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Abstract

In this work, we made the precision thin film resistors of NiCr alloy (74wt%Ni-18wt%Cr-
Awt%Al-4wt%Cu) using DC/RF magnetron sputtering method and studied the sheet resistance and
TCR(Temperature Coefficient of Resistance) etc.. of the Ni-Cr-Al-Cu alloy thin film according to the
change by annealing treatment to 400C in air and nitrogen atmosphere and the change (power,

pressure, substrate temperature) of sputtering process.
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Table

1. 29E Y 3.
1. Sputtering condition.
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25, 200, 300

DC Power (W) 250 ~ 550

Pressure (mTorr) 5 ~ 25

- Ar Gas Flow (sccm) 30 ~ 60

Annealing 150°C ~400°C ( Air, N2 )
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Table 2. Flow chart of thin film resistor.
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Fig. 1. Cell of thin film resistor.
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Table 3. Alloy content of target and thin film.

Ni | Cr | Cu | Al |Ni/Cr

manuf.spec{ 74 | 18 | 4 4 | 411
Target| Ni-rich# (74.8117.8] 39 | 3.1 | 4.20
Cr-rich%} [1841765] 21 1 3.0 | 024

thin film 70711731 4 | 4 | 431
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Fig. 6. Sheet resistance about substrate.

10000

o F&Ae vheke] AL WA ghol ZA el
o, &Fuv; 71¢o] glass 7] HiE ZHEE
(roughness)”} Z7] WZ& Ao R Azt

¢t¥  25mTorr, Ar 50sccm, 10min® &Aoo =2
power#dlel w2 WAHEg 9 FAEHL 7 T
VERN T T By dhebe] T

AA
I power7} 250W7tAl= FA3E #As s HEE
o] Hojxl= d4e el AMZ2FAF power %
#Ae DC 250W= A& st o).

) 4000
o
g g
é 3000 %
2
g &
4 >
ko) 2000 =
@
o
1000
r L 1 ' L
100 150 200 250 300
DC Power{W]

ad 7. Powerel| w2 25 2 WAL 54,

Fig. 7. Thickness and Rs with power.

I8 83 9= 74wt%Ni-18wt%Cr-4wt%Al-4wt
%Cu 2499 targets AM43t9] 48 25mTorr, Ar
S50sccm, DC 250W=2 ¢ 1587F 29y 3 3A =
Aoz Azg vtatel wAg 2@ TCR §43 &7
4 N2 297144 1A dAEst9 e e W3
AA3 M3 v

332



£ 300CEY

F22=4 TCR #kol &7 3]

st @42 veh o7l
o];ﬂ% D:i;ﬁ'&i— AR 2ol F7] A

g

$ 300CHT ZL 2ToHE Aot
3k FAE 3 A4 wgw
2 g

FBL

160

100 |-

Rs [ 2 /17

60 | -

20

—m—Air
- N 5
............................. e
1 1 N L 1 |
0 100 200 300 200

Annealing temp.[°C]

ad 8. EAE 244 we WAY 54.

Fig. 8. Rs with annealing treatment.

340

320

300

280

TCR [ppm /C]

LI B e

L B

T

1 ! 1 1 1 1 ! 1 1

0 50 100 150 200 250 300 350 400 450

Annealing temp.[°C]

g 9. EHg 27 uE TCR 4.
Fig. 9. TCR with annealing treatment.

333

A7 AAA B8 =R Vol. 14, No. 4, April 2001.

160

140

TCR[ppm /°C}

80 -

60 |-

1 1 1 1 1
25 20 15 10 5

Pressure [mTorr]

a7 10, 2HE %Yol ®E TCR B4,
Fig. 10. TCR wiht sputtering pressure.

¥ 102 DC 250W, Ar 50scem 27 A A9
B skge] ®ige] u}E TCR#tY WEHE E ot
g9 2d A¥=E7F 25mTormr, 15mTorr,
SmTorrd uj, 138, 114, 77ppny/ CE ZAdtE=E AL

¢ F Stk o)y wEbEaal AAagEke] AAuE
A ALZ #woHEh o9} g ARE TCREY F
288 AP AFEE FEFF T AL ¢ 5 3
o, Ab83 Aule HHY AFEE SmTorrz AA s}
o3
AR

ne

r[‘;
o
o
fru
N
uch
p
ki
o,
ol
N
L
-3
Lo
e
it
u&L‘

ZHa Y el o2 TCR #%
Az 548 23 119 vekd Aot}

382 AxFA DC 250W, 5mTorr, 50scemel] 4]
7l#Eme wgd o8 Az AL TIEHNG
A2 EH71FdM 1AHFQ annealing A7 A1)
549358 vehd Aotk F7EAA dAed 2
dE EY, VHLErt 285 E ALy &

7}l wE TCRZS #WalZo] zolde & 2 gk
[2). ol& 71#e%st Frbael wek TCR#Y #a

= 718959 WE thermal stresset 7| B2 4
Fo2 A% g mAFRI} xYen kA
2 Axz dgd"Ho, 7]1_ /] tﬂﬁ“ﬂ e} A2
H AlEE 9483



J. KIEEME Vol. 14, No. 4, April 2001.

o Annealing Con.: Air
w0l (w—Ts=25C neaing Fon: A1
180 - ¢ Ts=200°C
Ts=300°C
L
] 1 1
0 80 100 150 200 250 300

Annealing Temp ['C]

(@) 715 €4 9% TCR
o Annealing Con.: N,
60| W Ts=25C

@ Ts=200°C
Wr | s Ts=a00c

TCRIppm/  °C]
»

st i S
‘ e -
P 2 E
0l
1 1 1 1 L 1 i
[} 50 100 160 200 260 300

Annealing Temp [°C]

b) Aa&% dHge] 9% TCR
a# 1. 71g2E 2 g4 g TCR.
Fig. 11. TCR with annealing and substrate temp.

F715ANA dAEE F 9= 300CAA 54
= Aen, NpEA7 A EA2 &
Xz g ASe vt wsE
g & F Atk o)l A B HA
22 2342 gAgd g idsdyd 2
thermal stress @AQl Ao Z =
= A= 4AYA g
A8 NoE 712 dAedts Ao

o

KB
=

l‘

poh

ofy T

io of 1

RUA ) aURt

Aol

4. 2 E

B dTdAe 3AYE gAEs AR50 9
St Z7]ATEMN  TAwt%Ni-18wt%Cr-4wt%Al-4wt
%Cu 33 Targets o} &3l =33 H 3 (power,
48, VA o3 B4 9 AVFH 548 B

R

1) Ni-Cr-Al-Cu %5 Target®} %

AENE B8 S ke AAE 24 2o
7 AT}

2) 23HE ol&3st9 Ni-Cr-Al-Cu
B4Y o 7o 2yt E45 HAGS

, SRR A A dbEbg g A A ge] H&4E TCR
o] wolxth HAAEL 7N EH
A ere wet WA @ TCR %k"
57}8}1«} I F7hEe Ao, a8y,
AL E b B e o s e o e = f’”ﬁﬁ‘ TCR%k
o] BOOCHE} 2 ZxA 538 FIkse o
xy2EoAH W EHY NOMsE2
Q13 WA P TCRFe] 2715 A
o},

S

L. 0
=

LB ot

E.
l"._t., ol
ofh HF
)
lo ot

P
N
”O{N
5

&7

b

Agure g Swe L7 FAg wet
thermal stress®t WA 7x7F @3dL & 4+ o
o, /1R 2=rt FETE v FRE ALsln ¢
A5 @t 7IH2 =7t F748tH TCRake ol x
NNREE7E Fg wEl dXge] WE TCR#Y
HEZ e F4E Y-S & F Ak ol dAg
of we AFEY %L |z 9% thermal
stress®] AR FAgHAC},

o 238

[11 N.G.Dhere and D.G/Vaoide,

temperature coefficient of resistance of Ni-Cr

thin films”, Thin Solid Films, Vol59, No.33,
1979.

[2] APBhatt C.ALuck and D.M.Stevenson,
sputtering of Ni-Cr thin film resistors”,

“Composition and

"D.C.
Proc.

of the 1984 International symp. on
microelectronics, pp.370, 1984.

[3]1 KMatsuda, K.Sato, T.Doi, K.Ogata and
K.Konishi, “Super precision metal film

334



resistors”, National Tech. Rep., Vol.26, No.2,
pp.283, 1980.

WZEIsler and L.AKitchman, ”I11fluence of
deposition and "p‘rocessing parameters on the
TCR of Ni-Cr-Cu-Al alloy film resistors”,
IEEE Trans. on Parts, Materials & Packaging,
PMP-5 (3), pp.139, 1969.

E.Schippel, Kristall und Technik, "Modification
test of vacuum deposition Ni/Cr films with
Mn and Si for thin film resistors”, Vol.15,
No.8, pp.917, 1980.

M.A.Bayne, "Al-doped Ni-Cr for temperéttire
coefficient of resistance control in hybrid
J. Vac. Sci. Technol,

[4]

[5]

[6]

thin—film resistors”,
AA(6), pp.3142, 1986.
JH.Mooij "Structural
electrical properties of sputtered CrNi films”,

J. Vac. Sci. Technol., Vol9, No.l, pp.446, 1972.
A. Belu-Marian et. al., “Electrical properties

[7] and M.dejong, and

(8]

and structural defects of Ni-Cr thin films”,
Thin Solid Films, Vol.139, No.15, 1986.

[9] MIBirjega, C.A.Constantin, LTH.Florescu and
C.Sarbu, "Crystallization of amorphous
sputtered 55%Cr-45%Ni thin films”, Thin

Solid Films, 92, 315, 1982
[10} D. M. Buczek, “Thin-film NiCr resistor”, J.
Vac. Sci. Technol., Vol 15, No.2, pp.370, 1978.
[11] M.Kotai,
"Segregation phenomena in thin film NiCr
layers”, Vacuum, Vol.33(1/2), No.49, 1983.

1. Trifonov and M.Czermann,

[12] W.  Pitschke and W.Bruckner, “Phase
formation process of sputtered NiCr(37:63)
thin  films”, Fresenius J. Anal. Chem,

Vol.361, pp.608, 1998.

oldE, o|¥F AHW, “AEFAFAWA <

& AzE Zgolre dtuke] EEzn x

i I - R P e P B R e
Vol.11, No.5, pp.340-346, 1998.

(14] 8}&=, e (O

[13]
o
452,

Gaze Azsh SHAT, A7

8334, Vol8, No.l, pp.13, 1995.

A~
o R

335

A71AAA 283 =84 Vol. 14, No. 4, April 2001.



