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Abstract: With the evolution of electronics today, a MOSFET transistor is useful in many applications 

such as computers due to several advantages. In this research, an NMOS transistor differential amplifier 

circuit with passive load that uses a modified Wilson current mirror as a biasing circuit is analyzed, 

designed and implemented. The width-to-length ratios of transistors are calculated by considering the 

voltage and current values at the output of the biasing circuit, and parameters such as conduction 

parameter, base width modulation parameter, and threshold voltage. A MATLAB version 

8.1.0.604(R2010a) programming tool is employed for calculations and the simulations are carried out via 

Multisim 9 software tool. The output resistance obtained for current mirror is         . CMRR, output 

resistance, and power dissipation for differential amplifier circuit are          ,           and 

       , respectively. The results show that the width-to-length ratio, differential gain and common 

mode rejection ratio are decreased with decreasing applied voltage at the output of the biasing circuit 

while approximately same values obtained for output resistance and common mode gain. The results 

show a good agreement between the measured values from simulation and the calculated one from 

design. 
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شبه  -اوكسيد -تحليل وهحاكاة الوضخن التفاضلي الذي يستخدم التزانزستور الوجالي نوع هعدى

 هوصل

 
شثً مُصً مفيذ في وثيش مه اٌرطثيماخ  -أَوسيذ -وُع معذن اٌمداٌياٌرشاوسسرُسمع ذطُس الاٌىرشَوياخ في يُمىا ٌزا، يعرثش : الخلاصت

اٌرشاوسسرُس  اخرمع  اٌحمً اٌخامً، ذم ذحٍيً َذصميم َذىفيز دائشج اٌمعخم اٌرفاظٍي  ،مثً اٌحُاسية ٌمضاياي اٌمرعذدج. في ٌزا اٌثحث

-اٌى-وسثح اٌعشض حساب. ذم وذائشج اوحياص اٌمعذٌح Wilsonاٌرياس  مشاج سرعمً دائشج، َاٌري ذشثً مُصً اٌىُع اٌساٌة -أَوسيذ -معذن

اٌمرغيشاخ مثً مرغيشاٌرُصيً َ اَلا عىذ خشج دائشج الاوحياصَاٌرياساخ ليم اٌفٌُرياخ  اٌطُي ٌدميع اٌرشاوسسرُساخ عه غشيك أعرثاس

ٌغشض    version 8.1.0.604(R2010a) MATLABاسرخذمد الاداج اٌثشمديح . َمرغيش ذعذيً عشض اٌماعذج َفٌُريح اٌعرثح

 .         أن اٌميمح اٌمسرحصٍح ٌمماَمح اٌخشج دائشج مشاج اٌرياس Multisim 9. عثش الاداج اٌثشمديح  رمداٌحساتاخ َاما اٌمحاواج ف

 اسرٍلان اٌمذسجَ            َمماَمح اٌخشج          ليمح وسثح سفط اٌُظع اٌمشرشن اما في دائشج اٌمعخم اٌرفاظٍي فىاود 

وً  َوزٌه ومصان اٌطُي ٌرشاوسسرُساخ اٌضَج اٌرفاظٍي-اٌى-أظٍشخ اٌىرائح ومصان وسثح اٌعشض .عٍى اٌرُاٌي         فٍُ تحذَد

اء وفس اٌميم ٌىً مه ممع ذمشيثا تاٌفٌُريح اٌمطثمح عىذ خشج دائشج الاوحياص  مع ومصان اٌىسة اٌرفاظٍي َوسثح سفط اٌُظع اٌمشرشنمه 

 مماَمح اٌخشج َوسة اٌُظع اٌمشرشن. أظٍشخ اٌىرائح أن اٌميم اٌمماسح مه دائشج اٌرىفيز في أذفاق خيذ مع اٌميم اٌمسرحصٍح مه اٌحساتاخ.
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1. Introduction 
 

 In integrated circuits,  - and  -types MOS (metal-oxide-semiconductor) current 

mirrors can be used as biasing and active load circuits. This circuit consists of a diode- 

connected and perfectly matched transistors operated in saturation, and also at same 

temperature. A reference current is injected in the input and the output current is taken 

from the output of the mirror [1-3].  

Different values of these currents can be obtained by designing width-to-length ratio, 

(  ⁄ ), of the MOS transistors. A high output resistance is an important parameter for 

these circuits; a value of        [4] is obtained for modified Wilson current mirror. The 

differential amplifier is an extremely common circuit in integrated circuits. The MOS 

version of this circuit consists of two transistors biased by current source, the sources of 

these transistors are connected together and the drains are connected to two resistors as 

passive load. The resistors operate the transistors in saturation and the whole circuit is 

biased from a current provided by current mirror circuit. The power dissipation of this 

circuit is         [5]. Active load may replaces resistors by transistors and the 

differential amplifier then has both  - and  -types transistors, i.e. CMOS amplifier (C; 

stands for complementary) [6-7]. As known, the differential amplifier has two inputs 

and two outputs; signals can be applied at its inputs. The output signals are out-of-phase 

and the amplified voltage values at outputs are according to difference between the 

inputs. The circuit operates from two supplies or even one supply. For high 

performance, suitable differential amplifiers can be analyzed, designed, and simulated 

for numerous applications [8-9].  

 
2. Biasing Circuit Design 

 

An improved NMOS Wilson current mirror is used as shown in “Fig. 1”, transistor 

   is to provide reference current and the circuit is biased at     .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 1. Biasing circuit. 
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     The specified parameters for designing NMOS transistors are; 

- Conduction parameter   
         ⁄  

- Base width modulation parameter             

- Threshold voltage       .  

The biasing currents are; 

- Reference current           

- Output current            

To calculate (  ⁄ ) for the transistors, consider first the voltage at the drain of    to be 

      . Let the drain to source voltage of    is         , so 

 

                                                             ( ) 

 

         

 

Transistor    is a diode-connected transistor so gate-to-source voltages are          

and          for matched    and    transistors. The ratio of output and established 

reference current is given by [10] 

 

  
  

 
        

        
                                                               ( ) 

 

Using above values 
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Assuming that    and    are identical, so              . From Kirchhoff’s voltage 

law 
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     is found from 

 

                                                          ( ) 

 

             

 

     The obtained voltages set all transistors in the saturation region, (  ⁄ ) for 

transistors can be calculated as; 

i- For    and   :                   and                   so (  ⁄ ) for 

these transistors are obtained from  
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ii- For   :          and             , from (5) 
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iii- For    and   , (  ⁄ ) is determined from 
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Since         ,         ,             , and         , so 
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The calculated values above are obtained from MATLAB programming tool version 

8.1.0.604(R2010a) [11] according to the specified parameters for design. The biasing 

circuit with Multisim 9 [12] is simulated in “Fig. 2”. 

 
3. Differential Circuit Design 
 

     The differential amplifier circuit consists of      supply at the gates of identical 

transistors    and   , and two load resistors of        each shown in Fig. 3. The 

differential pair is biased by constant current source    that is divided equally between  

   and   . The quiescent current in each of load resistors is the given by 

 

    
  
 

        

 

then voltages at load resistors is          . The drain-to-source voltage at    is given 

by 

 

                                                                   ( ) 

 

hence             and         . From symmetry, the (  ⁄ ) ratio for     and   , 

which they are biased in the saturation region, is found from (6) as 
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Figure 2. Biasing circuit simulation. 

 
4. Differential Gain, Common Mode Gain, and Common mode Rejection Ratio 
 

    The differential-mode gain is [10] 

 

   
   

 
                                                                             ( ) 

 

where    is the transconductance given by 
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Therefore        m  ⁄ , and        . The common-mode gain is 
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where    is the output resistance given by 

 

   
 

    
                                                                               (  ) 

 

so             , and           . and the common-mode rejection ratio, 

CMRR, is 

 

     2  log 
  

|  |
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Figure 3. Differential amplifier circuit. 

 

5. Results  
 

The complete designed circuit values are also accomplished with MATLAB 

computer program and it is simulated as shown in “Fig. 4”. In this circuit, STP32N0GL 

power NMOS transistor type is used, an input dc common-mode voltage of     is 

applied to    and    for specifying      and     . The measured reference current is 

    μ  and the current source transistor    supplies a current of       . For the 

current mirror, the output resistance is          compared with        in [4]. For the 

differential-mode gain measurement, an input signal voltage of    m  is applied, this 

given in r.m.s values as         . The measured output signal voltage is about    m , 
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so       ⁄   , for the common-mode gain measurement, an input of    m  is 

also applied, and the measured output voltage is about     μ , so          ⁄  

     , hence CMRR is        d , and the output resistance is          . The power 

dissipation of the differential amplifier circuit is      m  compared with that of 

        [5]. The results obtained from simulation are in good agreement with the 

calculated values.   

 
Figure 4. Designed circuit. 

 

6. Discussions 
 

The voltages in the circuit can be varied according to the changing of voltage values 

at the drain of transistor   , which is   , and changing     ⁄  value to show the effect of 

  . So two cases are considered, the first, is illustrated in the first two rows of Tables. 1, 

2, and 3. , for          and     at          μ     μ ⁄⁄ . The second is shown in 

the third row of these tables for which          μ     μ ⁄⁄  at       . The 

(  ⁄ ) ratios for    and   , the differential pair transistors, shown in Table. 2, is 

decreasing with decreasing   , this is due to decrease in gate-to-source voltages. Both 

the differential gain and the common mode rejection ratio are also decreasing, with 

decreasing in   , as shown in Table. 3, and this because of decreasing in the 

transconductance parameter which in turn related to (  ⁄ ) ratio. The output resistance 

and common mode gain are unchanged in this case. The values in the third row, are 

compared with the calculated values obtained from design. Approximately, same values 

obtained for (  ⁄ ) ratio, differential gain, and the common mode rejection ratio with a 

decrease in common mode gain when output current decreases, but the output resistance 
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is increased in this case due to inverse relation with output current. The amplified output 

voltages together with the input voltages obtained from the simulation process of the 

differential amplifier are shown in “Fig. 5”, “Fig. 6”, and “Fig. 7”, respectively.   

 

Table 1. Voltages Values of differential amplifier circuit. 

                                                             

                                                                                            

                                                                                                 

                                                                                                   

 

Table 2. Width-to-length ratios of transistors’ circuit. 

   (  ⁄ )  (  ⁄ )  (  ⁄ )  (  ⁄ )  (  ⁄ )  (  ⁄ )  (  ⁄ )  

                                                         

                  4.7877 4.7877 1.9454 2.3971        

                                                    

 
Table 3. Performance parameters. 

                    

                                          

                                       

                                          

 

7. Conclusions  
 

     For MOS differential amplifier circuit, the biasing circuit considered is modified 

Wilson current mirror with four transistors architecture since this circuit provides an 

increase in the output resistance for better performance. The analysis of width-to-length 

ratio, common-mode gain, differential-mode gain, and common-mode rejection ratio are 

performed with MATLAB computer program version 8.1.0.604(R2010a).  The circuit is 

implemented in Multisim 9. Both, a change in applied voltage at the output and a 

change in output current, for the biasing circuit affect the performance parameters. A 

better (  ⁄ ) ratio is obtained when the voltage at the output of biasing circuit is 

decreased but this cause a decrease in differential gain and the common mode rejection 

ratio. The output resistance for current mirror is          and it can be enhanced by 

decreasing the output current of the biasing circuit. For differential amplifier circuit, 

CMRR is        d , output resistance is          , and power dissipation is 

     m .  

 

 

 

 

 

 

 

 
 
 

Figure 5. Output and input voltages of differential amplifier circuit at         . 
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Figure  6. Output and input voltages of differential amplifier circuit at       . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Output and input voltages of differential amplifier circuit at       , and 

                 ⁄⁄ . 
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