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Abstract  This paper investigated the conduction path and conduction mechanism in undeped polycrystalline diamoend
thin films deposited by microwave chemical vapor deposition. The resistances measured by ac impedance spectroscopy
with different directions can not be explained by the previously-known surface conduction model. The electrodepos-
ition of Cu and electroetching of Ag experiments showed that the conduction path is the grain boundaries within the
diamond films. The electodeposition of Cu with an insulating surface layer further proved that the main conduction
path in polycrystalline films 1s the grain boundaries, The film with high electrical conductivity has low activation ener-
gy of 45meV and higher dangling bond density. By considering the results and surface C chemical bonds, the H-C-C-
H bonds at surface and in grain boundaries might be the origin of high conductivity in undeped diamond films.
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Fig. 1. Impedance spectra of undoped CVD diamond films with
different thicknesses.
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Fig. 2. Impedance spectra of undoped CVD diamond films mea-
sured in different directions.

Fig. 3. SEM image of Cu deposited surface of undoped diamond
films. Cu was electroplated from CuSO. salution for 15min,

Wt g £AS5A Age] 2HESA MY Bo} o] #2 ghs
Ho Foct

2 Al £35F Aol AEA Ao oF T owl
He Aoz B AHE thelo}g = b2 53§}t
Si 7]13& AA chA] dolelg= gt -%% 2 TS o
4+ = gloh. o] 7S5 p-type Si 7184 #FL tjololE
o wia) 223 dobd AR £ it F, 71Ee) 3=
Ax 2d2E Age] ehEhvt ARV} tholol & 2ehg v}
Z EgcEs Ane 2 vp5ig XoFz gt AR}
ttolotr e wtuhg Fosln] w£it oW HARE FIEheA
g AL o|&Fe] Falstgel

M7 eEe AR T2 R 7leslng AnA=R
£ &alslr) 998t FaleF s g}, clojolg e winlg
Eoigr el Ar|v R st Ad2]ErlHe &9
of 717 HEEY F Al]E gl -15VE 78l 15
B Fol HF7l AeE V)RS Filed rlololEE whto g
AR HES g, 2F 32 FRlE R AjHe 2 T4}
AR 7 AlAlejn}, tlejel e wiulk] ¥WL FR|RT

D EREA e dololRe wete] AR AZe} ARsP AT 595

Fig. 4. SEM image of Ag decorated surface of undoped dia-
mond films. Ag was deposited on diamond film by sputtering
and electroetched by CuSO, solution.
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(b
Fig. 5. SEM image of Cu deposited surface of free-standing dia-
mond films. (a) acid sclution-treated diamond surface, (b) un-
treated diamend surface.
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Fig. 6. I- V characteristics of undoped diamond films with vari-
ous post annealing treatments.
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Fig. 8. Raman spectra of undoped diamond films with various
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Fig, 11. Carbon bonding states at the (100) diamond surface
after varipus annealing treatments'*™'": (a) H-O-C-C-0-H
terminal bond, (b} -O-C-0-C-0- bridging bond, (c) C=0 ter-
minal bond, and (d) H-C-H terminal bond.
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ttololZE Hpeks 4 FEtEol Hzlshd 299 H-C
-C-H A (=Y 10b) & F] 29 11d9 H-C-H ter-
minal bonds7} A¥ FAH} o|u He}l Aj}el= 27
C-dangling bond Hx% F7130{(29 9). tlelolZ=
ke A4 dHP) £ A FEebRel gt 2y
lla, b, c® E¥ 0% 4 Fel&2nr}l AYso] HOE
HAst wivirln oAl H-C-C-H ZHie] g4y
(28] 10b), o] Aite] 46meV A=2 shallow acceptor
level & A Feln] 2 A7 HEAE BoEcty Az},

o]} o] XM= A5} dangling bond F&, (100) ¥
o] Faus7E HIE nas] B o cJololEriute) o
A/ H=E= H-C-C-H Ae] EMF 224 of7]d Ao]
2t A7), of AL witA|zAlY & T4 4 9
ol 4B Aris HAPo R clelolEr AAYA}
E ol Ea)5t] gkeil 4% grain boundary conduc-
tion2] Yele] e}y PzhEr),

4.8 B

=3 Ex) o2 o} AA clelolE T wiate] FAl7} £
T5& Hgo] Frisldn T Atel2] Mgte] Emiwt 7]
T Abelo] g £ o} A} =it o] Aite 7|9
BHAE AR 49EA o Ar|dxst whehg i
£ F4 doldd ou)iic). dlelelgs uiebs Fo) A
7= AR Fele AAHAN EQ4He R T2
U2 & FEAY F A3 E e A FAA A
Al ollAle] =gick &, 2EY colol 2 uivte] 2@
7 e AXE Bl d9F50E PAAD T g
29 ok Fge A57t F] FER|EFe] o R4 tho|o}
L vt S8 WY BARE AAHAUE ga
3}sict.

chelo} B wiuke F i) 2o ma} o] =A)
SEed AZ|AEAC] & AfdE TAF LR
45meV & wi-$- s+2- 72 ¥ e)F91 7 dangling bond U=
<= il 28y Ak dAehd e E2lzel A2zt §i
passivation °}&3i= ¥R dangling bond 258 &7}
A7 "7 AEA S dojxyr), o] AspE 7|2 B
2 FH ehA5 TS AAA) A tfololEr uiute] §
Holu} ZAAYAS & HEAL of7|A 7= A¢e H-C
-C-H ¥ Y& FE59dch.

gAte 2

ol W7E 19989 VIHSVEANY AFTEIA BT
ulol o5} sl oo A=Y,
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