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Abstract:

The power MOS transistors were tested with diffedéffusion barrier type used in metallization cactt stack.
The contact structure in integrated circuit (ICede to have good ohmic properties with low contaststance
and it needs to be thermodynamically stable togmeeontact degradation. Because high current tparthe
power transistors in IC should be most sensitivetspéor barrier stability testing. The PtSi-TiW-AIC
metallization technology will by compared with RiBiTiN-AICu metallization. Generally, the TiW difion
barrier has lower thermodynamic stability with Al@etallization compare to TiN. Therefore a Ti-Tildrber
implementation could be attractive for manufactgrising TiW barrier technology. It will be interiggg to test
the Roy (transistor resistance in switch ON state), ghteshold voltage and leakage current parameters on
power MOS transistors because the barrier changles. barrier and aluminium-copper interface will be
compared on the SEM cross-sections samples.

silicon and because the activation energy for the

INTRODUCTION diffusion of other impurities is high. The TiN syifgc
. ] ] contact resistivity to Si is somewhat higher thaatt
The power metal oxide semiconductor field effect of Tj or PtSj, and as result, it is ordinary noedsgo

transistor (MOSFET) is based on the original MOS make direct contact to Si. Instead, it was most
transistor scheme with poly-silicon gate; in thisrv  commonly been used in contact structure consisting
tested. The basic difference is in transistor of AI-TiN-Ti or TiSi,-Si [3-4].

dimensions. The transistor dimensions are designed

to be able work with higher voltage and currentMOSFET TRANSISTOR

without to run out of maximum temperature limits.
The power MOS transistor was developed to
overcome bipolar power transistor limitations in
microelectronics applications. The switch speed
limitation. On other hand, the MOS transistors
limitation in comparison to bipolar transistor ener
breakdown voltage level for the same transistor
dimensions. In this work, we will test the p-type

power MOS transistor and the n-type power Moscontacted to the source electrode. The voltagdexppl

transistor with different diffusion barrier used in
metallization stack [1]. The contact structure igaat to the gate controls th_e flow of_(_electrons (_hol‘espn
i the source to the drain. A positive (negative) agdt

of the transistors also and could change the device _ -
: X ; applied to the gate attracts electrons (holes)hto t
functionality. Important contact properties areow| . . '
. : interface between the gate dielectric and the
contact resistance, because the current losségnai s

time delays and the thermal stability with thecsifi. semlconductor. These eIectrQns (holes) fprm a
. hy . s conducting channel. The result is that the appiiei
The direct contact to silicon is created with gilec

layer. In this work, the PtSi silicide is used. Been voltage controls the current between the drain and

I . .. source.
the silicide layer and interconnect metallization Threshold voltageVs, is defined as a minimum gate
(AICu with 0.5% Cu) layer, TiW and TI-TiN electrode bias gre thuired to strongl inverting the
diffusion barrier layers were tested. The barrier i 9 - gly gt
) o . surface under the poly-silicon and forms a condhggcti
necessary because Si solubility in AlCu layer. Tifis . .
. . ) : o - channel between the source and the drain regions.
starting mechanism for junction spiking. Titanium . . )
. h The Roy resistance of MOS transistors (transistor
tungsten was among the first material to be empgloye = : ; . ; 3 .
PP . . : , resistance if transistor is switch ON state) idthup
as a diffusion barrier a typically used with Pt&ydr
L S . . of several components.
[2]. Titanium nitride is an attractive material as Rox=Reourect Ron + Rerain + Ry
contact diffusion barrier in silicon manufacturing N~ "source™ Tch T drain cm » .
whereRsource IS @ source diffusion resistandgy, is a

because it behaves as an impermeable barrier to . . ; o
channel resistanceRy.n is a drain diffusion

The n-type (p-type) MOS transistor consists of a
source and a drain, two highly conducting n-type (p
type) semiconductor regions, which are created into
the p-type (n-type) substrate region. A poly-
crystalline gate covers the region between sounde a
drain. The gate is separated from the semiconductor
by the gate silicon oxide layer. The substrate is



resistance an&,., is a sum of bond wire resistance, The Roy parameter mainly represents the contact

contact resistance between the source and drairesistance change with different barrier use
metallization

metallization and the silicon metallization. These

in

stack. The normal distribution

normally negligible in high voltage applicationstbu characteristics for each barrier type are shown in

can become significant in low voltage applications.

figure 1. The difference by the work function okth

The leakage current is defined as maximum allowedbarrier material for Ti-TiN and TiW diffusion baeri
current through drain — substrate diode reversds seen. For NMOS, thedR is lower with use of Ti-
biased. The channel is closed (accumulated), th&iN barrier and it is backwards for PMOS transistor
source and substrate are connected to the grouhd amhe Roy is the highest for both transistor types with

the drain to the voltage bias.
EXPERIMENTAL

The measurement was made on ON Semiconductor
Piestany product NCP1582. The power transistors
gate oxide thickness was 35nm. The gate dimensions
were 2.21m x 215um (length x width). The structure

is built as 160 gates electrodes net wifimdgap
between them, where is implanted drain-source
region (with B or As). The TiW barrier was depodite
on the varian#3290 equipment from single target
(90%W, 10%Ti). The Ti-TiN barrier was deposited
on the MRC Eclipse Mark4 equipment; from single
Ti target in Ar-N2 ambient. The electrical

characteristics were measured on production wafers;

five test structures on one 6 inch wafer. In présgn
charts, normal distribution functions calculatednir
mean value and standard deviation of the measure
samples are compared. The contact structure wéth th
TiW, the TiW insitu deposited with the AICu, the
TiN and the Ti-TiN barriers were tested.
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Fig. 1: TransistoRoy vs. barrier type; a) for NMOS transistor;

b) for PMOS transistor.

the use of TiN barrier.
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Fig. 2: TransistoVt vs. barrier type; a) for NMOS transistor;
for PMOS transistor.

b)

It was observed that the threshold voltage is
influenced with the diffusion barrier change (ség. F
2). The shifts are made with the barrier work fioct
change. It is visible that the air-break betweemniba
and metallization has not significant influenceRuy

and also on Vcharacteristics.

The barrier thermodynamic stability was tested with
leakage current between transistor's drain and
substrate. Higher leakage current values are gdessib
to seen from Fig. 3. for TiW barrier deposited tinsi
with AICu layer on NMOS transistor only.

The barrier degradation was confirmed on the cross-
section samples. The contact structure to the drain
region was compared (see Fig. 4). In the pictuhes,
cross-section through contact structure to doped
silicon region is shown.

It is visible that the interface between the TiWrka

and aluminium-copper in situ deposited is rougher
compare to the others (see Fig. 4b). There arbleisi
spikes through the TiW barrier. The barrier statted
decompose on the surface. On other hand, the TiW
barrier surface deposited with air-break between th



barrier and aluminium-copper is ideally smooth (seeFrom reliability test point of view this
Fig. 4c). characterizations suggests, the Ti-TiN barrier doul
be applicable for manufacturing.
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The Ti-TiN barrier surface roughness is not the esam
compare to the TiW barrier deposited with air-break
The roughness onto the Ti-TiN barrier surface
suggests that the titanium with the aluminium fam

titanium-aluminid (see Fig. 4a). This effect was
confirmed with the sheet resistance measurement [5]®
The transistor leakage current measurement confirm:
that through the Ti-TiN barrier the aluminium-coppe

layer does not penetrate. NEST et
CONCLUSIONS

Smooth surface

AccV  Spot Magn WD H———— 200nm
12.0kV 3.0 100000x 10.0 ONPY2 SEM

The power MOS transistor parameters were
characterized with the barrier change. The eleditric c)
parameters depend on a barrier work function, en th
specific contact resistance and on the thermalligyab
between barrier and aluminium layers.

With the TiW barrier limitation, the Ti-TiN barrier
thermal stability was shown. The barrier limitation
was confirmed with the SEM cross-section pictures.

The AICu penetrates easier through the TiW barrierACKI\IO\NLEDGENI ENTS
without air break and degraded the contact. TheuAIC
atoms (p-type) doped the n-type region. This
mechanism degraded the n-type drain region [6].
Based on theRyy characteristics results, the Ti
barrier could be used only with Ti under layer wvhic
was tested also. It is given by the reactive spuatie
in the N ambient. The titanium nitride on PtSi
surface increases the transistor contact resistance

Fig. 4: Cross-section through contact to drain region.Tidl)iN
barrier; b) insitu TiW barrier; c) air-break TiW toigr.
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