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Abstract A high linearity up-conversion mixer operating at 700~900MHz with
1V supply using 0.18um CMOS technology is proposed in this paper. This
up-conversion mixer is composed with two double-balanced mixers and is based
on the Gilbert mixer. The quadrature differential signals are put to the mixer, and
the output of the mixer will be added in the form of current, that achieves the
quadrature modulation. The up-conversion mixer takes advantage of current-reuse
bleeding, which can improve the conversion gain and reduce the noise figure. In
addition, the positive feedback structure is used in this up-conversion mixer so
that the conversion gain will be improved further. From the simulation result, the
mixer demonstrates 3.39dB conversion gain, 0.097dBm input 1dB compression,
9.57dBm IIP3 and 22.28dB noise figure with 1.36mW power dissipation from a
1V supply.

Key words up-conversion mixer; low voltage; current-reuse bleeding; positive
feedback

1 Introduction

Wireless sensor network is composed of a large number of sensor nodes through
wireless communication technology. It is a new information acquisition platform,
with the characteristics of low power consumption, low cost, distributed and
self-organization. It can real time monitoring and gathering the monitoring
information of the object in a particular area. The RF transceiver works as a core
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device for the wireless sensor network node, its performance is very important for
the communication quality of whole network and the battery endurance ability.
The mixer is a core block in RF and analog baseband interface, its circuit design is
very important which directly determines the whole performance of the RF
transceiver.

The up-conversion mixer is the core module of the transmitter, which the
main role is to achieve frequency conversion, converting the baseband signal
frequency to the RF output frequency. The performance of the mixer is influenced
each other, which means an improvement of one performance will lead to a
deterioration of another performance. As the wireless mobile terminal
miniaturization, light weight, low voltage and low power applications have
become more and more important. As the RF product cost is needed lower, how to
use CMOS technology with the advantages of low cost and high degree of
integration applied in WSN node becomes the focus of research and design of
radio frequency integrated circuits.

Direct up-conversion mixer transmitter has the advantages of simple structure,
high integration and low cost, which satisfy the requirements of WSN nodes
system. So the direct up-conversion mixer method is used in this system design.
The direct up-conversion mixer transmitter structure is shown in Fig.1.
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Fig.1 Block diagram of the transmitter

2 The Traditional Gilbert Mixer

The traditional Gilbert mixer structure [1-3] is shown in Fig.2.
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Fig.2 Traditional Gilbert mixer structure

It is composed of the input transconductance stage, the switching stage and
the output load. Assume that the input transconductance transistors M; and M,
work in saturation region and the switching pairs Ms~Mg work as switches ideally,
current flowing through M1 and M2 respectively is [2]

iy = Jr%gmlvIF cos w,t @
i =1 —% OmaVie COS @t (2)
Where v, (t) =V, cosa,t .
The RF output current is [2]
iope =lge, —lge. = (iM3 —iyy, ) + (iMS - iMG) = (i,\,I1 —iyp ) S (a)Lot) 3

Where s(w,t) is the Fourier expansion of v, , (t) .

So the base of the RF output voltage can be written as [2]

Vore = 2 Gt Vi e L €O (@t +90°) 4
T
Therefor the conversion gain of Gilbert mixer can be written as [2]
CG= 2 O 2@re L (5)
w
3 Proposed Mixer

3.1 Proposed mixer structure
The proposed mixer structure, which is based on the Gilbert mixer unit, is shown
in Fig.3.
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Fig.3 Proposed mixer structure
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The up-conversion is composed of two double balanced mixers, their inputs
are quadrature differential signals, and their outputs added in the current domain,
so that it can realize quadrature modulation. The final output only has the added
signal; the minus signal can be suppressed effectively. Ideally, image signal can be
completely suppressed by this structure. So the I/Q matching is very important for
the quadrature up-conversion mixer.

The current-reuse bleeding [4-5] structure is used in this proposed mixer
structure, which can increase the conversion gain and decrease the noise figure. In
addition, the positive feedback [6] structure is used in this up-conversion mixer
which is between the two switching transistors, so the conversion gain will be
improved further.

The output frequency of the up-conversion mixer is 700~900MHz, so the LC
tank can be used in the mixer. The LC tank won’t produce dc voltage drop, it can
relax voltage headroom issues and increase the dynamic range of the output
voltage. What’s more, the LC tank can provide higher impedance, so that the
mixer can get a higher conversion gain. In addition, the LC tank has the
characteristic of filtering, which can reject the other harmonic component except
useful RF frequency.

3.2 Analysis of the circuit

3.2.1 Current-reuse bleeding structure

The linearity of the input transistor is positive to the square root of the tail current
of Gilbert mixer [7]. So the linearity of the mixer can be improved by increasing
the current of the input transconductor. But infect that the increasing of the current
of the input transconductor can lead to the increasing of the current of the
switching stage and the load resistance. The noise of the switching stage can be
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increased by the increasing of the current of the switching stage. So the
current-bleeding method is used to solve the contradiction of the linearity and the
noise. Its mean idea is to only increase the input current, without increasing the
switching stage and a load current by the bleeding of the current. The
current-bleeding structure is shown in Fig.4 [5].
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Fig.4 (a) traditional current-bleeding structure
(b) current-reuse bleeding structure

The current-reuse bleeding structure is based on the traditional
current-bleeding structure, just as shown in Fig.4 (b). The current-reuse bleeding
structure is composed with M1 and M4. The PMOS added between the switching
transistors works as the injected current source as well as a part of the driving
amplifier. At the same condition of voltage gain, its power consumption can be
fallen by half in theory compared with the traditional Gilbert mixer. The
conversion gain is improved by increasing the current of transconductor stage.
Because the PMOS improves the transconductance by reusing the current of
NMOS without increasing extra power dissipation, which makes the general
transconductance is equal to the sum of two tube transconductance. This new
structure has the advantage of high conversion gain and low noise figure.

3.2.2 Positive feedback structure

A positive feedback structure can be formed by connecting the gate of one
MOSFET to the drain of another MOSFET respectively, just as shown in Fig.5.
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Fig.5 (@) NMOS positive feedback
(b) PMOS positive feedback
The differential signals are put into the gate of the M1 and M2 respectively,
the drain of the M1 and M2 will output the signals that the phase is opposite to the
input signal. Through this cross connection, the output of the transistor will get the
same phase signal that can enhance the signal of output. Hence, this structure can
generate greater output signal at the same input signal, and then bring to the input,
that forms the positive feedback. From another point of view, this positive
feedback can generate a negative resistance -2/gm, which will be connected in
parallel with the load resistance. So the total load will be increased, and the
conversion gain will be improved.
On the other hand, the positive feedback structure is put between the two
switching stages in this design. It will not increase the total current which makes
the low power come true.

M2

4 Post Simulation Results

The mixer is designed in 0.18um RF CMOS process. Its layout is shown in Fig.6,

which total area is 1.595x1.283mm?>.
T .

Fig.6 layout of the mixer
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The mixer is simulated with Cadence specter simulator. Its input base band
signal frequency is 10MHz and amplitude is -30dBm. The LO signal frequency is
790MHz and amplitude is 0dBm.The process corner is TT and the temperature is
27<C.

The simulation results are shown from Fig. 7 (a) to (e). The mixer achieves
3.394dB of conversion gain, 0.0969dBm of input referred 1dB compression point,
9.57dBm of 11P3 and 22.28dB of noise figure.
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Conclusions

This paper introduces a kind of low voltage quadrature up-conversion mixer

which is applied in WSN node transmitter system. The quadrature modulation can

reject image signal, the current-reuse bleeding structure and positive feedback

structure can improve the conversion gain and reduce the noise figure.
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