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

Part 1

Solution:

(a) 2p)

Z=(1)0111 0111, overflow

(b) (2p)

W=0000 1100 1101 0110 = 0x0CD®6 (-106 x -31 = 3286)

Not correct: (1000-0011-1101-0110): 83D6

The signs must be removed before the bitwise multiplication is performed

. (2p)
Solution: Y = A+ B
ABY
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. p)
Solution: f
a|b|c |f
010 |0 10O
00 |1 |1
01 |0 |1
0|1 |10
110 |0 |1
110|110
11110 (0
111 |1 |1
. 2p)
Solution: YES it can be an inverter
Vout
54
VOH
4__
3__
2__
Voo 14
: i ! Vin
0 4 5

i
1 2 3
V. Vv

VIL = 22, VIH = 3, VOL = 12, VOH = 45, NML = VIL — VOL = 1, NMH = VOH - VIH =1.5
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Part 2

Solution:

(@) (1p)
BCD
0399190 A B C D E F G
0000 O O O O O 0 1
o001 1 0 01 1 1 1
0010 O O 1 0 O 1 O
0011 o0 O O O 1 1 O
01001 0 01 1 0 O
0101/0 12 0 O 1 0 O
0110/0 12 0 O 0 0 O
o111/0 0 0 1 1 1 1
10000 O O O O O O
1001,0 0 O O 1 0 O
1010/,0 0 O 1 O O O
10111 1 0 O O O O
11000 1 1 0 0O O0 1
11011 0 0 O O 1 O
11100 1 1 0 0 O O
11110 1 1 1 0 O O
(b) (2p)
E G
q392 4342
100 00 01 11 10 q1do 00 01 11 10
oo [1] o o 00 m 0 0
afgle] o (1] a LLJ o 0 o
11 L_l/ 0 0 1 0 0 0
100 0 0 0 0 10 0 0 0 0
E = 4390 + 439291 + 429190
G = G392G: + 43929190 + 93929190
(c) (1p)

E =q390 + 439291 + 424190 = 4390 + 939291 + 429190 = 4390-439291- 329190
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(d) (1p)

Solution:

(a) (Ip)

(b) (Ip)

Grouping ones:

f

D
)

00
01
10
11

ds g2

di1-g
doQ

14
o

d1 00
} 01 g
o 10
D=
a3 92

f=Mm+o)(a+c+d)
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f=b+c)(a+c+d)=(b+¢)+(a+c+d)

¢+ ab + bd
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=c+ab+bd=c+(@a+b)+(h+d)=

Q.



Solution:

(@) (1p) before: (b) after:
AB AB
CD 00 01 11 10 CD 00 01 11 10
'S YT
o 0 | 0 |1 m © 0| 0 :1 1:
o1 O 0 1 w o1 0 0 1
| |
oG ao] g sl
100 0 0 i} 0 10 0 0 &) 0

(b) (1p)

Y=A-B+C-D+A-C+A-D (the gate for A- B - C is no longer needed)
Both terms needed for full points.

(c) (1p) for the circuit

Part 3

Solution: (2p)

clk | | | |_| |_| I_l I_I
I R I Y B Y
Qg4 |
Q¢r, j | |
(1p)
Present State A=0 A=1
g2 [ql |90 ]1Q2 QI Q0[Q2]Ql Q0
O |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)

Q2 Ql

291 d201
00 00

01 11 10 QoA
()
00 0 0 {1 1 00

doA 1. 10

E
o1 0 0 0 1 01 |1 0
n oo [1]1]f1 u 1] 0 | o

0 (1 ﬂ
— T

o = o o

100 0 0 1 1 10
I I
Q2 Q1
qOA qu
0201 00 01 11 10 0201 00 01 11, 10
o0 d d 0| 0 0o d d LLJ 0
o1 O 0 1 0 01 f 1 0 F_
_ ull
1) 1 0 d d 1) 1 0 d b
P — —
10 IJ 1 1 \1 ’ 100 O 0 m 0

Q2 = CIzal + CI2Z + 41904
Ql=q,A+ 4,9, + 9,904
OR Q1 = 1A + q,q,A + q,q0A
OR Q1 = q1A +q,q:q, + q,q0A
Q0 = qoA +q,A

Present State A=0 A=l

g2 |ql |0 ]Q2]Q1 | Q0JQ2[Q1]|Q0
0O [0 [0 |0 1 0 |0 1 1
O (0 |1 JO |O 1 0 1 0
O (1 |0 |]O 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)

Qo0
201
oA 00 01 1 10
00| 0 0 0 0
o111
1 0 0 0 0
o]t 1]
Qo
0oA
9,91~ 00 01 1 10
Y —
oo d d 0 1
o1 O 1 0 1
11 0 1 d d
10 0 1 0 1
—/ —/




| A=0

Qo =En®qo=En.q, + En.qq

(@) (1p) Tc >=tyeq + toaanp + tpaanD + tpaaND T tpaxor + tsewp =2 +3 +3+3 +4 +3 =18 ns

(b) (lp) thold < tccq+ tedxoR - 2<1+2

(¢) (1p)
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Enable

Q0| Q3|Q2]|0Q1

Q3 = (En.qo.91.92) D q3

0

Enable
q01Q31Q21Ql

Present state
g3 192 | ql




1.

12.

13.

(d) (1p)

En=1
Part 4
(2p)
SRAM
Volatile
6 transistors
Larger
Slightly faster
No refresh
Easily integrated in CPU

(2p)
Solution:

Q=0011+Q(prev)

s

En=0 En=0 En=0 En=0 En=0 En=0

En=0 En=0 En=0 En=0/ ¥ En=0/ 3 En=0/ ¥ En=0/
En=1 En=1 En=1 En=1 En=1 E

En=0

En=1

n=1

DRAM

Volatile

1 transistor 1 capacitor

Smaller

Fast

Capacitor needs refresh

Needs extra mask layers for buried capacitor

0000 - 0011 = 0110 - 1001 = 1100

Solution:

a) (lp) 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

AND (1-input): 5
AND (2-input): 12
AND (3-input): 12
AND (4-input): 4
AND (5-input): 1
NOR (2-input): 5
NOR (3-input): 5
NOR (4-input): 2
NAND (2-input): 2
NAND (4-input): 1
NAND (5-input): 1
XOR (2-input): 8

2 transistors
4

6

8

10

12

4

6
8
4 (one OR with inverted inputs counted as NAND)
8
1

0
8

5%2 + (5%4 + 12%6 + 1248 + 4%10 + 1¥12) + (5%4 + 5%6 + 2*8) + (2*4 + 1¥8 + 1¥10) +8*8 =

406



14.
Solution: (2p)

A B
N
N
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N
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N N N N

11 10 01 00
2 S1:0

IN
Y

(The inverter can be replaced with an XOR between B and So)
One point was deducted for solutions with more than one full adder.
15.
Solution: (2p)
() GE=N®@V
LE=Z+(NDYV)
GT=LE=Z(N@®V)
IT=GE=N@V

(b)
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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:
GE=VN+VN=VE®N
LE=VN+VN+Z=Z+({VE&®N)
GT =VNZ+VN
LT=VN+VN=V®N



