
 

 

Exam Solutions IE1204 Digital Design 2018-10-22 (corrected 4) 

Part 1 

1.  
Solution:  
(a) (2p) 
Z= (1) 0111 0111, overflow 
(b) (2p) 
W=0000 1100 1101 0110 = 0x0CD6 (-106 x -31 = 3286) 
Not correct: (1000-0011-1101-0110): 83D6 
The signs must be removed before the bitwise multiplication is performed 
 

2. (2p) 
Solution: ܻ ൌ ܣ ൅  തതതതതതതതܤ
A B Y 
0 0 1 
0 1 0 
1 0 0 
1 1 0 
 

3. (2p) 
Solution: f 
 
a b c f 
0 0 0 0 
0 0 1 1 
0 1 0 1 
0 1 1 0 
1 0 0 1 
1 0 1 0 
1 1 0 0 
1 1 1 1 
 

4. (2p) 
Solution: YES it can be an inverter 

 
VIL = 2.2; VIH = 3; VOL = 1.2; VOH = 4.5; NML = VIL – VOL = 1; NMH = VOH - VIH = 1.5 



 

 

Part 2 

5.  
Solution:  

(a) (1p) 

 
(b) (2p) 

 
 

ܧ ൌ ଴ݍതଷݍ ൅ തଵݍଶݍതଷݍ ൅  ଴ݍതଵݍതଶݍ
ܩ ൌ തଵݍതଶݍതଷݍ ൅ ଴ݍଵݍଶݍതଷݍ ൅  ത଴ݍതଵݍଶݍଷݍ

 
(c) (1p) 

ܧ ൌ ଴ݍതଷݍ ൅ തଵݍଶݍതଷݍ ൅ ଴ݍതଵݍതଶݍ ൌ ଴ݍതଷݍ ൅ തଵݍଶݍതଷݍ ൅ ଴തതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതݍതଵݍതଶݍ ൌ .଴തതതതതതݍതଷݍ .തଵതതതതതതതതതݍଶݍതଷݍ  ଴തതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതതݍതଵݍതଶݍ
 

q3

Y

q0

q2

q1

q2

 
  



 

 

(d) (1p) 

 
 

6.  
Solution: 

(a) (1p) 
݂ ൌ ሺതܾ ൅ ܿ̅ሻሺ തܽ ൅ ܿ̅ ൅ ݀̅ሻ 

 
(b) (1p) 

݂ ൌ ൫തܾ ൅ ܿ̅൯൫ തܽ ൅ ܿ̅ ൅ ݀̅൯ ൌ ൫തܾ ൅ ܿ̅തതതതതതത൯ ൅ ൫ തܽ ൅ ܿ̅ ൅ ݀̅തതതതതതതതതതതത൯തതതതതതതതതതതതതതതതതതതതതതതതതതതത 
 

 
 
Grouping ones: 

 ݂ ൌ ܿ̅ ൅ തܽ തܾ ൅ തܾ݀̅ ൌ ܿ̅ ൅ തܽ തܾ ൅ തܾ݀̅ധധധധധധധധധധധധധധധധ ൌ ܿ̅ ൅ ሺܽ ൅ ܾതതതതതതതሻ ൅ ሺܾ ൅ ݀തതതതതതതሻധധധധധധധധധധധധധധധധധധധധധധധധധധധധ ൌ 

 

 
  



 

 

 
7.  

Solution:  

(a) (1p)     before:  (b) after: 
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(b) (1p) 

ܻ ൌ ܣ ∙ ܤ ൅ ܥ ∙ ܦ ൅ ܣ ∙ ܥ ൅ ܣ ∙ ܣ the gate for)  ܦ ∙ ܤ ∙  (is no longer needed ܥ
Both terms needed for full points. 

(c) (1p) for the circuit 

Part 3 

8.  
Solution: (2p) 
 

 
 

9.   
(1p)  
 
   
Present State A=0 A=1 
q2 q1 q0 Q2 Q1 Q0 Q2 Q1 Q0 
0 0 0 - - - - - - 
0 0 1 0 0 1 0 1 0 
0 1 0 0 1 0 0 1 1 
0 1 1 0 1 1 1 0 0 
1 0 0 1 0 0 1 0 1 
1 0 1 1 0 1 1 1 0 
1 1 0 1 1 0 0 0 1 
1 1 1 - - - - - - 
 
 



 

 

(2p) 
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0 1 d d

 
 

ܳ2 ൌ ଵݍଶݍ ൅ ܣଶݍ ൅  ܣ଴ݍଵݍ

ܳ1 ൌ ܣଵݍ ൅ ଴ݍଶݍ ൅  	ܣ଴ݍଵݍ

ܱܴ	ܳ1 ൌ ܣଵݍ ൅ ܣ଴ݍଶݍ ൅  	ܣ଴ݍଵݍ

ܱܴ	ܳ1 ൌ ܣଵݍ ൅ ଴ݍଵݍଶݍ ൅  		ܣ଴ݍଵݍ

ܳ0 ൌ ܣ଴ݍ ൅  ܣ଴ݍ
 
 
   
Present State A=0 A=1 
q2 q1 q0 Q2 Q1 Q0 Q2 Q1 Q0 
0 0 0 0 1 0 0 1 1 
0 0 1 0 0 1 0 1 0 
0 1 0 0 1 0 0 1 1 
0 1 1 0 1 1 1 0 0 
1 0 0 1 0 0 1 0 1 
1 0 1 1 0 1 1 1 0 
1 1 0 1 1 0 0 0 1 
1 1 1 1 1 1 1 0 0 
 (1p) 
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10.  
(a) (1p) Tc >= tpcq + tpdAND + tpdAND + tpdAND + tpdXOR + tsetup = 2 + 3 + 3 + 3 + 4 + 3 = 18 ns  
(b) (1p) thold < tccq + tcdXOR : 2 < 1 + 2 
(c) (1p) 

ܳ଴ ൌ ݊ܧ ⊕ ଴ݍ ൌ .݊ܧ ଴തതതݍ ൅ .തതതത݊ܧ  ଴ݍ
ܳଵ ൌ ሺ݊ܧ. ଴ሻݍ ⊕ ଵݍ ൌ ሺ݊ܧ. ଵݍ଴തതതതതതതതሻݍ ൅ ሺ݊ܧ.  ଵതതതݍ଴ሻݍ

ܳଶ ൌ ሺ݊ܧ. .଴ݍ ଵሻݍ ⊕  ଶݍ
ܳଷ ൌ ሺ݊ܧ. .଴ݍ .ଵݍ ଶሻݍ ⊕  ଷݍ

 
Present state Enable=0 Enable=1 
q3 q2 q1 q0 Q3 Q2 Q1 Q0 Q3 Q2 Q1 Q0 
0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 1 0 0 0 1 0 0 1 0 
0 0 1 0 0 0 1 0 0 0 1 1 
0 0 1 1 0 0 1 1 0 1 0 0 
0 1 0 0 0 1 0 0 0 1 0 1 
0 1 0 1 0 1 0 1 0 1 1 0 
0 1 1 0 0 1 1 0 0 1 1 1 
0 1 1 1 0 1 1 1 1 0 0 0 
1 0 0 0 1 0 0 0 1 0 0 1 
1 0 0 1 1 0 0 1 1 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 1 
1 0 1 1 1 0 1 1 1 1 0 0 
1 1 0 0 1 1 0 0 1 1 0 1 
1 1 0 1 1 1 0 1 1 1 1 0 
1 1 1 0 1 1 1 0 1 1 1 1 
1 1 1 1 1 1 1 1 0 0 0 0 
 
 



 

 

(d) (1p)

Part 4 
11. (2p) 

SRAM DRAM 
Volatile Volatile 
6 transistors 1 transistor 1 capacitor 
Larger Smaller 
Slightly faster Fast 
No refresh Capacitor needs refresh 
Easily integrated in CPU Needs extra mask layers for buried capacitor 
 

12. (2p) 
Solution: 
Q=0011+Q(prev) 
 
0000  0011  0110  1001  1100 
 

13.  
Solution: 

a) (1p) Seven gate delays. From pin 1, 18, 20 or 22 “B0”-“B3” to pin 14 “A = B” 
b) (1p) NOT: 5, AND: 34, NAND: 4, NOR: 12, XOR: 8 (63) 

5x2 + 34x6 + 18x2 + 4x4 + 5x2 + 12x4 + 9x2 + 8x8 = 406 
 
Not gates: 5  2 transistors 
AND (1-input): 5 4  
AND (2-input): 12 6 
AND (3-input): 12 8 
AND (4-input): 4 10 
AND (5-input): 1 12 
NOR (2-input): 5 4 
NOR (3-input): 5 6 
NOR (4-input): 2 8 
NAND (2-input): 2 4 (one OR with inverted inputs counted as NAND) 
NAND (4-input): 1 8 
NAND (5-input): 1 10 
XOR (2-input): 8 8 
5*2 + (5*4 + 12*6 + 12*8 + 4*10 + 1*12) + (5*4 + 5*6 + 2*8) + (2*4 + 1*8 + 1*10) +8*8 = 
406 
 
 
  



 

 

14.  
Solution: (2p) 
 
 

 
(The inverter can be replaced with an XOR between B and S0) 

One point was deducted for solutions with more than one full adder. 
 

15.  
Solution: (2p) 

 
 

 



 

 

 
Z and V cannot be “1” at the same time. Z and N cannot be “1” at the same time too, so they 
are “d” in the K-map.  
 
Based on this K-map, the equations will be: 

ܧܩ ൌ തܸ ഥܰ ൅ ܸܰ ൌ ܸ ⊕ܰതതതതതതതതത 
ܧܮ ൌ ܸ ഥܰ ൅ തܸܰ ൅ ܼ ൌ ܼ ൅ ሺܸ ⊕ܰሻ 

ܶܩ ൌ തܸ ഥܼܰ̅ ൅ ܸܰ 
ܶܮ ൌ ܸ ഥܰ ൅ തܸܰ ൌ ܸ ⊕ܰ 

 
 


