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X B Aa{e 3718 EolX o 578 AV|A A5E 9 5 e WH2 24 integrated capacitorel] 3 AL @2
AR glc}. £ GFo]A= MCM 9] integrated capacitor 2 A18-3}7] $]4] DC magnetron QH-3-4 A~ e]g] W& o]-8-51o] ]
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MCM 9] $7 BIEAE AL HE Upilex-S E2ln] 98 $jol A2 AR FHAFE 7.27X107° A/em? o]9ln $E2AH
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7t AAHA 7144 3718 #7]A 2] decoupling capacitor® AH-Z 4 Sl 4% S 7HAZ Slck. AFM & 53 o8] $9 ¥d
roughness ¥4 A3} Fejv] A& ¢ol} BHSoiR A AL 718 FH2) morphologyell 28] 4§ & wgton o
d%e &E2jo] 52 Y morphologyoll 213 433 AAA e ST FIubyol] o2 s¥-2448T 2] morphologyel] 23
dFe 2 v F Aok @t MCM ] E2)0 AE $ol Aztsl AsRAED} o] e BAE Boly] Hafjde o] 59 JHP =
Ao| @as}c}.

Abstract Interest in the integrated capacitors, which make it possible to reduce the size of and to obtain improved
electrical performance of an electronic system, is expanding. In this study, Ta.Os thin film capacitors for MCM integrat-
ed capacitors were fabricated on a Upilex-S polymer film by DC magnetron reactive sputtering and the effects of low
temperature annealing at various atmospheres and substrate surface morphology on the capacitor characteristics were
discussed. The low temperature (150C) annealing produced improved capacitor yield irrespective of the annealing at-
mosphere. But the leakage current of the O,-annealed film was larger than that of any other films. This is presumably
due to the change of the Ta,Os film surface by oxygen, which was explained by conduction mechanism study. Leak-
age current and breakdown field strength of the capacitors fabricated on the Upilex-S film were 7.27 X 10~% A/cm? and
1.0 MV/cm respectively. These capacitor characteristics were inferior to those of the capacitors fabricated on the Si-
substrate but enough to be used for decoupling capacitors in multilayer package. Roughness Analysis of each layer by
AFM demonstrated that the properties of the capacitors fabricated on the polymer film were affected by the surface
morphology of the substrate. This substrate effect could be dlassified into two factors. One is the surface morphology of
the polymer film and the other is the surface morphology of the metal bottom electrode determined by the deposition
process. Therefore, the control of the two factors is important to obtain improved electrical properties of capacitors de-
posited on a polymer film.
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Fig. 1. Passive component incorporation into MCM multilayer
structure.
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Table. 1. Annealing conditions.
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Fig. 2. Ta,0Os thin film capacitor fabrication on the polymer
film: (a) Upilex-S/Ultem lamination, (b) Al bottom electrode
deposition: sputtering, (¢) Ta.Os deposition: reactive sputtering,
(d) Al top electrodes deposition: evaporation.
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Table. 2. Leakage current and breakdown filed strength
with the annealing atmospheres

leakage current density breakdown
(A/cm? percentage
up to 1.0
atmosphere | 0.5 MV/cm | 1.0 MV/cm MV /cm
as-deposited | 8.84 E-9 243 E-7 40
vacuum 6.07 E-9 5.63 E-7 0
0. 6.94 E-8 3.86 E-6 0
N, 1.83 E-8 1.02 E-6 10
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Fig. 3. I-V plot for Ta.0s capacitor at various annealing con-
ditions. :
F9 9771 gasi.
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Fig. 4. Conduction mechanism for the as-deposited Ta.Os ca-

pacitors: (a) Schottky conduction mechanism in low field, (b)
Poole- Frenkel conduction mechanism in high field.
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Fig. 5. Conduction mechanism for the O.-annealed film.
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Table 3. Comparisons of the Ta.0Os thin film capacitors on
the polymer substrate with the capacitors on the Si-sub-
strate.

. MIM cap, | MM cap.
Properties . on Polymer
on Si
sub.
Refractive index 2.088 2.074
Dielctric constant(100 kHz) 24.76 2497
Dielectric loss(100 kHz) 0.0022 0.007
1.670 E-
Leakage 0.5MV/cm ) 8 7.273 E-8
Current (A/cm’)
1.0MV/cm | 4450 E-7 2.158 E-6
Breakdown | 1.0 MV/cm 0 0
Percentage | 2.0 MV/cm 0 35
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N A Ta,0;
A |
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- 7 7 A
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Fig. 6. Surface irregularities causing large leakage current and
low breakdown field strength.
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Table 4. Some properties of Kapton film and Upilex-S
film.

Properties Kapton HN | Kapton E | Upilex-S
Particle counts
(# of particl 873 < 03 0.19
-es/mm?x 10%)
CTE(ppm/T) 20 13 12
Dielectri
telectric 34 32 35
constant
Dissivati
issipation 0.0018 0.0023 -
factor
Surface roughness
g
-§ 150
5 100
4
’ Si Al on Si Upilex~S Al-1 on Al~2 on
Upilex-S Upilex-S
Top layer

Fig. 7. Surface roughness (A) of the various top layers.
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