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Abstract— One band switchable low noise amplifier (LNA)
is designed for wideband applications. The proposed band
switchable LNA has two switchable bands. The design
consists of a input matching circuit, two cascode common-
source amplifiers and an output buffer for measurement. The
proposed LNA is designed with two switching capacitors
as loading that use NMOS to make high quality factor.
The proposed LNA gives switchable gains of 10.8dB and
16.8dB, and noise figure of 3.6-6.2dB and 3.1-6.5dB at 3.25-
5.6GHz and 6-10.4GHz frequency band, respectively, while
consuming 22.46mW through a 1.8V power supply using the
TSMC 0.18μm CMOS technology.

Index Terms— LNA, low noise amplifier, band switchable,
switching capacitors, CMOS, RF.

I. INTRODUCTION

UWB is a popular technology since it can achieve a

high data rate with relatively low power. MB-OFDM is

a popular UWB technique proposed by Intel. To avoid

interference with U-NII band (5GHz-6GHz) in some coun-

tries, MB-OFDM divides the whole bandwidth into several

groups, i.e. Group 1 (3.1GHz-5GHz), Group 2 (5GHz-

6GHz), and Groups 3-5 (6GHz-10.6GHz). To reduce cost,

a band switchable RF is preferred, i.e. switching for

3.1GHz-5GHz and 6GHz-10.6GHz bands.

There were several UWB LNA proposals, e.g. see

[3][4][5][6]. There were several interesting wideband input

impedance matching solutions. In [9], the authors proposed

a broadband input matching circuit. This design requires

accurate transformer parameters but the standard devices

of TSMC 0.18μm does not include the transformer param-

eters. In [7], the authors proposed a graph-based technique

for input matching. However the design used four inductors

for input matching and five inductors for output matching,

which costs a lot of area. In [1], the input matching circuit

of this wideband LNA design is actually the Chebyshev

filter. Although this design can also be used as an input

matching circuit, it requires four inductors.

In UWB, we need to avoid bandwidth overlapping.

There are two solutions to achieve this goal. One is using

switching band, and another is using notch filter [10].

Because the quality factor (Q) implemented in integrated

circuit (IC) is in general low, the notch filter in IC does

not have sufficient high Q for wideband design. Although

in [10], the authors used active notch filter to avoid low Q,

the design demanded more power. For switching band, it

needs fewer devices than the notch filter and the noise of

the out-off bands can be removed because we do not use

two bands simultaneously. Various types of switches for

switching band LNA were proposed. In [11], the authors

used PMOS as a switch in the load of LNA. The mobility

of PMOS is lower than that of NMOS. Thus, its turn-on

resistance is large, which leads to a low Q and a low gain.

In [13], the authors proposed to use NMOS-based switch.

In [12], the authors changed the passive device value by a

switching inductor to achieve high gain.

In this paper, we use switching capacitor to implement

the band switchable LNA. We use NMOS to realize the

switching capacitor because its turn-on resistance (ron)

is lower than that of PMOS. The low ron makes the

NMOS more like an ideal switch than PMOS. Thus we

can obtain higher Q. The higher the Q is, the higher gain

we can obtain. We also use large resistor to reduce the

parasitic capacitance of the switch. Hence the size of the

switch can be increased so that ron can be decreased. As

a result we can obtain higher gain. Moreover the proposed

design contains a conventional source-degeneration input

matching, an inductor shunted in the input RF path and a

capacitor connected with input the RF path [1]. It is worthy

to emphasize that the proposed design does not need exact

transformer parameters and the number of inductors is one

fewer than the Chebyshev filter.

II. PROPOSED SWITCHING CAPACITOR

Compared to the scheme in [11], the proposed switching

capacitor amplifier replaces the PMOS with a NMOS and

adds a resistor R1 as shown in Fig. 1(a). The reasons are

as follows: First since NMOS has lower ron than PMOS,

NMOS has larger gain than PMOS when it is on. Hence

we use the NMOS as switch. Second, the added large

resistor (R1) can reduce the parasitic capacitance. If we

do not have R1, the equivalent capacitance, Ceq, is that

C1 series Cgs when the switch is off. On the other hand,

if we have R1, Ceq is that Cgs and Cgd series C1 and

C2 when the switch is off. Hence with R1 the parasitic

capacitance is reduced from Cgs to that Cgs series Cgd.
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Due to the reduction of the parasitic capacitance, the size

of the NMOS can be increased, which leads to a decreased

ron. Therefore the gain is increased when the switch is on.
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Fig. 1. The proposed switching capacitor amplifier: (a) The
proposed circuit. (b) When Msw1 is off. (c) When Msw1 is on.

Fig. 1(a) and Fig. 1(b) shows the situation when the

NMOS Msw1 is turned off. Due to the adding of R1, Ceq is

the parasitic capacitance in Msw1, i.e. Cgs and Cgd series

C1 and C2. By designing that C1, C2 � Cgs, Cgd, Ceq is

that Cgs series Cgd, i.e., Ceq = CgsCgd/(Cgs +Cgd). Fig.

1(c) shows Msw1 is turned on. Then, Ceq is that ron series

C1 and C2. Thanks to the use of the NMOS, ron has low

resistance. Moreover, the use of R1 can further increase the

size of NMOS, which leads to a lower resistance. Because

ron has low resistance, ron can be neglected. Hence

the equivalent capacitance is Ceq = C1C2/(C1 + C2).
Therefore the circuit can satisfy the resonance of the load

at two different frequencies by turning on or turning off

Msw1. The resonant frequency is ω = 1/
√

L1Ceq. The

size of Msw1 trades off between Cgs, Cgd and ron.

III. PROPOSED BAND SWITCHABLE LNA

The proposed band switchable LNA is shown in Fig.2,

which consists of an input matching network that is

implemented by the Butterworth Filter [1] (consisting of

Ld, Lg , Ls, Cc and Cgs1); a two-stage cascaded cascode-

amplifier (containing M1, M2, M3, and M4); a switch

capacitance loading of the amplifiers (consisting of L1, L2,

Msw1, C3, C4 and Msw2); an output buffer (consisting of

M6 and M7); three DC blocking capacitors (consisting of

Cb); three RF chocks (consisting of R1, R2 and Rb). Vsw1

and Vsw2 are the control voltage source of the proposed

switching capacitor loading. When Vsw1 and Vsw2 are

1.8V, it is in the low band mode (3.25-5.6GHz). On the

contrary when both the voltages are 0V, it is in the high

band mode (6-10.4GHz). In high band mode, we can

achieve a given frequency by letting Msw1 and Msw2 off,

and then adjusting the sizes of these two transistors. In low

band mode, we let Msw1 and Msw2 on and the sizes of

Msw1 and Msw2 will affect the resistance of the proposed

switching capacitor loading. Consequently, it affects the

gain. Please note that the size of M1 trades off between

the input matching and the noise figure of the LNA.
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Fig. 2. The proposed band switchable low noise amplifier.

A. Wideband Input Matching
We use the input matching scheme shown in Fig. 3 [1].

In high frequency the inductor shunts with input RF path,
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Fig. 3. The input matching for UWB LNA.

i.e. Ld, is approximately open. Hence the circuit acts like
an inductive source degeneration circuit. The equivalent
capacitance is the series connection of (Cgs +Cc) and Cb.
Hence the input impedance is expressed as

s(Lg + Ls) +
1

s((CgsCb + CcCb)/(Cgs + Cc + Cb))
+ ωT Ls,

where ωT Ls is set to be 50 ohm. The resonance frequency
for high frequency is

ω =

√
1

(Lg + Ls)((CgsCb + CcCb)/(Cgs + Cc + Cb))
. (1)

For low frequency, the input impedance is expressed as

Zin =
1

sCb
+

[
sLd//

(
sL +

1

sC
+ R

)]
. (2)

where L = Lg +Ls, C = Cgs +Cc and R = gmLs/Cgs.

Then we can design the impedance in Eq.(2) to be 50 ohm.

B. Cascoded Amplifier with LC-Tank Load

In the proposed scheme, no matter the switch is on or

off, the load of LNA acts like an LC-tank. The cascode

amplifier with LC-tank can reduce the Miller effect on

input transistors M1 and M3 in Fig.2 and thus it improves
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high-frequency performance. Please note that the LC-Tank

Load is usually used in narrow-band systems due to its

prominent frequency-selective characteristics.

C. Cascade Amplifier with LC-Tank Load

In the cascade circuit, the first-stage amplifier with the

load realized by LC-tank contributes the gain for lower

frequency. The second-stage amplifier contributes the gain

for higher frequency. Thus, the wide bandwidth and high

power gain can be achieved.

IV. EXPERIMENTAL RESULT

The measurement results of the proposed band switch-

able wideband LNA use the 4-Port Network Analyzer (Ag-

ilent 5230A), Noise Figure Analyzer (Agilent N8975A)

and Signal Generator (Agilent E8247C) that supported

by the National Chip Implementation Center (CIC) [8].

The simulation results use the Agilent Advance Design

System (ADS) 2006A simulator. The microphotograph

of the band switchable wideband LNA is shown in Fig.

4, which was fabricated in the TSMC 0.18μm CMOS

process technology. The die area is 1.15mm×1.02mm with

bonding pads. The low band mode and high band mode

Fig. 4. The chip photo of band switchable wideband LNA.

measurement results are shown as follows: Figs. 5-7 are

S-parameters, S11, S21 and S22, respectively. S11 is lower

than -9.6dB at low band and lower than -10.8dB at high

band. S21 has maximum power gain 10.8dB for low band

and 16.8dB for high band. S22 is lower than -8.4dB at

low band and lower than -10.4dB at high band. Fig. 8

shows that the noise figure is 3.6-6.2dB for low band and

3.1-6.5dB for high band, respectively. Fig. 9 shows that

the IIP3 is −11dBm for low band and −16dBm for high

band, respectively. Finally the results are summarized in

Tab. I. The total power of measurement passes through a

1.8 V power supply is 22.46mW. The comparison is shown

in Tab. II. The power consumption of the proposed LNA

is lower than other schemes. The noise figure is lower than

[5]. The gain is higher than [5].

Fig. 5. The S11 parameter of band switchable wideband LNA.

Fig. 6. The S21 parameter of band switchable wideband LNA.

Fig. 7. The S22 parameter of band switchable wideband LNA.

V. CONCLUSION

In this paper, we proposed a band switchable LNA for

wideband application, which gives gain of 10.8dB/16.8dB,

and noise figure of 3.6-6.2dB/3.1-6.5dB at 3.25-5.6GHz/6-
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Fig. 8. The NF parameter of band switchable wideband LNA.

Fig. 9. The IIP3 parameter of band switchable wideband LNA.

10.4GHz frequency band, respectively. It consumes

22.46mW through a 1.8V power supply using the TSMC

0.18μm CMOS technology. Under the same power

consumption, the proposed LNA has higher gain than

[13]. For similar gain level, the proposed LNA consumes

lower power than [4], [5] and [10]. Compared to [6],

the proposed LNA has higher gain as well as lower power.
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