STRUCTURE AND METHOD TO PREVENT CHARGE DAMAGE FROM
E- BEAM CURI NG PROCESS Background of Invention 1)
Field of the Invention This invention rel ates
generally to a device and nethod for e- beam curing
films and nore particularly a device and nethod for
e-beamcuring filnms such as lowk filns or
photoresist filnms in sem conductor devices. 2)
Description of the Prior Art Integrated circuit
geonetries have dramatically decreased in size since
such devices were first introduced several decades
ago. Since then, integrated circuits have generally
followed the two year/half-size rule (often called
Moore's Law), which nmeans that the nunber of devices
on a chip doubles every two years. Today's
fabrication facilities are routinely producing devices
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iims such as low-k films or photoresist films in semiconductor devices.
2) Description of the Prior Art

Integrated circuit geometries have dramatically decreased in size
since such devices were first introduced several decades ago. Since then,
integrated circuits have generally followed the two year/half-size rule (often called
Moore's Law), which means that the number of devices on a chip doubles every
two years. Today's fabrication facilities are routinely producing devices having 0.13
pm and even 0.1 um feature sizes, and tomorrow's facilities soon will be producing
devices having even smaller feature sizes.

The continued reduction in device geometries has generated a
demand for films having lower k values because the capacitive coupling between
adjacent metal lines must be reduced to further reduce the size of devices on
integrated circuits. In particuiar, insulators having low dielectric constants (k), less
than about 4.0, are desirable. Examples of insulators having low dielectric

constants include spin-on glass, un-doped silicon glass (USG), fluorine-doped



commercially available. In order to mnimze the RC
del ay, organic porous |lowk nmaterials are recomended
to use as dielectric materials for BECL interconnect
for 65nm technol ogy and bel ow. One big challenge for
organi c porous lowk film developnent is howto
i nprove the nechanical strength while still
mai ntaining low dielectric constant of organic porous
films. An effective nmethod to reduce the k value is
to introduce pores into the film As a result, lowk
films often exhibit poor nechanical strength (e.g.,
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- Assignee: TOKYO ELECTRON LI M TED, Tokyo, Japan.

A need, therefore, exists for a method for increasing the

mechanical strength of low k films without having to increase the k value.

The importance of overcoming the various deficiencies noted
above is evidenced by the extensive technological development directed to the
subject, as documented by the relevant patent and technical literature. The
closest and apparently more relevant technical developments in the patent

literature can be gleaned by considering the following.

US20040137760A1: Thin film processing method and system -
Inventor: Onishi, Tadashi; - Thin film processing method in chemical vapor
deposition apparatus, involves independently controlling output power and time of
electron beam irradiated on wafer according to thickness distribution of fitm on
wafer - Assignee: TOKYO ELECTRON LIMITED, Tokyo, Japan.



2 US5989983: Method of fabricating and curing
spi n-on-glass |layers by electron beamirradi ation -
SOG | ayer curing nmethod for use during manufacture of

sem conductor device - involves irradiating electron
beam at predefined tenperature for specific tinme onto
target plate formed with SOG | ayer - Inventor: Goo,

Ju- seon; US20040137758Al1l: Inventor: Li, Lihua - METHOD
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CURRENT BI AS Depositing |low dielectric constant film
on substrate for fabrication of integrated circuit by
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B SRR Eigdect/it soRslrah@Es .  US6703302: I nventor:
Myajime, H dgssorog1 Meleod &fa MKIRG Br ! in-on dielectri
dielectric insulation yﬁ%ﬁ’ - aF'abr% cat i@gﬁurﬁ}’éﬁ spin-on dielectric
§lors vidizingcelectrarebéare regiatiemt i Bgin-on dielectric material layer
modification for semiconductor device, involves irradiating dielectric layer
simultaneously with large area electron beam and heat until sufficient electron

dose is accumulated.

US20030232495A1: Moghédam et al. - Methods and apparatus
for E-beam treatment used to fabricate integrated circuit devices - Deposition of
low dielectric constant film on substrate comprises depositing film comprising
silicon, carbon, oxygen and hydrogen in chemical vapor deposition chamber, and
exposing film to electron beam to increase its hardness.

US6703302: Inventor: Miyajima, Hideshi; - Method of making a
low dielectric insulation layer - Fabrication of semiconductor device by heating
silicon-containing low dielectric constant insulating fitm while irradiating with
electron beam, and exposing the film to gas which promotes bond formation of

silicon atoms.



silicon-containing |ow dielectric constant insulating
filmwhile irradiating wwth electron beam and
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providing an el ectron source, an anode grid between
the electron source and the sem conductor structure;
curing the filmby exposing the filmto an el ectron
beam fromthe electron source that passes through the
anode grid; and controlling the electron beam by
controlling the bias voltage between the anode grid
and the sem conductor structure. Another exanple
enbodi nrent of a nethod of curing a fabrication of a
filmover a substrate that conprises the steps of : a)
provi di ng a sem conductor structure conprised of a
substrate; an interconnect structure over the
substrate; a filmover the sem conductor structure;
(1) SHMMARY OF THEXAMBALEEMBODIENTS IQFATHETNENITION
with a dielectric constant less than 3.0 or a
photoresist material; 5 (2) the interconnect structure
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oxi dation barrier, a guard ring, a crack-stop netal
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bet ween t he éreptampie esthndieenind a heetsahbtowmthges Gim over a

X i the filmby . exposing the filmto
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beam by controlling the bias voltage between the anode

interconnect structure; and providing a film over the semiconductor

structure;

T providing an electron source, an anode grid between the electron
source and the semiconductor structure;

7 curing the film by exposing the film to an electron beam from the
electron source that passes through the anode grid; and controlling the
electron beam by controlling the bias voltage between the anode grid

and the semiconductor structure.

Another example embodiment of a method of curing a fabrication
of a film over a substrate that comprises the steps of :

a) providing a semiconductor structure comprised of a substrate; an
interconnect structure over the substrate; a film over the
semiconductor structure;

(1) the film is comprised of an organic low K material with a dielectric

constant less than 3.0 or a photoresist material;



grid and interconnect structure. d) and controlling
the el ectron beam by controlling the voltage bias

bet ween the anode grid and the seni conductor structure
by measuring the current flow between the anode grid
and the sem conductor structure; (1) controlling the
vol tage on the and anode grid to mnimze the anount
of electrons that penetrates totally through the film
Anot her exanpl e enbodinent is a thin film processing
systemto cure filnms that is conprised of: a
processi ng chanber, an el ectron source, a device
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device holder. In an aspect of this enbodi nent
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between the anode grid and the semiconductor structure by
measuring the current flow between the anode grid and the
semiconductor structure;

(1) controlling the voltage on the and anode grid to minimize the

amount of electrons that penetrates totally through the film.

Another example embodiment is a thin film processing system to
cure films thatis comprised of: _
-1 a processing chamber, an electron source, a device holder; an anode
grid between the electron source;
21 the electron source is adapted to send electrons thru the anode grid
towards a semiconductor structure over the device holder.
= acontroller for controlling the bias voltage between the anode grid and
a semiconductor structure with an overlying film in the device holder.
tn an aspect of this embodiment further includes a current meter

to measure the current between the anode grid and the semiconductor structure.



i nstance, sone of these advantages nay be nutually
contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone
advant ages are applicable to one aspect of the

i nvention, and inapplicable to others. Furthernore,
certain aspects of the clainmed invention have not
been di scussed herein. However, no inference should
be drawn regarding those discussed herein relative to
t hose not discussed herein other than for purposes of
space and reducing repetition. Thus, this sumary of
features and advantages shoul d not be consi dered
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a tool and a nethod for curing a filmaccording to an
exanpl e enbodi nent of the present invention. Figure 3
is a top down view of an crack stop cat hode structure
according to an exanpl e enbodi nent of the present
invention. Figure 4A is a top down view of exanples
cat hode structure according to an exanpl e enbodi nent
of the invention. Figure 4B shows a cross sectiona
view of a second level film being curried according
to an exanpl e enbodi nent of the invention. 8 Detailed
Descri ption of the Exanple Enbodi nents A detailed
description will now be provided. Various terns as
used herein are defined below To the extent a term
used in a claimis not defined below it should be
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Figures 1 is schematic view for illustrating a tool and a method
for curing a film according to an example embodiment of the present invention.

Figures 2 is another more detailed schematic view for illustrating
a tool and a method for curing a film according to an example embodiment of the
present invention.

Figure 3 is a top down view of an crack stop cathode structure
according to an example embodiment of the present invention.

Figure 4A is a top down view of examples cathode structure
according to an example embodiment of the invention.

Figure 4B shows a cross sectional view of a second level film

being curried according to an example embodiment of the invention.



enbodi nent uses feedback from an interconnect/cathode
structure that is under the filmbut over a
substrate. The e-beamtool has a anode grid positioned
between a el ectron beam source and the substrate. The
dose and energy of the electron beamcuring the film
is controlled by feedback fromthe current neasured
by the interconnect structure. The electric field
bet ween fl oati ng anode and wafer Cu i nterconnect
| ayer is used to reduce/control electron speed to nmake
sure there are mninumelectrons hitting any Cu
i nterconnect during curing. 9 In a first genera
exanpl e enbodi nent shown in figure 1, we provide a
sem conductDetaded Desoriptivh afttherE>serdplefEmbodirsents e 11
and an interconnect structure 20. W provide a film
42 over the sem conductor structure 10. The
i nterconnect structure 20 is only schematically
illustrated and s not accurately drawn. The
i nt er connect As¥gtated desiptionwitheow hegrpeided oV arious terms as
B5&9neldif8® (Fé*h’%#j BAERSFE MR éﬂ@ﬁf&' tdrfM l%e%ﬁ%‘(f&%ﬁn iSX8t defined
or nore levels o conductive Tnterconnects (sSuch as
below, itishoekl KeMiiveivithe braadeshadefirtitiom peéraoms ingthetgeatinent art have
onnect, .the netal |ayers), The interconpect structure
RN S TefsasSphhtacl R Euctigs i Sovd bbbl
nore bel ow. The interconnects or cathode structures
are electrically connected to the bias controller 30.
A curing tooPone gxapigambraimegtsofdha imentign praide a
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devices. Some example embodiments of the invention provide a significant and
unexpected improvement in hardness, cracking threshold and other mechanical

properties of an low k or ultra low dielectric constant fitm by curing the entire film.

Il Overview of example embodiments

An example embodiment is a method to e-beam cure a film while
minimizing charge damage to FETs and other devices under the film. An
embodiment uses feedback from an interconnect/cathode structure that is under
the film but over a substrate. The e-beam tool has a anode grid positioned
between a electron beam source and the substrate. The dose and energy of the
electron beam curing the film is controlled by feedback from the current measured
by the interconnect structure.

The electric field between floating anode and wafer Cu
interconnect layer is used to reduce/control electron speed to make sure there are

minimum electrons hitting any Cu interconnect during curing.



tubes. W cure the film(e.g., dielectric layer or
phot oresi st |ayer) 42 by exposing the film42 to an
el ectron beam of electronsl6 fromthe el ectron source
12 that passes through the anode grid 24. W contro
the electron beam 16 energy by controlling the bias
vol tage between the anode grid 24 and the

sem conductor structure 10. The el ectrons have a first
energy El before the anode grid 24. The electrons 16
have a second energy E2 after the electron grid. The
bias voltage on the grid 24 changes the el ectron

energy. The '

controller 33”%gﬁa%é”%oﬁ‘?eég&@‘p%%&?’@ﬁ@ rﬁt%@ﬂ}i] ﬁsﬂgu“ﬂ we
med@lalsem:acﬂde&tcmmeMredOtoamdmed effacubdtiateor1 and an
structure which acts,as a r}ﬁ%e under the film 42
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g measure the current between the anode grid and

i nterconnect structure 20. This current, 10 the

el ectrons paddierptereannechatrgsture 2Gis ady sehematicadly Wlustrated and
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SHRT At W& nicTal FHRNE). rt‘ﬂefaht@%cﬁm%ct UGB GPNANGHET cathode
structure is conprlsed a conductive 1 nterconnect

strucigray whighd@ire dmbgsqcbmre below. The interconnects or cathode
structures are electrically connected to the bias controller 30.

A curing tool is provided having a chamber 32, an electron
source 12, an anode grid 24 between the electron source 12 and the
semiconductor structure 10. The electron sources can be comprised of electron
tubes.

We cure the film (e.g., dielectric layer or photoresist layer} 42 by
exposing the film 42 {o an electron beam of electrons16 from the electron source
12 that passes through the anode grid 24. We control the electron beam 16
energy by controlling the bias voltage between the anode grid 24 and the
semiconductor structure 10.

The electrons have a first energy E1 before the anode grid 24.
The electrons 16 have a second energy E2 after the electron grid. The bias
voltage on the grid 24 changes the electron energy.

The anode grid 24 is connected to a bias controller 30 (e.g.
voltage controller). The bias controller 30 is connected to the semiconductor
structure which acts as a cathode under the film 42.

The bias control 30 can also include a current meter to measure

the current between the anode grid and interconnect structure 20. This current,

10



Referring to figure 2, we-provide a sem conduct or
structure 10 conprised of a conductive interconnect
structure (e.g., 20) and a sem conductor substrate
11. The sem conductor substrate 11 is preferably a
silicon substrate including sem conductor wafer or
substrate. The substrate can have active and passive
devices fornmed within wafer, poly gate, inter-poly
oxi de etc. For exanple, FET device 14 (e.g., gate,
gate dielectric, spacers, S/D) is shown. FET
transi stors can be forned in and on the substrate and

. Ik .
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doéte biasesotrakeri The fesaruneehs or platerablyRitistartially zero current
I nt er.connect agiucture cgg pe conprised of one or nore
ipERigeh Ao damags fedhedevices ych as contacts, first
netal levels (e.g., M), second netal |evel (e.g., M)
and higher netal |evels, The interconnect structure
can be conprised of copper (Cu), alum num (Al)

i

tlingst en (W ,Segangkexamgle egipodiment mathed gandies! supture
and is nore referably conprised of copper. 11 The
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conductive layer (s) that helps forma cathode under

the dielectric layer 42. The interconnect structures
and cathode structures are electrically connected to

the sypstrat esélﬂico%%res(f?&cﬁ#%?é EB&P?%W% conductive
/or c

structures are passive an I'p prfotection
st ruct ur es{ntewednnect FOBCctwmes sot @ subsfaatleon barrier),

guard ring, crack- _ ) )
Referring to figure 2, we provide a semiconductor structure 10

comprised of a conductive interconnect structure (e.g., 20) and a semiconductor
substrate 11.

The semiconductor substrate 11 is preferably a silicon substrate
including semiconductor wafer or substrate. The substrate can have active and
passive devices formed within wafer, poly gate, inter-poly oxide etc. For example,
FET device 14 (e.g., gate, gate dielectric, spacers, S/D) is shown. FET

transistors can be formed in and on the substrate and under the film.

The conductive interconnect structures can be comprised of
metal plugs 18 or lines 20 or dual damascene interconnects. The conductive
interconnect structure can be comprised of one or more interconnect levelsfiayers,
such as contacts, first metal levels (e.g., M1), second metal level (e.g., M2) and
higher metal levels,

The interconnect structure can be comprised of copper (Cu),
aluminum (Al), tungsten (W), silver (Ag), gold (Au} or platinum (Pt), and is more
preferably comprised of copper.

11



stop netal bar, Via-fill, etc. Cathode structures are
descri bed nore below. B. Hol der A substrate hol der 13
can contact the substrate 11. The substrate hol der,
the substrate 11 and the interconnect structure (e.g.,
18 20) can froma cathode structure that is connected
to the Bias control and current neter 30. The hol der
is conprised of a conductive material. C. dielectric
barrier layer A dielectric barrier |ayer 41 can be
formed over the interconnect structures 20 20A. If
the interconnect structures are conprised of Cu, the
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pastboliordstpedures| sect ad MOB (holdtek exidation aRsriRfuakdring, crack-
refer%b y 12 conpri sed of porous

é&q%ﬁpsﬁeaéa? gk, G Latkiods inkrtures Araiie3erBegineare helow.

constant k<_ 2.6. The lowk or ULK carbon-doped oxide
is nogral |y frpsmpeg by chem cal vapor deposition
(CVD), and nore preferably by plasm enhance CVD
(PECVD). Lok kulmstrath Kokiet rmsoa:arpd:mttaa:teaésub@tcméed Dite

sté}raqe hof“‘dD OStlhteI s%%s{:rg% F 1I and RIe m%‘erconnect structure (e.g., 18 20) can
from a cathode structure that is connected to the Bias control and current meter

30. The holder is comprised of a conductive material.

C. dielectric barrier layer

A dielectric barrier layer 41 can be formed over the interconnect
structures 20 20A. If the interconnect structures are comprised of Cu, the
dielectric barrier layer 41 can be a thin film layer of a Cu diffusion barrier 41. The
Dielectric barrier layer is preferably comprised of SiN, SiON, SiC, SiCN, or SiOC.

D. film
The film (e.g., dielectric layer) to be cured can be comprised a
low-k dielectric layer 42 or of a photoresist material.
A low-K dielectric layer 42 can be formed over dielectric barrier
layer 41 to a thickness of preferably from 800 to 15000 ANG. and more preferably
from 1000 to 12000 ANG. The low-k dielectric layer is preferably comprised of

carbon-doped oxide film with dielectric constant k< 3.0, and more preferably
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this nethod. A photoresist material is a |ight
sensitive material. E. Contact to Substrate and

i nterconnect structure Figure 2 shows that the top
edge 50, sides and bottom of the substrate can be
cl eaned to renove all the coatings to allow a good
el ectrical <contact. A wet etch can be used. The
substrate 11 is electrically connected to the

i nterconnect structures which are close to the
dielectric |layer 42 that is being cured. F. e-beam
tool Still referring to figure 2, we provide an

?:hgrﬁ)tritlst%‘ of gb‘foﬁg c]a?borﬁ-‘go%e%f‘depﬁ émtr%%\ivvgﬁ é%ivﬂ}hzéllelké%{r}gec%%stant

el ectron source semcC ucto

Er2UE THedl ok ol DEKalaelsdi-aop&duxiae i€ AdrmdiydFoithsd Bl ich¥mical
of electron tubes. The e-beamtool can also conprise a

YREADEPOsEoNHEY unpé mude Prefreabhehy elasmacediance CVD (PECVD).
FPAFbLOEK 1 Sy RRREE! oot B8y P BUOMIEGATR bo curc

dhie method.f Aglhdiaresist aiaéatidbis 3 hghtwsehtidige noatetidle gri d
24. The anode grid 24 can be shaped like a screen
mesh that allows the electrons to pass thru. 13 G

Feed back control system A feed back control system
can be used to control the energy of the el ectrons

irradiated fromthe electron source using the e-

currefit det e&o%aﬁ‘éto %Hésiféferﬁb‘g”&tﬁf‘i&’mﬁcé Strjchiiees 1

and 2 show an-. e fe ack contral circuit. = A

bi as contr ol Irheﬁ‘I )%gnr?(;grbod‘fsrtg%{ &?&P@lﬁg% 53’1' 8’%&%‘3&0&1’”} Bf the
shisstrate can be cleaned to remove all the coatings to allow a good electrical
contact. A wet etch can be used. The substrate 11 is electrically connected to the

interconnect structures which are close to the dielectric layer 42 that is being

cured.

F. e-beam tool

Stilt referring to figure 2, we provide an electron source 12, an
anode floating grid 24 between the electron source 12 and the semiconductor
structure 10. The electron source can be a plurality of electron tubes.

The e-beam tool can also comprise a chamber 32 that surrounds
the semiconductor structure, and anode grid.

Figure 2 shows the anode floating grid 24. Electrons are
influenced by the electric field generated by the voltage on the grid 24. The anode

grid 24 can be shaped like a screen mesh that allows the electrons to pass thru.
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i nterconnect structure possibly thru the substrate

hol der 13, and the substrate 10. The bias controller
and the current neter can be separate devices and be
separately connected to the tool. The current nmeter 30
I's connected to an anode grid voltage controller 36
and to the anode grid. The anode grid voltage controls
the voltage on the anode grid which can control the
e-beam current to the sem conductor structure. A
current neter can be used to nonitor the current in
between anode and cathode for e-beam curing process

opti ation. Fé%%%#fjél%%@#é)?gg’ggegﬁmge i n between anode

and cat hode, may occur.

Qoti mum cur iAgeRNRER n?rBP%ﬁ}s‘{’e%%%g éfeou%%”a P{tﬂeyn%r%rgyof

current in between anode an cath

theeelBrirons stadiated foonthiecelectfaresbusae kisingrihe a- c\menm@ected by
hef I | ng ebeam We then expose the film42 to
g\ 8?%8& %éaem 16 fromthe el ectron source 12 by

cont rol ling tHiquresargn 2khow!aecdaamplb esat ﬁ@cl@&ontroi circuit,
control ling the vol tage on the and anode grid b

measuring t Hebigg PPBH@“?"IEBW GEFaRt gpteheld affbﬁé’"@q@ toghe
%Qrcbhﬁeét@tl‘%&ﬁ@ E@%%R?C}EHP&% bsibte KAGLT 3. drfdGhe substrate 10.

voltage on the a egrl to mnimze tthe ano
dhedliasccordradlet And thepemeentanetet oarabéysepam@ ghvicas aﬁd Ibm

j el ectrons 16 have a energy El
\/\é@%ﬂaﬁ% 'ﬁrbescl?%ﬁgo ti'leeE?lron source 12. The anode grid
ei ther sl ows Tole Areet BTadES0 s nnedRdlie adrandRed ity vdiage
the el ectrons have sufficient energy to

ﬁgﬂtg{ﬂ%‘;@g gnertg theyg@nede gnid. The anode grid voltage controls the voltage

on the anode grid which can control the e-beam current to the semiconductor
structure.

A current meter can be used to monitor the current in between
anode and cathode for e-beam curing process optimization. if current is detected
in between anode and cathode, potential charge damage may occur. Optimum
curing process should lead to substantially 0 current in between anode and

cathode.

H. irradiating the Film using the cathode feed back control

We cure the film 42 using ebeam. We then expose the film 42 to
an electron beam 16 from the electron source 12 by controlling the energy of
electron beam 16 by controlling the voltage on the and anode grid by measuring
the current flow between the anode grid 25 and the interconnect structure. We
control the voltage on the and anode grid to minimize the amount of electrons that

penetrate totally through the film.
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wi t hout penetrating too far and passing thru the
entire film42 to the device interconnect (e.g., Cu)
whi ch can cause charge damage to the underlying
devices (e.g., FET) . Figure 2 shows the el ectrons
have an energy EO as the electrons pass thru portions
of the film42. By controlling the bias, the el ectrons
can be controlled to not pass all the way thru the
film42. E-beans can go thru the film 42 but stop
before the interconnect structure 20. Only lTowk film
42 needs to be e- beam cured. E-beans can go through

t he | k fil t I S - b .
my go | nto G eV ieftoe £ Baeaenaia C1agen leaving
laed Bleetrbh eYurceer Thbhmddaticaites @towsadreacc%férat&%é m to an
back | oop &hqtghepl ncl udi ng the current neter) can

geewt a2 fo lestrens hawe suiliciast ﬂ@@r@yéﬂ pesctaie thru the film
|
G\ﬁthgefjgerﬁé?rtaéﬁg ?Fﬁ&%!l‘# ;g@sts LRI dé)rﬁ ? t8 r't‘he c{eﬁrgzte

curren en ano hode,
imeicoanest (saneCe) which@as aaeae lthéxgd dﬁmagmmmeturﬁmdying devices

B o B AT 2 i o etiro B v AT BB AR 8 epirons

pathada. poﬂldifse)fcmﬁk!; mna42 MY oAi®IHRg tHf bigh &Rk ehittroms!dan be
reach the interconnect (e.g Cu 1 nterconnect surface)

wPRtRoltsst orighpass alh i way #yuﬁh@él&@ ¢2. n- b,elaawg@amg@ Ithgethe film
qoniNei %)t %f@u"égtﬂeqﬁtérbq&nécﬁ sﬂ'ﬁg ?Qt 8 rikor Ee&dsoto be e-
charge d e ca

cause Fuct res
beaoctureds Eelmarbe can gortociughehaloveadymet?i tetdung it aontpheely.

%Qndug%dﬁ\%%%%’er@) gﬁ%ﬁ@l%ﬁy g é%r@{ 383@03?%@%%8&)('#\&9 they

ségdapﬂ—,@rm&r@rnaegtag%m and/ or chip protection
structures, such as MOB (noisture oxidation barrier),

guard ring, crack-stop nmetal bar, Via-fill, etc, 15
The feed back loop (e.g., including the current meter} can be

used to monitor the current in between anode and cathode for e-beam curing
process optimization. If current is detected in between anode and cathode, that
indicates some electrons reach Cu interconnect and potential charge damage may
occur. Optimum curing process should lead to 0 current in between anode and
cathode. Since only a small amount of electrons will reach the interconnect (e.g.
Cu interconnect surface) with optimum e-beam curing process, no charge will be

conduct through Cu line to accumulate on transistor to cause charge damage.

I cathode structures

The cathode structures can be a structure already existing on the
conductive interconnect layer or can be a specially made structure. Example of
existing cathode structures are passive and/or chip protection structures, such as

MOB (moisture oxidation barrier), guard ring, crack-stop metal bar, Via-fill, etc,
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Fi gures 3 and 4A show exanpl es of cathode structures
that already existing on the interconnect |ayer 20.
Figure 3 shows a top down view of an crack stop

cat hode structures 46A. Figure 4A shows a top down
view a noi sture /oxidation barrier at the chip edge
and crack stop. Figure 4B shows a cross sectional view
of a second level film (e.g., dielectric layer) 42B
being curried. The dielectric barrier layer 41 is over
the interconnect structure 18 220 18B 20B. The

cat hode structure 18 20A 18B 20B is shown on anot her

regi on of the_.structur 0, The cathod rycture

coul 3 1 epr eSATeR LA 4BRNORIS RS HESANPIS FITUEiEesiha
Qready eRistihd) ©nake URedbhs IAEY zea%g&#% $EMoes Hit6S doWhSiew of
cat hode structures can be a specially made structures

BRgrackystopiathgste strusturend6éx i gi nal desi gn. The

Optional cathode structures 20A are "MOB, guard rings"

that are not needed, but are made on the chip so that

they can be hige® 45 shhavhadep sibwnotew es moistumpioridativh®arrier at

i-ebg@rgr} C ri)anr{cklbgrﬁggg%%mwhny times BECL interconnect

, guard rings structure so that

the device stigyel4B SowsB PEsPESBREBHaW bf BRBcBhG i@ film
and packaging. In case there is not MOB, guard ring

§e-Huctielpelsic laert44B bpibwi @irtigd.pihig delestrisdiasrian layerad is over the
. ot .

TR HE Bl 8 B a8 BR TR PR MBS a R P 208 i

shownfdn angihecregkinny tsy streciute1@.uTle datbbde structutayeuld

E?@rg??%tﬁggﬁqrc@s‘?%@ %é S 8{’,"%&@@%3%}% r(])g gﬁ{(‘% 16 abSVe discussed

cathode structures.

The cathode structures can be a specially made structures that
are not part of the original design. The Optional cathode structures 20A are
“MOB, guard rings” that are not needed, but are made on the chip so that they can
be used as cathode structures to improve the E-beam curing process. Many times
BEOL interconnect is designed to have MOB, guard rings structure so that the
device structures can be protected during dicing and packaging. In case there is
not MOB, guard ring structures, we can specially build in some similar structures

like MOB or guard ring to sever as cathode structures.

Iv. ebeam tool with the feed back system

A thin film processing system to cure dielectric layers can be
comprised of:
a) a processing chamber, an electron source 12, a device holder; an

anode grid 24 between the electron source 12;
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anode grid 24 between the el ectron source 12; 16 b)

the el ectron source adapted to send electrons thru

said anode grid towards a sem conductor structure

over said device holder. c) a controller for

controlling the bias voltage between the anode grid

and a sem conductor structure with an overlying film

in said device holder. The systemcan further include

a current nmeter to nmeasure the current between the
anode grid 24 and the sem conductor structure. B

Revi ew E-beam cured filns require high enough e-beam
ener gy yan Q . .
ani 1 o 1y g BRERph BobEl b R RE o ¥iru ggicangde gri
hi gh. O héowarsls & $eyicand lctaustalctdrerowey Baidndevieshddéd. | m

and reach underneath .interconnects to cause charge )
damage 67 BEYPIY orantiling M Rhies VOlageditieson Bk popdeard and
t he anode gHdnficahd s AR Re WilthakbasryiRi filfd #23di@Bevice holder.
between floating grid and cat hode structures on the

wafer (e.g., Gie$ ycanfuéherdnplode mesrrent ntater loonaesire the
ke ! . i I ¢

2t ehPbaisEnThe dhbit 67 A Nnd ER e Boldlieuct R

sonme exanpl e enbodi nents are: 1. Design to use the
floating grid inside the e-beam chanber as anode; 2.

Design to use the existing passive and/or chip

protection structures, such as MOB (noisture

oxi dation barrier), guard ring, crack-stop netal bar,

Via- fill, et_al, on wafer as cathode; One can even

speci H-cal | y R®¥PYn sone structures and build them on
chips to ser V@—bggmc&trggﬂ%ss’tt‘erq%‘i:rte%ig?lﬁc’ enough e-beam energy and
does to get cured completely and uniformly. Meanwhile the e-beam energy can't
be too high. Otherwise they will punch through the low-k film and reach
underneath interconnects to cause charge damage on device. The embodiments
feedback control of the anode grid allows anode grid bias optimization between
fioating grid and cathode structures on the wafer (e.g., Cu layer). The
embodiment’s interconnect and cathode structures that underlie the dielectric layer
provide superior feedback.

Other features of some example embodiments are:

1. Design to use the floating grid inside the e-beam chamber as anode:

2. Design to use the existing passive and/or chip protection structures, such
as MOB (moisture oxidation barrier), guard ring, crack-stop metal bar, Via-
fill, et al, on wafer as cathode; One can even specifically design some
structures and build them on chips to serve as cathode structures:

3. Apply bias between anode and cathode to form electric field to control the
e-beam energy which is coming down through floating grid to organic low-k
fitm for curing;
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3. Apply bias between anode and cathode to form
electric field to control the e-beamenergy which is
com ng down through floating grid to organic |owk
filmfor curing; 17 4. Electric beamenergy wll
reduce or increase when it passes through the

electric filed between anode and cat hode; 5. The bias
is adjustable/controllable so that we can optin ze the
bias according to organic lowk filmthickness to
make sure the e-beam energy becone O just before the
e-beamreach Cu surface; 6. A feed back |oop like

curge r_can be used to nonitor the current in

bt o e o e e WGEh s OB Meieise lforghps rsdbtbuch he
opt i Mekstricdfiled bbtwadi aedtle Ad d@thegéed i n between anode
and_cat hode, . that indicates sone electrons reach Cu

i nt'®r ¢ ORMRY isadiustahlesonipliaiie pe dhalavmgrn aplmizedhe bias

i | - el i
ot we S higs RUARE Rk B ekt i EHIHIAS olbam energy
el ect benome|d jusiceefbredhesatbéameeadh Busptfaoem e- beam

i 1" Bt BaRE Fuopl s rURRE midat o b St Bempri g8 ottent in
damageetwaem@ibdd did tdtbog firY-BefOHh GBI sk BptiRfzation. If

above description numerous specific details are set
f or t hCUdeRls dstadtedinhatwsen gnedg gnd cathodenthat indicates some

thi ckpR3a88s réldh Gu iﬂe%ﬂﬁ%ﬁé&g%&%tﬂa@.cﬁarg%{cfag?]agerwgg Secur.

t hor ough understandi ng o resent Inv
ski | | &ptirunn bering progeks showdll¢abtot hatrrgabvie bebreddn argsie and
resi dg%%dgj nmes, gas flow rates are equi pnent specific
7. Since almost no electron will touch Cu surface with optimum e-beam curing
process, no charge will be conduct through Cu line to accumulate on

transistor to cause charge damage.

C. non-limiting example embodiments

in the above description numerous specific details are set forth
such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
thorough understanding of the present invention. Those skilled in the art will
realize that power settings, residence times, gas flow rates are equipment specific
and will vary from one brand of equipment to another. It will be obvious,
however, to one skilled in the art that the present invention may be practiced
without these details. In other instances, well known process have not been
described in detail in order to not unnecessarity obscure the present invention.

Although this invention has been described relative to specific
insulating materials, conductive materials and apparatuses for depositing and
etching these materials, it is not limited to the specific materials or apparatuses but
only to their specific characteristics, such as conformal and nonconformal, and

capabilities, such as depositing and etching, and other materials and apparatus

18



and wll vary fromone brand of equi pnment to another.
It wll be obvious, however, to one skilled in the
art that the present invention nmay be practiced

wi t hout these details. In other instances, well known
process have not been described in detail in order to
not unnecessarily obscure the present invention.

Al t hough this invention has been described relative to
specific insulating materials, conductive materials
and apparatuses for depositing and etching these
materials, it is not limted to the specific materials

Sen R RRNNR o8 e DRtonsR) SR Ko misapiecronics
aanis aftmmprddiatingihe@mmm\@apml ting and etching, and

other materials agg arﬂ% us 15 can be substituted as .

is well under3¥69 Ebvg ¥ Ok eqibedinggnts [T thegoresent invention just
S E AL Ghe Qﬁb\ﬁesdeﬁ'ibﬁoﬁfahﬁrillﬁlﬂﬂﬂ&% ShdvPBot B? tﬁe‘éﬁé‘éﬂ'ﬁmiting the

i nvention G ven the variety of enpodinents o
eesent thenvrepentdnvgniien dediesd rblykml claime above

description en . a .
oniti g the e b BRSNS SIRbARbuATy S AR stpscribed
lyitht deéerehee tosthe \héfeeretifambadimehisathehas, ibatinbe understood by those
tsﬁrtl cuk arl% shown and descr.i ?ed W th refer ence

Do Tt e g it and goals mayebe mado without

ldi@:ﬁ@ftﬁnbﬁﬂﬂn We §hAssnd §c|ﬁdé &dht "h\)fehﬁoﬁ‘r Itid nd’éi‘:f {fo¥b¥er various

es in formand details my be nmade wt

dqeshiqatings Bne simils asindementiagd opsedirashend rhlv@ Atdmof the

[

SppbfidedERRE et oo R BElsRTaoRl bidsE MeBdagn soas o
eheomappe ald edch:imdrimaﬁdirw afdsienikharhdgbeeatcaidadcbieres.
broadest interpretation so as to enconpass all such
nodi fications and simlar arrangenents and procedures.
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What is clainmed is: 1. A nmethod of curing a dielectric
| ayer over a sem conductor structure, conprising the
steps of : a) providing a sem conductor structure
conprised of a substrate and an i nterconnect
structure; and providing a filmover said
sem conductor structure; b) providing an el ectron
source, an anode grid between the electron source and
t he sem conductor structure; c) curing the film by
exposing the filmto an el ectron beamfrom said
el ectron source that passes through said anode grid,;
and controlling the electron beamby controlling the
bi as vol tage between the anode grid and the
sem conductor structure. 2. The nethod of claiml
wherein said sem conductor structure is conprised of a
substrate, an interconnect structure over the
st d the filmis over the interconnect
strugég%gvmg$'The met hod of claim 1 wherein said
é efirsethdd of ourirgl a didlectscilsyer onpr a sedhiafndactos whsitiuaé, esomprising
|nHercopnect structure over the substrate, and a

H] e tPY & varrier | ayer over the interconnect
St r uct gy grodftthd &eemidoRdustd? selcluhe coﬁ\!pﬁé@d:bf h&uB&FAtk@ind an
layer. 4. The method of claim1l wherein sa
sem condulPteseoriact struetirg: sard prvidie afim 0V§U paitlrsgmiconductor
an |ntercgﬂﬂﬁﬁb structure over the substrate, the
i nterconnect sttructure is conprised of a structure
sel ect e prafmg ha deadugn saons, @t amtgjmgrlcabemwn thenelect@on
via plug, aSSIYG devi ce Brotectlon

sGurb83Rd e semlcondugtor s{rgct
¢) curing the film by exposing the film to an electron beam from said
electron source that passes through said anode grid; and controlling
the electron beam by controlling the bias voltage between the anode
grid and the semiconductor structure.
2. The method of claim 1 wherein said semiconductor structure is comprised of a
substrate, an interconnect structure over the substrate, and
the film is over the interconnect structure.
3. The method of claim 1 wherein said semiconductor structure is comprised of a
substrate, an interconnect structure over the substrate, and
a dielectric barrier layer over the interconnect structure and the film is over the
dielectric barrier layer.
4. The method of claim 1 wherein said semiconductor structure is comprised of a
substrate, an interconnect structure over the substrate,
the interconnect structure is comprised of a structure selected from the group
consisting of a metal line, a via plug, a passive device, a chip protection

structure, a moisture oxidation barrier, a guard ring, a crack-stop metal bar; and
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structure, a noisture oxidation barrier, a guard ring,
a crack-stop netal bar; and 20 a dielectric barrier

| ayer over the interconnect structure; and the film
is over the dielectric barrier layer. 5. The nethod of
claim1 wherein said filmis conprised of an organic
low K material with a dielectric constant |ess than
3.0. 6. The nmethod of claim1l wherein said filmis
conprised of a carbon doped oxide wth a dielectric
constant less than 3.0. 7. The nethod of claim1l
wherein said filmis conprised of a photoresi st

mat,ef: . ' the bi as
voPiigBbiic id e T ar e B sHIGUR o by
me#sufimds bh@'therdlia@d:tnélbavm&e@ymen t he anode grid and

the sem conductor structure. 9. The nmethod of claiml
wherein the bias voltage between the anode grid and

5N he eRd1reA & elfh 15\R/ﬁé¥‘é§n”s§|d fAntiRRbhris8d of 9n 'Hr L 36w K
the amount of electrons that penetrates total

t hivatgraliwith aidigledrie censtagidess tteain A0net hod of cur ing a

f [ [ strate
5 53688 o el L BAERMT <5 5 BB BLRRLE Rl o owe
st wﬂbtwdelmmrmwhwéssathsubsmratfe Ian i nter connect
ctur r said substrate; a filmover _said

etE sheified 8 cleip Jovhiprein said filds cpmprised ebamhlasasist material.
an organic low K material with a dielectric constant
|l ess than 3.0, or of a photoresist material; (2) the
Bntldiec ratbed okelaim fuvieerpin theriay wettgeforahetanadeigrie is controlled

seberbEr by RBsuring the current flow between the anode grid and the
semiconductor structure.

9. The method of claim 1 wherein the bias voitage between the anode grid and
the semiconductor structure is controlled to minimize the amount of electrons

that penefrates totally through the dielectric layer.

10. A method of curing a fabrication of a dielectric layer over a substrate,
comprising the steps of :

a) providing a semiconductor structure comprised of a substrate; an
interconnect structure over said substrate; a film over said
semiconductor structure; |
(1) the film is comprised of an organic low K material with a dielectric

constant less than 3.0, or of a photoresist material;
(2) the interconnect structure is comprised of a structure selected from
the group consisting of a metal line, a via plug, a passive device, a
chip protection structure, a moisture oxidation barrier, a guard ring,
a crack-stop metal bar;
b} providing an electron source, an anode grid between the electron

source and the semiconductor structure;
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the group consisting of a netal line, a via plug, a
passi ve device, a chip protection structure, a

noi sture oxidation barrier, a guard ring, a
crack-stop netal bar; b) providing an el ectron source,
an anode grid between the electron source and the
sem conduct or structure; 21 c) curing the film by
exposing the filmto an el ectron beam from said

el ectron source that passes through said anode grid;
and controlling the electron beamby controlling the
bi as vol tage between the anode grid and interconnect
structuge..qiﬁ%ﬂﬂ control|ing the el ectron beam

b .
cont r ot P B RagrPosinghedinie ap qlerdr OfrioRAM gf)l'(‘P'B said
and the seEcGBRWGEY thal ;Bééc‘sre'értﬁrd@xkjg s‘aéﬁgéﬁ]deé@rid;%d controlling

current flow between the anode gri
sem condutheoelestrenibeame by(controdmgrtbe biasgvaltagenetwegrethe anode

th . . Q] i ni.ze the amount of
glnect ?oﬁgg{’ﬁ%?ﬂgiggéél??%rie%ég{rg’%tg}%y t hr ough ;Jhe film

11. The) retchamhtielingl the eletfrontbemen nbacoftestier tewolaysdsas
the sem c nductoF18 structuyre, and anode grid and the

el ectron gliyeas thg angge @rigand _ PFEMicRyI&tarsiructure by
seni condugdcisufihg W SlirBant WBR! BthebAehs HASHd gﬁ@ ahaltsler

the substrate and the interconnect structure act as a
cat hode uRg@ICONdECHr Bimicta®; The net hod of cl ai m 10

Subst r at o HekrRARD 13 Bonack, orP S Al i ffiige e

10 wher e t hemonheofcalactants thtit petiatrated totdllahragiheSes;

11. The method of claim 10 wherein a chamber surrounds the semiconductor
structure, and anode grid and the electron source; a substrate holder holds the
semiconductor structure; wherein the substrate holder, the substrate and the

interconnect structure act as a cathode under the film.

12. The method of claim 10 wherein a FET transistor is formed in and on the
substrate and under the film.

13. The method of claim 10 where the interconnect structure further comprises:
copper interconnects; and
a dielectric barrier layer is over the interconnect structure; and the film is over
the dielectric barrier layer.

14. The method of claim 10 where the interconnect structure further comprises:
copper interconnects; and
a dielectric barrier layer is over the interconnect structure; and the film is over
the dielectric barrier layer;
the dielectric barrier layer is comprised of a material selected from the group
consisting of: SiIN, SiON, SiC, SiCN, or SiOC.
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copper interconnects; and a dielectric barrier |ayer
is over the interconnect structure; and the filmis
over the dielectric barrier layer. 14. The method of
clai m 10 where the interconnect structure further
conprises: copper interconnects; and a dielectric
barrier layer is over the interconnect structure; and
the filmis over the dielectric barrier |ayer; the
dielectric barrier layer is conprised of a materi al
selected fromthe group consisting of: SIN, SiON,
SIC, SICN, or SIOC. 22 15. Athin film processing
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controlling the bias voltage between the anode grid
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meter to measure the current between the anode grid and the semiconductor

structure.
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