| NTEGRATED Cl RCUI T HAVI NG ULTRALOW K DI ELECTRI C LAYER
FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to devices such as semnmi conductor integrated
circuits. More particularly, but not exclusively, the
invention relates to a sem conductor integrated
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another by an intralevel dielectric, whilst individual traces are separated from one another by

layers of an interlevel dielectric. Connections between traces may be made by forming

transverse interconnects which are often referred to as ‘vias’.

[0603] To improve IC performance, ultralow-k (ULK) dielectric materials have been

proposed for use to separate traces. One way of forming a ULK dielectric material in an

interconnect structure is to deposit a host material containing a porogen (e.g., pore-generating

material) over a substrate. Curing the host material removes the porogen, creating voids in

the host material. The curing process, for example, involves exposing the host material to

ultraviolet (UV) radiation.

[0004] Cracking in the ULK material can occur, especially during reliability testing.

Cracking of the ULK material is highly undesirable since it may result in delamination of the



[0004] Cracking in the ULK material can occur,
especially during reliability testing. Cracking of
the ULK material is highly undesirable since it nay
result in delam nation of the 1 ULK material and
non uni form di eI ectric properties. It may also render
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problens. [0006] It is a further ai mof enbodi nents of
the invention tYJHMARYORAHEANVENTIONNt er connect
structure for an integrated circuit. [0007] It is a
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[0008] According to a first aspect of the present invention there is provided a device
comprising:
a substrate;
a first layer above the substrate; and
a dielectric layer above the first layer, wherein the first layer is configured to
reduce cracking of the dielectric layer by reducing changes in stress characteristics of the
first layer after curing of the dielectric layer.
[0009] According to a second aspect of the present invention there is provided a device
comprising:
a substrate;
a first layer above the substrate, the first layer comprising a first stress; and
an over-layer above the first layer, wherein the first layer is configured to reduce

cracking of the over-layer by reducing changes in the first stress of the first layer that can be

caused by subsequent processing.



a first layer above the substrate, the first |ayer
conprising a first stress; and an over-|ayer above the
first layer, wherein the first layer is configured to
reduce cracking of the over-layer by reduci ng changes
in the first stress of the first layer that can be
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[0011]  According to a fourth aspect of the present invention there is provided an
integrated circuit structure comprising:

a substrate;

a first layer above the substrate;

a dielectric layer above the first layer; and

a second layer between the first layer and dielectric layer configured to at least
partially prevent transmission of UV radiation incident on said dielectric layer to the first
layer.
[6012] According to a fifth aspect of the present invention there is provided an integrated
circuit structure, comprising;

a substrate;

a first layer above the substrate, the first layer comprising a compressively stressed
layer;

a dielectric layer above the first layer, the dielectric layer comprising an ultralow

dielectric constant (ULK) material; and



[0012] According to a fifth aspect of the present
invention there is provided an integrated circuit
structure, conprising: a substrate; a first |ayer
above the substrate, the first layer conprising a
conpressively stressed layer; a dielectric |ayer
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transm ssion of UV radiation incident on said

layer. gj el ectric layer to the first |ayer. [0013] According
to a sixth aspect of the present invention there is

[0013] pr obiceheding tora shxduaspect of Grapresgntimventicaghere ésiprovided a tnethod of
structure, conprising the steps of formng a first

forminp ay éitegriied eirguis stashurat@mphigihgithgstapsifel ectric | ayer
~above the first layer; and form ng a second | ayer
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radi ati on used for curing the dielectric layer. [0015]
said di¢lectnoyentoahlé fielayet.he step of form ng the second
| ayer conprises a step of
[0014] The step of forming the second layer may, in alternative embodiments, comprise a
step of forming a layer arranged to at least partially reflect, at least partially absorb, or a
combination thereof, UV radiation used for curing the dielectric layer.
[0015] In one embodiment, the step of forming the second layer comprises a step of
forming a layer of at least one selected from amongst a metal oxide, an organic material or a
combination thereof. In one embodiment, the step of forming the second layer comprises a
step of forming a layer of metal oxide, wherein the metal oxide comprises aluminium oxide.
Alternatively, the step of forming the second layer comprises a step of forming a layer of
aluminium oxide doped with at least one selected from amongst zinc oxide and titanium
oxide. _
[0016]  In one embodiment, the step of forming a dielectric layer comprises a step of

forming a dielectric layer comprising a UV curable material. The dielectric layer, in one

embodiment, comprises an ultralow-k dielectric material.



formng a | ayer of at |east one selected from anpngst
a netal oxide, an organic material or a conbination
thereof. In one enbodiment, the step of formng the
second | ayer conprises a step of formng a |ayer of
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acc anyi ng draw ngs, in which:
[0020] 19 Ir(rlvp Is owsg a cross-sectional view of a prior art device structure before and after

curing the material by UV radiation; and
[0021]  FIG. 2 shows a cross-sectional view of a device structure according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0022]  The following detailed description sets forth an embodiment or embodiments in
accordance with the present invention employing material cured to form voids therein. The
embodiments described are intended to illustrate the invention more fully without limiting
their scope, since numerous modifications and variations will be apparent to those skilled in
the art.
[0023] In the following description, details are set forth such as specific materials,

parameters, etc. in order to provide a thorough understanding of the present invention. It will



[0020] FIG | shows a cross-sectional view of a prior
art device structure before and after curing the
material by UV radiation; and [0021] FIG 2 shows a
cross-sectional view of a device structure according
to an enbodi ment of the invention. DETAILED
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system oR\ASHPS BN ap@o4geder einaft er reference will be made
to the term interconnect'. It will be understood
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not only connections between elenents of a device,
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a systemon a substrate are provi
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nitrogen-doped silicon carbide or SiN,C,H, (NBLoK). The NBLoK layer is formed under
conditions that result in a compressively stressed NBLoK layer.
[0027] Over the capping layer 16 is provided a layer of a host material 18. The host
material is a material containing a porogen 19 that is removable upon exposure of the host
material to UV radiation. Upon exposure to UV radiation the porogen is removed to leave a
void. This results in the formation of a material having an ultralow-k dielectric constant
(ULK).
[0028] The host material may be diethoxymethylsilane (DEMS) containing a porogen of
alpha terpinene (ATRP), which has a composition CjoHs. ATRP is also known as 1,3-
cyclohexadiene, 1 methyl-4-(1 methyl ethyl) or 1-isopropyl-4-methyl-1,3-cyclohexadiene.
Alternatively the host material may be dimethoxysilane (DMDMOS), or any other suitable

host material. The porogen may be ATRP, or any other suitable porogen.



before and (b) after exposure of the structure to W
radi ati on. [0026] The structure 10 has an interconnect
15 over which is forned an interconnect capping |ayer
16. The interconnect is nmade from copper. The capping
| ayer is nmade from nitrogen-doped silicon carbide or
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(MEMS). Other types of devices are also useful. For example, the device can be any type of
device which employs a material whose stress characteristics can be changed due to
processing. The device is shown (a) before and (b) after curing.

[0033] The device 110 has a substrate which includes an interconnect 115 formed thereon.
The interconnect is made of conductive material. The interconnect, in one embodiment,
comprises copper. Other types of conductive materials are also useful. The interconnect can
be formed using, for example, damascene techniques. Other techniques, such as reactive ion
etch (RIE) or dual damascene, can also be used to form the interconnect. The interconnect

115 may overlie elements of, for example, an integrated circuit such as MOSFET or other

elements.




dielectric |ayers overlying and/or underlying the ULK
material. [0031] It has been discovered that cracking
of the host material 18 is due to the fact that the
capping layer is transforned froma conpressively
stressed layer to a tensile stressed |layer during the
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[0036] In one embodiment, the capping layer is a blanket layer which covers the surface
of the substrate. Alternatively, the capping layer can be formed to selectively cover only the
interconnect. In yet another embodiment, the capping layer can comprise a conductive
material which selectively cover the interconnect.

[0037] An over-layer 118 is provided over the substrate above the capping layer and
interconnect. In one embodiment, the over-layer comprises a dielectric layer. The dielectric
layer, in one embodiment, comprises a host material containing a porogen 119. The host
material is subsequently processed to remove the porogen. Removal of the porogen forms
voids in the host material, resulting in an ultralow-k (ULK) material. In one embodiment,
processing comprises exposing the host material to a curing medium to remove the porogen.

In one embodiment, the host material is cured by exposure to UV radiation. Curing the host



[0035] Afirst layer 116 is forned over the substrate.
I n one enbodi nent, the first layer conprises a
cappi ng layer. The capping layer is formed on the
substrate above the interconnect. The capping | ayer,
for exanple, acts as a diffusion barrier and/ or etch
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conprises a dielectric layer. The dielectric |ayer,
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processing. For example, a compressively stressed first layer is maintained as a

compressively stressed first layer after subsequent processing. Preferably, the first layer is
configured to reduce changes in stress characteristics to prevent cracking in the layer(s)
disposed above and/or below.

{0041] In one embodiment, the first layer is configured by providing a second layer 117
over the first layer. In one embodiment, a second layer is provided over the capping layer.
The second layer may be directly overlying the first layer or there may be intervening layers
e.g. adhesive layers between them. The second layer reduces cracking in the overlying
dielectric layer which can be caused by subsequent processing. For example, the subsequent

processing can be curing the dielectric layer to form voids therein. The curing process



useful. [0038] In one enbodi nent, the host material is
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[0044]  ZnO and TiO, have UV-absorptive properties. Their presence as constituents of
the aluminium oxide layer, e.g. as dopants, has the advantage that absorption of UV light by
the shield layer 117 occurs when they are present, in addition to reflection of UV light by the
shield layer 117 due to the presence of aluminium oxide.

[0045]  In still further embodiments of the invention, the shield layer 117 may be formed
from a functionally equivalent material other than aluminium oxide. A functionally
equivalent material is a material that at least partially prevents UV light from passing through
the shield layer 117 to the underlying capping layer 116. For example, the shield layer may

be formed from a metal oxide, such as ZnO, TiO, or a combination thereof. The metal oxide

can be combined with an organic material, such as methoxycinnamate or octyl salicylate.
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processing can be curing the dielectric layer to form
voi ds therein. The curing process 9 conprises exposing
the dielectric layer to a curing nedium such as W
radi ation. Other types of curing nedia, such as

el ectron beamradi ation, are also useful. [0042] In

oner SRR TSl b B S8 50 in  lheen

1 @furlng medi um For exanple, the shield |ayer at
weasop@ partially reflects, at |least partially absorbs,

a conbination thereof, at |east partially the
[0046] c u rh[fﬁgnaﬂ@eflﬂ ialy Mipmpehinisynd Miecoffirehidon BrpeessTedhhelogs X,
absorbs, or a conbination thereof, all of the curing

edited hyel\qummﬂ NMaheae Hardld @. Segviart, Phe:. GmFIIEngﬂEﬁT SISPORB dlsgSham,
WV radi ation. Protecting the capping |ayer from other

WA, 2005 pagai1504s 1 56) ﬁ%gfp%ratédlﬁéielﬁ%g%ﬁ%n%’ r&le%ﬁi@the formatlon of
radiation, is also useful I n ‘'one enbodi nent

alum1mk{iﬁﬁoﬁ&‘@/%lrlr?%&ﬁ%Sirehe%ﬁ{g)tﬁ]sllr?%?tglﬁecﬁ &{d%ﬁ%s%ci d@\[ﬁ[ﬁl ﬁg\{v | be
. I t t

apprecifigh bl et pihEF eods b Cuinsch skt L6 | Kilevinaaaverat,
al um_ ni um oxi de, contai ning ZnO and/or Ti 2, or any

aluminigmpsidedizing axredislackic mey aliabe bredyineadditipndo pmrx:pdw@ssf AJED.
the shield layer is, for exanple, about 50 A thick.

[0047] O Her exdmplktbs sha'sldrmy;er dang malyé)elfsmiadl hy doOdationdindapasition
Ti @2 have UV-absorptive properties. Their presence as

process€Dinsludingehtmioal vapolededodition] pmteriigd6r ordYRher RitBble @8position
dopants, has the advaﬁit age t%}pg} abgsjor!é)lglyon of UV I épht

techniqly the shield layer 117 occurs when they are present,
|n addltlon to reflection of W/ light by the shield

f i,de. .
s Sy AR e L L s
he Shlegf 117 may be fornmed fro
charact?llfﬂ{:‘i e by ‘é’é‘iﬂ“\?ﬁi RREESHRE e F PLexemite he A axersn B U

oxide. A f unct ionally
configured with a second layer which compensates for the first layer’s change in stress

characteristics caused by subsequent processing. The net change in stress characteristics
between the layers would therefore be reduced. Other configurations which reduce changes
in stress characteristics caused by subsequent processing are also useful. For example, the
first layer can be configured with a second layer which absorbs the change in stress
characteristics of the first layer.

[0049] FIG. 2(b) shows the structure of FIG. 2(a) following exposure of the structure to a
curing medium. In one embodiment, the curing medium comprises UV radiation. Inspection
of the structure of FIG. 2(b) reveals that cracking of the ULK material does not occur in the
presence of shield layer 117. This is due to the fact that capping layer 116 remains

compressively stressed during the UV curing process. The capping layer 116 remains

11



equi valent material is a material that at |east

partially prevents UV |light from passing through the

shield |l ayer 117 to the underlying capping | ayer 116.

For exanple, the shield |ayer may be fornmed from a

metal oxide, such as ZnO, Ti Q2 or a conbi nation

' can be conbined with an
compres S0 Rhonal Suffh de L kithe 8RRy S Prafiited spoutt gf the
. sal | cyl at 10..Cx her. type f materials which protect

cappifiy %@“%‘&3? EJgV Fag&lﬂg%onf Singe ﬂ@@é &Y%l Yiretinges ghe ampepnirefiUYradiation
. are also useful. [0046] Herrmann et al.
(if any) ipgidens oadhg sAPREEAAEr M Er of abri cati on ProcessTechnol ogy

X, edited by Mary-Ann Maher, Harold D. Stewart, Proc.
[0050] of ISmbeiments of Hthny<@fbihaBetht adghedge thatbracRRRRF U8R ctric

159 to 166), incorporated herein by reference,

layers dueing cutigg e host e itedudWrelinixi de/ zi nc oxi de
dielectric using atom c |ayer deposition (ALD). It

0051 mﬁljhﬂﬁﬁi APIRE QEd ot her .met hods of, .
[ lfor mng a shi el wg%%%@%@sa%#%é S%e(idi%?gpn’ ¢ WOords “comprise
« i plum.oxi delezi nc axide dielegtric may also be
and oo’ o VAR R i o P efriRiE Commpaistie” ape Jeppriss”, meaus
e 1dexg&gle,.the shield |ayer 117 may be forned by
weluding byt pet lspitgd tgoed it pesintepdedde &andgloesn ooty dkdlydcother maikties,
.. vapour deposition, sputtering, or any other suitable
additivegegnsmpancets, integedsior gtgps. [ 0048] The first layer can al so
have other configurations which reduce changes in
[0052] st réssughotiahadesetipson sl dlainfet thY sSdRGAYE Mhe singular
processi ng. For exanple, the first |ayer can %e
encomp@s¥eé Hled Widdd 1R SREXDIHAY; . ngates. for
i HhAVSE D JRSAHEINR S5l 1

the first layer's change 1 n stres rac

. . . .processing. The net change in

indefiniGHEO e ARE SR BN SIERaBhmneT piarnilihep alty as
t-her.efore be reduced. O her configurations which

well as SigHaly Wlrge S CqNEFRS {SABTES PHERHER or i ot i 05 caused by

subsequent processing are al so useful. For exanple,
[0053] t he& catures, integers, characteristics, compounds, chemical moieties or groups

described in conjunction with a particular aspect, embodiment or example of the invention are
to be understood to be applicable to any other aspect, embodiment or example described

herein unless incompatible therewith.
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first layer can be configured with a second | ayer
whi ch absorbs the change in stress characteristics of
the first layer. [0049] FIG 2(b) shows the structure
of FIG 2(a) follow ng exposure of the structure to a
curing nmedium In one enbodi ment, the curing medium
s W radiation. Inspection of the structure
“ﬂmtuﬁ?&ﬁ{é??z(b) reveal s that cracking of the ULK nateri al
does not occur in the resence of shield |ayer 117.
his.is due to the fact E%applng | ayer 116 remains
L F@§§ngﬁygstressed during the W curing process.
The capping layer 116 remains 11 conpressively
asebstegtd during the UV curing process due to a reduced
exposure of the capping |ayer 116 to UV radi ation,
8 ifit éayehalelve theay®btrakd; angeduces the amount of WV
radiation (if any) incident on the capping Iayer 116.
k4 i 5y Y
t Rare AR SO B LR AR LY it P Bte b e
teri .S reduced or I m nat ed. 0051
°"a°km§f%$%1§g S RLGhLR0ciRs BRHRGR Pars e BrierneG of ho frtfaer
ion, the words "conprise” and "contain" and
after cu(} Pg'&‘Fgféecé‘?" feper words, for exanple "conprising” and
"conprises", neans including but not limted to",
and is not intended to (and does not) excl ude ot her
noi eties, additives, conponents, integers or steps.
2. Tﬁkﬁ)&f]ce'ﬂfrotaughauher&hehtdﬁﬁ;ﬁ Tyt ¢odprsBsla §éc@h&r§ay@1f whﬁh%educes

speci fication, the singular enconpasses the plural
changesUnlsges chﬁl@c@ﬁﬁic@%?tlﬁtﬂ}%l%e}e requires. In part icular,
where the indefinite article is used, the
specification is to be understood as contenplating
pI urality as well as singularity, unless the context

i res .ot herw se.. [.0053 eat ures, . i ntegers,
o TRNE R S eraend BhemRhishosetgen stres

characte%stlcsp of the first layer by reducing exposure of the first layer to a curing medium.

4. The device of claim 3 wherein the curing medium comprises UV radiation.

5. The device of claim 1 wherein the first layer remains compressive after curing of the
dielectric layer.

6. The device of claim 1 wherein a curing medium for curing the dielectric layer

comprises UV radiation.

7. The device of claim 6 wherein the first layer comprises a capping layer over an

interconnect and the dielectric layer comprises an ultralow-k dielectric material.
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described in conjunction with a particul ar aspect,
enbodi nent or exanple of the invention are to be
understood to be applicable to any other aspect,
enbodi nent or exanpl e described herein unless
inconpatible therewith. 12 What is clainmed is: CLAl M
1. A device conprising: a substrate; a first |ayer
above the substrate; and a dielectric |ayer above the
first layer, wherein the first layer is configured to
8. lbgdeuce ef glaien fgvhsrein the fiyptdpyss cpmpripesyagonpyessbglyctiegsed
changes in stress characteristics of the first |ayer
materia felested froimylicsi rtitrisle ghilidomatartide, loaygm. doped Fihieormiwtidee orfgen
claim1 wherein the first |ayer conprises a second
doped siBy@r cabitle br & eshibmsationchale@es i n stress characteristics
of the first layer. 3. The device of claim2 wherein
the second | ayer mininmses changes in stress
characteristics of the first |layer by reducing

he fi I . [ . [ ..
0. SRS oBlT e b R PR R i

G rises.UWV radiation. 5. The device of claim1
Sy““”%ﬁﬂﬁ%#H&WW?'first | ayer remmins conpressive after

curing of the dielectric layer. 6. The device of
claiml wherein a curing nediumfor curing the
dielectric layer conprises WV radiation. 7. The
10.  déeideeicodf clhimn thvtherdie thei fitsttlinger icbmptisdsay@mpeasivelys@esd
cappi ng | ayer over an
material selected from silicon nitride, silicon carbide, oxygen doped silicon nitride, oxygen
doped silicon carbide or a combination thereof and the dielectric layer comprises an ultralow-

k dielectric layer.

11.  The device of claim 9 wherein a curing medium for curing the dielectric layer

comprises UV radiation.

12, The device of claim 11 wherein the first layer comprises a compressively stressed
material selected from silicon nitride, silicon carbide, oxygen doped silicon nitride, oxygen
doped silicon carbide or a combination thereof and the dielectric layer comprises an ultralow-

k dielectric layer.

13.  The device of claim 1 further comprises a second layer which protects the first layer

from exposure to a curing medium to reduce cracking of the dielectric layer.
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i nterconnect and the dielectric |ayer conprises an
ultralowk dielectric material. 13 8. The device of
claim7 wherein the first |layer conprises a
conpressively stressed material selected fromsilicon
nitride, silicon carbide, oxygen doped silicon

. T BB AR LR B R i o

conprises an integrated circuit or

m croel ectronechani cal system (MEMS) device. 10. The

device of claim9 wherein the first |layer conprises a
15, clowslesiss of elpim 43 mhisreanithe segangdilaer semprisese metalaxddd. i con

nitride, silicon carbide, oxygen doped silicon

nitride, oxygen doped silicon carbide or a

conbi nation thereof and the dielectric |ayer conprises

16.  arheltleticabO¥taink 18 iudleRfd tHeGeddd@hyer Edmprisd adBMAICSi®f and an
claim9 wherein a curing nediumfor curing the

dhelggtric layer conprises UV radiation. 12. The
(ﬂgmndev%%e of claim1l wherein the first |ayer conprises a

conpressively stressed material selected fromsilicon
nitride, silicon carbide, oxygen doped silicon
nitride, oxygen doped silicon carbide or a
17 cHhelenise pblatm é7 adwercimthespeondileyes sompasesaypiterid splerted from
an ultralow k dielectric layer. 13. The device of
alumingymiomdg, Aigr oxide, ticampniosils on asembirdtibaytereofhi ch
protects the first layer from exposure to a curing
medi um to reduce cracking of the dielectric layer. 14
14. The device of claim 13 wherein the second | ayer

18.  COAMRHcyRESf Bl Wﬁ%ﬂfé%econ@lﬁaye???eﬁﬁnﬁeéittgﬁeﬁﬁf Iagéérqiﬁdﬂl %ﬁposure

wherein the second |l ayer conprise oxXl

to a curing medium to reduce cracking of the dielectric layer.

19. A device comprising:

a substrate;

a first layer above the substrate, the first layer comprising a first stress; and

an over-layer above the first layer, wherein the first layer is configured to reduce
cracking of the over-layer by reducing changes in the first stress of the first layer that can be

caused by subsequent processing.

20. A method of forming a device comprising:
providing a substrate having a prepared upper surface;
forming a first layer on the upper surface;

forming a second layer over the first layer;

15



16. The device of claim 13 wherein the second | ayer
conprises a netal oxide and an organic material. 17.
The device of claim 13 wherein the second | ayer
conprises a material selected from al um ni um oxi de,
zinc oxide, titanium oxide or a conbination thereof.
. .The device of claim 13 erein the second | ayer
P%W@ﬁtaéi“g?f‘@"? layes ovep therseeomsilpystnddire to a curing
medi um to reduce cracking of the dielectric layer. 19.
AxHesing Ge subiriesp mpuring neadbue teguee the digledtic laypes whabay the
the substrate, the first |layer conprising a first
seconddtyee sefucendackinginghe Hrjetriclapareatded blyickposuréoethe curing
wherein the first layer is configured to reduce
mediul acki ng of the over-layer by reducing changes in the
first stress of the first |ayer that can be caused by
subsequent processing. 20. A nmethod of formng a
devi ce conprising: providing a substrate having a
prepared upper surface; formng a first layer on the
upper surface; formng a second | ayer over the first
| ayer; 15 forming a dielectric |ayer over the second
| ayer; and exposing the substrate to a curing medi um
to cure the dielectric layer, wherein the second
| ayer reduces cracking in the dielectric |ayer caused
by exposure to the curing nedium 16
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