Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 18, No. 11, p. 990, November 2005.

B 18-11-3
SOl 7| &g o]

235t Thermal Probe of{glo] A=t ! EM =}

Fabrication and Characterization of Thermal Probe Array on SOl Substrates

=41 1 =41 1 la
=3 urg! way! olue!, e

(Ju—Hyun Cho', Kee-Yeol Na', Keun-Hyung Park', Jae-Bong Lee', and Yeong-Seuk Kim'"®)

Abstract

This paper reports the fabrication and characterization of 5 x 5 thermal cantilever array for

=

nano-scaled memory device application. The 5
has been fabricated with MEMS technology

X

5 thermal cantilever array with integrated tip heater
on SOl wafer using 7 photo masking steps. All

single-level cantilevers have a diode in order to eliminate any electrical cross-talk between adjacent

tips. Electrical measurements of fabricated thermal cantilever array show its own thermal heating

mechanism. Thermal heating is demonstrated by the reflow of coated photoresist on the cantilever

array surface.
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. Memory operation of silicon cantilever.

olglo] dA R A=

HAPK) L BT
A4

oy N
u® =
= rd

2 A zpe loiA 7hA
T2 ¥ Asorce constant ; K)
(resonant frequency ; Fr)olth. A}&
3 ”—’FS’Jr Fiap EA4L 19

RS

&
o
-l>

oo gogm

o o K
okl

;_;(]

1
=2
x

=
=
fl

m

= T B
oo HAEE mes Addbe] gol
A AH@M Sk Apepel X
AR Zeste SRR
REw AdAe g9
SHA Eoh 2 el A
A

F

oft
3L

N

=

o
B o £
(o}

o M

L o
£
2

ob Of  Ix P

2 > op i 2
i orir lo qe
o o 2

% mzo AdHy &
HERE AU E Axstr] Asire By
o ok FAFAFE aefstolof g}

ghoh g AdAw o AlEHe %
HE 7 Aok stz FTAFH
Coolel g HEw

1.00 N/m, 281 %
A kHz¢ #IH&

) (K & FrIE2
AFM Ada e 5L
Adem e 2ga 459 35358 At
7] g SEgvgE = ]’5‘}91‘4. 24

gk ME Y ofde]l= L1 = 150 um, L2 = 140

mWf\SO]lmb—48LIm°] r
g nEste], ¥

034 N/m, 62.02 kHz= HF
ol A A A FsEA )

[

i ‘W_E

:n

=

3

o

R

NS
BN

991

AN AR AN 835 =07, 187 #1135, 20053 119

I

Silicon Tip

]

p*

e

Substrate

a2, 49 E-AEHy olo.
Fig. 2. Layout of unit cantilever.
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Fig. 3. (a) Electrical equivalent circuit of 5 x 5

cantilever array and (b) Cross-talk

under applied bias.

22 MEH ojzol MA

Oy 3(a)s Mgy ofeele] H7H

5749

golu, shvte] ALeME Hstnz oo 8
B Gl wpoloj 25 017}0} 1& o, dFe 555
HolFm g oeleld g ZA7te ndd)

o= tho]o ey} LHXOPE]q Q). gelomi 7

gelw oflolell A stz @9 ALl Hd
o2 dedg drtstuzr & mf o] %-shiz A
HE 2 Af7h 52 d@4s BAEy] AsiA
Akt 29 3b)e dele=rt WgsA o
She A AEE Adeeer I = AHE

o

5 = =
RTR=

29 w4

l

B gl



J. of KIEEME(in Korean), Vol. 18, No. 11, November 2005.

et olalol ==t

]-ﬂrL n-type, (100), 400 pm A&
b= bonded SOI sliejsfelct,  SOI #leojHo A4
2 FA7F 35 pm, HAFE 005 ~ 01
w3 AE AeE doldg dF 4l
EAstE wiE s FAE 30
m CNddy 99 33 eAe then 2
th 4 1000 A FA9 Absae dFsn, A
] % BOE (Buffer Oxide Etchant) 47}
2 z7bek & abglebg A7 wpaAg

(Reactive Ion
A 1H

=3
Aol bl fAsle] g

A vldo WAs) Aol ¥4 BA
dols w@el Asute | ANze vhraz A
5] 9lstel AeE W 99e AN AR
BOE 47te WAk 4b) #x). Qa2
9 g4e Bgdm ool Hopals Ashue
7 viaze olgelel 2w ANZ FHoR ¥
At (LY Ae), (@ #Fa1). Yubyg o RIE &
FAAE YAE TUEE SUY A0l
L HAE wUET olgy Hze] FrAwch A

‘1"5"—* Azslold gol 4 A@e] wstel )
AAe Zwrp st 2EH 20 e uim

b oAAw, EeW v g5 A A e

i<

a4 ArlE F

g e neste] "Hel sie

X etdA "Hel AR dgstA AAsky] sl 2
oA AN FAHoE WYYt E 1& zﬂaaﬂ
Wog A2 A Az e 2dAl AdE A
Az & A E "o BERES UsYy oﬂalohﬂ
WE7) 89 AbE A e AYEFATHE 4(e)
), 29 S 2vA A4z 6‘7@ F AgE

Azte) F&TARl = Lﬁ} 4 ¥ A
Adrd Apzloldt. sk 34 & doE "o ¥

FRol mrt dels A #AT ¢ Ao
dejd Adduet § 998 g4 ol F 5H
BAE Aty Aske] SlE e AT v
g =3 dgstud. =3

e ol e F9 g Abgetglon, ole £9
Z7AL Ph', 80 KeV, 5 x 10° /em® olgith(z#
A(f) Zan). agla ofgle] ol tele =g A3

992

(a) Cantilever photo / Oxide etch

Sio

N-type Top-Si (3.5 um

(b) Tip Region Photo / Oxide Etch
D ,——FPR

[

(c) Tip formation : after 1st Dry etch

I,

(d) Tip formation : after 2nd Dry etch

|>I

(e) Oxidation

o Y sio,

I

(f) n* Photo / Oxide Etch / Implant / Anneal

Ph+, 80 KeV, 5 x 10 /cm?

2222222222 X22%

-

(g) p* Photo / Oxide Etch / Implant / Anneal

i

B+, 80 KeV, 5 x 10" /cm?

i¢¢¢¢ii¢u¢¢¢ii
I

PR

[

(h) Contact / Metal
Metal

(i) Cantilever Release Photo / Oxide wet etch

= A -

A

a8 4 E-0gay ool FAwA.

Fig. 4. Process flow of thermal cantilever array.
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Table 1. Dry etching recipe for silicon tip

formation.
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Fig. 6. (a) SEM micrograph of 5 x 5 thermal
cantilever array and (b) SEM micro-
graph of single cantilever.
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Fig. 7. Current - voltage characteristics of unit
thermal cantilever.
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Fig. 8. Breakdown voltage vs. length of heater

region.
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