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Abstract—Low temperature planarization technology using spin-on glass(SOG) was studied in the multilevel
interconnection structures to increase the integration density of semiconductor device. The problems of forbid-
den gabs, V-grooves and voids between metal line steps were solved as a result of SOG application in double
level metallization structure. SOG film showed 10-20% volume shrinkage after SOG film was cured in 420C
for 30 minutes, and it has less water and organic matter than before curing. 2 MV/cm breakdown voltage
and 30 fA/cm? leakage current were also obtained from the semiconductor parameter analyzer. In addition,
this process showed low via resistance(£0.2 Q /via), 1 X 10° dyne/cm® tensile stress and 80% degree of planari-
zation.
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Fig. 1. SOG application at DLM structure.
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Fig. 2. SOG film thickness as a function of spin speed.

Table 1. Volume shrinkage of SOG film as a function of
hot plate temperature

SOG A® B? co
Siloxane SX-A 2.7% 51% 6.8%
SOG SX-B 0.9% 45% 8.8%
SX-C 2.7% 5.8% 8.1%
Silicate SC-A 2.5% 6.8% 10.2%
SOG SC-B 14% 7.5% 11.7%
4 A: 90C, 2 min

% B: 90T, 2 min + 180%C, 2 min
9 C: 90T, 2min +180%C, 2 min, +280T, 2 min

Table 2. Volume shrinkage and refractive index of SOG
film as a function of curing ambient

Volume shrinkage?’(%) Refractive index

S0G Ng 02 N2 02
Siloxane SX-A 104 12.2 1417 1405
SOG SX-B 117 17.2 1.369 1.374
SX-C 127 14.1 1.399 1.399 °
Silicate SC-A  20.1 20.2 1443 1444
SOG SC-B 192 185 1.446 1446

@ Curing condition : 420T, 60 min
»Volume shrinkage : (Thickness after curing/Thickness
as coated)x 100

Table 12 siloxane | ¢} silicates] SOG2] J 3 %9
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Fig. 3. FTIR spectra of SOG after 30 min curing.
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Fig. 4. Stress variations of SOG double coating.
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Table 3. Electrical characteristics of SOG films(Pad size:

200X 200pm?)
Dielectric strength Leakage current
SOG (MV/cm) (fA/pm?®)
@1pA @5V
SX-B 21 285
SX-C 23 36.5
SC-A 15 215
SC-C 16 316
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Table 4. M1-M2 via resistances at different via sizes

(2 /Via)

—
Via sizem) o008 10X10 14X14 18X18

Process \
NON SOG 0149 0116 0103 0092
SOG* 0114 0103 0104  0.089

* SOG partial etchback process
* Measuring points/Wafer; 5 points

(a) (b)

()

. Spin-on glass planarization characterization.
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Fig. 6. SOG degree of planarization in 0.75 um line space.

Fig. 7. SEM micrograph of DLM structure using SOG
partial etchback process.
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(a) Without SOG (b) With SOG
Fig. 8. SEM micrograph after second metal etch in a sim-
ple DLM structure.

Fig. 9. SEM micrograph after 1 pm CVD oxide deposition
in DLM process.

Fig. 10. SEM micrograph after planarization by CVD/
SOG process in DLM process.

Fig. 11. SEM micrograph after planarization by resist
etchback in DLM process.
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