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Interface Reaction of SO/ Ta and Its Influence on Cu Diffusion
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Abdgract : Ta/ NiFefilmis deposted on S subdrate precoated with SQ by megnetron puttering. SO/ Ta inteface and Tas 93
dandard sample are invedigated by usng X ray photoelectron gpectrosoopy (XPS) and peak deconrpostion technique. The results
show thet there is a thermodynamicaly favorable reaction @ the 9Q/ Ta interface:37Ta + 1590, = 5Tas 93 + 6Ta0s. The nore

gable products Ta;s 93 and TaeOs may be bendficid to gop the diffuson of Cuinto SG.
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1 Introduction

As the dectrical reddivity of copper (1. Q- cm)
isfar lower than that of duminum (2. Q- cm) ,the re-
placement of Al and its aloys by Cu as the interconnec
tions of UltrarLarge Scde Integration (ULSI) devices can
oreatly decrease the RC time delay of circuits. Thus their
perfformances such as eed ,power disdpation ,integration
densty ,etc. ,can be greatly improved!* 3. In addition,
when the texture of Cu is (111) ,the electromigration re-
ddance of Cuwireswill inprove two orders of magnitude
conmpared with that of convertional Al interconnections,
and there will be o interconnection vacancy resulting
from sress migration® *!. In consequence ,the reliability
o circuits can be enhanced.

However ,Cu isafag diffuser in 90, and 9%, Fur-
thernmore ,Cu is a kind of bad dopant in 9. When Cu dif-

Article ID : 0253-4177(2002) 10-1046-05

fusesinto 9 ,it will form severd deep acceptor levels
within the forbidden band gep of 9. These levels will act
as generationr recombination centers or trgps and alter the
densty and life of the nonrequilibrium miror carriers® .
In addition,Cu and 9 will d form CwS precipitate
with high dectricd reddivity a temperatures as low as
200 '  asaresult of which leakage currentswill gener-
ate through shallow ource and drain junctions”) . Hence a
barrier layer between Cu and didectric materias such as
S0, iscrucid to block the diffuson of Cu.

Tantalum is apromisng barrier meterid . Arg of dl |
Taisimmiscible with Cu'® and the Cur Ta sysem is ex-
pected to be very sable a high tenperatured®! o Ta
can suficiently block the diffuson of Cu. Clevenger et al.
showed that a 20-nnmrthick Ta film annedled in nitrogen
prevents Cu from diffuson up to 630 [*°1. On the other
hand ,the utter-deposited Ta is metastable tetragonal 3 -
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Ta. While3- Ta puttered on 9O, has a strong texture with
its closest packed plane (002) pardld to the film sur-
face. Qubsequently ,the growth of (111) Cu is preferred ,
which has superior eectromigration res tancet* ™!

Although much research has been made on Ta and
Cu ,the microsoopic mechaniam for Ta to block Cu diffur
son has ot been very clear. At the same time ,interface
reactions between different meterids egecidly different
films dter the local dructure and chemigry ,and conse
quently the phydca properties. This field of research is
therefore inportant both sciertificaly and techrologicaly.
New gable or metagable phases will form near the inter
faces and make the interfaces nore gably due to intefface
reactions. As for the interface between Ta and Cu, Kwon
e a. ™ have invegigated eaborately. But mo research
has been reported about the inteface between Ta and
90;. In this pgoer, Ta/ NiFe film was deposted onto
(200) snde crysd 9 subgrate precoated with 300- nmr
thick 90, by magnetron uttering. And we invegigated
the interface between SO, and the as deposted Ta usng
XPS. It isfound thet there is a thermodynamicdly favor-
able chemica reaction a the SO,/ Ta inteface and the
products may be bendficia to gop the diffuson of Cu into
90, in copper interconnect in ULSI.

2 Experimental

The samplesfor XPS andyseswere: (1) Tas93 pow-
der with purity of 99. 5 % ,provided by Alfa Aesar Conpa
ny in USA ,as the gandard sanple for XPS spectrum; (2)
the sanrple including SO,/ Ta interface ,prepared in DV-
502 magnetron uttering sysem: about 5-nmrthick Ta
film wasfirg deposted by DC uttering a room tenpera
ture onto 300-nnrthick 9O, thermally grown on (100)
dnde crydad 9 subdrate. Then a 10-nnrthick NiFe film
was deposted without vacuum breaking onto Ta to protect
the Ta layer from the oxidation &ter the sanple was taken
out of the vacuum chamber. The base pressure of utter-
ing chamber was less than 4 x 10™ °Pa and the Ar guiter-
ing pressure was 0. 5Pa. The subgrates were cooled by

water.
The sanples were introduced into a MICROLAB MK

X-ray photoelectron ectrosoopy sysem indantly ater
being taken out of the dgpodtion sygem. A Mg K line a
1253. 6eV was used. The vacuum of the andyss chamber
was less than 3 x 10” "Pa. The scanning node of energy
analyzer was CAE and its pass energy was 50€eV . In order
to detect the conpostion and chemica dates a the 90,/
Tainterface uing XPS,the 90,/ Ta interfacia layer has
to be within the XPS detectable sampling depth d =
A s where A and o represent indagic mean-free
paths (IMFPs) for photoelectrons and a take-off ande for
photoelectrons with regect to the sanrples surface plane,
regectively. About 95 % of the tota photodlectron Sgnas
will arisefrom this sanpling depth. The IMFPs can be ob-
tai ned from the table conpiled by Liu e al!™!. For aMg
K radiation ource ,the IMFPsfor 92p in 9 and Ta4f in
Ta are 2. 2nm and 1. 9nm regectively. Whena =90° ,the
detectable depth d = 3\ . In order to obtain the sSgna
from the SO,/ Ta interface ,the sanples were Pputtered by
lower energy Ar* to remove the whole NiFe layer and a
certain thickness of Ta layer until the Ta "4 peak -
peared. The uiter rate of Ar” to Ta layer had been ac-
curately calibrated. The Ar™ gun was operated at 500V at
apressure of 1 x 10 “Pa and the Ar* current intensty
was 5Q4 A/ cnf'. To eiminate the irfluence of datic elec-
tricity accumulation efect ,the binding energy of each XPS
gectrum was caibrated by Cls peak and 284. 6eV was
adopted as the gandard Cls binding energy. The XPS
peak areas and peak deconrpostion (i. e curvefitting”)
were determined usng Quasdan ( 80 %)-Lorentzian
(20 %) curvesfitting oftware (including the atomic sen-
dtivity factor) provided by the XPS sysem. Peak areas
were measured with a precison of 5 % or better.

3 Resultsand discussion

Faure 1 dows the S2p high relution ectrum
near the 90,/ Ta interface fora =90°. The binding ener-
gy of the 92p photoeectron peak is 102. 50eV ,which is
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neither the peak of pure 9 (99. 1eV) ,ror that of 9 in
90, (103. 3eV) ™ Tas95 powder with purity of 99.5 %,
provided by Alfa Aesar Gonpany in USA ,was anadyzed by
XPS. As shown in Fg. 2 ,its 92p photod ectron peak lo-
cates at 102. 35eV. These results show that within the ex-
perimentd error ,the podtion of S2p peak near the 90,/
Tainterface (as shown in Fig. 1) isthe same as tha of
92p peak of Tas33(as sown in Fg. 2) . Gonsequently ,
from the chemicd gdate of 9 ,we believe that there is
Tas93 product near the 90,/ Ta inteface when Ta is
Puttered onto SO;.
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Fgure 3 represents a conputer fitting curve of a Tadf
high-resolution XPS gectrum obtained near the SO,/ Ta
inteface for @ = 90° ,and it can actudly be fitted with
four components. From the XPS handbook!™! ,we know
that peak 1 a 21.7eV is a characteridic of a metdlic
Tadf 71, peak ,and peak 2 at 23.5eV represents Tedfs

peak;peak 3 a 26.2eV oorregonds to Tadf7» peaks of

Tas93 and TaOs (their gandard Tadf » peak podtions are
a 26.5eV and 26.3eV repectivdly) and pesk 4 a
28.1eV corregponds to their Tadfs, peaks. S ,from the
chemicd dae of Ta,we believe tha there are TasS3 and
TapOs products at the 9O,/ Ta interface.
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Fg.3 Gonputer fitting curve of Tadf highresolution
XPS gpectrum obtained near 30O,/ Ta interface fora =
0

The results of XPS indicate thet there is a* inter-
mixing layer” near the 90,/ Ta interface which is made
u o Ta,TasS3; and TaOs ,etc. The exigence of TasS3
and Ta;Os near the SO,/ Ta interface can be understood
by conddering the reaction:37Ta + 1530, = 5Tas93 +
6Ta,0s. From the thermodynamics data presented by liter-
ature'™ we calculated the Gbbs free energy change of
this reaction. The value is about - 319. 42KkJ/ ol ,which
means that the reaction is thermodynamically favorable.
On the other hand ,the formation enthdpyA H of 9O; is
9. 46eV!*®!. The atoms which had been puttered off from
the target and arrived at the subgrate were provided with
kinetic energy of about severa to more than tens ev[™'!.
Therefore the reaction is dynamicaly possble. As the re-
aults of this reaction , new compound phases, Tas93 and
TapOsform at the interface which make the interfface nore
dably. Snce Tas93 and TaOs are nore dable and have
nore conplicated cryda gructure than pure Ta,it is ex
pected that the diffuson of Cu in them is nore difficult
than that of Ta. That isto say ,if Cu has diffused into Ta,
Tas93 and Ta,Os could block the further diffuson of Cu
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into SO, and even 9 to LmMe extent. In consequence ,the
interface reaction between Ta and SO, may be bendficia
to gop the diffuson of Cu into SO, in copper intercon-
nections of ULSI when Ta is taken as a diffuson barrier.

4 Conclusion

In view of the XPS andyssd 90,/ Ta interfface we
report the evidence of chemical reaction which takes place
a 90,/ Tainteface:37Ta+ 1590, = 5Tag93 + 6 TaxOs.
The nore gable new conpounds, TaS3 and TaOs,
formed a the 90,/ Ta inteface, may be bendicid to
block the diffuson of Cuinto SO, in Cu interconnections
o ULSI when Ta is taken as a diffudon barrier.
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