Journal of the Microelectronics & Packaging Society
Vol. 12, No. 1, p. 59-63. 2005

Technology Computer-Aided Designz} Z&HEl SPICES
SE-ZFEAN-EEA MAE EMXAES M| §Y

o o|ﬂ|
I rob

ZEE - AMY
S 87| A Y A AAATY, A& AT 131, 130-650

Electrical analysis of Metal-Ferroelectric-Semiconductor Field-Effect
Transistor with SPICE combined with Technology Computer-Aided Design

Yong Tae Kim and Sun II Shim

Semiconductor Materials & Devices Lab., Korea Institute of Science & Technology (KIST),
P.O. Box 131, Cheongryang, Seoul, Korea, 130-650

= B 2E&75AA-w A AA a3 EHAAE (MFS/MFISFET)S 53 542 technology
computer-aided design (TCAD)¥} simulation program with integrated circuit emphasis (SPICEYS 2%
dol AusAsie BUe ANSIAT. 230 SR 5 298 TANGE o35k AT o
%,TS<%%ﬂﬁ‘%€”@%ﬂﬂP&Eﬂk?§ﬂ‘1%5ﬂ]£€ﬂ]ﬂﬂﬂt H HAE AT A
AFE TCAD W9l 2 M9E AA &3 EAR| 2] SPICE 2ol 748 24 xd9js} grps B3
AolE At g AF-AU4 54L& 7+ F UA. o9 22 Y-S FF MFS/MFISFETE ©]-&-3t
wma2nte] 4R A S 585l 488 5 31e Aol

Abstract: A simulation method combined with the simulation program with integrated circuit emphasis
(SPICE) and the technology computer-aided design (TCAD) has been proposed to estimate the electrical
characteristics of the metal-ferroelectric-semiconductor field effect transistor (MFS/MFISFET). The
complex behavior of the ferroelectric property was analyzed and surface potential of the channel region
in the MFS gate structure was calculated with the numerical TCAD method. Since the calculated surface
potential is equivalent with the surface potential obtained with the SPICE model of the conventional
MOSFET, we can obtain the current-voltage characteristics of MES/MFISFET corresponding to the
applied gate bias. Therefore, the proposed method will be very useful for the design of the integrated
circuits with MFS/MFISFET memory cell devices.
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Fig. 1. Cross-sectional diagram of the MFSFET structure
for simulation.
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Fig. 2. Silicon surface potential as a function of the gate

voltage of the MFISFET. Hysteresis loop shows the
nature of the ferroelectric material.

Microelectronics & Packaging Society Vol. 12, No. 1 (2005)



62 A8 -

=
2
0

o] A5

e ezl #17 49E MOSFETO] th A
7 71 B A SPICE AAMRAL|#8 AHS-3)
of sk o] k. o]& £¥ TCADE A
Al FE 320l ATYANA HA 3=

i

k!

X

>

&
D4t

T 13 AHE F A He FHel
At} FR|EA 02 a2 H34-5 MOSFETY] o
A3k7] YA e WA 2 Ao dig Aole
AgE Fallof gt o] of AFE-3E MOS ERA A
Bl o] AClE FAE 10 nm, EH A3} D= 9x
10" cm?, interface trap2 10° Clem? 22 A3 8}
Fomv o]F SPICE AFEALE & HFES
level 499] 7] & HEE2 AHESIAT. (D-(6) A<
o] g3t gt BHHA Alo|E o] XA A9
9} o]0} th-3-3H= MOSFETY] Ao E A g}l &
29 AHe A (DE o8t AT 2 4
F}Z Fig. 39 A FA 8T AP F28n)
oF ¥l FaEtvls 27 4V RS 7 F9) vy
AsE 7t F 97 AEE 1.0, 1.5, 20,25 VE
7Hl 5= & wjoll &l 33l MOSFET A2 ¥
A9 Aol E Hgolth -Vy H S 7H T
A5 7] A9E 2.5 V A=A 7HElFo & )
ol A7) A3 200 (=0.75 V) AL7HA] 1] R

=
T

»N
&

=
n

Surface potential [V]

e
)
v

-1 0 1 2 3 4
Gate voltage [V]

Fig. 3. Silicon surface potential as a function of the gate
voltage of the MOSFET. The dark circles and open
circles represent the surface potentials of the
MFISFET after applying +Vw (write signal) and —
Vw (erase signal), respectively (the gate voltage,
which is the read signal, is fixed at 1.0, 1.5, 2.0, 2.5
V).
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