
_____________________________________________________________________________________________________ 
 
*Corresponding author: Email: frederick-ray.gomez@st.com, f.i.gomez@ieee.org; 
 
 
 

Journal of Engineering Research and Reports 

 
10(4): 1-5, 2020; Article no.JERR.53990 
ISSN: 2582-2926 

 
 

 

 

AC Analysis of Differential Active Balun 
Topology 

 
Frederick Ray I. Gomez1,2* 

 
1
New Product Development and Introduction, STMicroelectronics, Inc., Calamba City, 

Laguna, 4027, Philippines. 
2Microelectronics and Microprocessors Laboratory, University of the Philippines, 

Diliman, Quezon City, 1101, Philippines. 
 

Author’s contribution 
 

The author designed, analyzed, interpreted and prepared the manuscript. 
 

Article Information 
 

DOI: 10.9734/JERR/2020/v10i417043 
Editor(s): 

(1) Dr. P. Elangovan, Associate Professor, Department of EEE, Sreenivasa Institute of Technology and Management Studies, 
Chittoor, Andhra Pradesh, India. 

(2) Dr. Tian- Quan Yun, Professor, School of Civil Engineering and Transportation, South China University of Technology, 
China. 

(3) Dr. Djordje Cica, Associate Professor, Faculty of Mechanical Engineering, University of Banja Luka, 
Bosnia and Herzegovina. 

Reviewers: 
(1) Christian Nwachioma, National Polytechnic Institute, Mexico.  

(2) Rajinder Tiwari, Jammu University, India. 
Complete Peer review History: http://www.sdiarticle4.com/review-history/53990 

 
 
 

Received 16 December 2019 
Accepted 24 February 2020 
Published 27 February 2020 

 
 

ABSTRACT 
 

The current manuscript aimed to study a differential active balun circuit in terms of the small-signal 
analysis, implemented in a standard 90-nm complementary metal-oxide semiconductor (CMOS) 
technology. Small-signal or alternating current (AC) response or frequency response of the active 
balun determines the maximum frequency of operation and the effective bandwidth of the circuit. 
With the analysis, the active balun circuit could be modeled and designed to achieve gain or 
attenuation at the desired frequency of operation. Design tradeoffs are inevitable and are carefully 
considered in the analysis and design. Eventually, the differential active balun design achieved a 
gain difference better than 1 dB and a phase difference of 180°±10° or better at the frequency of 
operation of 5.8 GHz, comparable to previous designs and researches. 
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1. INTRODUCTION 
 
Radio frequency (RF) front-end blocks or circuits 
are often designed as differential in topology.  
Fully-differential approach is usually preferred in 
integrated circuit (IC) design due to its many 
advantages [1-3]. In order to supply input signal 
to differential circuits, a building block capable of 
supplying balanced differential signals is needed 
without sacrificing the performance of the overall 
system in terms of gain, noise fig., and linearity. 
An active balun (balanced-unbalanced) can 
perform the required tasks. 
 
Active baluns are preferred over their passive 
counterparts because they can operate at higher 
frequencies, occupy less chip area, and can 
produce gain.  One active balun topology is the 
differential active balun [3,4] shown in Fig. 1. It 
consists of 3 transistors: M1 and M2 as the 
differential outputs, and M3 for the tail current. 
The circuit in focus in this paper is designed in a 
standard 90-nm CMOS process. The input signal 
fed in one of the differential pair transistors will 
ideally split equally between the transistor pair, 
resulting to same amplitude and 180° phase 
difference [4]. 
 

2. CIRCUIT ANALYSIS AND DISCUSSION 
 
To check if the designed active balun circuit 
would normally produce gain or attenuation at 
the desired frequency of operation, it is 
necessary to analyze and study the alternating 
AC response or frequency response or the small-
signal response of the circuit. Moreover, through 
the small-signal analysis, the frequency range of 
operation of the circuit and the effective 
bandwidth could be determined [5-8]. 
 
The small-signal equivalent circuit of the 
differential active balun topology in Fig. 2 shows 
the tail resistor (Rtail) as the output resistance of 
transistor M3. Intrinsic capacitances are 
identified in the model, with output load 
capacitances (C1 and C2).  The active balun 
circuit is driven by a finite source resistance (Rs). 
 
A simplified small-signal model of the differential 
active balun circuit is shown in Fig. 3. This time, 
the effects of the capacitances are neglected. 
Noted here is the input of the active balun 
connected to the gate of M1, thus input 
resistance (Rin) → ∞. Rs is also neglected in the 
model. 
 

 
 

Fig. 1. Differential active balun circuit topology 
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Fig. 2. Differential active balun topology small-signal model 
 

 
 

Fig. 3. Differential active balun topology low frequency small-signal model 
 
Resistor Rtail effectively represents M3 since the 
tail current equates to zero with the gate voltage 
(vg3) and source voltage (vs3) both connected to 
ground. Applying Kirchhoffs’ Circuit Law (or 
simply KCL) on the drain node of M3 or source 
nodes of M1 and M2, results to the expressions 
below. 
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A relationship between the input small signal (vin) 
and the voltage drop (vds3) is now expressed in 
(2). This equation is essential for computing the 
voltage gains, Av1 and Av2. 
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If the differential active balun topology is 
assumed to be balanced, with transconductance 
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Gm1 = Gm2, and with ideal tail current source such 
that Rtail → ∞, voltage gains (Av1 and Av2) could 
be simplified. 
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Voltage gains would be equal if load resistors R1 
= R2. Note that this is a characteristic of a 
balanced differential amplifier circuit. 
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Due to non-ideality, the output impedance of M3 
is not high enough as required resulting to 
unequal signals in the two output branches 
[4,7,9,10]. One way to address the imbalance is 
to adjust the value of load resistors (R1 and R2).  
Equations in (6-7) would be the basis for the two 
voltage gains, respectively.  These wo equations 
would result to the relationship of the load 
resistors with the transconductances and Rtail. 
 

|���| = |���| =
��� ∙ ����1

��� + ��� +
1

�����

=
(��� ∙ ����2) + ���� ∙

�2
�����

�

��� + ��� +
1

�����

 

 
 

(9) 

����1 = ���� +
1

�����
� �2 

 
(10) 

�1 = �1 +
1

��������

� �2 

 
(11) 

�2 = �
1

1 +
1

��������

� �1 (12) 

 
where 
 

��� = ��� + ���� (13) 

 
The expressions for load resistors (R1 and R2) 
indicate the factors of output resistance (Rtail) and 
transconductance (Gm1). This confirms the 
imbalance relationship of the differential active 
balun circuit, given the non-ideal current source 

that is transistor M3.  Output voltages (vout1 and 
vout2) depend on the corresponding 
transconductances of the branch transistors (M1 
and M2). High transconductance would help 
minimize the imbalance, but in turn would 
increase the power consumption. A better way to 
mitigate the problem is to set the transistor 
efficiency (gmoverId) high enough. Increasing 
load resistors (R1 and R2) would increase the 
voltage gains (Av1 and Av2), respectively.  
Nevertheless, with the power consumption 
requirement, there is a limit in the effectiveness 
of increasing R1 and R2. With transistor 
dimensions set identical for the branch 
transistors (M1 and M2), fine-tuning could be 
made at the output loads (R1 and R2).  Design 
tradeoffs are unavoidable; hence, they are 
carefully considered in the design of the 
differential active balun circuit. 
 

3. CONCLUSION AND RECOMMENDA-
TIONS 

 

A differential active balun topology is designed 
and implemented in a standard 90-nm CMOS 
process, and critically designed to satisfy the RF 
requirement particularly the WiMAX standards 
[11]. Discussions on the AC analysis or the 
small-signal analysis is presented. It is 
essentially important to study and analyze the 
AC response or frequency response or small-
signal response of the differential active balun to 
determine the frequency of operation, the desired 
gain or attenuation, and the effective bandwidth 
of the circuit [4,7,10]. For this active balun 
topology, the design achieved a gain difference 
better than 1 dB and a phase difference of 
180°±10° or better at the frequency of operation 
of 5.8 GHz. The values are comparable to 
previous designs and researches [12-14]. 
 

Future studies could include designing active 
balun with high gain. Although it will sacrifice the 
bandwidth, it can still be realized at lower 
frequencies for practical applications. One 
possible work would be to integrate the active 
balun functionality on the circuit design of a 
differential circuit like that of the double-balanced 
mixer or differential LNA. 
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