: 12/805,158 nese Application No. 2014-026799.
Filed: Jul. 15, 2010 (Continued)
(30) Foreign Application Priority Data o
Primary Examiner — Kenneth ] Whittington
Aug. 28,2000  (IP) wooveeeeieeeeee, 2009-198547 (74) Attorney, Agent, or Firm — Michael Best & Friedrich
LLP
(51) Imt. CL.
HOIL 27/06 (2006.01) (57) ABSTRACT
HOIL 27/118 (2006'();“) Disclosed herein 1s a semiconductor integrated circuit,
HO1L 27/02 (2006.01) wherein a desired circuit 1s formed by combining and laying
(52) US. CL out a plurality of standard cells and connecting the cells
CPC ... HOIL 27/11807 (2013.01); HOIL 27/0207 together, of which the cell length, 1.¢., the gap between a pair
(2013.01) of opposed sides, 1s standardized, the plurality of standard
(58) Field of Classification Search cells forming the desired circuit include complementary in-
CPC HOIL 27/0207; HO1L 27/11807  phase driven standard cells, each of which includes a plurality
USPC 2577202, 204, 206, 208, E27.108, of complementary transistor pairs that are complementary in
257/E27.145326/103 conductivity type to each other and have their gate electrodes
See application file for complete search history. connected together, and N (=2) pairs of all the complementary
_ transistor pairs are driven 1n phase, and the size of the stan-
(56) References Cited dardized cell length of the complementary in-phase driven

U.S. PATENT DOCUMENTS

5,489,860 A * 2/1996 Kitagawaetal. ............. 326/103
5,598,347 A * 1/1997 Iwasaki ............... HOIL 27/0207
257/202

R
-

f{. ] S

o
:E':':EJ':;"-.

|r.:

e .l.-:.- e

o
,.u

i _r A

77 ..-f-a:-'y

ph e

#'#.4'.' }4’?"%
0 1.. -

. ! Single Height Cell
(SHSC) L

01

Fre ti e
e
|lr
.J"

LT
i

_ |%|7//.//é.

¥4 Multt Height Cell
WHEE) .:

standard cell 1s defined as an M-fold cell length which 1s M
(N=Mz=2) times the basic cell length which 1s appropriate to
the single complementary transistor pair.

8 Claims, 17 Drawing Sheets

o
TR 1 RN e e e ety
- Ly

-7 7// ”"'"" -
SAdlds > ;4:.-': N i :. el

LN
T e [ ,F P il
ﬁ/’? AT,

“

- . "y
ﬁ 'r ;J llll.I"
A el A
L R e RN
. e i

,.l"

. -
B e
-+

Triple Height Cell
i (THSC)




US REA45,988 E

Page 2
(56) References Cited JP 2007-095890 A 4/2007
JP 2008-283039 A 11/2008
U.S. PATENT DOCUMENTS JP 2009-049370 A 3/2009
WO W0O-98/40913 Al 9/1998
2003/0230769 Al1* 12/2003 Tsutsumietal. ............. 257/207
2007/0290270 Al1* 12/2007 Koetal. ..ccooovvvivviinnn, 257/369
2008/0022245 Al1* 1/2008 Tsaretal. ...cooovevvvvivvnnnnnnnn, 716/8
2008/0023792 Al1* 1/2008 Liuetal. ...c.cocoevvvnennn. 257/532 OTHER PUBLICATIONS
2009/0195282 Al1* 8/2009 Tatsumi ......coocvvvverennnnn, 327/175
2010/0162187 Al1* 6/2010 Penzesetal. .........vvvvn.n, 716/2 . o _
27010/0187573 Al*  7/2010 Iwata ... ... . HO1T. 27/11807 Japanese Office Action 1ssued Nov. 18, 2014 for corresponding Japa-
257/204

FOREIGN PATENT DOCUMENTS

JP 10-173055
JP 2001-506429 A

6/1998
5/2001

nese Application No. 2014-026799.

* cited by examiner



US RE45,988 E

Sheet 1 of 17

Apr. 26, 2016

U.S. Patent

T

DSH.L~~

Ol4d

._u_..__.......;._.w._. .ﬂ_. f!.#.n_,#,ﬁﬁ#...r ..ﬂ,......F.n..- I S P T S _ﬂﬁﬁnmwdnnqaq»i\iﬂﬂm ;e A B by

.__.i....n.._..ﬂ........._...-i”.r..r.r...r._._- .I..F ) r.n._q..ﬂ____. % W .. ..fr. ooy ..1 u..- iy e .n_._m..:..... .._. o .. LS R - e =l ol - + o -
. ., -, e A Sy ' 4 !__.,w__.-_i.ﬁ__...r L e e N .._....-f..._..,._.r..ru..u Ao ..+-+-+.+#..., ui.iuiﬁt;» e e iiﬂ.ﬂa
o R TR T ;.mﬂ.._,.waa helale " .w..rrr._._._._r..f ....f«.;.-..u.a.-. FaV AR N SR G AL A AT i .I:_. ..._____.L......._.,_f,.._.-m..._._...um._..:.. !..#x.f. _ L..HH a_ut.,e..fuwu._..-._. Hmﬂ......... v

(JSHS)

(OSHL)
:mu JUbIaH Em:_m

1190 1ybiaH m_mt._.w.

wa%
IERRULIENY E_,_z

L Y S -w...a..i}.#.:_..} :}._....}..._. .__.,.r.l,l.,

_..,ff\ \\

L.. ﬁrdﬁfi WL i ey fgr»_hv.nx ..E.__..q_&.iiﬁ.ﬁ#.,.iirf ..._..-...._..#..ni.._.___..l..fv , WA A A A _... AR
o e hﬂfﬂ% #b?f J..-.n .r_._._-..._._..r._.d._._-r__. i ..__r..f... L .yq AR u___.__ph__.., -.._,._n.f_.. .r.._..,.r...?.,._..._-.._.i P L.._.n,__. A T e ..J. Mx..-_ i) T ﬂiﬁﬁiﬁiﬁiﬁiﬁi W AN, f..i.%

..-x\\\ ..\x\\\\\ -_\_z |

) . )
b : &HH‘. |.‘..n._f.-..-.+_i*._.*...+. HHHHHH r’F .l.- l..l..-_.._ a l...ﬂ'l.-v-nll .
. h_.uﬂﬁ:ﬂ.wf# .._._...__....u___,..v. .__..._.rh.r...r” .... Moy kg Sy A #Fﬂ-ﬁ;f#!?#

..ﬁ...._,ff J..E..a Rk N .....,..._m.#,..,....b.. e i...._,._._+.+.+.+,._r..r............r..__,..v._.“..+_..*..._m..__...._,...,
...4__ TR AN .....___-f_. .,_. ._._ .__... umﬁ..\:f\li.l-uhﬂ?.-f.ilﬁr .l.:...u_..’. .l «n .l.ll.q.T ..f-n.n.q_..i.._.—m“-... .lAE ..

. R ey g X o i it ..w.i.fi._.r._.‘.....n.h.........p._....“.. ._..._....._t.lr##..__f.i. e A A ..
, > w, KN . . . ,-.u_....._......._._.____m v - T BT e N ..._.__? ._.-.tr.r-.._.-._.._au__fa.
3 L .. nr..... umh-v..t.\.w.i.m.i,i.i..-.i..u. .__-.W_-.i..-.i....._-__‘a .mn .nf RN. uﬂ..ibl. iﬁﬂh...vﬁr?.iﬁﬁdrﬂ W, T M *ﬂ!u#\tluh___#.ﬁ. e .1...__# A JNNH{L_.F A el .,....n.,. ?ﬁyg

,m\x _ %

.___..!#h.-_ui.*j..j“i..!_____.“_.__.“..__.._.._.“ﬂnmbi oo utlyels, _..__. LA Lty J__...m_, .......ht_,.._.“_.n....._"_.r e R T, e o A Ao
pa..._*.uﬁ.&ﬁ w.....i....._...._.,._..r.n..._..r!#i _:?“, ...%ux,.__,, ,_.__..... a?ﬁ}?iiﬂiﬁfﬁ#ﬁ# ﬁ..n...w hﬂﬁ. T, :.....rﬂ#....ﬁ
; ._.:__:: ] H.u. N ...n._.u.i__.__...rt.\ ..f..ll{l.r.{..unu..r.a..nta Fo i s "5 2
ES,#.E_FJ.%_...__ P SPNGHCTP ..1-1..1..._.“ S, m.f

i P S
—.t.‘-*l* *_ *1
o -
R T :
-L .‘L nl
R .
! ....-_... i “ . y L] .-__ -
S N T T - W N ___....-..__-..__....__._..hi.,.____. L .__.i.._..__ R N ._n _____...__-__..
. ___-.ll_l 1-. ” .l.l .lh -l_ “ F gF ] " .. . .... %- " ] .
A " H“m“ y o N . ) ..- ] g o
B = = g " ] . - ) N ! g . i \ .1 [ ", 3 \
B " 11.!1-11.11 11 ) . B g

...............................

i e
'I'-*

4
+?+l L] ‘:'. OO R L

PN
s
h +:+++:+
l-‘!‘ et

o
*
o
#

._.__......_.....n....&...i... F

: ) _. ..n_.-i..._n...._n. g b
g i...l_..i_..w...-_..i .__.-....f._wm_.,l....__r\... u.._.u.._.j_.._._.._.l..i_“.f.,.ﬁ e l.ﬂ.i. L NN, ”l..“. T ﬁh?\?q!iifﬁ?ﬁ.ﬁﬁ#. ..ﬂ_...l._..__.__..._._.-.___.-...nfl.._..._.......l.. ”..

. . ) . . et . 5
. L g . - =T
f Y - . ...r.ﬂn- . |._.._-11-_| “ oy -_l - .
k" J o i) Vet e ) '
o - - Y -H L- - - I]I - -
. o e LT a3 I - -
L} - L] ‘-'”151 ﬁl.—l -“ -.r F
L i ' .1r e “-.ul_ LRI LA = 2% ) . ',
. I ". . = s E Wl F R BT " '
o —n = '
Ny J I -B . F . ! \ F . TJ.” ' ...r! T r - .
] P _ M ' B H ..r_. - - o
. L o L.. .1

\

a
poioiin

.Fl””.“.__.l.nl : ... _..I o H._.“ nor . \_.\- r N T JIII :l
" ..WH_M““ _. “_, s ;........#..%Mtﬂ.u# _.".,.,.
. e v %..%i?&

...,..r‘...a.} o iy W W, n - m X e AR N N g F&Fﬁtﬁﬂﬁ Al J. A : .r .... wop e e A gl .
j...#uv_. B e “..-.“1 e o e H.H;_..____..r ¥ .I_.I.Fi.i.lq..ﬂ.y.f..x L .._.:.....f..___. e o ._n _.} 5 ..Jf..r......,...._._..- H.._.._. . ,-.._,.H_..r ”HHH.J..? Htwwnh-hﬂhi E.H.._.\M.. W\M..HH”WN HHHHHHHHHHMHH”A
: . .___”._...-rn._.u.t. .“_..-_.__. i . .
” \ ”,,_mﬂ_.. _ s\
- . - .
. .+ \\ 23 / 2 __ .,m%m......,.,,
_..._-. . . i -.l l- ) 1 = . Ir.. ------ .&-
“ _.l..._.f._ﬁ..l_. -Lj..L-.....U.-_...__._-.._____.n._._.l l. l....u..l._-_,._...__.._...i .___.n .u_., u._ T..T T ._,_.ﬁ ey .+. G . : . .._?.. el ._...r.___.._._
...... - _f._ *._. A _.-_ _1 Ll 4" _&...tx_ﬂ?.i.i .lp e -. #—f.’n‘ _.r. .fl. ...J oy ll —E. ﬁ_._.._f___..__f_._...f_..,ﬂ w.__ J._.__..-...__.I. .__.-... - s .-_ G \ .’ff‘#‘- t.j-.u.-.........n...n]..u-nx-ﬁp.._l..- ﬁ|+-.h..-+-.ﬂ1-+-+-.¥.1t

o o o,
.v_......_n. AT b o M A ST LA N ,..a.. “aL e e g ._.. PR Aot P r 1_..1-...._._._,,. t.i..ir...f..r##ﬂn AR NNN NN A A Yoy s ..........._..r.....____..n Kk ._n_. s

.J. u..v, sk ,..x.. ..1.....
.n_._.n. . u. : : .__u. ...
_ LR 2 .......
. .ii.r..t!f.i..: ,.r..r. e ..__.M_‘ume A ...w .. . o e \....L...\N“ ._.._. ._.._e.ﬁm
" A 0 R e e T R r.-.. " #.i._-_..v..._...-.....”@iii WA W A S A LU e e e e o N B ....__uu.., o A iy g B, By e o ~
..J..ﬁi.f.-.i.i.iiu_.r.._..3333#######3?%?#.‘3??##4!r.._._. fff#ﬂ?ﬁﬂgﬁf#rifffffﬁfiiiﬁﬁ.__r._.._.Fiiiﬂﬂﬂﬂﬂgﬂgﬁ.ﬁﬁﬂﬁfﬁfifdfi“....ﬂ“ﬂa
ey

10

wbh..;......._.r... N ,__f__. 1..1
iwn.._.l.. .__..___.tu...,_..u. ﬁ.ru.._._..v __..,r ?f

Qmﬁ

S5A

254

mmm

Qa>



U.S. Patent Apr. 26, 2016 Sheet 2 of 17 US RE45,988 E

ey &gm ﬂ‘:r, '*-.
. ’ ‘!'1:'1" ﬂﬁ% i"!h#"'

. 2C

.. w2 "'l-:"'-:_j_.“_;: SRy .
; s n:” 3
-:':'_ :f'f"!:":' \ 2;‘._,?- ﬁ“:ﬂ i h e
1'* ) |i" T
» R %\\ AR
A \\"\"'r"'k

s \
? -#"‘

"'u"i't"k‘!.‘lh‘_-:.li l#.

B RN :.*z:::z*:i; N B
. : - _:;**I;:-.., 3_ '
. A ‘ i o o 1,“1" -.\ .L - ‘.""c., '-.
SO ANY o %ﬁ‘fﬁ %«;ﬁk S &,;*E:;Wx#fﬁ

L

1Tkt 7 o1 7 e T R R R R T R s - T T TTTTTTTT

e Lo RS S AA AN 05 AP T Hr AL,

. - 4 h % ‘A"n- ._ a .
i .* :, )
'_ .
? t'\ur - I.
_f :m*
....... L] L}
- LT T
Ve
*'1\ s
- -ﬂ ' -
'tr;:'-r*i = '
r'i' i-? ‘?:. “.ﬂh ]
T L] '
4

ZOC

e & )
A ﬁ-ﬂﬂ%\

AU

N\\ *~t~ :-;:: _
: .......... . \ ..\‘Q._::,.: : \

E E _' ] R %ﬁzfi’é‘:w‘ ilc?;.";f
FANY Y %\\H ‘r’eﬁ:ﬁ? S .
: i,+ ' - ‘_ !

20A

/ W
LI

_____

. .
[ .
'l 1'“- .'I:: ' A . r ,
‘l- ‘:"I."'a. e ! N ) oL -
". - 1-.-. -._J"r.'l":; b | . \ ' . X
it -'-_* > e My . X ' .
‘ T IR A L I P T L - _ . e 3 "
R I L RS N 11‘#;#? S INE
e Mo "'-{. 'I.'It'i" "'."I-’:J-Hr . e W
. :1. = !_.l-::-s_ o '|"= *I.,Iu': '\:t:p#'ll ﬂr:";:..l_ {* N o
' E TR TR e S T “r "-. """ 5'%- "\ ¥ ‘i e 5
L] " o ad “x o - \ 1 . N, o
- im L L u ol - l| '
'. L 1 *i_:-l: L] = . '
.r" ) . y ' g . .

-{’*"Ehﬁ_”{

'-. 'i-#’;;

20A

4
T r

L ,p 1'. . -' ‘ . . . ) y
*-:~ ..w,ﬁ Wﬂf AN
it R\ ‘E'L? ﬁ.;*:. oo e I
R '-.,\




US RE45,988 E

Sheet 30f17

Apr. 26, 2016

U.S. Patent

FIG.3

byl gl iyl i Ayl syl el pbely ey iy iyl kel Al gl

ﬁ
i
!
}
i
!
]
i
!
i
i
}
]
§
{
i
!
-
}
}

«WMFJ
{
}
$

ﬁﬂﬁ?ﬁﬁ -

IIIIIIIIIIIIIIIIIIII

oL

P
!
t
t
i:
i
|
;
E

r_____“n__n_*____J

i
:
;
!
:
{
-§
!
|
J

)

SUM SECTION

e

i

-Eﬁﬁﬁﬁﬂﬁﬁﬂ?
AR
%

i
3 .%’fﬁﬁ*wfffﬁ#?

VDD
Al
i)
:
s
%
¥R

ol e Sl g il gt TR NEIEN oy N, Sty Aulgt R -uu.:k

. ~ |
1#%1&?1&-1}.111;.!! . ._1_._._.. Y 1!11‘1!14‘]‘1.!”:13!!!11. . _.”_-._-...Illlflil Pl Sayr, ._ Wiy iy Fatel. . Wi Ve e 1 O
N A N R N AR A AN A AL RSN ]
4‘;ﬁrg?fﬁrfgf#rﬁwﬁgff#f#fféﬁffffﬁgfff#@ at m
: iy i " )

im“""‘""“"‘-“"ﬂ"'"“""""'""“‘Wﬂiﬂtﬁw&hmmwwﬁmmmmwmmwmm

ST IV,
PAPLL A

4

7%

%
4

CO SECTION
VDD

F"HH#HH'H‘“‘H‘H'H I‘l“#“l‘l‘ll’.‘l’ L o o B ol o )

i e T W e P et T e e o Ae'e et e e el etk i SR S R i i By, iy gl Sl gy Sl el ey el ke mm . momw mm k rom A SR, i, e’ Sl m.g--ﬂ.-.ra.ﬁ.u:\.-ﬁ

il



U.S. Patent Apr. 26, 2016 Sheet 4 of 17 US RE45,988 E

FIG.4

22 21 23 24 WHSC1
(A2) (A1) (NFO) (NS)

SUM ~-em
SECTION ¢

i

Phyhyr whymy” gymy’ oAt e W a ar S G AR G Ay s et B

\ﬁ%‘\ﬁ%\i : 2N

. . .
1 W, Ilh. ] |r 4 - r
AR T e e '
' | ¥ r | M} 1 X
S Fras _ g [ 3
| B NN - oy %
) i ] : e, *
. " J 1 v . 1 .-'n-_,at"- - .
' . ] L : J-'.'?'f;:-‘::-":a ] L+ F
o o v e )
' L -ﬂ‘-l::h N . ; -"."- A 5 s
R | S Bzt i el , .
' .'* J‘" LE M [ -I-l-l - ,._ o . L 1 I’H f:'-'rd - |-|-|-| I., r Bk
' | LA o | - o E ol . s e - . by r
¢ N ) ARENERE AR N D A S A A :
: R Ty X e s : -
' r - -l" - «-.:_'- L I|=lq.-:lllln--:w . " o + ;:I}'u ..-_.' gLl '
' ' = o . "1 ] I*'-'nt oy _-:'fi' . L B b :'h‘-l,.:'l- " Y "
' l" v ' .r. 1 .. u“'" - y ."-.l:* - l:: r\."“;n. :;::l". .
' -} r - \ ! .l' 1 b r
] [ ] [ - ol 2 ' r ] p :‘ ] -

'r::- -‘_.‘ I. b 'K '. iy 1
: “i. "«.‘ I| '.I. £
A : .

IR 7 b

\




U.S. Patent Apr. 26, 2016 Sheet 5 of 17 US RE45,988 E

g M, Y B, ity :

o R T e ey :-_-,.
TR

e b .
< It ].I.-:.f_:. v L1 i

Y iy e e

.‘I iy : I '|r - . . €1 r S e - T .:- r -0 LI I B A :# I IIII

' L2 ke e s - : 0N, gui e e 3 P, CNEGREAEEY. B 0 -

. ey, | S h \\\\\\\\ﬁ\%rm? . ft‘ K e I

' N - VI _ H i £ ' i S

¥ SShaliataaset LS ‘-':'\:"\'\ R f 5 N Il e .
' ._: . "':_“L.'l'\-: "tr :.- X '-,‘ f'qi'- ] _._ . . ]
] . i'lr“, :I..l:l‘: I_ 'r' .:;j:n: ‘ .. .. . : " "
L Ayl el R N ] . & g :’ Aol . LT LA - - - i, ' '

24

(NCO) (NS)

................
IIIIII

238

i
'
\.\«

- -‘ il- 'p-n"'-_l-.-::'.-j-,li -. - l."h E ) o ' ' ) -
' L "4.1 N L R 5 y ol a :
' . Fol's gty Ty i, A .y e ': . :-.EJ::.‘:.-"_:..:“I- y h . . . r
e g e S T S b ) T
' r ¥ ' II: y 1“ ' : ' N L T ey .‘:‘ . " '
. +|ql.’+.- o Sl . I Lo .._,. e e .:'.:‘._: . -_:' : : .. I'..'I..itﬁ". . - ._:. hli:':l ".':!'Tfl ey : /]
‘F‘:'"' o "'hﬁ' :- 1‘..'3 ' .- .. ; \& w‘f;- : _.l"' ’ . " ‘ﬁ::.'.'q r‘l"':,‘m'!:: 4
" N ! . ﬂlf-j' - - ) ' By 5T
e %\ ‘\:\ A S k- el S R
N Lt - Al Rkl bk k. NN v, WL
" r ' " . . x; F.I* ) |'. p I - : : ol . ] ey ‘\ ' 'r
; ALy e S I e S SN AT :
| y B L L S e
- + - = - ' e 4 F - - ' L - [ ' '
' r ! ' P " r

L
e Lt B
T g

g PR N e g
A o e e m
Rk E::Et‘:-..gﬂl ! ;
L N g A 1 % 7,
o . w I T -I"""'*:"E':;

5
228 .
(AZ)

, ks i : : C
S e g AR : ') -
T . -.:rr 1 :‘ H hl' - -i'.' - a . Y ' ., ] . X .
'\\%\: l |.- -1"’ s 5
|§\>}%’:‘l. I::-. ,‘H.' ,“' ‘:.F: -..I_.?“ o .1' - ' . ‘.:" : ~ 1‘ r : tr 3 1
ﬁﬁ"ﬁ Wi e ‘q‘.ﬁ. I e . ,
. i"# At '“F"\- n' ! . l'Fil'li-Hi o, By e e h
N l:g_u!-__-;!‘lu‘h-. L : %k 'l':i"_‘ 1 oy )
AN T '1,.,’_.:.. ‘ol - 0 i \

e LA 4 ol

218
(A1)

{
%

SUM SECTICN

PRy Sy il -y

*******

. oo B
;f"lﬂ ¥ x .; -
: : o . ' ") x - :
| P Y R Wy 50 %
'. 4 _ -EP ' ~ "_3- :..r _ v i i oy K A2l it | |
: ! S e . < : Ny LAy . o) ' :
, o RN o peiscacdl 5. AR 2ok o
e, & ; : S e i
e i ,;:; ';::::“EE Sy iy

L

/gl;r ﬁ‘#*\’& :. : ¢

L e T e ' .
e Ayt ---a."-.;*a ol : i 8. iy o
ey Ny -ﬁ'.l‘-'i!’:‘f: i .
L‘.'r*ﬁir:‘ﬁ'.':t l‘:‘:t' I+: . )
A .

B '
L
R A A
ol .
. o
s
1 1
1 xr
"
F )
) 4
i.l"u-
i, [ L L A
'
;
- .
r g
!

n : . | I . y 'F“::fr Pl . .l'n- Ir . \ |
i et A
‘ : ' A ool d 1.-:1,;1 - }ﬂ'ﬂ#ﬁ-
", ' ' . v -:"'..‘1.:'..
, 'g:'-h EE L i N
\ AN A e AR

L ] ‘I :I- ' = 1 .-H'. - - . L}
{ N ' L - % . A e AT
- - LR 1:1_..' 1.- . - [ .:.-., el |: 1 |I'h e, R ' i [ et l‘ .a ' rn.l 3
'E‘"“ﬂ o et ST -"'\.g.,'v.-"i"!f""; B, Prrepitin M ! "ffi'h:?ﬁ"'ﬁ' e ot \1.:; o - , ,
I it ; ﬂl!ﬂ'?l-l_l‘.'ﬂ--‘ £ - W . arl_l'-!-t' A KN Ty ]
' o e N R e . e A “::"l.. : 5 T
. . | . :E.H*‘E*;"r.. T . " 7 gt : ,;'.a' F u, = ;
5 -

4
b

CO SECTION
g+ ey s v Sy e by e vy ey e o ey ok
2ZA

- g
B
M e

e NG ]
Nl
Al e AT
o
o ] B .
T 34t > - LN X =
) 1 '-'__:"L ::I- .?.'-.- h"i.u’
N |y Ay

e 1 . -'-- 1 F . .
L - ] ! o
wﬁ % e gl gy
: :: y .. .- -
'-:.*:,tu'!:r#:. F"'-“%- - --\1 N ' o .
; """Q BRRER 7 o7 ¥
o 3 .Y .
e K R
R - EF

lllll
Lm

y
i

k. b
el G
ok
R

:  Jeleirk X
: d-" " 'h“l..l"-. 1‘1;5:?‘5: -l y
AL i v A
. 1 ) .-.- .,'.... i i . .-.-;':h y -.h : o K tH.l'u"F!:l : .I_ - \II
£ : A P e T ;- %
A L K + g e Ce e, RO g
' A PP
I n tl l. ' r’ L] Ed < - " gk " Tar Fllﬂlr.flg‘ﬂn?t' ‘H
:I-I I_l! Il! ‘ L . \_m . o I- - i o o . ..._ . . —F, .
3 , 2 #I'#‘ . "1‘ L' g - ) * o ' ' -
£ : ' Eroiaalininiy | B s Er “g AN
. . ; - Ay SEERAR R S ' s, AN, 3
. J g o A -'_J_f : ' e 2 - . . LA i i A B .
R, o .1 el ' . f"
1 [t Wi} ] v . . | ' "

Rrara sy | e W et g e T e, T D W P ] G el e R e e g I )



U.S. Patent Apr. 26, 2016 Sheet 6 of 17 US RE45,988 E

VDD

s \
# é:ar f ':-,...fﬁfmw .
St R I. mf ",

_f## ﬁ Al ;

37 [ 38




US RE45,988 E

Sheet 7 0f 17

Apr. 26, 2016

U.S. Patent

........................

%%%%%%ﬁﬁ“fh
\&\\% 77777772 %
_ .,.....v.“.%.ﬁ #N\u %\\ %Wpﬁ//y%% i

_____ ,,.,
: . . : ._._._.
%. ") : BeooonBs x.% ..u...u
+. . o h %. ._.._. .1..

e e z
f S .@i f %

G -
“.,ww.,, b,
e
\ ..., \\§\\\§
e A 7 ““,_.“H”" oR LR g el
Ty B B _."_._.“.."”ﬁ"w.wr.w & {_.,.T w H,.m nw. e
Ay M"r ....wm.u“....wmn”ﬂﬂﬂ ..m.ﬂwww R oM e~
. K ._._____.-_...,._.....-.. .y l.._.J.p._r r.. . T Ty ...
@ﬁﬁ.ﬁﬁwﬁf

15, i,.nw ﬁ.ﬁm% {mﬁ% Hﬂu 1 3 ..xw,.._.m.m.,..a.?. X 3
e o i ol N . . pE 0
AT AN Eu.".%xaq ﬁ_. %ﬁ f%
OO f ... .?_.

L
~
]

; ﬁ-

mmf

rrrrrrr

ot A 4, 2 2 .. i ) s ......,"....u.w..r.u""..—m.r-m_r..r.m..,.,..ur .F ._. a .ﬂ.ﬁk\

AR e fh.,ﬁ o cw{‘.m_ __,.._ AN S s
e, o w” . g 3 __T. _, ;r..;.__n.-.- ; r..._ ..._r...“...u_.. : 0 . e e Y \ “.......M....ff..u&mf&* %un.u _.n.. u.._umm. : ._ G %I#Aflfrjffﬂif.w .. -__._.f . ) . .“ .1 .1-,._...‘..1 n.nru _._-.._.n.._m..._m..ﬂ.._. ._u....: ....uv
S St nyf//,/w v .“_.m_""_mmw_mﬁmmm_"m"w_.".ﬂ\._._ %ﬁ H f ,..//ff, DRI B .,_ 5 ._ - .;__..,ﬁ.w m“...m“._“..m,.."ﬁ..ﬁ.
A : o, mn,.. o SRS ek .“_..\\m\;:vw.wﬁ ez nﬁ. \.....1 .».__@_..f 7 3 . e /ﬁ%, /% ...c..w .\\\
NN R o ﬂ,w_*...m, Rt i 'ﬁ.ﬁ\mﬂ S h\\\h.,m\ % f?f__. -._fe_ R & 7

Hm;,§&§55f2¢§§\

§\ .

=
et
-

¥

§

]

b

¢

*
RES
o
Lt
e

CAN BE ,
CONNECTED £



US RE45,988 E

Sheet S8 of 17

Apr. 26, 2016

U.S. Patent

Do /Jﬂﬁ
%ﬁ R
7w

Sy
llllllllllllll

D

Vi
_EJ“'

Lol g
P

n.r..__ T T e ; -_____r..
T TR T e R

o .‘..._....u...........u..,.-.. 3

“ AN

R I A :
m / fﬁff;f.m./ffﬂx//f..r// e
—.” . PV .I.I.
..... J-rr ?.-‘l_ ...1 ..... “._.”.!l.
it peemmevesysenamansl - %
..
N Ty ST i@wﬂ%_ﬁ,

o MR b e b W....m..........W...W#
R e P
1

_-_._.__.“

o
‘##
T

I

h”‘_ Kk

=

A,
o,

SRt SRS
G

25

F

. " |r.-. .
Al

L] _l.f-._l - L) =

.. L = wh

L

111111

IIIIIIIIIIIIIIIIII

i

! . LY . _._.__"...u\n._“__.i." .._..
_ X ey
d hy B Pl L L K wr _-l.._.l..1li W."..“f it .-f.__"_.".""“."-."._-.-..ri
. i . - .‘ - Jf‘f-. J.‘ . - - - - - .- ...... Y L P -
m, i L -~ ..-__..-..Ihlru LI NP Inl.. LS ..‘.1. . . e T e l-. et - r
r " o ..r_- ot . i ..Il.... BT u I
d 1 - | : L R T ) e T T ] ey Ty 1
Y +.r h_,.

v

sl
ool

Nt 17197 .?.,,,,,.,,,,,.M
N Ny
o ...?,.._..l,_”ul““u“““...a,.,m %
: : e R s TR

B~ R\

| A

e

7
.

-(0)

[ 9

- ..H-...r__ __”.r -

s
|.Tm.r.,n.___” C

I

%\m\

. . . \._.um. . t..-v“. : ..__..”uvﬂf.wvvmmm..ﬁ._. .”M_,.WWM , : . - .JJ .. " . o 1 .,.-..,.f-.“ ...,“...“.,. . ..“.._.,.., i_.q..,.,.. ,
Ve 7727777
g

lllll
LY
-,

R
. i
. i (R g T e N st e pn el
A BN © e
i %w._.-._._. A - . &

5 ot il o |.
| £ .
.. e : .. L.m.___..ﬂﬁ_ & ”.
. e ] J $ ...'__._,_.,..__. o “u.\ RN ._nﬂ...__r o il . _.
. _ . A St s : ; :
1 o "_m__m . ut_.ur
) T Wﬁwﬁ.ﬂf

.;.._
- £ e
B, o k. | i . Y Vg,
yla . :
NN\ ©
e Wﬂ.## ? B AR N SIS A R .....AW\\‘ R o
- N\ - \ N
N
A BT &

J.‘“1
e i .
_ EONR e
A Ay S m y/ N
”__-p-__.ru..-u_..-... .__.__r..“..._n.-... ] L
” .......‘._.......1_”‘1 .ﬁn...*- it a ..n.“..“. _”...-..._ . . e .r. .-.. ...-.“...._ -!.F . ! S . ..‘.... .-..1_..‘. . ) ! ! AR A ..l...._. ..-. -.-va.”.“ . ; | .|.. - ._. .1. 1. o .
Cma Y ey R
(Rl SRURS. S R ey
~ .n.__.._n.m... _ p Z Rl Bl o Sl i . Rl .__ ....H.___” .__._n_.“_...._ W_..__.m”. | . . -«ﬁ.l%mwﬂrnﬂmﬁh“hh“‘l\ Wﬁ“lll- -._-Lh-_-l-.-l\-.bf............“...“.......“....... -
.-”..-.r._.r_r_.m_.-.”.-ﬂ N, . ...__-.l 3 :I_l_- ____ll.-_-.l__.i_-_l.. Jr_r.ll “. .-_l._-._lﬂ_- Il.- .ﬁ””-ﬂll““““”lmp.-_“ﬁultl l.___-”. llll‘&l“ l"“.“. -
R % P S e S
LRSI e MY T bl e e el - P e ot
SN SIS R S \...?xp#.,f "’

SR S e _“.%,,L. iy .._._.._“urh.ﬂu.wu_ﬂ
ek
g

% .,.._.._H.... :.m__”r___u.wm
' » S J Bt et 1
e iy ] g Vg, P el k.;.ull.. ; ﬁ ﬁ-iﬂ ,.ﬁil.x_._.._-...\_-t.m\u_‘--m\_..‘-\..-._.-n s L..._,,L.-_.-_.._.‘u.m.‘. : '
3 W f%w IN\N\N%, \\“\\\\“\:\\‘\w\%\\% o
4 anmw.h DURPORE % o SR fﬁfﬁhm ol e L A %ﬁ.mit“ :
el _
ot

km.-nu.-“._.bn_.-u._.

ata : ¥
- ..-J“.lllf L. )
Y
.ﬁ..‘...uu - - -l L 1& ¥
- % / ST A
] i

- L R .
r - - Pl
-..'. I.-. ' II‘...I
Nyt X ..__.....q.“r
) ity iy
) llLl o L | 111”1 v
S s

o i
...._._.._..._u

m.f..../;.,.,..

Ay _-_..Jlf.“ wh ..__...._-_...__-. .-___-

. a
s,

LI
LI ML g
a, ¥

i
oo ;m"w—.ﬂ.u.{. whu, .

-

far'y

X SR
.wu......wuw....,..._
.m. = u..._..u_m.

o
+ iy
RN
--. - CR— --- . -
P
[ 4
PR e
aEOEpECwoE
PR
M
- e

ot ey e
2% wﬂwwmifﬁmw

-

U T

H P, Pt " - - "
R A st e s __. - 3 | ", . i
- il ..ﬂ.uﬁ -
ey {1 i ) . ~ - -
. .....
[ " | . L N - 3

"
Vo B3
£ qpnc

o T

CONNECTED |
HERE ==~~~

CAN BE



U.S. Patent Apr. 26, 2016 Sheet 9 of 17 US RE45,988 E

' . % Sl .y g 4w e N ] . L R :. b .,
- "y - ' oy uaT T e LU A 3 e £
-3 § E b gt e T e . v . N 7 '
. ) . At S A ) NN - y Ay '
t. N " ] -5 ¥ Ll Sy’ - e e e ., *.'.I e A T ; ':‘ % .!.-I'-FJ [
. n Ny " _ -:.-1 . & . ! _ 3 ; _"I- ] - E:ﬁ.
b s o Tl b, s "!3:' A T R i .‘i* g o - % .
B . =T, s . E . o, i g it I.l a T
r T T \. ' 1 :‘h. ': - l:_ ., 1 L . . 'l'-. 'I.:_.-q v o - "
- " gt N Pk gl Nl S N ;
1 "t ! . g . . q': L ] 1'_1 g ."- . ) . . I ]
L L I ] .r . ':' l. e-; :’. : -ﬁf. : .lf - L -HI:. - L] i.l - .\ ‘lu:": L] H:J d :‘l - l‘i.':;* l.:
I iy K ks F;':_ o :1'-,3 Wy : l"',,_. ._ .:-__ ! Y A il
. R N 't~:: *'iu* r.-_ PX e o - % N




U.S. Patent Apr. 26, 2016 Sheet 10 of 17 US RE45,988 E

VDD VDD

--44_++.|44|4.|_.|.|-|"

e P

INV1 INVZ



US RE45,988 E

Sheet 11 of 17

Apr. 26, 2016

U.S. Patent

L.

26

J— H//WI/

}E:..

s 7_

F}
.___..__.._.u. .___. Eah

fﬂﬁm

. .
- . e L -
o

M%Lm

: m..m..?.ﬂ..

_m

rl._ .l...-a- o e 2 + s r.. ..“ : _n-.#;.._..._r_a_.._ak.___-.#.. - _ _-..“._..__.. ._-____.._Hh..._._...n__. ._...._.m._._.m__. .__. ._._. Ao L-n"nnnuuu. - T ”.1 .. _l _._l ; ..” : . . . .1.. ’
g?.rﬁ..f..#.ﬁfff.x.&....... ".""" SRS 2 " A% ". NG T ___r.../lf_r./ ﬁmﬂuﬁ ﬂMmf?mw” m"" ..""".ﬁw“.w .,Hmw%afm_, mww@ ﬁff R £ 3 ”"”.. N s B //M/r/..f M e
£ J.n- .l- r._“....___l_.-. ._l._“_.l-_...-._..-..._l-l___"-"-"-.l____-_u_”'___-_. 5 ._ y _.L. _. : - . - ﬂ.“.f " ?p}”ﬁrﬁaﬂrﬁfﬂ.ﬁ.- i l-ln.".._ ....q._..I _____.quu-__‘-vr Lua_..._m__mu\ra. ”mw..‘..-v.‘r._._r*ra-.nr 1..1.". l-.“-l““"ﬂ““ ¥ .- h ..... __-___.I.....l._._.fuf...r » .. . .. .
. ] . x “wm s.ﬁ“.ﬁ“wﬁ“ \.\ e b //..— i . HAL T S \\ _ | ........a.‘
. \ %ﬁﬁ? NN o prr ,,,.,,.,_, i
- N3N | e
re "y, e ey ..ﬂ.m.?_.,”..ﬁm_._._..,, _.“w. T e ...
-l-.. . L . Ly v ”m_. =, _-..”.m. _._ v ..qﬂ....u. : .”- | . : .u.u h“ _-h..__

H .n.w A \1 ._1 LK f_.n .ﬂﬁmtm.mwuh.

....,. .|_..=r.....“m.. « i . 8 p... ’ ”...h.”._. .L...." s . Wy My Ny Ry - ..h. Y i : .” g
- i o ¥ gt et . " i_-. IL..W ;e ..- ' 3 i ...m-.f ! ! . ; mm"m
P ST A e i R %ﬁ,ﬁf ; .&..... R _ = ,w,m,,ﬁ Wﬂaﬁ ,_,. /,.”.f_. ,..fff. P A
' A, RN . _ A IlilIlW w -: ..: tnm.t. .1" ! #ur.‘.tn“ki .h‘. .‘. h. Ln J-T - - - - - - .-m-. .t.? . i “aimin!
. AL, e .“u_..... ._u.pn.ﬁ AL m&ﬁ.ﬁﬂm oA Eﬁﬂﬁﬁ_f i o ' e e ™ ..,.f}..._. f rr. . N
> T, oo RN u..v_. S %mﬁ b A N RN SR N A, R

u. ” ....................

\\\\\\\\\

. N L TN N P Loy o ﬁqx ; i ¥
75 m_”_,w___m%amm\\w ..%\\ma_ NN NN \ a_ixx ﬁxﬁffg W _.-

(1)

CONNECTED g
HERE - _.

CAN BE



U.S. Patent Apr. 26, 2016 Sheet 12 of 17 US RE45,988 E

-1|'-rl|-|-l-l|-++l|-|-'-|=-

D """/,.ﬁw#

01

e,
G

26 L 38A

w
\INVZA




US RE45,988 E

13

Sheet 13 0f 17
FI1G.

Apr. 26, 2016

U.S. Patent

388
(1M)
11P

(PMOS)

L 3BA(1M)

11N
(NMOS)

m Wl
%§ e T h\ 7
-

i
o
mmmr

nrn Srw .-_.11‘1

L1 . W - 2, - " . .
. K ol . gy A ettt St it s . o e :
o m'n"m'e m ..-...... 2, ey m..w.......Iﬁf%,wﬂ.ﬂ.u%.ﬂ.w.umﬁ s AN AR P - T A, RN iy - _.._t;..i ...._. SRl SAN . .. .
o s e e e = N, e T o A AR AN K Nt e g G e ton
3 "....,..,.,...J....._”._. . P TE O v ?)ﬁ// fféﬁ.w...mw \ PRI B QY s R m%ﬂﬁﬁvwﬁwm
g e ) . - . - i P e e e - R L ] LR . i ot . Y " S T T N R - e :
e S - .&ﬁ&%.ﬁ%ﬁmﬁﬁ%ﬁﬂ% .D....-. ....W....v.,.,...,u...?.._.,. NSRRI P S ¥ u..aﬁ.erﬁ...:na.#ﬁﬁﬁﬁfrﬁ d gty R _ nwv““mww%iﬂm%h S
5 . . yr_- .... . . .. - A“W‘_r"r“rﬁ.. - g - L.
[ .-i “I-Hkb.tr

: e . . - ity gagiJrgrpags “1 gy : ; ~”..._..u_.._.”ﬂ..__n..”..u__n-. ey ! v G _ . rL -.,, PRt . i ...H
N o . B e N R T A 25 _ i " P : X
e &\\\\\\.\\M\\\n& A ..H”., racTes 7 xﬁﬂﬁw\wﬁwmwm\mﬁﬁﬂx { RS % %
v & vy, B s

- -
\\ \\ i iy A‘\\\“\\\K\\ fe ..,.”
SRS R 2 e RN A AT “ f SRR B

. A - . 3 ] i ”.l._ i l..-l. l-..- L ..
o, L T R .
LI | i p h“.. _-._.-1 _.. . ! ”.Mﬁﬁ“fi.r.u...m‘(d-( %
n u_.u._"__“ el .l“u ._..n...lnu A o ....-.__.—u._.._.”u..-.—u-._”.w._r _--_.-..__-._r
* 4 v ..r.. - 3 y ] N
S Ao

* Rt
O "

- b ]

-..r-l

_J.--..-.r__..l R r...-.._......“.-_- “1 Y g
..”r._..rw.f.m.r..“.”...._.:.”:.r...ﬂ..-n.-_- .r.- h 4
R iy y ._. . .

rr....-.-._..._.....ﬂ}u.n}.-u,ﬂh”“w .r_r L,

”rn_-.-ﬂ_-__.r.“___...-.._.-.“._r:.-.r.-_ Al -

el n“nw i i

P u\s\\
' __._-..w

e tatee % \\\ SRR 7

&
Lol IR
]

]
]
]
1
]
r

-

1
1
[ ]
]

B

"y
S oty

q - - ) . . L}

: PR /”
-.F“.._.)-u-fy.-n Iy 'y -.ﬁ.ﬂk/.l‘”.."-h’-‘ l....-f...:... L .
' . . - - .....-. : |
A R P
.__..___f.“. wia ..“ . ..H.....H...n. w0
-.".-.n.___.“.n”.___,..r._.._.- M.....-._. FC N ...,.I..-_.___.,...._._.._.._...-”.__.I.. N

1
x>
.-.".-.
w..J.
iy
H....
o P
g
s

n
B
- -:. ] e o * e Bl A
. , | - . -
e mEa - . A .
- — . -
[] \I II I._. M “ al £ .-..- -
a1 Fa i . - W 1 4 E] L.
llli.l..-l”l.ll I“ - T - r 11-11-]1-1!.1. -l - -I T 5 b K B
2 -.I-.-!t.. L it LT . L - k- 4 W1
[ 3ot e el ] ol ' K] " 1" om " . .
; i L. L L [ o ] renir ! Rt ] ! LN 1 N W L] - ¥ ]
el o’ » L T i i i L .
) e atr T L Wl Ml . (W i gl B gl o 1 g ol e g .
b R R -..".. - Y il ot - N Nt B = B p F - 3
Il T EEA b e Le ¥ o - ] .
N e ARk i ol A, g oo g Nt e
*Tr1Ty r ra e e i s r gt -l 1 ! I I - »
2" st b N, g B B : i b F r
A UL gl il LWl il e ' - Ol .
] I ..r...-.._ A Pra | - [ DAY
iy . ey o A
e B 1,

Ty
[ K
J" -_-r b X [ L 1-.“_
SRS L
e
] - u
PR ryﬁ, X iy :
P s A SRR R
* v \ ! onﬁr A AN AR A S pho il
A A Mgl o S e :
T L T P g ol L e T T T e AL
, ] Y - ffﬂﬂ”ﬂ”*‘iﬂ#””?aﬁﬂh‘n\“n\ﬁ“wl_wummﬁﬂh ’, \

k]
Fra e -......W_......
g = 1 ...U_."..__T._.W_..__.. R aET R M sy ok S FLE LR 2
s oL bt e e ol Sl
R E..m.&.......n..%.m% : __‘\H.\b., uuku%&%mwx}»@&




US RE45,988 E

Sheet 14 of 17

Apr. 26, 2016

U.S. Patent

u........_u.._, s
N
,___u.....,;.. *.‘..,mw.f @..%?}.v%{

A,//

; n .u A
o Lnuaﬁnnmu Cealntale
= Ex...i M Lt

..._ul."‘.. ..“... o= -
il ﬁ.l..

.*3951(1M)

l__..-

.....
L e T I .
o i -
1 v At

.....
it
I Pl

iiiiiii
nnnnnnnnnnnnnnnnnnn

.....

&.;ﬁﬂfﬁf :

.v.ﬂi_.}.__\? {ﬁﬂhﬁ_fx..__m\ 3

%mmw s 1

.....................

- h,u.q.".“.“.“_“. ..........
.......

unr_n.,.w

. . ...”..“.
R

o,
o
b 2
W0
7%
gt

B ......ﬁf...m....... rrr!f.u.ﬁu.n! “... - u_.r..,... ; _...r..r...,.....

w* -i?e.39m(1M)

:%w3191

(2M)
SD2(1M)

'\\u\\\h&

LA ‘mntlm .alwq ot .muVMﬂu.r.

._-m-_- e ‘  Taa e
S
e W i

ﬁ

.rxf‘%wﬁy f,,%.ﬁ
Nz 9
_. .._.ﬁ ) _”__x,.f S et

i * &1 ]
hauaﬁh



US RE45,988 E

Sheet 15 0f 17

Apr. 26, 2016

U.S. Patent

LY
g

3152(2M)

3950(1M)

y I.‘l_ . ¥ . 3 ; .
3 o oo el et et [ . R mY o Ny
| - J N . o 0] . .
iy B o o : -
) ; ' A .
l. l'r_rr .' 4 . ) . 4
i i g | \ . LY -
' " gaT. ]
[ ] - L
- - n. : :
. - e
PN
||
: T e N . 3
" M W
- r, . DR : )

NG et /ﬁmﬂ s Y
II' II n
s ._.-J,.?.., ﬂ,."" NS A
" el - i .- My -1 i

39D2(1M)
3952(1M)

A ~—31D(2M)

.‘- TR
., ..__““ 1..._M oy
H."; 2 kmf

thely

.__.__.._.._..__. D o I
Ny o ﬁi:, ey &
N Tl BT = .,;_ff."..._.,.r..ﬂhm..\.
r...-....,....”..q.,.-. .:. .T....J_....,__r-‘,k.{

Jad

. '
r -..-.-.....-.. L I 1

.H,. .n.vﬁ.xmm R
E “.mﬁ% .

---- ._Mn__..n__..-‘n‘i-‘.x:. .

-.___.r :

™ : i . f;‘{::E ::
2

o ]
1 ,#tjtﬁ g

b w ‘,. ’ ..,&w.v#n .....“...“..H ”“. .““ :
R n.- . T

uuuuuuuuuuuuu

_ , ~39D0(1M)
2

[ -. - - F P - ......_.- —_ur. - 1 ’ Pt . . "
- Bt o, e hhui..ﬁ.w :
L |.-.....”.,.”. h-ll.“!.-l—-“l.”1¥lll _-”I_ .“- N‘”‘“ﬁ"‘l..m"‘ - .
[ ; ...-...”...-. -.Hililr e ._n..-..... N l-lq .
- “‘ L] - - — = a - - - --I p . - --I -- . - . | = . u A = m - . o K ‘

1.: i ! g . . | . . 7 s : .....L.. - ”nn

] LA dn i ” - .....u....r..n.”.u oy y
a K [ ..-u._..-.r.

............ .ﬁ *_t : kL
. ”r.tmuhrr.____“ i\-.._“‘-_.l \%\-}\h‘ﬂl - )
. - i ._.u._ - Uy 1

T

=

e ..,... SN
?fﬁuﬁ.“../”/ s
...’...-..__.__..._.“M..___n__. .-M.l-. ....i -u -l

mm &Jﬁm _.m ._
= n....w,au.}_....“.."

atins n._,._.._.r...._..f ._-....-._..r.... A g
RN .." N

l-..- .._-“ ....__.-rf m -l"l"-__._-. M&. ..”.
.”.w".,, . £ .,,,f SN

+.__.._.-_._.__. _._.

SR
% WN

ﬂﬂf.}f..ﬂ ,....._._.u..x.__.____ \. - .-"-u-u-.. e _._.m____,- o ;
o 1. A ,Mws. i
A
/Ht Vm hﬂx .,._"....._..,. o ..n._n... Wy u_..u. H....u
.._.. .,__..__.1h. A F h...n....,..r...ju.

T ¥ ....u..__...:m..__\a .,._.__.,u.q_. ....... N ...1.1.
h1 s .._r._

rrrrrrrrrr

-

'
P
.|hL
TR

. ...L;...

. K
. ‘-.-_l

KU



US RE45,988 E

Sheet 16 of 17

Apr. 26, 2016

U.S. Patent

16

(SUBSTRATE
CONTACTS
OF 12N}

SCH
(SUBSTRATE

TO 1M)
ésu BSTRATE
ONTACTS OF

18
<
=

14N

i A
Y . : . w‘\\%\\“\\\ :

. oty g g e
A P G

.| i ...-Hl .w...—_ ..-_.. F ; e - - Sl .. u .|.| hl..‘il._l- il ... il -‘- :

. y -.u.qtn i g . oo _ﬁ.un _J._J_.

- 3 3 - - " s i y \_ Y . B

| PR E, ree t, e

!
.- e
£

N e
RENEAE N
oy Sy .

Y ; . e Y r . ? . C
“.. L. . | ..—. ) .” .l. .-l.l"..l.l l-“-lll- ﬁ“r..r!“-. .r- . i : 4 |... : N N omm . 5 L - o 1.. - g r =
.”- B A ... - ”...L.. - !.1| F . F e .S It ateonl ) -n .....1-|1..| . ’ ....-H“.-l ” y ' ...”-. 5 .. . r . . . K. ...mlm. |1|| o g
¥ e F Ao oy K i - w e W N - e L i
ol JF " - 4 - 5 v 3 At oy n ool 1) e s F o 3 il «
.y H“.- -, r “| o W, e . l"..._- 1“ vl - - ”.."_. ...I-u.. Fu! LN S Fww ey n e LY B T, .l _-.“1.
et = . 43 #. o - e __.. gk At a ..-_.1.__.-._-. I X nl v . LRI .-ll___-_...l.-___.-i.....ui. 3 ‘v .- o 5
r .. L g " N _- - .._l.-.i. ....-..-. _.” ! L) .-y..._..”p. r-._.,l.....u.“.h.ru...,.-.-.l-_.l .ﬁl._l_-.l_- ] o ....... ...|....
r o ' ' A ¥ == h.._“.” ._._...r. ",...l __....__.,H......—ru W e B
o A - i . 2 i b ) L . Lt
g ! ) . Ay ot ol R Rt o
P & S, ] e O A, - g T, S e g
o = “1 » ..-.“ .‘—_h. ", s, e LT ﬂ-“ ._.-f ..lh.u... ..l - .__H...I_...?h?___ g .3_...““#1“- ’ .-“l"l"l"-"l“-“l"l"lulﬂl"tﬂl"l"i ..-....r. ff-—.— F i J.-r
ok al g -, ¥ . ! e o) d R T R T I_f_-.-v e Pl L. )
At o ! M ....”.-l.-.l.-l-Uh-Iql-l-lu-.l-w_m"ww-hf_-fp s LU
. i ,..-... N : "
. . ) L]

d L - L
R e, o hen R Aty Wb P
' ll.-.. g _. - B ul e, . ) i am k. -8 j
L .-..__ K .,..-“..-.”._.-.a.._.-.._ ” ) |” ) “.-.-.- o N Y ... ? " ._.“-“-L t
LI II._.-lu-..-.L.“-.-.- .- .." - ...-- My ‘l-_-“! y 35
T ettt j ”_-...a by _-.-J- '

”. : ~ d L . ..1.-.. . * | ] . . ...._ “.““H-.- n“ ” ¥ ! il . B k
r ) : 3 a ” 3 ” “ -..I 2 “._.-...- 'y ” A n...._q . .__ ...ﬂ.vu._.u..-_....— 11 Y 11!._
3 ’ . - " ak W] WU e T e T Pl 'nt]
4 AW . P e N P, o e,
F : ’ RO G W ..-.1 m...iu__.-. ¥ x o _ .._._.__. H-.-..ﬂ._._muh.um..-.__.l. AN LN .-.-..-.-,_--..... ¥ i
] . . . / - ||‘.'. “.-. c e I ¥ ; e - - ] i . H " II.F - .H. .-n .:#.ﬂ.man i -.-.. ¥ l- .l- o
b Ry o Bl e
25

e e

ik
. oty A ) i
.H“Hﬂwmnwwxwﬁuv%f%ﬂ# vy o
Lo L, w

W
r ~h _.._m.
r " L . . i
i R, r._t.. el ey - : et L, ,
- ’ i T ey . i L E . - 2 g i, - AP A 0
Iy Ay g e S | A A e g o
- N - A K __.-._._,. 3 . L ] M..n...-n.__ w..h..._...n.m.-“&_.aw!_____ : h r Ty N
- g Pyt A A o ...__..._" BRI wulnl. o . ;-.r«..:.«J. -._%_.u_nh._.- u“..._ | gt
* q TR A - 2 ...__-._l...“..-"..."....n..r....r._._ R RENYLEXEN LY 'y 4 ﬂ..-. , , ) R f.-._r' L) - .lll._... o -_..._h r "t
gl el M e e T : £ aF dF B K LN e A g ;
N e, B R o P A D W VAT,
- e aft A #oF . L ...._.._.hm.u.m.qm.mw..”.mm.n,”“..h._u_. VEE N ._ B oy . J “m“... M..._W-.-"' ”u ! ] Sl . -
= L e gl ST o . 3 : 2 AW F _y i , .
3 iy v o o - o ._-l . ”1-_ l.._| 1.-.-.-._I_. . - ) . I“....""..!
: 2y ﬁwﬂq‘nrf“_-ﬂ,.r . o

YR e %\“\\\w\\, i

. Y

.1. e Uyt : y 'y 4 el ]

. - o o, .._._.__.nm u__r . .,._._.- 2 .._..Hm oy ; it B M
b
m.. ."u..“:

.-.n\ : .' . ST ' o .
[ _. -.. .... 4 A .-.u.-.m.. L . .-.l.-iﬂ?r. ._.....
LRSS AN NN
Ny .|...a... g : . gl e - 'y : ) )
d 1”.-._ |....I _| " .. . - n o L. ; n .I....| . o !

ul

¥
W
n

P
. e e e T e

= 0 B W D3
B - WE N
LETE L
L r | -
}

S
kL

"._-.. ..,. ,...r .fIr“r.&-gJ% :

-

||||||||||||

11P AND 12P)

"1\ scH

¥ .
R
P e G e B A
3 .ﬂ...l g lﬂ-“ 5 .-_-“"“"ﬂ-._"-. ..__Jn-m__l..ﬂ oA ) ¥ F l-."-.l T m e
AT, e e P i N e R a

LLL e ¥y
- 5 __.._..h...... ) C ' i a gl
Loty | - r ””___"._...__.1 "-_-lh : '.... -._ '3
- T L e - . o L " - v
e |V
PR L Sy ._ .

A o el
N & A

IO # P A

SUBSTRATE

(

¥
ONTALTS

OF 11N)

O 1M)
NN

143
T
<

P

)

o 3B

: $3

o g S

£X..
Z< T
s e
\

o

DN A

_ Y _._
.//m xfﬁﬂ.m“.“ u.n‘“ o %”
g . . o . o .

“nns-‘

*
F

R

I
I

AL
L] _-l_-l

b
R

r 4
LY

v
i R

BB 5

2
7

pmasccncanea 4

A
£
'aF

m.
-
S

u

(SUBSTRATE
TO 1M}



US RE45,988 E

.17
24

Sheet 17 of 17

FIG
1 23
(A2) (A1) (NCO) (NS)

21

Apr. 26, 2016
22

U.S. Patent

w a?% %mﬁ %

! : : P u T, y Lo . . . Fh g - = o E
E F i .._Ih ’ . 2 Ll - TN Y [ - T L - [ W R LFX'R -, h.-_n ] H Ly A

A e e TR S uu“r..u.wh.. . ks ”,u._ Eogl ol ..n.__w-._m_._,.n....”u-. u.,_._..-..mn"-..m“nmm - uu._._muu.nu X .."u .....____._.._.“uu"w;._....:m-}w.“..u.-
r r n [ h.r.__..u‘. ___u._..- J .l-... - .... 3 - .I._.l-“n” __H .... .."l" %m_..”_“l . J-. .-""- y . i _))( -

"2
..+... g B . - - .-. ”'lI o

o5 » l-r.ﬁ*..._. : 1-
SR R A Z

W ‘g ) . ...._....n..—.__.w#.rm...,.”" " v -} L Mt RS R " _ kel a8 ; S e o e
X P e 2 e R LIy . FF e g al o .
- y i ._..M|u1 .... E) H v al - 11;..-.. l- ! a .‘u.m..,.... -. ._..”...-_ . ’ - .. y } . _-l‘“nl"' y
L - ._._....pu.._.n...n_"_.........-_. s -.-“_q-h._.h. . -..u“. iy PP | o "R . i ! e
. _ i T e T - Daade - E o
1 3 | v b ; i_n._.. b ...h.........u...*.__. ¥ .ﬂ.-.ll.-.-.l‘-l Py = -n_m“.....m - .. - ) _ E1- il ) A T P e . o
= il i s . il it St il il i - - = . - d . -
- ' 1 . - ~ L -4 n...n - X F. - 8 .
L 1 S ir A . Fo a0 . . .
i [ . r .-J,ﬂr Pl 4 =3 0 o ...1r . - - : '
] i, |...L|.1 ..1 i .J.' . 3 r Bk b ) - il .| E ...-“.. ..... . . B i o B r r
- - ] ! J r 4 .fu_n—. o Ny Ju.”_.u..”.....n . r - ) ._\.llli r“f.”...”rn“.ﬂ”&.“.!--. " - K - K J
. . e g T ) - AN Rk g . i e g
. i ] .. w1 . - ! o - bl W ’ .
Y ~ [ r Ee & o ? AL ot P “ua’ B R ; y - "l I ot PP e , PR Ty p
g - - - - I L W ] . i g | » = - o,
AT g o L Brdy W oo gy oo AL
- - .-| > K = I.“t . _ .I.__. i -1.ll o o | " .-l."l_-. .-.“._-.l x . . ll.‘-_ I“-" I.-.- “I....“ ..-t"-.ll. .

] . ral ¥ . . u iu”.l. _” ”t.-.”. o . .....”.u_l.ll..ﬂl| -l.”...-” ) |1 n..l”..___...n.- -..-_.-IJH._.-._I..-..H.__‘”_.W“-U.”-- ' . .J.._....lvrm...-.... o _-I-n.- -..ﬂ ..._..I|l Ak oa .III.II.-. L _ J
AT 0 e R oo H Ot Ay . .
S i, Blhecondiirnd ¥, i ; : AR
) 4 . ] & ol J.p. & rr i - T i it ._...-

G 3 n RRR L B e Sy S S
nyr . ’ RN N : N e o e e ¥ e . HEd
Ly .ﬂ. H B y 9 “n.. .-._‘1.. L L ; E .1l.1- Lr\mi - -3 c
o o _ S a i rror L .
" o iy J __..“. ....-._.._F- g A
X v Fa¥y s el . ! il
e i . .
.- 3 ~ -1 ) PR - d F j . L = F
ol - T IR .
b L ol " a _"u.” ' u-_u.-..-_ )
g L .ll.r_“_. .I'\._........u-_l.
- : ., o i

w ' .E::::

iy

L
¥

wh
orh
o

= - F 2 -" F I__ - -u
ErE) ..._"..--..-.t. ] . ] 1.-._. =
= n}.rw“..%..._.. o t ;
- [ ] 3, LI .-._-
. o "-..-u_..k. ...“.._u....m.._” w ﬁh\\w 1 ".-_ln-. Aty
.- Y I-.

A

L R, -
- -l r I-.- »
[ ) a . .

e r [ romom
11 - !l .II‘ - I.lH.._.i A A - -.h..& ..-ﬂ..uﬂr..n...- . )

R ALt - e e W R S ; _

! L) ] _-1-.!1_-.1._ ._..u_.u_._"r o V

- 5 O 4 L] ..-..__r.r A . e
g i N ... :

. i ; 'l AL - :

; . i, LR J
d . Cafe Ty N R -_\~
. Rl - - gk N E AR ey - : - o ......1.1“
L} | A | p | - ™ Fog Fy - 4 . " . .-H

. 3 - L _ F . r :__.n. "
- Tt N _. . r . < : ) -~ [l .. S s . . - .-. .‘I. Fa o mro.on « B 1 F B . 0= F Ll L] |I| - . - = Sor m Ll .-..-IHL - -
L - R o N e, - .1_- - - LTl .J._l.- lr.-a-_.__-...-. o A e o -4 gt - -u-_-. LI - i .—-I =
e A i o T T ;ﬁf.”ﬁw,vfﬁf.mﬁuﬁ \-. A R et i, 2
- - e ] r r . : T T o o 1 i - . + - A T o ar .oF o a N = R R - -
- T g N S A AN S 5 w/...a,? TnREeRNy P, u_ﬁ PRI EA S, . e
“ . : ..u.n. nn.u -.1 - - | LI |.n |1..dnn B I-n.n -‘- - .‘-. LK) - . e |.11 ¥ - ' L4 oo Lo oam o - i N .. I il T -.-..l.I..i..—. . ._- . T .r.r._.u - -
. T e I SN Fon - . o ., h oot

-

l-.--J.”
.-“.". i ._ k ...m._.
e it
AR R R Y,

iﬁl ; % w A
e T e \. ;
s ....é f&nﬂ ...\-\.“ \%M«.— 4
- §
"= L

%i _

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



US RE45,988 E

1
SEMICONDUCTOR INTEGRATED CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

The present application is a veissue application of appli-
cation Ser. No. 12/805,158, now U.S. Pat. No. 8357 955,

issued Jan. 22, 2013. The present invention contains subject
matter related Japanese Patent Application JP 2009-198547
filed in the Japan Patent Office on Aug. 28, 2009, the entire

contents of which being incovporated hevein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor integrated
circuit having a desired circuit formed by combining and
laying out a plurality of standard cells each having transistors
and gate electrodes and connecting the cells together.

2. Description of the Related Art

In a common standard cell, at least one of the sizes thereot
in the directions orthogonal to each other (so-called vertical
and horizontal directions) 1s standardized to a few types or,
for example, to three types. The so-called vertical size i1s
referred to as the height of the standard cell. This height 1s
standardized to three types or so. Here, in order to avoid
confusion between this cell size (height) and its structural
height perpendicular to the semiconductor substrate, the cell
s1ze will not be called the “height.” Instead, this size will be
referred to as the “standard cell length” for the sake of con-
venience.

Even when a few standard lengths of the standard cell may
be used 1n an LSI (Large Scale Integration) as a whole, the
same standard length 1s used when viewed locally as 1n the
same circuit block to ensure eflicient layout of cells.

Therelfore, various types of standard cells with the same
standard cell length are made available and registered 1n a
library. In general, standard cell patterns such as internal
wiring patterns are limited 1n layout space along the standard
cell length.

In contrast, the standard cell size 1n the direction orthogo-
nal to the common cell length (so-called horizontal direction)
1s available in a variety of lengths according to the scale of the
gate circuit. The cell size 1n the direction orthogonal to the
common cell length will be hereinaiter referred to as the
“arbitrary cell length™ for the sake of convenience.

The 1verter 1s normally the most basic building block of
logic circuits achieved by the standard cell system. The
inverter 1s formed by connecting NMOS and PMOS transis-
tors 1n series between VDD and VSS lines so that the gates are
shared. In the most basic standard cell used for logic circuits,
the distance between the center of the VDD line and that of the
VSS line 1s the standard cell length, and the direction along
the VDD and VSS lines 1s the arbitrary cell length direction
when the VDD and VSS lines are arranged alternately and
parallel to each other. This most basic standard cell 1s
designed by increasing or reducing the size of the arbitrary
cell length as appropriate according to the scale of the stan-
dard cell circuit. Such a basic standard cell has a standard cell
length of a CMOS pair that 1s appropriate to the sum of the
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2

a height appropriate to that of a single CMOS pair. Therelore,
this cell will be hereinatter referred to as a “single height cell.”
The layout of standard cells each having a standard cell

length of a CMOS pair 1s described, for example, 1n Japanese
Patent Laid-Open No. He1 10-173055.

SUMMARY OF THE INVENTION

There would be no problems if the circuit to be achieved
with a standard cell was a basic logic gate circuit such as an
inverter or a NAND circuit. However, there are cases 1n which

the single height configuration 1s not suitable depending on
the circuit scale.

We assume, for example, that there 1s a standard cell con-
figured 1n such a manner that the gates of a number of CMOS
pairs must be driven in phase.

In this standard cell, the PMOS and NMOS transistor gates

in each CMOS pair are connected by a gate line made, for
example, of polysilicon. However, several gate lines must be
turther shorted together. Therefore, the gate lines are con-
nected together by upper layer wirings (normally, metal wir-
ings 1n the first layer). However, a number of other internal
wirings are also required 1n the standard cell to connect tran-
sistor gates to the sources or drains of other transistors. As
result, 1t may be impossible to secure a space to connect the
gates together with the upper layer wirings.

Even 1t a space 1s secured, it may be necessary to design
wirings that are bent 1n a complex manner, thus resulting in
reduced workability for design and mask preparation and
leading to higher cost.

If a space cannot be secured, there 1s no alternative but to
increase the standard cell length in the standard cell specifi-
cation to provide more leeway or use the wirings in a higher
layer.

However, increasing the standard cell length leads to waste
in areas other than the CMOS pairs of the cell and small-scale
basic circuitry such as inverters. Moreover, using the wirings
in a higher layer (e.g., wirings 1n the second metal wiring
layer) clutters the space where other wirings are supposed to
be formed 1n the second metal wiring layer.

It 1s desirable to provide a semiconductor integrated circuit
having a cell layout unlikely to produce wasted space and
advantageous 1n terms of cost when the semiconductor inte-
grated circuit contains standard cells for achieving a circuit
adapted to drive a plurality of complementary transistor pairs
(e.g., CMOS pairs) in phase.

In a semiconductor integrated circuit according to an
embodiment of the present invention, a desired circuit is
formed by combining and laying out a plurality of standard
cells and connecting the cells together. The cell length, 1.e.,
the gap between a pair of opposed sides, of the standard cells
1s standardized. These standard cells include a complemen-
tary 1in-phase driven standard cell. Each of the complemen-
tary in-phase driven standard cell includes a plurality of
complementary transistor pairs that are complementary 1n
conductivity type to each other and have their gate electrodes
connected together. N (=2) pairs of all the complementary
transistor pairs are driven in phase. Further, the size of the
standardized cell length of a complementary in-phase driven
standard cell 1s defined as an M-fold cell length which 1s M
(N=Mz=2) the basic cell length which 1s appropriate to the
single complementary transistor pair. In a complementary
in-phase driven standard cell, the common gate electrodes of
at least M pairs of the N complementary transistor pairs to be
driven in phase are arranged linearly in the direction of the

M-1old cell length.
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In the embodiment of the present invention, single height
cells or standard cells having the basic cell length and multi-

height cells or the complementary 1n--phase driven standard
cells having the M-fold cell length, are preferably arranged
adjacent to each other to form the desired circuit. Further,
when arranged adjacent to the single height cells, the multi-
height cells preferably have a power line arrangement struc-
ture that allows for power lines to be shared.

In the above configuration of the semiconductor integrated
circuit according to the embodiment of the present invention,
if electrical shorting 1s required for in-phase driving, the gate
clectrodes of a plurality of complementary transistor pairs to
be driven 1n phase are formed integrally with a common gate
line itself. This provides a reduced number of internal wirings
required to short the gate lines, thus eliminating wasted space.
Further, this eliminates the need to form internal wirings 1n
complex shapes.

The above preferable configuration does not impede the
advantages of the standard cell layout system because the
multi-height cells preferably have a power line sharing struc-
ture with the adjacent single height cells. At this time, the
single height cells need only have a required minimum basic
cell length suitable for a small-scale circuit. The standard cell
length of the multi-height cell 1s a plurality of times the basic
cell length thereof. This makes 1t possible to secure a power
line sharing structure with other surrounding cells even if the
standard cell length of the multi-height cell 1s increased.
Further, in this case, the single height cell has a required
mimmum basic cell length suitable for a small-scale circuat,
thus eliminating wasted space.

The present invention provides a semiconductor integrated
circuit having a cell layout unlikely to produce wasted space
and advantageous 1n terms of cost when the semiconductor
integrated circuit contains standard cells for achieving a cir-
cuit adapted to drive a plurality of complementary transistor
pairs (e.g., CMOS pairs) 1n phase.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s adiagram schematically illustrating a plan view of
an integrated circuit according to first to third embodiments
with a focus on the cell layout;

FIGS. 2A to 2C are layout diagrams for describing the
inconveniences of a single height layout technique;

FI1G. 3 1s an equivalent circuit diagram of a first application
example 1n the first embodiment;

FIG. 4 1s a first layout diagram of a first application
example 1n the first embodiment;

FIG. 5 15 a layout diagram of comparison example 1 in the
first embodiment;:

FIGS. 6 A and 6B are equivalent circuit diagrams of a
second application example 1n the first embodiment;

FIG. 7 1s a first layout diagram of a second application
example 1n the first embodiment;

FIG. 8 1s a second layout diagram of the second application
example 1n the first embodiment;

FI1G. 9 1s a layout diagram of comparative example 2 in the
first embodiment;

FIG. 10 1s an equivalent circuit diagram of a third applica-
tion example in the first embodiment;

FIG. 11 1s a layout diagram of the third application
example 1n the first embodiment;

FIGS. 12A and 12B are equivalent circuit diagrams of a
tourth application example 1n the first embodiment;

FIG. 13 1s a layout diagram of the fourth application
example 1n the first embodiment;

FI1G. 14 1s a layout diagram in a second embodiment;
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4

FIG. 15 1s a layout diagram 1n a third embodiment;

FI1G. 16 1s a first layout diagram of a modification example;
and

FIG. 17 1s a second layout diagram of the modification
example.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

A description will be given below of embodiments of the
present invention with reference to the accompanying draw-
ings by taking, as main examples, double height and triple
height circuit cells.

1. First embodiment: Embodiment 1n which the double height
cell to which the present invention 1s applied 1s shown by four
application examples (circuit examples). In the first and sec-
ond application examples, the effect obtained by the applica-
tion of the present invention will be described by using com-
parative examples land 2.

2. Second embodiment: Embodiment of a triple height cell to
which the present invention 1s applied.

3. Third embodiment: Embodiment of an L-shaped cell
(double height cell having the same functionality as a triple
height cell) to which the present invention 1s applied.

4. Modification examples: Two modification examples relat-
ing to a substrate contact will be described.

1. First Embodiment
1. Overall Layout

FIG. 11s adiagram schematically illustrating a plan view of
an integrated circuit according to embodiments with a focus
on the cell layout.

In FIG. 1, each of rectangular areas 1s called a cell. The
cells denoted by reference numeral SC are standard cells. The
standard cell SC 1s a predesigned and standardized functional
circuit cell registered 1n a library such as an inverter or a
NAND gate. Although being a collection of data, the standard
cell SC may refer to part of a device manufactured based on
the data. Although a detailed description will be given later,
standard cells registered 1n a library are combined and laid out
in the design phase of a semiconductor integrated circuit. As
a result of the layout, source voltage lines and reference
voltage lines (e.g., GND lines) are roughly connected
together on data. Connecting signal and other lines after the
layout provides the desired circuit. The layout of cells and
disposition of wirings up to this point is conducted on the data
level using a design support apparatus.

Although being a schematic plan view of the semiconduc-
tor integrated circuit with a focus on the cell layout, FIG. 1 can
also serve as a data-level cell layout diagram.

In a semiconductor integrated circuit 1 shown in FIG. 1, the
standard cells SC of a variety of sizes are combined and laid
out, thus achieving a desired circuit. Here, the desired circuit
can be achieved at will depending on what the functional
circuits of the standard cells SC are and how the cells are
combined so long as the desired circuit 1s a logic circuit. FIG.
1 1s a generalized diagram, and 1t 1s arbitrary what the desired
circuit 1s.

The standard cell design system 1s used 1n the design pro-
cess of ASIC (Application Specific Integrated Circuit) and
ASSP (Application Specific Standard Product). ASIC 1s an IC
developed and manufactured to meet a specific application
requirement of each customer. ASSP 1s an IC designed and
developed as a general-purpose part for a plurality of custom-
ers.
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A description will be given below of the size of the standard
cell SC.

Inthe standard cell SC, the cell length 1n the direction along
one of two sides that are orthogonal to each other 1s com-
monly standardized. This cell length direction will be here-
iafter referred to as the “standard cell length direction.”
There may not be only one, but a few sizes or, for example,
three sizes, 1n the standard cell length direction (standard cell
lengths) 1n an entire IC. It should be noted, however, that there
has been, up until today, one unified standard cell length,
when viewed locally, as 1n a single circuit block or a circuit
adapted to achieve a desired function. One of the major char-
acteristics of the embodiments of the present invention 1s that
there are a plurality of standard cell lengths 1n a local circuit
such as a single circuit block or a circuit adapted to achieve a
desired function.

In relation to this characteristic, common single height
standard cells SHSC and multi-height standard cells MHSC,
both serving as the standard cells SC, are mixed in the
example shown in FIG. 1. Here, two types of multi-height
standard cells MHSC are shown, a double height standard cell
WHSC having a standard cell length twice that of a single
height standard cell SHSC and a triple height standard cell
THSC having a standard cell length that 1s three times that of
a single height standard cell SHSC.

The cell size can be determined at will in the direction
orthogonal to the standard cell length direction. Although the
cell sizemay be determined at will, 1t 1s common that there are
fixed discrete sizes that can be used (specified by the gnd
number) for reasons of design efliciency or to meet the
demand for consistency. The direction orthogonal to the stan-
dard cell length direction will be hereinafter referred to as the
“arbitrary cell length direction.”

In a circuit block as shown 1n FIG. 1, the VDD and VSS
lines extend in the arbitrary cell length direction and are
arranged alternately 1n the standard cell length direction. The

gap between the VDD and VSS lines 1s appropriate to the
height of the single height standard cell SHSC.

Further, the double height standard cell WHSC includes a
type denoted by reference numeral WHSC1. The double
height standard cell WHSC1 has the two VSS lines that are
disposed, one along each of the two short sides, in the stan-
dard cell length direction, with the VDD line passing through
the same cell WHSC1 at the center between the two VSS
lines. Further, the double height standard cell WHSC includes
a type denoted by reference numeral WHSC2. In contrast to
the double height standard cell WHSCI1, the double height
standard cell WHSC2 has the two VDD lines that are dis-
posed, one along each of the two short sides, with the VSS line
passing through the same cell WHSC2 at the center between
the two VDD lines. Although only one of these two types may
be used, the two types are mixed here from the viewpoint of
layout etficiency.
| Single Height Layout]

Next, the reason will be clarified why the single height
standard cells SHSC and multi-height standard cells MHSC
are mixed in the same circuit block by stating the disadvan-
tages of the major techniques adapted to design a semicon-
ductor integrated circuit with only single height cells.

FIGS. 2A to 2C illustrate three types of single height stan-
dard cells designed by a single height layout technique to

form a CMOS logic circuit.
Each of these single height standard cells SHSC_1,

SHSC_2 and SHSC_3 has two doped regions, namely, a
P-type doped region 13P and an N-type doped region 13N,
arranged parallel to each other between the VDD and VSS
lines. The P-type doped region 13P serves as the sources or
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drains of PMOS transistors. The N-type doped region 13N
serves as the sources or drains of NMOS ftransistors. The
reason for this 1s that the mverter 1s the basic building block of
CMOS logic circuits. Polysilicon gate electrodes 20A and
20B forming an inverter input are arranged linearly so as to be
orthogonal to a rectangular region including a P-type doped
region 13P (hereinaiter denoted by the same reference
numeral as the P-type doped region 13P and referred to as the
“PMOS active region 13P”). The polysilicon gate electrodes
20A and 20B are also arranged linearly so as to be orthogonal
to arectangular region including an N-type doped region 13N
(hereinafter denoted by the same reference numeral as the
N-type doped region 13N and referred to as the “NMOS
active region 13N”") (FIGS. 2A and 2C). Therelore, the single
height standard cells have a height (standard cell length)

appropriate to that of a complementary transistor pair
(NMOS and PMOS pair).

In such a standard cell configuration, vertically long com-
mon gate electrodes of the complementary transistor pair
(hereinatter the CMOS gate fines) are arranged side by side.
This leads to an increased number of internal wirings adapted
to connect CMOS gate lines or a CMOS gate line and other
node (e.g., transistor source and drain). Moreover, because
such a number of internal wirings must be provided 1n a
limited space, the wiring pattern 1s inevitably complex. This
leads to many vertices and bends 1n the metal and polysilicon
layouts, thus resulting 1n a complex shape.

In leading-edge processes, the more complex the pattern
shape 1s, the more design title restrictions are imposed. Fur-
ther, a complex pattern shape leads to a long time required to
perform optical proximity correction (OPC) in the mask
preparation or 1s disadvantageous from the viewpoint of
design for manufacturing (DFM). Here, the term “DFM (de-
sign for manufacturing)” refers to a techmque adapted to
resolve the LSI manufacturing problems at the design stage.
In the cell layout, a simple shape provides a device less
susceptible to variations at the time of manufacture. There-
fore, this aspect 1s important.

Further, difficulty 1n performing OPC, for example, may
lead to a reduced vyield of physical device.

The viewpoints described above constitute the first disad-
vantage of designing a logic circuit with only the single height
standard cells SHSC.

A high likelihood of producing wasted space 1s the second
disadvantage.

Standard cells used, for example, for a clock tree may be
laid out with a changed size ratio between the PMOS and
NMOS to ensure that the clock delay i1s the same. For
example, a standard cell (SHSC_2: FIG. 2B)may be used that
has a larger-than-normal PMOS (SHSC_1: FIG. 2A). Alter-
natively, a standard cell (SHSC_3: FIG. 2C) may be used that
has a smaller-than-normal NMOS.

In this case, enlarging the PMOS active region 13P hori-
zontally leads to a vacancy in the NMOS transistor forming
region as shown in FIG. 2B. Conversely, reducing the NMOS
active region 13N vertically does not increase the area of the
standard cell SC itself but leads to a reduced area usage
elficiency. These constitute wasted spaces in exchange for
necessary functions, which 1s one of the reasons why high
density packaging cannot be achieved.

The embodiments of the present invention propose a
complementary transistor pair (e.g., CMOS pair) standard
cell configuration that resolves the above two disadvantages.
The present invention 1s applied to a complementary in-phase
driven standard cell of all the types of complementary tran-
sistor pair standard cells.
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Three layout configuration examples of the complemen-
tary in-phase driven double height standard cells WHSC to

which the present invention i1s applied will be shown below
together with circuit examples.

First Application Example

FIG. 3 1s an equivalent circuit diagram of a half adder cell
as a circuit example of the standard cell SC to which the
present invention 1s applied. The half adder shown 1n FIG. 3
1s broadly divided into a carry-out section (CO section) and a
single-bit addition section (Sum section). The half adder 1s a
circuit designed to receive first and second input bits (Al and
A2) and output a half addition bit (S) and a carry-out bit
(hereinatter the CO bait). The half addition bit represents the
result of half addition 1n the first digit. The CO bit represents
a carry.

It should be noted that the gates of the CMOS pairs that are
supplied, for example, with the same mput in FIG. 3 are

indicated by bi-directional arrows.

The carry-out (CO) section includes a NAND circuit and
an inverter. The NAND circuit includes two PMOS transistors
P1 and P2 and two NMOS transistors N1 and N2. The inverter
includes a PMOS transistor P3 and an NMOS transistor N3.
The NAND circuit and 1nverter are connected by a wiring
denoted by reference numeral 31 (internal wiring 31) where
an inverted carry-out bit (NCQO) appeals. The P1-N1 CMOS
pair 1s supplied with the first input bit Al1. The P2-N2 CMOS
pair 1s supplied with the second input bit A2.

The single-bit addition (Sum) section includes four PMOS
transistors P4 to P7 and four NMOS transistors N4 to N7 and
has the mverted carry-out bit (NCO) and the first and second
iput bits (Al and A2) as 1ts mputs. Although performing a
single bit addition, the same section produces a single bit
output. Therefore, the same section performs a half addition
operation adapted to produce a “0” output with the help of the
inverted carry-out bit (NCO) that 1s “0 (e.g., low level)” when
both the first and second input bits A1 and A2 are ‘1 (e.g., high
level).”

In such a configuration, when the two input bits (Al and
A2) are both low, the PMOS transistors P1 and P2 are ON.
Therefore, the NCO 1s high, and the CO 1s low. As aresult, no
carry 1s generated. On the other hand, both the PMOS tran-
sistors P35 and P6 are ON. This pulls an inverted half addition
b1t (NS) up to high level. The NS 1s the potential of an internal
connection line 33 forming the input node of the verter at
the final stage. As a result, an internal connection line 34

outputs a low level as the half addition bit (S).

When the two input bits (Al and A2) are high and low,
respectively, the PMOS transistor P1 1s OFF but the PMOS
transistor P2 1s ON. Similarly, therefore, the NCO 1s high, and
the CO 1s low. As a result, no carry 1s generated. On the other
hand, both the NMOS transistors N4 and N5 are ON. This
pulls the inverted half addition bit (NS) down to low level.
Therefore, a high level 1s output as the half addition bit (S).

When the two 1put bits (Al and A2) are low and high,
respectively, the PMOS transistor P2 1s OFF but the PMOS
transistor P1 1s ON. Similarly, therefore, the NCO 1s high, and
the CO 1s low. As aresult, no carry 1s generated. On the other
hand, both the NMOS transistors N4 and N6 are ON. This
pulls the 1verted half addition bit (INS) down to low level.
Theretore, a high level 1s output as the half addition bit (S).

When the two mput bits (Al and A2) are both high, the
NMOS transistors N1 and N2 are ON, which stands 1n con-
trast to the above three cases. Theretfore, the NCO 1s low, and
the CO 1s high. As a result, a carry 1s generated. On the other

hand, because the NCO 1s low, the PMOS transistor P4 1s ON
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although the PMOS transistors P5 and P6, provided 1n paral-
lel with the PMOS transistor P4, are OFF. This pulls the
inverted half addition bit (NS) up to high level. Therefore, a
low level 1s output as the haltf addition bit (S).

FIG. 4 1s a layout diagram of the circuit shown 1n FIG. 3
designed by applying an embodiment of the present mnven-
tion.

The standard cell illustrated 1n FIG. 4 1s an example of the
double height standard cell WHSC1 (FIG. 1) having the VDD
line disposed at the center.

In this double height standard cell WHSC1, a VDD line
30D extends 1n the arbitrary cell length direction (horizontal
direction) at the center of the standard cell length direction
(vertical direction). Further, two VSS lines, 1.e., VSS lines
3051 and 30S2, are disposed. The VSS line 3051 1s arranged
along the center of the width of one of the short sides of the
horizontal outer frame of the cell. The VSS line 30S2 1s
arranged along the center of the width of the other of the short
sides thereof. The VSS lines 3051 and 3052 are arranged
parallel to each other, and also parallel to the VDD line 30D.
The VDD line 30D and VSS lines 30S1 and 3052 are formed
by patterning the first wiring layer (1M).

The circuit (CO section) adapted to generate the carry-out
bit (CO bit) 1s provided on the lower half of the cell 1n such a
manner as to have the VSS line 3051 and share the VDD line
30D. On the other hand, the circuit (Sum section) adapted to
generate the halt addition bit (S) 1s provided on the upper half
of the cell 1n such a manner as to have the VSS line 3052 and
share the VDD line 30D.

Two active regions of the same conductivity type, 1.e.,
PMOS active regions 11P and 12P, are arranged line-sym-
metrically with respect to the center line of the power line
(VDD line 30D) passing through the cell. Further, an NMOS
active region 11N 1s arranged between the PMOS active
region 11P and VSS line 3051, and an NMOS active region
12N between the PMOS activeregion 12P and VSS line 30S2.

Surrounded by an element 1solation 1nsulating layer 10,
these four active regions are 1solated from one another and
arranged to be horizontally long 1n shape and parallel to the
power line.

It should be noted that the CO section has six transistors
whereas the Sum section has eight. Therefore, the PMOS and
NMOS active regions 12P and 12N are longer in shape than
the NMOS and PMOS active regions 11N and 11P.

Three common gate electrodes 21 to 23 are arranged lin-
carly 1n such a manner as to penetrate the four active regions
vertically (1n the standard cell length direction).

The common gate electrode 21 serves as a common gate of
the transistors (P1, N1, P5 and N3) adapted to receive the first
input bit Al shown in FIG. 3. The positions of the above
transistors are shown in FIG. 4 by the same reference numer-
als.

The common gate electrode 22 serves as a common gate of
the transistors (P2, N2, P6 and N6) adapted to receive the
second input bit A2 shown in FIG. 3. Further, the common
gate electrode 23 serves as a common gate of the transistors
(P3, N3, P4 and N4) adapted to receive the inverted carry-out
bit shown 1n FIG. 3. The positions of the above transistors are
also shown 1n FIG. 4 by the same reference numerals.

On the other hand, a common gate electrode 24 for the
remaining two transistors (P7 and N7) is shorter than the other

three and penetrates the PMOS and NMOS active regions 12P
and 12N because the two transistors must receive the inverted
half addition bit (NS) 1n the Sum section.

Internal wirings 31 to 35 shown 1n FIG. 3 are provided as
the wirings of the first wiring layer (1M) and shaped as shown
in FI1G. 4 to connect the sources, drains and gates of different
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transistors. The specific connection relationship 1s obvious
with reference to FIG. 3, and therefore 1s omaitted.
| Characteristics of the Layout to Which the Present Invention
1s Applied]

A first characteristic of the layout 1s that the connection rule

with the single layout power line arrangement 1s maintained.
That 1s, the relationship between the VSS line 3051 and VDD

line 30D and that between the VSS line 30S2 and VDD line
30D are appropniate to the standard cell length of the single
height standard cell SHSC (FI1G. 1). These relationships allow
tor power lines to be shared between a single height cell and
double height cell when they are arranged adjacent to each
other. For this reason, the double height standard cell WHSC1
has a standard cell length which 1s a plurality of or M (=2,
M=2 1 this case) times the basic cell length which 1s the
standard cell length of a single height cell.

A second characteristic of the layout 1s that the gate elec-
trodes of the plurality of or M (M=2 1n this case) complemen-
tary transistor pairs to be driven in phase are arranged linearly
as common gate electrodes.

This commonization of gate electrodes contributes to a
reduced number of internal wirings, thus providing leeway in
the layout of other internal wirings. When there 1s leeway in
the layout of internal wirings, wirings may be laid out without
forming a complex shape, possibly contributing to improved
yield and ease of manufacturing. Further, there 1s no need to
connect the gates together using the upper layer wirings, thus
providing leeway 1n the layout of the upper layer wirings. In
the case of this circuit example 1n particular, there 1s no need
to connect the gates together 1n the higher second wiring
layer, as 1n the comparative examples which will be described
layer, thus ensuring eflective use of multi-wiring resources
and providing reduced cost.

A third characteristic of the layout 1s that active regions of
the same conductivity type (11N and 12N) are arranged line-
symmetrically with respect to (M-1) power lines passing
midway therebetween, or the one VDD line 30D because
M=2.

A fourth characteristic of the layout 1s that all the gate
clectrodes overlapping the portion of the element 1solation
insulating layer 10 located within the width of separation
between the two active regions are the common gate elec-
trodes 21 to 23 of the complementary transistor pairs to be
drive 1n phase. In contrast, the common gate electrode 24 1s
not a common electrode of a plurality of complementary
transistor pairs, but 1s instead a common electrode of NMOS
and PMOS ftransistors 1n a single complementary transistor
pair. Such an electrode does not overlap any portion of the
clement 1solation imnsulating layer 10 located within the width
ol separation between the two active regions (instead overlaps
the portion of the same layer 10 located outside the width of
separation).

The fourth characteristic 1s obvious when we consider the
case 1 which this characteristic 1s not present. That 1s, we
assume that two gate electrodes, one extending from up to
down and another extending {from down to up into the width
ol separation between the two active regions, are separated
within the same width. In this case, a space for separating the
clectrodes 1s required 1n addition to the alignment tolerance
required to reliably align the gate electrodes with the active
regions in consideration of the misalignment of the photo-
mask. As a result, there are limits to reducing the space
between the active regions.

In the case of the layout shown 1n FIG. 4 to which the
present invention 1s applied, on the other hand, the gate elec-
trodes are not separated. Therefore, there 1s no need to con-
sider the tolerance 1n this portion, nor there 1s any need to
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provide a separation space. All what 1s required 1s a separation
width for element separation. However, so long as this width
1s secured, 1t 1s possible to bring the two active regions close
to each other to the extent possible, thus providing leeway 1n
the standard cell length direction. Because the standard cell
length 1s determined to be M times the basic cell length which
1s the standard cell length of a single height cell, the standard
cell length can be changed only by reviewing the basic cell
length. This leeway provides a larger channel width (com-
monly also called the gate length) 1n the determined standard
cell length direction, thus contributing to a larger transistor
s1ze or providing leeway 1n the layout of other internal wir-
ings. When there 1s leeway i1n the arrangement of internal
wirings, wirtngs may be laid out without forming a complex
shape, contributing to improved yield and ease of manufac-
turing.

The above characteristics are also available when triple or
higher standard cells which be described later are used.

A description will be given next of comparative examples
to which the present invention 1s not applied to further clarify
the effects of the above characteristics.

Comparative Example 1

FIG. 5 1s a layout diagram of comparison example 1 1n
which the same circuit (FIG. 3) as shown 1n FIG. 4 1s achieved
with horizontally long single height cells.

The circuits shown in FIGS. 4 and § are basically extremely
similar except for the commonization of gate electrodes. Like
components are denoted by like reference numerals, and the
description thereot 1s omitted.

In FI1G. 5, the CO and Sum sections are arranged parallel to
cach other between the VDD line 30D and a VSS line 30S so
that the CO and Sum sections can be supplied with power
from these lines.

Further, while the single common gate electrode 21 1s
linearly arranged 1n FI1G. 4, two common gate electrodes 21 A
and 21B, each for a CMOS pair, are arranged one on the left
and the other on the right 1n FI1G. 5. Similarly, while the single
common gate electrode 22 1s provided 1n FIG. 4, two common
gate electrodes 22 A and 22B are arranged one on the left and
the other on theright 1n FIG. 5. Still similarly, while the single
common gate electrode 23 1s provided 1n FIG. 4, two common
gate electrodes 23 A and 23B are arranged one on the left and
the other on the right in FIG. 5.

Because the two common gate lines are arranged sepa-
rately, the pairs of gate electrodes shown by bi-directional
arrows 1n FIG. 5 must be electrically shorted together.

A first approach to making these connections would be to
achieve horizontal connections using the common gate elec-
trodes themselves (gate polysilicon layer).

In order to short the common gate electrodes 21 A and 21B
together, 1t 1s necessary, for example, to expand the space
between the PMOS active region 11P or 12P and VDD line
30D 1n the standard cell length direction. Further, 1n order to
short the common gate electrodes 22 A and 22B together, 1t 1s
necessary, for example, to expand the space between the
NMOS active region 11N or 12N and VSS line 30S 1n the
standard cell length direction. Even 1n this case, the common
gate electrodes 23 A and 23B cannot be shorted together. As a
result, 1t 1s inevitable that this remaining pair of common gate
clectrodes should be shorted together using the first wiring
layer (1M).

With the first approach, the cell length must be expanded 1n
the standard cell length direction so as to secure a space for
arranging two common gate electrodes. However, this gives
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rise to significant wasted space 1n the standard cell array as a
whole, which makes this approach unacceptable.

For this reason, a second approach would be to use the
second wiring layer (2M).

If the branches for the active region contacts of the power
lines (30D and 30S) and internal wirings (31 to 33) are moved
backward 1n FIG. 5, 1t seems possible to secure a space for
arranging the first wiring layer (1M) adapted to short out at
least one common gate line. However, i1t 1s impossible 1n
terms of space to connect all three. Therefore, at least one of
them must use the higher second wiring layer (2ZM).

On the other hand, the connections between the first and
second 1nput bits A1 and A2 and half addition bit (S) and the
unshown adjacent cell are not shown 1n FIG. 5. The second
wiring layer (2M) may be used In make connections with the
adjacent cell, which 1s, however, not necessary in the pattern
shown 1n FIG. 5. The input and output lines of these three bits
can be achieved by changing the pattern of the first wiring
layer (1M).

Even in such a case, the layout shown i FIG. § which
requires the use of the second wiring layer (2M) merely for
connecting the common gate electrodes 1s disadvantageous 1n
that 1t may result 1n significantly increased cost due to waste-
tul use of wiring resources.

As described above, both the first and second approaches
are disadvantageous 1n that they are highly likely to result 1n
significantly increased cost. The layout shown in FIG. 4 1s
superior to the comparative example shown 1n FIG. 5 1n that
it will not incur such a disadvantage.

It should be noted that the CO section shown 1n FIG. 4 has
a vacant space which 1s not present 1n the CO section shown
in FIG. 5. However, this vacant space exists 1n the arbitrary
cell length direction. As 1s clear from FIG. 1, there are inher-
ently many vacant spaces in the arbitrary cell length direction.
Therefore, even i the size in the arbitrary cell length direction
1s increased as a result of the application of an embodiment of
the present invention, the increased size will lead to no
increase or an extremely slight, 1if any, increase 1n cost. If
anything, the advantage gained by the application of the
present invention, namely, the advantage that there 1s no need
to expand the standard cell length or use the upper wirings
more than offsets the disadvantage that the size 1n the arbi-
trary cell length direction 1s larger. Theretfore, the application
of the present invention 1s eiffective in reducing cost.

Further, as a result of an embodiment of the application of
the present invention, the wiring pattern layouts for the first
wiring layer (1M) and polysilicon are simpler 1n shape thanks
to fewer vertices and bends. The application of the present
invention 1s advantageous from the viewpoint of design for
manufacturing (DFM) 1n that 1t contributes to reduced man-
hours for mask preparation including the OPC process and
design, thus providing further reduced manufacturing cost
and improved yield.

Second Application Example

FIGS. 6 A and 6B 1illustrate a circuit symbol and equivalent
circuit diagram of a clock butfer cell.

A clock butfer cell 1s a cell including an even number of
stages of cascaded inverters. This type of cell 1s designed so
that the clock output from the cell has the same duty ratio to
the extent possible. Therefore, a clock butler 1s characterized
in including larger-than-normal PMOS transistors or smaller-
than-normal NMOS transistors.

A specific clock buffer circuit includes two cascaded
iverters INV1 and INV2 shown 1 FIG. 6A. Each of the

inverters INV1 and INV?2 includes two inverters connected in
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parallel as shown in FIG. 6B. Thus, when each of the inverters
INV1 and INV2 of the clock butler at the first and second

stages includes two 1nverters connected 1n parallel, the invert-

ers oifer sufficient driving capability. In addition, the present

invention 1s more readily applicable to the clock butter.
FIG. 7 1llustrates an example in which the circuit shown 1n

FIG. 6 1s laid out with a double height cell.
In this layout diagram, a VDD line 31D 1s arranged at the
center of the standard cell length and extends in the arbitrary

cell length direction. Two VSS lines 3151 and 3152 are
arranged parallel to the VDD line 31D and along the center of
the width of one of the short sides on both sides along the
standard cell length. These three power lines are formed by
using the second wiring layer (2M).

A specific description of the circuit configuration in the cell
and the connections 1s omitted because the circuit 1itself 1s
simple. Here, the element 1solation insulating layer 10,

PMOS active regions 11P and 12P, and NMOS active regions

11N and 12N are arranged 1n the same manner as 1n the first
application example as like components as those 1n the first
application example denoted by like reference numerals.
Contact with the active regions 1s achieved by providing
branches of the power lines 1n the first application example.
Here, however, contact with the active regions 1s achieved by
providing power connection lines 39D1, 39D2, 3951 and
3952 that are formed with the first wiring layer (1M).

Internal wirings 36 and 37 are formed with the first wiring
layer (1M) to connect the mverters INV1 and INV2 together
as shown in FIG. 6B. On the other hand, an internal wiring 38
1s formed with the first wiring layer (1M) to serve as an output
wiring of the inverter INV2. The same wiring 38 extends
under the VDD line 31D 1n the standard cell length direction.

Common gate electrodes 25 and 26 are arranged parallel to
cach other and extend in the standard cell length direction as
with the common gate electrodes 21 to 23 (FIG. 4) in the first
application example. It should be noted that the CMOS pairs
formed by these common gate lines are shown 1n the layout
diagram of FIG. 7. These CMOS pairs are denoted by like
reference numerals as those 1n FIG. 6B.

In this layout, PMOS transistors can be formed as far as in
the region close to the VDD line which cannot be used in an
ordinary single height cell, as with the layout in FIG. 4.
Further, 1t 1s possible to design the layout with a simple wiring
layer pattern without increasing the size in the standard cell
length direction 1n the wiring layers up to the first wiring layer
(1M). This makes 1t possible to increase the PMOS size
without increasing the cell area or vacant spaces, thus provid-
ing a low-cost semiconductor integrated circuit with high
yield.

FIG. 8 1s a layout diagram of a cell having a VSS line 31S
that 1s arranged at the center of the standard cell length and
extends 1n the arbitrary cell length direction. This layout 1s
also possible 1n the first application example shown 1n FI1G. 4.

The cell shown 1 FIG. 8 differs from that shown in FIG. 7
in that the VSS line 318 1s arranged at the center, and that
VDD lines 31D1 and 31D2 are arranged along the short sides
of the cell on both sides 1n the standard cell length direction.
As a result, the layout of the NMOS and MOS ftransistors in
the standard cell length direction 1s opposite to that shown in
FIG. 7. The cell shown 1n FIG. 8 1s similar to that shown 1n
FIG. 7 1n all other respects.

Comparative Example 2

FIG. 9 1s a layout diagram of a cell that serves as a com-
parative example of those shown 1n FIGS. 7 and 8.
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In the horizontal layout shown 1n FI1G. 9, 1t 1s impossible to
bring the PMOS active regions close to the VDD line as can be
done 1n the cell shown 1n FIG. 7 and bring the NMOS active
regions close to the VSS line as can be done 1n the cell shown
in FIG. 8. The cell shown 1n FI1G. 9 1s disadvantageous 1n that
the transistors are limited by the above two aspects and cannot
be increased 1n size. Further, each of the common gate elec-
trodes 25 and 26 1s H-shaped. As aresult, the same electrodes
25 and 26 are disadvantageous 1n that they require a larger
layout area 1n the arbitrary cell length direction than the same
clectrodes 25 and 26 1n linear shape shown 1n FIGS. 7 and 8.
Moreover, an internal wiring denoted by reference numeral
36+37 that serves the purpose of the internal wirings 36 and
37 shown 1n FIGS. 7 and 8 and the internal wiring 38 are
complex in shape. Because of these reasons, this cell has a
larger s1ze 1n the arbitrary cell length direction. Moreover, 1t 1s
difficult to perform the OPC process when the cell 1s minia-
turized. As a result, i1t 1s highly likely that the yield will
decline.

In other words, the cell layouts shown in FIGS. 7 and 8 to
which the present mvention 1s applied resolve the disadvan-
tages of the cell layout shown 1n FI1G. 9.

Third Application Example

FI1G. 10 1llustrates an equivalent circuit diagram of a third
application example according to the modification of the
second application example.

As compared to the clock bufler shown 1n FIG. 6B, that
shown 1 FIG. 10 has a large PMOS ftransistor P10a rather
than the two PMOS transistors P11 and P12 provided 1n the
inverter INV1 shown 1n FIG. 6B. The same holds true for the
inverter INV?2. That 1s, the clock buffer shown in FIG. 10 has
a large PMOS transistor P10b rather than the two PMOS
transistors P13 and P14 shown 1n FIG. 6B.

FIG. 11 1illustrates a plan view of a cell that achieves the
circuit shown 1n FIG. 10.

The comparison of the cells shown i FIGS. 7 and 11
reveals that the two separate PMOS active regions 12P and
11P in FIG. 7 are replaced by a single vertically long PMOS
active region 13P 1n FIG. 11. This eliminates the need for an
1solation region (part of the element 1solation msulating layer
10) between the active regions required 1n FIG. 7, thus mak-
ing 1t possible to increase the sizes of the PMOS transistors.
Alternatively, 11 the PMOS transistors are maintained in the
same size, 1t 1s possible to increase the sizes of the NMOS
transistors.

It should be noted that the cell shown 1n FIG. 11 can be
modified 1n the same manner as the cell shown 1n FIG. 7 1s
modified to provide the cell shown 1n FIG. 8.

Fourth Application Example

FIGS. 12A and 12B 1llustrate a circuit symbol and equiva-
lent circuit diagram of a clock butler cell capable of dividing
the output into a plurality of branches as another modification
example of the clock buiter cell shown 1n FIGS. 6 A and 6B.

The circuit shown in FIGS. 12A and 12B differs from that
shown 1n FIGS. 6 A and 6B in that the inverter INV2 at the
subsequent stage 1s divided into inverters INV2A and INV2EB,
cach of which has an output node. In FIG. 12B, an internal
wiring 38 A making up the output node of the inverter INV2A
and an 1nternal wiring 388 making up the output node of the
inverter INV2B are provided separately from each other. The
circuit shown i FIGS. 12A and 12B 1s stmilar to that shown
in FIGS. 6 A and 6B 1n all other respects.
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FIG. 13 illustrates an example in which the circuit shown in
FIG. 12 1s laid out with a double height cell.

In the clock buffer with branched outputs, the output node
1s separated 1nto the internal wirings 38A and 38B. As aresult,
there 1s no need for the internal wiring of the output node to
intersect the VDD line 31D at the center. This makes 1t pos-
sible to form the VDD line 31D (and VSS lines 31S1 and
3152) with the first wiring layer (1M) as 1llustrated in F1G. 13.
The connections between the power lines and active regions
are achieved by the branch power lines extending from the
main power lines. The circuit shown 1n FIG. 13 1s similar to
that shown 1n FIG. 7 1n all other respects.

2. Second Embodiment

The second embodiment 1s a modification of the circuits
shown 1n FIGS. 7 and 8 using a triple height cell that has a
standard cell length that 1s three times the basic cell length.

FIG. 14 1llustrates a layout diagram according to the sec-
ond embodiment.

I, for example, the double height portion of the upper two
stages 1n FIG. 14 1s considered to be the same as the cell
shown 1n FIG. 8, the lowermost stage portion 1s added to the
cell shown 1n FIG. 8. Alternatively, 1t the double height por-
tion of the lower two stages 1n FIG. 14 1s considered to be the
same as the cell shown i FIG. 7, the uppermost stage portion
1s added to the cell shown in FIG. 7. In FIG. 14, the additional
portions are denoted by new reference numerals from the
former viewpoint.

It should be noted that the equivalent circuit achieved by
the layout diagram shown 1n FIG. 14 includes three parallel
iverters 1 place of each of the inverters INV1 and INV2
shown 1n FIG. 6B.

In the additional portion, reference numeral 10P denotes a
PMOS active region, and reference numeral 10N an NMOS
active region. Further, a VSS line denoted by reference
numeral 31D0 1s added. The VDD lines 31D0 and 31D1 are
provided respectively with the power connection lines 3952
and 39D?2 that are formed with the first wiring layer (1M). The
same lines 3952 and 39D2 are branch lines adapted to connect
the NMOS active region 10N and PMOS active region 10P
respectively to the power lines.

It should be noted that the internal wiring 36+37 1s dis-
posed to extend as long as the length of three basic cells.
However, the internal wirings 36 and 37 can be similarly
connected together to extend as long as the length of two
standard cells in FIGS. 7 and 8. Therefore, this 1s not a special
characteristic of a triple height cell.

Other components of the cell shown 1n FIG. 14 can be
basically explamned by analogy of the double height cells
shown 1n FIGS. 7 and 8.

It should be noted that the corrections made by changing a
double height cell to a triple height cell can be applied to
multi-height cells equal to or greater than triple height cell
using the same technique.

Still further, the advantages of a double height cell are
similarly iherited by multi-height cells equal to or greater
than triple height cell.

3. Third Embodiment

Multi-height cells equal to or greater than triple height cell
can be used to produce a non-rectangular cell that 1s bent 1n
the shape of LL as a whole.

In a layout example according to the standard cell system
as shown 1n FIG. 1, in general, there are likely many gaps 1n
the arbitrary cell length direction. However, there 1s often not
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much leeway 1n space in the standard cell length direction.
Theretfore, 1f one wishes to increase the number of CMOS

pairs as a whole while restricting the height 1n the standard
cell length direction, this goal can be achieved by accommo-
dating some of the CMOS pairs 1n the L-shaped bent portion
in the arbitrary cell length direction. This solution often pro-
duces no wasted layout area.

The third embodiment 1s designed to meet such aneed. The
layout as shown 1n FIG. 15 can be, for example, used.

In FIG. 15, a cell having three CMOS pairs as that shown 1n
FIG. 14 1s achieved by combining the layout of the double
height cell shown 1n FIG. 7 and the layout the CMOS pairs on
the right side of the single height cell shown in FIG. 9. It
should be noted, however, that the two metal wiring layers
shown 1n FIG. 9 are used. On the other hand, a common gate

line denoted by reference numeral 27 has a shape in plan view
that 1s divided 1into branches under the VDD line 31D for three

CMOS pairs. These CMOS pairs make up three parallel
inverters 1n the first stage. Three parallel mverters in the
subsequent stage mclude three CMOS pairs formed by con-
necting a common gate electrode 28 and the H-shaped com-
mon gate electrode 26 (refer to FIG. 9) together with the
internal wiring 36+37 that 1s formed with the first wiring layer
(1M). In addition to the above, a power branch line connected
to the NMOS active region 12N 1s denoted by reference
numeral 3950, and a power branch line connected to the
PMOS active region 12P by reference numeral 39D0. All
other components were already described with reference to
FIGS. 7 and 9, and therefore the description thereot 1s omit-
ted.

In the present embodiment, the functions of a triple height
cell can be achieved with the standard cell height of a double
height cell. This allows a greater degree of freedom 1n the
layout, making 1t possible to choose between the layouts
shown 1 FIGS. 14 and 15 according to the conditions sur-
rounding the layout location when many triple height cells are
laid out. This 1s sigmificantly advantageous in that more effi-
cient layout 1s possible. It should be noted, however, that the
common gate line 27 1s divided 1nto branches where 1t 1nter-
sects the VDD line 31D 1n FIG. 15. Theretore, the PMOS
active regions 12P and 11P cannot be brought very close to
the VDD line 31D. However, the layout shown 1n FIG. 15 has
advantages that more than offset the above disadvantage,
which makes this layout effective.

It should be noted that, including this third embodiment,
the number of complementary transistor pairs to be driven in
phase or N need not necessarily agree with the number of
complementary transistor pairs or M that 1s appropriate to the
standard cell length of multi-height layout. That 1s, a multi-
height layout 1s possible that satisfies the relationship

N=Mz=2.

4. Modification Examples

Modification examples of substrate contacts will be shown
next.

In the first to third embodiments, substrate contacts are not
shown 1n the layout diagrams.

FIGS. 16 and 17 illustrate two examples of how to arrange
substrate contacts. These figures 1llustrate 1n detail the sub-
strate contact portions of the cell shown in FIG. 4. The same
substrate contact layout technique 1s similarly applicable to
the other layout diagrams.

Basically, 1n order to dispose gate polysilicon layer wirings
(common gate lines) 1n the presence of substrate contacts
SCH, the same contacts SCH and doped regions are removed,
as appropriate only where the gate polysilicon layers are
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disposed. Here, the substrate contacts SCH are also referred
to as taps. More specifically, an N-type doped region 14N that
1s higher in concentration 1s formed on the surface of the tap
region where the PMOS active regions 12P and 11P and the
clement 1solation msulating layer 10 are connected together
in the deep side of the substrate. The substrate contacts SCH
serve as connection plugs between the N-type doped region
14N and first wiring layer (1M). This allows for the channel
forming regions o the PMOS transistors formed 1in the PMOS
active regions 11P and 12P to be supplied with VDD voltage
from the VDD line 30D. Further, the source region of the
PMOS transistors 1s supplied with power by the branch from
the VDD line 30D and the contacts connected to the branch.

On the other hand, many substrate contacts SCH are pro-
vided 1n the VSS lines 30S1 and 30S2 for the same purpose as
above. The substrate contacts SCH in these areas are provided
to connect the NMOS active region 11N or 12N to the VSS
voltage. Strictly speaking, the channel forming region formed
in the NMOS active region 11N or 12N or the substrate 1s
connected to the VSS voltage. That 1s, a P-type doped region
14P that 1s higher in concentration 1s formed on the surface of
the tap region where the NMOS active region 12N or 11N and
the element isolation insulating layer 10 are connected
together 1n the deep side of the substrate. The substrate con-
tacts SCH serve as connection plugs between the P-type
doped region 14P and first wiring layer (1M). This allows for
the channel forming regions of the NMOS transistors formed
in the NMOS active regions 11N and 12N to be supplied with
VSS voltage. Further, the source region of the NMOS tran-
sistors 1s supplied with power by the branch from the VSS line
30S1 or 30S2 and the contacts connected to the branch.

Alternatively, a tapless circuit cell having none of the sub-
strate contacts SCH (referred to as the taps) as shown 1n FIG.
17 may be used. In order to provide the substrate contacts
SCH not provided by the tapless circuit cell, a tap cell 2 1s also
used.

The tap cell 2 1s laid out as appropnate in the gap formed as
appropriate in the arbitrary cell direction shown 1n FIG. 1.
Therefore, careful consideration 1s given to ensure that the
layout of the circuit cell 1s not affected by the tap cell 2.

The first to third embodiments described above provide the
following advantages.

Firstly, the number of horizontal (arbitrary cell length
direction) metal wirings can be reduced, thus allowing for
cifective use of the metal wiring resources.

Secondly, increased wiring resources eliminate the need to
use metal in the upper layers.

Thirdly, polysilicon gate wirings (common gate lines) are
disposed where they would not exist 1f the present invention
was not applied, thus eliminating the horizontal polysilicon
gate wirings and providing increased wiring resources.

Fourthly, the polysilicon gate wirings are simpler 1n shape.

Fifthly, thanks to the polysilicon gate wirings that are sim-
pler in shape, there 1s more layout area 1n the diffusion regions
(active regions) or the layout 1s easier to do.

Sixthly, since the metal and polysilicon wirings and diffu-
s10mn regions are easier to lay out, the geometries are no longer
complex, which 1s effective from the viewpoint of design for
manufacturing (DFM).

Seventhly, where a VDD line 1s shared 1n a multi-height
cell, the PMOS size can be increased, thus providing
improved transistor mounting area efficiency.

Similarly, where a VSS line 1s shared in a multi-height cell,
the NMOS size can be increased, thus providing improved
transistor mounting area efliciency also 1n this respect.

The above advantages are achueved by elaborately taking
advantage of the fact that, in a CMOS circuit, a signal 1s
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commonly connected to the gate terminals of the paired
PMOS and NMOS transistors. In the case of an inverter, for
example, a signal 1s connected to the gate terminals of the
CMOS pair. In the first to third embodiments, when the cell

18

phase driven standard cells having the M-fold cell length
are arranged adjacent to each other to share power lines
so as to form the desired circuit.}

[3. The semiconductor integrated circuit of claim 2,

input signals and the intracell signals are connected to the gate 5 wherein

terminals of a plurality of CMOS pairs, a multi-height cell 1s
intentionally used to lay out these CMOS pairs vertically.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2009-198547 filed 1n the Japan Patent Office on Aug. 28, 10
2009, the entire content of which 1s hereby incorporated by
reference.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and 15
other factor 1n so far as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. A semiconductor integrated circuit, wherein

a desired circuit 1s formed by combining and laying outa 20

plurality of standard cells and connecting the cells
together, of which the cell length, 1.¢., the gap between a
pair of opposed sides, 1s standardized,
the plurality of standard cells forming the desired circuit
include complementary in-phase driven standard cells, 25
ecach of which includes a plurality of complementary
transistor pairs that are complementary in conductivity
type to each other and have their gate electrodes con-
nected together, and N (22) pairs of the complementary
transistor pairs are driven in phase, and 30

the size of the standardized cell length of the complemen-
tary in-phase driven standard cell 1s defined as an M-fold
cell length which 1s M (N=Mz2) times the basic cell
length which 1s appropnate to the single complementary
transistor pair, and the common gate electrodes of at 35
least M pairs of the N complementary transistor pairs to
be driven 1n phase are arranged linearly 1n the direction
of the M-fold cell length,

wherein single height cells or standard cells having the
basic cell length and multi-height cells or the comple- 40
mentary in-phase driven standard cells having the
M-fold cell length are arranged adjacent to each other to
shave power lines so as to form the desired circuit,

wherein the multi-height cell has a total of (M+1) power
lines which is the sum of (M-1) power wirings that are 45
arranged parallel to each other to extend in an arbitrary
cell length direction orthogonal to the M-fold cell length
with a separation pitch equal to the basic cell length
obtained by dividing the M-fold cell length into M equal
parts and two shared power wirings, each of which is 50
shaved with an adjacent cell at the center of the width of
one of two cell boundaries, one on each side along the
M-fold cell length, the (M+1) power lines include source
voltage lines and reference voltage lines that are alter-
nately arrvanged, and the single height cell connected to 55
a pair of the source voltage line and reference voltage
line arranged adjacent and parallel to each other is
arranged adjacent to the multi-height cell in the arbi-
trary cell length divection,

whevrein the (M+1) power lines and all intracell connection 60

lines are formed with a first metal wiring layer, and
intercell signal lines are formed with a second metal
wiring layer.

[2. The semiconductor integrated circuit of claim 1,
wherein 65
single height cells or standard cells having the basic cell

length and multi-height cells or the complementary 1n-

the multi-height cell has a total of (M+1 ) power lines which
1s the sum of (M-1) power wirings that are arranged
parallel to each other to extend 1n an arbitrary cell length
direction orthogonal to the M-1fold cell length with a
separation pitch equal to the basic cell length obtained
by dividing the M-fold length 1nto M equal pasts and two
shared power wirings, each of which 1s shared with an
adjacent cell at the center of the width of one of two cell
boundaries, one on each side along the M-fold cell
length,

the (M+1) power lines include source voltage lines and

reference voltage lines that are alternately arranged, and
the single height cell connected to a pair of the source
voltage line and reference voltage line arranged adjacent
and parallel to each other 1s arranged adjacent to the
multi-height cell in the arbitrary cell length direction.]

4. The semiconductor integrated circuit of claim [3] 7,
wherein two active regions of the same conductivity type
where transistors are respectively formed are arranged line-
symmetrically with respect to the center line of the width of
cach of the (M-1) power wirings, and the common gate
clectrodes are arranged linearly to intersect each of one of the
active regions, power wirings and the other of the active
regions.

5. The semiconductor integrated circuit of claim 4, wherein

all the gate electrodes overlapping an element 1solation

region provided between the two active regions are the
common gate electrodes extending from one of the two
active regions to the other of the two active regions and
intersecting the element 1solation region.

[6. The semiconductor integrated circuit of claim 3,
wherein

the (M+1) power lines and all intracell connection lines are

formed with a first metal wiring layer, and

intercell signal lines are formed with a second metal wiring

layer.}

7. The semiconductor integrated circuit of claim [2] 7,
wherein the multi-height cell 1s a non-rectangular cell that
surrounds the single height cell 1n an L-shaped manner by
including first and second rectangular sections, the first rect-
angular section having the M-fold cell length 1n which M
complementary transistor pairs of all the complementary
transistor pairs to be driven in phase are arranged, and the
second rectangular section extending along one of two sides
that are opposed to each other 1n the direction of the standard-
1zed cell length of the first rectangular section.

8. The semiconductor integrated circuit of claim 1, wherein

a plurality of standard cells forming the desired circuit

include at least one non-rectangular standard cell that 1s
L-shaped as a whole 1n plan view by comprising first and
second rectangular sections, the first rectangular section
having the M-fold cell length 1n which M complemen-
tary transistor pairs of all the complementary transistor
pairs to be driven in phase are arranged, and the second
rectangular section extending along one of two sides that
are opposed to each other in the direction of the stan-
dardized cell length of the first rectangular section.

9. The semiconductor integrated circuit of claim 1, wherein
output stages of at least M pairs of the N complementary
transistor pairs to be driven in phase are separate from each
other.
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10. A semiconductor integrated circuit comprising:

a plurality of source voltage lines and reference voltage
lines extending in a first divection and arranged alter-
nately in a second direction perpendicular to the first
divection; 5

a single height standavd cell, a length of the single height
standard cell in the second divection corresponds to a
gap between ones of the plurality of source voltage lines
and reference voltage lines adjacent to each other,; and

a multi-height standard cell, a length of the multi-height 10
standard cell in the second dirvection corresponds to an
integral multiple of the gap between ones of the plurality
of source voltage lines and reference voltage lines adja-
cent to each other

wherein the multi-height standavd cell includes a first gate 15
electrode connected to a second gate electrode, the sec-
ond gate electrode extending in the second direction,

whevrein the first gate electrode extends in the second direc-
tion, a branch of the first gate electrode extending from
the first gate electrode in the first divection, 20

wherein a length of the first gate electrode in the second
divection is a first length and a length of the second gate
electrode in the second divection is a second length, the
second length being shorter than the first length.

11. A semiconductor integrated civcuit as set forth in claim 25
10, wherein the first gate electrode is intersecting with the
ones of the plurality of source voltage lines and reference
voltage lines.
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