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Final Examination

420.201A Digital Logic Design and Lab
Dec. 15, 2007
Name:______Solution______

- This is an open book examination.

- You may write your answers in English, Korean, or both.

1. Answer TRUE or FALSE to the following statements. [5 points for each sub-problem; no answer gets 0 point and wrong answer gets -2 points]

(1) In Boolean algebra, DeMorgan's law is a special case of Duality.

FALSE



(2) A cover consisting of only essential prime implicants is always a minimum cover.

TRUE


(3) Compared to two-level logic, multi-level logic implementation always has lower cost and larger delay. 

FALSE



(4) DRAM cannot retain data written to it after power-off since it cannot refresh it, whereas SRAM can retain the data even if the power is off since it does not need refresh.

FALSE


(5) The number of states in a minimum-state Moore machine implementation is always greater than or equal to that of the Mealy machine implementation.

TRUE


(6) The implication chart method does not guarantee minimum number of states.

FALSE


(7) Excess code is used for the exponent in floating-point number representation since it covers larger range of numbers compared to using 2's complement representation.

FALSE


(8) In dual-slope ADC, the slope of the integrator's output voltage is independent of the resistor and capacitor values.

FALSE
2. Answer if it is ok to tie the output of a Tri-state buffer and the output of an open-collector logic gate. Explain your answer. [10 points]


It is not ok since '1' output of the tri-state buffer and '0' output of the open-collector logic gate will conflict with each other.



3. Implement the following Boolean functions using one PLA (draw the AND plane and OR plane). [15 points]
F1=A'B+AC+B'C' 

F2=AB'+AC 

F3=A'B+A'C' 
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4. Explain the reason why master-slave D flip-flop does not have 1's catching problem. [10 points]

The problem occurs when the master stage catches '1' and then enters a 'hold' state. In the case of D flip-flop, since there is no input corresponding to 'hold' the '1' that is caught by the master stage is not retained when the slave stage is enabled.


5. Design an RS flip-flop using a Master-slave D flip-flop and AOI gates. Answer if there is 1's catching problem and explain your answer. [15 points] 
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6. Suppose we are redesigning the following circuit.
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Draw the state diagram for this circuit. [10 points]

DA=BIn
DB=B'In
Out=AIn'+B
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S3 can be removed since it is never reached.
    

(2) Convert it to a Moore model and draw the state diagram. [10 points]
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(3) Implement the Moore model with D flip-flops and discrete gates. [10 points]

Obtain state table for S[1], S[0], In, S[1]+, S[0]+, and Out.
Draw three Karnaugh Maps for 3 variables.
Draw circuit diagram.


Details are omitted







7. Consider designing an 4-bit by 4-bit unsigned array multiplier using three types of component: full adder, half adder, and AND gate. Answer how many instances are to be used for each component type to minimize the cost. Also draw the circuit diagram. [10 points]
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8. Consider using an SRAM-based FPGA consisting of an array of CLBs (Configurable Logic Blocks). Each CLB can implement one arbitrary 5-input Boolean function or two arbitrary 4-input Boolean functions (the 4 inputs are common to the two functions). Answer how many CLBs are required to implement the following functions. Explain your answer and draw the circuit diagram to show how the inputs, CLBs, and outputs are connected. [10 points]
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2개

X의 입력 변수가 4개이므로 1/2 CLB로 구현 가능
Y의 첫 번째 sum term(Y1)도 입력 변수가 X와 같으면서 4개이므로 같은 CLB의 나머지 반으로 구현 가능
Y 전체는 Y1과 B, D, E, H의 5개 입력 변수가 필요하므로 1개의 CLB 필요



















9. 2개의 D flip-flop과 2개의 2:1 MUX를 이용하여 2-bit shift register를 구성하려고 한다. 다음의 질문에 답하시오.

(1) <SELECT>가 0이면 shift right, 1이면 shift left가 되도록 하려고 한다. 알맞게 선을 연결하시오. (CLOCK signal은 생략되었다. <LEFT_IN>, <RIGHT_IN>에서 연결하는 선을 잊지 마시오.) [10 points]
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(2) 위의 shift register를 표현하는 Moore machine의 state transition diagram을 그리시오. (예시로 나타내어진 arc 표시법을 참고하시오. 입력은 <LEFT_IN>, <RIGHT_IN>, 그리고 <SELECT>의 순서로 나타내시오. State 내부의 숫자는 두 D flip-flop의 output을 나타낸다.) [10 points]
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6 blue blocks: 6FAs+6ANDs


7 orange blocks: 7ANDs


3 purple blocks: 3HAs+3ANDs


2 green blocks: 2FAs


1 red block: 1HA


In total, 8FAs+4HAs+16ANDs
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Since the 'hold' input does not hold the '1' caught by the master stage but pass through the current output of the slave stage, there is no 1's catching problem.
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