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Abstract - In this paper, a wideband gm-boosted up-conversion
mixer is presented, which is fabricated in 28-nm bulk CMOS
process. It adopts a double-balanced structure for high
isolation characteristics. The circuit employs a current bleeding
path through PMOS to enhance the gm, resulting in a high
conversion gain. The feedback resistor R enables impedance
matching without an additional impedance matching network
while providing wideband characteristics in the baseband.
Furthermore, the symmetrical layout of the switching stage
cells improves the LO to RF isolation performance. The
measured peak conversion gain is 3.2 dB, and the 3-dB
frequency bandwidth is more than 6 GHz. The power
consumption is 6.38 mW at 1.1 V supply voltage. The chip size,
including the pads, is 0.53 x 0.42 mm? and the core area is 0.2 x
0.26 mm?Z.

Keywords—Current-bleeding, Feedback resistor, Gm-
boosting, PMOS, Up-conversion mixer

1. INTRODUCTION

Recently, the demand for high-speed data communication
has been increasing. To increase data rates, high-order
modulation and expanding bandwidth are used. High-order
modulation allows for more data to be transmitted within the
same frequency bandwidth. Still, it also requires more
complex modulation and demodulation processes and results
in strict hardware requirements. High linearity is necessary
for the modulator, while the EIRP is lowered due to low
linear output power. On the other hand, the demodulator
suffers from noisy or long-distance environments as it
requires higher SNR. An alternative method is to increase the
bandwidth by selecting a higher carrier frequency. The 60
GHz band, in particular, is assigned a wide unlicensed
frequency range, making it suitable for high-speed
communication [1], [2], [3], [4], [5], [6].

The 60 GHz band, unlike the 4G or 5G communication
frequency bands, presents challenges in terms of the lower
MAG characteristics of active elements and higher loss
characteristics of passive components due to the skin effects
and parasitic capacitance. To address these issues, additional
gain blocks are necessary, which increases the size of the
chip and power consumption.
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In this paper, a wideband 60 GHz gm-boosted up-
conversion mixer is proposed. It achieves a high conversion
gain through the gm-boosting effect. Additionally, the
feedback resistor R allows for wide bandwidth
characteristics.

II. CIRCUIT DESIGN

Fig. 1 shows the schematic of the proposed wideband 60
GHz gm-boosted up-conversion mixer. The double-balanced
structure is chosen for its high isolation characteristics. A
baseband signal is applied to M4, and an LO signal is
applied to Msg as a switching stage. In contrast, in a
traditional Gilbert cell up-conversion mixer, the baseband
signal is applied to the gate of the NMOS or PMOS. The
conversion gain of a Gilbert cell mixer is determined by the
gm component in the gm stage and the harmonic component
in the switching stage. In general, when bias voltage near the
threshold voltage (VTH) is applied to the gate-source
voltage (VGS) in the switching stage, the harmonic
component increases, and thus the conversion gain of the
mixer increases. However, the amount of DC current
flowing at this time becomes smaller, so it doesn't have an
enough gm in the gm stage. To overcome this, current
bleeding techniques are widely used [7], [8], [9]. By
separately generating a current bleeding path and supplying
DC current to the gm stage, the switching stage can have a
harmonic component by operating under the bias condition
near VTH and get enough gm in the gm stage.

A. Current-reused, gm-boosted up-conversion mixer

The proposed up-conversion mixer introduced the current
bleeding path using PMOS. DC current is applied to the gm
stage by using this current bleeding path. Additionally, the
gm of PMOS is added to the gm of the NMOS. As a result,
the gm is boosted in the gm stage, leading to an increase in
the conversion gain. The proposed up-conversion mixer also
features a feedback resistor R that connects the gate and
drain of the gm stage, resulting in wide bandwidth
characteristics. This negative feedback allows the gain to be
lowered in the gm stage while increasing the bandwidth.
Generally, the gate of a MOSFET has high impedance
characteristics. As the frequency increases, the impedance of
real part decreases due to the parasitic capacitance. The low
frequency of the baseband signal results in a high impedance
at the baseband port. Therefore, an impedance matching
balun with a large turn ratio is required, and bandwidth is
reduced during the impedance transformation process.
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Fig. 1. Schematic of the proposed wideband 60 GHz gm-boosted up-conversion mixer

—=— Conventional Gilbert cell based structure
—e— Proposed gm-boosted structure

*-—

-]

(2]
T

Conversion Gain (dB)
~

1.0

4.0

156 20 25 3.0 3.5
BB Frequency (GHz)

Fig. 2. Simulated conversion gain of the conventional Gilbert cell-based
structure and proposed gm-boosted structure
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However, by incorporating a feedback resistor R in the
proposed structure, the input impedance can be expressed as
[10]

_ (TonllTop)+R1
1+(gm,n+gm,p)(7’o,n ||7’o,p)

Q)

in

In this design, by carefully selecting the value of
feedback resistance R, the input impedance of real parts can
be reduced, resulting in improved return loss characteristics
at the baseband port without an additional impedance
matching network. Fig. 2 shows the simulated conversion
gain of the conventional Gilbert cell based up-conversion
mixer and proposed gm-boosted structure. For a fair
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comparison, both structures consume the same power, and
the BB, LO, and RF ports are ideally conjugate impedance
matched. The proposed up-conversion mixer shows an
approximately 2.5 dB gain improvement.

B. Symmetric layout of the switching stage cells

Leakage in the up-conversion mixer can cause an offset
on the constellation, decreasing EVM performance. To
mitigate this, a double-balanced structure is chosen to
prevent leakage. However, if a mismatch occurs during the
layout, the differential characteristics of the circuit operation
can be compromised, leading to leakage. Therefore, the cells
of the switching stage symmetrically constructed the routing
of each source drain gate, thereby improving the LO to RF
leakage characteristics. Fig. 3 illustrates the layouts of cells
in the switching stage that have been designed to minimize
leakage.
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Fig. 3. Symmetric layout of the switching stage cells
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Fig. 4. (a) Microphotograph of the proposed wideband gm-boosted up-conversion mixer, and (b) PCB for measurement

Table 1 shows the size of the MOSFET, feedback
resistance, and bias condition used in the proposed up-
conversion mixer.

TABLE 1. Design parameters of the proposed
wideband 60 GHz gm-boosted up-conversion mixer.

Parameter Value
M, 72 um /28 nm
M;, 72 um/ 28 nm
Mss 36 um /28 nm
R 256 ohm

VDDI1 1.1V
VDD2 1.1V
Vea 09V

III. IMPLEMENTATION AND MEASUREMENT

The proposed wideband gm boosted up-conversion mixer
is implemented using a 28-nm bulk CMOS process. The chip
size, including the pads, is 0.53 x 0.42 mm? and the core area
is 0.2 x 0.26 mm?.

Fig. 4 illustrates a microphotograph of the implemented
up-conversion mixer and the PCB for measurement. The
chip is mounted on the PCB, RF, and LO signals are applied
through a GSG probe, while DC bias and baseband signals
are applied to the DUT via wire bonding. The baseband
signal is converted from single to the differential via off-chip
balun (TC1-1-13M+ from Mini-Circuit) and connected to an
SMA connector. Off-chip capacitors are used as a DC
blocking. The measured DC power consumption of the
proposed wideband gm-boosted up-conversion mixer is 5.8
mA with a 1.1 V supply voltage.

Fig. 5 shows the S-parameter and power measurement
setup. The S-parameter is measured using an Anritsu
37397D vector network analyzer. V-band LO signals are
generated using the MG3694A signal generator from
Anritsu, the MMD-3567L frequency doubler from Marki,
the power amplifier from Mi-wave, and the 515 Attenuator
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(b)

from Mi-wave. The generated RF signal is measured using a
Keysight N9030A signal analyzer. A Keysight 11970V
harmonic mixer and a Keysight N9029AE13 duplexer are
utilized for V-band measurements.
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Fig. 5. S-parameter and power measurement setup
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TABLE II. Performance summary and comparison
Reference This work [12] [13] [14]
Process 28 nm CMOS 65 nm CMOS 65 nm CMOS 90 nm CMOS 65 nm CMOS
Current bleeding Conventional . Current bleeding
Topology + gm boosting Gilbert cell Dual gate Drain pumped + gm boosting
Frequency (GHz) 60 62.6 60 60 60
Power consumption (mW) 6.38 23 16.3 17.8
Conversion gain (dB) 32 -4.1 -5.1 6.2
LO power (dBm) -2 6 0 0
Output P1dB (dBm) -6.5 -8.7 -13.5 -16.4 -7.3
Bandwidth (GHz) 6 N/A 3 2 75
0 Fig. 6 shows the measured return losses of the proposed
= LO to RF isolation up-conversion mixer, which is well-matched in the 60 GHz
-5 R S s S band. Fig. 7 shows the proposed up-conversion mixer's LO
@ 10 to RF isolation characteristics. It achieves less than -32 dB
) in 55 GHz to 65 GHz. Fig. 8 shows the conversion gain
§-15 versus frequency. It has a gain of 3.2 dB at 60 GHz.
= 20l The measured 3-dB bandwidth is limited about 6 GHz
©° because the bandwidth of the off-chip balun (Mini-Circuits
;f -25 TCI1-1-13M+) at baseband input is 3 GHz. Fig. 9 shows
X . output power and conversion gain according to input power.
o8- .\_\_\.\ Conversion gain and output power of the upper sideband are
3 -35 — measured when LO is applied at 60 GHz with 0 dBm and
—— ‘ baseband at 0.5 GHz. The output P1dB of the up-conversion
-40 I\-\'\ mixer is -6.5 dBm.
45 L L L L L Table II summarizes the performance of the proposed
56 58 60 62 64 wideband 60 GHz gm-boosted up-conversion mixer and
Freqeuncy (GHz) compares with the other state-of-the-art designs.
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Fig. 8. Measured conversion gain versus frequency
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Fig. 9. Measured conversion gain and output power according to baseband
input power
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IV. CONCLUSION

The wideband 60 GHz gm-boosted up-conversion mixer
is designed in a 28 nm bulk CMOS process. It utilizes a
current bleeding path with PMOS to boost the gm of the
circuit, resulting in a high conversion gain. The feedback
resistance R allows for impedance matching without an
additional matching network while achieving wideband
characteristics. Additionally, the symmetrical layout of the
switching stage cells improves the LO to RF isolation
characteristics. The measured peak conversion gain is 3.2
dB, and the 3-dB frequency bandwidth is more than 6 GHz.
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