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This work investigates the thermal stability of chemically vapor deposited amorphoyslay&is
used as a diffusion barrier between Cu and Si substrate, in which thel@ly8is were deposited to
a thickness of about 50 nm using the giteduction of Wk at various SiH/WFg flow ratios. For
30 min annealing in nitrogen ambient, the effectiveness of the,\ld$ers as barriers between a
copper overlayer and@" —n junction diode decreases as the Si/W atomic ratiincreasing from
1 to 1.3. This composition change is obtained by raising the, SiHFg flow ratio from 3 to 50. As
deposited, all films are x-ray amorphous. Their resistivity increases roughly linearlyxwithe
barrier capability of WSilayers can be significantly improved by ansitu N, plasma treatment.
The N, plasma treatment produces a very thin layer of W&Nout 5 nm on the surfaces of Wgi
layers. In particular, the Cu/WSIiN/W_Sip " —n junction diodes with the WSiayers deposited with
a SiH,/WFg flow ratio of 3 were able to remain intact up to at least 600 °C. 2@0 American
Vacuum Societyf.S0734-211X00)03204-3

[. INTRODUCTION this work, we used chemically vapor deposited amorphous
WSi, (CVD-WSi) layers as a diffusion barrier between Cu
Copper(Cu) has been extensively studied as a potentialnd Si substrate. The effects of composition on the barrier
metallization material for future ultralarge scale integratedcapability of the amorphous CVD—-WSayers were studied
circuits because of its low electrical resistivity, superior elec-ysing electrical measurements as well as material analyses.
tromigration resistanct;® and possibility of deposition by \We found that the barrier effectiveness depended on the
electroplating as well as the chemical vapor depositiorcomposition of the amorphous WSayers. To improve the
(CVD) method'~® Moreover, copper has a better thermal barrier capability of the WSilayers, we formed a very thin
conductivity, higher melting point, and less potential of hill- WSiN layer on the surfaces of WSlayers using arin situ
ocks’ formation than the conventionally used Al alldys. N, plasma treatment. The resultant WSiN/\W®arrier bi-
However, Cu metallization is faced with many challenges inlayer was proven to possess a much improved barrier capa-
practice, such as the lack of a stable self-passivated oxidgjlity against Cu diffusion.
poor adhesion to dielectric layers, difficulty of dry etching,
and the formation of Cu—Si compounds at low temperatures
(about 200 °Q:® In addition, copper diffuses fast in silicon . EXPERIMENT
and causes deep-level trappihi;also drifts through oxide The thermal stability of barrier layers was evaluated by
layers under accelerated electric fiéld! Therefore, a diffu- measuring the leakage current of thermally annealed
sion barrier between Cu and its underlying layers is considCu/barrierp™—n junction diodes. The starting materials
ered as a prerequisite for practical applications of Cu metalused for the diodes fabrication wenetype, (100) oriented
lization. silicon wafers with 4—7A) cm nominal resistivity. After Ra-
Various materials have been studied as diffusion barrierslio Corporation of America standard cleaning, the wafers
between Cu and its underlying layers. Sputter depositetvere thermally oxidized to grow a 500 nm oxide layer. Dif-
nitride-based diffusion barriers, such as 2 WN,'*'®  fusion regions with area sizes of 50800 and 1000
TaN -8 MoN,%?and TiWNZ?2have attracted extensive X 1000um? were defined on the oxide covered wafers using
attention for a long time. However, these barriers are geneithe conventional photolithographic technique. Thé-n
ally polycrystalline, and grain boundaries in the barriers projunctions with a junction depth of about Ow3n were formed
vide fast paths for Cu diffusion. Typically, the atomic diffu- by BF, implantation at 40 keV to a dose of3L0°cm 2
sivities in the amorphous phase are orders of magnitudéllowed by furnace annealing at 900 °C for 30 min i3 N
below those of the corresponding polycrystalline pHd€8.  ambient.
Thus, the amorphous diffusion barrier is of great interest. In  After the junctions were formed, the wafers were divided
into three groups for the preparation of the following de-
¥Electronic mail: mcchen@cc.nctu.edu.tw vices: Cup™—n, Cu/WSi/p*—n, and Cu/WSiN/WSi/
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1.4 structures were also prepared for material analysis. Sheet re-
sistance of the multilayer structures was measured using a

=]
- four point probe. Auger electron spectrosco@®ES) was
; 13 used to determine the composition of W8Iims. Rutherford
g backscattering spectroscopiRBS) was used to determine
512 the Si/W atomic ratio. Scanning electron microscdS{M)
% was employed to observe the surface morphology and micro-
7 structure. X-ray diffraction(XRD) analysis was used for
>Il< 11 phase identification.

1 2 3 2 4

Ill. RESULTS AND DISCUSSION
A. Properties of CVD-WSi , films

0 10 20 30 40 50

SiH4/WFe flow ratio
Before investigating the thermal stability of

Fic. 1. Si/W atomic ratiox, of WSi, films deposited at various SiAWFg it A . P . _ .
flow ratios. The films were deposited at a temperature of 250 °C, total gasCU/WSk/p n junction diodes, properties of CVD-WSi

pressure of 12 mTorr, and WRow rate of 2 sccm. films, including the Si/W atomic ratio, electrical resistivity,

p*—n junction diodes, in which the WSlayers were depos- r——————T—————
ited by the CVD method to a thickness of about 50 nm using wisi/si (a)
the SiH, reduction of Wk at various SiH/WFg flow rates. i 1
In this study, the WSilayers were deposited using a load-
locked cold wall CVD system with the following deposition
conditions: substrate temperature 250 °C, total gas pressure
12 mTorr, WK flow rate 2 sccm, and SiHlow rate ranging
from 6 to 100 sccm. For the formation of WSiN/W®iarrier
bilayers, anin situ N, plasma treatment was performed on
the surfaces of CVD-WSilayers without breaking the
vacuum. The N plasma treatment was performed with the
following conditions: N flow rate 80 sccm, total gas pres-
sure 25 mTorr, plasma power 100 W, and treatment time 300
s. Finally, Cu metallization was applied to all samples.

To investigate the thermal stability of the variously met-
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allized junction diodes, the samples were thermally annealed 20 25 30 35 40 45 50 55 60
in N, flowing furnace for 30 min at a temperature ranging
from 200 to 700 °C. Reverse bias leakage current measure- 29 (DEGREE)
ments on the thermally annealed diodes were used to evalu- e e et
ate the barrier capability. An HP-4145B semiconductor pa- s s WiSiySi (b)
rameters analyzer was used for the measurement, and at least g S 2 % 2. .
30 diodes were measured in each case. Unpatterned samples X2 5 = S 2 g"% g
of WS, /Si, Cu/WS}/Si, and Cu/WSIN/WSi/Si multilayer g T MMM
! 650 C |
T 350 T |ss
5 B B E
GI / ~ " 600 °C
g / g -m-
= 250 2
% - L amorphous WSix ]
= / ] ) As-deposited
é 200 A i 1 1 3 1 1 1 1 x I 1
1 1.1 1.2 1.3 1.4 20 25 30 35 40 45 50 55 60

X = Si/W ratio 20 (DEGREE)

Fic. 2. Resistivity of WSj films vs x. The WS; films were deposited at a Fic. 3. XRD spectra ofa) W,Si, /Si and(b) W,Si, 5/Si samples before and
substrate temperature of 250 °C, total gas pressure of 12 mTorr, agd WFafter annealing at various temperatures. ThgSWand W,Si, ; layers are
flow rate of 2 sccm. 150 nm thick.
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TaBLE |. Crystalline phases of CVD—Wgfilms after annealing for 30 min in Nambient at various tempera-
tures.

Si/W atomic ratiox

Annealing

temperatures 1.0 11 1.3

As-deposited Amorphous Amorphous Amorphous
400 °C Amorphous Amorphous Amorphous
500 °C Amorphous Amorphous Weak WS), weak WSiy
600 °C Amorphous Weak WS}, weak WSi; Weak WS}, weak WSis
650 °C WS} WSi, WSi,
800 °C WS} WSi, WSi,

and crystalline phase were investigated. Figure 1 shows thB. Composition effects on the barrier capability of
Si/W atomic ratio of WS layers deposited with various CVD-WSi, films

SiH,/WF; flow ratios, as determined by RBS measurements; giactrical measurements

We found that the Si/W atomic rati, in the WSj layer
increased from 1.0 to 1.3 as the SiMFg flow ratio was

i df 3t050. Th istivity of th | I . . . . .
increasectrom > 1o @ resistivity of the W8Ims also Cu/W,;Si;/p™—n, and Cu/WSi, 3/p*—n junction diodes

increased with increasing SitAVFg flow ratio, as shown in led at vari i i - both | ) d
Fig. 2; it increased from 210 to 34&) cm as the Sik/WFg anneaied at various temperaiures, both fayers g&Wan
W,Si; 3 were 50 nm thick. Since copper reacts with Si at low

flow ratio was increased from 3 to 50. The increase in resisf ture€200 °0, %10 diod ithout a barrier | b
tivity is presumably due to increasing amount of Si incorpo- emperature O, lodes without a barrier layer be-

rated in the WS layer. Similar resuilts were reported by tween Cu and Si substrate failed after annealing at 200 °C for

Kottke et al. that higher flow ratios of SikfWF4 resulted in 30 min [Fig. 4a)]. With a 50-nm-thick WSJ barrier layer
WSi, films of higher resistivities and Si/W atomic ratios, betweer_1 C+u and Si subs_,trate; the junction d|0de_s of
although the WS films in their study were deposited at a CW/WiSit/p” —n and Cu/WSi, 3/p " —n were able to retain
substrate temperature of 360 °C and a SWMF, flow ratio their electrical integrity up to 500 and 450 °C, respectively

of 94 to 438, and the resultant W3ayers were nonstoichio- [Fig_s. 4b) and 4c)]. The parrjer cap.ability_ of amor_phou;
metric silicon-rich(Si/W atomic ratios larger than 2.8° WSi, layers decreased with increasing Si/W atomic ratio,

. : Lo d the decrease in thermal stability of the
The phase of the Wgilayers was identified by XRD an . . . . .
analysis using a 30 keV coppre radiation. Figures @) Cu/W;Si; 3/p™ —n junction diodes correlated with the lower

and 3b) show XRD spectra for the 150-nm-thick films with crystallization temperature of the amorphougS¥ ; layers.

x=1 and 1.3 on silicon substrates before and after annealing
at various temperatures. For=1, the as-deposited films <- XRD analyses
were amorphous and the amorphous state remained un- The drastic increase in sheet resistance of the Cu/¥85i
changed even after annealing at 600 °C for 30 min in N samples was attributed to the formation of high resistivity
ambient[Fig. 3(@)]. It has been reported that the absence ofy”-CusSi precipitates, as confirmed by XRD analyses shown
grain boundaries in the amorphous barrier layer contributes) Fig. 5. The XRD spectra of as-deposited samples did not
to the excellent barrier property, because fast diffusion pathseveal the broadband of amorphous Wi aiyers presumably
of the grain boundaries are prevent&dn this work, the because the WSilayers were only 50 nm thick and were
nature of amorphous phase makes thgSiyVlayers very at-  covered with 300-nm-thick Cu overlayers. Strong diffraction
tractive in barrier application. Diffraction peaks of WSi peaks of CgSi appeared in the XRD spectra of Cu/®¥ /Si
phase appeared in the 8i; samples after annealing at and Cu/WSi, 5/Si samples annealed at 600 and 500 °C, re-
650 °C for 30 min in N ambient[Fig. 3(@)], indicating sili-  spectively. It is clear that the stability of the W3ayers in
cidation of the layer. contact with Cu decreases with increasing Si/W atomic ratio.
For the WSi; 3/Si samples, the as-deposited films wereFurthermore, by comparing the XRD spectra of CyBi/Si
also amorphoufFig. 3(b)]. Weak peaks of tungsten silicides samples[Fig. 5a)] with those of WSi,/Si sampleg[Fig.
were detected after annealing at 500 °C, and the diffractiol(a)], we found that the crystallization temperature of WSi
peaks slightly intensified after annealing at 600 °C, indicatdayers in the Cu/WSi,/Si samples is about 50 °C lower than
ing the grain growth of tungsten silicides. Similar resultsthat in the WSi, /Si samples. This discrepancy is presumably
were reported that Si-richx(2.0) CVD films converted to due to the presence of Cu overlayers for the C{8WSi
tungsten silicides after annealing at 500°C2° We found  samples. It was reported that the crystallization temperature
that the crystallization temperature of amorphousof WgySiy film on SiO, dropped from 800 to 650 °C when
CVD-WSi, layers decreased with increasing Si/W atomicthe WgSiy, film was in contact with a polycrystalline copper
ratio x. Table | summarizes the crystalline states of differentlayerC It was also reported that the formation temperature of
CVD-WSi, films after annealing at various temperatures, agantalum(Ta) silicide in Ta/Si system dropped from 700 to
determined by XRD analysis. 650 °C when the Ta film was in contact with a polycrystal-

Figure 4 illustrates the statistical distributions of reverse
bias current density measured a6 V for the Cup™ —n,

JVST B - Microelectronics and Nanometer Structures
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Cup*n Cu/W,Si/p*-n Cu/W,;Siy/p’-n

100 —rTTT T
80 (ay)] 1 (cl) -
60 As-deposited . As-deposited |

(b)) (cy
400 °C 450 °C

Fic. 4. Histograms showing statistical distributions of
reverse bias current density fda) Cu/p™—n, (b)
Cu/W,;Siy/p*—n, and (c) Cu/W,Si, 3/p™—n junction
(¢3) diodes annealed at various temperatures. The Vd$i
ers are 50 nm thick.

T T T T

so} (ay
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(118 400 °C 500 °C
40} ] L ]
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line copper layef! In this work, the WSi;/Si samples re- served on the Cu/\i; 5/p™—n diodes after annealing at the
mained stable up to 600 °C with no detection of tungstersame temperatuffg-ig. 6(d)]. Failure of the 500 °C annealed
silicide formation [Fig. 3(@)], while diffraction peaks of Cu/W,Si; 3/p*—n diodes is likely associated with these lo-
tungsten silicide phases were detected for the GBMSI  calized CySi protrusions, which were presumably caused by
samples annealed at the same temperdftige 5@)]. This  the diffusion of Cu atoms through the weak poifgsich as
suggests that the accelerated crystallization fgE\Wlayers  vacancy-accumulated voids and grain boundaries of crystal-
was related to the contact with polycrystalline Cu overlayerslized W;Si, 5 layers in the W;Si, 5 barrier layers.

The accelerated crystallization is presumably due to the pen- Based on the earlier results, we concluded that the higher
etration of Cu atoms through A8i, layers via localized de- the Si/W atomic ratio in WSifilms is, the lower the crystal-
fects, forming CySi phase and promoting silicidation at the lization temperature of the Wgfilms becomegFig. 3). Ac-
W,Si,/Si interface®® Table 1l summarizes the silicides cordingly, WS;j films of higher Si content are not suitable
formed on thermally annealed Cu/Si and Cu/\WSi  for diffusion barrier application. Moreover, failure of WSi

samples. barrier layer in the Cu/W$i Si structure was closely related
to the presence of GBi phase, indicating that the barrier
3. SEM observations failure was due to the interdiffusion of Cu and Si through the

SEM d 1o tigate th f d WSi, barrier at elevated temperatures. This suggests that the
EM was used lo investigate the surtace and CroSSyq ma) stapility of Cu/WSi/p* —n diodes can be improved
sectional morphology of thermally annealed

P : : . - if the barrier structure of Wgican be modified so as to
Cu/barrierp™ —n junction diodes. Figure 6 shows SEM mi- eSéJppress or retard the interdiffusion of Cu and Si.

crographs for the as-deposited as well as 500 °C anneal
Cu/W,;Si;/p™=n and Cu/WSi, s/p™—n junction diodes.
The barrier structure remained unchanged for thec' Effects of N ; plasma treatment

Cu/W;Si;/p™—n diodes after annealing at 500 °{Fig. It was reported that a very thid nm) layer of WSIN
6(b)]; however, large localized G8i protrusions were ob- formed on the surface of WgSby electron cyclotron reso-

J. Vac. Sci. Technol. B, Vol. 18, No. 4, Jul /Aug 2000
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Intensity (arb. unit)

Intensity ( arb. unit)

Fic. 5. XRD spectra of(a) Cu/W;Si,/Si and (b) Cu/W;Si, 3/Si samples
annealed at various temperatures. The W&iers are 50 nm thick.

Cw/W,Siy/Si (a) ]
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, plasma treatment 1933
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Fic. 6. Cross-sectional view SEM micrographs of Cyly/p*—n diodes
(a) as-deposited sample afi)) 500 °C annealed sample; SEM micrographs
of Cu/W;Si;3/p*—n diodes; (c) cross-sectional view of as-deposited
sample; andd) oblique view of 500 °C annealed sample.

effectively suppressed the increase in resistance of thermally
annealed AI/CVD-WI/Si interconnects.In addition, we
found in a previous study that the barrier effectiveness of a
450-nm-thick selective CVD-W film in the structure of Al/
CVD-W/Si can be significantly improved by exposing the
W film in an in situ N, plasma prior to the Al
metallization®**® In this study, we insert a very thin WSIN
layer between Cu and WSlayers to make a structure of
Cu/WSIN/WSj./p* —n junction diodes so as to suppress the
undesirable interdiffusion between Cu and Si, and thus im-
prove the thermal stability of the junction diodes. The very
thin WSIN layer(shown latter in Fig. Bwas formed via an

in situ N, plasma treatment on the surfaces of \M&iers.

1. Electrical measurements

Figure 7 shows the statistical distributions of reverse bias
current density for the Cu/WSIN/ABi,/pT—n and
Cu/WSIiN/W;Si; 5/p* —n junction diodes annealed at vari-

nance N plasma nitridation was able to function as an ex-ous temperatures. All the Cu/WSiNABi,/p*—n junction
cellent barrier to dopant diffusioft.It was also reported that diodes retained their integrity after annealing at temperatures
a WN, layer about 2 nm thick was formed on the chemicallyup to 600 °C, and a large majority of the diodes still re-
vapor deposited tungstd@VD—W) surface using a capaci- mained stable even after annealing at 650F@. 7(a)]. This

tively coupled plasma nitridation, and that the \Whhyer

TaBLE Il. Silicides formed on Cu/Si and Cu/WSIiSi samples.

Annealing Layered structure
temperatures
C) Cu/Si CuSi, /Si CUMW,Siy 5/Si
200 CuySi x2 X
450 CusSi x X
500 CusSi x CusSi, WeSis
550 CuSi Cu,Si, WeSis
600 CuSi, WeSiy, WSh,  Cu;Si, WeSis, WS,
650 CuSi, WSh, Cu,Si, WSk,

& X" indicates no observation of silicide phase.

JVST B - Microelectronics and Nanometer Structures

is more than 100 °C improvement in thermal stability over
the Cu/WSi,/p* —n junction diodegFig. 4(b)], and is at-
tributed to the very thifabout 5 nm WSIN layer formed on
the WSj, surfaces by the Nplasma treatment, as confirmed
by the AES depth profiles shown in Fig. 8. It turned out that
the very thin WSIN layer suppressed the diffusion of Cu,
thus, the formation of Cibi was retarded and the accelerated
crystallization of WSj layers was suppressed, which in turn
resulted in the improvement of thermal stability for the junc-
tion diodes.

For the Cu/WSIN/WSi, 5/p* —n junction diodes, the de-
vices remained stable after annealing at temperatures up to
500 °C, deteriorated slightly after annealing at 550 °C, and
failed completely upon annealing at 600 PEqg. 7(b)]. This
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is an obvious improvement over the Cu/8% 5/p*—n junc-  been reported that a uniform ultrathi’l nm) WSIN barrier
tion diodes without N plasma treatmerftFig. 4(c)]. How- layer can be formed at the interface of WN/poly-Si by ther-
ever, it is clear that the barrier capability of WSiN{®# ; ~ mal annealing, and the WSIN layer was able to suppress the
bilayer is inferior to that of WSIN/WSi; bilayer. Failure of  silicidation reaction between W and poly-Si up to 800°C.
the WSIN/WS; barrier bilayers might be correlated with the In this study, the very thin but much chemically and ther-
crystallization temperature of WSiayers, which decreased mally stable WSIN layer contributed to retarding the diffu-
with increasing Si/W atomic ratio in the WSayers(Fig. 3).  sion of copper and suppressing the accelerated crystallization
of WSi,; thus, the barrier effectiveness of the amorphous

2. Sheet resistance measurements and XRD analyses CVD-WSi layers is significantly improved.

The pormgllzed change in sheet resistance of annealeg SEM observations
sample is defined as

Figure 11 shows SEM micrographs for the
Cu/WSIN/W;Si;/p™—n junction diodes before and after
thermal annealing at various temperatures. The barrier struc-

) ) ) ~ture remained unchanged after annealing at temperatures up
Figure 9 shows the change in sheet resistance of CyM8B5i 15 g00 °C[Fig. 11(b)]. After annealing at 650 °C, some of the

and Cu/WSIN/WSi/Si samples annealed at various tem-giodes were degraded while the others remained ififeigt
peratures. All WS layers were 50 nm thick. The thermal 7(g)]. For the diodes that remained intact after annealing, the
stability of the Cu/WSi,/Si samples reached 550 °C; how- ¢ross-sectional SEM micrograph shows that the barrier struc-
ever, a drastic increase in sheet resistance was found aftgfre remained unchangddFig. 11(c)]. Upon annealing at
annealing at 600°CFig. Ya)], implying failure of the 700 °C, many large openings were found on the diodes’ sur-
Cu/W;Si,/Si structure. For the Cu/\8i, 5/Si samples, the faces, and the fully developed §Si precipitates exhibiting a
sheet resistance remained unchanged only up to 450 °C, apghtyre of inverted pyramid shape bounded by {$11}

it increased drastically after annealing at 500 °C. Theplanes were also observéBig. 11(d)]. Thus, failure of the
Cu/WSi /Si structure with a WSibarrier layer deposited at WSIN/W,Si; barrier bilayers was likely associated with
higher SiH,/WFg flow ratios was obviously less thermally tnese highly localized precipitates, which were presumably

stable. The sheet resistance for all samples otaysed by the diffusion of Cu through the weak poistech
Cu/WSIN/WSj /Si remained stable up to 650 °C, as shown

in Fig. 9Yb). Comparing these results with those of
Cu/WSi /Si samples shown in Fig.(8, we found that the ' T T

ARS%: Rsaﬂer anneal_ Rsas-deposite(ioo%.
Rs Rs

as-deposited

barrier effectiv_eness qf Wgilayers was improved signifi- 106 | ::zzz(ﬁixiﬂamo watts

cantly by forming a thin layer of WSIN on the surfaces of - E

WSi, via anin situ N, plasma treatment. § 105 R """""""""" W]
Figure 10 shows the XRD spectra of the 8 I Si

Cu/WSIN/W;Si; /Si samples after annealing at various tem- 104 9

peratures. Instead of the formation of various silicides for the E"\I:I,-, \ N

600 °C annealed Cu/V®i; /Si sample$Fig. 5a)], no silicide 103 L

phase was detected for the Cu/WSINSY/Si samples an- 0 100 200 300 400

nealed at 600 °C. This indicates that the accelerated crystal- Sputtering time (sec)

lization of WSk layers in contact with a polycrystalluje Cu .FiG. 8. AES depth profiles of Wi Si samples with and without \plasma
overlayer was suppressed by the presence_Of a thin WSiblsatment showing the difference in nitrogen distribution; the sputtering rate
layer sandwiched between the Cu and WByers. It has was determined to be about 0.1 nm/s.
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‘ Fic. 11. Cross-sectional and oblique view SEM micrographs for the
800 Cu/WSIiN/W;Si; /p* —n junction diodes(a) as-deposited, antb) 600, (c)
650, and(d) 700 °C annealed.

7
<

0 200 400 600
Tempreature ("C)

Fic. 9. Change in sheet resistance vs annealing temperaturgafor
Cu/WSi /Si and(b) Cu/WSIN/WSj /Si samples with the Wgilayers de-
positedkat variou(s)SiHWFe flow r;tios. P Py IV. SUMMARY
The thermal stability of thin amorphous CVD-W3ay-
ers, with and without Bl plasma treatment, was investigated
with respect to the capability of diffusion barrier between Cu
as stress-induced microcracks and grain boundaries of tf@']d Si substrate. We found that the barrier effectiveness de-

crystallized WSi; layen in the thermally annealed barrier Pended on the composition of WSiims. The amorphous
layers. The results of SEM observations further confirm thatVSix films deposited with higher flow ratios of SitWWFg

the thermal stability of the Cu/WSISi structure can be im- have higher Si/W atomic ratios as well as lower crystalliza-
proved significantly by forming a thin layer of WSiN on the tion temperatures; thus, the barrier effectiveness of the, WSi

surfaces of WSivia anin situ N, plasma treatment. The films was lowered. For the 50-nm-thick &, layers depos-

thermal stability temperatures of Wshiased barrier layers ited with a SiH,/WF; flow ratio of 3, the Cu/WSi;/p*—n

determined by various techniques of measurement and/d'finction diodes were able to sustain a 30 min thermal anneal-
ana|ysis are summarized in Table IlI. Ing at temperatures up to 500 °C without CaUSing degradation

to the electrical characteristics. The thermal stability was
lowered to 450 °C for the Cu/y&i, 5/p™ —n junction diodes
using the WSi, 5 barrier layers deposited with a SiFWFg
flow ratio of 50. The barrier capability of WSfilms can be
efficiently improved by arin situ N, plasma treatment. The
N, plasma treatment produced a very thin layer of WSIiN on
the surfaces of Wgilayers, and the WSiN/Wgbilayers not
only suppressed the diffusion of Cu efficiently, but also pre-
] vented the accelerated crystallization of \WBiyers in case

of direct contact with the Cu overlayers, resulting in im-
650°C . o RO
- 1 provement on barrier capability. With an situ N, plasma

600 C

Cu/WSIN/W,Siy/Si

Cu(111)

WSia(101,

WSiz(002)

WSix(110)
Cu3Si(320)
WSix(112)
Cu(200)

700 C

TasLE llIl. Thermal stability temperatures of WShased barrier layers de-
termined by different techniques of measurement/analysis.

L As-deposited 4
Barrier layers

Measurement and/or W;Si;  W;Si; 3  WSIN/W,Si;  WSIiN/W;Si; 5

ész“

Intensity (arb. unit)

20 25 30 35 40 45 50 55 60 analysis methods  (°C) (0 (°C) (°C)
Reverse current 500 450 600 500-550
2 e (DEGREE) Sheet resistance 550 450 650 650
XRD 550 450 600 600
Fic. 10. XRD spectra of Cu/WSIN/\&i,/Si sample annealed at various SEM 500 450 600-650 500-550
temperatures.
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treatment applied to the 8i; barrier, the
Cu/WSIN/W,;Si;/p™ —n junction diodes were able to remain
intact up to at least 600 °C.
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