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Abstract The stress of PSG (Phosphosilicate glass), USG (Undoped-silicate glass)and SiN films, which
are mainly used as passivation layers in semiconductor memory devices, deposited by CVD methods has
been studied as a function of film thickness and holding time in air. The stress of the PSG film or the
USG film is increased in tensile state with increasing film thickness. On the other hand the stress level of
the SiN film in compressive stress does not change as film thickness changes. The stress of PSG film
shows the drastic change from the tensile stress to the compressive stress after the film is left 2 days in
air. FTIR spectra indicated that the stress variation was due to the penetration of water molecule. It
looks possible to recover the stress of about 2.5x10° dyne/cm? by annealing treatment-at 300°C for 20
min. The total stress of multi~layered films having the PSG film is determined mainly by the stress vari-
ation of PSG layer with holding time. The total stress of multi-layered film appears to have a functional
relationship with the stress in the thickness of each film. The resistance against stress-migration of sput-

tered Al line increases with increasing the tensile stress for the PSG film or the USG film.
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Tablel. Deposition conditions of PSG, USG and SiN Films
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Fig. 1. Stress variation of USG, PSG, and SiN films as
a function of the film thickness.
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Fig. 2. Stress variation of PSG films, 3000 or 60004
thick, with holding time in the air.
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Fig. 3. FTIR spectra characteristics of PSG films as de-
posited and after 72 hours.
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Fig. 4. Stress variation of PSG film vs. holding time in
the different ambients such as N;, vacuum, and air.
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Fig. 5. The variation of amount of stress recovery, Ag,
of PSG film with anneal temperature.
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Fig. 6 The amount of stress recovery of PSG film with
3000 A thick as a function of anneal time and anneal
temperature.
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Fig. 7 The amount of stress recovery of PSG film with
6000 A thick as a function of anneal time and anneal
temperature.
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Fig. 8. Stress variation of PSG, PSG/USG, PSG/SiN
and PSG/USG/SIiN with holding time in the air. The
thickness of oxide or nitride film was 6000 A
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Fig. 9. The variation of stress of PSG/SiN film with
holding time of PSG film in air before deposition of
SiN.
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Fig. 10 The stress variation of PSG/SiN films as a
function of the thickness of each film.
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Fig. 11 Functional relationship beween experimental
data and equation derived in this study.
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Table 2. The amount of open failure in each metal
line with variations of PSG film thickness.

Width/Space of
Passivation Condition metal line (um)
0.75/0.75(1.2/1.2 | 2.0/2.0
PSG(3000A) + SiN
. .00 .00
(60004) 1.07% | 0.00% | 0.00%
PSG(6000A) + SiN
0.20 0.00% | 0.00
(6000 A) % s %
PSG(8000A) + SiN
.00 0.00 0.00
(6000 A) 0.00% % %

failure¥o] 0%E JEeEhi oy wjHdZEo] 0.
75um Q1 A9 PSG = EAFZ7I wet A=z
open failure¥fo] Z A3l PSG 8000A & A
P2 wiAd 17 /Eo #FARlel XF 0%ES
UERIRIT & PSGH SA7 SALSE S/M
of tid AHgo] Ak PSG/USG/SINe FHE S
9, FZolM PSGY FHE 30004 o8 AdA
A stz USGer A1 2000A, 40004, 60004
o2 WHEAA AUF Zzhe] dstd SiNwg
6000A QA& Algd Wt 150C 10004 2t2)
7} 2% do]A open failure %L table 39
etk USG = $A 7t 7 €4 F failure

Table 3. The amount of open failure in each metal
line with variations of USG film thickness.

Width/Space of
metal line (/m)

0.75/0.75 | 1.2/1.2

Passivation Condition

2.0/20

PSG(30004) + USG(2000
A)+SIN(60004)
PSG(30004) + USG(4000
A)+SIN(6000 4 )
PSG(30004) + USG(6000
A)+SiN(60004)

150% | 011% | 0.00%

111% | 045% | 0.00%

0.00% 0.00% | 0.00%
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PSG w3 USG u& PE—SIN %e) 2% com-
pressive stress7} Al Wil v F¥& &3
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&2 tensile stress7} F7FstETH duryow
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Table 4] Al A ¢ o) PSG & HAHAFE =4

Table 4. The variation of open failure in each
metal line after treatment of 1000hr 150°C with
post-treatment of PSG film.

Width/Space of
metal line (ym)

0.75/0.75 | 1.2/1.2 | 2.0/2.0

0.00% | 0.00% | 0.00%
0.23% 0.00% | 0.00%
0.00% 0.00% | 0.00%
0.00% | 0.00% | 0.00%

Post-treatment condition
of PSG film before SiN depo

ojQ(wi»>

A : SiN depo. on PSG film without interruption.

B : SiN depo. on PSG film with exposure in air for 5 days.

C . SiN depo. on subsequently annealed (300°C, 10 min)
PSG film with exposure in air for 5 days.

D : SiN depo. on subsequently annealed (300°C, 20 min)
PSG film with exposure in air for 5 days.
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