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Abstract—The input impedance of a regulated cascode 

cross couple amplifier is derived. The frequency response of 

the input impedance polynomial form can be plotted with 

MATLAB. From the polynomial form of the input impedance 

of the proposed circuit, it can be transformed by substitute 

complex frequency s with j into the polynomial form 

equation. After that, this function can be grouped into a 

symbolic real and a symbolic imaginary form. The next step in 

derivation is to multiply this function with a complex 

conjugate function of the symbolic complex form of the input 

impedance. The last step is to plot a real and an imaginary 

part as a function of the input frequency so that the power 

amplifier can be matching with the various matching circuit 

according to the condition of the maximum power transfer.  

Keywords— a regulated cascode amplifier, input impedance, 

oscillator, power amplifier, a regulated cascode cross couple 

amplifier 

I. INTRODUCTION  

The Regulated Cascode amplifier was proposed by 
Sackinger since 1990 [1]. This topology of amplifier is 
famous because it has a higher output impedance compared 
with cascode amplifier counterpart. Thus, its output voltage 
is higher than other types of an amplifier such as a common 
source, a common gate and a cascode amplifier. The concept 
of the regulated transistor can be replaced by an amplifier 
block diagram which is used to regulated drain-source 
voltage drop of the first stage transistor but it used more 
transistor which was proposed since 1990 [2]. The 
advantage of this idea is a more voltage gain but the 
disadvantage is, it has more parasitic capacitances which 
degrade the bandwidth of the amplifier. The circuit 
technique called a regulated cascode also have many types 
of application like a switched current integrator which can 
be replaced in the signal flow graph of the high order 
switched current filter which was published since 1993 [3]. 
It can be used as the core circuit of current mirror. Its 
advantageous compared to other circuit technique is a fast 
settling time for a low value of current mirror between 10 
microampere to 600 microampere. It is much slower than a 
simple current mirror if it is designed to operate for 530  

 

microampere to 800 microampere. The Class AB 
regulated cascode current memory can be used as the core 
circuit of the switched current integrator. The Class AB 
means it can be operated for half a cycle of a signal for each 
input transistor NMOS and PMOS. It is published since 
1994 [4]. Other applications of the regulated cascode 
amplifier can be modified as a transconductance amplifier 
and transimpedance amplifier which are published during 
1997-2015 [5]-[12].The tuning range of the regulated 
cascode cross couple oscillator can be approximated since 
2013 [13]. Recent specifications which are related with a 
transimpedance amplifier based on RGC circuit diagram and 
its modification are published in [14]-[16]  

In section II, a straightforward definition of input 
impedance and circuit diagram definition is described.  A 
high frequency equivalent circuit is shown and described in 
Section III. In section IV, a lucent and rigorous detail 
procedure for circuit analysis of the regulated cascode cross 
coupled amplifier is proposed for the first time. In section V, 
the graphs of input impedance as a function of input 
frequency and current consumption are plotted by 
programing with level1 transistor model. In section VI, the 
graphs of real part and imaginary part as a function of an 
input frequency and current consumption are plotted by 
programing with level1 transistor model.  

II. INPUT IMPEDANCE OF THE REGULATED CASCODE CROSS 

COUPLED AMPLIFIER DESCRIPTION 

The input impedance is a ratio of input voltage and input 
current. It can be derived by using Kirchhoff’s current law 
and Ohm’s law. The Circuit diagram of the regulated 
cascode cross couple amplifier is drawn in figure1. The high 
frequency equivalent circuit of MOSFET is used to 
substitute for circuit analysis purpose.  It is shown in figure 
2. The regulated cascode amplifier can be described as a 
cascade of a first stage common-source amplifier which 
used transistor M1 and a common gate amplifier. A 
regulated transistor can be seen as a cascade of a second 
stage common source amplifier which used transistor M3 
with a first stage common source amplifier. The output of 
the second stage of a common source amplifier can be 
cascaded with the cascode transistor M2.  
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The regulated cascode cross coupled amplifier is shown in    

figure1. It composed of 6 NMOS transistors. The circuit has 

4 bias resistors which are used to controlled drain current 

of the MOSFET. There are two resonance circuits which 

used two parallel inductor, capacitor and resistors. The 

output of the first regulated cascode amplifier is connected 

with the input of the second regulated cascode amplifier. 

The output of the second regulated cascode amplifier is 

feedback to the input of the first regulated cascode 

amplifier. That’s why it is called the regulated cascode 

cross coupled amplifier. The high frequency equivalent 

circuit of the proposed circuit is shown in figure2. The two 

bulk source voltage controlled current source are included 

for the cascode transistors.

 

Fig. 1. The regulated cascode cross couple amplifier 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The regulated cascode cross couple amplifier 

 

 

 

 

 

Fig. 2. The regulated cascode cross couple amplifier topology after substituted with a high frequency MOSFET equivalent circuit 

III. A HIGH FREQUENCY EQUIVALENT CIRCUIT OF A 

REGULATED CASCODE CROSS COUPLE AMPLIFIER 

DESCRIPTION 

The high frequency equivalent circuit of a regulated 
cascade cross couple amplifier is a crucial building block for 
circuit analysis and design purpose. It can be substituted 
with the circuit diagram in figure1. Some transistors used 
equivalent circuit elements only 5 elements. Some 
transistors used equivalent circuit elements for 6 elements. It 
is difference as a result of  a fabrication process which has a 
bulk source voltage effect for a drain current can be modeled 
with voltage controlled current sourced which is labeled 
with gmb which can be pronounced as a transconductance of 
the bulk source voltage for a cascode transistor.  There are 
six bias resistors in the circuit which can be labeled as R11, 
R12, R13, R14, R15 and R16 . The total elements in the circuit 
can be counted to have 46 elements.  

IV. A MATRIX OF KIRCHOFF’S CURRENT LAW (KCL) AND ITS 

COEFFICIENT DESCRIPTION 

    There are six nodes in this circuit. It could be labeled as 

V1, V2, V3, V4, V5 and V6. After using Kirchhoff’s current 

law and grouping the small signal parameters and its 

passive elements. It can be written as following.  
 

2 3 4 1 1

5 6 7 2

14 8 9 10 3

11 12 13 4

25 14 15 16 5

17 18 19 6

0 0 0

0 0 0 0
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a b b b V
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a b b b V
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     

     
     
        

(1) 

 ai and bi are novel coefficients which are a function 
of the small signal parameters and passive parameters in the 
regulated cascode cross couple amplifier. All novel 
coefficients could not be defined if it is duplicated the label 
of the coefficients.  

1M

2M

3M

DDV

11R

12R

13R

1L 1C
1R

4M

5M

6M

DDV

14R

15R

16R

2L
2C

2R

 

11R

12R

13R

1L 1C
1R

14R

15R

16R

2L

2R

2C

inI
inV 1gsC

1gdC

1 1m gsg V 1dsg

2gdC

2gsC
2 2m gsg V

2 2mb bsg V 2dsg

3gsC

3gdC

3 3m gsg V
3dsg

4gsC

4gdC

4 4m gsg V 4dsg

5gsC

5gdC

5 5m gsg V

5 5mb bsg V

5dsg

6gsC6gdC
6dsg

6 6m gsg V

1V
2V

2V

3V

4V

3V

5V

6V

1V

1dbC

2dbC

3dbC

5dbC

6dbC

4dbC

3 3mb bsg V

5 5mb bsg V

 

INTERNATIONAL JOURNAL OF SYSTEMS APPLICATIONS, ENGINEERING & DEVELOPMENT 
DOI: 10.46300/91015.2020.14.20 Volume 14, 2020

ISSN: 2074-1308 154



 

1 2 12 13

2 2 12 13 2 2 12 13 5 2 12 13 5

2 12 13

3 2 13 2 12 2 12 13 5

2

4 12 13

5 2 12 13 5 5 5

6 5 2 12 13

7 5 2 12 13

gd db

gds

m mb ds

gd

m

a L R R

a L R R C L R R C L R R C

L R R
a L R L R L R R g

R

a R R

a L R R g g g

a C L R R

a g L R R



  

   



  





 

(2) 

     

   

1 1

2

2 2 3 4

3 5

2

4 6 7

b sa

b s a s a a

b sa

b s a s a



  



 

 

(3) 

8 1

9 1

10 3 2 3 1 1

11 2 2 2 1

12 3 2 2

13 2

gd

m

gd gs gs gd db

m mb ds ds

gd gs m

m

a C

a g

a C C C C C

a g g g g

a sC sC g

a g





    

    

  



 

(4) 

5 8 9

6 10 11

7 12 13

b sa a

b sa a

b sa a

 

 

 

 

(5) 

 

 

     

14 1 2 2 2

15 1 2

1 15 16

16 1 1 4 2 2 4

17 1 2 18 1 2 19 1 4

1 1 1

, ,

m mb ds

ds

gd gd db gs

gd m gd

a sL g g g

a L g
R R R

a L C C C C C

a L C a L g a L C

  

 
    

 

    

  

 

(6) 

 2

8 15 16

2

9 17 18

2

10 19

1b sa s a

b s a sa

b s a

  

 



 

(7) 

 

 

20 3 2

21 3

22 2

23 2 3 3 2

24 3

11

1

gd gs

m

gd

gd db gd gs

ds

a C C

a g

a C

a C C C C

a g
R

 





    
 

 
  
 

 

(8) 

 

 

 

11 20 21

12 22

13 23 24

b sa a

b sa

b sa a

 



 

 

(9) 

 
 

 

25 5 26 4 27 4

28 6 5 6 4 4

29 5 5 5 4

30 6 5 31 5

, ,

,

ds gd m

gd gs gs gd db

m mb ds ds

gd gs m

a g a C a g

a C C C C C

a g g g g

a C C a g

  

    

   

  

 

(10) 

 

 

 

14 26 27

15 28 29

16 30 31

b sa a

b sa a

b sa a

 

 

 

 

(11) 

 

 

 

32 6 5

33 6

34 5

35 5 6 6 5

36 6

14

1

gd gs

m

gd

gd db gd gs

ds

a C C

a g

a C

a C C C C

a g
R

 





    
 

 
  
 

 

(12)

 

  

INTERNATIONAL JOURNAL OF SYSTEMS APPLICATIONS, ENGINEERING & DEVELOPMENT 
DOI: 10.46300/91015.2020.14.20 Volume 14, 2020

ISSN: 2074-1308 155



17 32

18 33 34

19 35 36

b sa

b sa a

b sa a



 

 

 

(13) 

All of the first stage intermediate coefficients which are 
written in the matrix of KCL are shown. From the matrix, it 
is a good time to describe how to eliminate column variables 
by writing  1 5 6, , inV f V V I . There are four equations which 

are related with the first column. The starting equation is the 
first row. There are 3 equations which needs to eliminate the 
first variable which is called V1. After substitute variable V1 

, the function can be grouped as following 
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(16) 

The process of grouping after eliminate the first column 
variable is finished here. The second column is started as 
following. The function can be written 

as  2 4 5 6, , , inV f V V V I The system of equation can be 

update here so that the matrix in the single column can be 
seen as a single row left. It can be seen that the third and 
fourth row can be eliminate in the second column by 

substitute the function  2 4 5 6, , , inV f V V V I  
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The process of grouping after eliminate the second 
column variable is finished here. The third column variable 
can be eliminated by writing the function. It can be written 

as  3 4 5 6, , , inV f V V V I  
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The process of grouping after eliminate the third column 
variable is finished here. The fourth column variable can be 
eliminated by writing the function. It can be written as 

 4 5 6, , inV f V V I  
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The process of grouping after eliminate the fourth 
column variable is finished here. The fifth column variable 
can be eliminated by writing the function. It can be written 

as   5 6 , inV f V I  

2 3 4 1 1

6 26 27 2 28

8 29 30 3 31

18 19 20 4 21

32 33 5 34

7 8 6 9

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0 0

0 0 0 0

in

in

in

in

in

in

b b b V I b

b d d V I d

b d d V I d

d d d V I d

d d V I d

d d V I d

      
     


     
     

     
     

     
     

          

(27) 

33 3 34 3
35 4 36 1

32 32

,
d b d b

d b d b
d d

   
      
   

 

(28) 

33 7 34 7
37 8 38 9

32 32

,
d d d d

d d d d
d d

   
      
   

 

(29) 

The variable V5 of the first row and the sixth row can be 
eliminated from the fifth column.  Thus, the last function to 
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can be used to eliminate the V6 variable so that the ratio of 
input impedance from the first row equation can be 
determined as  
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The closed form equation of the input impedance can be 
derived as following 
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(31) 

After closed form equation is finished. The polynomial 
form can be derived by considering the intermediate 
coefficients which have only 38 variables. It can be 
manipulate in the unpublished report but only the 
polynomial form results of each variable can be shown so 
that the space of the paper can be saved. All 38 variables of 
polynomial form which are done after substitute the function 
can be shown as following. 
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Table1 DC Operating Point Experimental Results 

Of the Regulated Cascode amplifier 

 

11R  

 

11RV  

 

OUTV  

 

2,GS MV  

 

3,D MV  

 

1,DS MV  

      

46 k  
308 mV 6.23 V 93 mV 5.85 V  

100 k  
1.89 V 6.08 V 84 mVac 2.23 V 78 mVac 

220 k  
1.00V 6.08 V 0.20Vac 4.87 V 196mVac 

430 k  
1.36V 6.08 V 0.15Vac 4.58 V 68 mVac 

510 k  
1.67 V 6.08 V 0.16 Vac 4.48 V 58mVac 

681 k  
2.05 V 6.08 V 87 mVac 4.14 V 61 mVac 

910 k  
1.961 V 6.08 V 0.18 Vac 3.89 V 77mVac 

      

 

V. A DESIGN OF A DC OPERATING POINT OF THE 
REGULATED CASCODE AMPLIFIER 

 The DC operating point design is usually an 
iterative design process because there are more variables 
than the equations which is written from KCL and KVL of 
large signal drain current. From measurement the resonance 
circuit do not have voltage drop as a result of derivative of 
current of the supply voltage should be zero without ripple 
voltage. Thus, the input voltage bias of the second stage 
regulated cascode amplifier is not half of the supply voltage 
but it has approximately equal to the supply voltage of the 
battery. 

VI. CONCLUSION 

 The principles of eliminate column variable is 
clearly described. It is used to derive the ratio of input 
impedance of the regulated cascode cross couple power 
amplifier. The matrix coefficient update are used to show 
what is happened after the coefficients are grouped and 
defined many times so that it is easy to see which are the 
coefficient that can be eliminated in the next column. The 
column variable in the column matrix is left only one 
variable per column. The experimental result of a transistor 
array from ALD (ALD210802) is used to illustrate the 
difficulty to make a regulated transistor operating in the 
saturation region because of a drain to source voltage of the 
input transistor is too low.  The input transistor is operating 
in the triode region.   

MATLAB is used to execute the polynomial form of the 
input impedance after all of the coefficients are type into the 
text file with the level1 drain current model.  
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