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ABSTRACT: 
A new ultra wideband 5 to 50 GHz and low power single ended input, differential output active balun using 0.18µm 
CMOS technology is presented in this paper. Using a pair of common-source and common gate NMOS transistors 
with utilize active load PMOS transistors. Total power consumption of the proposed active balun circuit is 5mw at the 
supply voltages of ±1.2v much less than 11.5mw of the conventional active balun. 
 
KEYWORDS: Balun, Differential Pair, Low Noise, UWB Active Balun, Low Power. 
 
1.  INTRODUCTION 
A differential amplifier can be used in integrated 
circuits as an active balun circuit when single ended 
input to differential output is needed. For instance, the 
differential signals can enhance the fundamental 
rejection in the balanced frequency double, the port-to-
port isolation in the mixer, and the bandwidth in the 
balanced amplifier.  
Normally passive baluns are widely using of LC-CL 
network or transmission line transformers. Although 
they have low power consumption but using many 
Spiral Inductors and microstriplines in integrated 
circuits that lead to large physical size. Generally , the 
active balun is the better choice with less power 
consumption [1], [2].  
Different types of configurations have been found in 
literatures for implementation of active balun circuits. 
The schematic of the conventional active balun without 
feedback compensation circuit is shown in Fig.1. 
Active baluns have lower losses than passive baluns.  
The parasitic effects limit active balun circuits at the 
high-frequency and broadband applications. In this 
paper, a 5 to 50 GHz active balun in 0.18 CMOS 
process is demonstrated. The active balun using of 
differential amplifier for achieve in a broadband 
performance with the Feedback compensation 
technique. In order to is used of a capacitor feedback 
(CFB) with value 2.5PF that decreases noise and S11 
parameter improves and also can outputs balance.  
The simulated results shows that the  roposed active 
balun has a small signal gain between 0 to 1 dB from 5 

to 50 GHz. The power consumption In conventional 
active baluns is about 12 mw. 

 
Fig.1. Schematic Conventional active balun 

 
In this paper a new ultra wideband and low-power 
active balun is proposed that using of a configuration 
composite of a pair common-gate and common-source 
(CGCS) circuit. In Fig.2, an Capacitor feedback (CFB) 
can used for compensate and remove mismatch 
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between differential pair and reduce noise figure [3], 
[4]. 
A common-source and common-gate FET pair active 
balun has broadband performance and low power 
Consumption [5]. 
 
2.  BALUN DESIGN 
Fig.1 shows the schematic of  the  conventional active 
balun circuit. conventional active balun consists of a 
common-gate and common-source circuit. We suppose 
the gate width and the electrical characteristic of the 
common-gate are the same as those of the common-
source. Fig. 2 shows the schematic of the proposed 
active balun circuit. The active balun is simulated using 
TSMC 0.18 CMOS process.  One input of the 
differential amplifier is single-ended, and the other is 
grounded through the inductor   and   capacitor.   
For an ideal differential amplifier, the input impedance 
ZS seen from the common node should be infinite. At 
high frequency, Cds the parasitic capacitor acts as a  low 
impedance so that ZS has certain power consumption. 
For increase impedance (ZS) an inductor Ls is added. 
With this structure, the performance of the active balun 
improves.  Inductor (Lg)  and capacitor (Cg)  in gate M2 
due to decrease noise figure and S11 parameter improve 
and balance two outputs. 

 
Fig. 2. schematic of  the proposed active balun circuit 

 
With decrease inductor in gate M2 (Lg), S11 parameter 
improves and balanced two outputs, also with increase 
capacitor in gate M2 decreased noise figure and S11 
parameter improves and balanced two outputs. The 
values must carefully chosen for sustain proper biasing 

of the transistors in the saturation condition. Actually 
the biasing current must be small. at this design is used 
of  supply voltages Vdd=1.2V and VSS=-1.2V.                
This proposed active balun achieved the highest 
operation frequency, the widest bandwidth and also 
suitable S11 parameter and noise figure better into the 
conventional active balun. 
 

 
Fig. 3. Small-signal equivalent circuit model of the 

proposed active balun circuit for calculation Zs 
impedance 

 
ZS  impedance following of this equation : 

 

 
 

As shows LS inductor proportionate is with ZS 
impedance. 
 

 
Fig. 4. Small-signal equivalent circuit model of the 

proposed balun circuit for calculation voltage ratio of 
the two outputs 

 
if  voltage ratio of the two 
outputs is given by : 

 

 

 
 
A balanced output demands vo1 = -vo2. If biasing 
current is large, then >>  and the condition is 
fulfilled. 
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3.  SIMULATION AND RESULTS 
A balun circuit is designed in a standard 0.18 um 
CMOS technology. The load impedance at output ports 
is the same as the source of 50Ω. The performance of 
this proposed active balun is summarized in Table 1 
and 2. This circuit operates with supply voltages ±1.2 
V and reasonable balanced outputs. The power 
consumption of the proposed active balun circuit is 

under 5mw at the supply voltages of ±1.2v much less 
than 11.5 mw of the conventional active balun. 
Simulated parameters (S11, phase 
difference,│S21│,│S31│, Gain difference, noise figure) 
of the proposed active balun respectively is shown in 
Fig. 5-9. 

 

 
Table 1. Performance summaruy 

 [1] [2] This Work 
Process 0.18µm CMOS 0.13µm  CMOS 0.18µm 

CMOS 
Bandwidth[GHz] 8 2 - 40 5 - 50 
Noise Figure[dB] <14 N/A < 2 

 Max Min Max Min Max Min 
S11[dB] N/A N/A 0 -7.5 -10.03 -26.9 
Gain[dB] N/A N/A 1 -1 1 0 

Power 
Consumption[mw

] 

1.44* 40 5 

Source 
Impedance[Ω] 

50 50 50 

Load 
Impedance[Ω] 

50 50 50 

Voltage 
Supply[V] 

1.2 2.8 ±1.2 

 
 

Table 2. Forward gains of the proposed active balun 
 10GHZ 25GHZ 50GHZ 

IS3,1[dB]-S2,1[dB]I 4.8 0.2 0 
 S2,1[deg]-S3,1[deg] 180 177 174ے

 

 
Fig. 5. S11 in dB of the active balun 

 
 
 
 
 

 

 
Fig. 6. Phase difference in degree of the active 

balun 
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Fig. 7. │S21│ and │S31│ in dB of the active balun 

 

 
Fig. 8. Gain difference in degree of the active balun 

 

 
Fig. 9. Noise figure in degree of the active balun 

 
4.  CONCLUSION 
A new ultra wideband 5 to 50 GHz and low power 
single ended input differential output Active balun 
using 0.18μm CMOS technology is presented in this 
paper. The proposed active balun is advantageous in 
low power and broadband performance. In this work 
the active balun using of differential amplifier for 
achieve in a broadband performance with the Feedback 
compensation technique. In order to is used of a 

capacitor feedback (CFB) with value 2.5PF that 
decreases noise figure and S11 parameter improves.  
power consumption of the proposed active balun circuit 
is under 5mw at the supply voltages of ±1.2v much less 
than 11.5mw of the conventional active balun. This 
proposed active balun achieved the highest operation 
frequency, the widest bandwidth and also suitable S11 
parameter and noise figure better into the conventional 
active balun.  
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