Title CRCU T LAYOQUT STRUCTURE Background of the Invention 1. Field of the
I nvention The present invention relates generally to a circuit |ayout
structure, nore particularly, to a circuit layout structure that is able to
reduce undesired capacitance charging effect. 2. Description of the Prior
ATt Title

CIRCUIT LAYOUT STRUCTURE

Background of the Invention
1. Field of the Invention

The present invention relates generaily to a circuit layout
structure, more particularly, to a circuit layout structure that is able

to reduce undesired capacitance charging effect.

2. Description of the Prior Art

In the semiconductor manufacturing process, the
semiconductor devices, such as the transistors, are formed by
multilayer process and electrically connected by wirings, which are
done through multilayer metallization on top of the multilayered
semiconductor devices. And during those multilayer processes,
photolithography and etching processes are conventionally

employed to construct the predetermined pattern in a certain layer.

Please refer to Figs. 1-2, which are schematic drawings
illustrating the conventional steps for forming a pre-determined
pattern in a certain layer in the prior art. As shown in Fig. 1, a wafer
100 is provided, the wafer 100 includes a silicon substrate 110
having multilayered semiconductor devices (not shown)
constructed therein. An interiayer dielectric (ILD) layer 120 is

formed on the silicon substrate 110 and at least a metal contact



I nt hesem conduct or manuf act uri ngpr ocess, t he sem conductor devices, such as
the transistors, are fornmed by nmultilayer process and electrically
connected by w rings, which are done through nultilayer netallization on
top of the nmultilayered sem conductor devices. And during those multilayer
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devi ces (not shown) constructed therein. An interlayer dielectric (I1LD)
| ayer te® donfagtnpiigrpatiersi (nobrs teanvad raadchlgpative de atvaetd as ipnad
contact plug 122 is fornmed in the ILD layer 120. It is noteworthy that
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| ayer, and thus the contact plug 122 forned Iater is able to provid
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130 is disposed on and covers the contact Elug 122, the conductive
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| ayer 130 can include silicon oxynitride, tetraethoxysilane-based oxide

(TECS) and/or a lowk material ... etc. Next, a patterned hard mask 140 is
formed on the IMD | ayer 130. The patterned hard mask 140 conpri ses
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(TIN). layer 130 is disposed on and covers the contact plug 122, the
conductive alignment/AIM mark 124 and the ILD layer 120. in the
prior art, the IMD layer 130 can include silicon oxynitride,
tetraethoxysilane-based oxide (TEQS) and/or a low-k material ...
etc. Next, a patterned hard mask 140 is formed on the IMD layer
130. The patterned hard mask 140 comprises predetermined
patterns 142, such as trench patterns. Conventionally, the

patterned hard mask 140 can be a metal hard mask includes

titanium nitride (TiN).

Please refer to Fig. 2. Next, a suitable etchant 150 under a
plasma circumstance is used to etch the underlying IMD layer 130 to
transfer the predetermined pattern 142 into the IMD layer 130.

Thus trench openings 132 for defining metal wires are formed and



Pl ease refer to Fig. 2. Next, a suitable etchant 150 under a plasma
circunstance is used to etch the underlying IMD |layer 130 to transfer the
predeterm ned pattern 142 into the IMD |layer 130. Thus trench openings 132
for defining nmetal wires are formed and the contact plug 122 is exposed in
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is always generated between the netal hard mask 140 and the conductive
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step. As a result, the capacitance attracts nore charged etching residues
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bl ock the sidewalls and the bottom of the trench openings 142, so that the
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Accordingly, effective electrical interconnectron is not constructed.
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aspect of the present invention, there is

between the metal hard mask 140 and the conductive

alignment/AIM mark 124 in the scribe line region 114 during the

etching step. As a result, the capacitance attracts more charged

etching residues 152 to accumulate in the trench openings 132 in

the cell region 112 and to block the sidewalls and the bottom of the

trench openings 142, so that the result of etching the ILD layer 130

cannot be completed as desired. Accordingly, effective electrical

interconnection is not constructed.

Therefore, a novel circuit layout structure is still in need to
improve the yield of the etching step, in particular to avoid the
accumulation of the etching residues in the predetermined
openings and the failure to expose the underlying designed

features.

Summary of the invention

According to an aspect of the present invention, there is



provided a circuit layout structure conprising a wafer having at |east a
cell region and a scribe line region defined thereon, a netal pattern
formed in a first insulating layer in the scribe line region, a second
insulating |ayer and a hard mask | ayer fornmed on the netal pattern and the
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| ayer, are accunulated in the dummy pattern during the etching process.
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and satisfactorily forned in the cell region, and the yield of the etching
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between 0% and 1%.

According to the provided circuit fayout structure, the dummy
pattern is provided in the scribe line region, and thus the charged
etching residues attracted by the capacitance, which is generated
by the metal pattern and the hard mask layer, are accumulated in
the dummy pattern during the etching process. Accordingly, the
desired via pattern or the trench pattern is completely and
satisfactorily formed in the cell region, and the yield of the etching

step is improved.

These and other objectives of the present invention will no doubt
become obvious to those of ordinary skill in the art after reading
the following detailed description of the preferred embodiment that

is itlustrated in the various figures and drawings.

Brief Description of the Drawings

Figs. 1-2 are schematic drawings illustrating conventional steps



for formng a pre-determned pattern in a certain layer in the prior art;

Figs. 3-6 are schematic drawings illustrating a circuit |ayout structure
provided by a first preferred enbodi nent of the present invention. Fi g.
7 is a schematic drawing illustrating a circuit |ayout structure provided

by a s .ef err e ' t. of r ng s ' Fi IS, a
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Pl ease refer to Figs. 3-6, which are schematic drawings illustrating a
Ci rcui‘i”tlsayout structure provided by a first preferred enbodi nent of the
present invention. Please refer to Fig. 3, which is a top view of a wafer
provi ded Fy98hed pbeheereghematicnstiaw gk shidlims irpting. a3 ciruidi feviptit] ayout
structure 200 provided by the present invention includes a wafer 210, and
t he wadtam a1l echasoxigkdr blyi ayfiobt qeidfearegidorsn Bo2l iameinh sfctheepkenentegi on
214 defined thereon.

invention.

Fig. 7 is a schematic drawing illustrating a circuit layout
structure provided by a second preferred embodiment of the
present invention.

Fig. 8 is a modification provided by the present invention.

Detailed Description

Please refer to Figs. 3-6, which are schematic drawings
illustrating a circuit layout structure provided by a first preferred
embodiment of the present invention. Please refer to Fig. 3, which
is a top view of a wafer provided by the preferred embodiment. As
shown in Fig. 3 the circuit layout structure 200 provided by the
present invention includes a wafer 210, and the wafer 210 has a
plurality of cell regions 212 and a scribe line region 214 defined

thereon.

Please refer to Fig. 4, which is an enlarged view of a portion of
the scribe region 214 and a portion of the cell region 212 of the
wafer 210 as designated by the circle 216 shown in Fig. 3, and Figs.
5-6 are cross-sectional views taken along a crossing line A-A’ in

Fig. 4. As shown in Fig. 4 and Fig. 5, the wafer 210 includes a



Pl ease refer to Fig. 4, which is an enlarged view of a portion of the
scribe region 214 and a portion of the cell region 212 of the wafer 210 as
designated by the circle 216 shown in Fig. 3, and Figs. 5-6 are
cross-sectional views taken along a crossing line A-A" in Fig. 4. As shown

in Figedy h & W efe 210, hpcl uges, 3, entione
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devices are multilayered structure as nentioned above. The first insulating
| ayer 23@ éaﬁ%sarﬁnm@dw%yérs whslexke 22 Q sl a byst ik Watime deyest al
dielectric (IMD) layer. In this preferred enbodinment, the first insulating
| ayer 23@)WQr@medpthereynaﬁThEDsbayhn)nduct@kedeei¢e$aaniGnﬁﬂmja4eaed Fig.
5 again. The circuit layout structure 200 includes at |east a connecting

patter ptAdsZucual afe oM@t PYegTHa file n‘dsrusltatiiﬁgwlaa,temg 3layamn B30 in
the cell region 212. The circuit layout structure 200 further includes at
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t he net al E%ern 234 conprising alignnent marks or overlay mar ks such as
Box- i n€ B& PH} B) Yiiﬁdhi) l&4YEfame (FIF) or KLA-Tencor Advanced | rmaging
Metrol ogy (AIM marks, which are eval uated under different process
conditions, is formed in the scribe |ine region 214.

Please refer to Fig. 4 and Fig. 5 again. The circuit layout
structure 200 includes at least a connecting pattern 232, such as a
contact plug, in the first insulating layer 230 in the cell region 212.
The circuit tayout structure 200 further includes at least a metal
pattern 234 formed in the first insulating layer 230 in the scribe
line region 214. It is well-known that during forming the
connecting pattern 232, an alignment mark or an overlay mark is
needed since the overlay control becomes more critical in
semiconductor process. Therefore the metal pattern 234
comprising alignment marks or overiay marks such as Box-in-Box
(BiB), Frame-in-Frame (FiF) or KLA-Tencor Advanced Imaging
Metrology (AIM) marks, which are evaluated under different process

conditions, is formed in the scribe line region 214,

As shown in Fig. 5, the circuit layout structure 200 further

comprises a second insulating layer 240 formed on the first



As shown in Fig. 5, the circuit layout structure 200 further insulating

| ayer 230. In the preferred enbodi nent, the second insulating |ayer 240 is
exenplarily an I MD | ayer. The second insulating layer 240 is a | owk
dielectric layer, and the lowk dielectric Iayer can be of organic
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| ayer 240. The hard mask | ayer 250 preferably conprises nmetal hard mask,
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refer to Figs. 4-6. The hard nmask | ayer 250 is patterned by a
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product desired. Pl ease refer to Fig. 4 and Fig. 6. To nmake sure the
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Please refer to Figs. 4-6. The hard mask layer 250 is patterned
by a photolithography process, thus at least a dummy pattern 264 is
formed in hard mask layer 250 in the scribe line region 214 and at
least a trench or a via pattern 262 is formed in the hard mask layer
250 in the cell region 212. Then, an etching process in which a
suitable etchant under a plasma circumstance is used is performed
to transfer the via/trench pattern 262 and the dummy pattern 264
into the second insulating layer 240 as shown in Fig. 6. It is
noteworthy, that the number of the dummy patterns 264 and the
trench/via patterns 262 can be adjusted to fit the needs of the

process or product desired.



A transmssion rate is used to define a proportion of a particular pattern
in a particular region on a photomask. After the photolithography process
and the etching process, such pattern is transferred into an objective

| ayer. In this preferred enbodi ment, the dummy patterns 264 are transferred
into the second insulating | ayer 240 and such particular region as
ment i oned above is defined as a square frane 268 with a corner of the dunmy
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bet ween 0% and 0.4% and nore preferably lower than 0.1% It is also
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in Fig. 4 in this preferred enbodi nrent. However, the shape of the dummy

patt ergss2ifcd s HOtwbbdl bedht mékﬁﬁasﬁ@fcw@ts@mﬁs P0G i drf © T 4apgfl Ssi on
rate is lower than 1% As shown in Fig. 4, dummy patt'ern 264 has a

| ength u et d t
Iim'teg‘{'ro t mz#w %’at% H?tea?)\rmea?erre%\d P etorr%toﬁg dénﬁ{/%rp]la%h tqﬁ 264
exenpl gri} has t,,h en of 2 t he th W The | ength
ot S e ph Bk ek the urafi t?ﬁnt?ﬁﬁﬂaangﬁ]? Toex8l patiErucr e
l'ine regl on 214 as show in Fig. 4. A d| stance "d" between each of the dummy
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of the dummy pattern 264 is not |imted to this description as long as the
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the netal pattern he scribe linere h are apt
accurrul ate in the dummy pattern 264 in the scrlbe | ine region 214 during
the etching process. As shown in Fig. 6, the first insulating |ayer 230 is

not exposed by the dummy 264 and stll covered by the secaqnd |nsulat|ng
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conpl eted, and the formed trench/via pattern 262 with steep sidewalls is to
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Sequentially, the desired interconnection is to be constructed after

fillinghthelittrenghdyhg pabtess 264 vhéhettiidlg toadd & Ssuch pattern is
transferred into an objective layer. In this preferred embodiment,
the dummy patterns 264 are transferred into the second insulating
layer 240 and such particular region as mentioned above is defined
as a square frame 268 with a corner of the dummy pattern 268
serving as a center 264a. And a distance between the center 264a
and the four sides of the square frame 268 is exemplarily 30 um,
but not limited to this. It is noteworthy that a major purpose of

forming the dummy patterns 264 is to make a transmission rate at

the dummy patterns 264 lower than a transmission rate at the cell



Pl ease refer to Fig. 7, which is a schematic drawing illustrating a circuit
| ayout structure provided by a second preferred enbodi nent of the present
invention. In the second preferred enbodi nent, the wafer having the cel
region and the scribe line region defined thereon, the first insulating

ayer heyigg Lhg4met Ak AL REly AndpeonaRALig | BRIRAfiereen. Aagethg
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pattern 264" is larger than that of the dummy pattern 264 provided by the
first grief ehiegmfieodedesmbbbénmumbeHowévehe tlemyliapa bfrirh @i naay be

| ess than that of the dunmy pattern 264. Pl ease refer to Fig. 8, which
i's a npdifdaadi 0B Providegd Pynitee] PEESERTs | A¥gRY | Pfiod naghaéngooasflﬁgt' on,
the dummy pattern 264 is further formed in the cell region 212, thus the
char ge i.-ng; L esi.due rated, i p.t L.ng: prgc r dto
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attracted to ac |l ate,in the du pattern 264 in th cli,be line region
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Wi t hout excess residues 270. According to the provided circuit |ayout
st ruct eneh otdhmahumyhpad tenmyi pyitevhd284i rxtchapdarilpehbhsnehe dgingth and
thus the charged etching residues attracted by the capacitance, which is
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accunul ated in the dummy pattern during the etching process. Accordingly,

t he desi i t t t i i . . ,
e, degltdhaf 2 B3 BRPAAI WA RESKPR e, i SREPLEHEIY R regfon oo
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is inmproved. Those skilled, in the art wll
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retainin% t he teachings of the invention, . L
paitern is of about 0.5 ym, but not limited to this. Additionally, the
size of the dummy pattern 264 is not limited to this description as
long as the transmission rate of the dummy pattern 264 is lower

than that of a cell isolation pattern.

Accordingly, the charged etching residues 270 generated in the
etching process performed to form the via/trench pattern 262 in
the second insulating layer 240 are attracted by the capacitance
caused between the hard mask layer 250, the second insulating
layer 240 and the metal pattern 234 in the scribe line region 214,
and are apt to accumulate in the dummy pattern 264 in the scribe

line region 214 during the etching process. As shown in Fig. 6, the



Clains What is clainmed is: 1. Acircuit |layout structure conprising:

waf er

t her eon; at least a nmetal pattern formed in a first insulating |ayer

the scribe line region; a second insulating |layer and a hard mask | ayer

having at |least a cell region and a scribe |line region defined
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covered by the second insulating fayer 240. in the cell region 212,
the etching process is satisfactorily completed, and the formed
trench/via pattern 262 with steep sidewalls is to expose the
connecting pattern 232 without excess residues 270. Sequentially,
the desired interconnection is to be constructed after filling the

trench/via pattern 262 with metal materials.

Please refer to Fig. 7, which is a schematic drawing illustrating a
circuit layout structure provided by a second preferred embodiment
of the present invention. In the second preferred embodiment, the
wafer having the cell region and the scribe line region defined
thereon, the first insulating layer having the metal pattern and
connecting formed therein, and the second insulating layer and the
metal hard mask layer having the dummy pattern and the trench/via
pattern formed therein are similar with the first preferred
embodiment, therefore those details are omitted in the interest of
brevity. The only difference between the first and second preferred
embodiment is the width W of the dummy pattern: as shown in Fig.
7, the dummy pattern 264’ provided by the second preferred
embodiment has a length L of about 2 um and a width W' of 1 um.
Since the size of the dummy pattern 264’ is larger than that of the
dummy pattern 264 provided by the first preferred embodiment,
the numbers of the dummy pattern 264’ can be less than that of the

dummy pattern 264.
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at least a dummy pattern fornmed in the second insulating |ayer and the hard
mask | ayer in the scribe line region, the dummy pattern having a

transm ssion rate between 0% and 1% 2. The circuit |ayout structure of
claiml1, wherein the netal pattern conprises alignment marks or overlay
marks. 3. The circuit layout structure of claim1l1, wherein the first

I nsul ating | ayer conprises an inter-layer dielectric (ILD) layer or an

i nt er-net
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further formed in the cell region 212, thus the charged etching
residues 270 generated in the etching process performed to form
the via/trench pattern 262 in the second insulating layer 240 are
attracted to accumulate in the dummy pattern 264 in the scribe line
region 214 during the etching process. Consequently, the etching
process is satisfactorily completed in the cell region 212, and the

formed trench/via pattern 262 with steep sidewalls is to expose the

connecting pattern 232 without excess residues 270.

According to the provided circuit fayout structure, the dummy
pattern is provided in the scribe line region, and thus the charged
etching residues attracted by the capacitance, which is generated
by the metal pattern and the metal hard mask layer, are
accumulated in the dummy pattern during the etching process.
Accordingly, the desired via pattern or the trench pattern is
completely and satisfactorily formed in the cell region, and the

vield of the etching step is improved.
Those skilled in the art will readily observe that numerous

modifications and alterations of the device and method may be

made while retaining the teachings of the invention.
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6. The circuit layout structure of claimb5, further conprising a trench or
a via pattern forned in the second insulating layer in the cell region. 7.
The circuit layout structure of claim1, wherein the hard mask | ayer
conprises netal hard mask layer. 8. The circuit layout structure of claim
1, wherein a horizontal distance between the dumy pattern and the netal
pattern is about 50 pm 9. The circuit |ayout structure of claiml1,

wherei n, the dumry pattern has a rectangle shape. 10. The circuit | ayout
structGf®™BF claim9, wherein the dunmy pattern has a length of about 2 pm
11. The circuit |ayout structure of claim9, wherein the dummy pattern has
a w dt¥hoet ileshaonz cangl: 2 pm

1. A circuit layout structure comprising:

a wafer having at least a cell region and a scribe line region
defined thereon;

at least a metal pattern formed in a first insulating layer in the
scribe line region;

a second insulating fayer and a hard mask layer formed on the
metal pattern and the first insulating layer; and

at least a dummy pattern formed in the second insulating layer
and the hard mask layer in the scribe line region, the dummy

pattern having a transmission rate between 0% and 1%.

2. The circuit layout structure of claim 1, wherein the metal pattern

comprises alignment marks or overlay marks.

3. The circuit layout structure of claim 1, wherein the first
insulating layer comprises an inter-fayer dielectric (ILD) layer or an

inter-metal dielectric (IMD) layer.
4. The circuit layout structure of claim 3, further comprising a

connecting pattern formed in the first insulating layer in the cell

region.
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12. The circuit layout structure of claim1l, wherein the dunmy pattern is

arranged along an axial line of the scribe |Iine region. 13. The circuit
| ayout structure of claim 12, wherein length of the dummy pattern is
parallel with the axial line of the scribe line region. 14. The circuit

I A lai , i : h S
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claim14, wherein the du . pattern the transm ssion rate nore
o o T Gl s P Sap an TMI3Tal 27,

6. The circuit layout structure of claim 5, further comprising a
trench or a via pattern formed in the second insulating layer in the

cell region.

7. The circuit layout structure of claim 1, wherein the hard mask

fayer comprises metal hard mask layer.

8. The circuit layout structure of claim 1, wherein a horizontal
distance between the dummy pattern and the metal pattern is about

50 um.

9. The circuit layout structure of claim 1, wherein the dummy

pattern has a rectangle shape.

10. The circuit layout structure of claim 9, wherein the dummy

pattern has a length of about 2 um.

11. The circuit layout structure of claim 9, wherein the dummy

pattern has a width between 0.2 and 2 um.

12. The circuit layout structure of claim 1, wherein the dummy

pattern is arranged along an axial line of the scribe line region.

~13 -



13. The circuit layout structure of claim 12, wherein length of the
dummy pattern is parallel with the axial line of the scribe line

region,

14. The circuit layout structure of claim 1, wherein the dummy

pattern has the transmission rate preferably between 0% and 0.4%.

15. The circuit layout structure of claim 14, wherein the dummy

pattern has the transmission rate more preferably between 0% and

0.1%.
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