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1. (16%) (a) The Widlar current source shown in Fig. 1 is biased at V

+
=5V, V

-
 = -5V, VBE1=0.7V with resistor R1=9.3 KΩ and RE =9.58 

KΩ. Calculate IREF and IO. 

       (b) Derive the output resistance (RO) and calculate it with BJT’s VA=80 V and β=100. 
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                       Fig. 1                                                       Fig. 2 

2. (17%) Refer to Fig. 2, where IREF=100µA  and all transistors have W/L=100µm/1.6µm, µnCox=90µA/V
2
, µpCox =30µA/V

2
 , 1/λn 

=VAn=12.8V, 1/|λp| =|VAp|=19.2V,  and the body effect factor χ=0.15 for Q1. Calculate gm1, gmb1, ro1, ro2,  the voltage gain 
i
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v
v

v
A =  

and the input resistance Rin. 

3. (10%) (a) Design an inverting opamp circuit for which the gain is –5V/V and an input resistance of 10kΩ. Draw the circuit. 

 (b) If the opamp has an open-loop gain of 600V/V, determine the actual gain of the inverting opamp circuit designed in part (a). 

 

4. (24%) Consider the differential amplifier shown in Fig. 3, where (W/L)1=(W/L)2=100, (W/L)B1=20, (W/L)B2=100, and 

µnCox=2.5×µpCox =100µA/V
2
, Vtn= -Vtp=0.6V, λn=λp =0.04 V

-1
. For DC bias calculations, neglect channel-length modulation effect. 

(a) For Ibias=40µA, find the required value of R. 

(b) If the DC voltage at the output is 2V, find the W/L ratio for M3 and M4. 

(c) Determine the low-frequency differential gain (vout /vd). 

(d) Estimate the –3dB frequency in Hz. 

(e) Find the input common-mode (VCM) range. 

 

5. (25%) (a) Draw the schematic diagram of a CMOS inverter with the substrate connection.  

   (b) Draw the input and output voltage transfer characteristic curve with VDD = 3.3 volts, Vtn = |Vtp| = 1 volt, and define the range in 

which both transistors are saturated.  

   (c) Draw the input voltage Vin and the drain current IDN = |IDP| transfer curve.  

   (d) Find the (W/L)NMOS/(W/L)PMOS if noise margin NM0 = NM1 is required. Assume µnCox=115 µA/V
2
 and µpCox=30 µA/V

2
.                                     

   You must label the critical break points in the curves.      

                    

6. (8%) The identical NMOS transistors are connected as  Fig. 4. Determine the output voltage (Vo) in terms of VDD and Vt, where Vt is 

the threshold voltage of device. (Neglect the body effect).   
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