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1.  For the MOS differential pair with a common

kn’(W/L)=4mA/V
2
, Vt=0.5V, I=0.4mA, and R

source I  requires a minimum voltage of 0.4V to operate properly.

(a)  Find VGS for each transistor. 

(b)  For VCM=0 find VS, ID1, ID2, VD1, and VD2. 

(c)  Repeat (b) for VCM=1V. 

(d)  Repeat (b) for  VCM=-0.2V. 

(e)  What is the highest permitted value of V

(f)   What is the lowest value of VCM? 

(a)    

 where Vov=(V

 =>  

(b)   

(c) 

 

Homework #4 

For the MOS differential pair with a common-mode voltage VCM applied, as shown below, let V

=0.4mA, and RD=2.5kΩ (neglect channel-length modulation).  Assume that the current 

f 0.4V to operate properly. (worth 2 problems) 

 

(e)  What is the highest permitted value of VCM? 

where Vov=(VGS-Vt) 
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applied, as shown below, let VDD=Vss=1.5V, 

length modulation).  Assume that the current 
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(d) 

2.  For the amplifier of Problem 1, find the input common

are increased by a factor of 2. 
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2.  For the amplifier of Problem 1, find the input common-mode range for the case in which the two drain resistances R

 

 2 

 

mode range for the case in which the two drain resistances RD 
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3.  For the amplifier of Problem 1, 

(a)  Find the value of vid that causes Q1 to conduct the entire current I, and the corresponding values of VD1 and VD2. 

(b)  Find the value of vid that causes Q2 to conduct the entire current I, and the corresponding values of VD1 and VD2. 

(c) Find the corresponding range of the differential output voltage  (VD2-VD1). 

 

 

4.  A MOS differential amplifier is operated at a total current of 0.8mA, using transistors with a W/L ratio of 100, 

kn’=µnCox=0.2mA/V
2
, VA=20V, and RD=5kΩ.  Find Vov=(VGS-Vt), gm, ro, and Ad. 
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5.  Prove that Acm≅ �
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≅ �

 

 

Homework #4 

�
	

��
����
 for the active-loaded MOS differential amplifier
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loaded MOS differential amplifier below.   
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if  then,  

6.  An active-loaded MOS differential amplifier as shown in Problem 5 is specified as follows: (W/L)n=200, (W/L)p=200,  

kn’=µnCox=2kp’= 2µpCox=0.2mA/V
2
,|VA|=20V, I=0.8mA, and RSS=25kΩ.  Calculate Gm, Rout, Ad, |Acm|. 

   

 

 

7.  Design a MOS differential amplifier to operate from ±1Vsupplies and dissipate no more than 2mW in its equilibrium 

state.  Select the value of Vov=(VGS-Vt) so that the value of vid that steers the current from one side of the pair to the 

other is 0.4V.  The differential voltage gain Ad is to be 5 V/V.  Assume kn’=400µA/V
2 

and neglect the Early effect.  Specify 

the required values of I, RD, and W/L. 

I=2mW/(1V-(-1V))=1mA 

0.4V=√2���         

Vov=0.2828V 

RD=Ad(Vov/ I)=5(.2828V/1mA)=1,414Ω 
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(W/L)= I /(kn’Vov^2)=1mA/(400e-6*.2828^2)≈32 

 

8.  In an active-loaded differential amplifier of the form shown in Problem 5, all transistors are characterized by 

kn’(W/L)=3.2mA/V
2
 and |VA|=20V.  Find the bias current I for which the gain vo/vid=100V/V. 

 

 

 

9.  It is required to design the active-loaded differential amplifier shown in Problem 5 to obtain a differential gain of 50 

V/V.  The technology available provides µnCox= 4µpCox=400µA/V
2
,|VA|=10, L=0.5µm,|Vt|=0.5V,and operates from ±1V 

supplies.  Use a bias current I=200µA and operate all devices at |VGS-Vt|=0.2V.   

(a)  Find the W/L ratios of the four transistors. 

(b)  If VCM=0, what is the allowable range of vo? 

(c)  If I is delivered by a simple NMOS current source operated at the same VGS-Vt and having the same channel length 

as the other four transistors, determine the CMRR obtained.  

 

 (a)  ID1= ID2= ID3= ID4= I/2  

 

 

(b)  Vomax=VG4+|Vt|=VDD-|VGS|+|Vt|=1-0.2=0.8V 

Vomin=VG2-Vt=0-0.5=-0.5V 

Range is -0.5 to 0.8V 

(c)  
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