stRM7 MK B ets| 2001 E FAEals =23

a2 2EF el AHo|x|E Hatetetatato] A =}

Fabrication of Tantalum Nitride Thin—-Film as High-temperature Strain Gauges

Axel, 8T da9”, yA
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Abstract

This paper presents the characteristics of Ta-N thin-film strain gauges as high-temperature strain
gauges, which were deposited on Si substrate by DC reactive magnetron sputtering in an
argon-nitrogen atmosphere(Ar-(4~16 %)Ny). These films were annealed for 1 hour in 2x10° Torr
vaccum furnace range 500~1000T. The optimized conditions of Ta-N thin-film strain gauges were
annealing condition(900C, 1 hr.) in 8% N: gas flow ratio deposition atmosphere. Under optimum
conditions, the Ta-N thin-films for strain gauges is obtained a high resistivity, p =76893 u 2
cm, a low temperature coefficient of resistance, TCR=-84 ppm/C and a high temporal stability
with a good longitudinal gauge factor, GF=4.12.

Key Words : Strain gauge, Ta-N thin-fim, TCR(Temperature Coefficient of Resistance), Gauge factor,
Non-linearity

1M B o FE7} &3, 2Y8IF oW EY, 4IEL o

Qo] Abolsobo] cq BT UEAN 220 AAN AE we A
Af;,j, fﬁ;‘;ﬂi “ai'j jmgfq”?ﬂ?z &3} AGRE A 150Co] 4o} LEelAE A}
o maa o SFTY gu » gt @4 neg 22 AdAz sic
9 ASFA, A2 9 &Y AN g 55 S S S el aas
AT SAFes 4ER2 UG YeAed ) BT e waa wadas). e
AN AsmAs Aga sRudy sma T T O e ad &
Ql AlelA e ZFale ¥ AelX(foil gauge)sts 2 7]:;& 7}7!]0: a%}-gi;:;’ﬂo]zlﬁ-a 7}
Y48 Gaz A @) 9edl adx dgel [ IEEE TN T;E”T‘O] el Ame g
O Az & o Ry = T

du WAA BT EW NG AR R gan. 58, TaNe dnaw, suHes ays
TES AR Jhe R 4H Bl el gy w0 gasgel e, were
AEANE Aol THESTHI-2) B wuy s Ty T TEC K o - A
A AolA ) AREE Au-NigHE(3), Mnl4], NiCr fj Xg:ﬁﬁ ?fi;jr BEE A Al
gals], Bi-Sblel, Cu-NiA F2l7) 5ol Agdx V:E]— ;‘_i —r;;i:iii[zgh}%d s ~2HY A
o, e AdAew MAYRE ANn2 AA om{: e e ag @ A_‘;;’;h—ﬂrl n
o] Itk DC WA IUEE 2HHYYLE o8
: BAWEL ANALYFAR WAEZI2AT  gof 2N 2R 2D R IHY exd o

=] = o)
AN & TaN w9y 2z AR 6714, 7147

E-mail : gschung@dongseo.ac.kr ) 54 ¥4, 27 By, 339 35 2 944
= g AzFtH g =AM A Ta-N 22y 2EQ Aol

-97 -



A9 long-term stability, AF/AUY/LE B4, &9
o A 5& B4, oty Aehedety oy
el §&stnA gl

2.4 ¥

E AgdMes DC deA vavEE 29y
o2 SiZ|#H] FA&FEYE 4~16 %7tA 2y
A Ta-N 22t& £33 3, vacuum furnaced ©]-§
3te] 2%10° Torry AFEA 500~1000C B
A Zpzh 1ATEG EAeEETh AEe ALER
B ¢X 999 %9 AA 4"  dgFoix, 7%
& u|Agte] ¢k 4~5 Q - cm, FA 430 me} p(100)
o2 gGitslehg 5000A AFE SiZlEE AHE-EA
o}
Ta-N 993 2E#Q Aol lift-off R
Azston, drPgte g wete] ANH 54
< WA ¢ $AE g4 44 $H7% a-step2
2 24359 243t B¢, Ta-N @98 2E3
¢l Alelxg] 2z wE A L&xAw(TCR:
temperature coefficient of resistance) 25~125T
9 2=y FAFsgen, Aol &(gauge
factor)& cantilever methodE A8-8td &43kt
£ AojA e A2EHUE strain-meterE A3
38

3.2 49 13

29 2= AFE Ta-N gt 948 &xd
2 ulAFEe ¥3E JeEld Rojth dAEAY
AFEE 2x10° Torrelglen, RE ALEAN
800C7HA S A ExAME v A3ge] Fad
Fqom, 70T 49 exdME AAHeR v Ag
ol Z7tstdeh A48Y 8 %9 H+E 24, ¢
A Al E 59260 Q- cm ©o)QAET, 600T, 143
AFGHYA A 54541 4 Q - mB ThA FadAT
7k 900°C, 1Azl M E 76893 4 Q - cnE YpERRTE,
900 Cel el X 2RNE A e vl
£ JERSIT)

Y 32 Ta-N utehy 2EfQl AlojAe ALE
¢ Hj& 2 EXg &&d @& TCR#Y ¥3}E Y
e Heolt}h Ta-N 299 TCREt lift-off WYL
2 2EYQ Aox HHEE YAH® o, 25T}
125TCY "o} Aolxe AN ge &F43e TCRIE
Zatach AAES 4~12 %9 HAdAM FFE
Ta-N utets) 2~ Aojxe] TCR#E -36~
-361 ppn/CE EF &9 #& vehygien, A

3000
) o
[ - 10%
2500 i
B 6%
7 e 4%,
q e
21500
=
a
3
@ 1000 +
T —
S o Jgt g
500 - Ay
0 . N ~

25 600 700 800 900
% N2 gas flow

1000

a9 2. Ta-N #9ehe] AL E9v el dAe 29
g ujAEae] Wz (dAE AF= 22X
10°° Torr).

Variations of resistivity according to Nz
gas flow ratio and annealing temperature
of Ta~-N thin-film(annealing vaccum : 2X
10°® Tormr), respectively.

Fig. 2.

2kl AA4E FF Fsidch 29 3404 2
2589 4 %S 6 %A 22 ZF3E Ta-N 29y
2EHA AcXY A, 60THRS ANz 2=
JAE A olzglon, 700TOANNE 235
k9] TCRZS YERNEA 3k Z7hstgoh ojne
Z29 Ta-N wohylo] = wgg 2459 24
g7} o]FojAr] HEQY AR ARYTH 2P}
4 %2 A%, 700C, 1N7+e) d8e)M -19 ppm
JC2 7} 2& TCREE Jehich A42¢ 8 %
)4 ZHY Ta-N @ty A9 AdAs 43
g &7 &84+ E TCREEL ~115~-83 ppm/T
2 ARH oz gastgeh 2, 90T A=
A dAY TCRAS 7HATh T8, A8 10 %
o] 4ol 2@ Ta-N 08 259 Aol
4xg ex7t gelu4E TCRol 43 Z7hs
' Aoz yeigd,

29 4% Ta-N 998 229 Aelxe] Axy
ol wE 2w Ao e ved Aold. Aol
21 &L cantilever methodE A&t 23 3tqict
AXEY 4~12 %) BolA Aol g&o] 34114
624744 UERE, ARG AFDSE 2759
o},

....98-.



Annealing temperature [ G

25 800 700 800 900 1000
100
° 7—/—-—'//—- - -
-100 e e &
£ -200
g
& -300
S 400
= e 4% ‘
~500 | —»—6%
—-8%
-600 —a— 10%
0,
-700 ——12%

2 3. Ta-N 9%y 2efd AoAe A

Fig. 3.

=
2 gz 2= & TCRzY HsHEA
7 AFE 1 2x10° Torr).

Variations of TCR according to Nz gas
flow ratio and annealing temperature of
Ta-N thin-film strain gauge(annealing
vaccum : 2X10°° Torr).

¥ 4, Ta-N g3 2

Fig. 4.

:L%

1EEAEAE Ta-N 9y
_Jil?l"ﬂ uE
#d AolAe A% &
&% &98

4 6 8
%N, gas flow

fd Aol Aa

10 12

¢
of @& AelAE.

Variations of gauge fator according to N:
gas flow ratio of Ta-N thin-film strain
gauge.

% 8 %M FHEF, 900T, 14
ZEH AelA 4
Xﬁé‘*‘ﬁg% et Aejth 2B
& 78 FaA aga

F7HA S BaAe 7 Agaste

62 A

& Yyehd Aolth 9379 A7t $Yo] @E F5e

Lo

“

2272 AolA )
o, JuyEY SYol4AA

g gel tha A debyt
Mgl AY

H¥Fez Wbt AL & 5 AT 357 %FSOIH

o HjMEAT ¥ e HA2E Ve
2
uj
15t
) «
jE
R+
05 r
Z i 1 O ' i 1 —]
-4 -3 -2 -1 q 1 2 3 4
-05 r € X 1E4
_1 b
-1.5

Y 6. Ta-N 9y 2EHQA Aox|e] o w
& Aguse(AAEYS 8 %, 90T, 14
Z+ dAg).

Fig. 6. Relative resistance change of Ta-N thin-
film strain gauge according to longitudinal
strain(Nz gas flow ratio : 8 9%, annealing
condition : 9007C, 1 hr).
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strain gauge(Nz gas flow ratio : 8 %,
annealing condition : 900, 1 hr.).
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Fig. 8. Aging effect of Ta-N thin-film strain
gauges(Nz gas flow ratio : 8 %, annealing
condition : 900C, 1 hr.).
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