Guided exercise_6: Performance comparison of basic three type differential amplifiers with active load
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	Fig.6.1


Exercise 6.1: Consider the source-coupled pair shown in Fig.6.1. 

Given that:

µnCox=100 µA/V2, VTN0=0.5V, 

µpCox=40 µA/V2, VTP0=-0.6V,

0.35µm CMOS technology

Problems:

A. Using PSpice, examine the transfer characteristic ID=f(VID) of the pair, for Iref=20uA and Iref=100uA. Determine and compare VIDmin and VIDmax. Explain the results.
B. Using PSpice, examine the transfer characteristic of the pair for Iref=20uA and two values of W/L of the input transistors - 5 and 20. Determine and compare VIDmin and VIDmax. Explain the results.

C. Change the value of W1 (M1) with 2% and examine the transfer characteristic for Iref=100uA. Determine the value of VID with is necessary to obtain ID1=ID2=50uA. Explain the results.
D. Using PSpice, examine the dependency of the output currents from input common-mode voltage - ID=f(VICM), for Iref=20uA and Iref=100uA. Determine and compare VCMmin. Explain the results. 

Instructions
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	Differential DC sweep generation


The transfer characteristic is simulated using DC sweep (see the previous guided exercises).

Use the following source of the input differential signals to perform A, B and C.  

The variable source is VID. E1 and E2 are EPOLY voltage-controlled-voltage sources with corresponding coefficients 0.5 and -0.5. In this way we apply Vin1=+VID/2 and Vin2=-VID/2 to the inputs.
Exercise 6.2: Consider the depicted variants of the diff amp.

Given that:

µnCox=100 µA/V2, VTN0=0.5V,  n=0.005

µpCox=40 µA/V2, VTP0=-0.6V,  p=0.005
0.35µm CMOS technology
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	Fig. 6.2a. Diff amp with symmetric low-impedance load.
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	Fig. 6.2b. Diff amp with symmetric high-impedance load.
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	Fig. 6.2c. Diff amp with current mirror load.


For each of the circuits:

A. Calculate the values of Aud, Aucm, CMRR, GBW, BW and SR for Iref=20uA and CL=10p. 

B. Using PSpice simulation, determine graphically the values of Aud, Aucm, CMRR, GBW, BW and SR for Iref=20uA and CL=10p. 

C. Present the results from A and B in tabular form and make the conclusions about accuracy of the hand-calculation methods.
D. Using simulations, examine the dependency of Aud, Aucm, CMRR, GBW, BW and SR on the reference current Iref. Present the results in tabular form and make the conclusions. 

E. Using simulations, examine the dependency of Aud, Aucm, CMRR, GBW, BW and SR on the capacitor CL value. Present the results in tabular form and make the conclusions. 

F. Using simulations, examine the dependency of Aud, Aucm, CMRR, GBW, BW and SR on the W/L ratio of input transistors. Present the results in tabular form and make the conclusions. 

To calculate Aud, Aucm, CMRR, GBW, BW and SR use the formulas given in the presentation.

To simulate Aud, Aucm, CMRR, GBW, BW and SR use the test-bench discussed in the presentation.

To simulate the frequency characteristic use the differential source of the signals shown if fig. 6.3a, to generate common-mode ac signal use fig. 6.3.b and to simulate pulse characteristics use fig. 6.3c.
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	6.3a differential input signal
	6.3b common-mode ac signal
	6.3c pulse signal
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