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(57) ABSTRACT

A semiconductor device includes an interlayer insulating
layer disposed over a semiconductor substrate, and includ-
ing a plurality of wiring layers; a seal ring disposed 1n the
interlayer insulating layer, and surrounding a circuit region
of the semiconductor substrate; a crack lead ring disposed 1n
the interlayer insulating layer, and surrounding the seal ring;
and a protective film disposed over the interlayer insulating
layer, and covering the crack lead ring and the seal ring. The
crack lead ring includes an uppermost wiring layer in an
uppermost layer of a plurality of wiring layers. When the
crack lead ring has a wiring in an underlayer below the
uppermost layer, the uppermost layer wiring extends
towards the outside of the device, relative to the wiring in the
underlayer. The protective film has an end overlapped with
an end of the uppermost layer wiring to form a step over the
interlayer insulating layer.
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FIG. 9
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FIG. 10

| 13 l______,c :/' ?“\\\\_og“ 19
7GM u N

,,r&\

"'.""- """“ ’4.".‘ ‘-'A-’

-'..,

gg “l’u\ ;m'\; A
7E v l A| Al H f Ai

‘;u “\n ,,,,,,,,,,,,,,,,

| /] " A‘ ‘Mi\

'm\\\ ,,,,,,,,,,,,, G &5 ,,,,,,,,,,,,,,,,,
70 nm.\:'mn ‘{E

..... \“\ f&-
FORIRAR i?i

"”“‘""’ .1 t
7A "".““V'j“ﬁh"""i;"! .......................
BAESD ’5»!!.1}})' ,,,,,,,,,,,,,,, 3A




U.S. Patent

BN

o0

: a\\

N ZHN IM!\ _! A

NN

UL

Jan. 31, 2017 Sheet 7 of 12

FIG. 11

&A

!‘

US 9,559,063 B2

16(62)

15(61) 03

7 ©les

1\ 66

13 ' ,' (=
77777 ,,,f\\\,\\, S %3
7G mfﬁ.'w QM.\ 'ﬂi : A "" 4
"’"i‘i‘:! ‘V‘ij“’" L
| ’ !
5-.!!5.\}‘.!' .S.S.---L ,-,...‘,---.,.- ;. ....... ;:2315 I

:i.- .......... »J,.-,
L "7’1 52
*N)ﬁm.\ ,,,,,,,,,,,,,,,,,,,,, %
N VAN '

‘Ne\\\\\s. ,,,,,,,,,,,,,,,,,,, S
7B "”l l"l gg

,-N!)f!'"\,‘ .!z.‘.,f.'.,,’., .................... 2B
AN N TEN

1(51)

Ik 3

o8



US 9,559,063 B2

Sheet 8 of 12

Jan. 31, 2017

U.S. Patent

o

PR X 5 r QXXX I HH I A A A »»v¢»v¢»v Qe vy
e QR w % > S

; R w0 vv»vv o000 X 2

[ ...uux_._...uxa_._.x x.v.\ XX 0038 PR y.vv o vvvy. v&v\ O A

/va»v%vv&;mw&vvwv »vvv v»vvv w vy»v\ S
s wa%mv wﬁbﬁ&f ?m S
.!v

LY
o

vwvv. »vyv »vvv J ..\ -_.. wa

32
<
103

......\.Yaaxlxax o a " x s xxxanlaxla a a xxxx
\./aaaxa X R
..\.%w"N""N.,,,“""“"“NN”“w"."M"",“.""N”"NN""""",""""N".H
e e o o
N R e e

gxa

\\

')

.,.0 \vvv..v .v vvv MMM MM X oK -llnlanllax xnxxuaxxa xR xxun
s St .".”a SRS wv%w&www,ww wwywwwﬁ./{ . ,WV. : "."","”""“,.,".".N..m,.. s
B e e e e xuaaaaauaannuxa"xa x .w e ,.v L & vvv\v .v X .r v\ X s \v x e e e e e e x"x
.un X R R EE R X aauanaualax ¥ & v,,. vav./vvf.vvyvv vyvv.v.vv X "_R axunxx llaxlaxau.laxxx
[ axx "na xl"axu"l"xax"xaa"x"a"a"u"a"n"x"x"uv\. 4 ,V av vy.vvy.vvv.vv.d. J.vvv JV.vV/Vvvv w// ... .n S v\..\w axaxa axxu..-u xa x aua xx"u"n"u"l"x"u"l"a”u"
L= “x”unnnx"u"an-"x“xua” aaax”u"u"n"u"a"n" x\m“\,.\ .....N " a. vyvv..r vv v.v/vwvv.vy.vyv Y.VYVVWNU.\ N\.Nw ) auxa-nlnxlxaxnn"x”x"a"x”a"axﬂhx "a"xx Ry
axnn ~ xua e ,% K%/J. ! v\._.v JV YJ.JV /\. ..:x %. m.,.m.ﬁl lxulun"u”u"a"u”u"nuxxlaaNa . aual"nax"la ualan"u"
. . .m.‘ ,.v : vwvww va y. vv b, ,...v .v .v,.. \ .Ya: S A \Jnu | ulnln-uunlnnul-l e x"n e nn
i uan R o™ "X va v vvv »yv yv vvyv,... X \..xnl “O V.Wv.l R K K KK W X R K ala anaa"xan"xa X
S X ._.x 255 ww%&wvvw yyvvw PO g R R L
4 4 e+ ,.v .v.vv.”v.v X X .vJV w\ .,\Vw R R R R R R K e e e
® X axu X w, vvvv,- vy.,v,.v.v,vvvvvzvv.v ,..... b " analnxn l | laxall
axxxnaa » e VVWV vwvvvavw vv VV v wvvJV .. - \,.,.vw_u x aaxau"a"x"x"xa o xxalax"x"laxuu"uau"u"a"n"u"
e SRS fvvv S5 m s e e
e e % f R se f e
e’ ux "xxuu e’ » ,.v X .v v,,..\. X .r.\v X vv .v X .v X ,. \ - .vm.v R e e e e e e Rer
uanaxa R X * 2 /J. V.. v va v vvv .vv & v,vv . V..VV.VV. Y.V X e e e nxl"xxnul"xau"xaauuaa"xaaaaa R
4 Lo

x\\.v 0 w»vwv »v;vwvvvwvvv&y. vvﬂv»vy.f f,

Ay
%

HERERERERERE XK B X R K X 2R X K
e v o v\ S ul-lnlulnlnlulnux xﬂxu aaxnauaxanuaa e
s S BRI, ?5{%\ e
e R, X wvw W v;vw ,r»v % vvvv ,r»vv ,r»v\ e S e S e g R R R R R
ulnxlxaxn ..\,r ).\v ?\.v V.v VVWV ﬂ?vv..v V.vy vyvv.v waVv..v s ,..v & .w..v.naxall xulnnlxull xuannaxnunnlllxnnlxxx axxlllnl xlnn lln
. x o0 r..k X ¢, .vvv vvvy..v.v J. v.vy..J.vv Jv.v J..v “vXlanaxaaaaaxaaanaxaxaxxxax. e
5 e .xv X v v \ . l\ O N R R M xﬂxaaaxanaxaaanuuaxanauuxanu
Lo a..vuvy..rwv,\.v /.vvx/.vy.vv.vv. w»yv.J. »yv N .vWal R o X annllllnxl R R N R
SR, I B
-VK .. \,-.- .v >, sv/- V.v .v .v E .V.VN\ >, -”-\Y Il H R_X Hl leﬂlllllﬂxlxllﬂllxllﬂ
e vv. wav,... > v wav,... X y. vyvv. X YVYV .\\Y- ) e R e e e e e
A vv vyvvvfyww vf ywwwya.v\ 3 ..wv.".n.".".n."." Ay L e ey 0
..\,r ouvg ,.,,J.vv..vv v..vy.vv W vavv.vy.vyvv.vvavv..vwwyv.f.v J.W,.v X “- ..V.qulxxannlxaannl o xaallulunl o R
A, .v\._.. JV JV ,V... n b V.Yxlanaxaxanauaaanauaxanaxnan-ux“aa R R R R R R R R R R
..ux ?V .xr 4 , N R R A R
w Y.vwvv \ »yvv.vvwwwvr wwyvv Y w,..\wv. B ”xnaxa e nu-luauuuaxunax R e e
,wa w WV.VW vvJv.vYJ.wa 220052 ”\,.\.,”Y"uau"uaxanaxauauauau"x"x"u"nu au" xx"aax"u"a"x"u"a"u"u"a"u"a"
,). w vvw.v > 4 .r »J.vf erw.v wv\ v (xw -~ Nx vux- e -u R AR x“aaaa anunuaxaunna Ry
% fxy S S e 5o e
//v vv S vw yvvyw .Jﬁ .Jﬁ .rw.wwv,. ..,“ * v“ m\\ux" " = “ x”ﬂuuuaa"n"u"n"n"xaa"n"x"n"n"

z..vY. V..vV V.v, VY X e > " ”w-.ux e lx EEREEXE R R E

Wwfywwww Myww X fywywwv X &.\. S vw" ._.x.._._.am“"".”""n""n"""""..""”"n"""

e Jf s &? o f e N,w" R

X oY ¥ W W W M N & -xl XRXERREERRERRE

e 3 R ? e e A A At

- wavv. vavv. Y\svv. vvyvv.. Y?V w?v e \”x S Xa e R e aan R

ll"“l. J. J..vv.vvvvyv ..vvyv : XJ. w?V.Jﬁ.wa..Jp M, \., w Y * \ N.,.Yl . xalaxa“auaxauauanauuuaa:uuaanauu

o -U .v vv.vvv . y_..v .vW.Jﬁ.v 3 .Jﬁ .v,.v. \”..,“.. o * vN.«..\.u“\vw- . R T X R R XX a” " X

laua"au... .J. Y .rvw.v .“,vw.y. .wv vw..wv NV Jv /. i ...,.,. X " o ..n.u.,,.Wn"a" “ . -unala x. naaxa"a"a“a"a"a“l"alaaaun

. n%wﬁ% s yfv&f B s

o i .v J. .YVVVJV JW PPN . va H Pty T K R R R R R R R X

e e y,. T e e e e

y i e R

S ",v J X wywx%fv s & ,N“. e e

h s ,vwv % vvw P ..Jp.s, .s, o .,.\ux " u R R R R R

/ovgyy‘ﬂ V.Y.YYV y!ﬂ 4 -\Y.I\l. HEEENEENENERREZXERNRRRERREKERRERR

g e oo g,vyv S k,n z\ S e e o
e " s w".".".n.".".n."...‘._._.._.._.._r.,x \ox‘ x \.vvyywm.v %0 ..»ym.vv»yyv wfv XK r.m: ”, u.m".".".n.v".n.".".n.. b n._. R S W R
e Jw,v S SIS 3 s
. ﬁﬂll. | lﬂllﬂ . X ., ., ,-\ LY R R R R R R R H xR xR | x_K
b’ o alnl"xaa"xa L ... X R \w\ X .v .r;\.vvwW V > v .vy.?.v .rwwyv ).\ .\.anaaaaaalauaaa aaan"xa ala xunaa R unaa"xln"xa .
B = 2 ¢v¢¢, vwvavmvywv Vﬁﬁv oo < e e e
. wiga e e e wv ot v»yvv» WA wwywv.ww ?J.,. ~ A, o R e e e
. axaxaaa-n .r vv.vv. XA M OMON N ANNK /..... P Ao uaunnuuaxanuunxuaun
xxlxaaxxlln v ) vi._., Y v\._.vy. ‘vJV‘rJV‘r?V.JpJJVW \nouvo\..\.n..ullnll RREERXREERRER

E R E KR .....«Vy.y. WX ; ; v v,...n » SRR R RN e = ERREEREXERRER
,,"..N"““""“"“..“""”""".".".“.... s e e
i xwwwwwwwmwwwfvwwww wwwaﬂv ww",".".".".".","."." e
EXERXEXEERXEERRER p. p, w\ . .V. EERRERRERR | ERXERXERRERE
e : “van% vvwwwwwmym& s \.ww"""”""""""""""""""" S
o e e e V.vwvv . x.vv.vw v.vv .vwwvawwwyv.J..v wyw,...xuv(- .-o m,. .V., w-uullu-l-uu-nn o o e e e
R .J. . vv v /v s .wv .vvy. 2N J.JW J.JW n 0 >, .vm..a-lnlll- ' lln ala xunlaxuuaaanuuaaanauaaaxaun
R ;vv XN vvvwv b vv o vv,r»v b wa ,r»v« g .V«vV.un-._- S . e e e
uuanl anallnxlnllullnllullnll | v..v vvvw v.v /vv \.v > 5 Vvv v.v v v.v Y v..v 0 b ”V. x llx l llulln nlax axl alxaulnluuuln
o et e e QM, wawwywymmfww@v Ww o s“ : .W""""""""""""""""""" s
N o o ..,,.\ v..vw S v.v/ S vvw 4 v.vv 20NN l n ! vm... e R nax MR R R R R
x_ N E R E R R ~ vaVV V VV M \.. Moo W H R R R R R RERR x_R_X_R IIIIIIIIHII

- R fw? vwvwvwwvnvwwwvw,wvavvﬂwvwwmw . e e s e e e

u ®_ K E N NN N MM N KX MK 00 0\. SRR R R R R TR XRER X R ER R R X R R R R R

e S SSsasssososos s

ey va..v vvv.v e, /vnv,...v /VWV 25 VVW atee w. va..v vvv o0y 0& . o e

= lnlll vvvvv\v\.vm. v.va\ vvvv PN ). o. ¥ o g R e e e e e R

X R R R E xR R R lul E_u ull N V J. vv " v.av vv v.av v VJ. > vvv " VJ.JV? v ..Xlll.l n e lll xauaxluuuaxluauaxlxauaxluaanalxu
.naxux EAXBNERRERERZRERR Jv \\ vv Cx’ > \vuxannu RREEXREXRERXXR
o N K R R KRR R R R N./v .vv v / v.vvvv.vv.vvvyvv..vy.vv.vy..vwvv et P ) n "
e T /v .v vv\ \._., /v /v v vv v.v vv VVJV.V b ,.\ o .‘\ S o e e e e
n"xxunxx ”u n"u"n" .v 2N w ® ,..Jv vv o .vW e w o .vW o vw \ A .\”vww"u"n"n"u uanlnaxaa"n"a"n"n“
"anx""xaua" "n"ana vvwv Vva\ vvvv x vvv V ,./v X vvv vﬂwﬂv /.”.w“\\”n.\x X .M\ \.Wn"a“a"a" . uanuuau aaua"anu"a
X atn s vv vv /v v.vvv\ /v.vv.av 25 VVJV.vvJ. u\r\. S .\/ .W.\,,.,alua-lnaunnana xanlnuaaxanaxaaanu
u"n”l"a"n”l lllll" v..vv,v,..vv.vv va..vvvv.vv Wyvv.vfwyvv.v/vv XA . 2 ”V.ﬁa "llﬁw" o " laalla “u"l"xa " X
e o v KRR W,wyww,v f&% e e
e o .v,...v y..vy. v.vv.vy. ettt \V.v,. e aﬂ"n R RE
RO . Jm% ,vgw,v 505555 f e ROl ""“""""."w"""m""
R e e ..,v y&ww 0 x,y wvx,y xwfx,v 0 ; e X L X
A R R _f J. .xry. v.vvvvf J.JV vv vva.vvm\ e luu s m\ R R R

‘i

6_

R RN R R E N N N I E TN eEE s
L R A I I e A
CRN D K> > dle X XA 22 A XA XA e a A dadA el e adaaadadadan
O#ktto..lekvkkttbttkt»kv»kt»hv»bt»vvtbvukn»hvnbn»bn»bt»\t»bvtbv»b
NN RN NN AR R R E R R E R R R R R Ny e
(R RO NN R R R X R R E EE E R E R R R R R N E N EE
(N R RN NN N O N RN RN R E RN R R RN R R N R I O O O O R T T
(R RN RN NN RN X E R R R E R R R E R A R R R RN EEERE

S ter e taates
. Hﬁx vay%.wmw
%
,\,”., \o 3,

X.v. V\..

v»v

LR J

v /).
?wvyw gy

4 .vf * ®
> ol ¥ oy ¥ a a . .
‘r f‘xw .s,vv g e 0) .‘».‘» »-‘kc‘r A 3 T e S B a3 MO S o B 30 O B 3000 s
V..VVV ® X > P RN EEE N EEEREEEEN N RN E N ENRN Y Y N T e orse
%.v > . ttt-k»t»tkt»t»»-v»-uuvvunvu'-.v.un.un..-\.-v»vvuvu.-v».. ra e
/V » (RN E N EE X EEEE RE E EEREEREE R EEE R R E R N E R N Oy e
0) @ ¥ a2 2 a s e w kAl d daa s araaa A e s ar A e s e et as bt rara s s s A e e A easra
rx .v\ vo ® O O @ X 2 2 A ¥ A XA N& X ¥ ¥ 2N udakadiiaaaehaatedhaaaoeoaouh a s w A a4 aadaaNyen
X VV V () O B OB & d kakakh o dhd bl rgaddaaaa s andasadearesadrdadanacr aad e b aaaear
b X X R NN RN NN R RN, PR R R Y Y T R N EREEEEYE)
.¢.x .vvv.v.v * LN N N XN R YYD PN R E R R AR N O O R N N O O e
‘r X V/ .00 A, ) .»ktr»»n»»rnst»»n»svt»n»»n»svnsrn»vn»n»snns-\s-»sv».\
J. o.w ;vy. -
» . . “« & > >
.!v V v k\.. - X > &
Y .vV/V - T Sl e e i PO S
s. Y.V - . ad i e X2 oar
.vf x> P W RN XN
) A ¥k Xk kA2 X Aara

oo Al L

x.wv J.»w. x v\.v»v
R 2 v
»Jwvyw»wv ..\vwv,.ﬁv\ vwx
X ;w\ 3% \v»
wﬂ»vww.w vvw.fv,.:.»qu:\ BOG
XX vwv;v» R ;w o .o.
\¢ww»wv FROLOLOLOTN LA OO,

b

ﬁwwvyv»»vwwxw»vxv,.» f\}\{. ;v

e N IR R
A2 LTy A
v ¢ 2 >

el c o b A a

LR I

:.,. ;v»v,./\»//\v,.\ e
W vﬂww» Jv» /»,w,/yv,.//y(,.mmﬂ e
R INRIIRRE S i

e R S e,
Jv vvvf 0250 \f\v», WS \// v,v TR i far-o .
AL RS : .

.v.s. .v\JVv \v\\\nw/ caalkredd b .
ww.v vw,.vwv)v S0 v,.v:xv.\ : St
J. vv;v

.V

W

.I b - " asear
u.- \\IVJ\ >4 i K P ‘-s-.v--v
/v\ < O X ,./% & \.,A.w\ \v“.,.\ XK .s.n.u#t-”vot.o “x
\,...\,r\ )...v/v.,.\ ,...v/v.,.\ 0 LRI ,.N-v,..\ .- - .

R X
s. \r.\ J J M2 b4 X\ 000 000 e kel :
etetatelets XXHHXN, w,.xv 2 ,.\%.\ “.y,.,\ R R R R RN,
S, \J.vy ettt te e \ S A I -
v ,...v ,../ //\v\ 2 3N \.w\.i.,.O\.( - -»a».cv-....v»v..b a
vvvvvv v»v »/\/\ 25 / 5208 \ R R XA L
v) R Gosanats < L . "o
va»wvv W \“vyvv,.\. N ,.w,v\\ 5 AN KK R
MM X /V // ./ /.\V\.{mf\.n... ‘\k. tnb. RN vu--uu-u'qvv. P
.s.‘v \Y VY/\ \/Y/\ b ¢ 3 O PO « . . . > a e N e s oanrara
N //J).-\ ,/v\(/v\ S I R N S S NN

wyv vvv ,..v,.{.\ /v,-wvwv.v,//v( ﬁu.. o’
o e o ;v\ fwﬂvyvv,f\.c x
... 4
b.v vwv /vw.v < XBRRE SXK XX
yv.vwv. vv v;v RN G
0 v;v RN BRRRRK,
»vwv»v (/ 2R L35 .
X ¢ \/\\ W J\\,, \,).O\ . Vit 2% e e
VVJVVV \/v,\ VIV//IV/ /\;VIYI/ o a4 w i X w2 X a " a s s asa e aaaa
.!v X JV /\ /V\J\Jn\.f\.fn.w\..Y/.-.Jn.w\... . -n..-r.ro»s-s-»-n-q-
r?vv.vy.vv ,...vvv\( /Wv, Wv“vv/vv“\\v ,.Nm,w\,..z.mww w./mm,w Pata e xS
SHH, BB 20! ,fv NS RS SRR
W A NN N A A A A HH
,v\,éwv&vv B % ,@
wy.fyv;v /P/ PN H XK A

.!v V p J\ J/ V\.J\.Y/.V\.J\. \.w\. by

L]
N N
.

v
v
.
.
.
'\
.
.
-
.
.
.
-
.
.
.
)
.
.
.
-
.
)
.
.
.
.

.

I

-

- .
L] .
. -
- .
. .
. 1]
. L
L .
. -
. L]
L .
- .
-..-

- & b = =

. .
. .
.

-~

AKX > X, p
8 vv O R . .
X, M 2 M) 000
Vvv R ol N I ot
vvv\. \vvv v/v.\/\,/v\(/v“. 000 00 \v RS Yy N R L M
YYVV.VVYYVV.V /\v./- /Vn\\\w)-n\\m \n\ .c. " \-btvtvl?t.)ta?.lv-t-‘iqu-.b.bq- l.-.ss--b
" ataetetatel rv,.;.\,:,v, e AT
\V..VV\/V L8 0. 6. $.4 & & Q-v'»10~tbn-v-h-b--.
f ,.yv.\,,.ry. asseragetatetes ooty b e Ll e
X vv Ve vv 20K e Aty i o
e v,.?LI R OO
Soas @,ﬂ, S R
r % ,../\).(\ \ O 04 o
¥ x e et
s L R
'd V\ W W WX R .&&#bn-n.. SR
” Y/VWVIV/VN/ .wf\.;-\ﬂwf\.;.\.w .JN ) 0.00#0&.4»&:&-» *a"a"a"e"0"e'r -. el )
OX X NN, Lt
V o .vav .\V\.{n \Y\./wf VV X .X.Nl () 0.0.#0:& Qut knbhthbnvuth» LR K "
vwv e S Ay S AR R R
vvv.v vv X ’ . v,.\v\./v/. % v/.vv\ y .x.x > ooooooooooo»&o&&&»&&.&& S AR AR RN #
RRARE vwv e R R R R NN e I
yv;v »v;wx o »,././:.»,.v,,v,.x.x.\., XA A SHS AN, Jﬁ ann ote
J. I RN R R KRR R KR H KK R KKK HHXKIK, (S
b.»v ?oc.? o v\/.\.,. B SIS AVOV; f.w.xx.a_.. .n e
J. ;v R .»,x,v,xx\.,xvmv, S
V o J\-JA-V\-J\- o P! \{Aw\-f- -{A-w\ (7 {A- X7 -Jn-w\- - pod - ?V X I
,%5 e //w} oA s -
W NN B e »: W wxywn el e _.._._._._..n_._._.._.__.._..._.._ S
vv /v ,.. N \.wm.(.vn ettt e e et et e %t .,A.w\. s v VVVVV - aaaauunanuulalauulaanuuanaaaunxaalunalnuulnlnlulnlﬁ uE l"

X

\f x ;? 2R
.v L O8O0 00 0008000
J.v vv,.;vwv /wv% 0y aeresasesey
»v»vwn 5 /\)vﬁ\ ,.ﬁ\ & m\,.? ﬁ\

J. v»v;v v»v/ AN

/v, K
\v,.\. ,.x.\x.\ Q0 v ,.x.v,. G5 \vx v»w»v»vx % xxm

x, x . RERAREREXRERREEELEEENNNENLR
e f e nr A xu.x et eate eyttt S _..._.x....“....."..".“.".."ﬁ.m...
e ,.\\.V,\ o o &XXXHX X x X w

w, /v;/\»\» > w»x o0 x X J“x/ww o
,.ww.,/vw ,.wv» ,.vnwwv wv »wvvw?.vv > »wvv KKK H A A AKX nxm. ohatetst
ettt tetotatatetet et ottt ,;w.,\./,.w,v e tatetes e wfva y}v yv\,x,:v%w oottt
»WW .v.vfy./.vvvvv( ,...v,//vv“ vmv( ,..wf/v.,.\ ﬁv.,. ,f\,.\.,. \wv.,.“”v//ww.nvzm.ww. ) W.M N/.“ ,..v,//\ )..v/\ ,...v/.vv, v.v,vN v.vvvv V.vv,vv.vv ‘vav.f.x ?vv..r “xv .x .n.%v X & ‘rXxVb
«.»v;v v»vvv vwv;vwvwv w,fyw/ \.V«.;N./,,./ V.m.\“cxx.x\/v\ Axx ,V.,v\.x.x.“ ”.m.w\.pm.ﬁ.w\., \./ v\q », vv(. \ ,.»v;.v v»vvv;v»v;v v»vvv v»vvvy. »vv/ wy&. »mwv wwvwvw. war

vy 9.4 \ N \ A \ A XX

‘-{
X0
ot
.
3
o
X
XX

.{A/f

oy

corsrsnsnsmsndt
oY

\ﬁﬁ““““““

fo



U.S. Patent Jan. 31, 2017 Sheet 9 of 12 US 9,559,063 B2

20a

¥~

6 \\\\‘2\\\\

okl ""’

\\‘.\ NN AN \\\\\ NN NN \\\
\‘\1 m
\ \&\* ’
50~/ R
\ \\‘\ \
A

: 64a
5 6> 66 T 90
51— 8 _|

H6a

/ /1 63e




U.S. Patent

01

02—y

o1

45"%‘&

.

Jan. 31, 2017

FIG. 15

Y

20

o] x
NN\

"'.'." A A / ’ -
\\ N

Sheet 10 of 12

o0b

US 9,559,063 B2




U.S. Patent Jan. 31, 2017 Sheet 11 of 12 US 9,559,063 B2

FIG. 16

20c

VJ

e

\\\\\\\\\\ w

"IIIII IO,
\\\.a 7 N ASSSSS \\\ SSSS ‘v\_

1Y

\'\\\\
/ ’
boc 66 -+4—90

“\
\ ‘\
51 _ 63 '—I.
o0C

D2~

64




U.S. Patent Jan. 31, 2017 Sheet 12 of 12 US 9,559,063 B2

FIG. 17

64d 63 S

51




US 9,559,063 B2

1

SEMICONDUCTOR DEVICE HAVING
CRACK-RESISTING RING STRUCTURE AND
MANUFACTURING METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2012-
164984 filed on Jul. 25, 2012 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND

The present invention relates to a semiconductor device,
and more particularly to a technique suitable for use 1n a
semiconductor device into which, for example, a semicon-
ductor water 1s diced.

In a manufacturing process of the semiconductor device,
a plurality of semiconductor devices are formed over the
semiconductor water. Thereafter, the semiconductor watfer 1s
diced to separate the individual semiconductor devices as
semiconductor chips. In this situation, a crack may be
generated 1n an end (scribe line region) of each semicon-
ductor chip by dicing, and spread into a circuit region within
the semiconductor chip. As a technique for preventing the
spread of the crack, a seal ring (or a guard ring) 1s known 1n
the prior art. The seal ring 1s formed of a metal member
stacked to penetrate through a plurality of inter-layer insu-
lating films disposed over a semiconductor substrate. The
seal ring 1s annularly disposed to surround the circuit region.

For example, Japanese Unexamined Patent Application
Publication No. 2004-304124 (US2004/0195582(A1)) dis-
closes a semiconductor device. The semiconductor device
has a circuit formation region which 1s a region of a circuit
formed over the semiconductor substrate. The semiconduc-
tor device includes a first guard ring, a second guard ring,
and a first connection portion. In order to prevent moisture
from entering the circuit formation region from a periphery
thereof, the first guard ring surrounds the periphery of the
circuit formation region. The second guard ring 1s disposed
between the circuit formation region and the first guard ring,
and surrounds the periphery of the circuit formation region.
The first connection portion connects the first guard ring and
the second guard ring, and divides a region between the first
guard ring and the second guard ring into a plurality of
sections. In this technique, 1n order to prevent the entry of
moisture, the seal ring that surrounds the circuit formation
region 1s as least doubled, and the respective seal rings are
connected to each other. With this configuration, moisture 1s
prevented from entering the circuit formation region, and a
crack generated at the time of dicing 1s prevented from
spreading into the circuit formation region.

Also, Japanese Unexamined Patent Application Publica-
tion No. 2004-153015 (US2004/0084°777(A1)) discloses a
semiconductor device and a manufacturing method thereof.
The semiconductor device includes a first insulating film, a
second 1nsulating film, a wiring structure, a first dummy
pattern, and a second dummy pattern. The first insulating
film 1s formed over the semiconductor substrate. The second
msulating film 1s formed over the first insulating film. The
wiring structure 1s embedded 1n the first insulating film and
the second insulating film. The first dummy pattern 1s
formed of a first conductive layer embedded 1n at least a
surface side of the first insulating film 1n the vicinity of the
wiring structure. The second dummy pattern 1s formed of a
second conductive layer embedded 1n the second insulating
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film 1n the vicinity of the wiring structure, and connected to
the first dummy pattern through a via hole portion. In this
technique, an interlayer insulating film disposed in the
vicinity of the wiring structure (guard ring) 1s reinforced by
the dummy patterns to prevent a crack or separation from
being generated on an interface or 1n an interior of the
interlayer insulating film.

SUMMARY

The seal rings (or the guard rings) prevent a crack
generated at the time of dicing from spreading into the
circuit region within the semiconductor chip. However, the
presence of seal rings for preventing the crack from spread-
ing 1s not enough. That 1s, the crack generated at the time of
dicing may destroy the seal rings, and spread into the circuit
region, or may spread into the circuit region through the
semiconductor substrate disposed below the seal rings. The
crack and the moisture entering through the crack induce
leakage and disconnection between the wirings, and fatally
damage the semiconductor device. In the semiconductor
device, a technique 1s desirable 1n which the crack caused by
a mechanical stress at the time of dicing can be further
prevented from spreading into the circuit region.

The other problems and novel features will become
apparent from the description of the present invention and
the attached drawings.

According to an aspect of the present invention, there 1s
provided a semiconductor device including a seal ring
annularly disposed outside a circuit region of a semicon-
ductor substrate, a wiring of an uppermost layer annularly
disposed further outside the seal ring, and a protective film
that covers the seal ring and the wiring layer. The wiring of

the uppermost layer and the protective film overlap with
cach other at an end of an outside (side opposite to the circuit
region) to form a step.

According to the aspect of the present invention, the crack
caused by the mechanical stress at the time of dicing can be
further prevented from spreading into the circuit region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic plan view illustrating a configu-
ration of a semiconductor device according to an embodi-
ment,

FIG. 1B 1s a schematic cross-sectional view illustrating
the configuration of the semiconductor device according to
the embodiment along the line B-B 1n FIG. 1A;

FIG. 2 1s a schematic plan view of the semiconductor
device manufactured 1n a method of manufacturing the
semiconductor device according to the embodiment;

FIG. 3 1s a schematic cross-sectional view 1illustrating
respective processes in a method of manufacturing the
semiconductor device according to the embodiment;

FIG. 4 1s a schematic cross-sectional view illustrating
respective processes i a method of manufacturing the
semiconductor device according to the embodiment;

FIG. 5 1s a schematic cross-sectional view 1llustrating the
respective processes in the method of manufacturing the
semiconductor device according to the embodiment;

FIG. 6 1s a schematic cross-sectional view 1llustrating the
respective processes in the method of manufacturing the
semiconductor device according to the embodiment;

FIG. 7 1s a schematic cross-sectional view 1llustrating the
respective processes in the method of manufacturing the
semiconductor device according to the embodiment;
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FIG. 8 1s a schematic cross-sectional view 1illustrating the
respective processes 1n the method of manufacturing the

semiconductor device according to the embodiment;

FIG. 9 1s a schematic cross-sectional view illustrating the
respective processes in the method of manufacturing the
semiconductor device according to the embodiment;

FIG. 10 1s a schematic cross-sectional view illustrating
the respective processes 1n the method of manufacturing the
semiconductor device according to the embodiment;

FIG. 11 1s a schematic cross-sectional view illustrating the
respective processes 1n the method of manufacturing the
semiconductor device according to the embodiment;

FIG. 12 1s a plan photograph showing one of observation
results of the semiconductor device employing a structure of
the embodiment by an electron microscope;

FIG. 13 1s a plan photograph showing another of obser-
vation results of the semiconductor device employing a
structure of the embodiment by an electron microscope;

FIG. 14 1s a schematic cross-sectional view 1llustrating a
configuration of a semiconductor device according to a first
modification of the embodiment;

FIG. 15 1s a schematic cross-sectional view illustrating a
configuration of a semiconductor device according to a
second modification of the embodiment;

FIG. 16 1s a schematic cross-sectional view illustrating a
configuration of a semiconductor device according to a third
modification of the embodiment; and

FIG. 17 1s a schematic cross-sectional view 1llustrating a
configuration of a semiconductor device according to a
fourth modification of the embodiment.

DETAILED DESCRIPTION

Hereinatfter, embodiments of a semiconductor device and
a manufacturing method of the semiconductor device will be
described with reference to the accompanying drawings.

A configuration of the semiconductor device according to
this embodiment will be described.

FIGS. 1A and 1B are a schematic plan view and a
schematic cross-sectional view illustrating the configuration
of the semiconductor device according to this embodiment,
respectively. FIG. 1A 1s a schematic plan view of the entire
semiconductor device, and FIG. 1B 1s a schematic cross-
sectional view taken along a line B-B in FIG. 1A. A
semiconductor device 50 1s a semiconductor chip diced from
a semiconductor water. Therefore, there 1s a possibility that
a crack caused by dicing 1s present 1n a scribe line region 59
of an outer peripheral portion thereof. The semiconductor
device 50 includes an interlayer insulating layer 52, seal
rings 53, a crack lead ring 56, and a protective film 53. In the
figure, 1n order to exhibit the effect of this embodiment, a
crack 90 capable of being generated 1s virtually 1llustrated.

The interlayer insulating layer 52 1s disposed over a
semiconductor substrate 51, and includes a plurality of
wiring layers. The plurality of wiring layers will be
described later. The seal rings 55 are disposed in the
interlayer insulating layer 52, and surround a circuit region
58 of the semiconductor substrate 51. The crack lead ring 56
1s disposed in the interlayer insulating layer 352, and sur-
rounds the seal rings 55. The crack lead ring 56 includes an
uppermost layer wiring 63 in the uppermost layer among the
plurality of wiring layers. When the crack lead ring 56 has
a wiring 1n an underlayer below the uppermost layer, the
uppermost layer wiring 63 extends towards the outside 594
of the device (1.e., towards the scribe line region 59), relative
to the wiring 1n the underlayer. The protective film 33 has an
end 53¢ which overlaps an end 63e of the uppermost layer
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wiring 63 but does not overlap the scribe line region 59 to
form a step S over the interlayer insulating layer 52 at an
edge of the scribe line region 59. The crack lead ring 56 may
have no wiring in the underlayer, as will be described later
with respect to FIG. 15.

In this embodiment, the protective film 53 1s formed 1n
such a manner that the end 53¢ of the protective film 53
overlaps the end 63e of the uppermost layer wiring 63 of the
crack lead ring 56. With this configuration, the step S can be
formed over the interlayer insulating layer 52 in a portion
where the end 63e¢ of the uppermost layer wiring 63 overlaps
the end 53¢ of the protective film 53. With the formation of
the above-mentioned step S, 1t 1s conceivable that the
interlayer insulating layer 52 around the step S (also the
semiconductor substrate 51 according to the circumstances)
can be strained. As a result, the crack 90 generated in the
scribe line region 59 at the time of dicing can propagate to
the vicinity of the step S by an influence of the strain, where
it appears. As a result, the crack 90 can be prevented from
spreading into the circuit region 58 of the semiconductor
device 50. This makes it possible to prevent defects in the
semiconductor device 50 from being generated.

In this example, 1 the crack lead ring 56 has the wiring
m the wiring layer lower than has an uppermost layer wiring
63 comprising an upper wiring 65 and a lower wiring 66, the
uppermost layer wiring 63 excluding protrusion 65e extends
farther toward the outside in the lower wiring 66 than 1n the
upper wiring 635. That 1s, the uppermost layer wiring 63 1s
projected toward the scribe line region 59 side from the
wiring in the wiring layer lower than the uppermost layer
wiring 63. Alternatively, the crack lead ring 56 may have no
wiring 1n the wiring layer lower than the uppermost layer.
With the above configuration, a position of the step S to
which the crack 90 is directed can be distanced from the seal
rings 55, thereby making 1t dithicult to spread the crack 90
toward the seal rings 55. In addition, 1t 1s conceivable that
the scribe line region 39 side below the crack lead ring 56
1s formed 1nto a region 1n which no wiring 1s formed, as a
result of which the interlayer imsulating layer 52 around the
step S can be further strained.

Hereinafter, the interlayer insulating layer 52, the seal
rings 53, the crack lead ring 56, and the protective film 33
of the semiconductor device 50 will be further described.

The interlayer msulating layer 52 includes a plurality of
stacked 1nsulating films (not explicitly shown). The inter-
layer 1nsulating layer 52 also includes a plurality of wiring
layers. The respective msulating layers 1solate the wirings of
the wiring layers from each other. A portion of the interlayer
insulating layer 52 which 1s not covered with the protective
film 53 1s a part of the scribe line region 59. The semicon-
ductor device 50 1s diced along the scribe line region 59. The
interlayer insulating layer 52 1s exemplified by a silicon
oxide film (S10, film), a silicon nitride film (S1Nx film), a
silicon oxynitride film (S1ON film), a silicon carbonitride
film (S1CN film), and a low-permittivity film (S10F). Each
wiring layer includes wirings 69 and via holes 68 that
connect the wirings 69 of the upper and lower wiring layers.
The wirings 69 and the via holes 68 are used for signal
wirings and the power wirings 1n the circuit region 58. Also,
the wirings 69 and the via holes 68 are also used as members
configuring the seal rings 55 and the crack lead ring 56, as
will be described later.

The seal rings 55 prevent the crack 90 generated at the
time of dicing from spreading into the circuit region 58 of
the crack 90, and prevent moisture from entering the circuit
region 58 through the crack 90. More specifically, 1n the seal
rings 55, the annular via holes 68 and the annular wirings 69
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are alternately continuously stacked on each other from the
lowermost wiring layer to the uppermost wiring layer within
the interlayer insulating layer 52. In other words, the seal
rings 55 are structured so that the annular via holes 68 and
the annular wirings 69, which are alternately continuously
stacked on the semiconductor substrate 51, are integrated
together, and surround the circuit region 58 1n a wall
configuration. The seal rings 55 can be made of the same
material as that of the via holes and the wirings. The seal
rings 55 are each exemplified by a laminated film of a barrier
film where a tantalum nitride film (TaN film) and a tantalum
film (Ta film) are stacked on each other, and a copper film
(Cu film).

The number of seal rings 55 may be one, or plural from
the circuit region 58 side toward the outside (scribe line
region 39 side). In an example of FIG. 1B, the number of
seal rings 53 1s three seal rings 55a, 55b, and 55¢. That 1s,
the seal rings 55 surround the circuit region 58 thrice in a
concentric arrangement. In this example, when the plurality
of seal rings 55 are provided, 1t 1s preferable that a first
distance from the outermost seal ring 55 adjacent to the
crack lead ring 56 to the crack lead ring 56 1s larger than a
second distance from the outermost seal ring 55 to an
adjacent seal ring 55. In the example of FIG. 1B, a distance
of the seal ring 55¢ from the adjacent crack lead ring 56 1s
larger than a distance between seal ring 35¢ and another
adjacent seal ring 55b. With the above configuration, the
position of the step S that guides the crack 90 1s sufliciently
distanced from the seal rings 55, so as to make it diflicult for
the crack 90 to spread toward the seal rings 35.

The crack lead ring 56 and the protective film 53 together
help define the Step S. It 1s conceivable that the crack lead
ring 56 and the protective film 33 together help direct the
crack 90 generated at the time of dicing to the step S. With
this configuration, the crack lead ring 56 prevents the crack
90 from spreading into the circuit region 38 of the device 50,
and prevents moisture from entering the circuit region 58
through the crack 90. The crack lead ring 56 1s annularly
disposed to surround the seal rings 55, as seen 1n FIG. 1A.
More specifically, the crack lead ring 56 includes at least the
uppermost layer wiring 63, and may further include a guard
ring 64 as a wiring provided i a layer lower than the
uppermost layer wiring 63.

The uppermost layer wiring 63 1s disposed in the upper-
most wiring layer among the plurality of wiring layers. The
uppermost layer wiring 63 1s an annular wiring that sur-
rounds the seal rings 55 in the uppermost wiring layer. If the
crack lead ring 56 has a wiring (1n an example, guard ring
64) 1n a wiring layer lower than the uppermost layer, the
uppermost layer wiring 63 extends toward the outside (1.e.,
towards the scribe line region 59) from such wiring. In other
words, a first width of the uppermost layer wiring 63 1s
broader than a second width of the wiring (1n an example,
guard ring 64) of the wiring layer lower than the uppermost
layer wiring 63. As the first width 1s broader, the step S 1s
more distanced from the seal rings 55, and a region in which
there 1s no wiring 1s spread below the uppermost layer
wiring 63. Therefore, the eflect of preventing the crack 90
from spreading toward the circuit region 58 1s enhanced as
described above.

In the example of FIG. 1B, the crack lead ring 56 has the
guard ring 64 on a side lower than the uppermost layer. For
that reason, the uppermost layer wiring 63 extends toward
the scribe line region 39 side from the guard ring 64, which
1s lower than the uppermost layer wiring 63. That 1s, an end
of the uppermost layer wiring 63 on the scribe line region 59
side extends toward the scribe line region 59 side from the
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end of the guard ring 64. As a result, the eflect of preventing
the crack 90 from spreading toward the circuit region 58 as
described above can be obtained.

It 1s preferable that the width of the uppermost layer
wiring 63 which extends toward the scribe line region 59
side from the end of the wiring (1n an example, guard ring
64) of the wiring layer lower than the uppermost layer
wiring 63 1s equal to or larger than the width of one guard
ring 64 (or one seal ring 55). This helps prevent the crack 90
from spreading toward the circuit region 58 as described
above. In that case, it 1s preferable that the width of the
uppermost layer wiring 63 1s set to be larger than the width
defined by two outermost adjacent rings, be they guard rings
64 or seal rings 55. With the above configuration, the
uppermost layer wiring 63 can be extended (protruded)
toward the scribe line region 59 side more than one width of
the guard ring 64 (or the seal ring 55) depending on a
position of the guard ring 64. As a result, the eflect of
preventing the crack 90 from spreading toward the circuit
region 38 as described above 1s more enhanced.

In the example of FIG. 1B, the width of the uppermost
layer wiring 63 1s substantially equal to the width defined by
about five adjacent guard rings 64 or seal rings 55. Also, the
position of the guard ring 64 1s located at an outer end of the
circuit region 58 side. Accordingly, the uppermost layer
wiring 63 1s extended (protruded) toward the scribe line
region 59 side by at least the width defined by four guard
rings 64 or seal rings 55, one guard ring 64 being directly
below the uppermost layer wiring 63 on the latter’s circuit
region 58 side, as seen 1n FIG. 1B. As a result, the effect of
preventing the crack 90 from spreading toward the circuit
region 38 as described above can be obtained.

The guard ring 64 1s a wiring continuously formed over
one or more wiring layers 69 through interconnecting via
holes 68. More specifically, in the guard ring 64, the annular
via holes 68 and the annular wirings 69 are alternately
continuously stacked on each other from the wiring layer of
the lowermost layer to one wiring layer below the uppermost
layer within the interlayer insulating layer 52. In other
words, the guard ring 64 has a structure in which the annular
via holes 68 and the annular wirings 69 are alternately
stacked on the semiconductor substrate 51, and integrated
into a wall. An upper portion of the guard ring 64 1s coupled
with the uppermost layer wiring 63. Accordingly, the guard
ring 64, together with the uppermost layer wiring 63, has the
same function as that of at least the seal rings 55.

It 1s preferable that the guard ring 64 1s disposed closer to
the seal rings 55 than to an intermediate position, 1n a width
direction, of the uppermost layer wiring 63. That 1s, 1t 1s
preferable that the outer ring 64 1s proximate to the circuit
region 58 side and remote from the end of the uppermost
layer wiring 63 (the end of the uppermost layer wiring 63
extends toward the scribe line region 59). With this con-
figuration, when the end 63¢ of the uppermost layer wiring
63 and the end 53¢ of the protective film 53 overlap with
cach other to provide the step S, the guard ring 64 can be
distanced from the step S. It 1s more preferable that the guard
ring 64 1s disposed closest to the circuit region 58 side in the
width direction of the uppermost layer wiring 63. With the
above shape, when the crack 90 extends to the vicinity of the
step S, even 11 the crack 90 spreads toward the circuit region
58 1n error, the crack propagation can be prevented. Also, 1t
1s conceivable that when a lateral side (lower side of the
uppermost layer wiring 63) of the guard ring 64 1s set 1n a
region where no wiring 1s provided, the interlayer insulating
layer 52 1n the periphery of the step S can be further strained.
As a result, with an influence of this strain, the crack 90
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generated 1n the scribe line region 59 at the time of dicing
can be further led to the vicinity of the step S, rather than to
the circuit region 58.

The uppermost layer wiring 63 includes a lower wiring 66
and an upper wiring 65. The lower wiring 66 has substan-
tially the same thickness as that of the wirings 69 of the
wiring layers of the seal rings 55 and the circuit region 58.
The upper wiring 65 1s disposed over the lower wiring 66.
The upper wiring 635 has substantially the same thickness as
that of a pad region (not shown) of the circuit region 58. The
upper wiring 65 has an upper surface exposed to the surface
of the interlayer insulating layer 52, and covered with the
protective film 53. The upper wiring 65 has a protrusion 65¢
which 1s an end protruded upward from the upper surface of
the interlayer insulating layer 52. In this case, it 15 conceiv-
able that the interlayer insulating layer 52 (also the semi-
conductor substrate 51 as occasion demands) can be further
strained 1n the vicinity of the step S where the protrusion 65e
(end) of the uppermost layer wiring 63 and the end 53e of
the protective film 53 overlap with each other. As a result, 1t
1s concelvable that with an influence of the strain, the crack
90 can be further led to the vicinity of the step S.

The guard ring 64 and the uppermost layer wiring 63 can
be made of the same material as that of the via holes 68 and
the wirings 69 as with the seal rings 55. That 1s, the guard
ring 64 1s exemplified by a laminated film of a barrier film
where a tantalum nitride film (TaN film) and a tantalum film
(Ta film) are stacked on each other, and a copper film (Cu
film). Alternatively, the guard ring 64 1s exemplified by a
laminated film of a lower barnier film, a copper added
aluminum film (AlCu film), and an upper barrier film. The
lower barrier film 1s exemplified by a laminated film of a
titanium film (T1) and a titanium nitride film (TiN film), and
the upper barrier film 1s exemplified by the titanium nitride
film (TiN film).

The protective film 53 protects a region of the semicon-
ductor device 50 except for an (aluminum) pad region (not
shown) and the scribe line region 59. The protective film 53
1s disposed over the interlayer insulating layer 52 to cover at
least the crack lead ring 56 and the seal rings 55. The
protective film end 53e overlaps with the end 63¢ of the
uppermost layer wiring 63. The protective film 33 includes
a passivation film 61 and a heat resistant protective film 62.
The passivation film 61 1s disposed over the interlayer
insulating layer 52 to cover the crack lead ring 56 and the
seal rings 55. An end of the passivation film 61 overlaps with
the end 63¢ of the uppermost layer wiring 63. The heat
resistant protective film 62 1s disposed to cover the passi-
vation film 61. An end of the heat resistant protective film 62
substantially coincides with the end of the passivation film
61, and overlaps with the end 63e¢ of the uppermost layer
wiring 63. That 1s, the end of the heat resistant protective
film 62, the end of the passivation film 61, and the end 63e¢
of the uppermost layer wiring 63 overlap with each other
form the step S. The passivation film 61 1s exemplified by a
silicon nitride film (SiN film) or a silicon oxynitride film
(S1ON film). The heat resistant protective film 62 1s exem-
plified by a heat resistant resin such as photosensitive
polyimide.

In this embodiment, the end of the passivation film 61
(and the heat resistant protective film 62) 1s disposed 1n the
vicinity of the end 63e of the uppermost layer wiring 63.
With this configuration, the step S having the structure 1n
which the end 63¢ of the uppermost layer wiring 63 and the
end of the passivation film 61 (and the heat resistant pro-
tective film 62) overlap with each other can be formed over
the interlayer insulating layer 52. It 1s conceivable that with
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the formation of the step S having the above structure, the
interlayer insulating layer 52 around the step S can be
strained (also 1n the semiconductor substrate 51 as occasion
demands). As a result, with an influence of the strain, the
crack 90 generated at the time of dicing and entering the
interlayer insulating layer 52 can propagate to the vicinity of
the step S, where i1t opens. As a result, the crack 90 can be
prevented from spreading into the circuit region 58 of the
semiconductor device 50. Also, the upper wiring 65 includes
the protrusion 65e protruded upward from the upper surtace
of the interlayer insulating layer 52. It 1s conceivable that the
above configuration can further strain the interlayer insulat-
ing layer 52 in the vicinity of the step S where the end 63e
(protrusion 65¢) of the uppermost layer wiring 63 and the
end of the passivation film 61 (and the heat resistant pro-
tective film 62) overlap. As a result, i1t 1s conceivable that
with the influence of the strain, the crack 90 that has entered
the interlayer insulating layer 52 can then propagate to the
vicinity of the step S. This makes 1t possible to prevent the
defective of the semiconductor device 50 from being gen-
erated.

Next, a method of manufacturing the semiconductor
device according to the first embodiment will be described.

FIG. 2 1s a schematic plan view of the semiconductor
device manufactured in the method of manufacturing the
semiconductor device according to this embodiment. FIGS.
3 to 11 are schematic cross-sectional views illustrating
intermediate products and associated processes 1n the
method of manufacturing the semiconductor device accord-
ing to this embodiment. FIGS. 3 to 11 are cross-sectional
views taken along a line A-A' in FIG. 2.

As 1llustrated in FIG. 2, a plurality of the semiconductor
devices 50 are manufactured on the semiconductor wafer.
The plurality of semiconductor devices 50 are diced along
the scribe line region 59. In each of the semiconductor
devices 50, the annular crack lead ring 56 and the annular
seal rings 55 are arrayed from an outer peripheral side
toward the circuit region 58 side in the stated order. A
plurality of pads 54 1s disposed along the seal rings 55 inside
the seal rings 55. Hereinafter, an example of the method of
manufacturing this structure will be described with reference
to FIGS. 3 to 11.

First, as illustrated in FIG. 3, an insulating film 2A about
5 nm 1n thickness, which 1s formed of, for example, a silicon
carbonitride film (S1CN film), 1s deposited, for example,
over a silicon substrate 1 which 1s a semiconductor wafer.
Then, an mnsulating film 3A having a thickness of 10 nm
which 1s formed of, for example, a low-permittivity film
(S10F film) 1s deposited over the mnsulating film 2A. Sub-
sequently, an mnsulating film 4 A having a thickness of 10 nm
which 1s formed of, for example, a silicon oxide film (510,
film) 1s deposited over the nsulating film 3A. Thereafter, a
resist mask (not shown) having a wiring groove pattern 1s
formed over the insulating film 4A. Then, the insulating
films 2A, 3A, and 4A are partially etched with the use of the
resist mask through a dry etching technique to form wring
grooves 3.

Subsequently, as illustrated in FIG. 4, a multilayer film 6 A
and, for example, a copper film 7A are sequentially depos-
ited over the insulating film 4A 1n which the wiring grooves
5 are formed (not shown). The multilayer film 6A may
comprise a tantalum mitride film (TaN film) and a tantalum
film (Ta film) stacked on each other. Sequentially, portions
of the multilayer film 6A and the copper film 7A which
protrude from the wiring grooves 5 are removed through, for
example, a CMP (chemical mechanical polishing) tech-
nique. At the same time, a surface of the copper film 7A
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embedded 1n the wiring grooves 5 through the CMP tech-
nique 1s flattened. As a result, a copper wiring (first layer
(lowermost layer) wiring) 7A (including the wvia holes)
coated with the multilayer film 6A 1s formed.

Subsequently, as illustrated in FIG. §, an insulating film
2B having a thickness of about 5 nm, which 1s formed of, for
example, a silicon carbonitride film (S1CN film), 1s depos-
ited over the copper film 7A. Then, an sulating film 3B
having a thickness of about 25 nm, which 1s formed of, for
example, a low-permittivity film (S10F), 1s deposited over
the mnsulating film 2B. Subsequently, an insulating film 4B
having a thickness of about 25 nm, which 1s formed of, for
example, a silicon oxide film (S10, film), 1s deposited over
the insulating film 3B. Thereafter, after an organic antire-
flection film (not shown) has been coated on a surface of the
insulating film 4B, a resist mask (not shown) having a hole
pattern 1s formed over the organic antireflection film through
a photolithography. Then, the 1nsulating films 2B, 3B, and
4B are partially etched with the use of the resist film through
the dry etching technique. As a result, via holes 8 are formed.
Thereaftter, the resist mask and the organic antireflection film
are removed by ashing.

Then, as illustrated in FIG. 6, a resist mask (not shown)
having a wiring groove pattern 1s formed over the insulating
film 4B through the photolithography. Then, the insulating
films 3B and 4B are partially etched with the use of the resist
mask through the dry etching technique to form wiring
grooves 9 connected to the via holes 8.

Then, as 1llustrated 1n FIG. 7, a multilayer film 6B where,
for example, a tantalum nitride film (TaN film) and a
tantalum film (Ta film) are stacked on each other, and, for
example, a copper film (Cu film) 7B are sequentially depos-
ited over the insulating film 4B 1in which the via holes 8 and
the wiring grooves 9 are formed (not shown). Sequentially,
portions of the multilayer film 6B and the copper film 7B
protruded from the wiring grooves 9 are removed through,
for example, the CMP technique. At the same time, a surface
of the copper film 7B embedded in the wiring grooves 9
through the CMP technique 1s flattened. As a result, a copper
wiring (second layer wiring) 7B (including the via holes)
coated with the multilayer film 6B 1s formed.

Thereafter, the processes described in FIGS. 5 to 7 are
repeated to form a multilayer wiring structure (not shown).
In this embodiment, a seven-layer (2A, 3A, 4A/6A, 7TA) to
(2G, 3G, 4G/6G, 7G) structure 1s used as the multilayer
wiring structure.

Then, as illustrated 1n FIG. 8, an insulating film 2H having
a thickness of about 10 nm, which 1s formed of, for example,
a silicon carbonitride film (S1CN film), 1s deposited over the
copper wiring (seventh layer wiring) 7G and the insulating
film 4G. Then, an 1nsulating film 3H having a thickness of
100 nm, which 1s formed of, for example, a silicon oxide
film (S10, film), 1s deposited over the msulating film 2H.
Subsequently, after an organic antireflection film (not
shown) has been coated on a surface of the msulating film
3H, a resist mask (not shown) having a hole pattern 1is
formed over the organic antireflection film through the
photolithography. Then, the insulating films 3H and 4H are
partially etched with the use of the resist mask through the
dry etching method. As a result, a via hole 10 1s formed.
Thereaftter, the resist mask and the organic antireflection film
are removed by ashing.

Then, as illustrated 1 FIG. 9, for example, a composite
film comprising a titanium film (11 film) 11, a first titanium
nitride film (TiN film) 12, a copper added aluminum film
(AlCu film) 13, and a second titanium nitride film (T1N film)
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which the via hole 10 1s formed. Subsequently, after an
organic antireflection film (not shown) has been coated on a
surface of the second titanium nitride film 14, a resist mask
(not shown) having a crack lead ring pattern and a pad
pattern 1s formed over the organic antireflection film through
photolithography. Then, the composite film (1.e., titanium
film 11, the first titantum nitride film 12, the copper added
aluminum film 13, and the second titanium nitride film 14)
1s partially etched with the use of the resist mask through the
dry etching method. As a result, the first titanium film 11, the
titanium nitride film 12, and the copper added aluminum
film 13 coated with the second titanium nitride film 14,
which constitute the upper wiring 65 (the crack lead ring 56)
and the pads 54 are formed. Thereafter, the resist mask and
the organic antireflection film are removed by ashing.

Subsequently, as illustrated in FIG. 10, an insulating film
15 having a thickness of about 100 nm, which 1s formed of,
for example, a silicon oxynitride film (S1ON film), 1s depos-
ited over the second nitride film 14 and the insulating film
3H. Then, a heat resistant protective film 16 having a
thickness of 700 nm, which 1s made of photosensitive
polyimide, 1s deposited over the insulating film 15. Then, a
resist mask (not shown) having the pads 54 and the scribe
line region 59 1s formed through the photolithography. The
heat resistant protective film 16 1s partially etched with the
resist mask through the etching technique.

Further, as illustrated in FIG. 11, the msulating film 15 1s
partially etched with the use of the resist mask or the etched
heat resistant protective film 16 through the etching tech-
nique. As a result, openings of the pads 54 and the scribe line
region 59 are formed 1n the msulating film 15 and the heat
resistant protective film 16.

Through the above respective processes, the semiconduc-
tor device according to this embodiment 1s manufactured.

A correspondence relationship between a structure of
FIG. 1B and a structure of FIG. 11 1s illustrated 1n FIG. 11.
Specifically, the semiconductor substrate 51 corresponds to
the silicon substrate 1. The interlayer insulating layer 52
corresponds to the insulating films 2A to 4A/ . . . /2G to 4G.
The wirings of the plurality of wiring layers correspond to
the multilayer film 6A, the copper wiring 7A/ . . . /the
multilayer film 6G, the copper wiring 7G. The passivation
film 61 of the protective film 53 corresponds to the msulat-
ing film 15, and the heat resistant protective film 62 corre-
sponds to the heat resistant protective film 16. The seal rings
55 correspond to the multilayer film 6A, the copper film
7A/ . . . /the multilayer film 6G, the copper wiring 7G 1n a
region indicated by “55” 1n FIG. 11. The guard ring 64 of the
crack lead ring 56 corresponds to the multilayer film 6A, the
copper film 7A/ . . . /the multilayer film 6F, and the copper
wiring 7F 1n a region indicated by “56” in FIG. 11. The
lower wiring 66 corresponds to the multilayer film 6G and
the copper wiring 7G 1n a region indicated by “356” in FIG.
11. The upper wiring 65 corresponds to the upper wiring 13
indicated by “56” 1n FIG. 11.

In a large number of semiconductor devices 50 employing
the structure of this embodiment, a crack suppression effect
has been examined. Specifically, in each of the semiconduc-
tor devices 50, the number of cracks 90 that go through the
crack lead ring 56, and enter the circuit region 38 1is
examined by visual 1mspection (e.g. an electron microscope
observation).

FIGS. 12 and 13 are a plan photograph and a cross-
sectional photograph illustrating an example of observation
results of the semiconductor device 50 employing the struc-
ture of this embodiment by the electron microscope, respec-
tively. As 1illustrated 1n FIG. 12, 1n a region Q indicated by
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a dashed line, the crack 90 1s generated in the scribe line
region 59 extending between the circuit regions 58 of two
semiconductor chips, and extends towards one of the circuit
regions 38. However, the crack 90 stops in the vicinity of the
end 53¢ of the protective film 53. In this location, as
illustrated 1n FIG. 13, the crack 90 i1s led to the vicimity of
the step S of the protective film 53 over the interlayer
insulating layer 52. More specifically, the crack 90 proceeds
from a cut surface of dicing, diagonally in a upward and
rightward direction 1n the semiconductor substrate 51 and
the interlayer insulating layer 52, and reaches the vicinity of
the step S. However, the crack 90 does not spread to the
circuit region 38 side from the crack lead rings (64, 65, 66).
Thus, the semiconductor device 50 has the eflect of pre-
venting the crack 90 from spreading into the circuit region
58.

The results of examining the crack suppression eflect as
described above 1 a large number of semiconductor
devices, will be described below. In the semiconductor
device having the conventional structure, the percent of
defects caused by dicing 1s about 14%. On the other hand,
in the case of the semiconductor device 50 having the
structure of this embodiment, the percent of defects caused
by the dicing 1s lower than 2%. That 1s, 1t can be confirmed
that the semiconductor device S0 employing the structure of
this embodiment has an extremely excellent crack suppres-
sion eflect.

Thus, according to this embodiment, 1n the semiconductor
device, the crack caused by the mechanical stress at the time
of dicing can be prevented from spreading into the circuit
region with a high probability.

First Modification

A description will be given of a first modification of a
semiconductor device and a method of manufacturing the
semiconductor device according to this embodiment.

FIG. 14 1s a schematically cross-sectional view 1illustrat-
ing a configuration of the semiconductor device according to
the first modification of this embodiment. A semiconductor
device 50a according to this modification 1s different from
the semiconductor device 50 1n FIG. 1B in that an guard ring
64a extends from the lower wiring 66 to a middle of the
interlayer isulating layer 52, but does not reach the semi-
conductor substrate 51. Hereinafter, the diflerence will be
mainly described.

A crack lead ring 564 includes the uppermost layer wiring
63 and a guard ring 64a. The guard ring 64a extends from
a portion immediately below the lower wiring 66 to the
middle of the interlayer insulating layer 52, but does not
reach the semiconductor substrate 51. Taking into account
that the crack 90 1s led to the step S, the spread of the crack
in the guard ring 64a may be stopped on at least an upper
portion of the interlayer insulating layer 52. This configu-
ration can be realized by the following modification in the
manufacturing processes of FIGS. 3 to 11. Specifically, the
via hole of the guard ring 644, the via holes 8 for the wirings
(copper wirings), and the wiring grooves 9 are not formed 1n
the middle (in an example, 2C to 4C) of the msulating films
2Ato 4A/ .. .. The wiring (copper wiring) of the guard ring
64a, the wiring grooves 9 for the via holes, and the via holes
8 are formed from this middle (1n an example, 2D to 4D) to
the 1msulating films 2F to 4F.

Also, 1n this modification, the same advantages as those 1n
the semiconductor device 50 in FIG. 1B can be obtained.
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Also, the structure can be simplified since the guard ring 64a
1s not present at a side close to the semiconductor substrate

S1.

Second Modification

A description will be given of a second modification of a
semiconductor device and a method of manufacturing the
semiconductor device according to this embodiment.

FIG. 15 1s a schematically cross-sectional view 1llustrat-
ing a configuration of the semiconductor device according to
the second modification of this embodiment. A semiconduc-
tor device 506 according to this modification 1s different
from the semiconductor device 50 in FIG. 1B 1n that no
guard ring 64 1s provided. Hereinafter, the difference will be
mainly described.

A crack lead ring 565 includes the uppermost layer wiring
63. However, no guard ring 64 1s provided. In this case, the
seal rings 55 perform the function of the guard ring 64a. The
number of seal rings 55 may be increased. This configura-
tion can be realized without formation of the following
structures for the guard ring 64: via holes such as the via
holes 8 for the wirings (coppering wirings), and the wiring
grooves 9 1n the nsulating films 2A to 4A/ . . . /2F to 4F 1n
the manufacturing processes of FIGS. 3 to 11.

Further, the upper wiring 63 of the uppermost layer wiring
63 may be provided with no protrusion 65e¢ of the sort seen
in FIG. 1B. This configuration can be realized by further
flattening the upper wiring 65 through the CMP technique
after forming the upper wiring 65 in the manufacturing
processes of FIGS. 3 to 11.

Also, 1n this modification, the same advantages as those 1n
the semiconductor device 50 in FIG. 1B can be obtained.
Also, the structure can be simplified since no guard ring 64
1s provided.

Third Modification

A description will be given of a third modification of a
semiconductor device and a method of manufacturing the
semiconductor device according to this embodiment.

FIG. 16 1s a schematically cross-sectional view illustrat-

ing a configuration of the semiconductor device according to
the third modification of this embodiment. A semiconductor
device 50c¢ according to this modification 1s different from
the semiconductor device 50 of FIG. 1B 1n that an upper
wiring 65¢ of an uppermost layer wiring 63¢ has no protru-
sion. Hereinafter, the difference will be mainly described.

The crack lead ring 56c¢ includes the uppermost layer
wiring 63c and the guard ring 64. The uppermost layer
wiring 63c¢ 1includes the lower wiring 66 and the upper
wiring 65¢ disposed over the lower wiring 66. The upper
wiring 65¢ has an upper surface exposed to the surface of the
interlayer insulating layer 52, and substantially flush with
the surface of the interlayer insulating layer 52. However,
the upper wiring 65¢ has no protrusion which 1s an end
protruded upward from the upper surface of the interlayer
insulating layer 52. This configuration can be realized by
flattening the upper wiring 65¢ through the CMP technique
after forming the upper wiring 65¢ 1n the manufacturing
process of FIGS. 3 to 11.

Also, 1n this modification, the same advantages as those 1n
the semiconductor device 50 of FIG. 1B can be obtained.
Also, a coatability of the protective film 53 on the end can
be enhanced since no protrusion 1s provided.
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Fourth Modification

A description will be given of a fourth modification of a
semiconductor device and a method of manufacturing the
semiconductor device according to this embodiment.

FIG. 17 1s a schematically cross-sectional view 1llustrat-
ing a configuration of the semiconductor device according to
the fourth modification of this embodiment. A semiconduc-
tor device 504 according to this modification 1s different
from the semiconductor device 50 of FIG. 1B in that a
plurality of guard rings 64d are disposed outside the seal
rings 55. Hereinafter, the diflerence will be mainly
described.

A crack lead ring 564 includes the uppermost layer wiring
63 and guard rings 64d. The plurality of guard rings 644 are
disposed toward the outside from the seal rings 55 side. In
other words, the guard rings 64d surround the circuit region
58 already surrounded by the seal rings 55. In the example
of this drawing, three guard rings 64d1, 6442, and 6443 are
disposed outside the seal rings 55 1n the stated order. This
configuration can be realized by forming the via holes of the
plurality of guard rings 64d, the via holes 8 for the wirings
(copper wirings), and the wiring grooves 9 1n the manufac-
turing processes of FIGS. 3 to 11.

Also, the outermost guard ring 6443 among the plurality
of guard rings 64d extends from a portion immediately
below the lower wiring 66 to the middle of the interlayer
insulating layer 52 as in the first modification. However, the
outermost guard ring 6443 may not reach the semiconductor
substrate 51. This configuration can be realized by the
manufacturing process described in the first modification.

Also, 1n this modification, the same advantages as those in
the semiconductor device 50 of FIG. 1B can be obtained.
Also, the spread of the cracks toward the circuit region 58
instead of toward the step S, can be more excellently
prevented.

The techniques described 1n this embodiment and the first
modification to the fourth modification can be applied to
cach other so far as no consistency occurs.

As described above, according to the embodiment, 1n the
semiconductor device, the crack caused by the mechanical
stress at the time of dicing can be prevented from spreading
into the circuit region.

The invention made by the present inventors has been
described specifically on the basis of the embodiments.
However, the present invention 1s not limited to the above
embodiments, and so various changes can be made without
departing from the spirit of the present invention.

What 1s claimed 1s:

1. A semiconductor device, comprising;:

a semiconductor substrate;

an interlayer isulating layer disposed over the semicon-
ductor substrate and including a plurality of wiring
layers;

a scribe line region located over a portion of the interlayer
insulating layer,

a seal ring disposed 1n the interlayer insulating layer, and
surrounding a circuit region of the semiconductor sub-
strate;

a crack lead ring disposed in the interlayer insulating
layer, and surrounding the seal ring; and

a protective film disposed over the interlayer insulating
layer and covering the crack lead ring and the seal ring,
but not covering the scribe line region,

wherein the crack lead ring includes an uppermost layer
wiring 1n an uppermost wiring layer of said plurality of
wiring layers,
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wherein when the crack lead ring has a wiring 1 an
underlayer below the uppermost wiring layer, the
uppermost layer wiring extends 1in a direction away
from the circuit region towards an outside of the
semiconductor device, relative to the wiring i the
underlayer, and

wherein the protective film has an end overlapped with an
end of the uppermost layer wiring nearest the scribe
line region, the end of the protective film not overlap-
ping the scribe line region, and wherein the protective
film forms a step over the interlayer insulating layer, at
an edge of the scribe line region.

2. The semiconductor device according to claim 1,

wherein the crack lead ring further comprises:

a guard ring as said wiring of the underlayer, continuously
formed over one or more wiring layers connected by
via holes, from the uppermost wiring layer toward the
semiconductor substrate.

3. The semiconductor device according to claim 2,

wherein the uppermost layer wiring extends farther
toward the outside, as compared with the guard ring.

4. The semiconductor device according to claim 3,

wherein a width of the uppermost layer wiring 1s twice as
broad as a width of the guard ring.

5. The semiconductor device according to claim 2,

wherein the guard ring reaches the semiconductor sub-
strate from the uppermost wiring layer.

6. The semiconductor device according to claim 2,

wherein a plurality of guard rings are disposed from the
seal ring side toward the outside.

7. The semiconductor device according to claim 1,

wherein the uppermost layer wiring includes:

a lower wiring; and

an upper wiring disposed over the lower wiring, and

wherein an end of the upper wiring includes a protrusion
protruded upward from an uppermost surface of the
interlayer insulating layer.

8. The semiconductor device according to claim 1,

wherein the protective film includes:

a passivation film disposed to cover the crack lead ring
and the seal ring; and

a heat resistant film disposed to cover the passivation film,

wherein ends of the passivation film and the heat resistant
film overlap with an end of the uppermost layer wiring.

9. The semiconductor device according to claim 1,

wherein a plurality of seal rings are disposed outward
from the circuit region side, and

wherein a distance between a first seal ring adjacent to the
crack lead ring and the crack lead ring, 1s larger than a
distance from the first seal ring to an adjacent second
seal ring.

10. The semiconductor device according to claim 1,

wherein the crack lead ring further includes:

a guard ring as said wiring of the underlayer, continuously
formed over one or more wiring layers from the upper-
most wiring layer toward the semiconductor substrate
through a via hole,

wherein the uppermost layer wiring includes:

a lower wiring; and

an upper wiring disposed over the lower wiring,

wherein an end of the upper wiring includes a protru-
sion protruded upward from an uppermost surface of
the interlayer insulating layer,

wherein the protective film includes:

a passivation film disposed to cover the crack lead ring
and the seal ring; and
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a heat resistant film disposed to cover the passivation
film, and

wherein ends of the passivation film and the heat resistant
film overlap with the protrusion.

11. A method for manufacturing a semiconductor device,

comprising the steps of:

forming, over a semiconductor substrate, an interlayer
insulating layer including a plurality of wiring layers, a
seal ring surrounding a circuit region over the semi-
conductor substrate, and a crack lead ring having an
uppermost layer wiring 1n an uppermost wiring layer of
the plurality of wiring layers; and

forming, over the interlayer insulating layer, a protective
film covering the uppermost layer wiring and the seal
ring,

wherein when the crack lead ring has a wiring 1n an
underlayer below the uppermost wiring layer, the
uppermost layer wiring extends in a direction away
from the circuit region towards a scribe line region at
an outside of the semiconductor device, relative to the
wiring 1n the underlayer, and

wherein the step of forming the protective film includes:

a step of forming the protective film so that:
an end of the protective film overlaps an end of the

uppermost layer wiring nearest the scribe line region,
the end of the protective film not overlapping the
scribe line region, and wherein the protective film
forms a step over the interlayer insulating layer, at an
edge of the scribe line region.

12. A semiconductor device, comprising;:

a semiconductor substrate;

an interlayer insulating layer disposed over the semicon-
ductor substrate and including a plurality of wiring
layers, the plurality of wiring layers including an upper-
most wiring layer;

a scribe line region located over a portion of the interlayer
insulating layer;

a seal ring disposed 1n the interlayer insulating layer, and
surrounding a circuit region of the semiconductor sub-
strate,

a crack lead ring disposed in the interlayer insulating
layer, and surrounding the seal ring, the crack lead ring
including an uppermost layer wiring formed in the
uppermost wiring layer, the uppermost layer wiring
extending 1n a direction away from the circuit region
towards the scribe line region and terminating in an
end; and

a protective film disposed over the interlayer insulating
layer, and covering the crack lead ring and the seal ring,
the protective film overlapping the end of the upper-
most layer wiring but not overlapping the scribe line
region and thereby forming a step at an edge of the
scribe line region.

13. The semiconductor device according to claim 12,

wherein the crack lead ring further comprises:

a guard ring surrounding the seal ring, the guard ring
being connected to the uppermost layer wiring and
disposed closer to the seal ring than to an intermediate
position, 1n a width direction, of the uppermost layer
wiring.

14. The semiconductor device according to claim 13,

wherein:

the guard ring comprises alternating wiring layers and via
holes, and extends from the uppermost layer wiring
toward the semiconductor substrate.
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15. The semiconductor device according to claim 13,
wherein the guard ring reaches the semiconductor substrate
from the uppermost layer wiring.

16. The semiconductor device according to claim 13,
wherein the guard ring does not reach the semiconductor
substrate from the uppermost layer wiring.

17. The semiconductor device according to claim 13,
comprising a plurality of concentric guard rings surrounding
the seal ring, each guard ring connected to the uppermost
layer wiring.

18. The semiconductor device according to claim 17,
wherein:

at least one of said plurality of guard rings reaches
semiconductor substrate from the uppermost layer wir-
ing; and

at least one other of said plurality of guard rings does not
reach the semiconductor substrate from the uppermost
layer wiring.

19. The semiconductor device according to claim 12,

comprising:

a plurality of seal rings located between the crack lead
ring and the circuit region, each seal ring surrounding
the circuit region and extending from the uppermost
wiring layer to the semiconductor substrate;

wherein a first distance between a first seal ring adjacent
to the crack lead ring and the crack lead ring, 1s larger
than a second distance between the first seal ring and an
adjacent second seal ring.

20. The semiconductor device according to claim 12,

wherein:

the uppermost layer wiring includes a lower wiring and an
upper wiring disposed over the lower wiring, and

an end of the upper wiring includes a protrusion protruded
upward from an uppermost surface of the interlayer
insulating layer.

21. The semiconductor device according to claim 12,

wherein:

the protective film includes a passivation film disposed to
cover the crack lead ring and the seal ring, and a heat
resistant film disposed to cover the passivation film;
and

ends of the passivation film and the heat resistant film
overlap with an end of the uppermost layer wiring.

22. A method for manufacturing a semiconductor device

having a crack-resistant ring structure, comprising the steps
of:

forming, over a semiconductor substrate having a scribe
line region, an interlayer insulating layer including a
plurality of wiring layers including an uppermost wir-
ing layer, a seal ring surrounding a circuit region over
the semiconductor substrate, and a crack lead ring
having an uppermost layer wiring formed in the upper-
most wiring layer and extending in a direction away
from the circuit region towards the scribe line region
and terminating in an end; and

forming, over the interlayer insulating layer, a protective
film covering the uppermost layer wiring and the seal
ring, such that an end of the protective film overlaps the
end of the uppermost layer wiring but does not overlap
the scribe line region to thereby form a step over the
interlayer msulating layer, at an edge of the scribe line
region.
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