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What kind of flip-flop is the most popular component to compose a register? ©SR @D ®JK @T

1.
2 What kind of flip-flop is the most popular component to compose an asynchronous counter?
OSR @D ®JK @T -

) 3. Compared with a synchronous counter, which one is the main weakness of the asynchronous
counter? @longer delay @larger cost (area) ®@larger power consumption @more difficult to
design

) 4. What kind of storage component usually merges the input data bus and output data bus into a
bi-direction 1/0O bus to reduce the number of 1/0 pins? ORegister file @ROM @RAM @FIFO

) 5. How many address lines are required in a 16Mx16 RAM? ©16 ©20 ®24 ®28

) 6. The BCD counter can be achieved by a 4-bit up/down counter with parallel load. The ‘0’ must be
loaded when count direction is down and counter content is 9.

) 7. To extend the address space (increase the number of memory words), a larger RAM can be
composed of some smaller RAMs with parallel connection (& 55).

) 8. Compared with RAM, register file has shorter access time and smaller capacity (memory words).

) 9. The control unit in a digital system is a sequential circuit and it can be regarded as a finite state
machine (FSM).

) 10. The datapath in a digital system is a combinatorial circuit.
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4.
5.

. Derive (a) excitation equations, (b) a next-state equation, (c) a state/output table, and (d) a state diagram

for the circuit shown in Fig. 1.  (18%)

. Using the synthesis procedure for FSM models, design a synchronous counter that counts in the sequence

0,1,3,5,0,1,3,5, ..., using natural binary encoding as shown in Fig. 2 and: (a) D flip-flops (b) JK
flip-flops.  (18%)

. Design a 4-bit register that can load new data and swap the most-significant and least-significant bits as

shown in Table 1. (10%)
Construct a 4-bit asynchronous counter using: (a) T flip-flops (b) D flip-flops. (12%)

(1) Please fill in the blanks in Table 2 with the control words of one’s counter example.  (14%)

(2) Please describe the operation of the datapath shown in Fig. 3 to perform Ocount := 0 and Ocount :=
Ocount + Temp.  (8%)
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Fig. 1
Control Write Read Read ALU Shifter
Words |E address address A address B operation operation OE
1 1 R1 X X X X 0
@ @ 2 0 R3 RO RO add pass 0
3 0 0
4 0 0
@ @ s | o DI o
Fig. 2 6 | o 0
7 0 none R3 0 add pass 1
Table 2
Inport
R | 1. Data := Inport Data => R1
I | | 2. Ocount:=0 Mask => R2
| ! 3. Mask:=1 =
P 0 ; Ocount => R3
194 S % Mux : while Data := 0 repeat Temp => R4
| l | 4. Temp := Data AND Mask
i 13 I 5. Ocount : = Ocount + Temp
16-18 5 we : 6. Data := Data >> 1
155 8xm . end while
clk —p Register | 7. Output := Ocount
'3 File !
12-14 §——{ RAA RAB :
11 3 REA REB :_I : S, 8; 8y | Shift Operations
1 7
8'19 — : 00 0 pass
0 0 1 ass
| Bus A Bus B ' p
| | 01 0 not used
6—M A B | 01 1 not used
5 S1 ALU I 1 0 0 shift left
45— 10 | 1 0 1 rotate left
| | 1 1 0 shift right
: ngn 0 : 1 1 1 rotate right
I l
1 1
3Im——S: I IR | M 5,5, | ALU Operations
e Shifter .
11 I 0 0 0 | complement A
! R : 0 0 1 AND
: esult Bus | 01 0 EX-OR
| | 0 1 1 OR
0 i : 1 0 0 decrement A
———————————— F- e 10 1 add
outoort 1 1 0 subtract
utpor 1 1 1 increment A

Fig. 3




