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Prof. YingLi TianApril 24, 2018
 Department of Electrical EngineeringThe City College of New York
 The City University of New York (CUNY)
 Lecture 18: Design Counters using Flips Flops
 1
 EE210: Switching Systems

Page 2
                        

Designing Sequential Circuits Counters A counter is a device which stores (and
 sometimes displays) the number of times a particular event or process has occurred, often in relationship to a clock signal. Synchronous Counters -- all state bits change
 under control of a single clock . Asynchronous (ripple) Counters -- changing
 state bits are used as clocks to subsequent state flip-flops (no clock signal).
 2

Page 3
                        

Synchronous Counters A 4-bit binary
 counter: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, …
 How many flip flops?
 3

Page 4
                        

Synchronous Counters using D flip flops
 4
 DD = DC´ + DB´ + DA´ + D´CBA
 DC = CB´ + CA´ + C´BA
 DB = B´A + BA´
 DA = A´
 Need 12 AND and OR gates

Page 5
                        

5

Page 6
                        

Synchronous Counters using JK flip flops (the Quick method applies
 ONLY to JK flip flop)
 6
 JC = KC = BA
 JB = KB = A
 JA = KA = 1
 JD KD´JD = KD = CBA
 KD
 CBA
 1
 0 10001
 10
 11

Page 7
                        

Synchronous Counters using JK flip flops
 7
 JD = KD = CBA
 JC = KC = BA
 JB = KB = A
 JA = KA = 1

Page 8
                        

Up/Down Counters A control input is
 added so that the counter can count in either directions.
 8
 x = 0, count up.x = 1, count down. 7 -> 0
 0 -> 7

Page 9
                        

Up/Down Counters
 9
 JA = KA = 1
 JB = KB = x´A + xA´
 JC = KC = x´BA + xB´A´

Page 10
                        

Up/Down Counters
 10
 JA = KA = 1
 JB = KB = x´A + xA´
 JC = KC = x´BA + xB´A´

Page 11
                        

Design Counters -- Example Design a decimal counter that goes through
 the sequence: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, repeat.
 How many flip flops are needed? Then create the truth table. Get the function expressions Draw the circuit diagram
 11

Page 12
                        

Design Counters -- Example The truth table
 12
 x x x xx x x xx x x xx x x xx x x xx x x x
 00
 0 -> 11 -> 2

Page 13
                        

Design Counters -- Example Using JK flip flop
 13
 Need a volunteer to do the design!

Page 14
                        

Design Counters -- Example Using JK flip flop
 14
 JD = CBA, KD = A
 JC = KC = BA
 JB = D´A, KB = A
 JA = KA = 1

Page 15
                        

Asynchronous (Ripple) Counters Asynchronous (ripple) Counters -- changing state
 bits are used as clocks to subsequent state flip-flops (no clock signal).
 15

Page 16
                        

Asynchronous Counters
 1600 01 10 11
 The flip flops (BA) go through the sequence 00, 01, 10, 11, and repeat (counter).
 If J=K=1, it behaves like a T flip flop.

Page 17
                        

Practice: Design Counters (P442 Example 7.7)
 Design a counter that goes through the sequence: 0, 3, 2, 4, 1, 5, 7 and repeat.
 How many flip flops are needed? Then create the truth table. Get the function expressions Draw the circuit diagram1 volunteer to create the truth table !
 17

Page 18
                        

Practice: Design Counters (P442 Example 7.7)
 The truth table: 0, 3, 2, 4, 1, 5, 7 and repeat
 18
 0 -> 31 -> 52 -> 43 -> 24 -> 1
 7 -> 0
 Volunteer 1: Get the function expressions by using D flip flops!Volunteer 2: Get the function expressions by using JK flip flops!

Page 19
                        

Using D Flip Flops (P442 Example 7.7)
 19
 D1 = q´2q3 + q2q´3
 D2 = q´1q´2q´3 + q´1q2q3 + q1q´2q3
 D3 = q´2

Page 20
                        

Using JK Flip Flops (P442 Example 7.7)
 20

Page 21
                        

Using SR or T Flip Flops (P442 Example 7.7)
 21
 q* = S + R´q

Page 22
                        

Using SR Flip Flops (P442 Example 7.7)
 22

Page 23
                        

Using T Flip Flops (P442 Example 7.7)
 23

Page 24
                        

Practice by yourself: q1 using D Flip Flop, q2 using SR, and q3 using JK Flip Flop for Example 7.7 (p442)
 24

Page 25
                        

Announcement Read Chapter 7.4 Next Class:
 Derivation of State Tables Final Exam:
 Time: Thurs. May 24, 10:30am–12:45pm Location: SH 209 Can bring 2-A4-Pages of notes
 25
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