A CONNECTION STRUCTURE FOR SEMICONDUCTOR DEVICES
BACKGROUND 100011 The semiconductor integrated circuit (IC) industry
has experienced rapid growth. Technological advances in IC materials
and design have produced generations of ICs where each generation has
smaller feature sizes and more complex circuits than those from the _
previous generation. Among the feature sizes which are reduced in size
are tACRRINEATIQABATIRY 6f TR ISR =Y G ST (iheddhd Helcontact
openings through which the metallization makes electrical contact to

MMW& [00021 One solution for some of these problems is

) U.S. Patent No. 6,121,684, incorporate_d herein by r_eference.
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spacer. Butted contacts, such as those discussed in the presently
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area for contact purposes. However, since butted contacts are frequently
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steps héve to accommodate di erent contact sizes, shapes and loading
electytfb coracisutinganefieefuent defects, such as photo bridge, contact hole
blind and/or high junction leakage. [00031 Accordingly, it is desirable to
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RIEF DESCRIPTION OF THE DRAWINGS 100041 Aspects of the -
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have been adopted in semiconductor memory devices to inc_reas& device density by reducing the
necessary size of the area for c;,ontact purposes. However, since butted contacts are Erc_:quaz;tly
used in combination with square contacts, such 2 combination causes chaflenges to lithograph
and eich steps. For example, lithograph and etch steps have tb accommodate diff@rcnf contact
sizes, shafyes and loading effects, resulting in frequent defects, such as photo bridge, contact hole
blind and/or high junction leakage. -
[0003]  Accordingly, it ‘is. destrabie fo provide an IpTovVE comection structure for

- semiconductor devices,



the standard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the various features may be arbitrarily
increased or reduced for clarity of discussion. [00051 Fig. 1 illustrates an
exemplary top view of a connection structure. [00061 Figs. 2-5 illustrate
exemplary cross-sectional views of partial semiconductor devices. [0007]
Fig. 6 illustrates an exemplary top view of a hole chain structure. [0008]
Fig. 7 illustrates an exemplary top view of a hole array structure.
PETALED DESCRIPTION 100091 The present disclosure relates
generally to the manufacturing of semiconductor devices, and more
particularly to an improved connection structure for semiconductor
devices. tis to be ood that the following disclosure

' 2 RESHE BRbadive ts, or examples, for implementing

different feture of the disclosure, Specific_ examplas gficompanants and
[0004krandérawhes tg?@“’ﬁ%&bﬁﬁ%ﬁ“ﬁé%%\?ﬁ&? éjlnr%ﬁﬁ?flctﬁe present disclosure.
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In addition, the present disclos re may re g%}ar%%esnﬁg Rumergls and/or
the Seapds TRAE" Ja HG (RIUEA TR TS Feptition 1S for t e purpose of
smSimplicity and;clartnandidoes dgtrin et dicthte reraitionshiy petween
the various embodiments and/or configurations discussed. Moreover, the
discishifation of a first feature over or on a second feature in the description
that follows may include embodiments in which the first and second
mmfﬂaturpgqrgﬁgfmdnim&iﬂiﬁmmmaﬁm, @ndmegttaisdrineitde embodiments
in which additional features may be formed interposing the first and-
second features, such that the first. and second features may fetRedRces.
mm@i]rect%gﬁ%gﬁ Esfégfﬁrﬁ?é r?lrrqssng?/?/q[%lFig. 1, gﬁ)ﬁwn therein is an

exemplary top view of a connection .
{0007]  Fig. 61llnstrates an exemplary top view of & hole cham structure.

[000p8]  Fig. 7illustates an exemplary top view of 2 hole array structuse.

DETAILED DESCRIFTION

[0609)  The present disclosure relates generally to the manufacturing of semiconductor

devicés,' and more particularly to an improved conmection sfructure for semiconductor devices.

[6016]  Itisto be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of the disclosure. Specific
examples of comﬁoncnts and arrangements are described below 1o simplify the present

disclosare. These are, of course, merely examples and are not intended to be umiting. In
addition, the present disclosure may repeat reference numerals and/or letters in the vanous |
examples. This repetifion is for the purpose of simplicity and clarity and does not in itself dictate
a relationship betweern the various embodiments and/or c.onﬁgurations discnssed. Mareover, the
formation of a first ff:aﬁn‘s over or on & secoud feature in the description that follows may

“nolnde embodiments in which the first and second features are formed 1o direct contact, and may
4150 inciude embodiments in which additional features may be formed inferposing the first and

seeond features, such that the first and second features may not be in diect contact.



structure 100. In this embodiment, the connection structure 100 may
include a peanut-shaped opening 106 and a conductive plug 110. The
opening 106 may include a long side 104 and a short side 102. Further,
the opening 106 may include a narrow area 100E and wide areas 100A
and 1000. A width w2 of the narrow area 1005 may be sandwiched
between and smaller than a width wl and/or a width w3 associated with
the wide areas 100A and 1000, respectively. Here, the width w2 may be
between about one sixth to about four fifths of the width wl. Similarly, the
width w2 may be between about one sixth to about four fifths of the width
w3. However, it is also contemplated that the width w2 may be larger than
the parameters specified above relative to each of the widths wl and w3,

d that w2 may be larger than,the width wl and/or the.width w3. [Q0121
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barrier layers (not shown) lining at least partially the opening 106, [0013]
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variety of semiconductor devices, such as memory devices (including but
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transistor (MOSFET)), and/or other devices. For a single semiconductor
w3. device, the connection structure
" [0012]  The opemng 106 may at ieast partially be filted with the conductive plug 110, which
" may in;ludt: refractory metal, TiSh, CaSi;, NiSL PtSL, W, WSi;, metal silicide, TiN, TiW, TaN,
_ Al AlCu, Cu, Cu content, and/or any other suitable matenials. As described in comnections with
Fig. 4 below, the connection structure 100 may also include one or more diffusion barrier layers

© (not shown) Iining at least partially the opening 106.

{0013]  In oneexample, the size of the comnnection structure 100 miy be less than
approximately 0.05 um’. However, it is conteroplated that the size of the connection structure
100 may be larger than 0.05 vm®. Itis also contemplated that the opening 106 may comprise

‘other reguiar or irregular shapes.

{0014]  The connection structure iOO_may be used m a vanety of scmiconductor_devices, such
as memory devices (including but not limited to a static random access memory (SRAM)), logic
devices (including but not limited to & metal-oxide semicondactor field-effect transistor
{MOSFET)), and/or other devices. For a single semiconductor device, the connection structure

o iGO may be utilized for connecting interconnect Jayers, an inferconnect layer and 2 substrate, an
interconnect layer and 2 gate, an active region and a gate, ap active region and.an interconnect

{ayer, or serve other connection purposes. - It is also contemplated that the conpection structure



100 may be utilized for connecting interconnect layers; an interconnect
layer and a substrate, an' interconnect layer and a gate, an active region
and a gate, an active region and.an interconnect layer, or serve other
connection purposes. It is also contemplated that the connection structure
3 100 may be utilized to connect different semiconductor devices, such as
a drain region of a first device and the gate of a second device, or a
source region of a first device and the gate of a second device. Itis
contemplated that the interconnect layer or the gate may include
polysilicon with N type dopant, polysilicon with P-type dopant, polysilicon
with N-type dopant and P type dopant, metal, refractory metal, TiSi2,
CoSi2, NISi_, PtSi, W, WSi2, metal silicide, TiN, Tiw, TaN,-and/or other
100 maytbriniéizf0 01 Shaesimijtifietcexemplarippiocess foriferafrgpacgion of a first
.semiconductqr device.utilizing the connectio - ' further
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) 0 may commence with a substrate 210. The substrate 210 may incjude
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semjconductor, such as silicon carbide and/or gallium arsenic; an alloy
TaN R SRR EEF &lch as SiGe, GaAsP, AlinAs, AlGaAs, and/or GSalnP.

Further, the substrate 210 may include a bull: semiconductor, such as
ro01Bulk silisianlifetkseohtayuticse foidamtingto s rinciodé: e eyl sitie din:

layer. It may aJsa or alterpatiyely.incluge_a semiconductqr-on-insulator.
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include a multiple silican structure or a_ multilayer. compound
mzy SERRESHTGT Shrethrd V[0S R TEBRALREVE 1RyRA B0 HES IS deposited
sami%tﬁiﬁ%?,%cm%gtﬂﬂsEﬂ@oﬁ,%ﬁ@}@cﬁ&@e@i&%wg amorphous silicon, and/or

germanium; a compound semiconductor, such as sﬂicon carbide and/or gallium arsenic; an alloy
semiconductor, such as SiGe, GaAsP, AlinAs, AlGaAs, and/or GalnP. Further, the substrate 210
may include a bulk semicondugctor, such as bulk sificon, and such 2 bulk semiconductor may
include an epi silicor layer. It may also or alternatively include a semicondnctor-on-insnlator
substrate, such 2s a silicon-on-insulator (SOT) substrate, or a thin-film trapsistor (TFT) substrate.
The substrate 210 may also or altemnatively imclude a multiple silicon structure or a multilayer

compound semiconductor structure.

[0016] A conductive iayer 220 may be deposited 1n a recess formed m the substrate 210 by
chemical vapor deposition '(CVD), plasma-enhanced CVD (PECVD)}, physical vapor deposition
(PVD), ionized PVD (-PVD), atomic layver deposition (ALD), plaﬁng, and/or other procsssés.
Chemical-mechanical planarization and/or chemical-mechanical polishing (collectively rcférrcd
. 10 herein as CMP) may also be employed during the formation of the conductive layer 220. .For
example, CVP may be employed fo pianaﬂze the conductive layer 220, so that it becomes
substantially coplanar with & surface 215 of the substrate 210, as shown in Fig. 2. In another

_ | embodirment, planarization of the conductive iayer 220 majf be less extensive, so that the

conductive layer 220 may at least partially extend from the substrate 210 te above the surface



chemical vapor deposition (CVD), plasma-enhanced CVD (PECVD),
physical vapor deposition (PVD), ionized PVD (1-PVD), atomic layer
deposition (ALD), plating, andior other processes. Chemical-mechanical
planarization and/or chemical-mechanical polishing (collectively referred
to herein as CMP) may also be employed during the formation of the
conductive layer 220. For example, chlP may be employed to planarize
the conductive layer 220, so that it becomes substantially coplanar with a
surface 215 of the substrate 210, as shown in Fig. 2. In another
embodiment, planarization of the conductive layer 220 may be less
extensive, so that the conductive layer 220 may at least partially extend
from the substrate 210 to above the surface 4 215. Characterizations

215. herginahithe conductive layen22R.asheing formed in.the ﬁl{ﬁé&ﬁ@%&ﬁ 18

_intended to capture both of those embodiments, in"addition to other
Intergie fth aapiare bodifrensnb[00D 7T e biiduicivebiay R0 napbbnents.

conductive feature connecting semiconductor devices, integrated circuit
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pth dl of the conductive layer 220 may range between about 1500 A
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aluminum alloy, copper, copper alloy, tungsten, and/or other conductivé

exampligteriols. 0018} e dppioch duastde dboite 00 mBy: hertheindhyde? a0 may
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mategald/or a diffusion barrier layer, and may include one or more individual
layers. The dielectric layer 230 may include silicon nitride, other dielectric

[oo1 &paterls.Andior SIch SAap- atey ﬂl?tb&%%ﬁh??&%ﬁ@&ﬁﬁ% %sFiQeying
shown therein Is a further developed exemplary partia e
the semiconductor substrate 210 and the conductive layer 220. The dielectric layer 230 may be
an etch stop layer and/or 2 diffusion barrier layer, and may include one or more individual layers.
The dielectric layer 230 may include silicon niride, other dielectric matefials, and/or etch stop

materials.

[60619]  Refernng oW £ Fig. 3, shown thersin is a further developed exemplary parfial
;semiconductor devics 300. In fhis embodiment, a dielectric layer 310 may be deposited on the
surface of the substrate 210 or the dielectric iayer 230. The dielectric layer 310 may be formed
by CVD, PECVD, ALD, PVD, spin-on coating and/or other processes. The dielectric layer 310
may be an inter-metal dielectric (IMD), and may include sificon dioxide, polyimide, spin-on-
glass (SOG), fluoride-doped silicate glass (FSG), Black Diamond® {a product of Applied

| Materials of Santa Clara, California), Xerogel, Aerogel, amorphous fluorinated carbon, and/or
other materials. In one embodiment, the dielectric layer 310 niay mclude a Jow-k matenial
having a dielectric constant k of I=ss than about 3.3, Foz example, the dielectric layer 310 may

mchude an organic low-k material, CVD low-k material, and/or other suitable materials.

J0620] The dia]cctrié layer 310 may be patterned by photolitho graphy, etching, and/or other _7

means o form the opening 106 of Fig. 1, thereby expc;siilg 2 portion of the underlying diciedtﬁc

o



semiconductor device 300. In this embodiment, a dielectric layer 310
maybe deposited on the surface of the substrate 210 or the dielectric
layer 230. The dielectric layer 310 maybe formed by CVD, PECVD, ALD,
PVD, spin-on coating and/or other processes. The dielectric layer 310
may be an inter-metal dielectric (llvID), and may include silicon dioxide,
polyimide, spin-on- glass (SOG), fluoride-doped silicate glass (FSG),
Black Diamond(r) (a product of Applied Materials of Santa Clara,
California), Xerogel, Aerogel, amorphous fluorinated carbon, andlor other
materials. In one embodiment, the dielectric layer 310 may include a low-k
material having a dielectric constant k of less than about 3.3. For
example, the dielectric layer 310 may include an organic low-k material,
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underlying dielectric 5 layer 230 or conductlve layer 220. The opening
(00206 marbeseamiarhinkia houqldainastens topénienyitdayer dAlapenmi the

compr hole and a ctlc\,/e line tr nch
OP%HQSS “Eﬂ%ﬁ&%@&%&%’%m rff gfet% X C'PI’EI(? ayer 2 Iggggglégﬁgﬁﬁﬁ% i
theQREANG D8 mayedlser heorekmved] byT ﬁhwdeﬂiebimglamdlﬁﬁ nﬂ}equgﬂoy:emss
to. expase a portion of the upderl uctive moval
uu}t‘ﬁ@o&%&fﬁd’}'ﬁw ﬁ%ﬂ?ﬁﬁﬁ% %Cp% %}@éé@s e Xfug(ﬁ?—ﬁ%@% f)arlﬁmary

sel@@®ipossibly mixed with 02 and N2 to adjust the etching rate and
selectivity [0022) Referring now to Fig. 4, shown therein is a further

develo exe Iar | se |conduc device 400. In. thi
100&3bo %‘rler Irgi‘/reelmffdl may B%e&éo os%ﬁtﬂ%%w partil
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diffusion barrier laver 410 may at least pariially line the opening 106. The diffusion barrier iayer
410 may include Tz, TaN, Ti, TN, and/or other barrier materials.

{6023] In one embodiment, the diffusion bam er layer 410 may be formed prior to removing
a portion of the dielectric layer 230. In such an embodiment, a bottom portion of the diffusion
barrier Jayer 410 and a portion of the dielectric Jayer 230 may be sequentially removed by dry

eiching and/or sputtering.

iﬂ(]%] In furtherance of the example, the bottom pdrtioﬂ of the diffusion barrier layer 410
proximate the conductive layer 220, whether formed prior to or afer removing 2 partion of the
 dielectmic layer 230, may be removed by in-sifu sputtering !zuhzmﬂ SIP or IMP. Consequcni:ly

-at-least a portion of the conductive Jayer 220 may be cnposad

{0025} In furtherance of the exampir: & second diffusion barrrer layer (not shown) may be
optionally deposited over the diffusion bamcr layer 410. The second diffusion barrier layﬂr may.
be formed 1n-situ by an IMP or SIP systsm, and may be substantially snmlar to the diffusion
barrier layer 410 described above. For example, the second diffusion barrier layer may include

T:; TaN, Ti, TiN, and/or other barmier materials. .
ps



410 may include Ta, TaN, Ti, TiN, and/or other barrier materials. [0023] In
one embodiment; the diffusion barrier layer 410 may be formed prior to
removing a portion of the dielectric layer 230. In such an embodiment, a
bottom portion of the diffusion barrier layer 410 and a portion of the
dielectric layer 230 maybe sequentially removed by dry etching andlor
sputtering. (0024] In furtherance of the example, the bottom portion of the
diffusion barrier layer 410 proximate the conductive layer 220, whether
formed prior to or after removing a portion of the dielectric layer 230, may
be removed by in-situ sputtering utilizing SIP or IN2. Consequently, at
least a portion of the conductive layer 220 may be exposed. 10025] In
furtherance of the example, a second diffusion barrier layer (not shown)
[0026ayHeéroptiomally e gosited 6veriths diffusion batniesdlexendd pTitel
... second diffusion barrier | may .be formed in-situ by an IMP or SIR
e e e il R
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conductive plug 110 that may include materials substantially similar to
e
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mater YRR tive material employed to form the conductive plug 110 may be formed in

the opening 106 by electroplaiing and/or other deposition processes. Excessive conductive
matenal formed over the dielectnic layer 310 may then be removed by CMP and/or other

methods.

[Oﬁi"f] Referring now io Fig, 6, shown fherein is an exemplary hole chain stmcture 600. In
this embodiment, connection structures 602, 604 and 606, each of which is substantially .similar
- oridentical to the cornection structure 100, may together form the hole chain structure 600.
Bven though: in this illustration, the shapes and sizes of the connection structnres 602, 604 and
606 are substantially similar or identical, it is conteraplated that at least two of the connection
structures 602, 604 and 606 may differ in shapes and sizes. Inone example, the size of an
overlapped area 608 may be less than about eighty percent of the size of the connection structure
602 and/or the connection structure 606, Likewtse, the size of an overlapped area 610 may be
less than eighty percent of the size of the connaction strﬁcture 602 and/or the connection
structure 604. In addition, it is also coutémplatcd that a fewer or 2 greater number of conmection
structures may bé utilized to form the hole‘ chain structure 600.

{0028]  Referring now to Fig. 7, shown theréin is an exemplary hole array structure. In this

embodiment, connection stroctures 702, 704, 706; 708, 710 and 712, each of whichis = -



refractory metal, TiSi2, CoSi2, NiSi, PtSi, W, WSi2, metal silicide, TiN, iW,
TaN, Al, AICu, Cu, Cu content aluminum, aluminum alloy, copper, copper
alloy, tungsten, and/or other suitable materials. The conductive material
employed to form the conductive plug 110 may be formed in the opening
106 by electroplating andlor other deposition processes. Excessive
conductive material formed over the dielectric layer 310 may then be
removed by CHIP and/or other methods. [0027] Referring now to Fig. 6,
shown therein is an exemplary hole chain structure 600. In this
embodiment, connection structures 602, 604 and 606, each of which is
substantially similar or identical to the connection structure 100, may
together form the hole chain structure 600. Even though in this

substikstnationthe shapes ang sizescabihecerrestionsiruciures 602,004,

and 606 are substantially similar or identical, it is contemplated that at
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may be less than about eighty percent of the size of the connection
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conngdgn o gotamplated it ta fewéhohe greayetmoumb b Oboahneotioe:tion
tryctures may: tilized to form the hqgle chain structure.600. [0028]
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structure. In this embodiment, conne_ction structures 702, 704, 706; 708,
[00291 0 aithuck, cadich lotwrieh!isy T shbetastisl iyt Siniférchsidenticaletn thecribed

: io : , t r form the hole array. structure 700.
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and zlmgx?ag Ia%gsl’ol £ osure. Also, features illustrated and discussed above with respect {o
some embodiments can be combined with features illustrated and discussed above with respect
to other embodiments. Accordingly, all such modifications are intended to be inctuded within

the scope of this disclosure.



contemplated that at !east two of the connection structures 702, 704, 706,
708, 710 and 712 may differ in shapes and sizes. in addition, it is also
contemplated that a fewer or a greater number of connection structures
may be utilized to form the hole array structure 700 or other connection
wiyaes. dihergfaraga variety of variations are contemplated by the present
disclosure. 10029] Although only a few exemplary embodiments of this

disclosuse:hiaieribr eruelarciibeck i sletaiis: abave Hgseinkilled in the art
will readily appreciate that many modifications are possible in the

exempl&fy BRBSHRTEHTE it STetiziy GEpErINE Mfs s aderein the

teaphingarandehaniages @t HSHis6losHie RIROIgatures illustrated and
discussed above with respect to some embodiments can be combined

with featunesultistraltedaand itistlrssertibdy G avtkniagpect to other
embodiments. Accordingly, all such modifications are intended to be
clued G o e Tt LT B U R bR 1
A conneciarsstiveitiedodeaise mit GRAURIOFHEN IR, COMPHSRGCRN from the
op?rﬂ'n‘g. comprising a narrow area and one or more wide areas, wherein
the “hartowrarda is between two of the one or more wide areas; and a

conductivg.plrefondiing st leastpatialydbe.apening ’d@ﬂ’éﬁt{eﬂé&jmﬁcon with
connection structure is used as a contact for connecting a substrate and

a 1AyBPOfePedmddnitne drnael et dng trdonysetebhifridesia MidieRtii. W,

selgaidhbaniiRaifalRving gieyR,ROlysilicon with N type dopant,
polysihcon with P-type dopant, polysilicon with N-type dopant and P-type
dopant, metal, refractory metal, TiS2, CoSi2, NiSi, PtSi, W, WSi2 metal
Su% de, ﬂﬁ’ceﬁwc’tgﬁmm{e of claim 1 wherein the width of the narrow area is at

least about one sixth of the width of at least one of the one or more wide areas.

3. The comnection structure of claim 1 wherein the width of the narrow area is no

greater than about four fifths of the width of at least one of the one or more wide areas.

4. ‘The connection structure of claim 1 wherein the width of the narrow area ranges
between about one sixth to about four fifths of the width of at least one of the one or

more wide areas.

5 The connection structure of claim 1 wherein the size of the comnection structure is

less than about 0.05 um®.



2. The connection structure of claim 1 wherein the width of the narrow
area is at least about one sixth of the width of at least one of the one or
more wide areas. 3. The connection structure of claim 1 wherein the width
of the narrow area is. no greater than about four fifths of the width of at
least one of the one or more wide areas. 4, The connection structure of

claifh | WHE SR TR IS BTERECRAR AW FER fan R eHEhERITHE I fBne

sixtRaim abaptfepfiths af theonidthebatleasene:of the one or more
wide areas. 5. The connection structure of claim 1 wherein the size of the

connection structure is less than about 0.05 um2. 9 6. The connection

strugtyge of claim, 1 wherein iig connection slucture 15, for connectng
interCOn’nec‘t“?ayers ora semlconlaluctor éEViCE‘. $01F € connec IOI'IS ©

struginietfgclaimdavhereinirarcomsatiansiuetisendubor: @afrecting an
interconnect layer and a substrate of a semiconductor device. 8. The
connection structure of claim 1 wherein the connection structure is for

congecting, a0, tercanneshiayenand anactived egipR @f.asemicongyctor

device. 9. The connection structure of claim 1 wherein the connection
struesttirecingen intsroater dpem actasbiorgian dfa garecofducerdivesductor
device. 10. The connection structure of claim 1 wherein the connection
structure is for high current connection path between two metal layers.

11. dhe conneelianstiyictae of alahn lwrsieh thensaneationstiusture
is for connecting a drain regjon of a first device and a gate of a second

devigB SIS Birctive 'SaIMASN A gRIO P A RIS WY Soth the first device

and second device. :

10.  The comection structure of claim 1 wherein the connection structure is for high

current connection path between two metal layers.

11. The comection structure of claim 1 wherein the connection structure is for
connecting a drain region of a first device and a gate of a second device, wherein

the semiconductor device comprises both the first device and second device.

12, The connection structure of claim 1 wherein the conductive plug comprises a
material selected from the following group: refractory metal, TiSi,, CoSi, NiSi, PtSi, W,
WSi, metal silicide, TiN, TiW, TaN, Al, AlCu, Cu, and Cu content.

13. A semiconductor device, comprising:
a first layer;
a connection layer in contact with the first layer, wherein the connection layer

comprises one or more peanut-shaped connection structures; and

10



12. The connection structure of claim 1 wherein the conductive plug
comprises a material selected from the following group-., refractory metal,
TiSi2, CoSi2, NiSi, PtSi, W, WSi2,metal silicide, TiN, TiW, TaN, Al, AlCu,
Cu, and Cu content. 13. A semiconductor device, comprising: a first layer;
a connecfiQidayridnicentart with:ibedirstiRyas,wherein the connection
layer comprises one or more peanut shaped connection structures; and

10 a seconertaysriéascamsagwithdbe sannegtianiayarconheminsatdeastare
two of the one or mare peanut shaped connectjon structures are

overlSPPEBPEInEPSTRTAR sise bigie  siammahya inless feneben il ab dissize

80% of thexsizg: Aldbeallaastiwenpedontshaned connection structures.
14. The semiconductor device of claim 13 wherein the first layer is a gate.

15. The semiconductor device of claim 13 wherein the first layer is an
interconnect layer. 16. The semjconductor device of claim 13 wherein the
first |a@%n‘$ eé"'&ﬂ%‘%}é{%‘” Viihe §§r‘ﬂ1&8r¥§[‘f&?&*ﬁ%@f&% IBFeiameics
wherein at least two of the one or more peanut-shaped connection
structures are adjacent to each other. 18. The semiconductor device of
claim153 Wrhemsinctiveamalonen of ¢lpeahutbiraipatic Gonreticrusintetonesct
form hole chain structure. 19. The semiconductor device of claim 13
Wherelﬁ the one or more peanut-shaped connection structures form a
hole array structure. 20 The semiconductor device of claim 13 wherein the

semiconductor device . _ o
16. The semiconductor device of claim 13 wherein the first layer is a substrate.

17. The semiconductor device of claim I3 wherein at least two of the one or more

peanut-shaped connection structures are adjacent to each other.

18. The semiconductor device of claim 13 wherein the one or more peanut-shaped

connection structures form a hole chain structure.

19. The semiconductor device of claim 13 wherein the one or more peanut-shaped

connection structures form a hole array structure.

20 The semiconductor device of claim 13 wherein the semiconductor device

comprises a memory device.

21. The semiconductor device of claim 13 wherein the semiconductor device

comprises a static random access memory (SRAM) device.
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comprises a memory device. 21. The semiconductor device of claim 13
wherein the semiconductor device comprises a static random access
memory (SRAM) device. 11 22. The semiconductor device of claim 13
wherein the semiconductor device comprises a logic device. 23. A
connection structure for a semiconductor device, comprising: a )
peandt-shpEd PRIy dsrfsRlinEa Hér?ﬂ%ﬁf‘ﬁ?e@%ﬁﬂ’%@daﬁ@é ddss,
wherein thenarion.aa s between the two wide areas, wherein the width
of the narrow area ranges between about one sixth to about four fifths of
the width of each of the two wide areas; and a conductive plug for filling

at least partially (he, nles%ﬁ‘fé%a%hf%PS%’e%&%m{h%P%Q%Ee'”oea‘%,hsiﬁf the first
layer and the second layér comprises metal layer. 24°TR&*Ennection
structure ofaclaim2Saphergieniie conraetion sivciureisHdar Gonteietingas,

an interconnect layer and a ubstrat{%tZS. The connection structure of

claim S RET&IFIY OB CFHEER IS 1866 "EBhneEtting Wio cffbrinte

metahlayersreGaldeeanrachon shugieoaholaimu2 Brnherain thi@h of each
connection structure is for connecting interconnect layers. 27. A method

for comriciy gy areedriiSemiconductor device, comprising: providing a
first layer; prosiding.a siegondilayes: o eensatingatheafisblaypesng the

second Iay%\yh\égém %C.l? gf%%a? H%H%%Q %Eﬂﬂ@@eec%nd layer comprises metal layer.

24, The connection structure of claim 23 wherein the connection structwre is for

connecting an interconnect layer and a substrate.

25. The connection structure of claim 23 wherein the connection structure is for

connecting two different metal layers.

26. The connection structure of claim 23 wherein the connection structure is for

connecting interconnect layers.

27. A method for connecting layers of a semiconductor device, comprising;
providing a first layer;
providing a second layer; and
connecting the first layer and the second layer with at least one peanut-shaped

connection structure.

28, The method of claim 27 wherein the first layer comprises a substrate, and the

second layer comprises an interconnect layer.
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connection structure. 28. The method of claim 27 wherein the first layer
comprises a substrate, and the second layer comprises an interconnect
layer. 12 29. The method of claim 27 wherein each of the first layer and
the second layer comprises an interconnect layer. 30 The connection
structure of claim 27, wherein the peanut-shaped opening is filled at least
partiafly Withatashefudtiie Hlogewnreiofiacbhbiinapitig ¥ompives a
mategiglselecirchitamnielomiag group: TiN, TaN, W, Cu and Cu content
31. The connection structure of claim 30, wherein the peanut-shaped
comprises a narrow area and two wide areas, wherein the narrow area is
betw%en thegyvide areas v%_herein t elwidét) of the.narrow arearanges . .
betwen about SHE'SIXIA 16 about fout fifths of the width of each of the & '
two \iiidte areast. phadially with a conductive plug. Wherein the conductive plug comprises

a material selected from following group: TIN, TaN, W, Cu and Cu content

31. The connection structure of claim 30, wherein the peanut-shaped comprises a
narrow area and two wide areas, wherein the narrow area 15 between the two wide areas,

wherein the width of the narrow area ranges between about one sixth to about four

fifths of the width of each of the two wide areas.
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