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Abstract—A low LO power mixer with high gain by using a split
self-driven switching cell for automotive applications at 77 GHz is
presented. By splitting the switching cell, the required LO power
is reduced and the VCO has less capacitive loading. The mixer has
a peak conversion gain of 6.8 dB and the input 1 dB compression
point is 7 dBm at LO power of 5 dBm. The chip is fabricated in
65 nm CMOS technology and the chip size including a Marchand
balun is . The total power consumption is 3mW
from a 1.2 V supply.

Index Terms—Automotive radar, CMOS integrated circuit,
mixers, phased-array, 77 GHz down-converter.

I. INTRODUCTION

T HE continued development of CMOS technology enables
the applications to expand into mm-wave frequencies

such as 60 GHz wireless systems and 77 GHz automotive radar
systems. Recently, to improve the sensitivity of mm-wave
systems, many applications adopt the phased-array systems.
Automotive industries also expect the phased-array 77 GHz
long-range radar for adaptive cruise control (ACC) system.
To configure the phased-array system, several receiving chan-
nels are essential, which are composed of many low-noise
amplifiers (LNAs) and mixers with a common local oscillator
(LO). In CMOS mm-wave design, the active switching mixer
is widely used [1], [2], but it requires high LO power to turn
on/off the switching cell abruptly to get high gain and low
noise figure. However, it is difficult to get high LO power at
mm-wave frequency. Furthermore, since the LO buffer of the
phased-array system should drive multiple mixers, it requires
very high-power due to heavy capacitive loading of several
switching pairs. Even though high LO power can be obtained
by inserting amplifying stages into LO distribution network,
it requires high power consumption because of the poor effi-
ciency in the mm-wave range. Instead of the switching mixer,
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Fig. 1. Schematic of the proposed mixer.

single-gate or dual-gate FET nonlinear mixers can be used for
mm-wave application at moderate LO power. But, they show a
low conversion gain, poor LO-to-RF isolation and require an
additional large sized hybrid (see Table I) [3], [4], [11], [12].
This letter presents a 77 GHz high gain mixer with low LO

power using a split self-driven switching cell. The proposed
mixer can reduce the required LO power and enhance the con-
version gain without additional power consumption. The details
of the operating principle are explained in Section II, and experi-
mental results are summarized in Section III. Finally, Section IV
concludes this letter.

II. CIRCUIT DESIGN

Fig. 1 shows the schematic of the proposed mixer. The mixer
employs a single-balanced topology because the intermediate
frequency (IF) of FMCW radar is low enough to suppress the
LO feedthrough simply by using small capacitors and .
The FETs and compose the transconductance stage with
current bleeding through the PMOS [5]. Series transmis-
sion line matching is used between the transconductance and
switching stage to improve the conversion gain of the mixer and
reduce the noise contribution of the switching stage [6].
The switching stage is composed of the conventional

switching pair and the split cross-coupled switching
pair . The gates of the split switching FETs
and are connected to the drains of the switching FETs in
the opposite side and driven by the LO feedthrough signal.
Therefore, the FETs and ( and ) are switched at
the same LO phase. Especially, to boost the LO feedthrough
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TABLE I
PERFORMANCE COMPARISON OF mm-WAVE MIXERS

simulated

Fig. 2. (a) Split switching cells of the proposed mixer, and (b) the simplified
input equivalent circuit at the LO port.

signal at the drain nodes, approximately quarter wave length
transmission lines and at LO frequency are
inserted as loads of and and grounded by the capacitor

and to prevent the LO feedthrough to the IF load
and . The effect of transmission line loads at IF is negligible
due to the huge frequency offset between LO frequency and IF.
As a result, the proposed mixer seems to reuse the LO leakage
power to drive the split cross-coupled switching pair instead
of simply dumping the LO feedthrough power through the
bypassing capacitor in the conventional single balanced mixer.
Use of the split cross-coupled switching cell can reduce the

required LO power and enhance the gain. In the conventional
active switching mixer design, to achieve good gain, linearity
and noise figure performance, it is necessary to optimize the
bias current and the size of the switching FETs [7]. When the
switching pair uses the FETs of the width with the bias cur-
rent as shown in Fig. 2, the minimum required drive level

at the input of the switching pair can be determined ac-
cording to the complete switching condition. Then, the required
LO power, , under the impedance matching condition at the
LO port as shown in Fig. 2(b) is given [8] by

(1)

(2)

where the and represent the equivalent input resistance
and capacitance of the switching pair seen from the LO port.
Since the and of the switching pair are inversely and
linearly proportional to the width of the FETs as in (2), re-
spectively, the required LO power increases as the width of the
switching FET increases.
When the total gate width and bias currents of the proposed

mixer are identical to those of the conventional one, and

Fig. 3. Chip microphotograph.

current conversion ratio from RF to IF are unchanged. How-
ever, since the VCO only drives a fraction of the conventional
switching FETs and the split cross coupled pair is self-driven,
the required can be reduced according to (1). Determining
the optimum ratio requires a trade-off between the LO power
and the current conversion gain. If has a larger size,
reduction of the LO power is insignificant.When has a
larger size, the driving strength for the self-driven transistor

gets weaker and therefore, the gain and noise performance
are degraded. Simulation results showed that the equal splitting
was the best trade-off. Theoretically, splitting the conventional
switching cell by half reduces the required by 3 dB main-
taining the mixer performance. However, input impedance of
the half sized device shows that the input capacitance is re-
duced approximately by half, but the input resistance does
not increase as much due to the decrease of metal resistances
interconnecting gate manifolds, and the fixed resistances of ad-
ditional gate feed lines [9]. Therefore, the resultant reduction of
the can be larger than 3 dB for the same , which is con-
firmed by experimental results.
In addition, introducing the split cross-coupled switching pair

accompanies the enhancement of the mixer conversion gain. As
shown in Fig. 1, the cross-coupled switching pair boosts the load
resistance of the mixer at IF due to its negative resistance at the
IF ports. Therefore, the effective load resistance is given by

(3)

, where is the load resistance and is the transcon-
ductance of the transistor in Fig. 1.
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Fig. 4. Measured and simulated conversion gains versus LO power with RF of
77 GHz, IF of 1MHz and RF input power of 30 dBm. The maximum available
LO power is limited to 1 dBm in the measurement setup.

Fig. 5. Measured and simulated IF output power and conversion gain versus
RF input power to illustrate 1 dB compression point with RF of 77 GHz, IF of
1 MHz and LO power of 5 dBm.

III. EXPERIMENTAL RESULTS

The proposed mixer is fabricated using 65 nm CMOS tech-
nology with 1-poly and 8-metal layers (see Fig. 3). The width
of the switching FET is equally divided between the normal
switching cell and the split cell and therefore, all the FETs have
thesamewidthof10 .Thesizeof thechip is ,
including all pads and on-chip balun. To convert single-ended
LO input to differential one, a Marchand balun is used. The
mixer consumes 3 mW from 1.2 V supply voltage.
The input matching for RF port uses transmission lines. The

stacked grounded coplanar waveguide transmission line struc-
ture is adopted [10], where the lowest two metal layers are used
for ground, and the signal line uses the top metal layer (copper)
with thickness of 3 . The full-wave electromagnetic simula-
tion is performed for extracting the S-parameters of transmis-
sion lines and layout parasitics.
The fabricated chip ismeasured bywafer probing. TheRF and

LO signals are generated with W-band source modules, and the
power is measured using a power meter through a coupler. An
external unity-gain buffer stage is used at the IF output port to
transfer the output voltage to a spectrum analyzer without loss.

Fig. 4 showsmeasured and simulated conversion gains versus
LO power with the RF of 77 GHz and IF of 1 MHz because
the IF of the FMCW radar system is usually below 1 MHz. As
shown in Fig. 4, the proposed mixer has a peak conversion gain
when the LO power is 5 dBm, which is much smaller than
that required for the conventional mixer and matched well with
the simulation results. The conversion gain of the conventional
mixer is simulated with the same-sized transistors without cell
splitting. The conventional mixer has a peak conversion gain of
0 dB at LO power of 0 dBm, which confirms the advantage of
the split switching cell. Fig. 5 shows the conversion gain and IF
output power along with the RF input power. The LO power of
5 dBm is used to obtain the maximum conversion gain. The

peak gain is 6.8 dB and the input 1 dB compression point is
7 dBm. The measured noise figure of the mixer is 21 dB, and

the measured RF and LO input return losses are about 10 dB
and 9 dB at 77 GHz, respectively.

IV. CONCLUSION

In this letter, a 77 GHz down-conversion mixer with low LO
power and high gain by using a split self-driven switching cell is
presented. The mixer achieves a peak conversion gain of 6.8 dB
driven by low LO power of 5 dBm, while consuming 3 mW in
65 nm CMOS technology. The measurement results are in good
agreement with the theoretical predictions and the simulation
results.
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