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Abstract  Micro gas sensors including thin film catalytic type require stress- free membranes for etch stop of Si aniso-

tropic etching and sub-layer of sensing elements because stress is one of the main factors affecting breakdown of thin

membranes. This paper reports the effects of deposition conditions on stress and refractive index of SIN, and SIN./SiO.

JSINJANON) films deposited by low pressure chemical vapor deposition(LPCVD) and reactve sputtering. In the case of

[.PCVD, the stresses of SIN. and NON films are 7.6 ~ 10"dyne/cem’ and 3.3 % 10°dyne/cn’, respectively, and the refrac-

tive indices are 2.05 and 1.52, respectively. In the case of the sputtered SiN., compressive stress decreased in magni-

tude and then turned to tensility as increasing process pressure by Imtorr to 30mtorr and dereasing applied power den-

sity by 2.74W/em? 1o 1.10W/cm®. The best value of film stress obtained under condition of 10mtorr and 1.37W/cen® in this”
experiment was 1.2X10"dyne/en’ compressive. The refractive index decreased from 2.05 1o 1.89 as decreasing applied

power density by Imtorr to 30mtorr and increasing process pressure by 2.74W/em? to 1.10W/em®. Stresses of films de-

posited by both LPCVD and sputtering decreased as increasing temperature and showed plastic behavior as decreasing

temperature.
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Table 3. Refractive indices and stresses of SiN, and NON films deposited by LPCVD
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Fig. 1. Thickness variation of sputtered SiNx films as a func-
tion of process pressure and applied power density

210 .

205

2.00

1.95 +

1.90 +

I {:}/cnﬁ\.
& 137W/icm?

L

—A— 2 19W/cm?2

[ —i— 2.74W/cm?2
1.80 = . 1 = L

Refractive index

1.85

I |

3.0x102

0.0 1.0x102 2.0x102

Process pressure (torr)

Fig. 2. Retractive index variation of sputtered SiN. films as a
function of process pressure and applied power density

H3loll ule}l sputtering ¥

SINobe) Fdg Wb Fig 2o vhehyoieh Q17ba

L8



o gl e 4l edexbk D Neen Gas Sensor#l Membrane 8 SiNxebeb SINGSIOCSIN ZF 2] 2wl 5208 105
1.0x1010 I — 00 -
goxioe | W 1.10Wicm?
— i 2 -5.0x107
6.0x109 - i— ! 37wirem [ m P4 heating
. a 5 :
L 2.19Wicm 10xes - ® LP4cooiing
40x109F ~ — 2.74W/cm2 )
o 2 0x109 | ‘Z 1.5x108 |- ///;:"
35 : - [ 1]
3 o : ooooo“‘.“ ¢
= 00} e B i ) XL LA -
Z € -20x108
~ -2.0x109 v i) -
4 B -2.5x108 - a®
= . 9 | O e
oamon Ba $ o -
5 0X109L . -3.0x10 T -...-l-.. P
K LT I
-8.0x108 -3.5x108
-1.0x1010 & L - L n R s
0.0 10x10? 20x107 30x102 -4 0x108 T T o

Process pressure (torr)

:

variation of sputtered SiNG G
process prossure and apphed

Fig. 3. Stress

s as

power density

u]g_ 7}_

ol ubble

. EL 2 lr’_ - AV G Thol I
/]’ GEE s o

e /},u”

of Frhabell ubeh 4 dighe hebednl ol

bkt AREE Wl

MFP /}
ghob Ao upif 1o =gh R o] whub g # dEk ] af el Ao
2 A zbgich

Flg. 3ol -dqhulat cizp el o] wdoboll mhek sput
tering 51 SIN vhube]l -ehdmb b cpEpuielo) - gk edo)
LOmtorre|shel iz qlvbdetul ol shbglo] (L of 58
B Lhebufgd o LIOW enit 1.37W eme] +Eo alvbd

Hl ol A4z 's'-"z-)'"b"?i(’l SOmtorri -7}gbel| whup <l

S-ed o i onbyledvh b o foalvbtle] ol 8o
Tgghalo] Sobab i ol ghaal e Sl o gy

ek ol el A el
Fo] 7ol o Tabeto] £k nbebg 4l
of alzbstio] ubaisln] atdgkale] wobalud anfpol ol
A4 B A Ak g e A

& T g A% 5 gl o] sl Lol Mgy

ool e

ofsh zbol upmhe] Fris,

L B S B B AT 4
1 LR L C. i 1

O TIRAS D

el alrbde e of wafghodol ohall by gk gt

I R R s

517 &
b O Hluk Ol o gl o0 L 2a JLu YIS SRS e
b - ububo] qbn ool oralgol (L urvbe] olrkboetg. vl

O L KRR I

[S

- upebe) 4 aba] 2k z el
e L I R R R P R P L
Aok el o] 4G ak okl o] e of

R R I S L L R R )
ol olelah 4k vhebdlls ool Mol
ol et SIN o] 24

of hiz MEkel /| Wil olfah Al old o W

Fle}.

Lozt
T gt
gk 7|

Haah wpel do] 4 mde] upe

function of

T T T T M T
0 100 200 300 400 500 600
Temperature(cC)

Fig. 4. Stress behavior of [LPCVD NON film(1.]°- 4

ture variation

) to tempera-

00

e
PPPYY LT L

-5 0x108
&
&
o
o)
S, -10x109 - TTLLLLLL)
T an® —
N "L /,
w
g -
@ ~1.5x109 T

®  S32 heating

F ® S32 cooling

-2.0x109 T T T T T T T T T T T
0 100 200 300 400 500 600

Temperature(°C)

Fig 5. Stress behavior of sputtered SINx (IIm(S-32) to temper-

atuare variation

Fig. 49} 50l LPCVDell 4] 7}2k vhe Zelghs el LP
SrAEe aa Y AEEel A b e gk el
S-szaldel mak gmol gk Seiish vehyate) o
GEghe A de) Sotube) dejucks 7))

Aol7h €)% Fastch LP-4s} S
w)gk ekl sedch bl Ale) s 400°C 7
A qprgedo] QAo Hae] frakebrl 600°C 7
Wb ael s kg

[ |

Fhbe] ol 4]

RER A

Fgdnost ket 14
i ooh ags] hasteleh olejeh w4e SIN ubrbe]u}
SO spupol o] ulebcbis rkAlel glkos " 400°C ol
o] s ol o] v)gsk wpube) el Al Aho] L algk u]v)

5 It =N

AL FhnnG-8- Afjepy] vhnko

A o

el wigko] alofilk e E P,



106 gk ag e E A A7 23 (1997)

o) olelah wiabe Fio) Shabol) )8 B3 EE s
T:}-;”_
.73 =

Low Pressure Chemical Vapor Deposition(LPCVD)
Wz} sputtering® .2 SiN, 3 SiN,/SiO /SIN (NON )ut
& Zastol galnh 3ug Wkl vlAE wel B 4
& ool thisk ¢ AR sk
1) LPCVDe] 739 SIN ZHe)| u]af NON=zlo| zhe. o2
gre vrebiolend 1500 A /6000 A /1500 A NON=e] 7
% 3.3 10 dyne/enie] of&-8-Hghe viepliglch SdE

gled 4l SiNwhalhe] 2.030) 4] 2.059) gr& 7Fd et
N()NU&% Si0uhe) A 7F SR 9] Aol whel 1763} 1.52
2 zhaskde)

2) Sputtering®] 7% #A} QvpHY LEe}
S HzkA7IER A vbdE =E 13TW/an,
10mtorrell 4} 1.2X10%dyne/cni 2

o

~N

1. F. Nuscheler, Sensors and Actuators, 17(1989)593
2. M. Gall, Sensors and Actuators B, 4(1991)533

3.

o1

6.

. P. Krebs and

P Riley,

o JoSmith,

. D, Kouvatsos, J.G.

. K. Ramkumar,

. D. Temple, A. Reisman, G.G.

. K. Ramkumar and A.N. Saxena,

AW, van Herwaarden, P.M. Sarro, J.W. Gardner,
P. Bataillard, Digest of Technical Papers 7th Inter-
national Conference on Solid-State Sensors and
Actuators (Transducer 93), (1993)411
A. Grisel. Sensors and Actuators B,
13(1993)555

K.K.  Young
Soc., 139(1992)2613
J.C. Bravman, W.D. Nix, D.M. Barnett, D.A. Smith,
“Thin films

MRS,

C.C. Liu, J.

and

Electochemn.,

Stresses and Mechanical properties”,
989, Pittsburgh, Pennsylvania

, MRC

V  Satkumar, P.J.
Mactarlane and R.J. Jaccodine, J. Electochem. Sco.,
139(1992)2322

The Basics of Thin films”

Huang,

S.K. Ghosh and
140(1993)2669

A.N. Saxena, J.
Electrochem., Soc.,
Fountain, M. Walters
and S.V. Hattangady., J. Electro. Chem. Soc., 140
(1993)564

J. Electrochem.,
Soc., 139(1992)1437

. E.J. Mclnerney and P.A. Finn, Proceedings of the

20th Annual [nternational Reliability Symposium,
IEEL (1982)2874



