Lecture 11 Registers and
Counters

 Registers can be formed by a group
of D flip-flops with a common clock.
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Data Transfer btw
Reqgisters

» Bus Is a group of wires.
e Load: write control

| FF
Register A =
flip-flops A, and 4
Y o e E b
Register B = '
flip-flops B, and B,
| FF y ! B
Register () = D FF
flip-flops 0, and 0, .

FF
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Register with Tri-State
Output

 Physically connected, electrically
disconnected.
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Tri-State Bus

» Physically connected, electrically
disconnected.

Register Register
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Accumulator

« Accumulator Is a register. One
operand Is In the accumulator.

 Ad signal is used to load the adder
outputs into the Acc FF on the rising
clock edge.
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An Accumulator Cell

How to load the first operand?

_d Is used to select y which is
oaded into the accumulator flip-flop.
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Shift Registers

 Right shift

* When enabled, shift occurs on the
rising edge.
— The output loaded into each FF is the

value before the rising clock edge
because of the propagation delay.

(a) Flip-flop connections
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(b) Timing diagram



Shift Register Timing

» The output loaded into each FF is the value
before the rising clock edge

 Ifinitial value = 0101, and serial input =
1101, then 0101 -> 1010 ->1101 ..

8-bit Serial-In, Serial-Out
Shift Register
A

(a) Block diagram
1 2 V™Y 5 o6 7
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(b) Logic diagram
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Parallel-

IN Parallel-out

Right Shift Register

e All 4 bits can be loaded or read out
at the same time.
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4-bit Parallel-In,
Parallel-Out
Shift Register
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(a) Block diagram
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(b) Implementation using flip-flops and MU Xes



Parallel-1n Parallel-out

Right Shift Register

— Next state table

— Next state equation

TABLE 12-1

Shift Register
Operation

Inputs Next State Action
Sh(shift) L(oad) | Q" Q" 0 Q
0 0 & Q Q Q | nochange
0 1 D, D, D Dy | load
1 X S Q @ 0 | rightshit

Q,* =sh’L’Q, + sh’L.D, + sh.SI
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Shift Register with
Feedback

Initial state = 000

After the rising clock edge, the state
Is 100

If the register Is in 010, the next state
IS 101. Not in the main loop.

This IS a counter.

v pd s g

(a) Flip-flop connections (b) State graph
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Synchronous Counter

« Synchronous counter
— FFs are synchronized by a
common input pulse.
« Example: Construct a binary
counter using three T FF to
count pulses.

— 000, 001, 010, 011, 100, 101, 110,
111, 000 .....
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Synchronous Binary
Counter

- 000, 001, 010, 011, 100, 101, 110,
111,000 ..... T, Tg, Ta

A changes whenever a rising clock edge
occurs.

« B changes when A = 1.

« CchangeswhenB=1and A=1anda
rising clock edge occurs.

}
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Synchronous Binary
Counter

 Using a state table to design the
counter. Whenever A and A* differs,

FF A must change state, thus T, =1
 If B and B* differs, T =1, etc.
« If CBA =011, C*B*A* =100, then T TgT,
=111. (T, =f (A,B,C), etc)
« Thatis, if T FF changes state (Q* #Q), T

must be 1.

TABLE 12-2 Present State Next State Flip-Flop Inputs
State Table C B A | C B AT ~ Tc Ty Ta
for Binary " A 4
Counter i B 7 0 ] ,

. 0 1 0 1
1
1 N 1 0N 1 ) 1



Synchronous Binary
Counter con)

o T, Tg, T4 (flip
flop Inputs) as
function of A,B,C \c¢ c

BA BA

— Because we have A, B,
C astheyare, Ty, T, 0o o 0

T are the results of
(A,B,C) in order to get 0|0 (1

what we want in A*, B,
C*). Therefore T,, Tg, /[0 [ 1 .

T are functions of A,
B C. o {0 0

— Consider Ty, Tg, T as T I
multiple output

— From K-map : T-= BA,
Tg=ATar= 1
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000 to 111 counter

 Use D FFs

c D,=A"=A"

« Dg=B"=Bxor A

« D.=C"=Cxor BA

« B changes state when A=1

« C changes state when AB =1

TABLE 12-2 Present State Next State Flip-Flop Inputs

StateTable € B8 A Te To Ta
for Binary 0 0 0 0 1
Counter i B i 1 1
) 1 0 0 0 1
0 | | | ]
1 0 0 0 0 |
1 1 |
1 1 0 0 0 1




Binary Counter with D FFs

DA =A"=A’=1xo0r A
D = B" =B xor A

D = C*=C xor BA
— C changes state when AB =1

L g UI0OCK
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Up-Down Counter

State transition
Use D FFs

U and D can not both equal 1 at the same
time.

For D=1, B changes state when A =0
For U=1, B changes state when A =1

CBA C'B*A"

U D
000 001 11
001 010 000
010 011 001
011 100 010
100 101 011
101 110 100
110 11 101
11 000 110
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Up-Down Counter

« Construct a truth table

« A* =function (C, B, A, U, D)
— Then simplify this function for A*

e Or observe the table:

— WhenU=1orD=1,A*=A’. WhenU=0,D
=0, A remains unchanged. Thus A*=A"U +
A’D + AUD’

— OrA*= A’(U+D) + A(U+DY’

— U=1orD=1,A*=A".U=0and D=0, A* =

CBA C'B*A”
U D
000 001 11
001 010 000
010 011 001
011 100 010
100 101 011
101 110 100
110 111 101
111 000 110




Up-Down Counter

Dp =A™= Axor (U+D)

D = B*=B xor (UA + DA”)
D-=C"=Cxor (UBA +DB’A’)
Homework: find B* and C".

o
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gl

When D or
U =1, change

State.

Chap 12
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_oadable Counter

When Load (Ld=1), data is loaded
Into the counter on the rising clock
edge.

When Ct = 1, the counter Is
Incremented on the rising clock edge.

I'N‘ N Lo Ct | C B A
el 0 0 X X [0 0 0
O~ (N 1 X | D D D (l0ad)
— >
) 0 01 C B A (no change)

(.Jk I.’* ! Present state + 1
(1) / ()

Ld’Ct changes state.
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|_oadable Counter

When Ld=1, Dins are selected and clocked
In since the output of each AND gate is 0.

When Ct =1, Ld=0, it becomes equivalent
to the UP counter

Dy =A"=<0Ld’.A +Ld.D,;J xor Ld’.Ct
Dy = B* =(Ld’.B + Ld.Dgy,) xor Ld’.CtA
D, =C"=(Ld’.C + Ld.D¢; \xor Ld’.CtAB

Ld’.Ct



Counters with Non-
Binary Sequence

» State graph
— The next state of 000 is 100.
— 001 has no next state from the graph.

FIGURE 12-21

(000
State Graph for /( )\ "
> g, P .
Counter '\:Ul l/- \lnu/f
\

YN e j ’
(010)=—111)

TABLE 12-3 Cc B A | C B A
State Table for 0 0 O I 1 o0 o
Figure 12.21 :
0 O | -
O 1 0 0 1 1
O 1 1 0 0 0
1 0O O 1 1 |
1 0 1
1 1




Counters with Non-
Binary Sequence con)

 Alternatively, we use
 Next-state maps (Q*) to find T, Tg, Ta.

 In C* map (000), when C =0, C*=1,s0 T
= 1. T =1 whenever Q* £ Q.

C v ¥ (&) C
BA BA BA

0

=
XS | X | =

-S| X| S

1
X
1
X

=
X| | X | =

0

c* B* A*

(a) Next-state maps for Table 12-3

C Y ' ( (
BA BA BA
1) 0 o |1 0|1
x| x (X)|(x) X | X
0|1 1) 0 1 '1”|
0 ((x) ol o |x | 1 {( x|~
T¢ Ty Ty
To=C’B’+CB Tg=C’A +CB’ T =B

(b) Derivation of T inputs



Counters with Non-
Binary Sequence (on)

» Using clocked T FF.
— Next-state maps

— T =1 whenever Q* # Q, which
means T = Q* @ Q.

Input for T Flip-Flop 77 T — Q+
Q 0 7§ /
0 0 0
T=0"®0Q
— +)? 1 0 1
T=Q)Y_ ., 71° ¢
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Counters with Non-Binary

Seqguence (cont)

 The resultant circuit and timing
diagram.
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Counters with Non-Binary
Seqguence (cont)

« Summary of procedure

— Form a state table of Q and Q*
— Plot Q* map with respect to Q.

— Plot T map w.r.t Q. To map iIs
formed from the Q* map by
complementing the Q = 1 entries
and leaving Q = 0 entries
unchanged.

— Find input equation of each T
using the T, map.

Chap 12 CH 27



Counter Using S-R FF

« S-R Table

TABLE 12-5
S-R Flip-Flop
Inputs

TABLE 12-6

 Problem ( the same counter)

Get S, from Table 12-5 (c)

(a) (b) (c)
SRQ|Q QQ | SR QQ | SR
000 0 0 0 !00 0 0 0 X
001 |1 0 1 0 1 10
01010 0 1 10 10 01
01110 10 01 . X 0
100 (1 00
101 |1 A 10
110 | - imputsnot
11 11 - allowed

C B A C B Sc| Rc| Ss|Re| Sa | Ra

000 1 0 1 OO0 | X | O] X

0 01 - - X X X1 X | X X

010 0 1 0 X[ X110 1 0

01 1 0 0 0 X 0 1 0 1

1 00 1 1 X110 1 0 1 0

1 01 - - X X X1 X X X

110 - - X X X | X X X

1 3 9 0 1 0 1 X10 0 1




Counter Using S-R FF

« Get K-map ( of S,, Ru, etc) from
state table.
* Problem ( the same counter Fig 12-21)

C C C
BA BA BA
1 |1 10| 1 0|1
X | X X X X | X
00 01 0|0
0| X 1 X 1 X
c?* B* A*
() Next-state maps
C &
BA BA
1 | X) X 1) X ‘
% L3 1:X) xX)| x X |l x| (X | X X | X
X 5 3 X | ,
X: |3 X X X |\ X (1 |(x)
R Se¢ Ry S5 R, Si
Re=A Sce=8B’ Rg=C’A Sg=C Ry=A Sy = CA" + BA’
=A(C + B)
(b) S-R flip-flop equations
| | | | | |
A A ‘ A

T l 1 T 1
I

(c¢) Logic circuit




Counter Using Clocked
J-K FF

 Procedure is similar to S-R FF.

TABLE 12-7 (a) (b) (c)
JKFlipFlop / KQ | @ QQ | JK QQ | J K
Inputs o 0 0 | o o o |[00 0 0 | 0X
00 1 1 10 1 0 1 1 X
010 0 g i (10 1 0 | X1
01 1 0 1 1 11 X 0
100 1 0 1
1 0 1 1 R T
110 1 (00
S 0 1o s o
TABLE128 C B A cr B A Je Kelh K| o Ky
000 1 0 0 {IX ol Xx]| olX
00 1 Lo X1 1X 1 X | %X
010 0 1 1 ol Ixloln|x
01 1 0 0 0 gl X1 %13
100 111 X100l 1%l X
1 0 1 - - R0 A | X
110 - = X% EXIX 1 XX
111 0 1 0 X133 Exred Xty




Counter Using Clocked J-

K FF (cont.)

 Find J-K Input equations

C e
BA BA ‘ BA
1 1 0 1 0 1 |-
X | X X | X X | X
0 0 0 1 0 0
0| X 1 X 1 X |-
Y B* A*
(a) Next-state maps
C C C
BA BA BA
(1] X X (1) X | x (13- X | X
WX | xJ] |rx x || x| x| x x || x x | x
X X x || x 1 x [[x) o B
X X x [(x) X u [{x) x | x
Je Jg Kg J4 K,
Jo=8B K Jg=C Kg=CA Jy=C+B Ky=1
(b) 1-K flip-flop input equations
| | | |
FF FF FF
| |
(¢) Logic circuit (omitting the feedback lines)
Chap 12 CH31




