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1. Introduction

Introduction of the low-£ film into the ULSI process is
very effective in solving propagation delay. Thus, the many
low-k films have been proposed for the several materials
and preparation methods. The spin-on technique is suitable
method for low-k silica film. This is because it is easy to
introduce porogen into the film, which is desorbed during
film cure, and these introduced pores work effectively to
reduce the k-value. Since high porosity is required in order
to obtain a lower k-value, this requirement leads to serious
disadvantages of the low-k films, such as low thermal
conductivity and poor mechanical strength.[1,2]

We have proposed novel porous silica film incorporated
with ethylene groups which has the potential ability to
solve these problems.[3,4] This film showed #A=1.9.
Although the porous silica film has its k-value lower than 2,
its Young’s modulus and hardness calculated by the loading
and unloading characteristics were 4.5GPa and 1.5GPa,
respectively.[5] These values were higher than those of
conventional porous film having £<2. In this paper we have
evaluated porogen desorbing temperature dependence.

2. Preparation of porous silica films incorporated with
ethylene groups.

Wet gels were synthesized by the sol-gel reaction with
hydrolysis and condensation of BIS (Triethoxysilyl)
Ethylene [BTE:(C,H50);SiC,H,Si(C,H50);] as a precursor.
We chose an organic solvent to form pores after coating,
2-methyl-pentane-2,4-diol
[MPD:CH;CH(OH)CH,C(OH)(CH3),]. MPD acts as a high
hydrolytic stabilizer and a special kind of drying control
chemical additive. The mixture of BTE and MPD whose
molar ratio was 1:10 was then processed to gelation by
adding water and a catalyst of HCI (0.15 mol/l). This was
then stirred at 60 °C for 60 min until the mixture became an
appropriate viscosity. The H,O content in the gel was
controlled by distillation after synthesis. The MPD was
desorbed from the film by using vacuum annealing at
450°C. We chose vacuum annealing to avoid oxidizing and
degrading film quality for desorbing MPD. We have also
prepared gel using C,HsOH instead of MPD as a reference.

3. Experimental results

Figure 1 shows the density of the low-k film as a
function of annealing time. The open diamonds, squares,
and triangles represent samples annealed at 350°C, 375°C
and 400°C. The open circle represents the result of the
sample annealed at 450°C as a reference. The density o of
the film was calculated from the equation of the total X-ray

reflection angle &,
6. = (5.4><101° xXZxpx A /A)2 x57.3.

Where Z is the atomic number and 4 is the atomic mass.[6]
The samples were prepared at R,,=1.The sample annealed at
400°C for 2 hours showed o= 1.12g/cm’. The sample
annealed at 375°C for 2 hours showed o= 1.22g/cm’. This
value reduced with increasing annealing time, and after 8
hours of annealing the density 0 went down to 1.09g/cm’,
which was almost the same as the o after annealing at
450°C for 2 hours. The sample annealed at 350°C for 2
hours showed o = 1.39 g/cm’, and the density o reduced
with increasing time. The slope of the graph of this sample
was the same as those of annealing at higher temperatures,
however p= 1.25g/cm’ was obtained even after 8 hours of
annealing. We confirmed that the k-values of the films
having p=1.1g/cm’ were about 1.9.

Figure 2 shows wide mass-range thermal desorbed
spectra [TDS] of the film which dried at 150°C.
Temperature raising as fast as 60°C/min. Peaks due to
MPD was observed at the mass numbers 43 and 59. These
peaks were observed in the temperature range between 240
to 400°C. The large peaks in the lower mass-number range
(<30) are due to remaining ethyl groups in the BTE.

Figure 3 shows the wide mass-range TDS for the sample
after vacuum annealed at 375°C for 8 hours. The peaks
around 28 was observed at the temperature range over
500°C. This is due to degradation of porous silica with
ethylene groups. The peak due to MPD was not observed in
the spectrum. Thus we have concluded that MPD was
desorbed from the film after annealing at 375°C, and this
result was same as the density change as shown in figure 1.

4. Conclusions
We evaluated MPD desorbing temperature dependence.

The porogen (MPD) desorbed from the film in the lower
annealing temperature range from 375°C to 400°C. It can
be concluded that this temperature range is acceptable for
the ULSI process.
Acknowledgements

The authors would like to thank Mr. K. Maejima of ESCO for
TDS measurement.
References
[1] A. M. Padovani, L. Rhodes, L. Riester, G. Lohman, B. Tsuie, J.
Conner, S. A. B. Allen and P. A. Kohl, Electroche. And Solid-Lett.
4, (2001) F25.
[2] A.K. Skider, .M. Irfan A. Kumar and J.M. Anthony, J. Elect.

- 490 -



Mat., 30, (2001) 1527.
[3] Y. Uchida, T. Katoh, Proceedings of 18th International 1.4
DCMIC, (2002) 57. |
[4] Y.Uchida, T. Katoh and M. Oikawa, Mat. Sci. in Semi. Porc. 5 350°C

(2003) 259. L.3r 5
[5] Y.Uchida, M. Oikawa, Y. Ito and K. Ishida, Proc. of Adv. Met.
Conf. 2003, (2003) 455.

[6] Klochenkamper R., Total-Refrection X-ray fluorescence
analysis, New York: John

wily & Sons Inc., 1997.

Density [g/cm?]

2 4 6 8
Annealing time [h]

Fig. 1 The density of low-k film as a function of annealing time.
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Fig. 2 TDS spectrum of film before vacuum annealing.
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Fig. 3 TDS spectrum of film after vacuum annealing at 375°C for
8 hours.
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