APPARATUS AND METHOD FOR MANUFACTURI NG A. SEM CONDUCTOR WAFER W TH REDUCED
DELAM NATI ON AND PEELI NG This application clains the benefit of U S

Provi sional Application No. 601462,969 filed on April 15, 2003, entitled
Sem conductor Wafer with Free Areas for Test Key Placenment, which
application is hereby incorporated herein by reference. TECHNI CAL FI ELD The
invention relates to a sem conductor wafer including an

inter-nmetal -dielectric layer of |Iowdielectric constant (lowk), and nore
particularly t | far acing test keys on a scribe line. A
second e %%MM@E EQ gl MANEACIFURING an a corner area
of a di e. MFE&W%HM%CEEVDMH@N Ragpon the
scribe line can prevent del am naPE®ILING peel i ng near the die comers. One
or nore slots formed in the conductive ring can prevent the |lowk | ayer

from bei ng cr ackédipMitasin $SSE6, t, the die comers. BACKGROUND | C
manufacturers are enpl oynl ng fi ﬁgé%%l{ ?@J?tr’rﬁlﬂ?"r?igpﬂﬂ&\%‘%ﬂlg? SOfM6R86R onst ant

(1 ow k) filedwh eptinl 55 2008N&htiQ8 I Kdm; I e small _and hi gh-speed
sem conduct or devi ces: Al ong \&/vlcﬁtg1 %ﬁ%@r%&wﬁﬁ%&?@ﬁoﬁe%ﬁéyéﬁﬁmgﬁges of

mei nt ai mhich apgliehtibnaidrdbh LRUGBAKG 1BAYS,, f|;f'50 increased. As far as reliability
is concerned, the lowk mateéerial near dre ¢ofners has a crack i ssue,
especially in the sawi ng process. A seniconduct or vvaf er typically corrprl ses

substanm@mcﬁgﬁt])ed di es (or chips)

The invention relates to a semlconductor wafer including an inter-metal- mclectnc
layer of low dielectric constant (low-k), and more particularly to a deswn rule for placing test
keys on a scribe Lue A second embodiment relates to a conductive ring design rule on a corner
area ofa die._ A “free area” that restricts test key placement.defined on the scribe line can
prevent delq.mination or peeling near the die corners. One or more slots formed in the

conductive ring can prevent the low-k layer from being cracked by stresses exerted at the die

COrmners.

BACKGROUND

IC manufacturers are employing finer circuit widths, low chclectnc constant (low-k)
materials, and other technologies to make small and mgh—speed semiconductor dewces Along
with these advancements, the challenges of mamtammg yield and throughput have also

increased. As far ag reliability i 1s concerned, the low-k matcnal near die corners has a crack

issue, especially in the sawing process.

A semiconductor wafer typically comprises substantially isolated dies (orl chips)

separated from each other by scribe lines. Individual dies within the wafer contain circuitry ‘and
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separated from each other by scribe lines. Individual dies wthin the wafer
contain circuitry, and -1 the dies are separated by sawi ng and are

i ndi vidual |y packaged. Alternately, the individual dies may be packaged in
multi-chip nodules. In a sem conductor fabrication process, the

sem conductor device (e.g., an integrated circuit IC nust be continuously
tested at every step so as to maintain and assure device quality. Usually,
atestin gl rcuit is sinultaneously. fabricated on the wafer along with

t he act udF dgent sparatedvyt $1@ing ahd L8N d i-des_several test keys

| ocat ed on Ttnge scribe |ines between %uaﬁgb?ﬁ% %é%nféteﬁjéteé"f Hetipdivigral dtiesoupl ed
to an expef Malackagwdrih mai-chiphh el E he test keys are selected to
test different properties Pof the vva ogﬁuccﬂor %’nc?%?ﬁﬁﬁsdth@ol t age,

sat ur atiséWlQ@u#umendqmg@tge a@Xd at&d‘é?clSR eakage current. . In general,
the scribe lines are defi nedék?n arleas?%)fsm‘twlggcﬁ?fl“flim ly\festedsst pYrey etep st hat  ar e
wi t hout 2 teiinginipintahdassuratshich gyt Whdh apout .80 to 100 dependi ng on

t he di nensions of the di esqman%f act F g‘;&tmg%cé”%?%l‘ﬂtaqcﬁu%f@ém&@ prevent

cracks |qmdhmwerdwngﬂgh%faaﬁa1§%égg;§ g%qlégsbggﬁlg%tl ng into the die, each die

is usually surrounded by a seal ri ng H’lovﬁewedﬁfhlt&stkeys

o TheSor  be. | nang et draL A a@?%%néipééﬁ&%%?ﬁﬂ Tayer
et 1 et T?f??ﬁedﬁi?%ﬁ‘;f@vi%‘?%@ﬁdﬁ%‘% dl? ﬁpa%'r‘éq%’gfé@ﬁéafﬁl wnbato
serl Bg“fjﬁﬂﬁp@giﬁfiﬁﬁiﬁ?fﬁ“ﬁ@%ﬁ% 3% Pt WaekBiec cptina the scr i be | ne

suf fer damage, ﬁggnm?gg iing, delam nation, or dielectric fracture. The
types of scribe Fine r‘?ﬁ‘ﬁ@ P Brfengd above oéttemﬂmadyeystgﬁﬁfg g%rg\h t he
mul ti -1 ay@buSlalc4s i.ncl udes an inter-nmetal -dielectric |ayer

dielectric constL‘b d&W’ © & widih of about 80 to 100 wm depending on the dimensions of the

dies manufactured in the wafer, In order to prevent cracks induced during wafer sawing from
propagating into the die, each die is usually sarrounded by a seal nngof 3 tolQ pm in width.

N
everthcless during wafer manufacture, damags 1s often introduced because of the scribe Jines.

H
urther, when at least one layer of the multi-layer structure is composed of a metal material with

a high thermal expansion cocfficient, the dimensional variation of the layer is sufficient to
introduce high-level internal stress into the wafer in the area of the scribe line. Consequently,

pomons of the wafer around the scribe line suffer darnaoe such as pecling, delamination, or

dielectri '
ectric fracture. The types of scribe line damage mentioned above are usually observed when
th |_ N L] . ) - » X
e multi-layer structure includes an inter-metal-dieleciric layer of low dielectric constant (low-

k).

When considering a design rule for placement of test keys on the scribe line, major

consideration i
s that the stress resultmg from the sawing process canses serious peeling near the

test keys at the die corners. This results in delamination at the interface between the multiple
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k). When considering a design rule for placenent of test keys on the scribe
line, nmajor consideration is that the stress resulting fromthe saw ng
process causes serious peeling near the test keys at the die corners. This
results in delamnation at the interface between the nultiple -2 layers at
the die corners. Delam nation inpacts the reliability of the device, and
contributes to production of stringers (residual materials) that interfere
with further processing and testing of the integrated circuit. Several

sol ut i orlayeksas te Hzenmprk OPESEE At 1St 9£c\{seth§féﬂ9mf?t$z ok hg d&%c“”'(fa' robl ems
associated with the manufacture and saw ng o seni condd 81,

Accor di rrgoduotisa ietrin gy (Rided @fiteritlk PAMES e Rl L | D.Lhe insul ati ng zone by
pl asma et ching. The formation of )q? ese 6r‘g(§€é%§g]i%ocessn%§7“ BEreRbt all,

cracks fth@nrtegmemcin@n Therefore, a novel test key design rule for
preventing del am nation or peeling near the die corners is called for. A
conductive ring SRV 9@ ;ﬁn the main area of the die is . well known for
providing the W Fing Cha a‘QiPﬁB'?PIBBOSF%@ sgive saree pfobetathinidal probjeaer sour ce

is not uncommon for stresses to crack

pot ent i in_.the e,
a passi \a;jgsto%%ﬁgw tﬁ%cfr%@wgﬁ”% Saf’"l‘f@ @F@ﬂé‘éﬂdﬁ@iﬁsﬁ’ﬁ@m Agedrdieg tesmadei Ng process

of a re% gﬁp%g‘%ka%% A? d4jscl gsed in US Patent No. 5,371,411, one
sol uti on Eef & hoinfyatine gorg ot plasmactphingf Therfdrinatied &fs i N t he

guard ri it is not believed that an array of apertures in the
guar d rlﬂ% ﬁgggyg% %S”ﬂ%ngubuf%‘)t Skt frem dorgdne. dhenbirmeinovg emekat dedighn an

inter- lf(tjp ctr |cJ resulting froma die sawing process as
proposeg gyor IIEF% Ig\tlf‘lége %Gé’ﬁP‘?eBHgnqafg‘ﬁd}WFﬂl%rsna@ﬂélpﬂwr is used near the
guard ring corners, the.crack issue

A conductive ring provided on the main area of the die is well known for providing

the wiring that supplies the ground potential or power source potential to circuits in the die. Tk is

not uncommon for stresses to crack a passivation film formed over the die corners during the

sealmg process of a resin mode package. As disclosed in 1JS Patent No. 5 371 411 one solutlon

to this problem is to form a slot or row of small holes i in the guard ring. However, 1t is not
beheved that an anay of apertures in the guard ring has becu used to prevent a crack or defect
generated in an inter-metal-dielectric layer resulting from a die sawing process as proposed by
the present invention. If a low-k material is used near the guard ring corners, the crack issue‘

. becomes more serioﬁs and further reduces reliabﬂif&. Thus, a novel guard ring design rule at the

die corners is also taught by the present invention,



beconmes nore serious and further reduces reliability. Thus, a novel guard
ring design rule at the die corners is also taught by the present

i nvention, SUMVARY OF THI S | NVENTI ON Accordingly, the present invention
provides a "free area" that prohibits or substantially limts test key

pl acenment on the scribe lines in order to prevent del am nation and peeling
near the die corners. The present invention also provides a conductive ring
with one or nore slots or rows of holes to prevent the low k material from
bei ng cracked by stresses exerted at the die corners. In sone enbodi ments
of the SOWEMARSGE hﬁﬂﬁéﬁer sem conductor wafer structure defines
areas where test key placenent is restricted. At |east one |ayer of the

mul ti-layer structure is a lowk dielectric layer. Depending upon the
requi rement of At%%fdlél@mfhm@wmﬁnﬁt&@rgﬁdestah@@@ageg%gt FJh?:ﬂts .eas may
substantially limt or even prohibit the placenent o test keys and are

referreﬁubﬁfﬂmﬁ‘gi’él“#sﬁgkﬂﬁplwmteashe"scHMr@Qm&@é}(w {DJ LEQNpri ses at
| east a fH;St and second scribe line. The first scrl I ne ex ends al ong
a firstPEPEey badgsopest of a nulti-layer structure, and t he second

scribe line extends along a second direction of the multi-layer structure.

The intersecti Qe plsehNByeliid: be line and. the second scribe |ine
defines at | east grﬁe corenern%%sgﬁ%{‘}l egﬁc%dﬁﬁ'i“f?%géﬁthdﬁear%w@slmoﬂrewst one

"free asfnles taStvehGhd BE SR KEY RLACE is defined on the' first scribe

| i ne adj acent the corner point or Flﬁ% ogf dbp’ﬁtr'\?ﬁ%‘?sc,eﬁmﬁdéﬁfhferd@ecoame@a" Al is
defined by the uation:- Al= D x Si, where DI is a first distance from

the corner poi FH phegits @%heen@mnggamm@eﬁda@lm&t&%?m%u&&% di e, and
Slerr] is the width of the first scribe |line." Another "free area” As is

defi ned™ "'Staﬁ“’ésw‘f%%%ewlwnmtwmetnfctedsmw“oﬂﬂaw@etbeaqﬂﬁ%@econd scribe

l'i ne adjacent
GG s & l%w—k dielectric layer. Depending upon the requuement of the semiconductor

design, these restricted areas may substantially limit or even prohibit the placement of test keys

and are in as ¢ ; it
referred to herem as “free areas.” The semiconductor wafer comprises at least a first and

second sotibe line. The first scribe line extends along a first direction as part of a multi-layer

structure, and the second scribe line extends along a second direction of the zﬁultl—layer structure.

The intersection of the first scribe line and the second scribe line defines at least one comer point

of a main area of a dis. At Ieast one “free area’ rcstnctlng test key placement is defined on the

first seribe line adjacent the corner point of the die, in which the “free area™ Ay is defined by the

equation: Ar=D) x 8, where Dy is a first distance from the corner point of the die extehdmg

toward the main area of the die, and Sy is the width of the first scribe line.” Another “free area”

Ag is defined on the i mtersecnon of the first scribe line and the second scribe line adjacent the

corner pomt of the die. The “free area” Ag is defined by the equatmn Ag=5,x8,, where S is

the w1dth of the first scribe line, and S, is the width of the second scribe line.



corner point of the die. The "free area" As is defined by the equation: As=
S1x Serr], where Si is the width of the first scribe line, and S2 is
the width of the second scribe line. -4 The lowk dielectric |ayer has a

di el ectric constant | ess than approxinmately 3.5 and preferably | ess than
3.0, and the "free area” is defined on at | east one |ayer of the :
mul ti-layer structure of the first scribe line. A few test keys may be
allowed in the "free areas"” located on the first -scribe line or the second
scribe line. A TedswiemRotic latias Riglbtic bshsAaf bR%0 ion Rl=
Merr]/Al where Ma is a total area of the tsest {geys %{%ré%eﬁl&%gﬂgt F%eree area-
Al. The prafrably EsehaMlo, anf thé Heee bRS is BN Galo§ of 1b4G L i Bl s |ess

t han about 10% Simlarly, measurenent rgt iao Rs I?esaﬁge |éng%itb>f/%%e equati on
RS= M5/ Apctiwhef the st icsbelink. Ok Zbw 808y Ohay BEbe S inkBY &l he free
area As. ' Rsis limted to a value Iessts t han .1161%%y ﬁe?frﬁg?ﬁﬁgﬂ?%%ntest key
ar ea ML thd firstaditeiae opfbedindRaibeofhe t AGnd NV ERE QR0 R | LoD method for a
sem conductor wafer with free areas restri ctllqina tlésst ée@:%t%lgg%u%ﬂ?

conpr i sda=MeA fualetedvij ing totdl @RS of te SR CBAMIG e MALEN 4 SRLOVIded with at

| east a first and second scribe |i ng,%i n which at | east" 3%3?0%10 ?f‘e]?v)ﬂ poi nt

of a maiof thenesakeyt isdintdie@siick thehesd | iDRek Yy 486 1081 & ) e fi et scribe
line and the second scribe Iine. At |east one ﬁ%&i é%g%sggﬁﬁngratuﬁ ¥ or ned

on the fdefised bycid dasation Re= RigiaGRtitke MOt 1R troR) L83 & ThE ree
area Al is defined by the equation Al= DI X ST elrgégs%nles PRE T st ance

from t heredxsn® isdohitet tOf valuh @sélingn 0% SR Hiho QWAL in area of the die,
and S1 is the wdth of the first scriebe igne. 'ILZ)F%?a‘eﬂlli's t hen separated
using.a cuttin thod for separating the dies along the first scribe line
and the secondg]-'sn(r:ag? %BPLW@‘?‘C%B?WM@H risiebricafipymethphior apemichedusgond

scri be | fined. he muJti-layer structure, and at | east one
| ayer of‘*’a??(f’.e“ﬁﬁﬁ ¢ ISEeiasarSc,sg?c%Xg E*‘55&0‘33? pfacemcnt comprises the following steps. A

semiconductor wafer is provided with at least a first and second scribe line, in which at least oné

corner point of a main area of a die is defined by the intersection of the first scribe line and the
second scribe line. At least one “free area” is tﬁt_an. formed on the first séribe line adjacent to the

. corner point of the die. The free area A; is defined by the equation Ay=D; x Sy, where D;is the
distance from the corﬁcr point of the die extending toward the main area of the die, a.;id Sy is the
width of thé first scﬁbé line. The die is then separated using a cﬁtting m-cth.od for separating the
dies along the first scribe line and the second scribe line. Both the first scribe line and the second

_ scr-ibe line are deﬁnegt by the multi-iayer structure, and at least one layer of the multi-layer

structure is a low-k dielectric layer.

The dies on the wafer may be separated by any-suifable method including diamond
sawing, laser cutting, liguid jet scribiﬁg, water jet cutting or any combination of these cutting
methods. The low-k dielectric layer has a dielectric constant less tﬁan approximately 3.5 and

preferably less than 3.0, The “free area” is preferably defined on the top layer of the multi-layer
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structure is a lowk dielectric layer. The dies on the wafer may be
separated by any-suitable nethod including dianond saw ng, |aser cutting,
liquid jet scribing, water jet cutting or any conbination of these cutting
met hods. The lowk dielectric |ayer has a dielectric constant |ess than
approximately 3.5 and preferably less than 3.0. The free area" is
preferably defined on the top layer of the multi-layer -5 structure of the
first scribe line. Simlar to the above discussion, if test keys are to be

formed emottrhes thi f:9 scRENinbeSkiBRo o5 eBaRGki e Bk D he_gonbi nat i on
thereof, the area of the test keys shoul d neet ’ltiﬂht%?ké a%%rtgheé%ﬁm?g??o RL. As

di scuss et fabastthe L) ehoFBRBYESHE Bl &rabd Q ki LPE o uation R1=
ML/ AL, where Merr] is a total aer ea of t éilntﬁ%fsht%kl(k)g;&/% afeg)rérfr{élﬁ%%sgﬂ?ﬁe free

area A[-elicu]d meet e a@aRGnthSEAUSRE h QUG ed Movk Shd ingagﬁ}%ﬁe&gg 0,k hat rgl 's |ess
e

than 10% Likewi se, the measurement . ratio R5 is Fhed by A& Edat i on

R[ er r] =biveleAguatio R-eviVE, | ivthed MOk kot 2683 9 K farnmed .on the
free area As and Mb is Ili m'ﬂtedi SO C'Ethat gs lﬂietst&ﬁé%g%%rﬁgﬁ&%j%?mfiﬁ%%t her

enbodi nenio o istdrediabyeI BMimied SRHCPRIVGLL M08! 1 A conductive
ring with an array of apertures such ag sISo&aﬂgpghohgﬁsggﬁgpg%%e@%gmi n

area  CoarRsds degingd Wthd bqubiRH=MINE WHER MARY 131 &&}?ﬁeg%fk%%}fef f the

mul ti-layer structure is a lowk dielectric layer 3 ral

regi on iof tithefee aRd AR LRI B ikik8bo Mhf1€GE 1:00maf 1d4e main area of the die, a
second peripheral region is defined along a second direction of the main

area of the di g_rF d a corner_area is defi-ned by the intersection of the
first peripher af 2PEYFsHORen AEthe SeRfipn, pramiipindneior wadgiimudeAapor t i on of a
peri pne ¢ hdhh .
conductiyve, ri na. sur.trhoundl na. the die is forned in the area of the
conductiveiing with an array of apertures such as slots or holes. A die has a main area
comprising a multi-layer structure, and at least one layer of the multi-layer structure is a low-k
dielectric layer. A first peripheral region is defined along a first direction of the main area of the
die, a second peripheral region is defined along a second direction of the main area of the die,
and a corner area is defined by the intersection of the first peripheral region and the second
peripheral region. A portion of a conductive ring surrounding the die is formed in the area of the
die and adjacent the first pgripheral region and the second peripheral region. An array of

apertures, such as one or more slots or one or more lines of holes, is formed in the conductive

ring and adjacent the corner area of the main area of the die.



di e and adj acent the first peripheral region and the second peri pheral
region. An array of apertures, such as one or nore slots or one or nore
lines of hole, is formed in the conductive ring and adjacent the corner
area of the main area of the die. BRI EF DESCRI PTI ON OF THE DRAW NGS For a
nore conpl ete understandi ng of the present invention, and the advant ages
thereof, reference is now nade to the follow ng descriptions taken in
conjunction with the acconpanying drawing, in which: .a FIG | is a top
view of a wafer with dies separated by scribe |lines according to an

enbodi MERIEBDESORTPII@S @M THEWEMNRAs FIG 2 is a cross-section illustrating
the multi-layer structure of the wafer; FIG 3Ais a top viewillustrating
a free area resl;ri cting test key placenent on a scribe |line adjacent one
di e according t'0" BHE™ EHBBaE B¢ Hinglofthy pesen invemicaNindans advhigagaB i S a top
vieM/iIkM%&&%%ing a free area restricting test key placenent on a scribe
line adj acent  one diVBus fetibnpllpwingdotcriptions tdkenlirmmafunaionthg: @E esent

i nventi Aok G %C .S a top viewillustrating a free area restricting test
key pl aCeifent ~Otf ‘"% i%hithy ne adj acent one the according to Still another
enbodi nent of the present invention; FIG 3Dis a top viewillustrating a
free area rest rHIGt]iRg tdpSGdw dQMWy scri be |ine adjacent one die
according to yet another e%odi%ﬁ?ﬁg@%@%g%ebsyén@q ATPERRERIEE, 4 s a
top vi ewnbbdimertt ofthe pgset hi@pBoAr €a restricting test key placement on a
scribe |line adjacent one die according to one nore enbodi nent of the

resent inventiga;,. S ‘
P : M8:2isa cross-section illustrating the multi-layer strcture of the wafey:

FIG. 3A is a top view lustrating a free area restricting test key placement on a
scribe line adjacent one die according to one ernbodiment of the present invention;
FIG. 3B is a top view illustrating a free area restricting test key placement on a scribe

line adjacent one die according to another embodiment of the present invention;

. FIG. 3C is a top view illustrating a free area restricting test key placement on a scribe

line adjacent one die according to still another embodiment of the present invention:

FIG. 3D is a top view illustrating a free area restricting test key placement on a

scribe line adjacent one die according to yet another embodiment of the present invention;

FIG. 4 is a top view illustrating a free area restricting test key placement on a scribe

line adjacent one die according to one more embodiment of the present invention;

FIG. 5 is a top view llustrating free areas restricting test key placement on a scribe

line adjacent four dies according to another embodiment of the present invention;

FIG. 6 is a top view illustrating free areas restricting test key placement on a scribe

line adjacent four dies according to another embodiment of the present invention:
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FIG 5is atopviewillustrating free areas restricting test hey placenent
on a scribe |I|ine adjacent four dies according to another enbodi nent of the
present invention; FIG 6 is atop viewillustrating free areas restricting
test key placenent on a scribe line adjacent four dies according to another
enbodi mrent of the present invention; -7 FIG 7 is a top view of a nmain area
of a the having a pair of slots defined in a guard ring surrounding the
die according to the present invention; FIG 8 is a cross-section al ong
line 8-8 0f Fl GIG.7is HopvieR dr rdhid QB or¥isgW similar to FIG 7 except it shows
rows of holes forned hlﬁthe 3 guar%orfftrﬁibe\;%ag'r?éalf’ﬁ’ég. slpipdetined s gvaad t op vi ews
of anot hieg sevhdtipieidic fborkifle 1d AYENLLON. Showing an array of slots in the
guard ring conbined with thg tes?ﬂgie'g&nv@g?@n rule on a scribe line as
di sclosed in FE&?’&.BA -- 6. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS Th KT hOBriertigs pleng bie StrbtRIGN#Nt s of the present invention
are discussed in detail below -It should be appreciated, however, that the
present i nvent Fih 9ps omh dR& sHRBY 1ARB! ¥ SADL:S: knventive concepts that can.be
enbodied in a wide variety of speci f?c cl%)tﬁft%)? 10w halss forped indhey o di ment s
di scussgtirchmng; amdrel y illustrative of specific ways to make and use the
i nvention, and do not |limt the scope of the invention. According to one
enbodi nent of es i nvention, a sem conductor wafer is provided
R B it

with "free area t 1P cteve REasthat emerdimait of s tnvis@iys: @BwaGHkbe | i nes.

This lim LD, : : :
éﬂasr%f 1880 the guard I‘lI.lg combined with the test key design rule on a scribe line as
disclosed in FIGS. 3A — 6. |



or restriction reduces del am nation or peeling near the die coners. The
"free areas" located on the scribe lines may be used with an LK wafer
(lowk wafer). Particularly, the phrase "free areas" restricting test key
pl acenent neans that.-a limted arrangenent of test keys may be placed or
|l ocated in the "free area." That is, a few test keys can be |ocated on the
free area if a mnmeasurenent ratio of the test key area to the free area
satisfies or falls within an acceptable range. Alternately, a "free area"
may be so restricted that no test keys at all are permtted. FIG 1is a
top Vi e@%ﬂﬁm@ﬁmmmmﬁsﬁﬁmm%hyoﬁmhgs' i nes according to one.
enbodlnent of the present invention. The sem conductor wafer 10 conprises .

"substantially és IaI%ﬁ dles6%% chip 16 separated from each other by
first 'scribe |ines & Og@Fﬂ%é'@Pﬁ@@ﬁ&nWWWWQ&ﬁﬁm@u%stﬂube lines 12
ext end f irection .and the second scribe lines 14 extend al ong
a secongétﬂlp%}ao?{t |I%)5?11§lhdg f%‘ﬁtcg VeI P dha AreninidpVestien mpvidesamdniyr st scri be

i nes define at |east one;corner point

lines a e second s
of a di 1%%% o‘r%Bté{?a s &F%caf‘ﬁﬁ emp‘?‘i“‘d’sl{l f Sideqvaginty 9f poseific coress. oFhet he fir st

scri be d al an zontal direction, and .the second scribe
l i nes 14“ E%@t‘§ 8% dﬁﬁtu%%lsﬁusvegl a?'? g’dh‘ﬂsgétﬂ‘ie(?ﬁ spegifictwayh rmakh@nd usertheer sect i on

defi nes r of fo of the dies 16. Al so, the sem conduct or
waf er 18-%%%%f@@é%ﬁf%@Fﬁwég§ef§ﬂwﬁggwga on the scribe lines 12 and 14,

except for the restricted or "free areas" described bel ow. Typlcally, t he

seni conduct or viaéceding® ons éhbddenein of ke et #vatieh GGk fldeddlbe Shre, aNd each of
the scribe lines 12 and 14 are defined by the multi-layer structure. FIG 2

i s a crByidalwitt ‘Gre it st mbthinghd plecemhitdf tdsOMESE oS §dd6 fiblse Tg%ﬁi? fer
including the area of the wafer with the scribe lines, Ea e scribe

| i nes 19r iayidrtiod redposs fdamipalion st patihe near the die corners. The “free areas” located on
the scribe lines may be used with an LK wafer (low-k wafer). Particularly, the phrase “fiee
areas” restricting test key placement means that a limited arrangement of test keys may be placed
or located in the “free area.” That is, a few teét keys can be locafed on the free area if a
méasurgment ratio of the test key area to the free area satisfies or falls within an acceptable

range. Alternately, a “free area” may be so restricted that no test keys at all are per:.ﬁittei

" FIG. 1 is a top view of a wafer with dies separated by scribe lines according to‘one
embodiment of the present invention. ‘The semiconductor wafer 10 comprises substantially
isolated dies (or chips) 16 separated from each other by ﬂst scribe lines 12 and second scribe
lines 14. ‘The first scribe lines 12 extend glong a first direction and the sccdnd scribe lines 14
extend along a secqnd djrection_, in which the intersection of one of_the first scribe lines and one
of the sccogd scribe lines define at Jeast one corner point of a dic- 16. For example, in the

 illustrated embodiment, one of the first scribe lines 12 exteﬁd along a horizontal diréction, and

the second scribe lines 14 extend along a vertical direction, such that their intersection defines
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of the multi-layer structure 24 formed on a substrate 20. The substrate 20
may be fabricated wusing bulk Si, SO, Si G, GaAs, InP, or other

sem conductor materials. The nulti |ayer structure -24 conprises |ayers
21, 22, and 23. At |east one of the layers 21, 22, and/or 23 will typically
be a lowk dielectric layer of a dielectric constant (k) |ower than
approximately 3.5, and preferably |ower than 3.0. For exanple, the | owk
dielectric |ayer y be CVD Si OC, CVD Si OCN, Spin- on SiOC, CVD polyner,

Spi n-on 9 W?é]‘s‘,"f of 8 dig) 1 elsq, the Fhamichrdearonw eRs1Mlesahishac: Rej:0W r epr esent
at Ieastl o‘ng Iglyer_of_ the multi-layer structure 24 in the area of the
scribe ITHES Of Be &rribg Hnespp atdeldabroppt foftbe festdeteMbL R0t 0RE LIRS L0t Ne top of
the mul ti-Jayer structure 24. Alternatively, the free areas can g'e defi ned
on at |'eaBFAHnEe smicqndector gpfor AP el begrdlks (104-Itdnediid) b atd: A@eadt JiGd Ur € 24,
The indivi,dyal dies 16 containing circuitry and fornmed on wafer 10 are
separ at S H5yPesGiand i we deiined bigtheretibibbiser ssumite.as di anond sawi ng, | aser
cutting, liquid jet scribing (such as water jet cutting) or a conbination

of these cutti rIGNEkBeRSs-sedilf: ilt i I be an auxiliary _conductive
structure,'an electrically acti %@?ﬁ?%ﬁ%ﬁ%ﬁsﬁ‘&rﬁ“ (&e pefgy Inchding

non- el ecterar@alf the wals kil 8k 8dips i Met uch a fra cell). Exanples of
the free area that restrict télgllt:lé:I?é&%ﬁcﬁf](tg%secﬁ%%ﬁmér{“taﬂg‘f‘k@r‘"‘if‘?féleﬂiaﬁé@‘t 12 and

14 adj acetht maitElage 6@ Atmdf ot NS ndivi dual .die 16 are described bel ow.
10 FIG 3Ais a top view T usotnr%;tst(B Fér?lgméﬁf ?ﬁ%guﬁ’ﬁt@a&e %‘gglﬂ’ betabHepirdest key

pl acenemtingbulk RigSOE §IdebGaAd fes A4 ) ne die according to an enbodi nent
of the present invention, The ?'as!tl&%%(azl}c?%g&ri %tc’iés'ei'?eéﬁ‘g@ﬁb‘ﬂ"&ﬁtéﬁ@l@he

first diteotpres e Ses bin 00 aIEEA 0P L 198 b1 B, A S S oy be
. alow-k dielectric layer of a dielectric constant (k) lower than approximately 3.5, and preferably |
lower than 3.0, For example, the low-k dielectric layer may be CVD Si0C, CVD SiOCN Spin-

on Si0C, CVD polymer, Spin-on polymer, FSG, or Si0,.

The free areas described below represent at least one layer of the multi-layer
structure 24 in the area of the scribe lines 12 or 14, Preferably, the free areas are defined on the

top of the multi-layer structure 24. Alternatively, the free areas can be defiried on at least one of

the top three layers of the multi-layer structure 24,

The individual dies 16 contai’ning circuitry and formed on wafer 10 are separated by

suitable cutting methods, such as diamond sawing, laser cutting, quuid jet scribing (such as water

jet cutting) or a combination of these cutting methods. The test key 18 may be an auxi]iéry
conductive structure, 'an electrically activated structre {such as PCM), or a non-electrically

activated structure (such as a frame cell).

Examples of ihe free area that restrict test key placement on the scribe lines 12 and

14 adjacent one corner point of the individual die 16 are described below.
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al ong the second direction to separate a main area 26 of one of the dies
16, The main area 26 wth circuit elenents fornmed thereon has a coner
point P defined by the intersection' of the first scribe Iine 12 and the
second scribe line 14. Also, depending on the test key design rule, test
keys 18 may be fornmed without restriction on the first scribe line 12 or
the second scribe line 14, except for the free area Al new the corner
point P. The free area Al is on the first scribe line 12 adjacent to 'the

corner point P.gFhe, for rea Al .is defined by the equation Al= D1 x
S[err], whefe D1 ?%fsg ﬁ%@etwaﬁlégmflfl% PhEcecEAeing frst kay pReemowiod titehe mai n

area 26,gandinsl £ ' he wi.dth of the first scribe line 12. Preferably,
DL is |ess than %%%lt Fn& d%ena COETnE a&re@éf’@fneﬁﬁ’éﬂlﬂ pregerft gpeltionTAEe firsee area Al

IS on algy r he.nul.ti-|layer structure 24 of the first
scri be ISicllrlligea}:§th5.1 9%&% ggg]ﬁ?g%e Fedioeton igtewsetyhe pesorshscribrdinedid eafending

mul ti -1 aygk tstbdics . Al ternativel the free area Al is on at |east
one of theét op tﬁrégfeeg?oéé%srega%tf at’%%"r%’q‘)-floaeﬁ/%frth%@%& (fhe maparea’ld hough t est

keys 18 Hom rohibited fromarea Al, preferably a few test
keys 18 ngr?lta& fg“é?%“?e?{ég‘l“%%“e@%s&waéé OOyt Pidefined by thedistarsestionivf thatikn R err |

is |essgthan.a % err)] is defined by the equation Rl= ML/ Al where
M is tﬁe t'gltn ap%?%%%/ n‘ﬁ?gg?é%ﬂtmk ¥, {pepdivgridhotest lep designaaleatesta A1, FI G

3B is ay ' kLl ustrating a second exanple of a free area that
restrict sﬁltoi g\sﬁltla?\gﬁgoyn %qs‘?@@% G PR Eredistt spibe ling Boraty soemit soribrelivila,

El ement g, sL04,) o_those shown in FIG_3A are omtted here. -11 Simlar
to the a}tgoge dtlﬁés%%esaéﬁagdfl eﬁfﬁjﬁ%ﬂ&m@% The frag aed 4y imod torfirstiveritid listi2scr i be

line 12,4 i ;
€ adjacent to the corner point P. The fiee area A, is defined by the equation A)=D; x § 1, where Dy

is a distance from the corner point P toward the main area 26, and Sy is the width of the first

scribe line 12. Preferably, D, is less than 600 wm, and 8, is greater than 20 pm

i

The free area A; is on at least one layer of the multi-layer structure 24 of the first
scribe line 12. Preferably, the free area A, 1s on the top of the multi-layer structure 24.

Alternatively, the free area A, is on at least one of the top three layers of the multi-layer stucture

-24.

Although test keys 18 could be completely prohibited from area A, preferably a few
test keys 18 are permitted on the free area A, if the measurement ratio R} is less than ab;:)ut 10%.

R; 18 defined by the equation Ry= Mj/Ay where M, is the total area of the test keys 18 fdnned on
the free area A;. | |

FIG. 3B is a top view illustrating a second example of a free area that restricts test

 key placement on the scribe lines adjacent one die, Elements similar to those shown in FIG. 3A

are omitted here,

11~



or the second scribe line 14 without restriction, except for free area A2
near the corner point P. The free area A2 is on the second scribe line 14
adj acent to the corner point P. The free area A2 is defined by the
equation A2= D2 X S2, where D2 is a second distance fromthe corner point P
toward the main area 26, and S2 is the width of the second scribe |ine 14.
Preferably, D2 is less than 600m and S2 is greater than 20m The free
area A2 ts on at |east one layer of the nmulti-layer structure 24 of the

second scri be Simike toltfe atB¥Eh QLAY Yine 16 LI BE, aLea is_on the top of the
multi-layer structure 24. Al te?%’a?]ﬁ/eéﬁgﬁs fgﬁaée %W%db\é?@%ﬁwsqné’eéﬁe | east

one of bhide edpndBrilRSInk &Y QS uOE; J1i-layer structure 24. As discussed
above with respect to the e;lan%nl%elﬁggaﬁ%forgy?mief‘A?geaEi#i@é‘ﬁU%ﬁFEfl’étrPabl eto

al so alThofeddna A4 d . est 18 on the free area A2 if the
R

measurenent ratio R2 is |ess SpmergoihE- dheBes i di scussed

above, RBaefikddeticRechibyA ' R2= M2/ A2, where M2 is the total area
of the test keys 1gﬂflorrrzte:l(}%g%q?ﬁ%ér%?élesaﬁ?‘é’ﬁdﬂ%ﬁm@\l’%m@e@@ebpwlﬁﬁ Vi ew

i1 ust r atwiafigh@mbih ke € XAP L L ee area.that restricts test key
pl acement on the scribe IrgignegegI jﬂg%ffet% S8R s '@E”Ellé'ngﬁf%abéﬁ’srﬁzliahﬂo t hose

i n Fl GSthasé00and ardlsd is 'ﬁtepmn%iolﬁga here. Depending on the test key design’
rule, the test keys 18 are formed wi thout restriction on the first- scribe
line 12 or theﬁ%ond scribe line 14, except for a free area As near the
corner point P. TR ¥Peeisgnablons onelapm of the mult-RH&eEHIE 20Tr IR LESt SCTi be
l'ine 12s agd.tl‘ig gggond scribe line 14 adjacent the corner point P. The
free arBRoAes- Biefrabbethnes sen Aojsan toropsthdSnbliXayS2stucnhese S1 i s the

wi dt h %‘hth?‘ fli rthiab?'scri be line 12, and S2 is the width of the second-scribe
li ne 14 PHEFEMADTS eai isgnghleast ene aflimiopihoesta@BrorantnSa-lkwer QREALET t han

about S2,. .
%mszdlscussed above with respect to the example of FIG. 34, it is often preferable to also
allow the formation of a few test keys 18 on the free area Ay if the measurement ratio R, isless

than 10%. Similar to the embodiment discussed above, Ry is defined by the equation Ry= 'leAg

where M; is the total area of the test keys 18 formed on the free area As.

F;G. 3C is a top vigw illustrating a third example of a free area that restricts test key

placement on the scribe lines adjacent one die. Elements similar to those in FIGS. 3A and 3B are

omitted here,

Depending on the test key design rule, the test keys 18 are formed without restriction
on the first scribe line 12 or the éecond scribe line 14, except for a free area Ag near the corner
point P. The frec area As is on the intersection of the first scribe line 12 and the second scribe
line 14 adjacent the corner point P. The free area Ag is defined by the equation Ag= S, x Sz,
where S is the wjdth of the first scribe line 12, and 8; is the width of the second seribe line 14.

Preferably, S) is greater than about 20 um and S, is greater than aboyt 20 um<3,.

ey



-12 The free area As is on at |east one layer of the multi-layer structure
24. Preferably, the free area As is on the top of the nulti-Iayer
structure 24. Alternatively, the free area As is on at |east one of the top
three layers of the nulti-layer structure 24. Al so, as discussed above with
respect to FIGS. 3A and 3B, it is preferable to allow the formation of a
few test keys 18 on the free area As if the neasurenent ratio R5 is no
greater than 10% Rs is defined by the equation Rs= Ms/As, where Ms is the

total area of they on, the free area .. FIG 3Dis atop
view illustrat iﬁr%gg%%%ég tE ﬁﬁgﬁga%%q%fgr ?{r]%eemgllnélﬁ%er ftﬁ’ﬁ?ur_eréitprfi’f@fab{yest key -
pl acemapd e hrdae i i dj nt, o di.e. El nts simlar to those
found in FIGS. b%f&{ﬁﬁ%)%ﬂg% 3@1121% g%%c%%ﬁhe’}@maﬁ‘é%gﬁ?ﬁ% e AtieORest  key
desi gn gt uh® ond f.orned on e first scribe line 12 or

t he second glcl:rcihgjeettlg}iﬂrllneelél {,st é%é%% Hlflgiferftﬁl@%f?%g ‘%%F%&%‘E‘i&‘?“ﬂ??o‘&ﬁﬂt% near

t he conrBbctROFINE. SQ. ' se ove, it js often preferable to
al | ow trﬁ% ?‘tor r%aGtgl %}Ea%dél}gég}sg%%r%é?%%zlﬁgqﬁ%g%a%toﬂ8%#‘)‘%’ée%i‘@’éslgﬂf,th%z, and As

i f the geasyKre ' .Spless than.10% R.is defined by the equation
R= (M +MB4- Ms 1(A113%z§%%59 n&é??f‘%éwﬁ’lr'eg rfhﬁ%@?’e }Sideﬁgedtbg&qu@ymm acenent on

the scrib i i ] r cor.ners f. the individual die is described
bel ow vl\}st ﬁdgr/%%%g%’?g/{so Ei étaf%%ja cf&%%ee{?&{% lgif‘?l?tegé’ﬁﬂic%e PieAd4- 121 and 1211 and

a pair of second scribe lines 141 and 1411 separate the die 16 and define
four corner pofilk 2D P adep titveillustiatings GmriR Gxaripldbiiee atep@Rdedacamt ke test
key design rule, test keys 18 are fornmed w thout restriction on the first
scri be Dlcsaant aipthe soaidpe line adjacgmichnt ie. Fbrmend simitar bethbde ARG WiTGNA 41411

adj acent the die 16, except for free areas Al, A2, As
through 3C are omitted here. .

Depending on the iest key design rule, the test‘keys 18 are formed on the first scribe
line 12 or the second scribe line 14, except for the free areas Aj, A, and Asrnear the corner point
P. Also, as discussed above, it is often preferable to ﬂlow the formaiior; of a few test keys 18 on
the free areas Ay, Ag, and Ag if the measurement ratio R is less than 10%. R is defined by the
equation R= (M + M+ Mg)/(A+Ax+Ag).

A free area that restricts test key placement on the scribe lines adjacent four corners

of the individual die is described below with respect to FIG. 4.

A pair of first'scribe lines 12I and 1211 and 4 pair of second scribe lines 141 and 1411
separate the die 16 and define four corner points P of the main area 26. Also, depending on the
test key design rule, test keys 18 are formed without restriction on the first scribe lines 121 and

121I and the second scribe lines 141 and 1411 adjacent the die 16, except for free areas Ay, As, Ag .

near the four corner points P.

-13-



near the four coner points P. -13 The free areas restricting test key

pl acenment on the scribe lines adjacent four dies are described below FIG
5is atop viewillustrating a sixth exanple of free areas restricting test
key placenment on the scribe |lines adjacent to four dies. Four of the

i ndi vi dual dies 161, 1611, 16111, and 161V are separated from each ot her

by a first scribe line 12 and a second scribe line 14, in which corner

points P1, P2, P3, P4 of the four dies 161, 1611, 16111, and 161V .
respectivel y deThefeetahes fedicing 06t 010l irst scrihe line 12 and the
second scribe line 14. Al so, %eper?gigr?g.m%ﬂ&% gsﬁré’gfm‘f? JagRas oy dieti s, t est

keys 18 dgsogibedimiawed Wit hout restriction on the first scribe line 12 and the
second scribe |line 14 adjacent the dies 161, 1611, 16111, and 161V, except
for free areas ,ﬁE,SAZ, A3, A4, and As adjacent the four corner points P1,
P2, P3, P4 of the" di*¢d°PIBY" Uigreping 3 gkthiexananielofific read higtribfiOere@ne@® A 1S on
the fi r?:tlac Ly beglin fjﬁet;bftween the first the 161 and the third die 16111
adj acent” the cornePcr%B d4upenigpdpupgdies.The free area Al is defined by the
equati on Al1=D1xS1l, where D1 is a first distance fromthe corner point Pl of

the first die I8 efoheindvithediespdrn e, egmol,qtiagy first die 161, and Slerr] is
the width of the first scribe line 12. Pt e[?delgg%ﬁrf,se%ia?‘?dsﬁqnég%choﬁ?an 600m

and S[ eby first sagibe lineet2 dnt & el BibeAidel 191 i 6L er_of keys 18 -may be forned
inthe area Al so long as the rreasureerr’en%%tllbmﬁim?tgﬁ’i’ §§3=t111é’ﬁ¥h§bout 10%

R is défur diesl1dyl 6fThesIIegd AbIVaes R ﬂféfl]\lﬁ' M. i.s the total area of the
test keys 18 formed on the freé}%ﬁgﬁ,&@&e e%{rgeg%onaﬁ%?%?sf’%b"olﬁmt% second
scri be Fhdbe sfodetileaine theatsd, bsonding o it 1@08ky! 185 rute, test keys 18 are

formed without restriction on the first scribe line 12 and the second scribé line 14 adjacent the

dies 16, 1611, 16111, and 161V, except for free areas At Ag, As, Ay, and A adjacent the four

corner points Py, Py, Pa, P, of the dies 161, 1611, 16IM, and 16TV,

The free area A, is on the first scribe line 12 between the first die 161 and the third
die 161N adjacent the corner points Py and Py, The frec area Ay is defined by the equation |
Ay=D;x8,, where .Dl is a first distance from the corner point Py of the first'die 161 toward the
main area of the first die 161, and 8 is the width of the first scribe line 12, Pre-ferably,. D-1 is less
than 600pm and Sy is greater than 20um. A limiteéi number of keys 18 may be formed in the
area A; so long as the measurement ratio Ry is less than abbut 10%. R, is defined by the |

equation R;= M;{Al, where M; js the total area of the test keys 18 formed on the free area A 1

The free area A, is on the second scribe line 14 between the first die 161 and the
second die 1611 adjacent the.corn-er points P; and P,. The free area Az is defined by the equation
Ap=Dh x 3, where D, is a sécond distance from the corner point P; of ﬁe second die 1611 toward
the main area of the second die 1611, and 8, is the width of the second scribe line 14. Preferably,

Dy is less than 600um, and S, is greater than 20pm. As was the case for the free area Ay, a

-14.



second die 1611 adjacent the. corner points Pl and P2. The free area Az is
defined by the equation A2=D2 X S2, where D2 is a second distance fromthe
corner point P2 of the second die 1611 toward the main area of the second
die 1611, and S, is the width of the second scribe Iine 14. Preferably, D2
is less than 6004m and S2 is greater than 20 [err]m As was the case for
the free area Al, a -14 limted nunber of test keys 18 may be forned in the
area Az\lci;(i)tgrion as the measurement ratio R2 is less than 10% Simlar to

t he abo sistterkeyiRD may td@brinae th Y kDR, &AMAS 50N Romu R ophere M2
is the t_oltagw?{{ﬁz of the test keys 18 f or med onR%he free argé%ﬁﬂc.’w?he free
area A3igless - Sielond 6 abdve dististiens R, RALMRALy G L L%, e /46111 and the
fourth die 161V adjacent the corner poi %ts P3 a%’ Pﬂ.iﬂthhf lP@é‘l‘}’ar ea A3 is
def i ned vibgre Maés thepotd arenof 1A3=DRNS28 foMaed & B rbSat{1g, di stance from the corner
point P3 of the third die 16111 toward the nmain area of the third die
16111. Preferablys is.less than 600[err]m and S2 is greater than
20[errlm As di sc%egéeg ab6V GW?T{'} SFrékéed’é‘EtllPﬁwé?@&%tbAﬁ digniéTAand thel i ni t ed

nunmber an be . farnmed_in area A3 so | ong as the neasurenent
ratio jouf%aiéggﬂgeétﬁ%g%ﬁ%%‘%mﬁoﬁn?%é?‘?%@ﬁﬁmﬁ ﬁéa'%édaﬁﬁfgﬁifwﬁ@: wher e

MB is th Qf the test keys 18 fornmed on. the free area A3. The
free ar%%ﬂ gg?"gh%{lﬁa]ﬁgmfd NES 'O(Wﬁlﬁégrp’f’rﬁ’émi% tfehendid dieH6libewantithdi e 1611 and

t he fom&%‘qﬁggltetﬁgégéé{dlae%@ﬁ%%fﬂggi er{%er points P2 and P4. The free area A4

i s define uat| Sclegs than GQ0ue, mul S2ds grpmerdhat2mee from t he
cor ner Rﬁ’iii%?sgéla!% e bf foutrtth die 161V toward the main area of the fourth
die 16W Preferably, SPUEip BERs AviR Ag colitodanyber qfftest keys 1Restsbear e to be

formed Bpnared t:h asurement ratio R4 must be |less than about 10% As
before, R4 is eﬁé fOnIg]? %@1‘3%‘3&“@3’&%{fﬂBHRleéeﬁ‘é/ﬁl}aMP?’wR@pseiemedlgyﬂ:he t ot al

area of ecfuBfonk?é\tfingg Yfert %@Es%%gal oa E)th tﬁe test keys 18 formed on the free area As.
The free area A4 is on the first scribe line 12 between the second die 1611 and the
fourth die 161V adjacent the corner poi::}ts P; and P4. The free area A4 is defined by the equation:
Ag=Dyx 8, where Dy is the distance from the comner point P4 of the fourth die 161V toward the
main area of the fourth die 161V. Preferably, D, -is less than 600pm. Again, if test keys are tobe
formed in area Ay, the measurement ratio R4 moust be less than about 10%. As before, R4 is

. defined by the equation Ry= Mas/A4, where My is the total area of the test keys 18 formed on the
freé area Ay.

_ The free area Agis on the intersection of the first scribe line 12 and the sec;nd scribe
line 14 adjacent the corner points Py, Py, Py ana P4. The free area Ag is defined by the equation:
Ag=8; x 8y, where S is the width of the first scribe line 12, and S, is a width of the second scribe
line 14. Preferably, S; is greater thaﬁ 20um, and 8, is also greater than 20pm. As discussed

above, test keys formed in area As must be limited such that the measurement ratio Rg is less



free area AA. The flee area As is on the intersection of the first scribe
line 12 and the second scribe line 14 adjacent the corner points PI, P2,
P3 and P4. The free area As is defined by the equation: As=Sl x S2, where
Slis the width of the first scribe line 12, and S2 is a wdth of the
second scribe line 14. Preferably, Sl is greater than 20 n, and 82 is also
greater than 20[err]m As .discussed above, test keys fornmed in area As
must be limted such that the neasurenent ratio Rs is less -15 than 10% Rs

s def I b 10Y. R celpuaty an ool RLAR ANALS 0 e LS LOLAL arsa of the

test keys 18 formed on the free area I on; PR free
areas Al foamed éi3the Ak ar@angd. AS is on at | east one layer of the nulti-Ilayer
structure 24 of the scribe line 12 or 14. preferably, each of the free
areas -A,, A2, . A3..A4, and As is on the top of the nulti-layer structure
24. Alternativel f/gaﬁg’ﬁt%%%ﬂﬁer%wfafeééf\arﬁea&z,AAJa,ndAf&.is o/s3 Jeast.ona e A | S ON . at

| east o .the top three layers of the nulti-layer structure 24. FIG 6
is a togl%vnl?]jeh\l/vga'? ?IISEECE?"&E‘F pighe scibe lineddor bt oPrefsiabisn gachedthe ey aphageIENt ON t he
£ LBl

scri be IA nes :a%acen]t%?fou#1 di es, according to yet another exanple of the
present “Prvefiti o ot fhe maltinayes strycanre b saltahesiorliybach bfthEh& arBar e
on‘ittedAhg{eAw'léngf%ee agias A, A2, A3, A4, and As are-asymmetri cal
patterns:” i 15 gn ghacast ong pftheppABglaydrm otthepali-aes sitidile bhe
conventional art, the several exanples of the present invention provide

free areas resFiGais AppvRStili@YiR REERBOL BR; ribe lines to prevent
peeling near the test keys at Etu%le diec rro%g}tfsnﬂ rsﬁ%ysp?archggrﬂg%l?et ed during

t he sawsuipe fues edjsi@nt foiitiites adBtBI Y yet another example of the present invention.

Elemanﬁs similar to those described in FIG. 5 are omitted here,

The free areas Ay, Ay, A, Ag, and Ag are ésymmetical patterns, m which D, = Dy

and D, % D,.

In comparison with the conventional art, the several examples oi; the present
invention provide free areas restricting test key placement on the scr_ibe lines to prevent peeling -
near the test keys at the die corners from stress exerted during the sawing process, thus avoiding
delamination at the interface between the niulti—layers at the die corners. The free areas

restricting test key placement on the scribe lines ensure reliability of the IC device.

Another embodiment of the present inventic;n provides a conductive structure that
encloses a main area of a die. The conductive structure defines an array of apertures at the
corner of the die in order to prevent the die from being c‘racked by stresses exerted at the corners
of a die. The use of the apertures in the cdnductive structure is particﬁarly effective to prevent

gl'acks in wafers using low-k materials. Moreover, the conductive structure with the array of
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delam nation at the interface between the multi-layers at the die corners.
The free areas restricting test key placenent on the scribe |ines ensure
reliability of the I C device. Another enbodi nent of the present invention
provi des a conductive structure that encloses a main area of a die. The
conductive structure defines an array of apertures at the corner of the
die in order to prevent the die frombeing cracked by stresses exerted at
t he corner;@mof gﬁdi e. The use of the apertures in the conductive structure
i s parti &wrtaes sandt tedtitedevith bl @\6eAE res ' r si,ng | ow k
materials. Mreover, the conductive stt%tgt@ﬁ%ék%ﬁtﬁ?geﬁ]ﬁ%taﬁhéye ©.16
aper t ur eddvesirgebef tombi ned with the free areas restricting test key
pl acenent to achieve the advantages of both. FIG 7 is a top-view of a
main area of a g ving..an.array of apertures according to the present
i nvention. El errgtn?gﬁ%{ﬁﬁglamrv Of & TPHYER ofip dehavipg amimay of appraices aoortihe tear | i er
figures fE8resamMm The.main area 26 of the die 16 is defined by the
i ntersecti gnscg?nﬁ?ggrf' ir@ér&ﬂéscsﬁn%ag%? ﬁgﬂ% disgussedpith sgapesiio dheckadior figaret hee 14.
The mai no@kiepLed | Ncludes a first peripheral region 271 defined along the
first direction, a second peripheral region 2711 defined al ong the second
direction, and _a corner area 29 defined by the intersection of the first
peri pheral regi &he R azgads ofithe die ¢ORdefifd by BRh@lsedtRY 100 he Aifdt serid 162 %ucti ve
structure or "ring" 28 is forned on the main area 26 and exfenc}% adj acent
the fi rs‘l‘ndﬁ}@rSP‘ﬁﬁﬁléﬁ‘ﬁlbﬁﬁ%@l%mmzsh@hﬁﬁﬁmﬁtﬁ@fﬂq@ﬂaﬁegﬂonﬁ?ﬂ!{&rﬁ gril. It
is noted that the phrase "conductive ring" as uséd her&inis i'fended to
cover r eR¥enkibfirsidirgetionprarad phdgter regeabIT aginee biong@thes0RE af8Rlo%: AN array
of apertures, such as one or nore slots 30, is forfred 1n the ’

acorner area 29 defined by the intersection of the first peripheral region 271 and the second

peripheral region 27I1. A conductive structuze or “ring” 28 is formed on the main area 26 and
extends adjacent the first peripheral region 271 and the second peripheral region 2700, Tt is noted

.that the phrase conductive ring” as used herein is intended to cover rectangular or square shaped

seals as well as round seals, An array of apertures, such as one ot more slots 30, is formed in the
conductive ring 28 and adjacent to the corner area 29.. Moreover, circuit elements and wirings
are formed on the circuit area 32, vl;hich is enclosed by the conductive ring 28. The conductive
ring 28 is éle.:ctrically connected to the circnit elements to apply a power source or a ground
potential for circuit elements on the enclosed die. Preferably, a width W of the conductive ring
28 is approximately 20-350um. In addition, a plurality of bondiné pads 53 is formed 6utside the

conductive ring 28 and on the first peripheral region 271 and the second peripheral regi-on 2711

- The main area 26 of the die 16 may be formed on an LK (low-k dielectric) wafer,
~ and the corner area 29 is part of the multi-layer siruciure. FIG, 8 is a cross-section along line 8-8
of FIG. 7 illustrating the pair of slots 30, In the main area 26, the conductive ring 28 with the
slots 30 is formed on a n:iulti—layer structure 24 of a substrate 20. The rult

-layer structure 24
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conductive ring 28 and adjacent to the corner area 29. Mreover, circuit
elenments and wirings are forned on the circuit area 32, which is encl osed
by the conductive ring 28. The conductive ring 28 is electrically
connected to the circuit elenents to apply a power source or a ground

- potential for circuit elenents on the enclosed die. Preferably, a width W
of the conductive ring 28 is approximately 20-350m . In addition, a
plurality of bonding pads 33 is fornmed outside the conductive ring 28 and

on the feomatscpieyaqeLaind 80P, P bICSRIQNGL Aet] pﬁ?@éﬂg EgohyeR 2711
o an : ,

The main area 26 of the die 16 may be forme B At éctric)

waf er, aistbctrin dayerif 8 efeleti®aondQn (B) 19@5%@}‘3&5@%@%%1%%1&%/%% @rsaﬁa[;{ cture. FIG 8

is a cross-section along line 8-8 o S Ve r of slots

30, | n -thae abmi N0.aF @ axadfie, b ' ' it bt slqts, 30 is
formed on a nmulti-| ayaczarrQj str ﬁ)&?_ gria %%%%cg@e%ﬁ%e@ﬁség%aﬁéﬁd IR ayer
struct ueeSZAL, CVD wbifRf, iSpRonIpAYEales Fb, X8, and 23. Preferably, at |east one
of the layers 21, 22, and/or 23 is a’?OWFTc dielectric layer-«of a
di el ectric con . (k) lower than approximately 3.5 and preferably | ower
t han about 3. Oﬁ_@g}rls %E?éﬁlﬁw\éﬁuspﬁwawwmﬁ lagpitatlcartagpbapepmyesbe CVD Si OC,
CVvD Si in-..on Si.OC, CVD pol ynmer, Spin-on polyner, FSG or SiO[err]. 4
FI G 70‘%?‘3"5 “F%‘B s Soimen's the atreinef apprstrescamptises efpaiaof sath B@lkRedurEYy Of
apertures. Qﬁc rgﬁn to this enbodi nent, the array of apertures conprises
a pair oI"EPoPE 562 dilsaskene pertionef 2 dof ertenduygarallektodhectirdiredionl gast one
portion ofda.slot g*t%QES Bﬁrallel to the first direction or the second

I &'h

di recti on-"CACEEPH Nt cililysirationgf Fl Tothe Birgy offapertites @EtpaiYesQfpagper t ur es

conpris air ~ of slots having an L-shape forned in the conductive ring
28 at tﬁfzsl‘“gsol%%?% "P%%Paﬁf%?d infke qonducye ring 28 at the cormer portion of the die 32.

As shown, the apertures comiprise at least two L-shaped slots 30 formed in the corner portion of

the conductive ring 28.

FIG.9is 2 top view of another example of an array of apertures in the conductive
1ing 28. The array of apertures cornprises two rows of holes in the comer portion of the
conductive ring 28. Furthermore, the array of holes may extend only paralle! to one of the first

peripheral region 271 or the second peripheral region 2711. Alternately, the two rows of holes

may be L-shaped as shown in FIG. 9.

FIGS. 10A - 10C are top_views of other examples of the conductive ring 28 with
apertures combined with the design rule for restricting the placement of test keys on a scribe line

as described above. Elements similar to those found in FIGS. 3A - 3C and FIG. 7 are omitted

here.

Depending on the test key design rule, the test keys 18 are formed without restriction
on the first scribe line 12 or the second scribe line 14, except for the free areas A, Ag, and Ag

near the corner point P of the main area 26.



As shown, the apertures conprise at |least two L-shaped slots 30 fornmed in
the corner portion of the conductive ring 28. FIG 9 is a top view of
anot her exanple of an array of apertures in the conductive -ring 28. The
array of apertures conprises two rows of holes in the coner portion of the
conductive ring 28. Furthernore, the array of holes may extend only
parallel to .one of the first peripheral region 271 or the second

peri pheral region 2711. Alternately, the two rows of holes nay be L-shaped
as shown in Fl BFIQ, 10A, @8keysQA are fhffzdanchetfog switee 03 cobbgicoskampk es of the
conductive ring .28 with apertures conbined with the design rule for

rest ri ditiedld, axhept fk a Genment A afarttiRstomep ydEntdn The $iek blde Al is therstRssd | bed
above. Elenents simlar to those found in FIGS. 3A - 3Cand FIG 7 are

oni t t edittd2edia@epetidicngergnint PeThelde day, dediiga Bitheequbiieh 4 £5h, Keys 18 are
formed wthout restriction on the first scribe line 12 or the second

scri be Mpisevet.4 feesesiepys fBoray bhdorfre@en e fasardd &, Ahe ndasirdent RERIRlibe corner
point P of the main area 26. -18 In FIG | OA test keys 18 are formed on

t he fi rlsts tlwmbie 10%nB1 kecfired b ehezqeniba ReH/BE, whetd Meis b ok &ePbr hor a free
area Al near the corner point P - The free area Al I1s on the first scribe

| i ne 12est&eljsd8domtned an thbfeccpgarygr point P. The free area Al i.s defined by the
equation Al= D1 x S1. I\/breover a few test keys 19 maybe fornmed on. the

et nod byt ne oSl FEASHER TRt bR Rl iR R Lo e e e | st
keys 18;f 9 pRd .08 15084 feg;c%gt & &S ﬁée area A near the comer point P, The free area A, is

on the second scribe line 14 adjacent to the corner point P. The free area A, is defined by the

.equation Az=Dyx8;. Moreover, a few testkeys 18 may be formed on the free area Ay if the

measurement ratio Ry 1s less than 10%. Rs is defined by equation Ry= ME/AZ, where Mo is ﬂ:té

total area of the test Eeys 18 foﬁued on the fiee area Ay,

In FIG. 10C, test keys 18 are formed without restriction on the first scribe line 12 or
the second scribe line 14, except for a free area Ag near the corner point P. The free axea Ag is
on the intersection of the first scribe line 12 and the second scribe line 14 adj aceﬁt the corner
point P. The free area Ag is defined by the equation Ag= S; x 8,. Moreover, afew test keys 18
can be formed on Fhe free area Ag if the mt_aésurcment ratio Ry is less than 10%. Ry is defined by
the equation Rg= Mg/As, where Mg is the total area of the test iceys 18 forméd on the fiee area

Although tl_le present invcnt_ion and its advantages have been described in detail, it
should be un'dcfstood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.

-19-



In FIG | OB, test keys 18 are formed w thout restriction on the first
scribe line 12 or the second scribe line 14, except for on a free area A2
near the corner point P. The free area A2 is on the second scribe line 14
adj acent to the corner point P. The free area A2 is defined by the

equati on A2=D2xS2. Mreover, a few test keys 18 may be forned on the free
area A2 if the neasurenent ratio R2 is less than 10% R2 is defined by
equation R2= M2/ A2, where Merr] is the total area of the test keys 18
formed on the WMoweveartescniR of the plepenFh@licalidfis roe hiterkeits bd Braeetd e med wi t hout
restriction on the first scribe line 12 or the second scribe |ine 14,
except Hagicular dotedireents af tAsproeeas, ntatvefactare jredang eictiodPandBigs BeegbalifdheAs 1S on
the intersection of the first scribe line 12 and the second scribe line 14
adj acerspecifiratioorivame ofpodindry #ill e fif will readtig afywrediste defithed sdiysuichag taquat i on
As = S 1 x S2. Mreover, a few test keys 18 can be forned on the free area
As if trivsemdasuicnpntesses tiachifi?, mawfetse, tdaosiiods offRaties ndeild, ARthoBy t he
equation Rs= Ms/As, where Ms is the total area of the test keys 18 forned
on t he drrieps, presatlAsxistidg oiidugh bt hevelppes eat pdrfove BibsantiARdhd dageddiv@ibt ages have
been described in detail, it should be understood that various changes,
subst i tareitdevs sebmtingdlly éreatmhareslica theherspogiifedtiodimapst R ibedRPaRAY from
the spirit and scope of the invention as defined by the appended cl ai ns.
-19_ Mireatiligad ac¢dndingsio tperesdnt trivention e seetidingp) the @ipkiad cBinlOdre inddnaBgigd to be
limted to the particular enbodi nents of the process, manufacture, neans,
net hodsndwdt veithipdeid espr subigmlodenset, henuaer] hécathamdsAs sepe of ordinary skill
inthe art will readily appreciate fromthe disclosure of the present

i nvention, processes, nachines, manufacture, conpositions of matter, neans, -
met hods,
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or steps, presently existing or later to be devel oped, that perform
substantially the sane function or achieve substantially the sane result
as the correspondi ng enbodi nents described herein may be utilized
according to the present invention. Accordingly, the appended clains are
intended to include within their scope such processes, nanufacture, neans,
met hods, or steps. WHAT IS CLAIMED IS:' 1. A nulti-layer sem conductor
waf er structure defining a multiplicity of dies formed thereon, said wafer
structure conprising: a first scribe Iine having a selected w dth extending
al ong aWHAKE @iAIMED IBn and adjacent a first the of said nultiplicity of
dies; a second scribe Iine having a selected wi dth extending along a second

dies; a secor line having a selected width extendit a se
' a corner ot ey SRl bl fuRill APREATEILIL AR SrtloRia Trea on at

at a corner polnt Irst die;

| east Oﬁﬁmgiﬁﬁ@“ﬂﬁf%&aﬁﬁg&ﬁﬁﬁﬁﬁPnd scribe lines where placenent of a test

key is restricte |l ayer sem conductor wafer structure of
claim1 whergi akneh - aff osal d wafer. structure is a | owk
dielectric layer. 3. iﬂ%‘_ﬁ%vm%%l}a&?%&&% & ée%ﬁ%ﬁrﬁg?g?S%-bﬁﬁcg‘Pn %Ifdr?.iizatcﬁ?tea of claim
1 Mherehﬂt&@@fﬁﬂMﬁﬁ%ﬁﬁﬁ*&%&EjC llayer has a dielectric constant of |ess than

approxi mately 3.5. e multi-layer sem conductor wafer structure of

| ai m 3 whergj : ¢ di.el | G h diel ect.ri t ant of
eas han 3. 000 ke ME Sl EA0EHd b DA enE Rt aarep Lot IR . 5

| ess than 3. 2SRt claim 1

et ot skl Bl QU iRLRGE ol BRI 3y 2B GOLRLe SR GG RY Trom the oroup

consisting of CV

at least one free area defined on at least one of said first and second scribe lines where

placement of a test key is restricted.

2. The multi-Jayer semiconductor wafer structure of claim 1 wherein at least one layer of

said wafer structure is a low-k dielectric layer.

3. The multi-layer serniconductor wafer structure of claim 1 wherein the low-k dielectric

‘layer has a dielectric constant of less than approximately 3.5.

4, The multi-layer semiconductor wafer structure of claim 3 wherein the low-k dielectric

Iayer has a dielectric constant of less than 3.0.

5. The multi-layer semiconductor wafer structure of claim 1 wherein the low-k dielectric
layer is a material selected from the group consisting of CVD, $iOC, SiOCN, Spin-on SiOC,-

CVD polymer, Spin-on polymer, FSG, $i0, and combinations thersof.

6. The multi-layer semiconductor wafer structure of claim 1 wherein said free area is a free

area A; on the first scribe line and is defined by the equation A,=D;xS; where D, is the distance
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CVD pol ynmer, Spin-on polyner, PSG Si 2 and conbi nati ons thereof. 6. The
mul ti-layer sem conductor wafer structure of claiml wherein said free area
is afree area Al on the first scribe line and is defined by the equation
Al =D1xS3 where D1 is the distance -21 along the first direction extending
fromthe corner point of the die, and S1 is the wdth of the fist scribe
line. 7. The nulti-layer sem conductor wafer structure of claim1l wherein
the free area is defined on the top of the multi-layer structure. ~ 8. The
mul ti - | 89eF thes it deadmextsndivpfion tsteomert pote obfhe clegind &, VRS HEIM of e Fhsee area
is defined gn at |east one of the top three layers of the nulti-Ilayer

st r uct up@ibe §ee. The mul ti-layer sem conductor wafer structure of claim®6
further conprising at |least one test key fornmed in said free area, said at
| east one test key having a neasurenent ratio Rl, wherein the neasurenent
rati o i 8. defibeedilbiayédrempeidattbOoR: T . s the t area
of said at |east ong test key f@?ﬁg%ugﬁééaga¥@géﬁ%#%QﬁEAee%ﬁﬁd ﬂ? & | ess

t han abowuthe 1% the bihlti-Ther stk - | ayer semi conductor wafer strueture of claim
6 wherein the distance DI is |ess than about 600m 11. The nulti-|ayer

sem conduct or wafer structure of clain16 mherein the wdth Si of the first

scri be ki ne bout., 20m The multi-layer sem conduct or
waf er s'? r uct%ﬂfﬁgﬁgf%ﬂiﬁ atgrrvé?fﬂ SFH%I‘WfP]iamF dydereindhe fren arpaisidsfifiesy med on

a subst pat.g g rom.t he "qrou nS|st|ng of bulk Si, SO, SicCe,
GaAs, |nP, S LA PR it FeRBp Tt Srchl

. 9. The multi-layer semiconductor wafer structure of claim 6 further comprising at least one
test key formed in said free area, said at least one test key having 2 measurement ratio R,
wherein the measurement ratio is defined by the equation: Ry=Mi/A;, wherein Mj is the total

area of said at least one test key formed on the free area Ag, and R, is less than about 10%.

10.  The multi-layer semiconductor wafer structure of claim 6 wherein the distance D, is less

than about 600Lm.

11, The multi-layer semiconductor wafer structure of claim 6 whetein the width §; of the first

scribe line is greater than about 20pm.

12. The multi-layer semiconductor wafer stracture of claim 1 wherein the moulti-layer

structure is formed on a substrate selected from the group consistiﬁg of bulk Si, S0O], 8iGe,

GaAs, InP, and a combination thereof,

13, The multi-layer semiconductor wafer structure of claim 1 wherein said first die

comprises:



13. The multi-layer sem conductor wafer structure of claim1l wherein said
first die conprises: -22 a first peripheral region inside of and extending
parallel to said first scribe line; a second peripheral region inside of
and extending parallel to said second scribe line and intersecting said
first peripheral region to forma corner area; a-conductive ring fornmned
between said die and said first peripheral region and said second

peri pheral region; and .4 an array of apertures forned in the conductive

ring and adj : ' rnek. area of the dje. 14. _The nulti-Iayer
seniconductg?ﬁﬁg%g%ggf? %Fﬂ?%”%?D§F§?§Pf§mWH§f%Fﬂdgﬁfﬁ“g? of  apertures
conprises a ts..15.. The | ti-layer sem conductor wafer
structure oTEi S%:ﬁ%g‘?%%@g@%\lﬁ%g%&lﬁm%aqfan AR eparﬁﬁért? W‘g?c%‘%ﬁirﬁ?? es]é%‘a_ ™o rows of
hoIesuu&@ﬁwgggSﬁgh&*@%%%§%5§§%%g nduct or wafer structure of claim13

wherei h the array o EXPENde°L6Hg at | east one of the first
eripheral regifn; econd ripheral .region. 17. The nmu|ti-I|ayer
perip SRR R %}S% etwe s%? gieprﬁn(?éal ;i qrwﬂ?rﬁleregpré a4 it er

sem conduct or wafrer structure o

conpri sgs o gﬁlﬁHﬁ&%ﬁFgg with a plurality of circuit elenents, wherein the
conductive |h% Is e bc?rically connected to the circuit elements to apply
one of a POV Err%%fraﬁc%m%@ gon%ecg {n%enc%nd\%%gee 1[]1;[1g| z?i'ld JdJ%.cénQ %1&%‘01!:11%}1 alirga gg t%ge nts.

die.

14.  The multi-layer semiconductor wafer structure of claim 13 wherein said array of

apertutes comprises at least two slots.

15.  The multi-layer semiconductor wafer structure of claim 13 wherein said array of

apertures comprises two rows of holes.

16. The mult_i-la_yer semiconductor wafer structure of claim 13 wherein the array of apertures

extends along at least one of the first peripheral region and the second peripheral region.

17.  The multi-layer semiconductor wafer structure of claim 13 wherein the die further
comprises a circuit area with a plurality of circuit elements, wherein the conductive ring is
electrically connected to the circuit elements to apply one of a power source and a ground

potential to the circuit elements.

18.  The multi-layer semiconductor wafer structure of claim 13 wherein the conductive tin g

has a width of between 50pm and about 300um.
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18. The multi-layer sem conductor wafer structure of claim 13 wherein the
conductive ring has a width of between 5 err]mand about 300[err]m -23
19. The multi-layer sem conductor wafer structure of claiml wherein said
free area is a free area As at the intersection of said first scribe line
and said second scribe Iine and is defined by the equation As=S1xS2,
wherein Si is the width of the first scribe line and S2 is the wdth of the
second scribe line. 20. The multi-layer sem conductor wafer structure of

claim 19 f urlehef:-GoyRehisdnieutdtwiis test key faorped on said free
area As, said test key having éwneg%cﬁggrgfnctlm?@t‘?’ 5t Sat“ﬁm peareas@disct han  10%

and is deiApsdhdiptedifi@opoiuall aherein Ms..is the total area of
said at |east one test keyﬁ%gsﬁeﬁayg%lélaﬁ%&?%%& 86 lingand 39 defipgd byt - | ayer

sem condidehRfionVB=g[xsst ' wherein t Wdth of the scribe
lines Si atrild Sﬂéws{ srg?’(jélt&g{rnl%ﬁsatﬁég@é}]ﬁfnﬂ%ﬁrﬁtsﬁgbﬁ*ﬁé‘n } isithie veigiof the

sen conghgeddatripsaker structure of claim 1l wherein said at |est one free area
conprises a first free area Al on the first scribe line and a.second free
area A2 on the second scribe line, said first free area defined by the
equat i ogy Al 7BL )ﬁﬁﬂlav\here D, is the distance along the first direction

ext endi Nig f rom the CorHefonfRtarvager sirytrepfeclaimd O Suither sorthrizingiatlidast@he t he
first SB%EJ;:Q?O Iédne, a%l d second free area defined by the equation A2=D2xS2
wher e S fopacd fP e frepareh S grid Fret key hesinen wbaserctiegiratiR ethali i bsd thain t he

cor ner int..of .the die and S2 is the width of the second scribe |ine.
% Bia i (]:([eﬁnc Y the equation Rg=Ms/As, wherein M is the total area of said at least one

~ test key formed on the free area As.

21.  The multi-layer semiconductor wafer structure of claim 19 wherein the width of the

scribe lines 8) and S; is greater than about 20pm.

22.  The multi-layer semiconductor wafer structure of claim 1 wherein said at lest one free |
area comprises a first free area A; on the first slcribe line and a secon& free drea Ay on the second
scribe line, said first free area defined by the equation A;=D 18 \;uhere Ijl is the distance along
the first direction extending from the corner point of the die and 8; is the width of the. first scribe
line, said second free area defined by the equation A2=Dyx8; where D, is the distance along the

second direction extending from the corner point of the die and S, is the width of the second

scribe line,

23.  The multi-layer semiconductor wafer structure of claim 22 comprising a third free a:rea.

Ag et the intersection of said first scribe line and eaid second scribe line and is defined by the

equation Ag=8;xS,.
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23. The multi-layer sem conductor wafer structure of claim22 conprising a
third free area As at the intersection of said first scribe line and said
second scribe line and is defined by the equation S=S[err]XS[err] -24 24,
The nul ti-layer sem conductor wafer structure of claim 23 further
conprising: at |east one test key fornmed on at |east one of the free areas
A, A2 and A5; wherein a first neasurenent ratio RL is defined as the
equation R err]=M/Al, wherein M is the total area of the test keys
formed Zh t Hée hnitishyef serfcondieeor Alafer WARKES amggmeﬁ&&%ﬁgiggent ratio R2 is
defined as the equation R2=M2/ A2, wherein M2 is the tota

keys formed apleast e teseley fambd 6£ad6R0nART hWheE Bk A khifadh Jreasurenent ratio
Rs is defined as the equation | =Ms/ As, wherein Ms 1s thé total ‘area of the
test keys f ovhemih adinst ideasutetichtkatd B fis ASiined B¢l i rement
ratio Ris defined as the equati oﬁ R= (waﬁgﬁ?ﬂk%ﬁ@%&lﬂ&%@@%ggﬁ The

mul ti - | thyetal senditiertekt éye forived 61 ths Fikdd Gbaurer O claim 24 wherein Rl is |ess
than about 10% 26. The multi-layer sem conductor wafer structure of claim
24 wherein Rbeis alse9ad hbatreaBaUicI0% ddfhied A2 sem. coRduct or
waf er structure of claim 24 wher eoi]% Rs is %f;g%%h%dﬁ%zb%ﬁ{&,\%jg%%% . The
mul ti - |iayterotslerd ebieltseikeys faaledlonShe d6dnt i@e Bea Gh:2i M 24 wherein the ratio R
is |less ‘

wherein a third measurement ratio Ry is defined as the equation Rg=Mg/Ag, wherein Mg

is the total area of the test keys formed on the third area AS; and

wherein a total measurement ratio R is defined as the équation R={M;+Ma+Ms) /

(ArtAzt+Ag).

25.  The multi-layer semiconductor wafer structure of claim 24 wherein R, is less than about

10%.

26.  The multi-layer semiconductor wafer structure of claim 24 wherein R, is less than about

10%.

27.  The multi-layer semiconductor wafer s'tructufe of claim 24 wherein Ry is less than about

10%.

28.  The multi-layer semiconductor wafer structure of claim 24 wherein the ratio R is less

than about 10%.

29.  The multi-layer semiconductor wafer structure of claim 24 wherein the first distance D;

is less than about 600um.

area of the test:



han about 10% 29. The nulti-layer sem conductor wafer structure of claim
;4 wherein the first distance D1 is |less than about 600[err]m -25 30. The
mul ti-layer sem conductor wafer structure of claim 24 wherein the second
distance D2 is less than about 600m 31. The multi-layer sem conductor
waf er structure of claim24 wherein the width Si of the first scribe line
is greater than about 20m 32. The nulti-layer sem conductor wafer structure
of claim 24 wherein the width. S2 of the second scribe |ine is greater

than alféut 2Z0¢ mnitijlager ShicoAdudtdr tafel AMRFrSE T £QPE VLR, d}ﬂ@éc?fmc?&igtg&% ure
defining a nultiplicity of dies fornmed thereon, sai er structure

i i i ) i i ding along a
conpr i dbyiglessthdni absdt 66mumi.be 1ine having a sel ected width exten (
fipgt direction; a second scribe line having a selected w dth extending
al ong a second direction and intersecting said first scribe line; four dies

t t aid first. and second
ot 1 be e e mERRRIAL oMokl fik bRl G e s B0t Sor nt

adj ace i r |d first and second scribe lines: a first
ere a?%g%aﬁméﬁggﬁ§%%%9§€ﬁ§E% e line adj acent the corner point of the

flrst dle mhereln Al is defined by the equation A3=D[err]xS1 and wherein

ist tance extending from the corner point of the first die, and
Sl ist e WI t Ribirlayen gpnpgondyotas rafes stuciuse of claim 24 wherein the width 52 of the

second scribe line is greater than about 20pm.

33, A rmlti-layer sermconductor wafer structure defimng a multlphmty of dies formed

thereon, said wafer structure comprising:

a first scribe line having a selected width extending along a first direction;

a second scribe line haviﬁg a selected width extending aiong a second direction and
intersecting said first scribe line;

four dies located at and separétcd by the intersection of said first and second scribe lines

* wherein each of the four dies comprises a corner point adjacent thc intersection of said first and
second scribe Jjnes;

a first free area A; on the first scribe line adjacent the cémcr point of the first die,
wherein A is defined 5y the equation A;=D;xS; and wherein D; is the distance extending from
the corner point of the first die, and S, is the wid-th of the first scribe line;

a second free area A, on the second scribe line adjacent the corner point of the second
die, whercm Ay is defined by the equation A,=D,xS;, and wherein D, is the distance from the
corner point of the second die, and S, is the width of the second scribe line;

a third free area As on the second scribe line adjacent the third corner point of the third

die, wherein Aj is defined by the equation As=DsxS,, and wherein D3 is the distance from the
26



a second free area A2 on the second scribe |line adjacent the corner point
of the second die, wherein A2 is defined by the equati on A2=D2xS2, and
wherein D2 is the distance fromthe corner point of the second die, and S2
is the wwdth of the second scribe line; a third free area A3 on the second
scribe line adjacent the third corner point of the third die, wherein A3
is defined by the equati on A3=D3xS2, and wherein D3 is the distance from
the -26 conger point of the third die; a fourth free area A4 on the first
scri becbmhdrgointyfaganitd dikle coner point of the fourth the, wherein A4 is
defined by the equation A4=D4xS 1, and wherein D4 is the distance fromthe
corner  poidYoudf frdehitea AQ UK thb fight SoribBNbe Ajdckhtik {ohee ﬁgteo?ﬂésf Er@'r iipe .

cond scribe Tire and is

intersection of the first scribe line and the se

def | nodhbyintes @eHAYy B0 BTSN 08 and BfrHE D, ARINGLAL AL AL o0l & M 33

further conprising: at |east one test key forned on at one of the

free apeasoffik foldddielfdad A4 and As; wherein a first nmeasurenent ratio Rl is .

defined as the equation R1=ML/Al, wherein M is the total area of the test
keys for med: o fddQrehiak 4 ik hﬁ&s&{i@rﬁo% ﬁAfZML%ﬁ FheBnd %8&%11 Apdigeent ratto
|

R2 is defined as the equation: R2= , erein S e total area of

t he tegﬂﬁggaﬁmagymggm@mmugasﬁggond free area A2; wherein a third
measurenent ratio R3 is defined as the equation: R3= M3/A3, wherein M3 is

the total area of the test keys fornmed on the third free area A3; wherein a

fourt h3£[13 asfge%%%cgndlﬁc%(t)g &afe?%f gzliimd'a%f b gogglpltisrilgg:equat lon: R4= MA/Ad, wherein

at least one test key formed on at least one of the free areas Ay, Ay, As, Aqand Ag;

wherein a first measurement ratio Ry is defined as the equation Ry=M;/A |, wherein M; is
the total area of the test keys formed on the first free area A;;

wherein a second measurement ratio R; is defined as the equation: Ry= My/A,, wherein
M, is the total area of the test keys fprmed on the second free area As;

wherein a third measurement ratio R; is defined as the equation: Ry= Ms/As, wherein M,

_ is the total area of the test keys formed on the third free area As:

wherein a fourth measurement ratio Ry is defined as the equation: Rq= My/Ay, wheréin
M, is the tota] area of the test keys formed on the fourth free area Ag

wherein a fifth measurement ratio R is defined as the equation: Rg= Mg/Ag, wherein Mg |
is the total area of the test keys formed on the fifth free area Ag; and

wherein a total measﬁrement ration R is defined as the equatjon R=@41+M2+M3+L/[4+Ms)

! {ArtAgtAs+AstAg).

35, The semiconductor wafer of claim 34 wherein the first measurement ratio R; is less than

about 10%.



Ml is the total area of the test keys formed on the fourth free area A4,
wherein a fifth nmeasurenent ratio Rs is defined as the equation: Rs= M/ As,
wherein Ms is the total area of the test keys fornmed on the fifth free
area As; and wherein a total measurenent ration Ris defined as the
equation R=(ML+M2+M3+MA+MB) [/ (ALl+A2+A3+A, 4+A3). 35. The sem conduct or

waf er of claim 34 wherein the first neasurenent ratio Rl is | ess than about
10% -227 36. The sem conductor wafer of claim33 wherein the distance D4

i s | essad hamhakheutonbdk . 1 _ f.e cl. ai 3 wherein
the width S, of the i i%fr°?a%§3?ﬂ%ﬁ?ﬂﬂé’%%%%%e‘§’? Elstbat i Bodin" Ne The
sem conduct or wafer of claim 33 Wierein the width S[err] of the second

scri be 44 nei reater than about 20m 39. The sem conductor wafer of
claim . 33 \/\h%?sefi“%ccinﬁ C?%‘fla 7o %‘@-ﬁgé"fhﬁ?&tﬁ? widthS ¢ of hrclirsiogrive lngdpst r at e

sel ect e oup consisting of bulk Si, SOI, SiGe, GaAs and I nP. 40.
The seﬁ%%%%@%%%@@“%@?%? of clain1g3 wherei n each of said four dies
conprises: a first peripheral region parallel to said first scribe line; a
second peripheral region parallel to said second scribe Iine; a conductive
ling fotred beteieanducoivaien piclamd3 sdieckid the shdtp8s sfthetcabndsegbddmeand sai d
second peripheral region; and an array of apertures forned in the
conduct§éaerhangbanidOmmj acent the corner area of the

39.  The semiconductor wafer of claim 33 wherein the multi-layer structure is formed on a

substra;& selected from the group consisting of bulk Si, SOI, SiGe, GaAs and InP.

40.  The semiconductor wafer of claim 33 wherein each of said f-our dies comprises:
"a first peripheral région paralle] to said first scribe line; |
a second peripheral region parallel to said second scribe line;
a conductive ting formed between said die and said first peripheral region and said.

second peripheral region; and

an array of apertures formed in the conductive ring and adjacent the corner area of the

41,  The semiconductor wafer of claim 33 wherein the low-k dielectric layer has a dielectric

constant less than approximately 3.5.

42.  The semiconductor wafer of claim 40 wherein the array of apertures comprises tzwo YOWS

of holes.
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die. 41. The sem conductor wafer of claim33 wherein the lowk dielectric

| ayer has a dielectric constant |ess than approximately 3.5. 42. The

sem conductor wafer of claim40 wherein the array of apertures conprises
two rows of holes. -28 43, The sem conductor wafer of claim4l wherein
said array of apertures conprises at |least two slots. 44. The sem conduct or
wafer of claim40 wherein the array of apertures extends along at |east
one of the first peripheral region and the second peripheral region. 45.

The sendXondue tedticondictdr wafer 61 i 44 Qune el G zﬁ‘ra?%f’gbe%reg Q?‘m%’rgslég atqiez\%?] further
(S e

conprises a circuit area with a plurality of "circurt el nts, rein the
conducttweelatsing is electrically connected to the circuit elenents to apply
one of a power source and a ground potential to the circuit elenents. 4.6.

The sem conductor wafer of claim40 wherein the conductive ring has a width

of between ﬁ@%cég,geé?%&gpm@ﬁawh@ﬁhg@%17%%%éfoagFﬁésh%ﬁnggé a multi-|ayer

sem conduct or waf er intng a nul'tip BP§ 8lat i on

met hod LOIBL 3kR%& Des of ovi di.ng .a _sem conductor wafer having a
first and second sc?i&g@gﬁqﬁﬁgg%ﬁ?ﬁ%%?eﬁmélpggﬁl?%aﬁm%‘?ﬁ‘nt of a dieis defined
by an intersection of the first scribe line and the second scribe |ine;

defining a free area where the placement of test keys is restricted, the
free ar %Sa bél{bﬁéemmonductor wafer of clalm 40, wherein each of the four dies further comprises a

circuit area with a pluralicy of circuit elements, wherein the conductive rin g is electrically

connected to the circuit elements to apply one of a power source and a ground potential to the

circuit elements.

46, The semiconductor wafer of claim 40 wherein the conductive ring has a width of between

about 50pm and 300pum.

47. A fabrication method for a mulﬁ-lgycr semiconductor wafer defining a multiplicity of
dies, the fabrication method comprising the steps of:-
providing a semiconductor wafer having a first and second scribe line, wherein a corner .
point of a die is defined by an intcrsection of the first sciibe line and the se(;,ond scribe line;
defining a free area where the placement of test keys is restricted, the free area being -

loc_ated on the first scribe line adjacent the corner point of the die; and

cutting through the first scribe line and the second scribe line to separate the die.

48.  The method of claim 47 wherein said step of cutting is a method selected from the group
consisting of diamond sawing, laser cutting, liquid jet scribing, water jet cutting and

combinations of said cutting methods.



| ocated on the first scribe |ine adjacent the corner point of the die; and
cutting through the first scribe line and the second scribe line to
separate the die. 48. The nmethod of claim 47 wherein said step of cutting
is a nethod selected fromthe group consisting of dianmond saw ng, | aser
cutting, liquid jet scribing, water jet cutting and conbinations of said
cutting nethods. -29 49. The nethod of claim47 wherein the lowlc
dielectric layer has a dielectric constant | ess than approximtely 3.5.

50. Theo.netTiedetfod of @i 4 fHoRe! B Dulh8icle@¥: Kaydi 1BL 6 Gleld:Gidl c@ It e S€l ected
fromthe group consisting of CVD, SiCC, |OéN, Spi n-on SiI CC, pol ymer,

Spi n- omhapapysrnhaely$6 and -Si 2. 51. The nethod of claim 47 wherein said
free area is the free area Al on the first scribe line and is defined by
the equation Al=Di xS1, where D1 is the distance along the first direction

tendispg f : the width of th
et S0r b ekR £ QAT R Loav%ﬁwﬂefgﬁci‘wgamféﬁét%eﬁmﬁm%m hg the step
i &S te K Al to said cutt

Ctep. ond Rkl SR TR kYD e ihengobhe Fedaat on

R1=ML/ £ wherein ML is the total area of said at |east one test key forned
on thefree area Al, and wherein RL is |ess than about 10% 53. The nethod
of claimb51 wherein the distance DL is |ess than about 600[err]m 54. The
met hod of claim51 wherein the width S1 of the first scribe line is greater
t han aBdut Theopedhodofslaim 47 wherein said free area is the free area A; on the first scribe line

. and is defined by the equation A;=D;xS,, where D, is the distance along the ﬁ:st direction

- extending from the corner point of the die and S is the width of the first scribe line.

52. . The method of claim 51 further comprising the step of forming at least one test key on
the free area A, prior to said cutting step and wherein a measurement ratio R, is defined by the
equation Ry=M;/A;, wherein M is the total area of said at least one test key formed on the free

area Ay, and wherein Ry is less than about 10%.
53.  The method of claim 51 wherein the distance D, is less than about §00pm.

54.  The method of claim 51 wherein the width S of the first scribe line is greater than about

20pm.

55.  The method of claim 47 comprising the step of forming the multi-layer structnie on a

substrate selected from a group of materials consisting of bulk §i, SO, SiGe, GaAs and InP.

56.  The method of claim 47 further comprising the steps of:
defining a first peripheral region inside of and extending parallel to said first scribe line:

-30-



55. The nethod of claim47 conprising the step of formng the nulti-Iayer
structure on a substrate selected froma group of materials consisting of
bulk Si, SOI, SiGe, GaAs and InP. 56. The nethod of claim47 further
conprising the steps of: defining a first peripheral region inside of and
extending parallel to said first scribe line; -30 defining a second

peri pheral region inside of and extending parallel to said second scribe
form ng a conductive ring between said die and said first peripheral region
and said sd¥bing aseronp hesiphdralregipminsidaofohnd exteridivg yarelial to ayid efcoapesdtsr s in. .
t he conductive ring and adj acent the corner point of the die. 57. The

net hod ¥ cl ai m 56 wherein the step of formng an array of apertures
conprises the step of formng at |east two slots. 58. The nethod of claim
56 wherei n fHeingtEpndyetivegingbetycemsar dicgndehid fime ptriphes] eaivprhéeddt he step of
formng at |east two rows of holes. 59. The nethod of claimb56 further
conpr i sieARpdpperhsrekisgionfand onnect i ng sai d conductive ring to circuit
elenents in said die and connecting a term nal of a source of power to said
conductive FPHEE 28ETaTEpeTitds daithe ommhetivariB add mdjdvent tiworpier pbingot the step of
formng at |east one test key on the free area A s prior to said cutting
step andewherei n a neasurenent ratio Rs is defined by the equation

Rs=Ms/ Alerr], wherein Ms is the total area of said at |east one test key
formed on the free area As, and wherein Rl is | ess than about 10%

57.  The method of claim 56 wherein the step of forming an array of aperturés comprises the

step of forming at least two slots.

- 58 The method of claim 56 wherein the step of forming an array of apertures comprises the

step of forming at least two rows of holes.

59.  The method of claim 56 further comprising the steps of connecting said conductive ring

to circuit elements in said die and connecting a terminal of a source of power to said conductive

ring.

60.  The method of claim 59 further comprising the step of forming at least one test kcy.on
the free area As prior to said cutting step and wherein a measurement ratio Rg is defined by the
equation Rg=Mg/Ag, _Wherein M is the total area of said at least one test key formed on the free

area As, and wherein R} is less than about 10%.

61.  The method of claim 59 wherein the width S; of the first scribe line is greater than about

20pm.
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61. The nmethod of claim59 wherein the width S1 of the first scribe line is
greater than about 20[err]m -31 62, The nethod of claimb59 wherein the
width S2 of the second scribe line is greater than about 20m 63. The
met hod of claim47 wherein said free area is the free area As at the
intersection of the first scribe line and the second scribe line and is
defined by the equation As=S1xS2, where S1 is the wdth of the first

scri be %%ne nd S2 is the wdth of the second scribe line. 64. The nethod
of cl ai BFBphofsliin 5% wheseip fhef widii Sa g the fgcond sibalificlis gie@er anpr i ses
formng the free area Al on the first scribe line and the free area A2 on
the secitt QLr; pe line, said free area Al defined by the equation

Al =D1xS1, where D1 is the distance along the first direction extending
fromthe corner point of the die and said free area A2 def.ined by the

equat i ofB. AThDRRSA vivkie 4D hérsintshia fdk slteaﬁc‘tﬁe 8RS ANR1R6GARGdh KECTT ON
extending fromthe corner point of the d
the first scribe line and the second scribe line and is dcﬁned by the equation As=SxS,, where S,

is the width of the first scribe line and S, is the widih of the second scribe line.

64. Tﬁe method of claim 63 wherein said step of forming a free area further comprises
forming the free area A; on the first scribe line and the free area A on the second scribe line,
said free area A, defined by the equation A;=D;xS,, where D is the distance along the first
direction extending from the corner point of the die and said free area A, defined by the équaﬁon

Ag=D0xS; where I is the distance along the second direction extendin g from the corner point of

the die.



