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Abstract: The high linearity low-noise filter is an indispensable key circuit in the communication system. Based on the
structure of current-reuse source-degradation operational transconductance amplifier（OTA），a 5 GHz current-mode
low-noise Gm-C filter suitable for high-speed communication systems is proposed. Thanks to the proposed current
mode structure and the OTA’s high-power efficiency and high linearity，the filter obtains good noise and high linearity
performance with very low power consumption. The filter is designed in standard 65 nm CMOS technology and
occupies a core area of 0.06 mm². The simulation results show that the operating bandwidth is 5 GHz，the IIP3 is
35 dBm，and the power consumption is only 3.2 mW.
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0 Introduction

Modern wireless telecommunication systems
evolve towards broadband features with high filter⁃
ing requirements for in-band and out-band blockers.
Normally，out-band blockers are filtered out by off-
chip surface acoustic wave（SAW） filters. The in-

band blockers need to be filtered by an integrated fil⁃
ter when the RF signal is down converted to the
baseband［1］. In direct conversion receivers with very
wide baseband，the baseband signal is directly fil⁃
tered and processed without the second down-con⁃
version［2］. Typically， the frequency of this signal
can be up to several Giga hertz. An on-chip filter
with high speed and good performance is needed to
process a small power signal among many interfer⁃
ers. Both high SNR and high IIP3 are required for
the filter in this application scenario. To meet such
requirements， a new current mode Gm-C filter
structure is proposed in this paper，achieving low
noise and high linearity performance based on a cur⁃

rent reused source degeneration operational trans⁃
conductance amplifier（OTA）.

This paper is organized as follows. Section 1
explains the traditional voltage mode Gm-C filter.
Section 2 presents and explains the design details of
the proposed current mode Gm-C filter. Then，a
comparison analysis between the proposed filter and
the traditional filter is undertaken in Section 3. Be⁃
sides， the simulated results and the performance
comparison with other state-of-the-art results are al⁃
so presented. Finally，a summary is concluded.

1 Traditional Voltage Mode Gm⁃C
Biquad

In a typical direct conversion receiver’s struc⁃
ture，a filter can be inserted after the down mixer to
filter out the unwanted signals. It is widely accepted
that Gm-C filters are the best choices for high-speed
systems［3-12］. Fig.1 shows a traditional voltage mode
Gm-C biquad， which consists of at least four
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OTAs［13］. As shown in Fig.1， the first OTA，

which is also called Gm1，is used to convert the in⁃
put voltage signal to a current signal. The second
OTA，called Gm2，is utilized to realize low resis⁃
tance by connecting its input and output. The trans⁃
fer function of the traditional Gm-C biquad is ex⁃
pressed as follows

H ( s )=

gm1 gm3
C 1C 2

s2+ s
gm2
C 1
+ gm3 gm4

C 1C 2

=

g 2m
C 1C 2

s2+ s
gm
C 1
+ g 2m
C 1C 2

(1)

where gm1，2，3，4 = gm.

For analysis convenience， the Gm-C biquad
can be simplified in Fig.2. As discussed before，
Gm1 cell generates a current signal from a voltage
signal. With the help of capacitor C 1，Gm2 cell de⁃
fines the first pole. Gm3，Gm4 and the output ca⁃
pacitor C 2 compose a gyrator，which can be consid⁃
ered as an inductor L= C 2/gm3 gm4. Consequently，
Gm2 cell，C 1 and L generate two poles. As a re⁃
sult，a second order lowpass filter is realized. - -----dv2eq is
the equivalent input noise of the filter. With simula⁃
tions and calculations，it is found that this voltage
mode filter has a high noise figure（NF）and limited
linearity. Among its components，Gm1 generates
very large part of the noise and the none linearity.

2 A Current Mode Gm⁃C Biquad

To reduce noise and improve the linearity of a

Gm-C filter，several current mode filters were pro⁃
posed［14-19］. Among them，Ref.［16］ introduced a
high linearity current mode noise shaping filter. But
its bandwidth was only 2.8 MHz，which is not feasi⁃
ble for the wideband applications. The filter present⁃
ed in Ref.［19］had a bandwidth of 1 GHz but a lim⁃
ited IIP3. To solve above issues，a high speed，low
noise and high linearity current mode Gm-C biquad
is proposed in this paper，as shown in Fig.3.

The proposed biquad makes use of a high lin⁃
earity complementary OTA shown in Fig.4 as its
unit Gm cell. In the OTA structure，both NMOS
pair and PMOS pair have been utilized for the input
transistors，employing the same bias current. The
current reuse technique has greatly increased the
power efficiency of the circuit. The transistors M P

and MN are added to act as the source degeneration
resistors，improving the linearity of the OTA with
an ability of transconductance adjustment. Besides，
MN is made by two identical transistors with the
middle node VN using for the common mode voltage
in the common-mode feedback（CMFB）circuit. In
this way，extra sensing resistors，are not needed for
the common mode voltage. Moreover， since the
OTA’s common-mode output voltage is susceptible

Fig.1 A traditional Gm-C biquad

Fig.2 Simplified model of the traditional Gm-C biquad

Fig.3 The proposed current mode biquad

Fig.4 OTA structure including a CMFB
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to the common-mode input signal disturbances and
current source mismatches， the CMFB circuit
shown in the right part of Fig. 4 is utilized to stabi⁃
lize it.

As shown in Fig.3，the proposed current mode
biquad consists of three OTAs，four capacitors and
two RL. The structure gets rid of the first voltage to
current transformation OTA in the traditional Gm-C
filter. In this way，the nonlinearity components com⁃
ing from the first OTA in Fig.1 can be reduced. Be⁃
sides，the input interferers can be filtered with the
help of input capacitor C 1 before they enter the non⁃
linear device. As a result，the proposed filter can
achieve a very good IIP3 performance.

The transfer function of the proposed biquad is
given by

V out

I in
=

gm
C 1C 2

s2 + s
gm
C 1
+ g 2m
C 1C 2

(2)

where gm1，2，3 = gm.
Clearly，a second order low-pass function can

still be realized by the structure，except that its in⁃
put signal is in current domain. With calculation，
the cut-off frequency of the current mode biquad is

ω 0 =±gm C 1C 2 (3)
and the quality factor is

Q= C 1 C 2 (4)
where ω 0 is decided by the values of gm and the ca⁃
pacitors C 1 and C 2. Since large sizes of M 1 and M 2

generate large gm but also large parasitic capaci⁃
tance，an optimized value of gm is chosen to be
1.7 ms in order to achieve a bandwidth of 5 GHz.
Meanwhile，C 1 and C 2 are designed as 60 fF and
200 fF，leaving a certain margin for the layout of par⁃
asitic capacitance. Since the direct current（DC）
gain of the OTA should be larger than 30 dB in a
low Q filter［4］，the OTA gain is set to be 35 dB in
this parper. Normally， the CMFB circuit needs
sense resistors R to provide the common mode volt⁃
age. However，large sense resistors not only occupy
large layout area，but also increase parasitic capaci⁃
tance and degrade the OTA speed performance. As
explained before，because of using the middle node

of the active resistance MN，the large sense resistor
R can be avoided in the design.

3 Comparison of Simulation Re⁃
sults Between the Proposed Cur⁃
rent Mode Gm⁃C Biquad and the
Traditional Gm⁃C Biquad

In order to compare the noise performances of
the traditional voltage mode and the proposed cur⁃
rent mode filters，source resistors are added at the in⁃
puts of the two Gm-C biquads to represent the out⁃
put impedance of their previous stage，as shown in
Fig.2 and Fig.5. In this way，these two filters have
the same representations for their source resistances.
As described in Section 2，the input equivalent noise
of the voltage mode filter is represented by - -----dv2eq. In
contrast，the current mode filter is actually driven by
a current source，its input equivalent noise is repre⁃
sented by - -----di2eq and

- -----dv2eq. Then the calculation of the
two filters’NF can be simplified as Eqs.（5，6）［20］.

NFvoltage mode = 10lg ( )1+
- -----dv2eq

4kTR s df
(5)

NFcurrent mode = 10lg ( )1+
- -----dv2eq + R 2

s ∙
- -----di2eq

4kTR s df
(6)

where k is the Boltzmann’s constant，T the absolute
temperature，and f the frequency. Apparently，the
NF of the voltage mode Gm-C filter is reverse pro⁃
portional to its source resistance R s. As a result，it
will decrease when R s increases. Differently，the NF
of the current mode Gm-C filter has an optimum val⁃
ue when R s is small. Consequently，the filter with a
low source resistance should choose the current
mode structure to improve its noise performance. Be⁃
sides，from Eqs.（5，6），it can be seen that the NF is

Fig.5 Noise model of current mode biquad including source
resistors
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not influenced by the gain of two filters，meaning
that the load impedance RL will not affect their NFs.

For a fair performance comparison，the same
OTA with a fixed gm value for high-speed applica⁃
tions，shown in Fig.4，is used in the traditional volt⁃
age mode and the proposed current mode filters with
their source impedance R s setting to 150 Ω. The DC
voltage gain of the filters is defined as ADC =
V out/V in，which is also influenced by RL. Both fil⁃
ters have been designed with the same ADC by using
of suitable RL，which will not affect the noise perfor⁃
mance as explained before. Fig.6 shows the simulat⁃
ed transfer functions of the proposed current mode
and traditional voltage mode filters. Clearly，these
two filters have very similar lowpass transfer func⁃
tions. As indicated，both filters have an DC gain of
around 2.5 dB with a similar bandwidth of 5 GHz.
Fig.7 shows the NF performances of the filters. Ob⁃
viously，in the frequency range from DC to 5 GHz，
the NF of the proposed current mode structure is
about 5 dB less than that of the traditional structure.
In a wideband communication system，a high-speed
filter is always needed after a down mixer in a receiv⁃

er or after a high-speed digital to analog converter
（DAC）in a transmitter. In both cases，the previous
stage of the lowpass filter has a relatively low output
impedance ranging from 50 Ω to 300 Ω［21-22］. There⁃
fore，a current mode filter is preferable compared
with the traditional structure in these scenarios.

Fig.8 shows the simulated IIP3 of the two
structures with a 2 GHz and 2.1 GHz two⁃tone test.
Clearly，the proposed current mode biquad has an
IIP3 value of 35 dBm，which is 6.7 dB better than
the traditional voltage mode biquad.

Besides， the current mode biquad only con⁃
sumes 3.2 mW while the traditional one consumes
4.3 mW. The layout of the current mode biquad is
shown in Fig.9 with a core area of 0.06 mm2. Table
1 summarizes the simulated results of this paper and
compares it with other state-of-the-art results in re⁃
cent years. The figure of merit（FoM）used in Ta⁃
ble 1 is shown in Eq.（7）. Thanks to the proposed
current mode Gm-C structure，this paper has the
highest speed of 5 GHz，the smallest core area and
the best FoM value with very good linearity and
noise performances. Accordingly，the proposed cur⁃
rent mode Gm-C filter is very suitable for broadband
applications with high area-efficiency.

Fig.8 Comparison of IIP3 of current mode and traditional
biquad

Fig.9 Layout of the filter

Fig.6 Simulated transfer functions of the traditional Gm-C
biquad and the proposed current mode Gm-C biquad

Fig.7 NF of two biquads
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FoM= power
N poles × fC × SFDR

(7)

where Npoles is the number of the poles and fC the
cut⁃off frequency. SFDR denotes spurious free dy⁃
namic range.

4 Conclusions

A 5 GHz wideband current mode second order
filter is presented. By using of a current reused
source degeneration OTA，the proposed filter can
achieve much better noise and higher linearity per⁃
formance with a lower power consumption com⁃
pared with the traditional voltage mode filter. This
paper is designed in standard 65 nm CMOS technol⁃
ogy with a simulated IIP3 of 35 dBm and a power
consumption of 3.2 mW.
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应用于通信系统中的 5 GHz电流模低噪声Gm⁃C滤波器

吴 旭 1，2，3，李连鸣 1，2，3

（1.东南大学信息科学与工程学院，南京 210096，中国；2.东南大学移动通信国家重点实验室，南京 210096，
中国；3.网络通信与安全紫金山实验室，南京 210096，中国）

摘要：高线性度低噪声滤波器是通信系统中不可缺少的关键电路。基于电流复用型源极退化运算跨导放大器

（Operational transconductance amplifier，OTA）结构，本文提出了一种适用于高速通信系统的 5 GHz电流模低噪

声 Gm⁃C滤波器。利用电流模滤波器的结构特点和电流复用型源极退化 OTA的高能效和高线性度，本文设计

的滤波器可在低功耗条件下仍具有良好的噪声和线性度性能。该滤波器采用标准 65 nm CMOS工艺，核心面积

为 0.06 mm²。仿真结果表明，其工作带宽为 5 GHz，IIP3为 35 dBm，而功耗仅为 3.2 mW。

关键词：Gm⁃C滤波器；低通滤波器；电流模滤波器
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