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Abstract

Diamond is one of the best materials for the package and
assembly of the present electronic devices and circuits due to its
highest thermal conductivity (20W/cmeK), small dielectric
coefficient (5.5-5.7), low dielectric loss and low thermal expansion
(=10°¢ /K). However, natural diamond only has tiny area, and is
extremely expensive as well. It is a good choice with high
quality/cost ratio to use a diamond-film/alumina composite as
package wafer with both higher thermal conductivity and lower
dielectric coefficient.

Diamond films were deposited on alumina substrates by
microwave plasma chemical vapor deposition (MPCVD) and Hot
Filament chemical vapor deposition (HFCVD) techniques. Before
the deposition process, carbon ions were implanted into the alumina
substrates to reduce the compressive stress in the diamond films.
The variations of carbon distribution and residual stress in the
implanted layer with the implantation conditions were studied by
means of X-Ray Diffraction (XRD), Auger Electron Spectroscopy .
(AES), Micro-indentation and Scanning Electron Microscopy (SF;M).
In addition, the effects of annealing atmosphere, temperature and
time on the implantation process were also investigated. It was
found that carbon ions moved outside and the residual compressive
stress in the implanted layer aggregated near the subsurface region
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after 30-minute annealing in nitrogen atmosphere at 1050C
temperature.

With the help of XRD, SEM and Raman Spectroscopy, the
qualities of diamond films were characterized and investigated. The
relationship between the in-film-plane biaxial stress and Raman shift
was developed based on the Guass fit of diamond scattering peaks.
Effects of surface treatments and deposition conditions on the
residual stress were studied. Results indicated that diamond quality
was greatly dependent on the gas flow ratio and growth temperature.
The impurities such as sp? carbon, which were located in the grain
boundaries, would deteriorate the residual stress in the diamond
films. Carbon ion implantation, prior to the deposition process,
appeared to be an effective method to release the stress in diamond
films, which- decreased linearly with the implantation dose. The
carbon ions, embedded in the substrate surface, would
simultaneously play an important role in the adhesion improvement.
As a result, a diamond layer of more than 100 um was achieved on
the alumina substrate and the evolution of stress in the diamond
films was confirmed by the finite element analysis.

The dielectric properties of the diamond-film/alumina composite
were evaluated with the model of series capacitors. It revealed that
depositing a diamond film on alumina substrate could reduce the
dielectric coefficient efficiently. With the increment of diamond
thickness, a more rapid decrease in dielectric coefficient was
expected. The dielectric loss of the composite was also reduced as
low as 107 because of the adhesion improvement caused by carbon

v




Sbar R L&A MEREKEEM BTN R

ion implantation. Compared with the monolayer alumina substrate,
the composite wafer exhibited much better thermal properties, with
thermal conductivity increasing monotonically with film thickness.
The particular case was that the lateral thermal conductivity could
reach as high as 3.98 W/cm*K when diamond film exceeded 100pm.

Several modifications concerning the experimental uniformity
and repeatability were introduced to the design of deposition system,
with nucleation mechanism discussed in detail. It was shown that
more filaments and proper distance ‘between filament and substrate
could improve the temperature uniformity of HFCVD system. In
some cases, the enhancement of diamond nucleation across the
substrate surface could be realized under lower MPCVD reaction
pressure.

Key words: diamond film, alumina ceramic, CVD, dielectric coefficient,

thermal conductivity




FEn R ESRA M ERERKRAGOL T EN A5

1.2
1.3

1.4
1.5

- ok
2.1

2.2

2.3
24

$=E
3.1
3.2
3.3
3.4
FME
4.1
4.2

H =
-ﬁfj- %“ ......................................................... 1
o T AR e R ) R A B AL A AR R
j(mgigjm ................................................ 1
BT SRS RBHRRETEEERNRE - 3
LT AR 55 e R R X B AR A
%Hﬁgfg{]g;k .......................................... 3
‘ ﬁ%ﬁﬁﬁﬂﬁ‘]@??{ﬂlﬁ .............................. 4
ENA BB R B A SRR ooeeeeeenene 7
ﬁ{kﬁ‘%ﬁﬁﬁ‘]ﬁf%?ﬁ&)\ ........................... 14
%?E)\B@;gﬁﬂ& .................................... 14
W%?EAEBMM'—SEEE ........................... 16
ﬁkﬂﬁﬁﬁﬁ%?&)\%%n@ ........................ 28
/J\ é"—*:‘: ......................................................... 34
isﬁﬁfiﬁﬁﬂ%ﬁﬁ .................................... 35
HBE B TR SABUTRMPCVD) ik «eeveeees 35
RAALESHGIR (HFCVD) ik ceeeeveceseecaceee 38
ﬁ%%iﬁm,ﬁﬁmﬁkgﬁﬁ ........................ 43
/J\ g—g ......................................................... 57
ﬁﬂ[jﬁ‘mgﬁﬂi-&&ﬁ_\‘zj}ﬁﬂf ........................ 58
ﬁﬂﬂﬁﬁm}ﬁﬁiﬁ .................................... 58
ﬁ@“ﬁﬁﬂgmﬁmg{ .................................... 61



2003 4E_ bR 2203

43 GUBAAER GRIEHBL S MBI -oevveeeeeeeennons 70
44 SNIAEREETEBEIREE ooereeerererromnasaen 78
45 WRSHRATRLS KH BTGP coeoerereemseeeee 79
4.6 /N BE eeeereriiiiiiiiiiiiiiitiniiieiennns etesseesrsssonnasane 85
FhE GRAHE/ SLBEEHRIERILE e 87
5.1 ﬁﬂlj»ﬁ%ﬁﬁtﬁgﬁﬁgﬁﬁﬁ ........................... 87
52 SRIAB/EMBEEEMRNTBREGIE e 102
53 HE5MEN HBARBFIHEHIBIE covervcncncininnn 106
5.4 g%ﬁﬂ,g@ﬁ%ﬁﬁﬁ@ .............................. 108
5.5 X‘Tﬁﬁ’ﬁ*—l’ﬁ’%‘ﬁﬁmﬁ'% ........................... 109
5.6 ﬁgﬁﬂg@.@;ﬂgﬁ)ﬁ .................................... 110
5.7 /N B eeerenctiiciiiiietiiiiiietiicitiriieseicentnatncsanes 113
%/‘-—\ﬁ - R T S TN 115
%}%B‘Cﬁ ............................................................... 118
& ﬁi .................................................................. 126



FACERE E&RIA R B AR BB T N APR

EAEER, DR MRN O EERHER BT AR IE R EE
B BB, ZURE. RIFETRARE. —J5m, #F5 a5
BAARARFEE KRN, 5—7H, #F5HEKLT
EERA iR &, XEFEE - PRBSHFBHEAR, HFH
FHEETEMIRFM B4R ERORN, 3R A8
BHEEAR SRR, iR TR R

11 ¥ SESBHMNBRMZRBEAMEKINRFERHLK

&1 n

BTG, Ik, WA, KENSIEE, CRGEN
RBEFREMNREEHENEERNE, Fik, IREFR45
MR IESEETAERE. THERAKT K, IC £RER
Wiiw, BATHRSAESE N, NS T 835 5 mk s
ERABFEREMREENM. Fln, BarENSHRREER
HETMERP 10 WIHEE 40W; E5EENRAEEIZEECL)
HEBAARESRIE 50 Wem?;, MEAMHEYEMEEHRSE 20
Wiem? (IR E. EELSETIHASIAEERLER LS
AR R A BRELAATE 112,

RERHBHEERRETANIHEE, HBETFREARY
KRERGEREETHEAMELARENASE, DUER

o ] o



2003 4F_E#RAEM A

I bR O BT A R OR H 2%,
R L1 EJEIC HARHERE

1992 1995 1998 2001 2004 2007
FIER 0.5 0.35 0.25 0.18 . 0.12 0.10
NS H 300K | 800K 2M 6M 10M 20M
P H
-DRAM 16M 64M 256M 1G 4G 16G
-SRAM M 16M 64M 256M 1G 4G
(S /cm?) 4.0 3.0 3.8 37 3.6 3.5
R (mm?)
st 250 400 600 800 1000 1250
DRAM 132 200 320 500 700 1000
f A B (mm) | 200 200 200~400 | 200~400 200~400 | 200~400
RGP
i 0.1 0.05 0.08 0.01 0.004 0.001
HERH 3 4~5 5 5~6 6 6~7
BHIHEW)
S cd i 10 15 30 40 40~120 | 40~200
1% 3 4 4 4 4 4
IR IE(V)
AR 5 33 22 22 L5 s
-4 3.3 2.2 22 L5 L5 L5
/O #t 500 750 1500 2000 3500 5000
H#:RE(MHz)
-off IS 60 100 175 250 350 500
-on 5 H 120 200 350° 500 700 1000
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