ENGR-4300
Test 4
Spring 2003

Name: _______________________

Section _______


Question 1)   Logic Gates (20 pts)
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a) In the circuit above, form the truth table for all marked points. (2 pts each)

	A
	B
	C
	D
	E
	F
	G
	H
	I
	J

	0
	0
	0
	
	
	
	
	
	
	

	0
	0
	1
	
	
	
	
	
	
	

	0
	1
	0
	
	
	
	
	
	
	

	0
	1
	1
	
	
	
	
	
	
	

	1
	0
	0
	
	
	
	
	
	
	

	1
	0
	1
	
	
	
	
	
	
	

	1
	1
	0
	
	
	
	
	
	
	

	1
	1
	1
	
	
	
	
	
	
	


b) Based on the truth table you formed, write a Boolean expression for D as a function of A. (1 pt)

c) Based on the truth table you formed, write a Boolean expression for H as a function of D and E. Your answer should involve only one gate operation. (2 pts)

d) Based on the truth table you formed, write a Boolean expression for J as a function of A, B and C. Your answer should involve only one gate operation. (3 pts)

Question 2)   Flip-Flops and Counters (20 pts)
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a) i. In the circuit above, draw the waveforms for points A, B and C. Assume that at time t=0, A=B=C=0. (6 pts)
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ii. Based on your plots in the previous section, show that this circuit is a 3 bit counter. (2 pts) Explain which bit is the least significant bit and which is the most significant bit. (2 pts)

b) i. In the circuit below find the CLR signal (pin 2) as a Boolean function of QA, QB, QC and QD. (4 pts)

[image: image4.jpg]Clocke

B





ii. Write down the complete counting cycle of the counter (in decimal), in the above formation. Show that the counter resets after the counting cycle has finished. (3 pts)

iii. How would you configure the circuit to have the cycle (0-1-2-3-…-7-0)? Draw the circuit diagram. (3pts)

Question 3:  Comparitor and Schmitt Trigger (20 pts)
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For the circuits above, assume R1=1K, R2=9K, R3=6K, and the saturation range for the op-amp is +15V to –15V.  Assume the op-amp has a negligible slew rate.  Also note that the input signal is going into V+ of the o-amp in figure A and V- of the op-amp in figure B.

a) What is type of op-amp configuration is A (2 pts)?

b) What type of op-amp configuration is B (2 pts)?

c) Sketch the behavior of the output for circuit A if Vin looks as it does below.  Also mark the positive and negative thresholds.  If there are none, indicate as such. (8 pts)
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d) Sketch the behavior of the output for circuit B if Vin looks as it does below.  .  Also mark the positive and negative thresholds.  If there are none, indicate as such.  (8 pts)
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     Show work here:

Question 4) Digital-to-Analog Converter (20 points)

The circuit below converts digital signals into analog signals.  This circuit produces an analog output voltage equal to the binary word DCBA in terms of the four inputs.  Please assume that the input voltage levels for this circuit is 5 Volts for a logic of “one” and 0 Volts for a logic “zero” and that R5 = 10K, R6 = 1K and R7 = 10K. 
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a) Select values for R1, R2, R3, and R4 so that the output voltage will be the decimal equivalent of DCBA.  For example, if DCBA=1010, or equivalently VD=VB=5 V, VA=VC=0 V, then Vout = 10 V. The circuit should work for all possible DCBA combinations. (12 points)

R1 =
 

R2 =


R3 =
 


R4 =

b) Show that the circuit correctly converts binary input 0110 to an AC voltage.  What decimal number does 0110 represent? (4 pnts) 

c) The D/A converter in this question is actually two op-amp configurations you have already seen combined together.  Draw a box around each configuration on the previous page and identify which type of op-amp configuration it is. (4 pts)

Question 5) Transistor as a switch

Here is a simple transistor circuit.
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a) Redraw the above circuit, replacing the transistors using the diode switch model. (5 pts)

b) Given the following input at V1 and V2, sketch the signals on the following page.  Make the following assumptions: when the transistor switches, it switches completely;   there is no voltage drop between the collector and the emitter in the transistor; and the base switching voltage is 0.6 volts.
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i) Sketch the output at Va.  (5 pts)
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ii) Sketch the output at Vb. (5 pts)
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iii) If the signals Va and Vb were used as the input to an AND gate, 

sketch what would the output look like. (5 pts)
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