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ENEE 303Spring 2019 – Final exam Thursday, May 16, 2019, 08-10am           100 points; Open Book, Open Notes; your signature designates all work is your own.

For MOS devices use the 4007 PSpice model parameters:
.model M4007N nmos( Level=1 Tox=300n Uo=600 Kp=20.54u W=144u L=8u Vto= 1.3 

+ Lambda=15m)

.model M4007P pmos(Level=1 Tox=300n Uo=300 Kp=10.32u W=328u L=8u Vto=-1.5

+ Lambda=15m)

Note that these are not totally complementary and Lambda is important.

1. (20 points, 30 min; Ternary logic inverter)

The following inverter is to be used for ternary logic. The input voltage is a ternary voltage where a zero input is represented by ground potential and VDD and –VDD by +1 and -1 respectively. Determine the operating point with a ternary zero input; that is, give the operating values for VIN, VOUT and VGS, VDS, ID for each transistor with a ternary zero input.
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2. (35 points, 35 min; 2nd order OTA double with feedback design)
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For the above connection assume the OTA’s are linear with no input current and iout=gm(v+ - v-) into the output terminal.

a) Find the voltage gain, Av(s)=vout/vin in terms of literal element values 

{C1, C2, gm1, gm2, G1, G2} where G=1/R. {best found by using KCL at the two right nodes}
b) Set C1=C2=C, gm1=gm2=gm, G1=G2=2gm and give the resulting Av(s) in terms of gm and C and from that give its poles and zeros. 
3. (15 points, 15 min; Spice problem)

For the following PSpice schematic, when attempting to run it Spice gives two errors one of each of two types. 


Give what these errors are and the means to correct them.
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4. (30 points, 30 min; Temperature transfer function)


The following circuit has temperature changes due to heat, centered around room temperature, into the diode as small signal input and voltage on the resistor as output. Normally it operates at room temperature, T=300 degrees Kelvin [where thermal voltage VT=kT/|q|=26mV at room T can be assumed]. Assume the only thing heated is the diode which is a solid-state diode for which the only variation in temperature is through the thermal voltage.


 RL and E are chosen to forward bias the diode at VD=E/2.   

Find the change in vo due to small change in T, dvo/dT evaluated at room T. 
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