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AIST Vertically Integrated Advanced Device
Researches and Developments Environment

» AIST has a DG-MOSFETs-oriented Research Hierarchy.

sl e Application Research
' Flex Power FPGA(2003)
Circuit Technigue Research
' XDXMOS(2004)
Device Modeling Research This work:
Double Charge Sheet Model(2002) l Collaborative
Silicon Nanoscale Device Simulation Research between device
Device-G and circuit groups
Device Fabrication Research
XMOS Proposal 1987 First |IEDM2002 IEDM2003
1980 Patent XMOS Device 1992 XMOS 1998 XMOS  Vertical FET 4Terminal
: Lg=2um Lg=380nm _ Lg=40nm Structure Structure
1984 First Paper g = — \-5& W
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_-,:-;-l';:"-.:r'l"iu—r-‘;'-_;;l-_;.r_a.;tr.'-_.l.ll'f:'_.'!r'..l.ll —”' mm
i Al F*

Process Technology Research
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XMQOS also known as DG-MOSFET

XMOS* a.k.a Double-Gate MOSFET

T.Sekigawa et al., Solid-State Electronics, 1984.
* He first proposed a Double-Gate structured MOSFI
and he named it XMOS.

Advantages:

(1) Short-channel effect immunity.
(2) Double current drivability.

(3) Ideal S-slope.

‘ But, there is only one disadvantage. ‘
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| Motivation |

> It is difficult to fabricate a desired DG-MOSFET with goo
characteristics.

» As aresult, it is difficult to make an actually well-matche
DG-MOSFET compact model.

» We have successfully fabricated such an excellent DG-
MOSFET already. (IEDM2003).

» Therefore, for the development of DG-MOSFET compact
model, we have tried how to simplify its DG-MOSFET
device simulation model in accordance with the fabricatet
device measurement.
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ayvice Measurement
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Methodology
of Fabrication-based SPICE Model Development
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The Simplification of device simulation model

strongly contributes to the development of act
well-matched DG-MOSFET SPICE simulation r
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| Fabricated Fin-type DG-MOSFET Structure |

% Fabricated
®,> Structure
/

Si-Fin

(a) Fin-type XMOS Poly-Si
BOX /
v ;
Key issue is ultra-thin and SUB
uniform Si-fin channel
fabrication.

(b) Design of DG-MOSFET crystal orientation
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Si-fin Fabrication by Wet Etching

Si-fin damage damage-free (111) Si-fin

Idealization >\

crystal orientation
dependent wet etching

(a) Bell-shaped Si-fin (b) Ideal rectangular Si-fin
by Reactive lon Etching by wet etching
(Conventional) (This work)

Issues Advantages
(1) Damage (1) Damage-free
(2) Non-unlform <:> (2) Uniform
(3)Non-ultra-thin (3) Ultra-thin
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Fabricated 105-nm DG-MOSFE
Photography and Characterlstlcs

-3
By & Si-Fin o

V=1V
10 ]
105 :vd =0.05V
— 10° BV
£ 7
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in 2 8
—. 10 b ]
T .9 ol Vo= V-1V
' — 10 —|—
F‘P“l 10710 S
& 101 (4T-DG-MOSFET)
)X TFin= 13-nm 10712, .\ / l\_/,z_vgl 1\,/,
bricated DG-MOSFET channel XTEM ToOs 0 Do
-abricate - channe image
g Vgl [ V]
Ultra-thin and ideal rectangular cross- v' Good characteristics with excellent S-slo
tional channel is successfully formed. S=60mV/dec.
This ideal channel leads to good V" In 4T-DG-MOSFET, optium V,, control is realize
racteristics with excellent S-slope maintaining the excellent S-slope. (DRC2004)
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Methodology

of Device Simulation Model Simplification

vice Measurement { )

Device Simulation (Silvaco’s ATLAYS)

For obtaining device simulation parameters, Silvaco’s automati

parameter fitting tool OPTIMIZER is employed.

oricated 3-terminal DG-MOSFET
ucture
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(b) Real device characteristics
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Conventional Device Simulation Model A
(Gaussian doping profile model with source/drain extension)
with real device structure sizes and fabricated process condition:

Optimization of a Gaussian doping profile parameters

For simplifying the device simulation model, two approximatior

(

applied to the conventional device simulation model, maintaining goo
agreement with device measurement.

S

Source/drain Resistance
Approximation Model B

Step Doping Profile
Approximation Model

Extraction of R, and R,

-_—

Extraction of N, and L
-

Unify two models using the extracted R, R;, N, and L_,.

V

Simple Device Simulation Model D
(Step doping approximated Model with Source/drain resistance

WCM2005, Anaheim, USA
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Conventional Device

Simulation Model A
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Good agreement is obtained
fitting only a character length of
Gaussian doping profile, even in
the 105-nm DG-MOSFET.
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(b) Comparison of characteristics between
device measurement and device ssimulatio
(Conventional Device Simulation Mod
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Source/drain Resistance Approximation Model B
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Step Doping Profile Approximation Model C
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ep Doping Model C can approximate Va (V)

al device measurement fairly well. (b) Comparison of characteristics between

1is indicates that the barrier height device measur ement and device ssmulation

2ar source edge Is not affected so (Step Doping Profile Approximation Mo

uch by drain potential, because of
CE immunity effect.
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Simple Device Simulation Model D
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re extension and Gaussian doping Va (V)
ofile can be simultaneously (b) Comparison of characteristics between
proximated to S/D resistance and device measur ement and device simulatio
ep doping profile respectively, even (Simple Device Simulation Model D).
a 100-nm-size DG-MOSFET.
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Summary

- Good agreement between device simulation and device measuremer
of the fabricated 105-nm DG-MOSFET has been obtained for the first
time, by fitting only the shape parameter of Gaussian doping profile o
the conventional device simulation model.

- It is experimentally confirmed that 100-nm-size DG-MOSFET
simulation device model can be simplified to step junction model
separated by source/drain resistance. This simplification is useful fo
SPICE model.

— =

- DG-MOSFET is suitable for simplification of device simulation model
due to the immunity of SCE.

- DG-MOSFET source/drain extension can be separately considered as
Rs / Rd.

- Step doping profile can be applicable for DG-MOSFET spice model.
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