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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. 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 contribution  
for a detail circuit analysis procedure example of the 
regulated cascode cross coupled amplifier input impedance 
polynomial form is proposed for the first time. Without this 
equation, it is very iterative for impedance matching of the 
proposed circuit. 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.  

                           Kittipong Tripetch
Division of Electronic and Telecommunication engineering,
          Faculty of Engineering and Architecture
Rajamangala University of Technology Suvarnabhumi
                                     Thailand

  ISSN: 2692-5079

Volume 2, 2020 100



 

 

 

 

 

 

 

 

 

 

 

   

 

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 DETAIL PROCEDURE EXAMPLE FOR INPUT IMPEDANCE 

POLYNOMIAL FORM DETERMINATION  

    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.  
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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.  
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(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  
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The variable V5 of the first row and the sixth row can be 
eliminated from the fifth column.  Thus, the last function to 

be written is   38
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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.. The last equation 
can be written in a polynomial which is suitable to define in 
MATLAB. It is shown below. 
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480 213 122 481 214 123 482 215 124 483 216 125 484 217 126 485 218 127 486 219 128 487 220 129 488 221 130 489 222

131 490 223 132 491 224 133 492 225

, , , , , , , , ,

, , ,

z zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z

zb y z zb y z zb y z

                  

                   
         

134 493 226 135 494 227 136 495 228 137 496 229 138 497 230 139 498 231 140 499 232

141 500 233 142 501 234 143 502 235 144 503 236 145 504 237 146 50

, , , , , ,

, , , , ,

zb y z zb y z zb y z zb y z zb y z zb y z zb y z

zb y z zb y z zb y z zb y z zb y z zb y

             

                    
               

5 238 147 506 239 148 507 240 149 508 241 150 509 242

151 510 243 152 511 244 153 512 245 154 513 246 155 514 247 156 515 248 157 516 249 158 517 250

, , , ,

, , , , , , , ,

z zb y z zb y z zb y z zb y z

zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb

        

                   
                   

159 518 251 160 519 252

161 520 253 162 521 254 163 522 255 164 523 256 165 524 257 166 525 258 167 526 259 168 527 260 169 528 261 170 529 262

171 530

,

, , , , , , , , ,

y z zb y z

zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z

zb y z

   

                   

                    
     

263 172 531 264 173 532 265 174 533 266 175 534 267 176 535 268 177 536 269 178 537 270 179 538 271 180 539 272

181 540 273 182 541 274 183 542 275 184

, , , , , , , , ,

, , ,

zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z zb y z

zb y z zb y z zb y z zb

                 

                   
       

543 276 185 544 277 186 545 278 187 546 279 188 547 280 189 548 281 190 549 282

191 550 283 192 551 284 193 552 285 194 553 286

, , , , , ,

, , ,

y z zb y z zb y z zb y z zb y z zb y z zb y z

zb y z zb y z zb y z zb y z

             

       

(33) 

This equation is very high order polynomial form with 
order very close to 200. It is very difficult for the reader to 
understand or recognize the definition of this equation 
without the detail report for the process of derivation of this 
equation which has very laborious detail definition of the 
principle of the symbolic ratio determination and all of the 
novel coefficients (approximately 350 pages).  
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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 The Input Impedance graph of the Regulated Cascode 
Cross Coupled Power Amplifier 

The input impedance graph of the Regulated cascode 
cross coupled power amplifier can be simulated and plotted 
from MATLAB and SciLab as a result of substitution of the 
numerical value of the MOSFET transistor level1 0.5 
micron , 0.18 micron, respectively. There are the figures 
which can be explained as follows. The first figure is the 
graph which is simulated by assuming that a resonance 
circuit has four values of capacitor and inductor which can 
be listed as 1 nanohenry and  1 nanofarad, 100 picohenry 
and 100 picofarad, 10 picohenry and 10 picofarad, 1 
picohenry and 1 picofarad. The current consumption of the 
transistor are designed to have a constant value at a one 
microampere in the program. After that, the dc bias which 
are a serie resistors are designed from the value of the 
resistor and gate source voltage drop of the transistors.  The 
graph of the first figure which is a magnitude response graph 
can be seen as a ramp function which means its input 
impedance is risen as a function of the input frequency 
approximately 1000 dB per decade.  

 The second figure is the graph which is simulated by 
assuming four values of the drain current at 1 microampere, 
100 microampere, 1 milliampere and 10 milliampere. The 
aspect ratio of all of the transistors in the circuit diagram are 
designed from the level1 drain current equation. The gated 
source voltage drop of the transistor are designed to have a 
value very close to the supply voltage which is 3 volt 
because there are approximately no voltage drop across the 
resonance circuit from experiment as a result of the short 
circuit of the dc current supply according to the traditional 

property which can be written as L
L

dI
V L

dt
 . 

 Fig. 3 Simulation results of the input impedance of the 
Regulated Cascode Cross Coupled Power Amplifier 

 

 

VII 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.  These design equation are written from 
KCL and KVL of a large signal drain current. Typical dc 
operating points are shown in the Table1. DC operating 
points are changed as a function of the resistor R11. From 
measurement, the resonance circuit do not have voltage drop 
as a result of derivative of current of the supply voltage 
which should be zero if the battery has no 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. 

VIII 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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