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1. Introduction

Recently, a brain machine interface (BMI) /brain com-
puter interface (BCI) has been researched in order to restore
communication function for the severely disabled people
due to amyotrophic lateral sclerosis, spinal injury, brain
stroke etc. Especially, Electrocorticograms (EcoQG) is at-
tracting attention as a key signal to realize these systems.

The EcoG has a signal bandwidth of 0.1Hz to 100Hz,
and signal amplitude of a few pV to ImV. Thus the
low-noise amplifier for the EcoG detection should have an
input referred noise of a few pV to detect accurately the
signal with low frequency and small amplitude. Moreover,
the low-noise amplifier requires a control of the signal
bandwidth and a high dynamic range because the EcoG
detection and unwanted noise such as induced noise of AC
power supply are input simultaneously. In this paper, a
low-noise amplifier for the EcoG detection is proposed.
The proposed amplifier achieved high linearity and wide
variable range of signal bandwidth by using a resistor of the
subthreshold-biased cascade MOSFETs with a few TQ.

2. High-Value Resistance MOSFET for Low Noise Am-
plifier

A subthreshold-biased MOSFET as a feedback resistor
with a high resistance is widely used for biosignal amplifier
to amplify low frequency signal [2,3]. However, it is possi-
ble to use the subthreshold-biased MOSFET with a high
resistance while the gate-source voltage Vgs and the
drain-source voltage Vds of the MOSFET are small. When
the output voltage swing of the biosignal amplifier will be
large, a resistance value of the feedback resistor imple-
mented by the MOSFET changes greatly and then it causes
the deterioration of linearity. In case of adjusting low
roll-off frequency of the amplifier using the gate voltage
VG, the linearity of the amplifier is worse. Thus it is neces-
sary to suppress the degradation of linearity.

3. Circuit Architecture and Low-Voltage Design
The schematic of a low-noise amplifier is shown in Fig.
1. The low-noise amplifier consists of a fully-differential
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opamp, AC coupled capacitors Cin, feedback capacitors Cf
and feedback resistors Rf implemented by cascade MOS-
FETs, thus the low-noise amplifier realize high input im-
pedance and a high-pass filter characteristic. A roll-off fre-
quency of the high-pass filter is determined by both the Rf
and the Cf. In case of a 0.18-um CMOS technology, a ca-
pacitance value of the Cf, which is limited by parasitic
components and characteristic deviation, is S5O0fF. To
achieve less than 0.01Hz of low roll-off frequency, the re-
sistance of Rf needs more than 318 TQ. Thus the Rf is im-
plemented by cascade MOSFETs operated in subthreshold.
In addition, a wide variable range of bandwidth is accom-
plished with adjusting the VG of MOSFET.

Figure 2 shows the schematic of the fully-differential
opamp in the low-noise amplifier. To achieve a high voltage
gain and wide output swing, folded-cascode opamp is used.
Moreover, 1/f noise is decreased by enlarging the area of
M2 and M3 that is the major factor of 1/f noise.

4. Experimental Results

A chip micrograph of the low-noise amplifier fabricated
by a 0.18-um CMOS technology is shown in Fig. 3. The
measured frequency response is shown in Fig. 4. The pro-
posed amplifier achieved a variable bandwidth from
0.04Hz to 30Hz by adjusting the VG from 0.75V to 1V. A
voltage gain can be set from 28dB and 40dB as shown in
Fig. 5. The measured SFDR versus output amplitude at
VG=0.85V is shown in Fig. 5. Figure 5 compares the SFDR
of cascade connected 12-MOSFETs with that of a MOSFET.
In case of the cascade connected 12-MOSFETs, the am-
plifier achieved more than 60dB SFDR when defining
0.2Vpp output swing. The SFDR is improved about 20dB
compared with a MOSFET. Moreover, the amplifier with
the cascade connected 12-MOSFETs achieved more than
40dB SFDR when defining 0.6Vpp output swing. Thus the
proposed amplifier with the cascade connected
12-MOSFETs can control low roll-off frequency range of
triple-digits with maintenance of a high linearity. Figure 6
shows measured input referred noise. The input referred
noise in the signal bandwidth is 2.5uVrms.



5. Conclusions

1S
Low-noise amplifier with high dynamic range and wide @
variable range of bandwidth is proposed. When defining a -
0.2Vpp output swing, the proposed amplifiers with a feed- 730um
back resistor of cascade connected 12-MOSFETs operated Fig.3 Chip micrograph.
in the subthreshold achieved a variable low roll-off fre-
quency of 0.04Hz~30Hz and more than 60dB SFDR. The 50
input referred noise is 2.5uVrms. 10 i
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VB2 Parameter Ref[1] Ref[2] Ref[3] This work
D-I M2 M3 M6 }—1—' M7 i Vb1 Supply voltage 1.8V 1V +2.5V 1.8V
INP INN VB3 | OUTP teF(:LorfciZZy 0.8ym CMOS | 0.35um CMOS | 1.5um CMOS |0.18ym CMOS
I OUTN Current 1.2pA 337nA 180nA 10.4pA
MBIE)”_I—l M9 Midband gain |45.5dB(tunable)| 60dB(tunable) 39.8dB 40dB(tunable)
High-pass f.34s | 0.5Hz(tunable) | 0.5Hz(tunable) 0.014Hz 0.1Hz(tunable)
1 VB4 Low-pass f.aqs | 250Hz(tunable) |292Hz(tunable) 30Hz 100Hz
Input referred 0.93pVv 2.5pv 1.6pVv 2.5pV
M10 }—1—{ M11 noise (0.5~100Hz) | (0.05~460Hz) | (0.5~30Hz) | (0.1~100Hz)
CMRR 105dB 71.2dB 86dB 76.9dB
Ve o PSRR - 84dB 80dB 86dB
- THD _ <0.6% (at 1Vpp|<1% (at 1.2Vpp| <1% (at 1Vpp
output swing) | output swing) | output swing)
Area 1.4mm? 0.64mm? 0.22mm? 0.09mm?

Fig.2 Schematic of the fully-differential opamp.
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