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Abstract - In this paper, a novel CMOS high Q-factor active 
2-port inductor with feedback resistor has been proposed, 
mathematically analyzed and fabricated. The proposed circuit 
topology can improve its equivalent inductance range and 
Q-factor. The proposed active 2-port inductor was 
implemented by 65 nm Samsung RF CMOS technology, which 
demonstrates a maximum quality-factor of 600 with 3 nH 
inductance. The fabricated circuit occupies 200 um x 300 um 
chip size and has high Q-factor and inductance over wide 
operating frequency range as compared to the conventional 
active 2-port inductor circuits. In addition, the inductance 
variation is very small in wide operating frequency range. 

 
 

I. INTRODUCTION 

 
With increasing demands of wireless communication 

system, a low cost and high integration process technologies 
are required to reduce the production cost and the system 
dimension. For these requirements, the CMOS technology 
has become one of the best choices for RF circuits and 
systems. In CMOS technology, a spiral inductor is widely 
used, however, it occupies large circuit size and has low 
Q-factor which can decrease performances of RF circuits 
and systems due to high insertion loss [1]. The active 
inductor has become the attractive alternative solution of 
spiral, which can provide high Q-factor and inductances. 
Therefore, in recent years, researches on 1-port active 
inductor are widely conducted and can be realized with 
gyrator-C structure [2], [3]. Since 1-port active inductor is 
grounded type 1-port network, it cannot be used as two-port 
network. 

To solve this problem, 2-port active inductor was 
implemented in previous research works [4], [5], [6]. 
However, the conventional 2-port active inductor requires 
the differential input modes and have several disadvantages 
such as narrow bandwidth for high-Q factor and large 
inductance variation [7]. 

In this paper, we proposed novel 2-port active inductor 
with feedback resistance. We analyzed a conventional circuit 

by applying RF small signal model of a transistor. Using this 
analysis result, we proposed the optimum design method of 
proposed circuit for wideband operation range with high 
Q-factor and small variance inductance by adding feedback 
resistance. 
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Fig. 1. (a) Schematic of grounded active inductor and (b) its small signal 
equivalent circuit. 

 
 

II. THEORY OF ACTIVE INDUCTOR 
 
A. 2-port Active inductor with LC resonator 

The gyrator structure is typically used in the grounded 
active inductor which consists of two transistors and 
generates an inductive reactance from parasitic capacitances 
of those transistors. Fig. 1 shows a structure of grounded 
active inductor and its small signal equivalent circuit. From 
the small signal equivalent circuit, we can derive the 2-port 
admittance matrix. The input impedance of grounded 
active-inductor shown in Fig.1 is represented as (1). 
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Fig. 2. The simulated Q-factor of the conventional grounded active inductor 
for (a) ro1 variation, (b) gm1 variation, (c) Cgs1 variation and (d) Cgs2 
variation. 
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Fig. 3. (a) Gyrator-based 2-port active inductor and (b) its equivalent 
circuit. 

 

Using the approximate relationship, sCparasitic＞gm ≫ 1/ro, 
the input impedance of the grounded active inductor 
presented in (1) can be simplified as (2). Using (2), we can 
know this structure can be operated as the inductance.  
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However, we cannot say that those parameters have an 

effect on Q-factor from Eq. (2). So, we can observe the 
variation of Q-factor through frequency by varying typical 
parameters in Eq. (3) from mathematical simulation. 
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Fig. 4. Proposed two ports active inductor using LC resonators: (a) 
schematic and (b) small signal model. 

 
The simulation results are shown in Fig. 2. Fig. 2(a) 

shows that Q-factor can be enhanced by increasing ro1 of 
transistor M1. Fig. 2(b) shows that Q-factor is proportional 
to gm1, although the inductance value is inverse proportional 
to gm1 as it is represented in Eq. (2). Fig. 2(c) and Fig. 2(d) 
shows that Q-factor can be decreased by increasing Cgs2. We 
can find that Q-factor is changed dynamically by the effect 
of parasitic capacitance of M2 at high frequency. 

However, the conventional grounded active inductor 
topologies cannot be used with other circuits in series. 
Therefore, in this work, we propose the 2-port active 
inductor which can be used in series with other circuits. 

The conventional 2-port active inductor can be designed 
by cascading two gyrators as shown in Fig. 3(a). The 
parasitic components of the transconductance can be 
expressed as Gout and Cin. From this circuit, we can obtain 
Y-parameters as (4). 
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The equivalent circuit of the 2-port active inductor is 

shown in Fig. 3(b). In this structure, we assume that the two 
gyrators have same input and output parasitic components. 
The circuit element values of the equivalent model can be 
found as (5). 
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Fig. 5. Proposed two port active inductor using feedback resistor: (a) 
schematic and (b) small signal model. 

 
The Q-factor is mainly determined by the series 

resistance Rs and shunt conductance Gp. These values are 
related to the output admittance Gout as shown in (5a) and 
(5d). This conventional 2-port active inductor has several 
drawbacks such as low Q-factor, high power consumption, 
and narrow operating range. In this paper, we proposed the 
novel high Q-factor active 2-port inductor by decreasing 
output admittance with the parallel LC resonator. 
 
B. 2-port active inductor using feedback resistor 

The 2-port active inductor using feedback resistance is 
shown in Fig. 5. In this structure, transistors M1 and M2 are 
operating with positive transconductance amplifier whereas 
M3 and M4 with negative transconductance amplifier. 
Transistors M5-M6 are connected for bias current sources, 
and M3 and M4 are connected in cross coupled pair. The 
feedback resistor Rf has been addend between drain of M3 
and M4. Fig. 5(b) shows small-signal model of proposed 
active 2-port inductor. By deriving the port voltage Vin and 
input current Iin, the input impedance Zin can be obtained as 
(6). 
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From Zin, the equivalent R and L can be obtained as (7) 

 

       
   

22
1 3 5 1 5 1 3 5

22 2
5 1 3 1 3

1 1
2

m m ds m f ds gs gs f ds

eq

ds m m gs gs

g g g g R g C C R g
R

g g g C C





       
     

(7a) 

    

   
1 3 5 1 3 5

22 2
5 1 3 1 3

1 2
2

gs gs f ds m m ds

eq

ds m m gs gs

C C R g g g g
L

g g g C C

     
     

        (7b) 

 

ro1

g
m

1 v
gs1

g
m

2 v
gs2

g
m

3 v
gs3

g
m

4 v
gs4

Cgd1
ro2

Cgd4
Cgd3

Cgs4

Cgs3

ro4ro3

Cgs2

Vin Vout

Cgs1

Cgd2

Cf Lf



IDEC Journal of Integrated Circuits and Systems, VOL 3, No.4, Oct. 2017                                                              http://www.idec.or.kr 

The Q-factor of the active inductor is also calculated from 
the small signal model analysis and is given as (8) 
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As observed from (7a), the value of the feedback resistor 

Rf effects to decrease the equivalent resistance which results 
in improvement of the Q-factor. 

 
 

III. PROPOSED 2-PORT ACTIVE INDUCTOR 

 

  

Vout 

VDD

Vin

 
Fig. 6. Proposed 2-port active inductor using tunable resistance. 

 

  
Fig. 7. Equivalent circuit of tunable feedback resistor. 

 
The proposed 2-port active inductor is shown in Fig. 6. In 

this proposed structure, connected the tunable resistance 
instead of the feedback resistance. This feedback resistance 
can variation the inductance of proposed circuit. Also 
connected opposite pair therefore to get a symmetric 
characteristic. Fig. 7 shows the equivalent circuit of tunable 
feedback resistor. When the gate voltage is change, current 
of current source is changed, therefore equivalent resistance 
of feedback resistance can be change. 

From Fig.3, we can know increase the output resistor that 
can improve Q-factor. Therefore, the LC resonator is 
connected between drain of M3 and M4. This resonator can 
increase output impedance of M3 and M4 as well as can 
reduce parasitic capacitances of M1 and M2, and decrease 
the equivalent parallel capacitance. When parallel 
capacitance decreases, the operating frequency range can be 
increased. 

The power consumption is one of the important issues for 
the active inductor. If the power consumption of 
active-inductor increase, the overall systems power 
consumption will be increased. Therefore, in this work we 
chose small gm for small power consumption. However, the 
small gm can increase the equivalent series resistance. 
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Fig. 8. The simulated inductance of the proposed grounded active inductor 
for (a) Cgd1 variation, (b) gm3 variation, (c) Cgs3 variation and (d) Lf 
variation. 
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V. EXPERIMENTAL RESULTS 

 
The proposed circuit was fabricated using 65 nm 

Samsung CMOS process. The simulation was performed in 
Cadence Spectre by using SP simulation. Fig. 9 shows the 
layout of the proposed circuit. The overall circuit size of the 
designed 2-port active inductor including pad is 0.4 mm X 
0.45 mm and core is only 0.2 mm X 0.3 mm. The proposed 
circuit consumes 3.6 mW DC power at 1.2 V supply voltage. 
On wafer probing was used to characterize 2-port 
S-parameters of the proposed circuit and also for 
de-embedding the parasitic components. 

Fig. 10 and 11 show the simulated and measured 
inductances and Q-factors of the fabricated circuit. From the 
experiment, it is found that the inductance and Q-factor are 
higher than 2 nH and 35, respectively, in the frequency 
range of 3 ~ 10 GHz. The maximum inductance is 22 nH at 
low frequency and maximum Q-factor is 450 at 2.7 GHz. 
The performance comparison of the proposed CMOS active 
inductor with state-of art is summarized in Table I. The 
operating frequency of proposed circuit is wider than 
conventional ones [4], [5], [7]. Also the proposed circuit has 
low power consumption, high Q-factor, and small chip size. 
Moreover, although inductance is lower than previous works, 
the proposed circuit provides constant inductance over wider 
frequency range. 

Fig. 12 show the measurement inductances of the 
proposed tunable active inductor. From the experiment, it is 
found that the inductance is can be varied 1.5 to 5 nH, in the 
frequency range of 3 ~ 8 GHz. The maximum inductance is 
7.5 nH at 8 GHz. Also the proposed circuit consumption 3 
mA at the 1.2 V supply DC voltage. The chip occupies 650 
x 450 um2 including bonding pad and 450 x 480 um without 
bonding pad. Moreover, although inductance is lower than 
previous works, the proposed circuit provides constant 
inductance over wider frequency. 
 

 
 

Fig. 9. Layout of proposed active inductor. 

 
 
 
 

TABLE I. 
Performance Comparison of CMOS 2-Port active inductor. 

Items\Ref. [4] [5] [7] this work
Technology (nm) 180 180 180 65 
Freq. range (GHz) 1-2 1-5 1-5 3-10 

Lmax. (nH) 27 35 22.4 22 
Q-factor 28 68 500 450 

Size (mm2) 0.01 0.16 0.075 0.06 
PDC (mW) 4 3.6 4.5 3.6 

 

 
Fig. 10. Simulated and measured inductance of the proposed active 
inductor. 

 

 
Fig. 11. Simulated and measured Q-factor of the proposed active inductor. 

 

 
Fig. 12. Measurement results of the proposed circuit. 
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VI. CONCLUSIONS 

 
In this paper we proposed the novel 2-port inductor using 

feedback LC resonator. The proposed circuits shows 
inductance of 2 nH and Q-factor higher than 35 at in 
frequency range of 3~10 GHz. Also, the designed circuit 
provides high Q-factor and small variance inductance in 
wide frequency range. The overall circuit size of proposed 
active inductor is reduced by 25% for the same inductance 
of spiral inductor. In a future, we will apply the proposed 
2-port active inductor in designing RF circuits and systems 
such as Wilkinson power divider, directional coupler, RFIC 
filters, and LC-VCO. 
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