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QOutline

* What we know

— Combinational Networks
« Analysis, Synthesis, Simplification,
Building Blocks, PALs, PLAs, ROMs

— Sequential Networks: Basic Building Blocks
* What we do not know

— Design: Mealy, Moore

— Sequential Network Timing

— Setup and hold times

— Max clock frequency
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Sequential Networks

* Have memory (state)

— Present state depends not only on the current input,
but also on all previous inputs (history)
— Future state depends on the current input and state

X =X Xopeeo Xy
Q=Q;Qy.. Q«
— Z= T Ly 7m e ——
X 7 7
Xo » "2,
Q
X, L - Flip-flops are
™ commonly used as
Z(t)=F(X(1),Q(t) storage devices:
O(tr)y = GLX () O(t) D-FE, JK-FF, T-FF
< \ 7 AY C-/T )V 77
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Review: Clocked D Flip-Flop with

—Rising-edge-Frigger————|
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CLH b /'a'l' = D
Next state

The next state in response to the rising edge of the
clock is equal to the D input before the rising edge
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Review: Clocked JK Flip-FInp

J H a | a*
] ] [ [
o' Q [t ] 1 1
FF [ 1 0 [
CK 1] 1 1 [1]
1 o 1] 1
= Pt d 1 o 1 1
| T | 1 1 ] 1
1 1 1 a

/ +
v = JO' + K
Next state Q Q Q
JK =00 => no state change occurs
JK =10 => the flip-flop is set to 1, independent of the current state
JK =01 => the flip-flop is always reset to 0

JK =11 => the flip-flop changes the state Q* = Q’
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Review: Clocked T Flip-FInp

a a
I |
FF
A
I |
CLK T

v
Next state oMb Dt

T =1 => the flip-flop changes the state Q* = Q'
T =0 =>no state change
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Review: S-R Latch, Transparent D-Latch
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a*= DG + G'0 + (D)
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Mealy Sequential Networks

General model of Mealy Sequential Network

finpicts | ) —— i (PR S ()
Combsinaticnsl R
Ratwark St
— i Saate
Fag
check

(1) Xinputs are changed to a new value
(2) After a delay, the Z outputs and next state appear at the output of CM
(3) The next state is clocked into the state register and the state changes
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An Example: 8421 BCD to Excess3 BCD

X —z—
1 Q
sy ¢

t3 t; t 16 t3 t: tt 16
P P P o o o 1 4
g g 9 1 o 1 o o
© © + € € + € +
© © + + & + +
g 1 g o o 1 1 1
P 4 P 1 1 o o o
© + + © + © © +
© + + + + € + €
+ © © & + © + +
1 g g 1 1 1 o o
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State Graph and Table for Code Converter
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State Aqqignmpnt Rules

Ak e The Te rend SL00E (WG] for B gram (Rl shoukd De qiven adisoesi
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Transition Table

| s
[ |'.-.'| Am] | Wud Hw] -]
=1 | %1 1 a []
A Rl & L] ]
s2fsa s34 @ L 1
sl= B 1 1
05 s L] -]
5 | =0 SD E 1 1
e & -
A o wmnd | om0 om
50 =80, &1 = 103, 53 = 101 53 = [L], 54 = 110, 55 = 211, &4 = 013
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K-maps
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Realization
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Sequential Network Timing

« Code converter N -+ 1

I I el T
— X'=0010_1001 => ] e ﬁ?'.;“ i -.‘_;r-::ﬁ
Z=1110_0011 v W] '~;gﬁ_. T [y
Changes in X are not synchronized with  tz------| s [z .‘ig}:
active clock edge => o] - e
glitches (false output), e.g. at tb i ._*{,ﬁ}w {a—

et

ik
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Sequential Network Timing (cont’d)

Timing diagram assuming a propagation delay
of 10 ns for each flip-flop and gate
(State has been replaced with the state of three flip-flops)
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Setup and Hold Times

« For a real D-FF

— D input must be stable for a certain amount of time
before the active edge of clock cycle => Setup time

— Dinput must be stable for a certain amount of time
after the active edge of the clock =>Hold time
« Propagation time: from the time the clock changes to the
time the output changes

L [ 1 05 ]
i [ | [ | [
a Toth a ekl
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Maximum Clock Erequency

tc max - Max propagation delay through the combinational network

ty max - Max propagation delay from the time the clock changes to the
flip-flop output changes { = max(tplh, tphl)}

tek - Clock period
Example:
te max +tpmax E'tck - sy
tpmax =15 ns ,ty, =5 ns,
tek ® toemax + tp max * tsu tgae =15 ns
3, - —{n wai
aisd ol te =2%15 +15 + 5 = 50 ns
= i am
o o] oy e -l _ 1 _
[  pTEetry  frac S gp-= 20 MHz
# e e ""“"'..’". D
il 1 Pl
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Hold Time Violation

« Occur if the change in Q fed back through the
combinational network and cause D to change too soon

after the clock edge
s 0 | L [t .

|
x L i = hr Powsia

—
L TP

Hold time is satisfied if:
tp min *tlemn * th

o
What about X?

Make sure that input changes propagate to the flip-flops inputs
such that setup time is satisfied.
tX 3 tCX max +tSLI
Make sure that X does not change too soon after the clock.
If X changes at time ty after the active edge, hold time is satisfied if
tv 3 th - tr min
03/06/2003 UAH-CPE/EE 422/522a AM 19

Moore Sequential Networks

Outputs depend only on present state!

X'=Xg Xoew %o
Q=0Q; Q.. Q¢
2=2,2,...2y
Xy = =7,
X, T = S, 2,
Q
%, " "z
Z(t) = F(Q(t))
Q(tT) =G (X (1),Q(t)
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General Model of
ol i

Outputs depend only on present statel

Combinational »
Nework | Qutputs(Z)
Next
|nm>(! State. State(Q)
»| Combinational > St.ate
Network Register
»> >
Clock
X =X; Xper X Q(tY)=G(X (t),Q(t))
Q=0Q,Q,..Qx

Z(t) = F(Q (1))

2=2,2,... 2,
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Code Converter: Moore Machine

Start @
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Code Converter: Moaore Machine

Do we need state SO?
How many states does Moore machine have?
How many states does Mealy machine have?

03/06/2003 UAH-CPE/EE 422/5224 AM 23

Moore Machine: State Tahle

PS NS z
=0 K=1

IS0 [s1  [s2 0

51 I3 54 1 /

I52 54 IS5 0 /

B3 6 57 1]

IS4 57 [s8 [o \

IS5 |57 [S8 1 Y

S6 |S9 $10 [0 o

157 59 $10 1

IS8 10 |- 0 Note: state SO could be eliminated

S ST |52 0 (S0 == S9), if S9 was start state!
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Moore Machine Timing

*+ X=0010_1001 =>Z =1110_0011

Moore . | |

'"'_l_ 1 I_I l__I_L_| e L
Mealy U | X L
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State Assignments

Guidelines to reduce the amount of combinational logic Bs Tw
= 1
T b i "
bt Y L.
1 s U ot il i o S b i A E
Rule I: (S0, S9, S10), (S4, S5), (S6, S7)
Rule II: (S1, S2), (S3, S4), (S4, S5), (S6, S7), E b
(S7, S8), (S9, S10) EF
Rule I11: (S0, S2, S4, S6, S8, S9) ko dio
(S1, S3, S5, S7, S10) Q2 dio
00 01 11 10
Q3Q4 10 -
00 10 k8 1
S0 - 0010
S1- 0111 o1 ks do =
S$10 -0100 11 S s[4
10 [0 |2 57 s
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Moore Machine: Another Example

A Converter for Serial Data Transmission: NRZ-to-Manchester
« Coding schemes for serial data transmission
— NRZ: nonreturn-to-zero
— NRZLI: nonreturn-to-zero-inverted
« 0ininput sequence — the bit transmitted is the same as the previous bit;
« 1ininput sequence — transmit the complement of the previous bit
— RZ: return-to-zero
* 0-0for full bit time; 1 — 1 for the first half, 0 for the second half

— Manchester
bl e 0 i i 1 '] a 1 1

e R A : .
wel Py freld
e L 0 4 e GEGED o
] 0 8 i o 3 e O

Jen] -
03/06/2003 UAH-CPE/EE 422/5228 AM 27

Moore Network for NRZ-to-Manchester

X
NRZ data ———m Conversion | 2
¢ : o Netwark [ ™ Manchester data

Pt

X (KRZ} - 0 H [E B

8 iy

CLOCKE
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i
NRZ data ———= Conversion | Z
CLKZ — wl  Network = Manchester data

Prasant Next Stata Prasant

State | X=0 X =1 | Gutput (Z
R T F‘h.. {}
54 52 -
, Bz | 54

el

23
Sq - Sp
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Qynr‘hmnnuq Dpcign

« Use a clock to synchronize the operation of all flipflops,
registers, and counters in the system
— all changes occur immediately following the active clock edge
— clock period must be long enough so that all changes flip-flops,
registers, counters will have time to stabilize before the next active

clock edge
« Typical design: Control section + Data Section
Clock Lata
| in
Y | i Y )
Bsrcimed | Cantrol Data registers
gt I ONTROL Fgrits nata | Arthmetic Units
TMlsEcTion |, |SECTION| Counters
Condition Buses, Muxes, ...
Sequential machine 1 Skgnals
to generate control signals Diata
-te-eentrolthe operation of data section Gut
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An Example

« Data section // s=n*(n+a) //
R1=n, R2=a//R1l=s

« Design flowchart for SMUL
operation

« Design Control section Lo Lo

« SOS1F 16 16
0 0B —

0 1 B-CO 1
1 0 B+CO o RN
1

he oLy

o
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Timing Chart for System with
Falling-edge Devices

e Chiaage ke He -
- e
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Toch 8 r—l i |_|

- 7 o L) Clack -
s % .. R :E}-—? oK
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() Faling-edige device

[k Rimimg-ed ge device
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Timing Chart for System with

S CREYH rdised TRiE
| I!_“"-\-

Principles of Synchronous Design

¢ Method

Chsk — All clock inputs to flipflops, registers, counters, etc.,
Switcting o I'I I'I are driven directly from the system clock or from the
Tranawans . .
e ] clock ANDed with a control signal
LT e 1] :I_D—U_ ReS |t
Py 1 i .
oo mf] sl 1 u

1 } — All state changes occur immediately following the active
0 edge of the clock signal
— + Advantage
Figiin 108 Giamimn Dirsgn . . . . . .
e st i nable — All switching transients, switching noise, etc., occur
tws -y Loy a1— st bt:tr\?;i?at::eclock pulses and have no effect on system
| =t PRI S p
03/06/2003 UAH-CPE/EE 422/522a AM 33 03/06/2003 UAH-CPE/EE 422/522a AM 34
Asynchronous Design To Do
« Disadvantage - More difficult ¢ Read
- Problems S — Textbook chapters 1.6, 1.7, 1.8, 1.10, 1.11, 1.12
« Race conditions: final state depends on the order in which variables
change
* Hazards
— Special design techniques are needed to cope with races and
hazards

* Advantages = Disadvantages of Synchronous Design
— In high-speed synchronous design propagation delay in wiring is
significant => clock signal must be carefully routed so that it reaches
all devices at essentially same time

— Inputs are not synchronous with the clock —
need for synchronizers

— Clock cycle is determined by the worst-case delay
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