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Wet stripper is commonly used to remove photoresist in IC integration processing. However, the high alkalinity of the wet

stripper solution often leads to the hydrolysis of hydrogen silsesquioxane (HSQ) film and induces water uptake. As a result,
both the leakage current and dielectric constant of HSQ increase. In this stugypldiina treatment was applied to the

HSQ film to form a thin nitrogen-containing layer on the HSQ surface and prevents the hydrolysis of HSQ during photoresist
stripping. Dielectric degradation can be prevented by dldsma treatment.
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As the critical dimension continue to shrinks to O/2% The thickness of the HSQ films was measured using an
and below, the interconnect delay becomes a limiting factid&K analyzer. A Keithley Model 82 CV meter was used
in the increase of device spekd. For decreasing the total to measure the dielectric constants of the HSQ films, and
circuit transmission time (i.e., resistance capacitance (R@)e capacitors were measured at 1 MHZ with an AC bias for
delay), using lowk materials as the dielectric film has beerhigh-frequencyC—V curves. Finally, an HP4145B semicon-
proposed > One of the most promising low dielectric con-ductor parameter analyzer was used to measure the leakage
stant materials is hydrogen silsesquioxane (HS®)How- current-voltagel(-V) characteristics in order to evaluate the
ever, photoresist stripping which involves @lasma dry ash- insulation property of the HSQ films.
ing and wet stripper solution dipping leads to dielectric degra- In the integrated processes, photoresist removal was imple-
dation in the HSQ film. Moreover, photoresist stripping cammented conventionally by utilizing £plasma ashing and wet
not be omitted because it is an indispensable step in integrat&dpper solution treatment. We have previously reported the
circuit fabrication. NH plasma treatment of HSQ has beerissue of applying @plasma ashing to the HSQ filthln this
used for copper interconnection applicatftol.However, the study, the impact of wet stripper processing on the dielectric
efficacy of NH; plasma treatment of HSQ in preventing wetproperties of the HSQ film is investigated. Figure 1 shows
stripper damage has not been reported extensively. In thise FTIR spectra of an HSQ film before and after wet stripper
study, the impact of wet stripper on HSQ is investigated. lireatment. It is found that the Si—-OH and® peaks appear
addition, NH; plasma treatment is applied to HSQ film in or-after stripper dipping. Furthermore, the intensities of both
der to prevent dielectric degradation after photoresist strifgi—H and S—O peaks are decreased dramatically.
ping. The reason for the increase of Si—-OH bonds is as follows.
Unpatterned silicon wafers were coated with a single layer
of HSQ film, and baked sequentially on a hot plate at°’T50
for 1 min, 200C for 1 min and 300C for 1 min. The result-
ing wafers were then treated by furnace cured at@Ofor
30 min. In this experiment, two types of wafer samples were
manufactured. The first type of wafer was the as-cured HSQ
film, which was the control sample and was labelled Sample
STD. The second type of wafer was HSQ film treated with § \
_e' Si-OH + H,0 VMV\//\\

HSQ after wet stripper dipping

NHj3 plasma for 3 min, which was labelled Sample NH-3. The £
NHj3 plasma treatment was carried out in the plasma-enhancey
chemical vapor deposition (PE-CVD) chamber which was op- §
erated at a pressure of 300 mTorr and a radio frequency (rf)$
power of 200 W. The flow rate was 700 sccm and the temper-ﬁ
ature of the chamber was kept constant at8)inally, both
types of samples were dipped in wet stripper solution (com-
mercial trademark ACT 935) at 6G for 10 min, followed by
400°C furnace curing. After completing all of the above steps, As-cured HSQ
aluminum was sputtered onto all samples as the top electrod¢
in order to fabricate the metal-insulator-semiconductor (MIS)
capacitors.

In this study, the chemical bonds of the HSQ films were in-
vestigated by fourier transform infrared (FTIR) spectroscopy. Fig. 1. FTIR spectra of HSQ before and after wet stripper dipping.
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The high alkalinity (pH= 12.6) causes film hydrolysis when ment. The leakage current and dielectric constant of Sam-
the HSQ film is dipped into wet stripper. The Si—-H bondsple STD is higher than that of Sample NH-3 after wet strip-
in the HSQ film are broken due to the high alkalinity attackper treatment. The dielectric degradations are due to the
Subsequently, dangling bonds are formed in the HSQ filnformation of Si-OH bonds in the HSQ. The Si—OH bonds
The dangling bonds easily react with hydroxide ions (Qkh  in the HSQ film easily absorb moisture. The polarity of
the wet stripper solution and convert themselves into Si—Ohhoisture molecules leads to an increase in both leakage cur-
bonds. rent and dielectric constaft. However, NH-plasma-treated

The lowk property of HSQ is due to the higher density ofHSQ maintains almost the same dielectric properties as as-
Si—H bonds, the minimal formation of Si—OH bonds and theured HSQ even after wet stripper treatment.
absorption of moistur® However, FTIR spectra clearly The efficacy of NH plasma treatment in preventing wet
show that a large amount of Si—H bonds and Si—O bonds dstripper damage is investigated by FTIR analysis. FTIR spec-
compose. In addition, the Si-OH bonds also increase whéra of NH; plasma-treated HSQ (Sample NH-3) after wet
HSQ film undergoes wet stripper treatment. For this reasostripper dipping are shown in Fig. 3(a). The intensity of Si-H
dielectric loss occurs in the HSQ film after treatment with webonds in Sample NH-3 remains at a high level even after wet
stripper solution.

Figures 2(a) and 2(b) show the dielectric characteristics of
Samples STD and NH-3 after undergoing wet stripper treat-
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stripper dipping. However, Si—-OH bonds and@do not Stripper damage during photoresist stripping processes.
appear in the FTIR spectra. Figure 3(b) shows X-ray photo- This work was performed at the National Nano Device
electron spectroscopy (XPS) diagrams of{\ttasma-treated Laboratory and was supported by the National Science
HSQ film. It is found that a significant signal from nitrogenCouncil of the Republic of China under Contract,
elements appears at about 402eV. It is clearly shown thBios. NSC90-2112-M-110-004 and NSC90-2215-E-009-048.
nitrogen atoms are doped in the HSQ film and form a thin

nitrogen-containing layer on the NHblasma-treated HSQ . _ _
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