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INSTRUCTIONS: Special credit would be given for answers which are short and to-the-point. 
Illegible handwriting would be penalized. ANSWER ALL QUESTIONS. 

1. This question is on combinational circuit building blocks. 

(a) Draw the transistor-level circuit diagram of the CMOS implementation of the following Boolean func-
tion: f(x, y, z) = xy + yz + zx. Note that this is the carry of a full-adder. (7 marks) 

(b) The 74181 is a classic 4-bit combinational ALU/function generator IC. Its main inputs are: two 4-bit 
operands A and B, an 1-bit mode control signal M which controls the mode of operation (M = 1 for 
logic operations and M = 0 for arithmetic operations), and a 4-bit function select signal S. Its main 
output is a 4-bit data out signal F. Internally, two 4-bit signals I P and IG are generated, and their 
i-th bits are given by: !Pi = Ai + BiSo + B;S1 and IGi = AiB;S2 + ABiS3 respectively. The i-th 
bit ofF is related to !Pi and IGi by: Fi =!Pi tt!IGi ffi (ICi- 1 +M), where ICi- 1 is the (i -1)-th bit 
of an internally generated carry signal. 

(i) Deduce that in the logic mode of operation, i.e., with M = 1, 

Note that in the logic mode of operation, Fi becomes independent of ICi_ 1 . (10 marks) 

(ii) From the above expression for Fi, argue how the 74181 can be used as a universal function 
generator for two Boolean variables, i.e., it can be used to generate all two-variable Boolean 
functions F(A, B). (3 marks) 

2. This question is on synchronous sequential circuits. 

(a) Draw the state diagram and design a synchronous sequential circuit (with a single input and a single 
output) which generates parity bits for coded messages of length three. The circuit receives a single 
bit of the codeword every clock cycle. For example, if the received codeword is 101, the parity bit 
generated is 0, whereas if the received codeword is 111, the parity bit generated is 1. (5 marks) 

(b) Perform an arbitrary state assignment, and then design the above sequential circuit using 1-K flip
flops. Just deriving the logic equations for the flip-flop inputs would be sufficient; there is no need to 
show the final complete circuit diagram. . (10 marks) 
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3. This question .is on registers and counters. 

(a) Assnmc an infinite stream of bits flowing through a 4-bit shift register. Draw the schematic of the 
simplest circuit that can detect the occurrence of the pattern 1001 in the bitstream. The circuit need 
not remember that the pattern 1001 had been.detected at some previous time instance. (4 marks) 

(b) Implemerit a mod-60 UP-counter using one or more instances of the 7493A IC, and minimal number 
of extra gates. Your design need not count in binary sequence. There is no need to show the internal 
structure of the IC. (6 marks) 

(c) Derive the flip-flop input logic equations of a 4-bit up/down counter, implemented using T flip-flops. It 
has two control signals: up and down. When up signal is at logic-1, the counter counts up irrespective 
of the value of down, i.e., up has higher priority. When both up and down are at logic-0, the counter 
holds its state. When up is at logic-0 but down is at logic-1, the counter counts down. ( 12 marks) 

4. This question is on capabilities, minimization and transformation of sequential machines. 

(a) Give the formal mathematical definition of a finite-state machine, and distinguish between Mealy 
mach·ines and Moore machines. (6 marks) 

(b) Find the equivalence partition for the machine shown in Table 1. 

Table 1: State Table for Question 5(d) 
NS,z 
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F, 1 
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(12 marks) 




