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Abstract—A differential common gate low noise amplifier (LNA)
has been widely used for a wideband LNA. However, it has poor
linearity due to a nonlinear transconductance in a MOSFET and
poor noise performances from the common gate configuration. We
propose a differential common gate LNA with a negative g, cell for
the improvement of the linearity and noise figure. The cell comprises
cross coupled transistors instead of a current source. The negative
gm cell creates the opposite phased harmonic, canceling the distortion.
The noise figure is improved by canceling the noise from the common
gate transistors through the negative g,, cell. The LNA is fabricated
in 0.13 um RF CMOS. The LNA has the bandwidth of 0.7 ~ 3.5 GHz
frequency and has provided the expected characteristics for linearity
and noise figure.

1. INTRODUCTION

As the wireless communication technology has been rapidly developed,
many kinds of mobile communication devices have been introduced
in our daily life. For the system, it is highly desirable to integrate
the various functions on a single chip due to low cost and low power
consumption. For the multiband operation, the conventional systems
have employed several parallel narrowband receivers, but it is a high
cost solution with high pin count and large chip area. Therefore,
research for the multiband receiver has been focusing on the tunable
receiver [1,2]. It requires a tunable LNA or wideband LNA, as the first
amplifying stage in the system [3-9].
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A common gate (CG) LNA is a widely used topology for the
system. It can improve not only the reverse isolation, but also reduce
Miller effect [10]. Input impedance of a CG LNA is given by 1/gm,,
which can be adjusted by the bias current, size of the transistor, and
overdrive voltage. Therefore, it (1/g,,) can be easily matched to the
termination impedance across a broad bandwidth. Even though the
wideband LNA should satisfy the wide input matching and sufficient
gain to overcome the noise of the subsequent stage, the linearity and
noise performances are also very important characteristics. Among
various distortions, even order distortion can be reduced by exploiting
a differential signal processing structure. Therefore, the differential
common gate (DCG) LNA, shown in Fig. 1, is the ideal choice for the
sufficiently wide input matching, achieved through size optimization
of the common gate transistor, and the higher second order intercept
point (ITP2) enabled by the even harmonic cancelation [11]. The
differential common gate LNA has still a poor third order distortion
(ITP3) and high noise performance [12, 13]. We propose the wideband
LNA with a negative g, cell for improvement of the third order
distortion in DCG LNA. The LNA depicted in Fig. 2 employs the
negative g, cell instead of the commonly used current source. Since
the input impedance of the CG stage is 1/g,, and that of the negative
gm cell is —1/gm, gms coefficients from the two cells can be canceled,
linearizing the LNA.

Among the various noise sources in the DCG LNA, thermal noise
from the transistor of the CG stage is the most important noise

1 ]

v
Load Load:Load stage DD %
Voo Vout (+)e— % Load stage
—°Vou ()

out 1 Vout (-)

LI I: —V’G_ CG stage L| IE‘ +G @ IJ CG stage
My

Zj Vin (Jo———4 p—Vin ()

Vin ()o—9 Vi (+)
Negative g,
AT E

Current source

=

Figure 1. Differential common Figure 2. Proposed differential
gate LNA. CG LNA with negative g,, cell.
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source [14,15]. The thermal noise from the CG stage is directly
delivered to the differential outputs in the conventional DCG LNA.
However, in the proposed LNA, a part of the noise is amplified by
the negative g, cell and delivered to the output. The correlated two
output noises can be canceled, lowing the noise [9,16]. In order to
demonstrate the improved performances, we have designed the DCG
LNA with the negative g, cell. The LNA demonstrates the expected
linearity and noise figure performances. In this paper, we describe the
DCG LNA with and without the negative g, cell in Section 2. In
Section 3, we describe the measured results and give conclusions in
Section 4.

2. IMPROVEMENT OF LINEARITY AND NOISE
FIGURE OF DIFFERENTIAL COMMON GATE LNA

2.1. Improvement of Linearity of the LNA

The LNA, shown in Fig. 1, comprises a CG stage for the wide input
matching, a current source, and a load stage for the wide flat gain.
The current source blocks leakage of the RF input signal and adjusts
the DC bias current. Even though the load and current source can
generate the some distortions, the main source of nonlinearity in the
DCG LNA is the CG stage [17]. If the body effect of the CG stage
is neglected, the harmonics in the CG stage are generated from g,
(tansconductance) nonlinearity, which can be expressed by a Taylor
series expansion as follows [18-20].

9m = gm1 + ngU;S + gm37)§5 + e (1)

The corresponding drain current is described as a function of g,
(transconductance) and gate-to-source voltage (vgs).

ia(t) = Gm1vgs(t) + gmavis(t) + gmavis () + -+ )

The third order harmonic distortion (HD3) of the DCG LNA is defined
as follows [20].
1 gm3

HD3 = Zgim“?” 3)
In Eq. (3), the coefficient g,,3 mainly influences the third order
distortion. For improving the third order distortion of the CG stage,
the negative g, cell is implemented instead of the current source as
shown Fig. 2. It comprised cross-coupled transistors, which generate
the negative trnasconductance (—g,). Therefore, the equivalent model
of the half circuit is described as shown Fig. 3, which is composed of
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Figure 3. Equivalent model of the half circuit of the proposed LNA.
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Figure 4. (a) g, curve of M; in the CG stage and M3 in negative g,
cell, (b) gm3 curve of Mj in the CG stage and M3 in negative g, cell.

parallel 1/g,, of the CG stage, —1/g,, of the negative g,, cell. The
input impedance is given by
1
Lig 2 ——————— (4)
Im,M1 — 9m,M3
and HDj3 of the DCG LNA with the negative g,, cell is defined as
follow: 1 )
Im3,M1 — Gm3,M3) 2
HDg = — == —; 5
’ 4 (gm,Ml _gm,M3) m ( )
Since the input impedance and HD3 are defined by g,, values of M; and
Ms cells, it is expected that the g, distortion can be canceled as well as
input is matched by proper design. Figs. 4(a) and (b) show the g,,, and
Jgms values for the My and M3 transistors. The g,, values of the node
A and B in Fig. 4(a) provides to 20 ms for 50 {2 match. Since the g3
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coefficients of M7 and M3 have the values of the node A and B as shown
Fig. 4(b), gms coefficient of M; cell is almost completely canceled by
the one of Mj3. Fig. 5 describes IIP3 performances of the DCG LNA
with and without the negative g,, cell at 0.7 ~ 3.5 GHz frequencies
upon the same state of the total current consumption (3mA). The
linearity of the DCG LNA can be significantly improved by using the
negative g, cell across the wideband.

2.2. Noise Figure Improvement of the LNA

Although the noise of the DCG LNA shown in Fig. 1 can be generated
by the current source and the load or parasitics implemented by passive
components, the thermal noise from the CG stage is the dominant noise
source [9]. Since the current of LNA with and with the negative gy, cell
are equal, the noise contribution from M3 and M, from the negative
gm cell are equal to that from the current source. To cancel the CG
stage noise, the negative g,, cell is also employed and the cancelation
mechanism is described in Fig. 6 [16]. The thermal noise source of
M is described by I, = /4kTvgm,1, where «v is coefficient of the
channel thermal noise. The noise current is delivered to the output
load generating noise voltage (V1) and the noise current generates
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Figure 5. Simulation IIP3 re- Figure 6. Noise canceling mecha-
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Vi, across the source input impedance [22, 24].
Vn,c = InRs (6)
Ve is amplified by My of the negative g, cell and delivered to the
load, creating the correlation noise (V,,2) [16,25-27].
Va2 = —9mmaln RsRp, (7)
Since V;, 1 and V,, 2 is differential output, they are calculated as follow.
Vioutt = Vo 2=V =—gmmaln R R +-1, R, = R I (1—Rs gm,m4) (8)

Vi,out1 s reduced by a factor of Rggy, p4, which is 0.5 in our design,
and the noise figure of the LNA is improved. Table 1 shows the total
noise figure and the spectral density of the CG stage with and without
the negative g,, cell over the temperature. Although the noises are not
reduced exactly to a half due to the other noise sources, the proposed
LNA improves the noise figure in the wideband over temperature.

Table 1. Total noise figure and noise contribution of the CG stage
with and without the negative g,, cell over temperature.

With the negative g cell Without the negative g, cell
T'emperature [°C) MHz [V* / Hz] Total NF [dB] [V /Hz) Total NF [dB]
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1300 MHz ..f.!lhc-i.‘:'-_ " 2.70 .“ i.4de-1§ HEXEIR
) 1800 MH £0.94c18% {246 {13183 T
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. 1800 MHz | | 124e-18 | 28 1718 | 33
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3. REALIZATION AND MEASURED RESULTS

We have designed the wideband LNA with the negative g, cell. A
prototype of this LNA has been fabricated in a 0.13 um RF CMOS
process. The die micrograph is shown in Fig. 7 and the core chip area
without pads is 0.57 x 0.6 mm?, whose size can be reduced further by
proper layout. To test the chips, an evaluation chip board is fabricated
using an FR-4 printed circuit board (PCB) and the chip is directly
mounted on the ground plane of the evaluation chip board. The
width/length of the common gate stage cell are 134.4 pm/0.13 um and
the negative gy, cell is 26 pm/0.4 pm, respectively. The load resistance
is 220 Q2 and the load inductor is 10 nH for the wide impedance. For
a single-ended signal into the differential signal, off-chip baluns at 0.9,
1.3, 1.8, 2.4, and 3.2 GHz center frequencies with 100 MHz bandwidth
are employed. The simulation of S1; and S99 are depicted in Fig. 8 and
the stability factor shows in Fig. 9. The measured and simulated power
gains are about 14.5 dB from 700 MHz to 3500 MHz as shown in Fig. 10.

Figure 7. Photograph of proposed wideband LNA: chip size of the
LNA with pads (1 x 1mm?), without pads (0.57 x 0.6 mm?).
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Figure 10. Measured and Figure 11. Measured and
simulated power gains. simulated noise figures.

Table 2. Measured performance compared with prior published the
differential Wideband LNAs

* : This work specifies the IIP3 and NF in the wideband.

¢ : This work is the simulation results.

® : The chip sizes are the without pads.

| Thiswork | [14] | [6° | 26 | [27]
Technol
echnoiosy 0.13 0.18 0.13 0.13 0.5
(pm)
Bandwidth
andawi 0735 | 12119 | 0238 | 01093 | 0.80.95
(GHz)
S11 (dB) < —-10 < —11 < —10 < —-10 -
Sa1 (dB) 14-15.4 9.7 11.2 13 12.2
IIP3* (dBm) | 4.0-6.0 6.2 97 ~10.2 6.7
NF* (dB) 2338 | 4551 | 255285 | 4.0 3.0
Power (mW) 45 20 1.9 0.72 27
Chip sizes®
. 0.342 0.59 - 0.2679 0.2
(mm~)

The noise figure is depicted in Fig. 11, which shows under 3.8dB
across the band. The simulated noise figure of the DCG LNA with the
negative g, cell is improved about 0.6 dB compared to that without the
negative g, cell. To measure the linearity, a two-tone test is performed
at 1 MHz offsets from 0.9, 1.3, 1.8, 2.4, and 3.2 GHz frequencies. We
apply Vpp of 1.5V and the total current consumes 3mA. Fig. 12
shows the fundamental and third order harmonic frequency voltages
as a function of the differential RF input power swing. The measured



Wideband LNA using a negative g, cell

627

ITP3 is 6.6 dBm at 0.9 GHz, 6.0dBm at 1.3 GHz, 4.0dBm at 1.8 GHz,
4.8dBm at 2.4GHz, and 4.3dBm at 3.2 GHz respectively. These
measured data are summarized in Table 2 and compared with prior

published works.
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Figure 12. Measured results of the fundamental and third order

harmonic powers.
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4. CONCLUSIONS

We have designed a differential common gate LNA with the negative
gm cell for wideband application. The CG stage has poor noise figure
as well as poor linearity. To improve the performances across a wide
bandwidth, using the negative g,, cell is employed instead of the
current source. The input admittance are parallel circuit of g,, of
common gate stage and —g,, of negative g,, cell. By adjusting the
two g,’s, the third harmonic can be canceled, while input is matched
across the band. The harmonics from the CG stage is canceled by
the negative phase harmonic generated from the negative g,, cell. The
noise from CG stage is amplified by the negative g,, cell and delivered
to the opposite terminal, making the noise canceling. Therefore, the
LNA can deliver the improved linearity and noise performance.
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