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Abstract: A carbon-based hybrid resistor was fabricated using carbon nanotube (CNT) paste as an adhesive layer to establish
electrically continuous ohmic contacts between CNT sheets and different CNT sheet or copper based metal alloy plates, and its
electrical properties were evaluated. CNT sheets were fabricated using vacuum filtration with a CNT solution dispersed in
isopropyl alcohol (IPA) solvent. The electrical characteristics of these carbon-based hybrid resistors were investigated.

The CNT paste fulfilled the requirements for forming ohmic contacts between CNT sheets and metal alloy plates, which was
attributed to the lowest work function difference and excellent wettability at the interface.
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Fig. 1. Schematics of the (a) CNT sheet and (b) CNT paste fabrication
processes.
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WD13.8mm 15.0kV x20k

Fig. 2. Surface SEM image of the CNT sheet fabricated in this work;
inset shows magnified image.
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Fig. 3. EDX result of the metal alloy plate; insets show weight and
atomic composition and image of detecting point taken by SEM.
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Fig. 4. Electrical resistances measured from (a) the CNT sheets and
(b) the metal alloy plates.
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Table 1. Description of the stack structures.

Bonding material Note

Stack structure

(Paste) (Sample number)
None CNT#01 and CNT#02
CNT sheet /
shee CNT paste CNT#01 and CNT#02
CNT sheet
Silver paste CNT#03 and CNT#04
None CNT#05 and MA#01
CNT sheet /
sthee CNT paste CNT#05 and MA#01
Metal alloy plate
Silver paste CNT#06 and MA#02
2.6
(a)
28 __ Calculated
24| [e\ 2
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0.0 L .
None Carbon Paste  Silver Paste

Interfacial Layer

(b)0.20
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E \
8 laed (o) € .
c 010} 9—~|o ? [
3 3 N
2 |
2 @
o
0.05
0.00 L L L L L L
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Interfacial Layer

Fig. 5. Electrical resistances measured from the stack structures of (a)
the CNT sheet on the CNT sheet and (b) the CNT sheet on the metal
alloy plates.

g 5(a)ell ﬂlol*Eo

jo]
o}
%
23
D
i
>
-
ofo
ol
—_



486

R1XRj
R1+R

Parallel Resistance Value =

—

A
4782 YEIUY ™ CNT sheet®rCh UHT G2 APk
A]7] W20, CNT sheet/silver paste/CNT sheet 7%
oAM= A R A/ AY Ho]AESS &3 =
27 "ot g2ty Ay Ho]AEX CNT sheet®t CNT
sheet A}o]Q] A Zof|A= o] AEZA] AF-8-0] AA5A]
Uty wobEch 2282 CNT sheet?} CNT sheet At
o] AFof|Al= CNT pasteZ} 71 A& A&/ F<
2 Ho|AER AR 7153 Zlo g 7|gi=Elct. 22 5(b)oj
Uerd 713t 7ho], 32 Z80]E o] A &= CNT sheet
TN SE A2 Aol AHE Ho]AE9] &
SOl darglol Al o fAReE e LERY
011:} Z1tH 0 2 CNT paster= CNT sheet Ato]of A
o] A Zo|u} CNT sheetQ} gH2 Zgjo] E Afo]o] A&
AU 2% 0835t 7o 2 mot=Elc) J2{u A mo]AE
+ CNT sheete} &3 Z20]E Ato]9] A Fo|xet 5-&

gt 7oz moEn

3% 62 WY Mo AE ERO GEAFREALE 5
R AT e Ul Ade Aakg Bok W
S5 1A AR Y7 EF S0l E o] CNT A
£2 "Eshe 7o) ofsl B7he AAstEon, Ho &
E2 AMgoHA] Ut T B2A A 1A, 223 B0 &
E24 CNT #lo] A9} Ay| Ho|AES Ao &5

Tz0f sl |7tstlt.

102.0

-l- Physical connection of CNT sheet on the metal alloy plates
-@- CNT paste bonding of CNT sheet on the metal alloy plates
A- Silver paste bonding of CNT sheet on the metal alloy plates

101.5

101.0 - " TCR: 22.50ppm/C

100.5 T.CR: 47.47ppm/°C

Resistance (u@)

100.0
T.C.R: 6.90ppm/°C

99.5

T T T T T T
20 40 60 80 100 120 140

Temperature (C)

Fig. 6. T.C.R. measured from the stack structures of the CNT sheet
on the CNT on the metal alloy plates.
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