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Table 2 Etch rates of TMAH (2.5% aqueous solution at
75°C).

Material Etch Rate Ratio
(110) Si 606 nm/min 30
(111) Si 30 nm/min 1
Sio, 0.8 nm/min 0.04
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Fig. 5 Abird's eye view (a) and an SEM image of etched
S| beams. surface.

Common Spec.
- Gate Length, Ly, =7 ym
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Fig. 11 A proposed process sequence of beam channel
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Fig. 12 Polysilicon gates wraped by their own oxide.
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Fig. 13 Experimental results of impurity enhanced
oxidation, IEO.
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Cross-sectional SEM images of As-plasma doped Si beam (a) and non-doped Si beam (b)

after wet oxidation at 765°C for 60 min. Oxide thickness closely relates impurity concentration.
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24 &Hu SiE—L0 S/D BtEER:

M1RLZED) BEwE—aDYy—A/ FL
4 2 (S/D) ~O &g B & i LI 720 THR T 4
L. E—LAFEHOF v 2 NVICITEWHEED S/D &
B L CERIFHENS, ZHIEY —RAIZEL LS
SE1LR7I/a by N B/ N = N N AV S 2
MELbsEs, K231 THELNIZE—
AP O IR % 7R 376 TEAS 300nm % # 2 5
E—EBLRLEDIE. ) COWREDIEE N —E L
L5120 THbH,

V—AF v R)hT I A7 TldE <12 100nm
IhEwI ) aryer—-2a2xzHnwsr0T, V—A -
FL A YOEPUITEBETE v, L7228 o T,
S/D AR A, B B VI LB E RS
S/D MIHER D& 2 ) WEW D B V—A - F
LA ¥ OPL & FEINAGE T 2 FEITRD &9
LD 5,

1000¢

[eXe)

100

Beam Resistance (kQ)

10
10 100 1000

Beam Width (um)

10000

Fig. 23 Beam width dependence of beam resistance for
phosphorus-doped Si beam.



(1) V=R FLA ViE#E% 2 ) %4 Mk

95,
(2) V=R - FLAVIZYY)aryReri~v=
T L EMELTELT S,

(3) V—RA - FLA Vi@ %&ETE .

KT ) A ML TFFEREZ 17> Tw
b B24D L9 %) Y EBMLIZSI E—AIZA
Ny #1251 100nm JE D Ni = #7% L T500TC.
05 DHEZET Z—)VEIT), ZHIZENE 2512
R & Y — AR BO ¥ — AEIKEEDSE S
720 72NN HIMPIRZEHT 5 L IRD X5
272572,

‘n" Si ¥—A

“Ni VA NE

i = 42x10" Q -cm
3= = 25x10° Q -cm

Beam height/width=550 nm/180 nm
Fig. 24 Ni-silicided Si beam.

100
g 10 — it -Si beam
g N
o i
O B
c
© B
@
79}
Q |
z C Ni-silicide

[ Hg=550nm
01 L L Ll 1 11l
100 1000

Beam Width (nm)

Fig. 25 Resistance of Ni-silicided S/D

COMEPSIZIZRF R )T A FHABLN TS
ZEDbhrolz, COFEBTIIIMZE —LDHD
i % 5 L 722%, Ni O ERENEEL TR L%
LDT, SHRBEICEE SN TV L5506 %
RDLVEND 5

3 fEmESROEE

AWFFETIX, E—20OFE SA 15um T7 — M
23 20um,. EHICIFE— 45 10um TF— M
02um O 7 Y Y AY #EH L7z, E—LADFEW
ZWIT N T VAL I REICT ¥ AOVIEZ /N
ELTELWHS LSIOKRT 2R T 5 T v
DVAZIITEHTE v IBHIE /NS P
HCRELEBRZHAIHEBETHY ., TOERTN
T—=b TV TAINREESD LV FFIZ, TiEo X
) RICHPEZ 5N %,

(1) BEkoST— T2V 2%

(2) KT —NT TR %ML
EZfETF T

(3) BWIKE I LSIOBNHIE b7 PR 5,

HETHDH, (3) EXK2612RT LHIZ, LSID
BRE7 0y 7 IZEVICHIE N T DAY BFA
L. ShaxiihrERxH#ETsrZETr7ay s
SROWEBEN %, BoEchlEs 2 Y BifEs
Fhane 2, MAETEHES TS L XIEERE
IR AUE v, EaIcBifES 2 & X1 HE ~
7 VR HEOWPUIBT) /NS VLD D D D
5. BIHEREIGE AR E T HITKREVITZEHHT
Hbo AFRETHIE L, Wil —L4F v )b
OIS L E 2 b b,

Circuit Block

...ﬂ

Block GND
Pull down Transistor -
High V.., Hyge char?nel
width required!

Global GND

VDD

Low V,

Fig. 26 An idea to control power/operation speed with
each circuit block”.



A 7 > 2 Z I L CE. meFZerER 2
S5EE50nm 7 — FE10nm O b T VALY
TIHEREINTWDE, TARY MNEEEET L &,
ARWFZE Tl E & 200nm T — M & 20nm % 3
L72W0as, B2 Tld T TIoR & R & v
ZVIRPLIZH B o

ZOH, ZReEEEEEICAAL-BECE
ENT YTV AYOFEREZFH LTS, 2O—D
DR-FEEH 27 12R"T, U—2D=ZHEZNENR
BIMED N5 v DA% & LT L. AR &%
FEALZER T 5 2 &R D,

Conventional parallel connection
of 3 transistors

Source T
Drain L‘
Gate 1 Gate 2 Gate 3 SOl beam

Proposed parallel 3-transistor connection
with highly self-alighed configuration

Source / Gate 3
Gate 2
Gate 1
Drain
SOl beam

Fig. 27 Three transistors connected in pallarel with highly
self-aligned configuration.

SEER

1) H. Wakabayashi, S. Yamagami, N. Ikezawa, A. Ogura, M.
Norihiro, K. Artai, Y. Ochiai, K. Takeuchi, T. Yamamoto, and
T. Mogami, IEDM Tech. Dig., pp. 989-992, 2003.

2) D. Hisamoto, T. Kaga, and E.Takeda, IEEE Trans. Electron
Devices, 38, pp. 1419-1425,1991.

3) H-S. P. Wong, D. Frank, and P. Solomon, IEDM Tech. Dig,
pp.- 407-410, 1998.

4) Y-K. Choi, N. Lindert, P. Xuan, S. Tang, D. Ha, E. Anderson,
T-J King, J. Bokor, and C. Hu, IEDM Tech. Dig. pp. 421-424,
2001.

5) H. Sunami, T. Furukawa, and T. Masuda, Sensors and
Actuators A111, pp. 310-316, 2004.

6) T. Furukawa, H. Yamashita, and H. Sunami, Jpn. J. Appl.
Phys., Vol. 42, pp. 2067-2072, 2003.

7) A. Katakami, K. Kobayashi, and H. Sunami, Jpn. J. Appl.
Phys., Vol. 43, pp. 2145-2150, 2004.

8) H. Sunami, J. Electrochem. Soc., Vol. 125, pp. 892- 897,

1978.
9) T. Inukai, M. Takamiya, K. Nose, H. Kawaguchi, T. Hiramoto,
T. Sakurai, CICC Tech. Dig., pp. 409-412, May 2000.

<ZhEFTOMERRE >

(Y v—FIEwX)

1)T. Furukawa, H. Yamashita> and H. Sunami,
"A Proposal of Corrugated-Channel Transistor
(CCT) with Vertically-Formed Channels for Area-
Conscious Applications,”" Jpn. J. Appl. Phys., Vol.
42, Part 1, No. 4B, pp. 2067-2072, April 2003.

2) A. Takase, T. Kidera, and H. Sunami, "Field-Shield
Trench Isolation with Self-Aligned Field Oxide,"
Jpn. J. Appl. Phys., Vol. 42, Part 1, No. 4B, pp.
2100-2105, April 2003.

3) H. Sunami, T. Furukawa, and T. Masuda, "A Three-
Dimensional MOS Transistor Formation Technique
with Crystallographic Orientation-Dependent
TMAH Etchant," SENSORS and ACTUATORS A:
PHYSICAL, A111, pp. 310-316, 2004.

4) A. Katakami, K. Kobayashi, and H. Sunami,
"A High-Aspect Ratio Silicon Gate Formation
Technique for Beam-Channel MOS Transistor with
Impurity-Enhanced Oxidation," Jpn. J. Appl. Phys.,
Vol. 43, No. 4B, pp. 2145-2150, April 2004.

(EfF=#)

5) H. Sunami, T. Furukawa, and T. Masuda,
"Orientation-Dependent Anisotropic TMAH Etchant
Applied to 3-D Silicon Nanostructure Formation,"
Proc. Pacific Rim Workshop on Transducers and
Micro/nano Technologies, pp. 367-372, Xiamen,
July 22-24, 2002.

6) T. Furukawa, H. Yamashita, and H. Sunami,
"Corrugated-Channel Transistor (CCT) for Area-
Conscious Applications," Extended Abstracts of
International Symp. on Solid State Devices and
Materials, Abs. No. A-3-2, pp. 139-140, Nagoya,
Sept. 17-19, 2002.

7) A. Takase, T. Kidera, and H. Sunami, "Field-Shield
Trench Isolation with Self-Aligned Field Oxide,"
Extended Abstracts of International Symp. on Solid
State Devices and Materials, Abs. No. A-7-4, pp.
694-695, Nagoya, Sept. 17-19, 2002.

8) A. Katakami, K. Kobayashi, and H. Sunami, "High-
Aspect Ratio gate Formation of Beam-Channel
MOS Transistor with Impurity-Enhanced oxidation
of Silicon Gate," Extended Abstracts of International
Symp. on Solid State Devices and Materials, Abs.
No. D-5-2, pp. 282-283, Tokyo, Sept. 16-18, 2003.

9) K. Kobayashi, T. Eto, K. Okuyama, K. Shibahara,
and H. Sunami, “An Impurity-Enhanced Oxida-
tion Assisted Doping Profile Evaluation for Three-
Dimensional and Vertical-Channel Transistors,” sub-
mitted to International Symp. on Solid State Devices
and Materials 2004.




