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ABSTRACT This paper presents a high linearity and low noise mixer for millimeter-wave applications
in 65-nm CMOS process. A noise-reduction transformer with harmonic suppression is utilized and inserted
between transconductance stage and switch stage to improve the linearity and noise figure (NF). Benefitted
from the transformer-coupling cascode topology, the mixer can operate at a low supply voltage without
sacrificing the linearity. In addition, this topology provides a great freedom for the choice of biases in
transconductance stage and switch stage. Thus, linearity and noise performance can be further improved
by optimizing the bias conditions of the two stages. According to experimental results, the proposed mixer
exhibits a maximum conversion gain of 9.5 dB and a minimum single sideband NF of 9.2 dB with a
local oscillator (LO) power of —3 dBm. The 3-dB bandwidth ranges from 62 to 90 GHz. The input
1-dB compression point (P gg) is —3.8 dBm at 77 GHz. Due to the compact and fully symmetrical layout,
the LO-to-RF isolation is better than 48 dB.

INDEX TERMS CMOS mixer, millimeter-wave applications, transformer-coupling topology, noise

reduction, harmonic suppression.

I. INTRODUCTION
With the rapid development of wireless communication
technology, millimeter-wave (mm-wave) frequencies have
attained extensive attention. New products and services have
been quickly emerged with huge market potential, such as
multi-gigabit wireless personal area networks (WPANs) at
60 GHz, wireless fiber for the “Entire Last Mile”” in E-band
(71-75 GHz, 81-85 GHz, and 92-95 GHz), and anti-collision
radars at 77 GHz [1]. For these applications, fabrication of
mm-wave devices in CMOS processes remains attractive for
the high integration and low cost [2], [3]. However, the poor
linearity of devices in high frequency and inferior noise
performance severely restrict the design of mm-wave circuits.
The mixer is an essential building block in transceivers. It is
always required a sufficient linearity and a low NF to ensure
the performance of the overall system. The Gilbert mixer has
been widely used in CMOS circuits due to its high conversion

gain and low LO feed-through [4]. However, the conventional
topology with three stacking transistors often suffers from
poor linearity, which will deteriorate further when the supply
voltage is reduced. Moreover, the noise performance may
degrade significantly as operating frequency increases due to
the parasitic capacitance between the transconductance stage
(gm stage) and switch stage [5]. Improved Gilbert topolo-
gies have been proposed to enhance linearity or NF [6]-[9].
In [6] and [7], two RF mixers with third-order transconduc-
tance (gm3) cancellation techniques are developed. However,
they are not suitable for high-frequency applications, and
also require a high supply voltage. The 31 GHz mixer
presented in [8] applies multiple gate transistors (MGTR)
to achieve an OIP3 of 21.4 dBm and a NF of 9.5 dB at
the maximum gain. Nevertheless, the input third intercept
point (IIP3) improvement is decreased when there has a large
input signal. In [9], an active balun with commom-source
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and common-drain configurations employing common-mode
noise and third-order intermodulation distortion cancella-
tions is proposed for mm-wave CMOS mixer. An OIP3 of
12.4 dBm and a NF of 10.9 dB is achieved. However, the oper-
ation frequency and bandwidth are limited.

In this paper, a mm-wave mixer using transformer-
coupling cascode topology (TCCT) is proposed. The noise-
reduction transformer network with harmonic suppression is
applied to improve the NF and linearity of the mixer. The
dc path of the cascode configuration is also separated by the
transformer to provide an independent bias for two stages.
Therefore, the gm stage can be biased close to the ‘g3 zero-
crossing point’” without affecting the noise-optimization bias
for the switch stage. Furthermore, the mixer features a wide
bandwidth and can operate at a low supply voltage, which is
suitable for multi-standard mm-wave radio applications.

FIGURE 1. (a) Cascode topology and (b) noise sources in the
single-balanced mixer at each half cycle.

II. CIRCUIT DESIGN AND ANALYSIS

A. IMPROVED NOISE FIGURE OF THE

PROPOSED TOPOLOGY

To gain insight into the noise behavior of the proposed
topology, a qualitative analysis for the conventional Gilbert
mixer will be given first. Without loss of generality, consider
the single-balanced mixer depicted in Fig. 1. In each half
cycle of the LO, the circuit can be reduced to a cascode
topology. By assuming abrupt LO transitions with a 50%
duty cycle, the conversion gain in the presence of the C, is
expressed as [10].

2 gm2
Av.cp = —gmR———
d V C}Z’wz + grznZ

where gmi denotes the transconductance of M;, C, is the
parasitic capacitance at node P, and Ry, is the output load.
The noise power at IF output is given by [10]

ey

V2 =2x [ (I2 vy + V202 CRoMRE + 4kTRL} )

where I, M1 and Vy Mo are the noise of transistors M and
M>, k is the Boltzmann constant, and 7" is thermodynamic
temperature. If (2) is divided by the square of (1), then the
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input-referred noise voltage can be given as

) (12Ml +V2,,C30))R2 + 8KTR,
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Based on (1)-(3), it can be inferred that the input-referred
noise is increased since the conversion gain decreases with
effect of C,. Besides, the term Vi’ m2Caw? (denoting the
noise current injected by M, into the IF output) in (2)
is proportional to this capacitance. Therefore, at mm-wave
frequencies, the effect of parasitic capacitances will become
more serious, leading to a large RF current leakage and a
significant degrade of noise performance.

FIGURE 2. Schematic of the single-balanced mixer with a (a) parallel and
(b) series resonant inductor.

To overcome these drawbacks, a parallel [11] or a
series [12] resonant inductor is designed and placed between
the gm stage and switch stage, as shown in Fig. 2. C, =
Cp1 + Cp2 is the total parasitic capacitance. L, and L are
the inductors used to resonate the parasitic capacitances out.
Both of the inductors are effective for reducing the noise of
the cascode topology at mm-wave frequencies. Therefore,
combing these two techniques and applying them to the
design of mixer, the conversion gain and NF can be improved
simultaneously. However, performing direct combination of
these two inductors will occupy a large area. For this reason,
a transformer is used to replace these two inductors. Fig. 3 (a)
shows the transformer and its simplified equivalent model,
which can be considered as a combination of series and
parallel inductors. Fig. 3 (b) shows the schematic of the
single-balanced mixer including the simplified equivalent
model of the transformer. The noise contributed by V, m» at
the output port can be expressed as

L
—Vom 4
gm2 + Zp

where the impedance looking into node P (Zp) can be written
as

Voir =

s3Cp1(L1Ly — Mlzz) + 5Ly
s*[Cp1Cpa(L1Ly —M3,)] + s2(Cp1 L1+ CpaLla)+1
)
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FIGURE 3. (a) Simplified equivalent model of the transformer and
(b) single-balanced mixer including the transformer equivalent model.

Assuming drain-to-source resistance of the transistor M| is
infinite. Note that if the denominator of (5) is approximately
equal to zero, Zp will tends to infinity so that the output noise
in (4) is eliminated. Thus,

w*[Cp1Cpa(LiLy — M122)] — X (Cp1Ly + Cpalp) +1=0
(6)
w?
(Cp1L1+CprLr) £ \/(CPILI —CpaLo)* +4Cp1 CpaM3,

2Cp1Cpa(LiLy — M}y)

(N

where o is the frequency of interest for noise reduction. Since
the device size of transistors and the operation frequency are
determined, Cp1, Cp2 and w in (7) can be seen as constant.
Therefore, the noise contribution of M5 (also applies to M3)
can be minimized by properly tuning the design parameters
L1 and L. Meanwhile, the conversion gain is changed by a
factor B of (8), shown at the bottom of this page. It follows
that

Ay = %gmlRD,B ©)
Note that (6) can be substituted in the denominator of (8) to
produce and simplify
s*Cpa(Lily — M) + sgma(LiLla — M) + Ly
s2Cp1(L1Ly — M122) + Ly
_ Cra(lalo — M) + Sgna(laly — My) + 5L (10,
Cpi(LiLy — M) + 5o

In our desired frequencies, the value of s is far greater than
that of other terms and can be approximated as approaching

infinity. Thus, Cpo(LiLy — M}) and Cpi(LiL, — M})
dominate in the numerator and denominator respectively.
Moreover, in most designs of Gilbert mixer, Cpy is not
less than Cp; due to their transistor sizes, obtaining 8 ~ 1.
Then, the conversion gain (9) with the noise-reduction
transformer can be rewritten as

2
Ay = —gmRp (1D
P

and the input-referred noise voltage at the desired center
frequency is thus given by

——— 17, R+ 8kTRp
Vn,in@fc =

4 2 2
—2&mRp

2
R Ll (12)
8ml gmlRD

Therefore, a compact transformer can be applied and
inserted between two stages for noise and area reduction.
The simulated NFp,, of the proposed cascode with the trans-
formeris 9.1 dB at 77 GHz, whereas the conventional cascode
topology is 12 dB.

Fig. 4 compares the bias condition of the conventional
cascode topology and the TCCT. Note that the transformer
separates the dc path of the cascode configuration. If these
two topologies work at the same supply voltage, each transis-
tors in the TCCT can be assigned to a higher drain-to-source
voltage than the conventional cascode topology, leading to
a better linearity. This benefits from the reduction of a Vpg
voltage in the TCCT. Thus, it also provides an approach of
low-voltage designs in deep submicron processes. For a 65-
nm CMOS process, using 1V supply voltage in a conventional
Gilbert mixer will degrade the linearity because its multi-
cascode structure leads the limited voltage headroom in gm
stage. In this way, the mixer can operate at a low supply
voltage without sacrificing the linearity.

B. LINEARIZATION METHOD AND MIXER DESIGN

In conventional Gilbert mixers, harmonics are generated
mainly by nonlinearity of the gm stage [4]. Consider a
common-source (CS) transistor biased in saturation region.
Its small-signal output drain current can be expressed by
using a Taylor series expansion as follows:

igs = 8mVgs + gm2V§s + ngV;s +... (13)

where vg; is the small-signal gate-to-source voltage, and gmn)
represents the n™-order transconductance. The third-order
coefficient g3 performs an important role in the generation
of the nonlinear harmonic. Then the IP3 can be expressed as:

4
3= |2 8m (14)
3 8m3

s°gmCpa(LiLy — M) + sg2y(L1Ly — M) + sguoLi

B =
s*Cp1Cpo(LiLy — M%) + s2(CpiLy + CpaLy) + 1 + s3Cpigma(LiLy — M3,) + sgmoLn
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FIGURE 4. Bias condition of the single-balanced mixer using the (a) conventional cascode topology and the

(b) TCCT.

FIGURE 5. Expansion coefficients of gm vs. Vgg at 1V Vps.

The IP3 of the device can be improved by reducing gm3.
Fig. 5 shows the expansion coefficients of gp versus Vgs,
which are calculated according to [13]. Note that there is
a zero crossing point of gp3. Since the TCCT provides an
independent bias for two stages, the nonlinear effect of gm3
can be effectively alleviated if the gm stage is consciously
biased close to this point. In this work, the gate-to-source
voltage of the gm stage is set about 460 mV for avoiding a
large gm3. The switch stage is separately biased by a rela-
tively small current source (Ip; > Ipy + Ip3) for reducing
its noise contribution [5], as shown in Fig. 4. Besides, as
the operation frequency increases to mm-wave frequencies,
the upmost achievable linearity of the mixer is limited by the
second-order interaction effect [7]. The generated second-
order harmonics can couple back to the input of the gm
stage through the parasitic capacitor Cgq. Especially in this
case, the second-order expansion coefficient gny» reaches its
peak when the transistors are biased around the zero-crossing
point of gm3. The second-order harmonics coupling to the
positive and negative input sides of gm stage are common-
mode signals. But when they mix with the differential input
fundamental signals, the IMD3 are generated and the linearity
is deteriorated. Thus, an additional network with harmonic
suppression is adopted. Fig. 6 shows a pair of series reso-
nance tanks realized by open stubs at the primary input of
the transformer. The resonance tanks resonate at the second
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FIGURE 6. (a) Schematic and (b) proposed layout of the noise-reduction
transformer with harmonic-suppression.

harmonic frequency, which causes the load impedance of
the second harmonic frequency close to zero. As a result,
the second harmonic components are shorted to the ground,
instead of mixed with the fundamental signal. Fig. 7 shows
the IIP3 comparison of the mixer with and without harmonic
suppression network. The IIP3 is improved about 4.8 dBm
from 5.8 to 10.6 dBm.

FIGURE 7. 1IP3 comparison of the mixer with and without harmonic
suppression.

Fig. 8 shows the simplified schematic of the proposed
E-band mixer. The circuit is based on a double-balanced
Gilbert structure. Transistors M{-M> (36 ©m/90 nm) are the
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FIGURE 8. Simplified schematic of the proposed mixer.

gm stage for the RF input signal. The channel lengths are
designed to be 90 nm for reducing the impedance transfor-
mation ratio between the 50-Q2 source impedance and the
large input impedance (mainly due to the imaginary part)
looking into the gate of gm stage. Thus it is easy to implement
a low loss in RF input balun with a broadband character-
istics [14]. Large transistor size also mitigates the random
mismatch and potential dc offset which helps to reduce the
LO leakage power [15]. Transistors M3-Mg (20 «m/60 nm)
are the switch stage driven by the local oscillator (LO)
signals. The switching transistors are optimized to have a
small overdrive voltage and thus allows a relatively low LO
driving. A transimpedance amplifier (TIA) buffer stage is
designed for practical applications. The 6-ports transformer
network between gm stage and switch stage realizes noise
reduction and harmonic suppression, while providing biases
at the center tap. In such a transformer, the top two metals are
used to improve the quality factor Q. A coupling coefficient
k are optimized as 0.7 for a trade-off between bandwidth
and gain [16]. The inductances of L and L, are designed
according to (7). To obtain a low loss, a regular octagonal
shape is used in implementing the transformer. The resonance
tank is realized by open stub. It needs to be carefully designed
to ensure that there is no unnecessary coupling with the
surrounding and negligible influence on the noise perfor-
mance. Therefore, extensive electromagnetic (EM) simula-
tions are required for the transformer network design. In this
work, except the active devices, the entire layout is character-
ized by the EM simulator high frequency structure simulator
(HESS).

IIl. MEASUREMENT RESULTS

The proposed mixer is fabricated in a commercial 65-nm
CMOS process. Fig. 9 shows a die microphotograph of the
chip. The total chip size of the mixer is 0.62 x 0.85 mm?,
including all testing pads and on-chip baluns. For the practical
application, TIA output buffers are included in the design
to enhance the drive capability. Operating at a 1-V supply
voltage, the total dc power consumption is 15 mW, including
IF buffers.

19342

FIGURE 9. Die microphotograph of the proposed mixer.

The measurements are performed on a high-frequency
probe station. The dc pads are directly wire-bonded to a
printed circuit board (PCB) on standard FR-4 substrate. The
signal pads are accessed through the GSG probes. The loss
of the input cable and the probes are measured by a vector
network analyzer (R&S ZVA67 & R&S ZVA-Z90E exten-
sion modules), and the values are manually entered into the
spectrum analyzer (R&S FS67) to exclude their effect on the
measurement.

FIGURE 10. Measured return loss at the RF, LO and IF ports.

FIGURE 11. Simulated and measured conversion gain vs. the LO power
at 77 GHz.

Fig. 10 shows the measured return loss at the RF, LO and
IF ports. All of them are well matched within the opera-
tion frequencies. Fig. 11 shows the simulated and measured
conversion gain versus the LO power with an RF input at
77 GHz and an LO frequency at 62 GHz. For low LO drive in
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TABLE 1. Performance comparison of the state-of-the-art mixer.

Ref. Tech. Mixer Topology (Fé—ﬁg) ((ilal;])l (1:;) Inl}‘;;l))m L%g(;vl;er IS(E:;lBﬁ)Ol‘l (?n:l?) l(’;v‘v;;—
[8] 45 nm SOI MGTR 30.5-49 34 9.5 -4.2 3 37 0.8 21.2 @1.5V
[9] 65 nm Double-Balanced 57-66 5.6 11 -7 0 35 0.35%0.41** 10 @1V
[17] 65 nm Single-Balanced 77 6.8 21 -7 -5 0.79x0.59 3*@l.2v
[18] 90 nm Source-Driven 53-70 5.9 16 -15.1 -6 37 0.55%0.55 3@l.2v
This work 65 nm TCCT 62-90 9.5 9.2 -3.8 -3 48 0.62 x 0.85 15 @1V

*: without buffer **: core area

FIGURE 12. Simulated and measured conversion gain and NF vs.
frequency.

FIGURE 13. Simulated and measured input P, 4g and output power vs.
input power at 77 GHz.

mm-wave applications, the LO power of —3 dBm is selected
in this work for presenting measured data. Fig. 12 shows the
simulated and measured conversion gain and NF, exhibiting
a wide gain bandwidth from 62 to 90 GHz with a peak
conversion gain of 9.5 dB and a minimal single sideband NF
of 9.2 dB. It can be seen that the obtained measurements
coincide well with the simulations. The large signal perfor-
mance is showed in Fig. 13. When the working frequency is
77 GHz, the input P14 is —3.8 dBm, which is much better
than the previous reported work. Due to the compact and
fully symmetrical layout, the LO-RF isolation is better than
48 dB. Table 1 summarizes the performance of this mixer and
compares it with other state-of-art works.

IV. CONCLUSION

A TCCT with harmonic suppression is presented, analyzed
and applied to the design of mm-wave Gilbert mixer for the
improvement of NF and linearity. Based on this topology,
the proposed mixer can operate at a lower supply voltage
without sacrificing the linearity. Moreover, the independent
bias of two stages could further improve the NF and linearity
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of the mixer. Compared with other works in CMOS process,
the performance of this mixer is superior to the previously
reported works.

REFERENCES

[1] J.-H. Tsai, “Design of 40-108-GHz low-power and high-speed CMOS
up-/down-conversion ring mixers for multistandard MMW radio applica-
tions,” IEEE Trans. Microw. Theory Techn., vol. 60, no. 3, pp. 670-678,
Mar. 2012.

[2] K. Kang et al., “A 60-GHz OOK receiver with an on-chip antenna
in 90 nm CMOS,” IEEE J. Solid-State Circuits, vol. 45, no. 9,
pp. 1720-1731, Sep. 2010.

[3] Y. Yu, H. Liu, Y. Wu, and K. Kang, “A 54.4-90 GHz low-noise ampli-

fier in 65-nm CMOS,” IEEE J. Solid-State Circuits, vol. 52, no. 11,

pp. 2892-2904, Nov. 2017.

J. Yoon et al., “A new RF CMOS Gilbert mixer with improved noise

figure and linearity,” IEEE Trans. Microw. Theory Tech, vol. 56, no. 3,

pp. 626-631, Mar. 2008.

[5] H.Darabiand A. A. Abidi, ““Noise in RF-CMOS mixers: A simple physical
model,” IEEE J. Solid-State Circuits, vol. 35, no. 1, pp. 15-25, Jan. 2000.

[6] K. H. Liang, C. H. Lin, H. Y. Chang, and Y. J. Chan, “A new linearization
technique for CMOS RF mixer using third-order transconductance cancel-
lation,” IEEE Microw. Wireless Compon. Lett., vol. 18, no. 5, pp. 350-352,
May 2008.

[7]1 S. Hu, Y. Huang, and Z. Hong, “Improved Gilbert mixer with high-
precision automatic sweet-spot biasing and activeinductor-based harmonic
suppression,” Electron. Lett., vol. 48, no. 1, pp. 33-35, Jan. 2012.

[8] C.-L. Wu, C. Yu, and K. K. O, “Amplification of nonlinearity in multiple
gate transistor millimeter wave mixer for improvement of linearity and
noise figure,” IEEE Microw. Wireless Compon. Lett., vol. 25, no. 5,
pp. 310-312, May 2015.

[9] C. Choi, J. H. Son, O. Lee, and I. Nam, “A +12-dBm OIP3 60-GHz
RF downconversion mixer with an output-matching, noise- and distortion-
canceling active balun for 5G applications,” IEEE Microw. Wireless
Compon. Lett., vol. 27, no. 3, pp. 284-286, Mar. 2017.

[10] B. Razavi, RF Microelectronics, 2nd ed. Beijing, China: Electronic
Industry Press, 2012.

[11] K.-J. Sun, Z.-M. Tsai, K.-Y. Lin, and H. Wang, “A 10.8-GHz CMOS
low-noise amplifier using parallel-resonant inductor,” in JEEE MTT-S Int.
Microw. Symp. Dig., 2007, pp. 1795-1798.

[12] B.-J. Huang, H. Wang, and K.-Y. Lin, “Millimeter-wave low power and
miniature CMOS multicascode low-noise amplifiers with noise reduc-
tion topology,” IEEE Trans. Microw. Theory Techn., vol. 57, no. 12,
pp. 3049-3059, Dec. 2009.

[13] J. Kang et al., “A highly linear and efficient differential CMOS power
amplifier with harmonic control,” IEEE J. Solid-State Circuits, vol. 41,
no. 6, pp. 1314-1322, Jun. 2006.

[14] I. Aoki, S. D. Kee, D. B. Rutledge, and A. Hajimiri, “Distributed active
transformer—A new power-combining and impedance-transformation
technique,” IEEE Trans. Microw. Theory Techn., vol. 50, no. 1,
pp. 316-330, Jan. 2002.

[15] D. Zhao and P. Reynaert, “A 40 nm CMOS E-band transmitter with
compact and symmetrical layout floor-plans,” IEEE J. Solid-State Circuits,
vol. 50, no. 11, pp. 2560-2571, Nov. 2015.

4

19343



IEEE Access

Z. Liu et al.: 62-90-GHz High Linearity and Low Noise CMOS Mixer Using Transformer-Coupling Cascode Topology

[16] P-C. Huang, Z.-M. Tsai, K.-Y. Lin, and H. Wang, “A 17-35 GHz broad-
band, high efficiency PHEMT power amplifier using synthesized trans-
former matching technique,” IEEE Trans. Microw. Theory Techn., vol. 60,
no. 1, pp. 112-119, Jan. 2012.

[17] S.-K. Kim, C. Cui, G. Huang, S. Kim, and B.-S. Kim, “A 77 GHz
low LO power mixer with a split self-driven switching cell in 65 nm
CMOS technology,” IEEE Microw. Wireless Compon. Lett., vol. 22, no. 9,
pp. 480-482, Sep. 2012.

[18] W.-T. Li, H.-Y. Yang, Y.-C. Chiang, J.-H. Tsai, M.-H. Wu, and
T.-W. Huang, “A 453-uW 53-70-GHz ultra-low-power double-balanced
source-driven mixer using 90-nm CMOS technology,” IEEE Trans.
Microw. Theory Techn., vol. 61, no. 5, pp. 1903-1912, May 2013.

ZHIQING LIU was born in Jiangxi, China. He
received the B.S. degree in electronic engineering
from the University of Electronic Science and
Technology of China, Chengdu, China, in 2011,
where he is currently pursuing the Ph.D. degree.

His research interests include CMOS RF and
mm-Wave integrated circuits design.

JIAYU DONG was born in Shanxi, China. He
received the B.S. degree in electronic informa-
tion engineering from Jilin University, Changchun,
China, in 2015. He is currently pursuing the M.S.
degree with the University of Electronic Science
and Technology of China, Chengdu, China.

His research interests include modeling of on-
chip passive devices, CMOS RF and mm-Wave
integrated circuits, and mixer design.

ZHILIN CHEN was born in Sichuan, China. He
received the B.S. degree from Southwest Univer-
sity, Chonggqing, China, in 2014. He is currently
pursuing the Ph.D. degree with the University
of Electronic Science and Technology of China,
Chengdu, China.

His research interests include CMOS RF and
mm-Wave integrated circuits and 5G transceiver
design.

ZHENGDONG JIANG (S’15) received the B.S.
degree in micro-electronics technique from the
University of Electronic Science and Technology
of China, Chengdu, China, where he is currently
pursuing the Ph.D. degree. His research inter-
ests include the modeling of passive devices and
millimeter-wave integrated circuit design.

19344

PENGXUE LIU was born in Hebei, China. He
received the B.S. degree from the Hefei Univer-
sity of Technology, Hefei, China. He is currently
pursuing the master’s degree with the University
of Electronic Science and Technology of China.
His research interests include modeling of on-chip
devices and CMOS RF and mm-Wave integrated
circuit design.

YUNQIU WU (M’11) received the B.S. and Ph.D.
degrees from the University of Electronic Science
and Technology of China (UESTC), Chengdu,
China, in 2004 and 2009, respectively.

She was with the Technical University of
Denmark, Kongens Lyngby, Denmark, from 2012
to 2013. She is currently an Associate Professor
at UESTC. Her current research interests include
characterizing the microwave parameters of mate-
rials and IC device de-embedding and modeling.

CHENXI ZHAO was born in Sichuan, China,
in 1981. He received the B.S. and M.S. degrees in
electrical engineering from the University of Elec-
tronic Science and Technology of China, Chengdu,
China, in 2004 and 2007, respectively, and the
Ph.D. degree in electrical engineering from the
Pohang University of Science and Technology,
Pohang, South Korea, in 2014.
From 2008 to 2009, he was with the 10th Insti-
tute of China Electronic and Technological Group,
Chengdu, where he was involved in the design and research of pulse power
amplifier for wireless communication applications. Since 2014, he has been a
Lecturer with the School of Electronic Engineering, University of Electronic
Science and Technology of China.
His major research interests include RF CMOS device modeling, CMOS
RF transceivers, and power amplifier design for millimeter wave application.

KAl KANG received the B.Eng. degree in
electrical engineering from Northwestern Poly-
technical University, China, in 2002, and the
joint Ph.D. degree from the National University
of Singapore, Singapore, and Ecole Supérieure
D’électricité, France, in 2008.
From 2006 to 2010, he was a Senior Research
Engineer with the Institute of microelectronics,
A*STAR, Singapore. From 2009 to 2010, he was
an Adjunct Assistant Professor with the National
University of Singapore. From 2010 to 2011, he was a Principle Engineer
with Global Foundries. Since 2011, he has been with the University of Elec-
tronic Science and Technology of China, where he is currently a Professor
and the Associate Dean of the School of Electronic Engineering. His research
interests are RF and mm-wave integrated circuits design and modeling of on-
chip devices.

He has authored and co-authored over 140 international referred journal
and conference papers. He was co-recipient of the Best Paper Award of the
IEEE RFIT 2009, ICMMT 2017, IEEE EDAPS 2017, and ISSCC Silkroad
Award 2018. He served as the Chapter Chair of the IEEE Solid State Circuits
Society Chengdu Chapter.

VOLUME 6, 2018



	INTRODUCTION
	CIRCUIT DESIGN AND ANALYSIS
	IMPROVED NOISE FIGURE OF THE PROPOSED TOPOLOGY
	LINEARIZATION METHOD AND MIXER DESIGN

	MEASUREMENT RESULTS
	CONCLUSION
	REFERENCES
	Biographies
	ZHIQING LIU
	JIAYU DONG
	ZHILIN CHEN
	ZHENGDONG JIANG
	PENGXUE LIU
	YUNQIU WU
	CHENXI ZHAO
	KAI KANG


