Lecture 15 Sequential
Circuit Design

« Example: Code converter

— Put it all together using what we
learn previously.

— Inputs are received according to
time t, t, t,, t5.

Table 161
X Z

Input Output

(BCD) (excess-3)
T Ty Ay s i B I
0000 0011
0 001 0100
0010 0 10 1
0011 0110
0100 0111
0101 1 90 0
0110 1 0 01
0111 1 010
1 000 1 011
1 0 01 1 100
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Code Converter

— State table construction: least

significant bit is received first.
— Att,, starting with B =0, if the

network receives X = 0, we call state D.
This means 00 is received. We should
give Z =1 for input X = 0. (Check
Table 16-1 for all 00s, we have Z=1 at

t).

Table 16-2

For input =
0, output =1
(Check T 16-1 at t,)

State Table for Code Converter

/

Input Sequence
Received
(Least Significant
Bit First)

Present
State

Next Jate

X=0

Present
Output (Z)

X=0

reset
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COd e CO nVG rter (cont.)

— Or construct the state graph first.

« Starting at t;, path 0000 has outputs
0011 as given in Table 16-1.

T W 0 )
0/ l () |/ ( H /
h / 4 0 g g d 0

0 | 0 0 ) , .
% A4 % 0 % /% \% 1Y% % 0
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COd e COnVG rter (cont.)

— State reduction: find the
equivalent states.

Table 16-2
State Table for Code Converter

Input Sequence
Received Present
(Least Significant Present Next State Output (2)
Time Bit First) State X=0 1 X=0 1
ty reset A B C I 0
t, 0 B D F 1 0
1 c E G 0 1
00 D H L 0 1
t, 01 E I M 1 0
10 F J N 1 0
11 G K P 1 0
000 H A A 0 1
001 I A A 0 1
010 J A - 0o -
3 011 K A - 0 -
100 L A - 0 -
101 M A - 1 -
110 N A - 1 -
111 P A - 1 -
Table 16-3
Reduced State Table for Code Converter
Present
Present Next State Output (Z)
Time State X =10 1 X =10 1
to A B C 1 0
t B D E 1 0
C E E 0 1
t D H H 0 1
E H M 1 0
ty H A A 0 1
M A - 1 -




COd e CO ﬂve rter (cont.)

— State assignment

— State Band C, D and E, H and M
should be given adjacent
assignments.

— State A,B,E,M, state C, D, and H
should be given adjacent
assignments. G3. (Output)
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COd e COnVG rter (cont.)

— Find the Q* map, and then the FF

Input equations.

X0, X0,

QQQ3 00 01 11 1) Q2Q3 00 O1 I1 10
o|(1{1|1]1) 00]o0|(1|1)]o0
or{x|1]1]x) ot | x [[1|1] x
Hfofo[0[0 01 |1/ 0
010 (0[]0 X 010 (\1]1)]X

D,=0i=0; D,=03=0,
X0, X0,

0,05 00 luj! 11 10 0,03\, 00 m' 11 10
001 0 w 0 (/I\’ 0 lﬁ 00
0L X010 LX) 0L X |0 (l—ﬂ

o [1]1) 0 oo 1]y
0o |(1) o |X 10 Tﬂ 0| X

J I

D3 =03= 00,05+ X'0,05 + X010
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lterative Circults

« Same operation In each cell.
 Parallel inputs/parallel outputs

« Combinational cells
— Primary inputs X
— Primary output Z,
— Secondary Input a;
— Secondary output a ;4

!
l
Y
!
;




A Comparator

« Compare two binary numbers
— X=XXy...x,and Y =y Y,¥a.. Y,
— The left bit is the most significant bit.
— Comparison proceeds from left to right.
— To the left of cell i, either X=Y, X>Y, or X<Y
These input conditions called S, S, S,

S i, IS output state at the right of cell i with the
input x; y; and the input state at the left of the cell

(S)
)
Statc T&b'@ § Xy 00 01 11 10 L0/
for Comparator ~ y -\
X o) Y N
L[]S
; Y ((;I V U‘:‘ ;
=% cll 1 et T > Qutput > Z,(X < 1)
I [ | | 2 |b | Neb P 4X=1)
| —> o ——> »| work P Z;(.\' S 1)




A Cell Iin the Comparator

TABLE 16-5 8
Transition Table  ab, | xy,=00 01 11 10 2:2,2,
for Comparator 00 | N 01 ,
Ul 01 01 01 01 | 001
10 | 0 10 10 | 100
FIGURE 16-7 hh -
Typical Cell a;b; 0 01, I 10 ab; 00 01 11 10
for Comparator U 1
00| o 1 0 0 00| © 0 0 1
01 0 0 0 0 01 1 1 1 1
11 (; X X X Il X X X X
10 Ll m 1 1 10 0 0 0 0

b;

! ¢

W
(Ii+] = ll"+.\,_\‘ibi
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- ',
b, 1= b+ xy;a;
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v
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End Cells In the
Comparator

 For the left end cell, a,= b, = 0. Can
be used to simplify the equation for
this cell.

« Output Z; (X<Y)=1 (S,=10=a
++1 0 n+1), 11 1S not used.

EIGIHIRE 14-8 \ ¢
HHC'\J[M_ ’ﬂ{u O w_*_] \u”.q.l ”Hﬂ‘l(\
() ] () , b. . 0
b”+| b n+ :

Output Circuit n+l
for Comparator (1) ol 1 0
, T — e e
.\x,1 X (1 | x)
‘\v/ 1 N 2
Zy=ay, Zy=ty by Z3= by




Sequential Circuit

Version

* Inputs are received serially.
« Use the same table (state table)
* The same next state equations.

'y

D-

> 7. (X
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Sequential Circuits Using
ROMSs

 ROM for combinational parts

» 7 states: 3 D FFs =>4 outputs/4
Inputs

Chap 16
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Sequential Circuits Using
ROMSs

 ROM for combinational parts

7 states: 3 D FFs =>4 outputs/4
Inputs
Q+

Y

ROM
16 Words

Y

X 4 Bits

*v Y
N

Y

Address Data

13
bus bus




Sequential Circuits Using
PLAS

For PLA, this table uses 4 inputs/4
outputs, 13 products terms
(excluding xXxxx)

Y

PLA

Y




Sequential Circuits Using
PLAS

» For PLA, this table uses 4 inputs/4
outputs and 7 product terms. (ig 16-2

assignment)
D, = Q 0,
D, =Q, =0,

Dy = Q5 = 0,0,0; + X'Q,0% + X0.0;
Z=X'Q, + XO,

X 0 0 O, Z D, D, D,



PALSs for Sequential
Circuit

* Programmable AND array.
« Q*=D=A’"BQ’ + AB’Q

AN BB QO Clock o
el ‘)—\ s &O P
X ——— ) {
A_; > ¢
R ] | A,
p—
panud | s —

Proerammable AND Array



CPLDs for Sequential Circuit

« CPLD = function blocks + MCs +

AIM + 1/Os + etc
— PLA 1n each function block

— AIM: advanced interconnection

matrix

— Macocell = MUXs + FFs (or latches)
« Dual-edge triggered FF

BSC Path
! Clock and Control Signals
Function Function
Block 1 Block n
10 Pin 3 MC1 MC1
V0 PinE3— MC2 MC2
. 16 FB 16 FB .
i *. * .
L ] L ]
[§) [ ] [ ]
of ® <1 pLA PLA [+ 1 16
Q= . 40 AIM 40 [ d
9 0 S v e [}
[ ] [ ]
[ ] [ ]
[ ] [ ]
. L ]
[ ] L
U0 Pin 33— MC16 MC16
1 16 t Fast Inputs Fast Inputs ’ 16
— B e -

I/O Blocks

—E 3 1/0 Pin
B 110 Pin

—EH 110 Pin

JTAGEI-  BSCand ISP

A



A Macrocell
« CPLD

From AIM
40 Product terms

|

49 P-terms

114 [\ == ToPTA, PTB, PTC of
B0 _2j 47— other macrocells

' tems. || Fast Input
: ' é{tems! | o cte e a?m:‘pu Feedback
| g =2 : | T S: CTEl 1/O Block 10 AIM
| | | ‘ ‘
Ll Y

I T
: l Il PTA —
| I ]y CTS —
] A ) GSR—
1BL M GND—
44 !
(11 '

f OR) 5 7 1 Tol0 Bock
" D4
pTC—ce LFF
AND OLatch
array ggio— Invert clock ok CIDualEDGE o
(-
R
GCK2 — DorTor
I PTA—
PTC CTR— S-R

GSR —
GND —




CPLDs for Sequential Circuit

« CPLD for a Mealy machine

« 4 macrocells
— Two for D FF inputs
— Two for output Z

AIM

FF

FF




FPGAs for Sequential Circuit

« FPGA = configurable logic blocks (CLB)
+ 1/O blocks + (memory blocks + CLK

generators + tri-state buffers)
CLB =LUTs + MUXes + D-CE FFs
* 1/O block = FFs (for 1/O) + tri-state

buffers
couTt couTt
> YB > YB
. o N
G3 >—] SP G3>— SP
LUT Carry & LUT Carry & -
G2 >— Control gE Q e G2 >— Control gE Q 2YQ
Gl >— G >
>RC RC
BY -~ BY >
> XB = XB
N
F4 >— £ >§ A
F3 >— SP F3 > =
LUT Carry & S LUT Carry & D Q S XQ
F2 2 Control 2E Q XQ F2 > Control CE g
F{ > F1 >
. R
BX RC BX c
Slice 1 Slice 0
CIN CIN




FPGAs for Sequential Circuit

« FPGA for a Mealy machine

— FG: functional generator

FGI

),

FG2

D,

FG3

FG4
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Simulations

e Functional level

— Sequence of transfers btw registers,
ALU, memories.

— Verify high level system design
 Logic level

— Logic gates, FF, and interconnection

— Verify logic design and analyze timing
 Circuit level

— Each gate is represented in transistors,
R, C.

— Information about voltage level and
switching speed.

Chap 16

22



Delays

 Unit delay model for simulation at
first.

« Minimum — Nominal- Maximum
delay
 Shaded area indicates that B may

change at any time during this
Interval.




Synchronizer Circuits

— Purpose: Synchronize the inputs w.r.t.

clock.

« X, and X, always change immediately

following the clock pulse.

Shift

clock X
>E> ) R ) R ) 1850 8 5 R 1 sl )

Y

Synchronous
Sequential

Circuit
Inputs are loaded into the shift register
and use the same clock to shift one atatime |, .
[nput
Clock
Xy N
D g X,
Synchronous
Sequential ;
Xy ™D Circuit gk
X . .
i s o s, A
Clock | | i
[nput Xy I I |
Clock R

() Synchronizer circuit (b) Synchronizer inputs and outputs



Synchronizer Circults

— This synchronizer may fail if the
FF enters the metastable state.

« When the signal that is sampled is
not stable for the required set-up
time and hold time. The FF may go
Into a metastable state where the
output will not have a legitimate
high or low value, but in an
Indeterminate region between them.

» The FF can not be guaranteed to exit
the metastable in any bounded time.
But the probability of the FF in the
metastable state decreases
exponentially with time.

e SO, the solution iIs to wait more time
until the output is stable.
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Synchronizer Circults

 This synchronizer will work properly if the period of
metastability is less than the clock period.

— The first output of the D FF may be metastable, it
will not be seen by other logic element until the
second clock, when the second D FF samples the
signal, which by that time should no longer be in a
metastable state. It does not matter whether X, is
delayed for one or two clocks.

Xis ;
X ==—ABs| Oy > D 0 »{ Synchronous
Sequential
Circuit
l—> CK r> CK
Clock —¢ Clock
Input
[ | | | [
1 | ]' l |
| I | |
X ._O__ | | | 10
Clock
| |
| ! T ! I
O | 1 | | |
} i | I }
| | J ] |
Sk | l | | |
X15=0Qs | | 1 | j




