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An Active Down Conversion Mixer with
Improved Linearity and Noise Figure
Jyoti J. Zunzunwala
RF Transconductance amplifier stage is voltage to current
converter stage which amplifies input RF signal[1] .The output
of first stage is downconverted to an
intermediate
frequency(IF) current signal by using LO switching stage. And
finally it is converted into voltage signal using load impedance
stage. This paper includes various techniques to improve
mixer parameters.

Abstract - The performance of receiver is strongly affected by
the parameters of mixer which should have high linearity and low
noise figure. The flicker noise in mixer design is due to the on/off
transition during the switching operation for mixing which affects
the linearity and noise figure. In this paper three techniques for the
improvement of noise figure and linearity using current bleeding
circuit, inductive tuned PMOS switch circuit and source
degeneration have been reviewed.
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I. INTRODUCTION
Growth of the wireless communication technology needs
increasing demand on low power, low cost and high
performance receivers. RF mixer is the most significant
building block in the front-end receiver. The attractiveness of
CMOS technology because of cost reduction and scaling of
devices has shown its feasibility for applications at high
frequencies ranging from 900 MHz to 5GHz. (like GSM,
DECT, DCS-1800, wireless LAN, Bluetooth)[2].
Figure 1 shows the block schematic of RF receiver front
end. The mixer which down converts the RF signal passing
through LNA into intermediate frequency (IF) signal strongly
affects the performance of receiver. While designing a mixer,
the parameters such as Noise figure, conversion gain, port to
port isolation and linearity plays vital role.
In order to improve these parameters the double balanced
Gilbert mixer is mostly used[1]. It comprises of three stages (i)
RF transconductance amplifier stage (ii) Local oscillator (LO)
switching stage (iii) Output load stage as shown in Figure 2.

Figure 2 Double balanced Gilbert mixer
II. IMPROVEMENT FOR THE NOISE FIGURE AND LINEARITY
OF GILBERT MIXER
For better performance of receiver mixer should have low
noise figure and high linearity. In mixer design the source of
flicker noise is the on/off transition during switching operation
for mixing. In order to avoid this noise and for high linearity
various techniques are used which are described as follow

A. Bleeding Current Technique With LC Filter
Soheil Ziabakhsh et al [3] discussed the bleeding current
technique for the improvement of noise figure. The circuit
illustrating this technique is shown in figure 3 which consist of
cascode transconductance stage, LC filter, switching stage and
the arrangement for current bleeding technique. Two
MOSFET’s M11 and M12 are used to implement the current
bleeding technique for better performance of mixer. With this
technique the current through switching transistor is reduced
in order to improve flicker noise[3].
In order to remove the cause of flicker noise at the output
(parasitic capacitances at the common source node of the
switching pair) LC filter is used. In which inductor L cancels
out the parasitic capacitor, responsible for flicker noise at the

Figure 1 RF receiver front-end
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output. And capacitor C is used to drain the intermodulation
current otherwise a differential IM2 current would forced
through the pair of cascode transconductanctance stage. Figure
3 shows the schematic for double balanced mixer with LC
filter and current bleeding technique.

(a)

Figure 3 Double balanced Gilbert mixer with LC filter and
current bleeding technique
B. Improvement Using Inductive Tuned PMOS Switch Circuit
Jehyung Yoon et al [5] discussed the technique to avoid the
flicker noise during the on/off transition of switch operation
for mixing which uses PMOS switch circuits. The PMOS
sharpens the on/off of LO switch stage by inserting the
current into the mixer core at the on/off instant. For sharper
turn on/off, a large PMOS can be used which delivers more
current but the non linear capacitances of the PMOS produce
harmonics and form leakage paths for insertion current which
can be minimized by using parallel inductor to tune the
capacitances at 2f0. Figure 4 (a) illustrates the Gilbert mixer
with inductive tuned PMOS switch circuit and (b) shows the
nonlinearity components such as Cgb and Cdb provided by
PMOS switch. Due to nonlinear capacitances, the linearity of
mixer is degraded which is improved by padding inductor.

(b)
Figure 4 (a) Gilbert mixer with PMOS switch (b) PMOS
switch with parasitic capacitances
C. Improvement Using Source Degeneration
Shengchang Gao et al [4] discussed the technique to
improve the linearity for better performance of mixer. This
technique consists of a modified Gilbert- type and source
degeneration circuitry as shown in figure5. Figure5 shows
transconductance stage, switching stage and load stage. The
load stage consists of RLC circuit. The use of degeneration
resistor Rs improves linearity and stability of mixer. The tuned
load is used to get more voltage headroom at the RF and IF
ports and is designed off chip together with an off chip filter.
The current sink composed of M7, M8, M9 resulted in larger
gain of mixer.
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Figure 5 Gilbert mixer with source degeneration

III. CONCLUSION
First technique makes use of active loads to increase the
conversion gain of mixer and LC filter to avoid flicker
noise. LC filter reduces the effect of parasitic capacitances
at the source terminal of switching stage and helps to
improve noise figure and linearity. The second technique
with the use of PMOS switch sharpens the on/off transition
of switching core and inductor is used for better noise
performance. And the third technique of using source
degeneration helps to improve linearity. By making
combination of these techniques the performance of mixer
likely to be improved.
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