
 

 

 
Abstract— The polynomial form of the input impedance 

of a CMOS cross-coupled amplifier with NMOS only 

active inductor are proposed. The formula of polynomial 

form and novel coefficients are programmed in Scilab and 

MATLAB so that the pole position of the fourth order 

polynomial can be found. From experience of a simple 

cross coupled oscillator design, the proposed circuit 

diagram may not oscillate as a triangular wave signal 

because the two poles are complex (underdamped case) but 

its real part could not be minimized to 0.001 so that it has a 

stable amplitude and additional two poles are real poles. 

The impulse sensitivity function (ISF) of the proposed 

circuit is derived for the first time so that it may be used to 

derive phase noise in the future.   

 

Keywords—bandpass amplifier, bandpass filter, 

oscillator.  

I. INTRODUCTION 
 Simple cross-coupled oscillator and a regulated cross-
coupled oscillator are proposed and designed long time 

ago [1]-[4]. A simple cross coupled oscillator input impedance 
was derived to have a fourth order polynomial form. But the 
proposed circuit has six transistors compared with two 
transistors of a simple cross-coupled oscillator with passive 
resonance circuit. The proposed circuit do not use passive 
resonance circuit compared with a simple cross coupled 
oscillator and a regulated cascode cross coupled oscillator. As 
a result, it may have a higher order polynomial form of input 
impedance because it use more transistors. The advantage of a 
simple cross coupled oscillator is that it is derived to oscillate 
as a triangular waveform which is plotted with MATLAB but 
the disadvantage is that its triangular wave signal fluctuate 
between dc supple voltage. This paper is used to describe how 
to analyze and design a common source cross-coupled 
amplifier with NMOS only active inductor with the hope that it 
may be used as a higher frequency oscillator compared with a 
simple cross coupled oscillator.  

 Section II describes the description of the circuit and a 
derivation of the input impedance of the proposed circuit 
 Section III describes how does the phase noise analysis of 
the proposed circuit diagram by impulse sensitivity function 
(ISF) could be derived.  
 Section IV describes how to design and simulate with 
MATLAB the pole position and how it is moved in the 
complex plane plot by varying the small signal parameters as a 
function of drain current and passive capacitor.      

.The active inductor may be published for the first time by 
Hara [5]-[6]. They do not use the concept of ground inductor 
and floating active inductor which used a single transistor as a 
transconductance amplifier connect output as an input of 
another transconductance amplifier. In addition, the active 
inductor which use this concept have some advantage. It can 
have an input impedance as a resonance bandpass filter.  

The negative impedance converter (NIC) can be used as a 
gyrator for a video frequency filter [7]. But this type of gyrator 
can be seen as a ground inductor. The floating positive and 
negative inductor can be designed with a large inductance 
values greater than 2 nH which was published since 1995 [8] 

The quality factor of the bandpass filter can be enhanced by 
Q enhanced technique which can tune quality factor from 10-
490. This technique was published since 1997 [9]. The gyrator 
can be implemented by transmission line which can be used in 
power processing circuits [10]. The additional Q enhanced 
technique was proposed by Yodprasit [11]. It is called double 
feedback and cascode double feedback where there are two 
feedback loops from the input to the point of feedback which 
look like common-gate for the drain input terminal. For the 
first loop, the signal propagates by common-source and 
common-drain connection. For the second loop, the signal 
propagates by common-gate, common-gate and common-drain 
connection. This technique can boost quality factor to 12,000.  

The common-gate cascade with common-source was 
proposed as an active inductor core circuit for bandpass 
amplifier since 2001[12]. The two transistor of active inductor 
was proposed 8 circuit diagrams as the core of bandpass 
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amplifier  which was published since 2002 [13]. 

II. THE DESCRIPTION OF THE CIRCUIT AND A DERIVATION OF 
INPUT IMPEDANCE OF THE PROPOSED CIRCUIT 

A. The description of the circuit 

The proposed circuit is called “A common-source cross  
coupled amplifier with NMOS only active inductor. It is 
shown in figure1. The circuit composed of 6 NMOS 
transistors. The transistors M1, M2 are formed by a well 
known gyrator loop which composed of two transconductance 
amplifier which connected output of the transconductance 
amplifier with the input of other transconductance amplifier. It 
have a capacitive load at the output of the first 
transconductance amplifier. The transistor M4, M5 are 
connected as a second gyrator loop similar with the first 
gyrator loop. The passive circuit and bias circuit composed of 
two capacitors (C1,C2) and two resistors (R1,R2). It must have 
the capacitors for a degree of freedom in designing the active 
inductors. It must have a resistors to bias the transistor M2 and 
M5 so that it will be operating in a saturation region. The 
dashed line are drawn outside an active inductor to indicate the 
resonance circuit block diagram which can be replace with 
various types of active inductors as a sub-circuit of the 
common-source cross-coupled amplifier. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

B. The derivation of the input impedance of the common-

source cross-coupled amplifier with active inductor 

The derivation of the input impedance of the proposed  
amplifier can be separated into three parts. Part1 is used to 
illustrate how to derive the input impedance of the active 
inductor which is connected as the load of the first stage 
amplifier which is shown in figure2. Part2 is used to illustrate 
how to derive the input impedance of the active inductor which 
is connected as the load of the second stage amplifier which is 
shown in figure3.Part3 is the used to illustrate the whole 
circuit which is shown in figure4.   

  The active inductor input impedance calculation 
methodology diagram is shown in the left hand side of figure2. 
The high frequency equivalent circuit of the NMOS only 
active inductor is shown in the right hand side of figure2.  
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(1) 

1inZ is the input impedance of the transistor M1 and M2 which 
form the gyrator loop in figure3. The novel coefficients 

1 2 3 4 5 6 7 8 9, , , , , , , ,a a a a a a a a a  are defined with parasitic 
capacitances of the transistor M1 and M2 and passive elements 
such as C1 and R1.   

It is useful to design the circuit to oscillate, its input  
impedance denominator polynomial should be designed to 
have a characteristic similar with undamped polynomial so that 
its roots will have imaginary pole frequency. It can be written 
as follows 
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Figure 1. The Circuit diagram of “The common-source 

cross-coupled amplifier with NMOS only active inductor” 
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Figure 2. The input impedance of the  NMOS only active 

inductor and its high frequency equivalent circuit of the first 
stage resonance circuit 
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(2) 

2inZ is the input impedance of the transistor M4 and M5 which 
forms the gyrator loop in figure 4. The novel coefficients 

10, 11 12 13 14 15 16 17 18, , , , , , ,a a a a a a a a a  are defined with parasitic 
capacitances of the transistor M4, M5 and passive elements 
such as C2 and R2. The equations of input impedance of active 
inductor with NMOS only can be used to substitute as an 
impedance load of the common-source cross-coupled amplifier 
with NMOS only active inductor so that the derivation may be 

easier for analysis compared with directly analyze the high 
frequency equivalent circuit in figure 4 which is shown below. 
 Equation (1b) may not be designed to have equal value both 
sides of the equation easily. It is possible to add some passive 
capacitors in parallel with parasitic capacitances of the 
transistors so that an equality of equation (1b) is true.  
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Figure 3.. The input impedance of the NMOS only active 
inductor and its high frequency equivalent circuit of the 

second stage resonance circuit 
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Figure 4. The high frequency equivalent circuit of the common-
source cross-coupled amplifier with NMOS only active inductor. 
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inZ  is an input impedance of the whole cross-couple amplifier 
with NMOS only active inductor. It is a polynomial form 
which can be used to design the amplifier and oscillator. The 
function inside numerator and denominator polynomial are 
defined with the novel coefficients in equation (1), (2) and (3).    

 The graph will be programmed with level1 transistor 
model. The script can be written as a simple text file. The first 
section of program must define level1 drain current model 
according to transistor model examples [4]. Drain current 
model are the function of electron mobility, oxide thickness, 
aspect ratio which are the width and length of the transistor 
MOSFET, threshold voltage, terminal voltage such as drain, 
gate, source terminal. Threshold voltage can be written as a 
function of initial threshold voltage, fermi potential and a 
source bulk voltage. The second section should define 
parasitic capacitances calculation. Parasitic capacitances of a 
high frequency equivalent circuit  , ,gs gd dbC C C  is a function of 

the aspect ratio of the CMOS transistor.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
In comparison with the reference [19], the coefficients of 

the polynomial which are listed in equation (3), (4) can be 
grouped and define with the novel coefficients name so that it 
is not duplicated with the coefficients in the equation (3),(4). It 
can be shown as following 
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(5) 
 From simulation results from reference [19]. The passive 

resonance circuit have some value which can make the circuit 
oscillate in MATLAB as a triangular waveform. From root 
locus as a function of current consumption. The polynomial 
form in equation (6) has some numerical coefficients which is 
borrowed from successful iterative simulation of MATLAB. 
These coefficients can be compared with the coefficients from 
equation (5). From this situation, someone may ask whether 
the coefficients 22 23 24 25 26, , , ,b b b b b  can be designed to be 
equal with  22 4 23 3 24 2 25 1 26, , , , 1b d b d b d b d b      
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(6) 
 The fourth order general form partial fraction and the 
solution of inverse Laplace’s transform can be written as 
following 
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(7) 
 From simulation results of the solutions which are related 
with level1 transistor model and small signal parameters of the 
MOSFET. The four poles system has two couple of complex 
conjugate poles.  The pole relationships can be written as 
following. The first pole and second pole are complex 
conjugate pole. The third pole and fourth pole are complex 
conjugate pole. It can be written as following. 
 

1 1 1 2 1 1,p p A p B p p A p Bf f jf f f jf     

(8) 

 
Figure 5. Input impedance of Magnitude and phase response  

as a function of current consumption 

 
Figure 6. Magnitude and Phase response of the voltage transfer 

function without input current 
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3 2 2 4 2 2,p p A p B p p A p Bf f jf f f jf     

(9) 
The fourth order unknown determination derivation solution is 
reference with [18]. It is derived to have a symbolic complex 
number.    
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(10) 
The complex conjugate poles in equation (8) and (9) and 
symbolic unknown in equation (10) can be replace with 
equation (7) as following   
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The input impedance can be grouped with real parts which are 
composed of 8 terms and imaginary parts which are composed 
of additional 8 terms.  
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III. PHASE NOISE DERIVATION OF THE COMMON-SOURCE 
CROSS-COUPLED OSCILLATOR WITH ACTIVE INDUCTOR 

 
Since the impulse sensitivity function (ISF) is used to 

derived phase noise of some type of oscillator. The ISF may 
be used to derived from the Fourier series which is 
borrowed from the principle in reference [20]  
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 The time domain function of the common-source cross-

coupled oscillator with active inductor can be derived from 
inverse Laplace’s transform of the partial fraction expansion 
general form which are composed of two steps for a 
derivation. The first step is unknown determination which can 
be derived from factorization form cross multiplication of 
problem to general form of partial fraction. The Fourier series 
and Fourier coefficient are borrowed from reference [21]  
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The complex amplitude and complex trigonometry function 
can be integrated as following 
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(18) 
After take integration limit in equation (18), it has a result as 

follows 
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(20) 
The Fourier coefficient can be performing integration easily 

by separation of the exponential of positive and negative 
imaginary part as following.    
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(20b) 

The Fourier coefficient can be performing integration easily 
by grouping of the positive and negative exponential of 
imaginary frequency as follows 
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(20c) 
The integration of exponential of complex frequency can be 

performed with equation (20c). Then, the limit of integration 
(which are the period and zero) can be seen at the right hand 
side of the bracket.  
 

 

  
  

 

  
  

 

  
  

 

  
  

1 1 0

1 1 0

2 2 0

2 2 0

11 12

1 1 0

21 22

1 1 0

31 32

2 2 0

41 42

2 2 0
0

1

p A p B

p A p B

p A p B

p A p B

T
f j f n t

p A p B

f j f n t

p A p B

n
f j f n t

p A p B

f j f n t

p A p B

A jA
e

f j f n

A jA
e

f j f n
a

T A jA
e

f j f n

A jA
e

f j f n

















  

  

  

  

 
 
   
 

 
 
   

  
 


 

   
 

 
   
 

 

  
  

 

  
  

 

  
  

 

  
  

1 1 0

1 1 0

2 2 0

2 2 0

11 12

1 1 0

21 22

1 1 0

31 32

2 2 0

41 42

2 2 0
0

1

p A p B

p A p B

p A p B

p A p B

T
f j f n t

p A p B

f j f n t

p A p B

f j f n t

p A p B

f j f n t

p A p B

A jA
e

f j f n

A jA
e

f j f n

T A jA
e

f j f n

A jA
e

f j f n

















  

  

  

  

 
 
   
 

 
 
   

  
 


 

   
 

 
   
 

 

(20d) 
The minus sign is the result of integration of exponential of 

complex frequency as a function of time. This minus sign can 
be move out of the bracket. Then, the limit of integration can 
be substitute into the time variable as follows 
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(20f) 

It is necessary to multiply each denominator with its complex 
conjugation to each term in equation (20f). As a result, it can 
be written as follow  
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(20g) 

    

 

  

    

 

  

1 1 0

1 1 0

11 1 12 1 11 1 0 12 1 0

22
1 1 0

21 1 22 1 21 1 0 22 1 0

22
1 1 0

31 2 32

1

1

1

p A p B

p A p B

p A p A p B p B f j f n T

p A p B

p A p A p B p B f j f n T

p A p B

p A

n

A f j A f A f n A f n
e

f f n

A f j A f A f n A f n
e

f f n

A f j A

a
T





 



 



  

  

     
  

      
 

     
         

 




 

    

 

  

    

 

  

2 2 0

2 2 0

2 31 2 0 32 2 0

22
2 2 0

41 2 42 2 41 2 0 42 2 0

22
2 2 0

1

1

p A p B

p A p B

p A p B p B f j f n T

p A p B

p A p A p B p B f j f n T

p A p B

f A f n A f n
e

f f n

A f j A f A f n A f n
e

f f n





 



 



  

  

 
 
 
 
 
 
 
 
 
 

     
         

  


      
            

    

 

  

    

 

  

1 1 0

1 1 0

11 1 12 1 11 1 0 12 1 0

22
1 1 0

21 1 22 1 21 1 0 22 1 0

22
1 1 0

31 2

1

1

p A p B

p A p B

p A p A p B p B f j f n T

p A p B

p A A p B p B f j f n T

p A p B

p A

A f j A f A f n A f n
e

f f n

A f j A p A f n A f n
e

f f n

A f j





 



 



  

  











     
  

      
 

     
  

       
 






    

 

  

    

 

  

2 2 0

2 2 0

32 2 31 2 0 32 2 0

22
2 2 0

41 2 42 2 41 2 0 42 2 0

22
2 2 0

1

1

p A p B

p A p B

p A p B p B f j f n T

p A p B

p A p A p B p B f j f n T

p A p B

A f A f n A f n
e

f f n

A f j A f A f n A f n
e

f f n





 



 



  

  

 
 
 
 
 
 
 




     
           


      

            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

(20h) 
 
Another Fourier coefficient formula can be substitute by time 
domain function of a common-source cross coupled with 
active inductor as follows 
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(21) 
The Fourier coefficient can be performing integration easily 

by separation of the exponential of positive and negative 
imaginary part as following.   
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(21b) 
 

The Fourier coefficient can be performing integration easily 
by grouping of the positive and negative exponential of 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2021.15.176 Volume 15, 2021

E-ISSN: 1998-4464 1638



 

 

imaginary frequency as follows 
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(21c) 
The integration of exponential of complex frequency can be 

performed with equation (21c). Then, the limit of integration 
(which are the period and zero) can be seen at the right hand 
side of the bracket.  
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(21d) 
The minus sign is the result of integration of exponential of 

complex frequency as a function of time. This minus sign can 
be move out of the bracket. Then, the limit of integration can 
be substitute into the time variable as follows 
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It is necessary to multiply each denominator with its complex 
conjugation to each term in equation (21f). As a result, it can 
be written as follow  
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(1d) 

IV. A DESIGN BY SIMULATION WITH MATLAB 
A design by simulation with MATLAB is performing by 

declare the level1 drain current formula with 0.5 micron 
process parameters from textbook [4]. The small signal 
parameters such as transconductance, drain-source 
conductance and parasitic capacitances can be computed by 
MATLAB. Six Aspact ratio (width and length) of the 
transistors can be designed by assuming drain to source 
voltage and gate to source for each transistors. Usually, 
drain to source and gate to source voltage drop of the input 
transistor M3  and M6 have a half supply voltage drop. 
After all the physical constants are defined in MATLAB, 
the small signal parameters are computed. As a 
consequence, the coefficients in equation (5) can be 
determined as a numeric. For example, input impedance can 
be determined as      
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(22) 
 

Drain current of transistor M1, M3, M4 and M6 are 
designed to have the same current with 60 microampere. So 
that aspect ratio of these transistors will be above 1 (1.122). 
Drain current of transistor M2 and M5 are designed to have 
the same current with 220 microampere. As a result, aspect 
ratio of  these transistors will be above 1 (1.029).  
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V. CONCLUSION 
From simulation with MATLAB, the proposed circuit may 

not oscillate because real part of the pole could not minimize 
to zero by varying capacitor or drain current. The Fourier 
coefficient of the proposed circuit can be derived to have a 
complex amplitude and a complex form of trigonometric 
function. The impulse sensitivity function could be plotted 
from the derived equation. The future work may try to derive 
the input impedance of other type of active inductor with the 
hope that it may oscillate in the structure of common-source 
cross coupled with active inductor.  
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