METHOD FOR DEPOS& TI NG GOLDEN TI TANI UM NI TRI DE This invention

relates to an i nproved process for sputter depositing "gol den"
titaniumnitride (TiN), a term used for a particular crystal
orientation. Mre 5 particularly, this invention relates to depositing
gol den Ti N at -l ow pressure to provide Ti N podiet afo] v ovesty sheet
resistance uniformty. BACKGROUND OF THE | NVENTI ON
TiNis enployed as a barrier material to prevent ki ng of
aluminumlines into a silicon substrate. TiNis XDﬂﬁéBéPélly deposi t ed
by sputtering in a PVD chanber. Fig. 1 iIIustrgb conventi ona
sputtering chanber 10. A target . 12, made of tm {ial to be
sputter deposited, Ti in this i nstance, is connected to a source of
DC power 14. A 15 substrate support electrode 16 is nounted so as to
be spaced fromand parallel to the target 12, and bears a
substrate 18 thereon which is to be coated. A pair of nagnets 20,
20" are nount ed behind the target 12 and a gas inlet 22 permts
one or nore gases to be fed to the chanber. A gas exhaust system
20 24 conprising a gas outlet and a vacuum punp permts

evacuatiop of. the. chamer. 104 q the desiked pressures WG « & « » #1sS
general |y bel ow abgittuci) ¥R IDESBIITING GOLDEN TITANMIM RrSOHg ering, the
power is initiated and inert gas nol ecul es, such as of argon, are
fed to the €shamber .« £5 » » A\\hen ¥ M kSxt ® Bexdepositeds A #mMxturse 0Ofx
argon and nitrogen

Inventor: Kenny King-Tai Ngan

et Has Been Replaced

T

THIS SHEET HAS BELEN
REPLACED




gases is fed to.the chanber. The argon gas nol ecul es are attracted
to the target by the DC power 14, and bonbard the

1 target 12, sputtering off particles of target
mat eri al which can deposit on the substrate 18. However, since
particles of target material are sputtered in gPdcketNdmn AM 1787
directions, the bottom coverage of TiN filnms in high aspect ratio
5 vi as/ cont act MBTHORIROR MEPOSITING GOLDEN TIITANIMRT NITRIOE ove bottom
coverage, a nodified sputtering chanber as shown in Fig. 2 has
been proposed. |This inventin relatesHuntssr imordved wiescess diget 172, a
substrate support 174 mounted spaced from and opposite to the
target 17XPRERrdePetitingolasldsy’ itslffﬁi?mg%t@ctltl_diﬁh iNrget temm
.and a gas inle 97 permts entry of inert and reaction gases
storedgi n \}é%%‘il ° gagpa%t:i arreyﬁé‘éstqqr}]elciﬁ?qu}%'&lon' More ppters 196 and

' . . . al ' d
ntofnal ot i e (T Tilates o densRit i s AdBe. i s

coil

particles spudisrgthd namtdanitcy. target 172 pass through this
regi on and becone I oni'zed. These positively charged neta

attracted 20

between | he' Torget S0 aner fi vo provide Bl MY BRIHE MR AT (et

pl asma
ions are

to the nepaikerRIUNIDICES atEs UksENt®NsUpport 174 (through

power source 182), inproving the deposition rate onto the substrate

175.

10

I n a preferreNN enbcshpiented tde hdddrmlerxmdterial to prevent

spiking of aluminum lines into a silicon substrate. TiN is

generally deposited by sputtering in a PVD chamber. Fig.

1

illustrates a conventional sputtering chamber 10. A target

15

20

25

12, made of the material to be sputter deposited, Ti in this
instance, is connected to a source of DC power 14. A
substrate support electrode 16 is mounted so as to be spaced
from and parallel to the target 12, and bears a substrate 18
thereon which is to be coated. A pair of magnets 20, 20’ are
mounted behind the target 12 and a gas inlet 22 permits one
Oor more gases to be fed to the chamber. A gas exhaust system
24 comprising a gas outlet and a vacuum pump permits
evacuation of the chamber 10 to the desired pressure, which
is generally below about 20 millitorr.

During sputtering, the power is initiated and inert
gas molecules, such as of argon, are fed to the chamber.
When TiN is to be deposited, a mixture of argon and nitrogen
gases is fed to the chamber. The argon gas molecules are

attracted to the target by the DC power 14, and bombard the
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186 i.s made of the sane material as the target 172, so that any
particles that becone sputtered fromthe coil 186 mAII 25 be of the
same nmaterial as that of the target 172 and the deposited film
will not be contam nated with other materi al s.

2 A vacuum punp 190 connect eghdckerh M hawst 1gne
191 mai ntai ns the desired pressure in the chanber 170. Generally

a pressure tHdrgdiout2 ,3Gputdddediory dff geert itdd espuift erargdtamatarial whidior
exanple in the presence of nitrogen to formgolden TiN. 5 | f
the vacuumqampleBiitganertdld wubstmpdgenilc plowgvers since partiicles wifth an
adj ustabl e gate valve 199, the pressure in t he chanber can be

adj ust ed bytazsshi mphariabaxe @putitered in allppandan Gitreqgdianssalthe i s
fully open, the chanber pressure remains | ow, at about 10
mllitorr. hl‘kﬁﬁé?f’ércmferﬁ@epr%%s“ﬁ% £ilgs in high G6neSk 3 tHvi de suffici ent

met Il oni zatio q: q: pl asma region. Thus if the punping speed
i s dbcreased; 2 contacts ltﬁd??err 'sure can be maintained in the chanber
for adeqyp | t| tbtz? ﬂo tIC| S.

Fig. 3 illustrates a%yg{]etﬁogm q-_tf%ﬁ b mordej‘sfsluere in

mi i EorT et Ry diahfse.d %é%}{&hp FY. 9% has been mgéogy&sfgﬁkwlg{: >

sccmto a chanber as in Fig. 2 operate

2.5 kWRF anigy a substdiaimhdrenpry aitﬂtrl%des a targdt 400, erar ldabdtr-dtiger to
obtain Ti N under such conditi ons,

support 174 mounted spaced from and opposite to the target
10 172. A source of DC power 180 is connected to the target 172
and a gas inlet 197 permits entry of inert and reaction
gases stored in vessels 192 and 194 respectively. Flow
meters 196 and 198 monitor the gas flow rates. The chamber
170 also includes an internal helical coil 186 connected to
15 an RF power source 188. This coil 186, when activated, forms
a high density plasma region between the target 152 and the
substrate support 174. Metal particles sputtered from the
target 172 pass through this plasma region and become
ionized. These positively charged metal ions are attracted
20 to the negatively biased substrate support 174 (through
power source 182), improving the deposition rate onto the
substrate 175. In a preferred embodiment, the.helical coil
186 is made of the same material as the target 172, so that
any particles that becomé sputtered from the coil 186 will
25 be of the same material as that of the target 172 and the

deposited film will not be contaminated with other

materials.
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nitrogen flow rate of over 55 sccmis required. However, 20 such a

high nitrogen flow rate increases the chanber pressure to about
35-38 mllitorr. Because of gas scattering effects at such high
pressures, the sheet resistance of Ti N has a poor uniformty.

Fig. 4 is a contour plot of sheet resistance of the 25 pocketliNGfidANni787
deposited at 38 mllitorr pressure. The uniformty IS quite poor,
about 18&, 1 sigrm.vacuum pump 190 ddnrsedtiedvond carbessthaphdty Jigse ridil e t o be
able to 3

deposit Ti Nnaintaingrdys rdesiodd apmasi2fe nin |theorchameer 170. Gémmwally n
accordance with the process of the invention, the punpi ng speed to
t he chamber2 iRreFRYER S QQPW‘ecﬁfbémt]He‘-torr is yped i SRYLRele tiamiaim 5
SUWWARY OF THE | NVENTI ON gol den Ti N fl|ﬁ]haVIn unlform
sheet resist¥cxagpyte in the tié’-’%%ep}&‘sﬁ t%fd naittlFﬂ%?Po"éb AT FPYIRR T WY
depositing Ti N at Iom/press bout 5 mllitorr.and lower. In
acgo dance IfV&Q?]Y?ﬁF%W(R%%% kﬁ?q Y &h, SRR Y R ekt of

the _0 308 dRCLERRL rﬁw dNG Pressuns. R s rbaber

argon and o rogen are Tirs passe

01005 106 Ul - 0600 8 O 98 o o S o
mai nt ai ni Nglirgs Met f he@fgditdNvalve is fully open, the chamber pressure
remains low, at about 10 millitorr. However, this pressure

10 is too low to provide sufficient metal ioniéation in the
plasma region. Thus if the pumping speed is decreased, a
higher pressure can be maintained in the chamber for
adequate ionization of the metal particles.

Fig. 3 illustrates a hysteresis plot of chamber
15 pressure in millitorr versus flow rates in sccm for an argon
flow rate of 25 sccm to a chamber as in Fig. 2 operated at a
power of 5 kW DC and 2.5 kW RF and a substrate temperature
of 200°C. In order to obtain TiN under such conditions, a
nitrogen flow rate of over 55 sccm is required. However,

"20 such a high nitrogen flow rate increases the chamber
pressure to about 35-38 millitorr. Because of gas scattering
effects at such high pressures, the sheet resistance of TiN
has a poor uniformity.

Fig. 4 is a contour plot of sheet resistance of the

25 TiN film deposited at 38 millitorr pressure. The uniformity

is quite poor, about 18%, 1 sigma.

Thus it would be highly desirable to be able to
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5 . BRI EF DESCRI PTI ON OF THE DRAW NG Fig.
1 is a schematic cross sectional view of a conventional sputtering
chanber . Fig. 2 is a schematic cross sectional view of a
nodi fied sputtering chanber that produces a plasma in the 20 chanber .
Fig. 3 is a hysteresis curve obtained using a prior Docketdio P eSH7
for sputter . depositing TiN at a pressure of 38 mllitorr.

Fig. 4 is adamdidrTiN et dowheaissnsdstamedait BNmi23 itorr dapbsited on a
substrate in accordance with the prior art. Fig. 5is a

hyst er esi s lawere. dbt scmurdesiasy witth the procgusocesSthe irheeritivent itdre f or
sputter depositing TiN at | ow 4
REPLACEMENPSMERD speed to the chamber is increased to reduce the j1 JUN
1998| pressur.e. Fig. 6 is a contour plot of sheet
resi st ance Rfesgy¥e in the chdsg%ed in accordance with the invention.
Fig._7 is a graph of sheet regjstance uniformty in 5 percent, 1
sigﬁa versus nitrogen gas fIoépm%%%YiﬂFsE%ﬁ1INV%NTION DETAI LED
ord rQve the sheet

| , . A 1 i
oot ance uni f orndiasn TN £11m hawing ypi e (Hedt AdPiah ddea ©F

I t ' : : he [ ed (nitially at a
o o Belddbeired ar B Mnod A i I i HHA AT af 0
period of tidwe prtbihent hadid rﬁ%l%aistdcxlf)vérfcﬁtl%v}e%. In accordiised

whi |l e mai ntaining the deposition of Ti
with the process of the invention, the pumping speed of the

10 chamber is increased to reduce the pressure in the chamber,
érgon and nitrogen are first passed into the chamber at a
high nitrogen flow rate with respect to the argon flow rate
for at least five seconds, and then the nitrogen flow rate
is reduced while maintaining formation of TiN.

i5 BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic cross sectional view of a
conventional sputtering chamber.

Fig. 2 is a schematic cross sectional view of a
modified sputtering chamber that produces a plasma in the

20 chamber.

Fig. 3 is a.hysteresis curve obtained using a prior
art process for sputter depositing TiN at a pressure of 38
millitorr.

Fig. 4 is a contour plot of sheet resistance of TiN

25 deposited on a substrate in accordance with the prior art.

Fig. 5 is a hysteresis curve obtained using the

process of the invention for sputter depositing TiN at low
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Fig..5 is a hysteresis curve of pressure versus nitrogen gas fl ow

rates using 5kWof DC power, 2.5 kWof RF 15 power, argon flow rates
of 15 sccm and a substrate tenperature of 200[err]C.
Referring to Fig. 5, is can be seen fromcurve A that t he pressure
in the chanber generally rises as the nitrogen Dblctertr allce AMsSa987
but that nitrogen is not fully taken up by 20 Ti until the nitrogen
flow rate apessaxtees 65 sccm Curve B shows that as nitrogen gas
fIOM/rates and pressure are reduced, TiN can still be produced at
a pressure as | oWigs 6 is a congomir phgﬁrpf(ﬁhﬁﬁtnrﬁﬁésﬁﬁﬂgﬁf i Fidlurves A
and B). Thus in order to produce TiN at a |ower pressure,

when 25 depasideshd@d acearseamTce Wity & tlgiW@Pttlﬁéi deposited filmwill
be inproved, in accordance with the |n ention g trogen gas

flom1|s passed i fti@ t He 16h&ngEABhah & eFtt6e51Sté%ce uniformity it

fill_ the ch er _wth ni 09¢n The Logen gas
1 oW rate PSFOSTE. (I SRR MERROS) FUESTN O Gl €oE ATsE

sur € 56 reduced

Referring to Fig. 5, ESEJT}%EEBVEE%E% BhobF“%hgglﬁvar‘i‘ION argon

flowrate of 15 sccm an € given sput paramnmeters which are
the same as for Rif.order It GibIRe the sheeftorx‘@%qs%tarﬁfeestﬁﬁrf%%nﬁ%)} Q¥ as

about 13 mllitorr when nitrogen gas flow rates are high.
Fig. 6 is gpmatapda mkaldeasic SrBsinstianed Um f0glideha sputtering
chamber, the chamber is operated initially at a high
10 pressure using high nitrogen gas flow rates for a short
period of time, and then the nitrogen gas flow rate is
reduced while maintaining the deposition of TiN.

Fig. 5 is a hysteresis curve of pressure versus
nitrogen gas flow rates using S5kW of DC power, 2.5 kW of RF

15 power, argon flow rates of 15 sccm and a substrate
temperature of 200°C.

Referring to Fig. 5, is can be seen from curve A that
the pressure in the chamber generally rises as the nitrogen
flow rate rises, but that nitrogen is not fully taken up by

20 Ti until the nitrogen flow rate approaches 65 sccm. Curve B
shows that as nitrogen gas flow rates and pressure are
reduced, TiN can still be produced at a pressure as low as
13 millitorr (within the hysteresis curves A and B).

Thus in order to produce TiN at a lower pressure, when

25 the sheet resistance uniformity of the deposited film will
be improved, in accordance with the invention a high

nitrogen gas flow is passed into the chamber initially to
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of a_filmdeposited at 15 mllitorr, at 5kWof DC power, 2.5 O kW of
RF power with -85 volts bias at the substrate support. The sheet
resistance uniformty is excellent, varying by only 6% 1 signa.
Fig. 7 is a graph of sheet resistance uniformty versus nitrogen
flowrate. In order to obtain golden TiN, 15 ni t r ogytk@as Nd .0\M atzss
shoul d be about 40-70 sccm ol den Ti N can be forned at nitrogen
gas flow ratidd htevedramdrand th nitrogefl Shemrtid nogethoass Hdedw nediest ance
uniformty ranging bet ween about 5 and 14% Thus it
i s appar entis Haterbyreshrasidyl vdtesi ddieofpusissuggeris 23 s0 redymed. ow rates and
pressure, golden TiN filnms having very uni form sheet resistance
uni f or ni t y Refiemydnsbttg fig. 5, the TIN hystpyresim &Htomsding e Iirt her

il lustrated by the followi ng exanpl e, but the invention is not

meant to bergon flow 7akig &f tlp (IREUAYK (IS UE TP 25

of T ° paanenT PN S An eIy ah o encei CgbI BN
|6ni tially, oorné%%baﬁ ipzreea%%%%%s%g{ 1\|Q4r¥} %ée@??%%glg In?hriélitorr Whecrharrber was
oper ated ungdgr,de, fpld o R candl t4,.n5 i pate valve md position; O
DC power, 0 RF power, 15 sccm of argon

Fig. 6 is a contour map of sheet resistance uniformity

of a £film deposited at 15 millitorr, at 5kW of DC power, 2.5

10 kW of RF power with -85 volts bias at the substrate support.
The sheet resistance uniformity-is excellent, varying by
only 6%, 1 sigma.

Fig. 7 is a graph of sheet resistance uniformity
versus nitrogen flow rate. In order to obtain golden TiN,

15 nitrogen gas flow rates should be about 40-70 sccm. Golden
TiN can be formed at nitrogen gas flow rates between 40 and
70 sccem to produce sheet resistance uniformity ranging
between about 5 and 14%.
Thus it is apparent that by careful choice of nitrogen
20 gas flow rates and pressure, golden TiN films ha#ing very
uniform sheet resistance uniformity can be obtained.

The invention will be further illustrated by the
following example, but the invention is not meant to be
limited to the details described therein.

25 Example
Using a sputtering chamber as in Fig. 2, a sequence of

operating parameters was emploved to deposit golden TiN in
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5 .and 80 sccm of nitrogen were passed into the chanber for 10

seconds. In step 1, the DC target power of 5 kW 2.5 kW of
RF power to the coil, the gate valve position and the gas fl ow
rates were maintained for 5 seconds to saturate the chanber 0 wth
ni t rogen. In step 2, the nitrogen gas fl owdadte NS Aneduoed
to 40 sccm other paranmeters remaining the sanme, and sputtering
was conti nueckcardancd hel tdesihedinvemkimass of Ti N was deposi t ed.
15 : Al'l power and gases were then shut off and the gate

val ve opened to iini%igldy.open ehiiliome tthep@eseatin e chamber chadmber
for a subsequent deposition. Al t hough the invention has
been descri‘%&iﬂi’qif twageRgrated undex gdg tiql lamicg manditions matRion is

i m .20 The scope of the invention is to be [imted
onl yt gybte naratve s R Bt thea d &IRH mewer, 15 sccm of argon
7 5 and 80 sccm oé é%é%é&en were passed into the chamber for 10
seconds.

In step 1, the DC target power of 5 kW, 2.5 kW of RF
power to the coil, the gate valve position and the gas flow
rates were maintained for 5 seconds to saturate the chamber

10 with nitrogen.

In step 2, the nitrogen gas flow rate was reduced to
40 sccm, other parameters remaining the same, and sputtering
was continued until the desired thickness of TiN was
deposited.

15 All power and gases were then shut off and the gate
valve opened to its fully open position to pump out the
chamber for a subsequent deposition.

Although the invention has been described in terms of
specific embodiments, the invention is not to be so limited.

20 The scope of the invention is to be limited only by the

scope of the appended claims.
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1. A.nethod of depositing golden Ti N having uniform sheet

resi stance in a plasma sputtering chanber including a titani um
target connected to a source of DC power, a 5 substrate support

el ectrode nounted spaced from and parall el to the target, an

i nternal helical coil connected to a source of BbcheveNo.angas7s7
I nl et and an adj ust abl e exhaust system conprising

powering t he €latmrodes and saturating the chanber with 0 nitrogen at
hi gh nitrogen:argon gas flow rates, and depositing golden Ti N
by reduci nglt hd méthodenf gdepdshing goldenrBik havdinedusifgrnhehedtinber
pressure to bel ow about 25 mllitorr by increasing the exhaust
punp punpi nEeSpeednce in a plasma spukbRrHed orANEEY olRFERAI NI Wherei n t he
ni trogen gas, 15, flowrate initially is about_80 sccmand is reduced
to about  CitaniuBotIEIRE EPTRECRR HRpBsFEVETe sebpPC Power, a3 A net hod

SoooE 00, Bybkarfia MISELT S0E-EDBR e mpaBbEsEHOR o' BEMEREeLC
to the target, an internal helical coil connected to a
source of RF power, a gas inlet and an adjustable exhaust
system, comprising

powering the electrodes and saturating the chamber with
10 nitrogen at high nitrogen:argon gas flow rates, and
depositing golden TiN by reducing the nitrogen gas flow
rate and reducing the chamber pressure to below about 25
millitorr by increasing the exhaust pump pumping speed.
2. A method according to claim 1 wherein the nitrogen gas
.15 flow rate initially is about 80 sccm and is reduced to about
40 sccem during the deposition step. |
3. A method according to claim 1 wherein the chamber

pressure is reduced to about 15 millitorr during the

deposition step.
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