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Abstract— In this paper, a new distributed active mixer is 
presented. The scheme is based on the conventional Gilbert-cell 
multiplier with complementary transconductance stage. By 
adding the preamplifier and non-uniform artificial transmission 
lines on the topology, the new distributed active mixer is 
obtained. Comparison of the new mixer with the topology in 
absence of preamplifier shows that it has higher conversion gain 
and lower noise figure. The proposed mixer is simulated in a 
0.18µm CMOS technology, with a LO power of 5 dBm and IF 
frequency of 70 MHz. The simulated circuit has a conversion 
gain of 12 dB over -3dB bandwidth and an average input third-
order intercept point (IIP3) of -3 dBm within the entire 
frequency range. It consumes a dc power of 64 mW from a 2 V 
supply voltage. 
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I. INTRODUCTION 
Mixer uses to transform the signal from radio frequency to 

intermediate frequency band. It plays an important role in 
specifying the critical system characteristics such as the 
conversion gain (GC), noise figure, linearity, and image 
rejection. 

Gilbert-cell multiplier is widely used as a down conversion 
mixer. The bandwidth of Gilbert-cell multiplier is limited by 
the RC time constant especially in the RF and LO ports [1]. 

There are different state-of-the-art techniques to achieve 
high bandwidth in mixers. Recently, ladder networks [2], [3] 
and transformers [4], [5] have been employed at the input 
ports of the mixer. These circuits are interested in non-
uniform conversion gain over the input frequency range. In 
contrast, distributed mixers have uniformity of gain due to the 
widespread use of artificial transmission lines [6], [7]. In order 
to improve mixer linearization, the flow injection method and 
class AB are presented in [8] and [9], respectively. 

In this paper, a new distributed active mixer based on the 
conventional Gilbert-cell multiplier with complementary  

transconductance stage is introduced. By adding preamplifier 
and non-uniform artificial transmission lines on the topology, 
the new distributed active mixer is obtained and high GC and 
low noise figure are achieved.  

This paper is organized as follows. Section II begins with 
introduction of mixer core including Gilbert-cell mixer and 
flow injection method, then it continues with explaining the 
preamplifier and non-uniform artificial transmission lines 
which are used for gain, noise figure, and bandwidth 
improvement. The proposed distributed mixer and its 
simulation results with 0.18μm CMOS technology are 
provided in Section III. Finally, conclusion is given in Section 
IV. 

II. MIXER CORE 

A. Gilbert-Cell Mixer 
Fig. 1 shows the circuit schematic of the conventional 

Gilbert-cell mixer. It is composed of the transconductance 
stage (M1 and M2) in order to convert voltage signal into the 
current, switching stage (M3 – M6) to steer current and finally 
resistive loads to transform current to the voltage. So the GC is 
given by the following relation [10]: 

ssnoxnL ILWCR )(2 Gc μ
π

=                    (1) 

where LR  is the load resistance, ssI  is the tail current and 

nLW )(  is the aspect ratio of transistors M1 and M2. 

B. Flow Injection Method 
To increase transconductance for upgrading GC, the flow 

injection topology with complementary transconductance 
stage as shown in Fig. 1, have been suggested. By choosing 
the current ratio of the complementary stage, ssIIβα = , GC 
has enhanced and is obtained according to the following 
relation [1]. 
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Fig. 1  Schematic of the Gilbert-cell mixer with the complementary 
transconductance stage 
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where pLW )(  represents the aspect ratio of transistors 

MP1 and MP2. 

C. Non-uniform artificial transmission lines 
Due to the inherently high cut-off frequencies and low 

return losses, the distributed structure with input uniform 
artificial transmission lines is preferred. 

A major constraint of the mixer with uniform distributed 
structure is the limitation of gain-bandwidth product. A non-
uniform artificial transmission line [11] is used to overcome 
the constraint. Lumped element model of this topology is 
shown in Fig. 3. 

The device size in each stage of transmission line is 
reduced by K coefficient in progress to the end of the line 
consecutively. 

D. Preamplifier 
To improve conversion gain and noise figure of the 

distributed mixer, a preamplifier stage as shown in Fig. 4 is 
employed. Using preamplifier reinforces the input wave and 
then delivers it into the mixer circuit. The conversion gain of 
the Gilbert-cell mixer with the complementary 
transconductance stage and the preamplifier is given by: 
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Fig.2  Lumped element model of the non-uniform transmission line 

 

 
Fig. 3  Circuit schematic of the preamplifier 

 
where erpreamplifig  is given by: 

 derpreamplifioxnderpreamplifi ILWCRg )(μ= , 

dR  is the load resistance, dI  is the drain current, and 

erpreamplifiLW )(  is the aspect ratio of the common source 
transistor in the preamplifier stage. 

Obviously the coefficient erpreamplifig  leads to achieve 
high conversion gain in comparison with (2). 

III. PROPOSED MIXER STRUCTURE 
By using the flow injection method, non-uniform 

distributed structure and preamplifier in the Gilbert-cell mixer, 
broad-band mixer is achieved and its complete scheme is 
shown in Fig. 4. 

In this structure, non-uniform artificial transmission line is 
placed at the RF stage. On the other hand to simplify the 
structure, a uniform artificial transmission line is considered 
for the LO signal. 

Employing a capacitor at source is one of the most 
commonly used techniques to improve the bandwidth [12].A 
modified network is utilized in the transconductance stage to 
increase the bandwidth. The aforementioned modified 
network is composed of an inductance Ls which stand in series 
with the capacitance Cs. 

To lessen the influence of the parasitic capacitance at the 
output node of the tranconductance stage, an inductance Lm 
between the tranconductance and commutating stages is 
employed. Therefore, an LC ladder network with broadband 
characteristic is formed and parasitic capacitance is separated 
too [13]. 
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Finally, two common drain transistors are placed at the IF 

port of the mixer with the target of impedance matching at the 
output. 

A. Simulation Results 
The proposed mixer is simulated in a 0.18 µm CMOS 

technology with 2V supply voltage. The simulation results of 
the circuit in Fig. 5 exhibit improvement in conversion gain 
and noise figure considerably. Figure (6), (7) and (8) compare 
the conversion gain, port to port isolation and noise figure of 
the distributed mixer with and without the preamplifier, 
respectively. It should be noted that the circuit is simulated 
with the local oscillator power of 5 dBm and IF frequency of 
70 MHz. It has 12 dB conversion gain over -3dB bandwidth of 
20 GHz, 14 dB noise figure and IIP3 about -3dBm within the 
entire frequency range while consuming only 64mW. 

 

 
Fig. 4  Complete circuit schematic of the proposed distributed mixer 

 
Fig. 5 Modified network with inductance and capacitance in source 

 
(a) 

 

 
(b) 

Fig. 6  Conversion Gain of the proposed mixer: (a) without preamplifier (b) 
with preamplifier 

 

 
(a) 

 

 
(b) 

Fig. 7  Port-to-Port Isolation of the proposed mixer: (a) without preamplifier 
(b) with preamplifier 
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TABLE I 

PERFORMANCE SUMMARY OF THE DISTRIBUTED DOWN CONVERSION MIXER 

 Conversion 
Gain 

SSB 
NF 

IIP3 Bandwidth Isolation Power 
consumption 

Dc 
supply 
voltage 

This work 
before 
preamplifier 

 
6.5 dB 

 
19 dB

 
-4 
dBm 

 
20 GHz 

LO2IF ≥ 
140 dB 
and  
LO2RF 
≥ 110 dB

 
59 mW 

 
2 V 

This work 
after 
preamplifier 

 
12 dB 

 
14 dB

 
-3 
dBm 

 
20 GHz 

LO2IF 
≥140 dB 
and 
LO2RF 
≥130 dB   

 
63.4 mW 

 
2 V 

 

 
(a) 

 

 
(b) 

Fig. 8  Noise figure of the proposed mixer: (a) without preamplifier (b) with 
preamplifier 

 

IV. CONCLUSION 
A new distributed active mixer has been presented in this 

paper. By applying a flow injection method to the Gilbert-cell 
mixer, high linearity and gain are obtained. A broadband 
matching technique, non-uniform transmission lines, is 
applied to achieve the flatness of conversion gain over broad 
bandwidth. By utilizing the preamplifier, the conversion gain 

(GC) and the noise figure (NF) have been considerably 
modified in comparison with its scheme in the absence of the 
preamplifier. 
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