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| STEP AIN-PVD FOR IMPROVED FILM PROPERTIES

BACKGROUND OF THE INVENTION |
Field. of the Inventton .' B

The present mvent:lon relates to a metalhzatl.on process for manufactlmng
semlconductor devxces Mqre parhcularly, the i mventlon relates toa method for deposmng_

alummum mtnde ﬁlms

Back f'ound of thie _Related Axt _

Surface acoustlc wave (SAW) and bulk acousue__ wave (BAW) dewces are c1rcu1t
devmes whmh conduot s;gnal processmg by conv g ectncal agnals to acousuc_.
waves, ‘and ﬁom acoustlc waves to elex ighe ity to ﬁ%ansfer sound waves"
into. electncal data, and elecl:ncal data mto sound waves have made SAW and BAW |
devices w1de1y used as ﬁlters resonators, delay lmes, and other elecmc-acoustlc devices in
communications and related fields. In partlcular, SAW and BAW devices are highly
desirable for use in the mobile radio communications field since the acoustic wave devices

have a simple construction which provi&es effective radio filtration characteristics for use

_ in mobile communication electronics. Recently, an.increasiﬁg- need has arisen for SAW

and BAW devices to operate at higher frequencies to keep pace with thé increasing
demands for faster information transfer in the mebile radio communications field.

As an example, a SAW device is manufactured by forming electrodes of a
conducting film, e.g., a metal, called inter-digital transducers (IDTs) on a piezoelectric

 substrate, with the electrodes interconverting the electronic signals and the surface acoustic

waves. The characteristics of surface acoustic waves depend upon the propagation
characteristics of the electrodes on the piezoelectric substrstes. For acoustic wave devices
to operate at higher frequencies, the piezoelectric substrates and the electrodes must have
high propagation velocities for the acoustic waves. '

_ Piezoolectric materials having desirable electromechanical properties, sﬁch as high
propagstion velodﬁes, high frequency response, and high coupling coefficients, may be
attained by using composites of thin piezoelectric films with materials used as bulk wave
propagation media, surface wave propagation substrates and mechanical resonators.

Therefore, one preferred method of achieving high frequency operations of acoustic wave
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g matcnal for fabncaﬁ

dev1cem is to deposn a hzgh-speed acoustxc wave pmpagatlon ﬁlm on a plezod' st

Alummum minde ( ) ﬁ]ms have been cons1dered as an attractlve plezoeiecinc -

of on-ch1p hlgh frequency GHz-band acoustlc wave dev1ces

' onentatlon (often referred to as crystal onentatmn), and umform ﬂnclmess for use.'m SAW _ ' _
: apphcauons, and in parucular, for use’ m the fabncauon of" On-chlp acoustlc wave dewces

for integrated circuits.

Conventionally, thin aluminum nitride (AIN) films are depos:ted by chemical
vapor deposition (CVD) and molecular beam epitaxy (MBE) techmquw While these AlN
films showed very promising ac.oustlc wave properties when evaluated by surface a_coust;c
wave techniques, these deposmon methods for AIN films typically require a h1gh Substfgte
temperature in excess of 1000°C. This high deposition temperature is not compatible with
current semiconductor integrated circuit manufacturing methods for the fabrication of on-
chip acoustic wave devices.

‘One alternative technique for depositing AIN films at temperatures lower than
500°C is to deposit the AIN film by a PVD sputtering method. However, aluminum
nitride layers deposited by PVD methods tend to produce layers having random crystal
orientations. The aluminum nitride crystal structure which forms randomly on a substrate
produces polycrystalline films without a preferred grain orientation. A random crystal
orientation leads to a degradation in conversion between electronic signals and surface
acoustic waves by producing films having low coupling coefficients, and impaired
acoustic propagation velocities with higher propagation losses. Thus, the orientation of the
crystal in a polycrystalline film is a key material parameter affecting the SAW and BAW
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' detexmmes the ﬁlm’s onenta:txon In partlcular,
_sputtenng produce polycrystallme ﬁlms ngmatmg and growmg from random nucleauon '

it 1s..bel1eved.that ﬁhm dep051ted by PVD

onentanons _
" One proposed method of producmg an alumifium mtnde film by PVD with a
preferred degree of crystal onentatlon is disclosed in Ishzhara et al, "Control of
Preferential Orientation of AIN Films Prepared by the Reactive Sputtenng Method", Thin
Solid Films 316, pp. 152-157 (1998) Ishihara et al. provide a spuitering process regime
for depos1t1ng aluminum nitride ﬁlms havmg a preferred crystal orientation. However, the
Ishihara et al: process produces filtms that are highly stressed and have non-umform film
thickness. The high film stress produces layering defects in the ﬁlm that have a
detrimental affect on the electromechamcal properties of the aluminum nitride” films.
.Further, since the transmission frequency and frequency response of a SAW device is very
dependent on the uniform thickness of a film, non-uniform films provide variable and
inconsistent SAW performance. Additionally, the Ishihara et al., process suffers from low
deposition rates of less than 200 angstroms per minuE in comparison to commercially -
acceptable deposition rates of about 1000 angstroms per minute or greater, thereby
hm1tmg the commercial applieation of the process.

Therefore, there remains a need for a method for depositing aluminum nitride films
that provides a preferred crystal orientation and improved film properties with high

deposition rates.
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| -aspect of the mventron the deposmon process compnses deposrtmg a ﬁrst alummum
_mtnde layer at a ﬁrst chamber pressure, p el erably between about 1 5 mrlhTorr and about 8

the ﬁrst chamber pressure, preferably between 'about 5 mﬂhTorr and about 10 m1111Torr
'The ﬁrst alummum mtnde layer i is preferably deposrted by. sputtermg an alummum ta:rget

in a: nitrogen: plasma oontaxmng trace amounts of an ineit gas and the seeond a]ummum'

an i ummumtargetmamtrogenandmertgas _

chamber at 4 substrate temperature be', » een about 125°C and about 500°C. _
In another aspect -of the mventron, an alummum pitride ﬁlm is deposrted ona

' substrate in a processing chamber by mtroducmg a first nitrating process gas into the

processing chamber to produce a first chamber pressure, sputtenng an' aluminumni target to
deposit a first aluminum nitride layer, introducing a second nitrating process gas into the
processing chamber to pi:oduce a second chsmber pressure higher than the first chamber
pressure, and sputtering an aluminum targ'et to deposit a second aluminum nitride layer.
'I-'he deposition process provides a preferred crystal orientation with improved film
properties. The deposrtlon process also provides a high rate of deposition for formmg an )
aluminum nitride film. '

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in whieh the above recited features, advantages and objects of
the present invention are’ attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by reference to the
embodiments thereof which are illustrated in the appended drawings.

It is to be noted, horvever, that the appended drawings. illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its scope,
for the invention may admit to other equally effective embodiments.

Figure 1 is a schematic cross-sectional view of an PVD chamber suitable for

performing the PVD processes of the present invention;

onstepsarecmnedoutmthesamePVD:_'
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DETAILED DESCRIPT ION OF THE PREFERRED EMBODIMENT
er 'f,i_:'y provt""es a two step process for deposmng a

The present mvenuo n get
plezoelectnc filrn on a substrat ) Jarly, th
step process for formmglanlalummum mtnde layer w1th 1 g

ir 'entlon provrdes a two
ved -ﬁlm qualmes, wherem

'the ﬁrst alumimim’ mtndellayer is depoStted at a first chamber pressm'e and the second
' alummum mtnde layer is depos1ted at a second chamber pressure hlgher than the ﬁrst _

sputtenng the alummum target b 0f
preferably argon, plasma ata chamber pressurc of between about 5 m1111Torr a:nd about 10 | _ '
milliTorr. The two step process for de_POSmng.-_the film is preferably ‘performed at a
substrate temperature between about 125°C and about 500°C. The present invention has
the advantage of producing, at a high deposition rate, an aluminum nitride film having
preferred degree ot’ grain orientation with low film stress end 1mproved thickness
uniformity. |

The Apparatas -
The methods of the present mventlon may be performed using a PVD chamber' |

commercially available from Apphed Materials, Inc., of Santa Clara, California. The -

-features of the PVD chamber are generally described below. It is to be understood that

while the below described PVD chamber is known to the inventors, other chambers may
also be used or modified to be used, to advantage to accomplish the methods of the present
invention. |

The PVD chamber 36 generally comprises a chamber enclosure 102, a target 104, a
substrate support 106, a gas inlet 108 and a gas exhaust 110. The chamber enclosure 102
includes a chamber bottom 112 and a chamber side wall 114. A slit valve 115 is disposed
on a chamber side wall 114 to facilitate transfer of a substrate 116 into and out of the PVD
chamber 36. The substrate support 106 is disposed on a substrate support lift assembly
118 through the chamber bottom 112. Typically, a temperature control element (not
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'- shown), su_ch as a heater 1s mcorporated wrthm the substrate support 106 to control the‘

temperature of the substrate 116 durmg processmg Preferably, the substrate support 106

is made of sta;nless steel, and the temperature control element compnses a
- platmumlrhodlum heater coil. The substrate support Lift assembly 118 moves the substrate

support 106 vertrcally between a substrate transfer posrtron and a substrate processmg_
posrtron. A hﬁ pm assembly 120 hfts the substrate 116 off the substrate support 106 to.

' facrhtate transfer of the substrate l 16 betWeen the chamber and 2 robot blade (not shown) '
" used to transfer the substrate mto and outof the chamber

'I‘he target 104 is drsposed in the. top portzon of the chamber enclosure 102
Preferably, the target 104 is’ posrtroned dn'ectly above the substrate support 106 The

. target 104 generally comprrses a baclun "late 122 suppertmg 4 plate of sputterable. |

um mtnde ﬁlms are alummum for usé - |
_._.erem. The backmg plate 122 mcludes a -

' ﬂange portmn 126 that is secured to the chamber enclosure 102. Preferably, a seal 128

such as an- O-nng is- prowded betweéh the ﬂange portion 126 of the backing plate 122 and
the chamber enclosure 102 to establish and maintain a vacuum environment in the

chamber during processing. A magnet assembly 130 is disposed above the backing plate

122 to provide magnetic field enharicement that increases the plasma density adjacent the

target. sputtering surface (by trapping electrons) to enhance sputtering of the target _
material. '

A lower shield 132 is disposed in the chamber to shield the interior surfaces of the
chamber enclosure 102 from deposition. The lower shicld 132 extends from the upper
portron of the chamber side wall 114 to a peripheral edge of the substrate support 106 in
the processmg posrtron A clamp ring 134 may be used and is removeably disposed on an
inner terminus 136 of the lower shield 132. When the substrate support 106 moves into
the processing position, the inner terminus 136 surrounds the substrate support 106, a:ncl a
peripheral portion 138 of the substrate 116 engages an inner terminus 133 of the clamp
ring 134 and ]iﬁs the clamp ring 134 off the inner terminus 136 of the lower shield 132.
The clamp ring 134 serves to clamp or hold the substrate 116 as well as shield the
peripheral portion 138 of the substrate 116 during the deposition process. Alternatively,
instead of a.clamp ring 134, a shield cover ring (not shown) is drsposcd above an inner
terminus of the lower shield. When the substrate support moves into the processing

position, the inner terminus of the shield cover ring is positioned immediately above the
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_ 'mtroduees a processmg gas mto the'chamb"

-106 from deposmon

Preferably, an upper shleld 140 ls dlsposed within an- upper portlon of the lower

shield 132 and extends from the upper portlon of the chamber side wall 114toa penpheral
'edge 142 of the clamp ring 134. Preferab" '
- is srmﬂar to the matena]s that compnse th

th .'upper shleld 140 eompnses 2 material that
:get, such as alumirrurn tttamum and other
tm " . ground upper sh1e1d that prov1des an

metals The upper shreld 140 is preferab a

| mcreased jonization of the plasma compared fo a grounded upper shreld The mcreased
. lomzauon provides more ions to lmpact the target 104 leadmg toa greater deposmon rate_
‘because of the increased sputtenng-fmm?" , target 104 Altematzvely, the upper smele |
140canbegroundeddunngthedep _tlon s .. ' :

| Agasmlet 103 disposed i

] osure 102 and enters aprocess eavrty 146"'-_
by ﬂowmg between the upper sh1e1d 140 and the lower sh;eld 132 The process cavrty 146

| '1s deﬁned by the target 104 the substrate 116 drsposed on the substrate support 106 in the '

processing position and the upper shield 140. Typically, argon is introduced throngh the
gas inlet 108 as the process gas source for the plasma. A gas exhaust 110 is disposed on

the chamber side wall 114 to evacuate the chamber prior to the deposition process, as well

as control the chamber pressure during th:e_depositiorr'process.' Preferably, the gas exhaust
110 includes an exhaust valve 156 and au exhaust pump 158. The exhaust valve 156
controls the conductance between the interior of the chamber 36 and the exhaust pump
158, | |

'I-‘o-supply a bias to the target 164, a power source 152 is electrically connected to
the target 104. The power source 152 may include a DC generator and a DC matching
network coupled to the target 104. The power source 152 supplies the energy to the
process cavity to strike and maintain a plasma of the processing gas in the process cavity
during the deposition process. '

A gas exhaust 110 is disposed on the chamber side wall 114 to evacuate the
chamber prior to the deposition process, as well as control the chamber pressure during the
deposition process. Preferably, the gas e:thaust 110 includes an exhaust valve 156 and an
exhaust pump 158. The exhaust valve 156 controls the conductance between the interior
of the chamber 36 and the exhaust pump 158. The exhaust pump 158 preferably

comprises a turbomolecular pump in conjunction with a cryopump to minimize the pump

3 chamber encloswxre 102 o
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| '. Refemng to Flgure 1, the sputtenng process is performed processmg zone or

."process cav1ty 146 located between the Sputtenng target 104 preferably composed of
16 : elec lated from the chamber
Iplasma. Durmg the

'h 'as argon or xenon, 1s _

utters 'the' target 104' i

4 processes, tbe plasma is 5

.. causrng deposltron of matenal on _,_'e substrate In the sputt

_ typrcally generated by applymg a DC or RF voltage at a power level to the sputtermg
15 target of from about 100 to about 20 000 Watts and more typlcally from about 100 to
10, 000 Watts and more preferably between about 4000 and about 7000 watts.

Control Systems
Referring to Flgure 2, the processes of the present inventiont can be 1mp1emted

20 usmg a computer program product 161 that runs on a conventional ‘computer system
comprising a central processor unit (CPU) interconnected to a memory system with
peripheral control components, such as for example a 68400 microprocessor,
commercially available from Synenergy Mierosystems, California. The computer program
code can be written in any conventional computer readable programming languag'e such as

25 for example 68000 assembly language, C; Ct+t, Java, or Pascal. Suitable program code is
entered into a single file, or multtule files, using a conventional text editor, and stored or
embodied in a computer usable medium, such as a memory system of the computer. If the
entered code text is in a high level language, the code is compiled, and the resultant
compiler code is then linked with an objeet code of precompiled windows library routines.

30 To execute the linked compiled object code, the system user invokes the object code,
causing the computer system to load the code in memory, from which the CPU reads and
executes the code to perform the tasks identified in the program.

Figure 2 shows an illustrative block diagram of the hierarchical control structure of
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on the CR'I‘ momtor by usmg the hght pen mterface T11e process sets are predetermmed |
sets of process parameters necessa:y to carry out specxﬁed processes, a:nd are 1dent1ﬁed by :

performmg the desn'ed PI'OGGSS. The Process par: i

. relate to process condmons such as, for example, process gas composmon and ﬂow_rates, _

1dent1ﬁed process chamber and set of process parmneters from the process selector

subroutine 162 and for controllmg operation of the va.nous process- chambers Multxple
users can enter process set numbers and process chamber numbers, or a user can enter |
multiple process set numbers and process chamber numbers, 50 the sequencer'subrouti'ne
163 operates to schedule the selected processes in the des1red sequenee Preferably the
sequencer ‘subroutine 163 mcludes a program code to perform the steps of (1) momtormg
the operatmn of the process chambers to determme if the chambers are being used @)
determxmng what processes are being carried out in the chambers being used, ‘and (111).
executmg the desired process based on availability of a process chamber and type of |
process to be carried out. Conventional methods of momtonng the process chambers can
be used, such as polling. When scheduling which process is to be executed, the sequencer
subroutine 163 can be designed to take into consideration the present condition of the
process chamber being used in comi:arison with the desired process conditions for a
selected process, or the “age” of each particular user entered request, or any other relevant
factor a system programmer desires to include for determining scheduling priorities.

After sequencer subroutine 163 determines which process chamber and process set
combination is going to be executed next, sequencer subroutine 163 causes execution of
the process set by passing the particular process set parameters to a chamber manager
subroutine 164A-C, which controls multiple processing tasks in PVD chamber 36 and

possibly other chambers (not shown) according to tile process set determined by sequencer
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: subroutme 163

Once the sequencer subtoutme 163 deteimmes whlch process chamber and process "

set combmatlon is gomg to be executed next, the sequencer subroutme 163 causes

execuuon of the process set by passmg the partlcular process set parameters to the

| controllmg PVD process operatlons, w1thm the descn'bed process chamber 36 of F1gure 1

'I'he chamber manager subroutme 164 also controls executlon of vanous chamber .
component subroutmes or: program code modules, thch control operatlon lof the chamber

subroutme 1-66 chamber prcssure co_ rol sub |
and plésma control subroitinie 169: Those hang ordina
that other. chamber control subroutines can be mcluded dependmg on what processes are
desired to be performed in chamber 36 (shown in Figure 1). " In operation,” chamber
manager subroutine 164A selectively schedules or calls the process - component

_ subroutines in accordance with the particular process set being executed. Scheduling by

chamber msnager subroutine 164A. is performed in a manner similar to that used by
sequencer subroutine ',1 63 in scheduling which process chamber and process -set to execute. :
Typically, chamber manager subroutine 164A includes steps of monitoring the various
chamber components, determining which components need to be operated based on the
process' parameters for the process set to be executed, and causing exeeution ofa ch_amber

component subroutine responsive to the monitoring and determining steps.

The Deposition Process
The present invention will now be described with reference to a preferred process

sequence practiced using the above described processing system. For use in piezoelectric
films, a hexagonal crystal orientation (0002), often referred to as a (001) cubic crystal
orientation, of aluminum nitride is preferably grown because the orientation provides a
large electromechanical coupling coefficient and superior electromechanical properties
over other aluminum nitride crystal orientations. Although aluminum nitride is difficult to

" grow in the (0002) crystal orientation by conventional PVD process regimes. The

“skﬂlmtheartmllrecognze'. o
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deposmon rates of abeut 1000;- i

- .:11'-"_, .

] or. greater The ﬁrst alummum mmde deposmon step
of the mventlon controls the degree of crystal onentatlon by promotlng the growth of -

For the alummum mtn_, e deposition process preferably the sama physwal vapor_ i

| deposmon (PVD) chamber is, used for both steps of the pmcess, where the substrate 1s_ ,

mtratmg gas, such as. mtrogen, and 'an thert. gas, such as argon, 1s mtrbduced mto the PVD
chamber for a period: of time fo produce a ﬁrst chamlrer pressure of between about 1.5
milliTorr and about- 3 mthTon' to deposrt an_aluminum- nitride fitm having a (0002)
orientation. Once the processing gas achieves the preferred ch_amber pressure, power of
about 4000 watts (4kW) to about 7000 watts (7kW) is applied to the t_a_rgeltl'and a plasma is
struck. The processing gas plasma sputters'the almmm:m target fo -brodl_ic'e aluminum
species which deposit with nitrogen dlrectly onto the substrate or react with the nin'og_én '
species contained in the plasma to form aluminum nitride which is then deposited on the |
substrate surface -

It is beheved that the rate of formation of oriented nucleation sites, such as the
preferred (0002) orientation, and the corresponding growth rates of the nucleation sites are
controlled by the deposition rates of crystal growth units. In particular, the orientation and
growth of nucleation sites are decided by the number of bonds lying under the growth unit.
When the growth units are atoms such as Al and N, the preferred crystal orientation (0002)
is developed and dominates over the other formed crystal orientations. When the growth
tnits are dimers such as AI-N, crystal orientation other than the (0002) _orientation are
formed. The formation of dtomic growth units and dimer growth units are affected by the
interaction of the Al and N species during the dsposition process. The more interaction
between the Al and N species, the more likely dimer growth units will be formed.
Therefore, by controlling the interaction between the Al and N species, a preferred degree
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: onentatlon for Subsequently deposrted alunnnum mtnde'la yers.

12

- of crystal onentatlon can be aChlchd

A pressure reglme of between about 15 mﬂhTorr and about 3 mrlhTorr 1s 3
preferably used to m1mm1ze the mterachon of the Al and N specres durmg sputtermg,

' thereby enhancmg the formatlon and growth of nucleatlon sites with an hlgh degree of

(0002) onentatron. The deposrted (0002) onentated ﬁ]m pmwdes for a preferred crystal o
' _However, the depo"_ _tlon

s mcreased thrchness -

non-umformrty In order to mmumze these undesn'able film properues the first alummum -
tnde layer preferably compnses a ‘thm ﬁlm less than about 300 angstroms (A) tlnck

- In the second almmnum mtnde deposmon step, th' '. :_hamber pressure is mcreased g .. ?_ o

to between about 5 milliTorr and about 10 m11hTorr The processmg gas of the second- o
deposition step also eompnses a mtratmg gas, preferably mtrogen, and a:n mert gas such -
as argon (Ar). Preferably, the increase pressure of the second deposition step is performed
by increasing the flow rates of the inert gas and mitrogen containing gas. Once the
preferred chamber pressure and processmg gas ﬂow rate is achieved, a plasma is struck by
applying power of about 4kW and about 7kW to the target. The plasma of the processing
gases sputters the aluminum target to produce aluminum species which react with the
nitrogen species to form aluminum nitride which is subsequently deposited on the
substrate surface. (AIN can also form on the target and on other surfaces of the chamber
and substrate.) The second deposition step is performed at a higher chamber pressure
which provides a faster deposition rate and produces a film having a low tensile stress
instead of high compressive stress and improved film thickness uniformity.

A hrgh deposition rate of .the second deposition step can be achieved by producing
a film without a preferred (0002) crystal orientation. It is believed that the interaction of
the Al and N species can be increased to produce AIN dimers by allowing more time for
the interaction to occur, such as by the use of a “long throw” PVD chamber, or by

inc_reasing the ability of the species to react. Preferably, a chamber pressure of between

‘about 5 milliTort and about 10 milliTorr is used to increase the ability of the nitrogen and

aluminum species to react and form AIN dimers. A higher pressure deposition regime

provides a greater amount of plasma and sputtering material, thereby resulting in higher
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- deposmon rates and faster *ory

13

Addmonally, crystalhne stitiotités formed 1 vt i
crystalhne simctures formed w1th the atomlc growth umts of the (0002) cxystal onentanon
to dlsassoclate durmg the- sputtemlg process, whlch allows hlgher depos1t10n rates than in

. (0002) crystal onentatxon deposmons o

| In addmon to the mterachon of the lasma specles to determme crystal enentatlon, '

Citis beheved that 1mproved ﬁ]m propertxes may be mﬂuenced from the hlgher chamber

pressure depos1t10n sche A relatlvely high chamber pressure promotes a higher
collision rate and dlmer formahon rate, where ‘dimers are formed by converting the pre-
c0111s1on kinetic energy of the Aland N specles to bondmg energy thereby producing an
AN specxes having lower amounts of post-colhsmn kmetlc energy. Since enegetxc.
particle bombardment during deposition _e_xhiblt compress_lve stresses, the low k_metlc
energy of .fhe dimer specxes depositing on the substrate foh‘ri films with less compressive
stress. These lower compressive stressed films have better adhesion to adjacent materials,
such as the su_bstrate, and suffer from fewer layering defects, such as film cracking and
film discontinuities. Therefore, the deposition process of the present invention overcomes
film stress by combining a thin layer of high stress material with a bulk deposition of

material having low stress characteristics, thereby forming a aggregate aluminum nitride

film with a lower overall stress.

Additionally, the higher collision rate and lower kinetic energy of the dimer species
will also allow for a more even distribution of the species in the plasma, providing a more
consistent plasma density over the substrate, thereby resulting in a more uniform
-deposition on the substrate to produce a film with improved thickness uniformity.

A skilled practitioner in the art will understand the need to modify the two step

deposition process while retaining the basic nature of the process for performance of the
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mventlon Wlth respect to tlme, chamber pressure, temperature, and w1th vanable 3

' equlpment

Exam ;le of .the Two. ste_' ) .de os tion i

An alunnnum nitnde yer was deposrted aecordmg the mventron as follows A
su’bstrat"" was mtroduced mto the processmg platform (eg, the Eudura@ Platform L
'avallab e _;om Apphed Materlals of Santa Clara, Cahforma.) and transferred to a PVD o

chamber_- 1trogen was mtrodu-_____ [

into the chamber ata flow rate of about 9 sccm fora penod of about 60 seconds unt11 the , |
chamber pressure was. stab1hzed at about 3.1 m;lhTorr A plasma was. struck and .

fumis um was. sputtered ﬁ'om the alurmnum target in the mtrogen/argon plasma. 'The

iy 'tnde layer with a thickness of lessthanabout 300&
A second alummum ‘nitride ilayer was then deposited over the ﬁrst alummum

mtnde layer Nrtrogen and argon were ﬂOWed mto the chamber at a ﬂow rate of about 56.

sccm for nitrogen and about 144 sccm for argon to achieve a chamber pressure of about"

9.1 mllhTorr The gas was mtroduced for a period of about 10 seconds before a plasma
was struck. Aluminum was sputtered from the aluminum target in the nitro gen and argon

plasr_n.a. 'I-‘he sputtermg of the target occurred for apprommately 695 seconds at about 4kW

of power. The substrate was removed" and tested for stress; thickness uniformity of the

layer, and crystal orientation. The results are listed in Table I below.

Comparison Examples of One step Depositions

An aluminum nitride film was deposited at a low chambet pressure under the
conditions reflecting the first aluminum nitride deposition step described above. Another
a.luminum nifride film was deposited at the high chamber pressure conditions described

-above for the second deposition step. The deposited aluminum nitride layers were then

tested for layer thickness uniformity, ﬁlm stress, thickness uniformity of the film, and
crystal onentatron of the deposited . aluminum nitride.

The low pressure aluminum nifride deposition was performed by introducing a first
substrate into 2 PVD chamber. Once the substrate was disposed inside the chamber,
nitrogen gas at a flow rate of about 30 sccm and an argon gas at a flow rate of about 9

sccm were introduced into the chamber for about 60 seconds to provide a chamber

] at-a rate of about 56 scom and argon was mtroduced

KW to_ produce an' B



[P

10

15

15

pressure of about 2.0 mllhTorr pnor to stnkmg a plasma. Almmnum was sputtered ﬁ'om ;

the alummum target m the mtrogen plasma o deposnted a layer of alummum mtnde for

| about 710 seconds at about 4kW."

The high pressure alummum nitride deposition was performed by mtroducmg a

.second substrate into a PVD chamber Once the substrate was mtrodueed into ‘the_ _

chamber, mtrogen and argon Were mtroduced at a ﬂow rate of 56 sccm. and 144 sccm, -

'respectﬁﬂly, for about 60 seconds untxl a chamber pressure of about 9.1 mllhTon' Was

estabhshed pnor to stnkmg a p]asma. Once a plasma was suuek, the aluminum. tar.get was

sputtered in the mu'ogen plasma to dep051t a layer of alummum mtnde, wherein the layer

was depos1ted for apprommately 710 seconds at about 4kW _ .
Table 1 below summanzes the mformatron from the two step deposmon process .

- and the two one step companson tests

Table I Summary of Two step Alummum Nxtnde PVD Deposmon and Companson

Bxamples '
[Process - Param'eter Two Step One Step. One Step
Information: ‘Low/High | Low Pressure | High Pressure
: Pressure Dep. Depeosition Deposition
Nitrogen (N, scem 56/56 | 30 56
Argon (A7), scem 57144 5 144
Dep. Pressure (milliTorr) 3.1R1 2 5.1
Results: TXRD counts of AIN 428k 142k 39k
| (0002) pek
TWIHN (degrees) of AIN 1,157 1,313 2,186
| (0002) rocking curve
Deposition Rate (A/min) 1024 839 1032
Non-Uniformity (49 1.84 743 ~2.08
points, 1 sigma %)
- Stress (10 dynes/cm?2) 8 -16 5.44
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Table I mdlcates several lmportant aspects of: the two step depos1t10n of the_ | |

'mvenhon in companson wﬁh a low pressure one step deposrtlon process and a hlgh

pressure one step deposmon process
The X-Ray lefrac'aon (XR_D) counts of the (0002) peak detcrmme the amomrt of
als formed wrth the (0002) onentahon, where the larger the counts of the peak the
_.stals that are formed w1th the'- "00.2) onentatlon As shoWn in |
f' counts of the (0002) peak md1 . |

'that a greater amount of
deposmon process than in
either the low or hlgh pressure deposmon process Thxs mdlcates that the first alummum
_"'_'.}e | structure that ahgns_ the subsequenﬂy '

tnde deposfaon step prowdes a cry

| deposrted bulk alummum mtnde ﬁlm in the second alummum m ; de deposmon step of'

havmg (0002) onentatrons in companson to crystal]me struetures -havmg'other crystalhne
- .onentatrons Specrﬁcally, the sthaller or narrower the full W1dth halfmagmtude FHWM)
degree of the rocking curve, the greater the preferred degree of (0002) orientation of the
film. Specifically, the two step deposition process of the invention has a degree of (0002)

crystal orientation gl‘eater than the low pressure deposition step. This indicates that the
film. dépo_sited by the two-step deposition process provides a highly oriented- (0002)
crystal-l‘ine film. Since a preferred. crystal orientation of an aluminum nitride film is
essential in prouiding good' ‘electromechanical properties in SAW and BAW devices, the
high XRD counts and the narrow rockmg curve data from Table 1 shows the deposmon
process according to the invention prov1des high crystalhne quality films.

Table I further exemplifies the advantages of the present invention over the one
step low pressure or the one step hiéh pressure deposition. While providing superior
crystalline quality films as shown above, the two step deposition process also provides
commercially acceptable deposition rates (i.e., >1000A/min). The deposition rate of the
two-step deposition process is comparable to the deposition rate of the high pressure
aluminum nitride scheme. Further, the overall stress of the (0002) orientated film
produced according to the invention is significantly less than the (0002) orientated film
deposited in the one step low pressure aluminum nitride deposition process. Thus, the
present invention also produces high quality (0002) films having low film stresses (i.e.
about 8x109 dynes/cm), which results in less layering defects during deposition. Finally,
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. the mventxon also prov1des an lmproved_ layer thmkness umfomuty as cqmpare.d to the one

step depomnons . The nnproved layer thxckness umfomty provxdes good '
electromecha.mcal propertles a:nd cons1stent performance of the film in SAW dev1ces ' |

While fox%gomg is dlrected to tlie preferred embodiment of the present mventlon,' _
other and- further embodlments of the. mvennon may be dev1sed w1thout departmg from the-
bas1c scope therepf and the scope thereof is dctermmed by the cla1ms that follow
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1. A method of forming an alummum mmde layer on a substrate ina processmg

chamber compnsmg
a depesmng a ﬁrst alummum mtnde layer ata ﬁrst chamber pressure, and
, b.. depesrtmg a second ,' ummum mtnde layer at a second chamber pressure
h1gher than the ﬁrst chamber pressure | '
1 2. 'I'he method of cla.lm 1, threm the ﬁrst aluminum nitride layer is- deposrted ata
2 first chamber pressure betWeen about 1. 5 mr]hTorr and about 3 mrlhTorr
1 -3 | The i clain ond alumir .-""_:":_'_"'elayerrsdeposrtedata;
2 | second chamber pressure between about 5 mﬂhTorr and about 10 mllhTorr
4. The mettiod of claim 1, wherein the first and second aluminurh nitride layers are
deposited sequentially in the same processing chamber. |

15 The method of claim 1, wherem the first aluminum nitride layer is deposited by

NNy R WN

[

sputtenng an aluminum target ina plasma compnsmg nitrogen and an inert gas.

6.  The method of claim 1, wherein the second aluminum nitride layer is deposited by
sputtering an aluminum target in a plasma comprising nitrogen and an inert gas.

7. A method of processing a substrate in a processing chamber, comprising:
" a introducing a first nitrating process gas into the processing chamber at a
first chamber pressure;

b. sputtering an aluminum target to deposit a first aluminum nitride layer;
c. introducing a second nitrating process gas into the processing chamber at a
second chamber pressure higher than the first chamber pressure; and

d. sputtering an aluminum target to deposit a second aluminum nitride layer.

8. The method of claim 7, wherein the first chamber pressure is between about 1.5

milliTorr and about 3 milliTorr.
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9. - Themettiod of claih 7, wherein th'ef-_ﬁ'fsf mtrahnggascompnses ni'tmge_n_; :

1 - 10. The method of clalm 7 wherem the second chamber pressure is between about 5

mllhTon' to about 10 m:llhTorr

.' _1’-'1}-:; The method of cla.lm 7 wherem thc second mtratmg gas compnses mtrogen and an '

inert gas.

.......

1 14, The method - of cla1m 7 whm'em the substrate is’ mamtamed at a temperature '
 between about 125°C and about 500°C. '

15. © A method of forming an aluminum nitride layer on a substrate in a processing
chamiber comprising: | A
a. depositing a first aluminum nitride layer by sputtering an aluminum target

'in a nitrogen plasma at a chamber pressure ‘between about 1.5 milliTorr and .about 3

milliTorr; and
b. depositing a second aluminum nitride layer by sputtering an aluminum
target in a nitrogen and inert gas plasma at a chamber pressure between about 5 milliTorr

and about 10 milliTorr.

16.  The method of claim 15, wherein the first aluminum nitride layer mcleates the

deposition of the second aluminum nitride layer.
17. . The method of claim 15, wherein the inert gas is argon.

18.  The method of claim 15, wherein the substrate is maintained at a temperature
between about 125°C and about 500°C. .



