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1. Introduction
Copper (Cu) interconnects have been introduced to ULSI

processes U,21. In orderto improve high-speed performance
of ULSIs, low-k interlayer dielectric ([-D) films must be
implemented with Cu intermnnects [3,4]. Howwer the
drift of Cu ions occurs from the Cu interconnects to a Si
substrate through ILDs occurs in the prcsenoe of an electric
field, resulting in the increase of leakage cunent. This paper
describes determindion of oopper ion drift rdes in ponus
methylsilsesquioxane (MSQ) films derived ftom a porcus
methytsilsesquiazane (MSZ) precursor.

2. Experimental
N-type (100) silicon substrates were oxidired in HzOz

ambient il. 900"C to form 50 nm thick thermal SiOz.
Porous MSZ films were formed on the SiO2 by spin-
coding, prc-baking at 150'C (3min) and 280'C (3min),
and curing in an N, ambient d. 400"C for 30 min,
consecutively, as shown in Fig. 1. C4acitance-vottage (C-
\| measurcments 15-71 werc carried out for
CulMSZlSiO2/Si MOS capacitors before and after bias-
temperdure stress tests @TS) to investigate Cu ion drift
rates in porous MSZ films. The amount of charges drifting
into the MSZ ard SiO2, shown in Fig. 2, can be calculated
fnm a flA-band voltage shift AVee and teakage currerfi L:ate.
AVre is expressed as [8]

1 n4*dzLVrn=-^ J;o(x)p(x)dx (1)
L o..

, rvherc dr and dz are the thicknesses of MSZ and SiOz,
respectively. Cu.. is a series cryacitance of MSZ and SiOz
per unit area. (x) and co (x) are the density distribution
function of the charges and weight function respectively.
When the charges accumulate as a delta function at the
SiOz/Si interface or il. the MSZ/SiO, interface. the
expressions for AVeg become as follows.
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, where q and tcu"l re the electronic charge and the number
of Cu ions. respectively. Cri,1sz is a capacitance of a MSZ
film. An enerry band diagram of a CuIMSZ/SiO2/Si
capacitor is shown in Fig. 3, where positive charges
accumulate d" the MSZ/SiOz interfaoe. AVrs is also
expressed in terms of gate leakage cunent densilv Jgot.:

lt
LVn = -- l^Jsot"ft)dt (4)

V MSZ .rt)

3. Results and Discussion
The properties of porous MSZ film are summarized in

Table 1. The FTIR spectrum of porous MSZ after 400 "C
curing is shown, in Fig. 4. Absorption, peaks due to C-H
(2970.2850 cm''), Si-C (1270. 780 cm-'): SiO (1020 cm'')
were observed. Figure 5 shou,s flat-bard voltage shift and
gate cunent of MSZ films. Measured AVes tvas smaller
than the calculated value by eq.(4) due to the charge
distribution in the film. The gate leakage current decreases
as Cu* ions drift into the MSZ film because the
accumulded positive charges Q(t) reduce electric field Er(t)
in the MSZ film as described in eqs.(s) and (6) from
Gauss's law and potential equations.

ezV - dzQQ)4G>: (s)
e rd, + erd,

.r --- (tt - dQG\ : oq,u) (6)r gale\e, - dt

, where e, and ttarl dielectric constants of MSZ and SiOz.

respectively. % ard o ale applied voltage and oonductivit_y.
respectively. The solution bf the differential equation in
terms of Q(t) is Q@-a-bexp(-cr). Consequently. AVre(t) is

oL,VoQ\=--1"-bexp(-ct)l (7)
" MSz

. wherc a b. and c are fitting parameters. Measure.d AVre as

a function of time could be fitted to AVee(t) as shown in
Fig. 6. Cu ion drift rates in porous MSZ were calculated bv
taking the derivatives of AVre(t) at t:0. An Arrhenius plot
of Cu drift rates in porous MSZ is shown in Fig. 7. The
activation enerry uas l.28eV.

4. Conclusion
Determination of Cu ion drift rdes in porous MSZ was

described. The Cu ion distribution in the film could be
estimated bv comparing measurcd AVFB with the calculated
value from the gate leakage cunent. The Cu drift rate can be
determined by taking the deriratives of the fitting curve.
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Fig.4. FTIR spectrum of porous MSZ film after 400"C
curing.
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Fig.5. Measured and calculated flatband voltage shifts
and gate leakage current for porous MSZ films.
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Fig. 6. Flatband voltage shift AVrg as a function of time
for diff'erent BTS temperatures.
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Table l. P tites o u

Dieleotric
Constant

Refiastive
Index

Density
Is/cm'l

Porous MSZ 1.8-2.0 |.32 1.0
MSZ 2.5 1.40 t.4
SiO' 4.0 r.46 2.2
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Fig. l. Molecular structures of porous MSZ and MSe.
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Fig. 2. Drifted charge distribution in Cu/MSZ/SiO2/Si layers.
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Fig.7. Arrhenius plot of Cu ion drifl rates for porous MSZ.


