Non-guided exercise_4: Examination of advanced differential pairs.

Exercise n4.1: Consider the source cross-coupled pair shown in Fig.n4.1. 
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	Fig.n4.1


Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,

0.35µm CMOS technology,
All nMOST are with Wn/Ln=30/3,

All pMOSt are with Wp/Lp=75/3

Problems:

A. Using PSpice, examine the transfer characteristics and plot the functions:  
- Vout1, Vout2, Vout3, Vout4 against VID, for Iref=20uA and Iref=100uA.  Determine VIDmin and VIDmax. 
- ID=f(VID), for Iref=20uA and Iref=100uA.

B. Examine the influence of the DC common-mode voltage, VICM, on the ID1, ID2, VA and VB. Determine VICMmin.
C. Examine the behavior of the circuit when AC differential signal is applied. To this aim connect VSIN source with magnitude 0.5V and frequency 1000Hz to the inputs, specify Transient Analysis and plot the values of ID1, ID2, Vout1, Vout2, Vout3, Vout4 signals. Explain the obtained results.

D. Examine the behavior of the circuit when AC common-mode signal is applied. To this aim connect VSIN source with magnitude 1 V and frequency 1000Hz in parallel to the both inputs, specify Transient Analysis and plot the ID1, ID2, Vout1, Vout2, Vout3, Vout4 signals. Explain the obtained results.

Exercise n4.2: Consider the wide-swing differential pair in Fig.n4.2. 

	
[image: image2.png]SiTa
.
.

@
2
._.T.






	Fig.n4.2


Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,

0.35µm CMOS technology,

All nMOST are withWn/Ln=30/3,

All pMOSt are with Wp/Lp=75/3

Problems:

A. Using PSpice, determine VCMmin for each of the both source-coupled pairs. 

B. Propose how to summing the four output currents in order to obtain a diff amp with common-mode range between VSS and VDD power supply. Prove the proposal by using mathematical functions to forms trace expressions. Plot the transconductance Gm of the pair. Is the result is ideal?  
Exercise n4.3: Consider the current differential amplifier in Fig.n4.3. 
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	Fig.n4.3


Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,

0.35µm CMOS technology,

All nMOST are withWn/Ln=30/3
All pMOSt are with Wp/Lp=12/3

Problem:

A. Using PSpice, perform Transient analysis of the circuit. Plot the current through: M5, M6, M1, M2, M3, M4 and RL. Using the graphical results explain and prove the behavior of the circuit. 

Instructions:
The figure shows current differential amplifier implemented with M1, M2, M3 and M4). The circuit has differential current inputs Iin1 and Iin2. 

 Simple differential pair (M5, M6) is used to feed the signals to the current inputs. (This pair is not a part of the current diff amp. It is used only to produce two differential currents!). 
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To obtain the output current RL is included. 

To generate the control input voltage the well known circuit with EPOLY voltage-to-voltage controlled source is used.   
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