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1. Introduction 

Recently, it is very important to improve the CMOS RF 
analog circuits performance[1-2] because of the obvious 
merits such as higher gain and lower current for Low Noise 
Amplifier, lower power supply, smaller distortion for mixer 
and so on. The performance of p-MOSFETs on Si(100) is 
far more dissatisfied than n-MOSFETs and limits the RF 
CMOS analog circuits. It has been reported the 
performance of p-MOSFETs has been greatly improved on 
Si(110) surface [3,4]. However, the degradation of electron 
mobility and 1/f noise in n-MOSFETs on Si(110) must be 
solved. In this paper, a new approach has been carried out 
to greatly improve the CMOS performance by introducing 
the accumulation-mode (AM) n-MOSFET on Si(110) for 
the first time. In this novel balanced FD-SOI CMOS, the 
current drivability in both n- and p-MOSFETs is balanced 
and is larger than that in n-MOSFET on Si(100). This novel 
balanced CMOS performs ideal inverter characteristics 
with the same gate width for n- and p-MOSFETs and very 
high switching speed compared with conventional Si(100) 
inversion-mode (IM) CMOS. At the same time, 1/f noise is 
obviously suppressed in AM n-MOSFETs on Si(110) 
operated at both the linear and saturation region.  
 
2. Experimental 

In this study, the novel balanced CMOS combined with 
AM n-MOSFET and IM p-MOSFET is shown in fig. 1. It 
has been fabricated on Si(110) with the same doping type 
SOI layers and gate Poly-Si electrodes. The SOI layers 
doping concentrations (Nsub) are 1015, 1016, and 2x1017 cm-3. 
The thickness of SOI layers (TSOI) is 40 nm. Surface 
micro-roughness is suppressed by a radical oxidation 
process and maintained by 5-step room temperature 
cleaning[5]. Gate oxides are formed by radical oxidation at 
400°C[6]. B+ ions (1.0x1016 cm-2) are implanted to gate 
Poly-Si layer (300 nm) for AM n- and IM p-MOSFETs. 
As+ and BF2+ (1.5x1015 cm-2) ions are implanted to 
Source/Drain region for n- and p-MOSFET, respectively. 

 
3. Results and Discussions 

Fig. 2 shows the Id-Vd characteristics of n- and 
p-MOSFETs on Si(110) and (100) surfaces. A novel 
complete balanced CMOS with the gate length of 0.35µm 
is realized on Si(110) surface using AM n-MOSFET and 
IM p-MOSFET at the first time. The current drivability of 
IM p-MOSFET on Si(110) is about 3 times larger than that 
on Si(100) surface and that of AM n-MOSFET on Si(110) 
is about 1.2 times larger than IM n-MOSFET on Si(100). In 
this novel balanced CMOS on Si(110), almost the same 
current drivability has been realized in both n- and 
p-MOSFET  and  is larger than that in conventional IM 
MOSFETs on Si(100). Fig. 3 shows the drain saturation 
current dependence on Nsub. The drain current is improved 
in AM n-MOSFETs, however almost no improvement in 

AM p-MOSFETs. The mechanism is shown in fig. 4 and 5. 
Fig. 4 shows the effective filed (Eeff) dependences of 
effective mobilities (µeff) on Si(100), (110) surfaces[7]. It 
has been observed that µeff for electron and hole on 
Si(110) is proportional to E-0.7, E-0.04. Electron mobility on 
Si(110) decreases steeply as increasing Eeff. Fig. 5 shows 
the improvement of the drain current in AM MOSFETs 
agrees well with the power of Eeff from mobility curves and 
mainly resulted from the improvement of mobility for the 
lower Eeff at AM MOSFETs operated at the same gate bias. 
Fig. 6 shows the ideal Vin-Vout characteristics in the novel 
balanced CMOS inverter with AM n-MOSFET and IM 
p-MOSFET on Si(110) with the same gate width because of 
the same current drivability in n- and pMOSFET in this 
balanced CMOS. The occupancy area of this balanced 
CMOS on Si(110) is about half of that of conventional 
CMOS on Si(100). Fig. 7 shows the oscillation 
characteristics for 101 stages of inverter chains for gate 
width of pMOSFET/nMOSFET=1:1 on Si(110) and 3:1 on 
conventional Si(100). The switching speed for Si(110) is 
about 2 times higher than that of Si(100) even at the gate 
oxide for Si(110) of 6.7nm and that for Si(100) of 3nm. 
These characteristics indicate that the balanced CMOS can 
dramatically improve the performance of future CMOS RF 
analog circuits. Fig. 8 shows the noise power as a function 
of measurement frequency. 1/f noise in AM n-MOSFET on 
Si(110) operated at linear region is reduced about 1 digit. 
Fig. 9 shows 1/f noise levels in n-MOSFETs on Si(110) 
operated on saturation region as a function of drain current. 
The slope for AM n-MOSFETs is much smaller than that 
for IM n-MOSFETs. This indicates a suppression of current 
fluctuation on bias conditions in AM devices.  
 
3. Conclusions 
   In this study, we have been successful in realizing the 
very high performance novel balanced CMOS devices on 
Si(110) surface using AM FD-SOI MOSFETs with very 
high speed oscillation performance and very low noise. 
This technology is very useful for realizing advanced high 
performance CMOS RF analog circuits. 
 
Acknowledgements 
   This work was partly supported by the project under 
Grant-in-Aid for Specially Promoted Research (project No. 
18002004) and the project under Grant-in-Aid for Young 
Scientists (A) (project No. 19686019), supported by Japanese 
Ministry of Education, Culture, Sports, Science and Technology. 
 
References 
[1] M. Steyaert et al., IEEE International Symp. On Circuits and Systems, 

2 (1993) 1447. 
[2] B. Nauta et al., IEEE J. of Solid-State Circuits, 30 (1995) 1302. 
[3] T. Sato et al., Phys. Rev. B. 4 (1973) 1950. 
[4] A. Teramoto et al., IEEE Trans. on Electron Device, 54 (2007) 1438. 
[5] T. Ohmi, J. Electrochem. Soc., 143 (1996) 2957. 
[6] T. Ohmi et al., J. Physics D: Applied Physics, 39 (2006) R1-R17. 
[7] S. Takagi et al., IEEE Trans. on Electron Devices, 41 (1994) 2357. 

Extended Abstracts of the 2008 International Conference on Solid State Devices and Materials, Tsukuba, 2008,

-876-

B-9-1

pp. 876-877



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Si Substrate

Buried Oxide

Gate Oxide

P+ Poly

n+ n n+
Gate Oxide

P+ Poly

p+ n p+

0.1 1

100

1000
Ef

fe
ct

iv
e 

M
ob

ili
ty

, µ
ef

f [c
m

2 V-1
se

c-1
]

Effective Field, Eeff [MV/cm]

 

 

Si(100) nMOS universal curve

Si(100) pMOS universal curve

Si(110) nMOS universal curve

Si(110) pMOS experimental

E
eff

-0.3

Eeff
-0.45

Eeff
-0.7

Eeff
-0.04

0.0 1.0x10-7 2.0x10-7 3.0x10-7 4.0x10-7 5.0x10-7
-0.5

0.0

0.5

1.0

1.5

2.0

2.5

Conventional CMOS on Si(100), EOT=3.0nm
Gate Width p:n=3:1

 

 

V O
UT

 (V
)

Time (sec)

Novel Balanced CMOS on Si(110), EOT=6.7nm
Gate Width p:n=1:1

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
0.000

0.002

0.004

0.006

0.008

0.010

0.012

Si(110) n-MOSFETs
Inversion-mode

Si(100) p-MOSFETs
Inversion-mode

D
ra

in
 C

ur
re

nt
, I

D
 (A

)

Drain Voltage, VD(V)

 

 

|VG-Vth|=0~3V
step=0.6V Si(100) n-MOSFETs

Inversion-mode

Si(110) n-MOSFETs
Accumulation-mode

Si(110) p-MOSFETs
Inversion-mode

L/W=0.35/20µm
Tox=6.7nm

Fig. 1 Schematic of the novel balanced CMOS on
Si(110) surface combined with AM n-MOSFET and
IM p-MOSFET. 

Fig. 2 Id-Vd characteristics
of n- and p-MOSFETs on
Si(110) and (100) surfaces.
A complete balanced
CMOS is realized on
Si(110) surfaces using AM
n-MOSFET and IM
p-MOSFET with very high
current drivability. The
current drivability of AM
n-MOSFET on Si(110) is
about 1.2 times larger than
IM n-MOSFET on Si(100).

Fig. 3 Drain Saturation Current as a function
of Nsub in n- and p-MOSFETs on Si(110).
IDsat increases with increasing the Nsub in AM 
n-MOSFETs and shows no dependence on
Nsub in p-MOSFETs. 

Fig. 4 Eeff-µeff characteristics of electrons and 
holes on Si(100) and (110). µeff in 
n-MOSFETs on Si(110) is expected to be
improved most greatly by lowering Eeff and 
almost no improvement for holes on Si(110).  

Fig. 5 Idsat improvement in AM MOSFETs on 
Si(100) and (110) as a function of the power 
of Eeff. This result indicates the mechanism
for the current improvement in AM 
MOSFETs is resulted from the lowering Eeff.

Fig. 6 The ideal Vin-Vout characteristics of the novel balanced
CMOS inverter with AM n-MOSFET and IM p-MOSFET on
Si(110) for gate width ratios of pMOSFET/nMOSFET=1:1. 

Fig. 7 The oscillation frequency of 101 stages of inverter chains for the 
same gate width in balanced CMOS on Si(110) is about 2 times higher 
than that of conventional CMOS fabricated on Si(100) surface.

Fig. 8 1/f noise level in AM n-MOSFETs operated at linear
region on Si(110) is suppressed about 1 digit compared with
that in IM n-MOSFET. 

Fig. 9 1/f noise levels in n-MOSFETs on Si(110) operated on
saturation region as a function of drain current. The slope for AM 
n-MOSFETs is much smaller than that for IM n-MOSFETs. 
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