INTEGRATED CIRCUIT HAVING ULTRALOW-K DIELECTRIC LAYER FIELD OF THE INVENTION
[00011The present invention relates to devices such as semiconductor integrated circuits. More
particularly, but not exclusively, the invention relates to a semiconductor integrated circuit having
curable ultralow-k dielectric layers. DESCRIPTION OF THE RELATED ART [0002]Integrated circuits
(ICs) comprising many tens of thousands of devices including field effect transistors (FETs) and other
devices are ANDRGRATED GIRAFFHIhHAMNGULT R W - K RHELFIE GIRICUICAYEIR have
structural elements associated with them. As the packing density of the devices increases, the number
and complexity of wiring structures &Y OESIEHN RIREIMEIOMween the various elements increases.
Connections between the elements of the IC are known as interconnects and are typically arranged in
laterally[@3Ehsivelbhewtsant layensioknelutesmotdesims intchcsmesttondicioragiyeatéthcecain.separated
from one another by an intralevel dielectric, whilst individual traces are separated from one another by
layers d¥lareipaeniaetlgidietine eSonsiectiotischstwatmireless maysbaicmdadiyrfoneingddansverse
interconnects which are often referred to as "vias'. [0003]To improve IC performance, ultralow-k (ULK)
dielectridrovittrivisghravetile etiplopdsditfonus dateseparate 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 AEMERIREIEOTWRJ the RBEATER AR Temoves the porogen, creating
voids in the host material. The curing process, for example, involves exposing the host material to
ultraviol@02V) ratfitegmatefOO0AITY fiskiih gom pnisiby Hangtenabt droosaus eSdediadyintltdggeliability
testing. Cracking of the ULK material is highly undesirable since it may result in delamination of the
ULK mdteldaditeet tnorsistoife (FEJis)l eotlictivopeviies. dtcraaypralsstoandé nibdemmt agcadetbcironis structure
unsuitable for further processing.

systems. These integrated circuits have structural elements associated with them. As the
packing density of the devices increases, the number and complexity of wiring structures
forming interconnections between the various elements increases. Connections between the
elements of the IC are known as interconnects and are typically arranged in laterally extensive
sheets or layers, known as traces. Interconnects within a given trace are separated from one
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



SUMMARY OF THE INVENTION [0005]It is an aim of embodiments of the invention to at least partly
mitigate at least one of the above mentioned problems. [0006]It is a further aim of embodiments of the
invention to provide an improved interconnect structure for an integrated circuit. [0007]It is a further
aim of embodiments of the invention to provide a method of fabricating an improved interconnect
structure for an integrated circuit. [0008]According to a first aspect of the present invention there is
providea Kewaterizdmp! simgus fonhstieltetddises paytiesalione hdseubsiiatdicintegrated cliRigetric layer
above the first layer, wherein the first layer is configured to reduce cracking of the dielectric layer by
reducingtolramgaminsitdstehfardetepisitessafghe first layer after curing of the dielectric layer.
[0009]According to a second aspect of the present invention there is provided a device
SUMMARY OF THE INVENTION
[0005] It is an aim of embodiments of the invention to at least partly mitigate at least one
of the above mentioned problems.
[0006] It is a further aim of embodiments of the invention to provide an improved
interconnect structure for an integrated circuit.
[0007] It is a further aim of embodiments of the invention to provide a method of
fabricating an improved interconnect structure for an integrated circuit.
[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.



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. [0010]According to a third aspect of the present invention there is provided a method of
forming a device comprising: providing a substrate having a prepared upper surface; forming a first
layer onlffd @lpperisndadiogitrmthybaspedd thyeresest thecfitsir dlyens fopmivigal dietetidd &fyer over
the second layer; and exposing the substrate to a curing medium to cure the dielectric layer,
whereinfitegarodevispecreprisiog:cracking in the dielectric layer caused by exposure to the curing
medium. [0011]According to a fourth aspect of the present invention there is provided an
providing a substrate having a prepared upper surface;
forming a first layer on the upper surface;
forming a second layer over the first layer;
forming a dielectric layer over the second layer; and
exposing the substrate to a curing medium to cure the dielectric layer, wherein the
second layer reduces cracking in the dielectric layer caused by exposure to the curing
medium.
[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.
[0012]  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



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.
[0012]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 8eesddassebetween tiefastrieveyanrddioles e lfiyst eydigtreddieté dtdst layer comprising
an ultralow dielectric constant (ULK) material; and . a second Igyer between the first layer and
dielectripagyhcpiengol danemissiense pHMiandipievndneidentamissid diofacivie dajiatitrtheditent on said
dielectric layer to the first layer.
layer.
[0013] According to a sixth aspect of the present invention there is provided a method of
forming an integrated circuit structure, comprising the steps of:
forming a first layer above a substrate;
forming a dielectric layer above the first layer; and
forming a second layer between the first layer and the dielectric layer, the second
layer being configured to at least partially prevent transmission of UV radiation incident on
said dielectric layer to the first layer.
[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.



[0013]According to a sixth aspect of the present invention there is provided a method of forming an
integrated circuit structure, comprising the steps of: forming a first layer above a substrate; forming a
dielectric layer above the first layer; and forming a second layer between the first layer and the
dielectric layer, the second layer being configured to at least partially prevent transmission of UV
radiation incident on said dielectric layer to the first layer. [0014]The step of forming the second layer

may, in HEativeleoizosithaditagaonbprisepa S temuihfotiaifgstlisyecaHpHgsd epldeasmagially
reflect, at least partially absorb, or a combination thereof, UV radiation used for curing the dielectric

layer. [0015}n ofwembsdirigntrtedteptaii sbriirg:tirpsesind;layeswaniiaed, dstap of forming a
layer of at least one selected from amongst a metal oxide, an organic material or a combination

thereof. dmbodirernbasimentesthelsteponkisstuing hersenwigdoyiticonmordestisiarabiegning a layer
of metal oxide, wherein the metal oxide comprises aluminium oxide. Alternatively, the step of forming

the secanygayaiopodplicms mtstipant foxyiag doladesiidé @l wabsiden oxide doped with at least one _
selected from amongst zinc oxide and titanium oxide. [0016]In one embodiment, the step of forming a

dielectrif0Ri8r corfipriseinzestepfahédrmintiandisientdaddyasrenmpsisingoutd@uipblegratarial. The
dielectric layer, in one embodiment, comprises an ultralow-k dielectric material. [0017]In one
embodimientittvbstep the fofkingethetficdhjaydrasamytines propepsifyfay@imdt. This is because
the second layer reduces the amount of curing radiation (e.g. UV radiation) incident on the
first layer, thereby preventing a level of stress in the first layer being such as to cause cracking
of the ULK layer. | |
BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Embodiments of the present invention will now be described hereinafter, by way
of example only with reference to the accompanying drawings, in which:
[0020] FIG. 1 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
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



a layer of compressively stressed material. The compressively stressed material, in one embodiment,
comprises at least one selected from amongst silicon nitride, silicon carbide, oxygen doped silicon
nitride and oxygen doped silicon carbide. [0018]Embodiments of the invention provide an interconnect
structure for an integrated circuit wherein the ULK dielectric layer has a reduced propensity to crack.
This is because the second layer reduces the amount of curing radiation (e.g. UV radiation) incident
on the frsteledenttheretmepihatitinyadat el aihtivesaay theficsiskal edtheingiryehiaaite tause cracking
of the ULK layer. BRIEF DESCRIPTION OF THE DRAWINGS [0019]Embodiments of the present
inventionthet instanbes destidbesvingneicaf atepsy veaypaieaxanplaonhoniideralesenbeadtmthe
accompanying drawings, in which: [0020]FIG. | shows a cross-sectional view of a prior art device
structurpartfuteralethi fierasumoh (ptbisscaatahielpbgs ey inadiatian; and [0021]FIG. 2 shows a
cross-sectional view of a device structure according to an embodiment of the invention. DETAILED
DESCRI®MIN OHérklmafidy EefeTemN Wil2R] Tineldatiahdngradciatiedoamsctiptiondets: forth an
embodiment or embodiments in accordance with the present invention employing material cured to
form voiatgltnsineid e ¢hertdoodihvartd bd bsosifigdcustintd el et hodil ustratdytbennseiticrb sapserfully
without limiting their scope, since numerous modifications and variations will be apparent to those
skilled inldneents.of a device, such as an IC, arranged in the form of one or more conductive traces,

but also any suitable structure in which one or more conductive lines between elements of a

system on a substrate are provided.

[0025] FIG. 1 shows cross-sectional views of a conventional device structure 10 (a)

before and (b) after exposure of the structure to UV radiation.

[0026] The structure 10 has an interconnect 15 over which is formed an interconnect

capping layer 16. The interconnect is made from copper. The capping layer is made from

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.



[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 be evident, however, that
the present invention may be practised without these details. In other instances, well-known process
steps, equipment, etc. have not been described in particular detail so as not to obscure the present
invention [0024]Hereinafter reference will be made to the term 'interconnect'. It will be understood that
the terml@®ftlid b&Broddhy dursiibedtviheiaERI6. d(y fdluvdogonptenvedithelsmenis: o6 a device,
such as an IC, arranged in the form of one or more conductive traces, but also any suitable structure
in whichlbYiéadkatiene Esnduisthie iNcmbiativeaessilésrinmuriopa Siisidwsomatsistheechyevpidwided.
[0025]FIG. 1 shows cross-sectional views of a conventional device structure 10 (a) before and (b) after
exposurédrehsnetinridedesymattinaion. (otelFvespictine fddgas.an interconnect 15 over which is
formed an interconnect capping layer 16. The interconnect is made from copper. The capping layer is
made fré#3rogepsdbpeusssificte basbitetardingg prbetiiBiaicling MBL oiriagersisstiatlyed under
conditions that result in a compressively stressed NBLoK layer. [0027]Over the capping layer 16 is
providedlvring selisbal iy testinge fab 617 instapsesntie ouicks zan propagatoritainigh thpbosigen 19 that is
removable upon exposure of the host material to UV radiation. Upon exposure to UV radiation the
porogenigitsitlcstis interecangeigamingreseits Thesadimratiayof propagatiafhadjmgmn ultralow-k

dielectric constant (ULK). [0028]The host material may be diethoxymethylsilane (DBMS) containing a
porogerﬁtﬁlecmc layers 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 transformed from a compressively stressed layer to a tensile stressed layer
during the curing process to form voids. The change in the stress characteristics of the
underlying capping layer causes cracking of the host layer disposed thereover.

[0032] FIG. 2 shows a device 110 according to an embodiment of the present invention.
The device, for example, can be an integrated circuit or a microelectromechanical system
(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.




alpha terpinene (ATRP), which has a composition C101116. ATRP is also known as 1,3-
cyclohexadiene, 1 methyl-4-(1 methyl ethyl) or 1-isopropy1-4-methy1-1,3-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. [0029]FIG. 1(b) shows the
structure of FIG. 1(a) following exposure of the structure to UV radiation. Exposure to UV radiation
results if0884ihg oMyedatist thediateididudby additioRd] aredanmestsnibénhasbmeitiiag alipsations
occupied by porogen. [0030]As discussed, the host material may experience cracking after curing,

especialiyodishimgnehiabiitydiebting atnleebetevwn stadizds:tiicl oyackssoaparnenatia@idcongbctse host
material and the interconnect capping layer. The cracks can even propagate to adjacent dielectric
layers oCerpling afitHedifficterlyint:thenbidlnyate iah HQ3AIEbAS Peanadis fovekrriihat cracking of the
host material 18 is due to the fact that the capping layer is transformed from a compressively stressed
layer to di¢kngile lafressed layer during the curing process to form voids. The change in the stress
characteristics of the underlying capping layer causes cracking of the host layer disposed thereover.
[0032]F [B035hows firsteluiper 116 iadoarditg ter diraubodinehi afdbapsesaaiinvemienialbe device, for
example, can be an integrated circuit or a microelectromechanical system (MEMS). Other types of
devices ausmises asadqubikplageanile cippide Viyerdafdimedyriyhe sabsiesmicabotéchemploys a material
whose stress characteristics can be changed due to processing. The device is shown (a) before and

(b) afterivtercinidf33icheapigivig éaydx) foaseaspbstuete avhidiffasbidbader inidtcoanRatdpl5 formed
thereon. The interconnect is made of conductive material. The interconnect, in one embodiment,

compriseygodpen<inbodypestofizormpiily éamatenajsisee alssiaizd fulvibige: ifitlereassect can be
formed using, for example, damascene techniques. Other techniques, such as reactive ion etch (RIE)
or dual dbaraderstiz;. chnoatseneodsrento thermaghmgnteyepcmaptisthB Bl ONBERK] formay overlie
elements of, for example, an integrated circuit such as MOSFET or other elements.

example, is formed as a compressively stressed material. Other types of capping layers are

also useful. For example, the capping layer, in some embodiments of the invention, can be

compressively stressed SiN, SiC or oxygen doped SiN. Other suitable material with other

stress characteristics, alone or in combination, can also be used.

[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



[0034]Typically, the device includes additional interconnects and interconnecting layers (not shown)
provided above and/or below. A dielectric layer 118 separates the interconnects. Coupling of the
different interconnect layers can be achieved by contacts formed in the dielectric layer. [0035]A first
layer 116 is formed over the substrate. In one embodiment, the first layer comprises a capping layer.
The capping layer is formed on the substrate above the interconnect. The capping layer, for example,
acts as angiffdsldry lsaprieuranolathet dhpstogf ayerg n@iie emhaesdishaniot teaappitigHey ks atvmprises a
material having a first stress characteristic. In one embodiment, the capping layer comprises NBLOK.
NBLoK, $sefakample, is formed as a compressively stressed material. Other types of capping layers
are also useful. For example, the capping layer, in some embodiments of the invention, can be
compred$938) strdesent SiMhdEitant pthederstdoped 45 ikl diathex suidiylei mateIAMS) dther stress
characteristics, alone or in combination, can also be used. [0036]In one embodiment, the capping
layer is altgearitstelaydodimehtsahersottenstofat és ditiettsidstnatho Atdmat TYDMOSIPRIAgayer can
be formed to selectively cover only the interconnect. In yet another embodiment, the capping layer can
comprisetharenitati/eoshatettaialvHidie petogtinely envemiialintencanmentisfSQSTRM OihedeyiRis118 is
provided over the substrate above the capping layer and interconnect. In one embodiment, the
over-layef porogeisey satibisetion afprrdgmdetedtdolksefet, in one embodiment, comprises a host
material containing a porogen 119. The host material is subsequently processed to remove the
porogenl(@3% ovalldfethw gwsine nfftreriestodndhan ostse atehia gedauting s achuttratantc{ ULK)
material. In one embodiment, processing comprises exposing the host material to a curing medium to
remove tidhsdivtjdayen dioe exarbplintientnting postanatectahiserposdrbyockfosidiation d¥nradiation.
- Curing the host material by exposure to other types of curing media, such as electron beam radiation,
is also uekgnge0a38iniogdaganiouinremtnreshiostinsatesied malieiabiymethylsiansséD B Sialn
alternative embodiments, the host material is dimethyl dimethoxysilane (DMDMOS), or any other
suitable Reistobengeial sthes sheogeristiorma ermdodirmexkioglinptisdos iRRri@ther types of porogens or
combination of porogens are also useful. [0039]The processing of the host material can cause a
change [8948]streds atvardansestith the invention, the first layer is configured to reduce changes in

stress characteristics caused by subsequent processing sufficiently to reduce cracking in
layer(s) disposed above and/or below. In one embodiment, the first layer is configured such
that the stress characteristics of the layer is of the same type before and after subsequent
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



of the first layer. For example, the curing process such as exposure to UV radiation can change the
capping layer from a compressively stressed material to a tensile stressed material. This change in
stress characteristic can result in cracking in the host material. [0040]In accordance with the invention,
the first layer is configured to reduce changes in stress characteristics caused by subsequent
processing sufficiently to reduce cracking in layer(s) disposed above and/or below. In one
embodisenprites fixgokiyetlis dishdigueddyendd ahatihemstdissckachetetidficalpftihe |@ykers of the same
type before and after subsequent processing. For example, a compressively stressed first layer is
maintaigeeasizceongoredsiy elck e sbatrfindtdayeradistioayubsedisensgiidcessing. Preferably, the first
layer is configured to reduce changes in stress characteristics to prevent cracking in the layer(s)
disposel{8#2lve ahuimelssibadifocdt] the seepadibpdimentsthelfietd kayer is pandiguheddppimpviding a
second layer 117 over the first layer. In one embodiment, a second layer is provided over the capping
layer. Theyeretondekgpyesnra sy the direugiynedenlyinfothex fingtln be shitié leyerant kasinpertiaityng layers e.g.
adhesive layers between them. The second layer reduces cracking in the overlying dielectric layer
which ceefleetsat dedtipatiablyeipseritsproceswinynFivmethanpioat hest trstialle tepradegsing can be
curing the dielectric layer to form voids therein. The curing process comprises exposing the dielectric
layer to meslivimg Rretitablystichshisid Vayad miientsCiben bgpesaoteubimgtine dierenfchl st ¢hectron beam
radiation, are also useful. [0042]In one embodiment, the second layer acts as a shield layer to protect
the capgingniaysdirom drposiembodhreotrthg ensdgmedionexanppiesthid/ shibididay dPratdetasg partially
reflects, at least partially absorbs, or a combination thereof, at least partially the curing medium
Preferalthy, ctppistidigenfometeat sypdssofberiog sedimbimdtiondectearbedhof dthattmjhigalsedium. In one
embodiment, the curing medium comprises UV radiation. Protecting the capping layer from other types
of curingsei@diia, such as electron beam radiation, is also useful. [0043]In one embodiment, the shield
layer comprises aluminium oxide (Al203). Aluminium oxide has the property that it at least partially
reflects 10%Hdiatibnomeithbedampntcibectdiitid daysammmimtsodimenismobitiddidd@idon, aluminium oxide
containing ZnO and/or h02, or any other suitable material, may be used. The thickness of the shield
layer is,4diraikunmplexidbbes B proprity dutat thickstazutislinayfhisis b usdiatiof00U4§iihte and TiO2
have UV-absorptive properties. Their presence as constituents of the aluminium oxide layer, e.g. as
dopantsiaeciatedthv nsge thanbodonptitsrob g infightitny, thansinieio: leyide tomaomg Zaden they are
present, in addition to reflection of UV light by the shield layer 117 due to the presence of aluminium
oxide. and/or TiOs, or any other suitable material, may be used. The thickness of the shield layer is,

for example, about 50 A thick. Other thicknesses may also be useful.

[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.

10



[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, TiO2 or a combination thereof. The metal oxide can be combined with an organic material,
such athetyrysivihantetale mdith malieptabe. cifiag tupasiofmatporlssudithb iotechkBwapping
layer from exposure to the curing medium are also useful. [0046]Heninann et al. (Micromachining and
MicrofaiécasionsefdcessTechnology X, edited by Mary-Ann Maher, Harold D. Stewart, Proc. of SPIE
Vol. 5715 (SPIE, Bellingham, WA, 2005), pages 159 to 166), incorporated herein by reference,
describ)@4éformBitommafialeraln{iviicmacdezining sidEMieletibidcading PriasicTiegteotiepoxition (ALD). It
will be appreciated however that other methods of forming a shield layer 117 having a layer of
aluminieditakiieMmy-éwidviirtectiazolhlp aiseviet Bed, of SBHRIYOIG DI SN $IECRY BddDafd04 7]For
example, the shield layer 117 may be formed by conventional deposition processes including chemical
vapour B&pcXiGh, maettd Al do dtanynotireosudd blediepp sitoreteeidseribd @A Rlithatifirsbfayer can also
have other configurations which reduce changes in stress characteristics caused by subsequent
processilgnifomexaidpteinthextite dial et tansbegcdofige teybndtpestzeopulliBye Twwhitbeompensates for
the first layer's change in stress characteristics caused by subsequent processing. The net change in
stress cipgractaxidticsisetn e dietayetsdoofddheneterehbed tdueedd 7 Givercatdfigurations which
reduce changes in stress characteristics caused by subsequent processing are also useful. For
exampleluthintirst (ayde/zaw beidodiideres witly alsebenseth yendditidnabsorinspihescifapp.in stress
characteristics of the first layer. [0049]FIG. 2(b) shows the structure of FIG. 2(a) following exposure of
the strul®0d&lto a Eariexpmpleihe. sncddayardddimeptdfermedriy necienti @oindujesiibl)/ radiation.
Inspection of the structure of FIG. 2(b) reveals that cracking of the ULK material does not occur in the
presengraostsitielidaiing dierTihid ispie teposifao tpattedpging dayetlicGuanbiinkpaitioessively
stressed during the UV curing process. The capping layer 116 remains

technique.

[0048] The first layer can also have other configurations which reduce changes in stress
characteristics caused by subsequent processing. For example, the first layer can be
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
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compressively stressed during the UV curing process due to a reduced exposure of the capping layer
116 to UV radiation, since shield layer 117 reduces the amount of UV radiation (if any) incident on the
capping layer 116. [0050]Embodiments of the invention have the advantage that cracking of ULK
dielectric layers during curing of the host material is reduced or eliminated. [00511Throughout the
description and claims of this specification, the words "comprise” and "contain” and variations of the
words, fereneessprelycsrisadidytiagtheddmprses proesndiincl udinibed agidimiées ths, and is not
intended to (and does not) exclude other moieties, additives, components, integers or steps.

[0052] TriBRIgEdaYehé IdetockMitadiatidnc lsiime s ¢hidspe difit atdicah B Sigoiat ePTOMRAsSEs the plural
unless the context otherwise requires. In particular, where the indefinite article is used, the

specifictifienys insidenirudhsicappingdayteiiating plurality as well as singularity, unless the context
requires otherwise. [0053]Features, integers, characteristics, compounds, chemical moieties or groups

describ&#tonjFobedimintagfdhtdalansiopdetyethbadiaengothaksrim e o RVeRighare to be
understood to be applicable to any other aspect, embodiment or example described herein unless
incomplaisis thstessuring ofthishestimettiinl GLradhisd dr diewvieeicomprising:

[0051] Throughout the description and claims of this specification, the words “comprise”

and “contain” and variations of the words, for example “comprising” and “comprises”, means

“including but not limited to”, and is not intended to (and does not) exclude other moieties,

additives, components, integers or steps.

[0052] Throughout the description and claims of this specification, the singular

encompasses the plural unless the context otherwise requires. In particular, where the

indefinite article is used, the specification is to be understood as contemplating plurality as

well as singularity, unless the context requires otherwise.

[0053] Features, 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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a substrate prepared with a lower dielectric layer, the lower dielectric layer includes a conductive
interconnect formed therein; a capping layer disposed over the interconnect; a protective layer
disposed over the capping layer; and an upper dielectric layer disposed above the protective layer,
wherein the protective layer is configured to reduce changes in stress characteristics of the capping
layer causgdtlly espoasdiie to radiation used in curing of the upper dielectric layer. 2. The device of
claim 1 wherein: the capping layer comprises SiN, SiC, oxygen doped SiN, nitrogen doped silicon
carbide or SINCH; and the protective layer reduces changes in stress characteristics of the
capping layer by absorbing or reflecting or a combination thereof the radiation used in curing the upper
dielectric layer. 3. The device of claim 2 whereirCthalpgtective layer minimizes changes in stress
characteristics of the capping layer by reducing exposure of the capping layer to the radiation. 4.The
device oficlaim A whaceitohprisidigtion comprises UV radiation. capping layer maintains the
compressive stress after curing of the upper dielectric layer. 6. The device of claim 1 wherein the
radiation for curingitbeatigiesinicdayith colmpeiseielebtriatlipgiomhe lower dielectric layer includes a
conductive interconnect formed therein;
a capping layer disposed over the interconnect;
a protective layer disposed over the capping layer; and
an upper dielectric layer disposed above the protective layer, wherein the protective layer
is configured to reduce changes in stress characteristics of the capping layer caused by exposure

to radiation used in curing of the upper dielectric layer.

2. The device of claim 1 wherein:

the capping layer comprises SiN, SiC, oxygen doped SiN, nitrogen doped silicon carbide
or SiNCH; and

the protective layer reduces changes in stress characteristics of the capping layer by
absorbing or reflecting or a combination thereof the radiation used in curing the upper dielectric

layer.

3. The device of claim 2 wherein the protective layer minimizes changes in stress

characteristics of the capping layer by reducing exposure of the capping layer to the radiation.

4. The device of claim 3 wherein the radiation comprises UV radiation.
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7. The device of claim 6 wherein the upper dielectric layer comprises an ultralow-k dielectric material.
8. The device of claim 7 wherein: the capping layer comprises a compressively stressed material

selected from SiN, SiC, oxygen doped SiN, nitrogen doped silicon carbide or SINCH or a combination
thereof; and the protective layer reduces changes in stress characteristics of the capping layer by

absorbing, or refigetifgice atcelaibinaiineréhetro tappiradiaipromptses cuiorpiassivengregictastric layer.
9. The device of claim 1 comprises an integrated circuit or microelectromechanical system (MEMS)

device. t8ppihe Kevicadtaiainmhe vompedssivetbeesapfitralairey ciotpuises diskaidtciagpely stressed
material selected from SiN, SiC, oxygen doped SiN, nitrogen doped silicon carbide or SINCH or a
combination thereof; and the upper dielectric layer comprises an ultralow-k dielectric layer. radiation.
12. The device of claim 11 wherein: the capping layer comprises a compressively stressed material
selected drom Sie Qvi@oodnicopatdsih thitragikatidodedcsitingnieadmiietdr FNC tbapaigsramation
thereof; and the dielectric layer comprises an ultralow-k dielectric layer. 13. The device of claim 1
wherein theigtiotective layer protects the capping layer from exposure to the radiation to reduce
cracking of the upper dielectric layer. 14. The device of claim 13 wherein the capping layer comprises
aluminium oxide.

7. The device of claim 6 wherein the upper dielectric layer comprises an ultralow-k

dielectric material.

8. The device of claim 7 wherein:

the capping layer comprises a compressively stressed material selected from SiN, SiC,
oxygen doped SiN, nitrogen doped silicon carbide or SINCH or a combination thereof; and

the protective layer reduces changes in stress characteristics of the capping layer by
absorbing or reflecting or a combination thereof the radiation used in curing the upper dielectric

layer.

9. The device of claim 1 comprises an integrated circuit or microelectromechanical system

(MEMS) device.

10. The device of claim 9 wherein:
the capping layer comprises a compressively stressed material selected from SiN, SiC,
oxygen doped SiN, nitrogen doped silicon carbide or SINCH or a combination thereof; and

the upper dielectric layer comprises an ultralow-k dielectric layer.
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15. The device of claim 13 wherein the capping layer comprises a metal oxide. 16. The device of
claim 13 wherein the capping layer comprises a metal oxide and an organic material. 17. The device
of claim 13 wherein the capping layer comprises a material selected from aluminium oxide, zinc oxide,
titanium oxide or a combination thereof. 18. A device comprising: a substrate; a capping layer

disposedigver tiasubdatats thamappingdiyerecatigiisnorecliriigtressicRar ¢ bayprisispnsed
over the capping layer; and a device layer in which features are formed is disposed over the
protectiveatiizgonthe device layer comprises a processed device layer which has been processed by
exposure to radiation wherein the protective layer protects the capping layer from exposure to the
radiation used in processing the device layer to reduce changes in the first stress of the capping layer
which can cause cracking of the device layer thereover. 19. A method of forming a device comprising:
providingl 2. sub3Jtiateehiveing daime pakebergiper surface of a lower dielectric layer, the lower dielectric
layer includes a conductive interconnect formed therein, wherein the upper interconnect has a top

surface coplanahsvitptieguppar camfaissiooming asiaplyisgdsayerutdiiel yplpetedfrtansiforgidg a
protective layer over the capping layer;
oxygen doped SiN, nitrogen doped silicon carbide or SINCH or a combination thereof; and

the dielectric layer comprises an ultralow-k dielectric layer.

13.  The device of claim 1 wherein the protective layer protects the capping layer from

exposure to the radiation to reduce cracking of the upper dielectric layer.

14. The device of claim 13 wherein the capping layer comprises aluminium oxide.

15.  The device of claim 13 wherein the capping layer comprises a metal oxide.

16.  The device of claim 13 wherein the capping layer comprises a metal oxide and an organic

material.

17.  The device of claim 13 wherein the capping layer comprises a material selected from

aluminium oxide, zinc oxide, titanium oxide or a combination thereof.

18. A device comprising:
a substrate;
a capping layer disposed over the substrate the capping layer comprising a first stress;

a protective layer disposed over the capping layer; and
15



forming an upper dielectric layer over the protective layer; and exposing the substrate to a curing
medium to cure the upper dielectric layer, wherein the protective layer protects the capping layer from
exposure to the curing medium which reduces changes in stress characteristics of the capping layer
which can cause cracking in the upper dielectric layer. 20. The method of claim 19 wherein: the
capping layer carprisesafeNinSiBisxicaarraiapedotiiddnitigssseatppast gikgnoteetivilry SNCH; and
the protective layer reduces changes in stress characteristics of the capping layer by absorbing or
reflectingievisedagebicartipriséeierd tbsscadiation lagedvinichtiag ibenuppesssiel egtexpesee talielectric
layer. 22. The method of claim 19 wherein the capping layer comprises a compressive stress, the
capping lagétimaintains the compressive stress after curing of the upper dielectric layer. 23. The
method of claim 19 wherein the curing medium comprises UV radiation. 24. A device comprising: a

substrate prepangwnsithtizetoptedtiac tiyaomopiog tayeapisng e ofremtbrpcusudane ralizidactive layer
disposed over the capping layer; and
used in processing the device layer to reduce changes in the first stress of the capping layer

which can cause cracking of the device layer thereover.

19. A method of forming a device comprising:

providing a substrate having a prepared upper surface of a lower dielectric layer, the
lower dielectric layer includes a conductive interconnect formed therein, wherein the upper
interconnect has a top surface coplanar with the upper surface;

forming a capping layer on the upper surface;

forming a protective layer over the capping layer;

forming an upper dielectric layer over the protective layer; and

exposing the substrate to a curing medium to cure the upper dielectric layer, wherein the
protective layer protects the capping layer from exposure to the curing medium which reduces
changes in stress characteristics of the capping layer which can cause cracking in the upper

dielectric layer.

20.  The method of claim 19 wherein:

the capping layer comprises SiN, SiC, oxygen doped SiN, nitrogen doped silicon carbide
or SiNCH; and

the protective layer reduces changes in stress characteristics of the capping layer by
absorbing or reflecting or a combination thereof the radiation used in curing the upper dielectric

layer.
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a device layer disposed above the protective layer, wherein the protective layer is configured to reduce
changes in stress characteristics of the capping layer caused by exposure to radiation used in curing
of the device layer, wherein the changes in stress characteristics can cause cracking in the device
layer.

21.  The method of claim 19 wherein the upper dielectric layer comprises an ultralow-k

dielectric layer.

22.  The method of claim 19 wherein the capping layer comprises a compressive stress, the

capping layer maintains the compressive stress after curing of the upper dielectric layer.

23.  The method of claim 19 wherein the curing medium comprises UV radiation.

24. A device comprising:

a substrate prepared with a top surface;

a capping layer disposed over the top surface;

a protective layer disposed over the capping layer; and

a device layer disposed above the protective layer, wherein the protective layer is
configured to reduce changes in stress characteristics of the capping layer caused by exposure to
radiation used in curing of the device layer, wherein the changes in stress characteristics can

cause cracking in the device layer.
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