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This paper presents design methodology of a low-power
high-frequency second-order Gm-C' bandpass filter based on
CMOS inverters for a portable communication systems such
as WLAN;, cell phone. Nauta presented an OTA circuit
without internal nodes, it has been widely used in high fre-
quency filter design because Nauta’s OTA circuit can operate
with low supply voltage in deep submicron CMOS. However,
Nauta’s OTA circuit uses control circuits to control the com-
mon mode voltage and DC gain of the OTA which require
relatively large power.

For power consumption of the G,,-C bandpass filter is pro-
portional to the transistor size and the number of transitors.
In this paper, we proposed two methods to save the power
consumption of the bandpass filter.

(1) From the atability analysis of the Nauta’s OTA circuit,
we optimize the transistor size of control circuits in Nauta’s
OTA to save power.

(2) We take out the control circuits from the OTAs and
share them at the same output node in bandpass filter to save
numbers of transistors and moreover, we save a OTA circuit
which has the same operation with a part of the control cir-
cuit. also from the stability analysis we optimize transisors
size of the control circuit. From this method, the power can
be saved by minish the number of transistors.

The Nauta’s OTA circuit consists of core circuit and con-
trol circuits, core circuit is to decide the value of g,,. Control
circuits are used to control the common mode voltage and
DC gain of the OTA. Normally, transistors size of control
circuits are almost the same as the transistors size of core
circuit. The first method is to analysis the atability char-
acteristics of Nauta’s OTA circuit, from the analysis result
we confirm that transistors size of control circuits can be re-
duced by half of transistors size of core circuit and the OTA
circuit is still stable. To reduce transistors size of control
circuits means the OTA circuit be low power.

(Gunma University, lin@el.gunma-u.ac.jp)

Table 1. Bandpass filter design comparison.
BPF with BPF with Proposed
Original Optimized
Nauta OTAs | Nauta OTAs BPF
Supply(V) 1.8/1.76 1.8 1.8
f-(GHz) 2.4 2.4 2.4
Q Fractor 60 60 60
IP3(dBm) 4.79 9.61 9.26
Noise(mVrms) 2.85 2.05 1.48
Power(mW) 97.9 44.1 32.2

The conventional second order G,,-C bandpass filter con-
sists of 4 OTAs, and 3 of them share the same output node.
For all of them have the control circuits, which leads to power
loss. We proposed the new circuit which shares the control
circuits for OTAs have the same output node. Moreover
one OTA in conventional second order G,,-C bandpass filter
operated as resistor which has same operation like common
mode voltage control circuit, this OTA can be saved to re-
duce the number of transistors, which means the power of
bandpass filter can be saved. From the stability analysis
and noise analysis of proposed bandpass filter we clear the
trade-off relationships of power consumption, Q) factor, sta-
bility and noise characteristics to make the optimized design
of proposed bandpass filter.

We designed the second order G,,-C bandpass filter with
center frequency of 2.4GH z with TSMC 0.18m CMOS pro-
cess. Table(1) expresses the simulation result.

From the Table(1) Q factor as high as 60 can be obtained.
Power consumption is reduced by 67% compared with con-
ventional bandpass G,,-C filter built straightforward with
Nauta’s OTA circuits, and that power consumption is re-
duced by 27% compared with the Gm-C filter built with
Nauta’s OTA circuits of optimized transistor sizes.
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This paper presents design methodology of a low-power high-frequency second-order Gm-C bandpass filter

based on CMOS inverters with control-circuit-sharing architecture. We clarify trade-offs among its power

consumption, Q factor, stability and noise performace. SPICE simulation with TSMC 0.18um CMOS process

shows that its power consumption is reduced by 67% compared with the Gm-C' filter built straightforward

with Nauta’s OTA circuits,and that power consumption is reduced by 27% compared with the Gm-C filter
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Nauta OTA circuit.

Voutp

Voutp|

(b): Gain enhancement circuit
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Fig.3. Relationship between bias current and g,
for an inverter.
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Table 1. Bandpass filter design parameter.
BPF with BPF with Proposed
Original Optimized
Nauta OTAs | Nauta OTAs BPF
gm1(S) 24m 16m 16m
gm2(S) 2.5m 0.8m N/A
gm3(S) 22m 14m 12m
gma(S) 22m 14m 12m
Cap(F) 0.40p 0.47p 0.47p
Table 2. Bandpass filter design comparison.
BPF with BPF with Proposed
Original Optimized
Nauta OTAs | Nauta OTAs BPF
Supply(V) 1.8/1.76 1.8 1.8
f(GHz) 2.4 2.4 2.4
Q Fractor 60 60 60
IP3(dBm) 4.79 9.61 9.26
Noise(mVrms) 2.85 2.05 1.48
Power(mW) 97.9 44.1 32.2
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Fig. 13. Gain characteristics SPICE simulation re-
sults for the conventional and proposed bandpass
filters.
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Fig. 14. Linearity SPICE simulation results using
the two-tone input for the conventional and pro-
posed bandpass filters.
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