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Abstract: In this paper, a simple macro model of n-channel MOSFET with dual workfunction gate
(DWFG) structure is proposed. The DWFG MOSFET has higher transconductance and lower drain
conductance than conventional MOSFET. Thus analog circuit design using the DWFG MOSFET can
improve circuit characteristics. Currently, device models of the DWFG MOSFET are insufficient, so
simple sertes connected two MOSFET model is proposed. In addition, a two stage operational amplifier
using the proposed DWFG MOSFET macro model is designed to verify the model.
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Device structure of the fabricated n-channel
MOSFET.
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Fig. 2. Measured g.Vas and Ip-Ves characteristics of
DWFG and conventional MOSFETs.
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Fig. 3. Measured In-Vps and ge~Vos characteristics of

DWFG and conventional MOSFETs.
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Fig. 4. Proposed macro model scheme of DWFG
MOSFET.
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Fig. 5. Proposed macro model versus measurement of
DWFG MOSFET (a) Ip- Vs, (B) gn~ Vs
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Fig. 6. Simulated Ip-Vps characteristics using proposed
macro model.
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Fig. 7. Simulated ga.-Vps characteristics of proposed
macro model,
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Fig. 8. Circuit diagram of two-stage operational
amplifier.
¥ 9% 7]E MOSFETe.z AAlE daZZ7
(Conv. OPAMP)®} DWFG MOSFETo 2 A7yl o
01_']- =1

AEE7] (OPAMP with DWFGQ)e] F3}4= §

Jolth. DWFG MOSFETS #8% d2b5%7)e) #

qtol 5] 14 dB F713F A& &% 5 Ul DWFG
MOSFET®] #4% gmn ga: 5748° 455719 A
H ol5E TR AL A (2)& T HAF F
L, '.*l.‘it o|50o] F7tsl Wl &te] g)ste] -3
dB Fa5E AAHE 2AS 4 S F5o g%
T At 11

Ay = (9o a2 By ) Gy pips ) (2)

1
W gypg = 5 (3)
HE= g m a2t By Co

R, = "':,._-11_\'2”'-",_.._um Ity = f'.,.,u_.-\'r,”'-".,__'.m;



586 J. KIEEME, Vol. 26, No. 8, pp. 582-586, August 2013: J.-H. Ha et al.

120
—— OPAMP with DWFG
E-u 100 == =Conv. OPAMP
a e O
< 80f
£
3 60 |-
[
g a0t
=
> 20}
u | PETETTTTY BT R T T B sl | T |
1 10 100 1k 10k 100k 1M 10M
Frequency [Hz]
Fig. 9. Frequency response of operational amplifier,
Table 1. Simulation results of operational amplifier.
Conv. OPAMP
OPAMDP with DWFG
Supply voltage 4V 4V
Power. 400 M 400 W
consumption
Load capacitor 15 pF 15 pF
Rz Ce 5 k@, 2 pF 5 k@, 2 pF
DC gain 91 dB 105 dB
PPhase margin 51° 52°
Bandwidth 6.4 Mi 5.8 M
Output swing 53m ~ 3983 V 1 ~ 398V
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