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Abstract - The fabrication process and emission characteristics of gated silicon field emitter arrays
(FEAs) using chemical-mechanical-polishing (CMP) method are described. Novel fabrication techniques
consisting of two-step dry etching with oxidation of silicon and CMP processes were developed for the
formation of sharp tips and clear-cut edged gate electrodes, respectively. The gate height and aperture
could be easily controlled by varying the polishing time and pressure in the CMP process. We obtained
silicon FEAs having self-aligned and clear-cut edged gate electrode opening by eliminating the dishing
problem during the CMP process with an oxide mask layer. The tip height of the finally fabricated
FEAs was about 1.1 um and the end radius of the tips was smaller than 100 A. The emission current
measured from the fabricated 2809 tips array was about 31 pA at a gate voltage of 80 V.
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Fig. 1. Schematic diagram of the fabrication process of

silicon FEA tip with CMP process.
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Fig. 2. Polished thickness of gate electrode on tips as a
function of polishing time.
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Fig. 4. (a) Schematic diagram of the dishing effect (b) SEM photograph of oxide layer on gate electrode for dishing-free
process.
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Fig. 5. Photographs of gate electrodes by CMP process. (a) dishing effect without masking process (b) no dishing effect
with masking process.
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Fig. 6. SEM photographs of the finally fabricated tip and its array.
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Fig. 7. The emission characteristics of a silicon FEA
with 2809 tips; (a) la-Vg characteristic (b) F-N plot of
the anode current.

W AHFEHZ A5
7) dol 2 23}
Sich. #7)

(50-60 V)o =2

Exo =
1 o= M

stk ke st
%ouog 11]7{ 3 &

e

=4
59
]

o
=

=

"J
2
I

6‘}

=]
S

ol
AN

0‘:]_
&t 44 @
o Felel weol)
ol T}(8,9].
Flg 7L 280979 €18 7}R]=

A

m o

LIS .

(¢

ool A obxt=

AFE Ve Qvk "' 1nAe] PEAFL 58
HH9I AC1E A4S 8 (turn-on) HeFo. . 4 elshrid,

SRt A, A7 A 235, 1998

A8 AAE ofalolol Aol e AL o 50 Vol
W, AolE7k 80 Vel He) ohet WEHFE 31 pAe]

&’iofq

1_

o]AE& €4 11nAd 3
olw® HFY 0.1% Bt AA ZAHJAHY. =
7‘3% 0]":_5 59| Fowler-Nordheim(F-N) plot-g- Fig.
7(b)ell LFEFIRILE. F-N plote] 24402 RE] AEA

Q1 AAYE B4l % Ve & 5 9

2tk oy, A&

1.

S Y

4. &

=
£ dAFo A= CMP 345 ©]
Z & AAE odlulE ofgo
Hasieh. 5 Al o
£ 3]0 (aspect ratio)E 7R =
o, 3 7k He|g M: CMP3
o]E _Er—o]g} el A AS CMP2
WA 248 5 dgon, 4

4] 7Hf—— A 4% 5 ol
435}04 CMP3 7
% 99tk olela

o2 1.1 um A
2100], A1 of
k. olef gk Az

zﬂz:'_x%—y} ok%

. FEAS] =z}
ZM}EE A Mg

o
=
2
o
|
2L

1>

gl &

=
T

ulm
4>4
fa
Ol
e
&
> Mo

22
ox ok o o gm X

1"_4

[
=

A

M

_]M
b 2 @
jab)
= 2

Py

JW

p
ol mo 12 ox

1o

A&

=
2

N ok
T ol O o oX
et rlo

—_

L o

-
S
-

I:HO
H

7+

it 0
o ok
ol

e

1. L Brodie, P. R. Schwoebel, Proceedings of the IEEE.
Vol. 82, No. 7, p. 1005, (1994).

. C. A. Spindt, 1. Brodie, L. Humphrey, and E.R.
Westerberg, J. Appl. Phys. 47, 5248 (1996).

. H.S. Uh, J. D. Lee, N.S. Park, Proceedings of the
7th International Vacuum Microelectronics
Conference, Granoble, France, p. 387 (1994).

. H. H. Busta, B. J. Zimmerman, J. E. Pogenmiller, M.
C. Tringides, and C. A. Spindt, J. Vac. Sci. Technol.
B 11, 400 (1993).

. D. Temple, H. F. Gray, C. A. Ball, J. E. Mancusi, W.
D. Palmer, G.E. McGuire, and J. L. Shaw,
Proceedings of the 8th International Vacuum Micro-
electronics Conference, Portland, OR, p. 113 (1995).



AA-SY Aol B9 o)ge AalE WARE olelole) A% 93

6. J. E. Pogemiller, H. H. Busta, and B. J. Zimmerman, 8. H. F. Gray, J. L. Shaw, D. Temple, Proceedings of
J. Vac. Sci. Technol. B 12, 680 (1994). the 7th International Vacuum Microelectronics
7. J. Browing, Proceedings of the 7th International Conference, Portland, OR, p. 27 (1995).
Vacuum Microelectronics Conference, Portland, OR, 9. W. J. Bintz and N. E. McGruer, J. Vac. Sci. Technol.
p- 1 (1995). B 12, 697 (1994).

Journal of the Korean Vacuum Society, Vol. 7, No. 2, 1998



