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Industry 4.0 and Smart Factories




Latch vs Flip Flop
eatwe  llaches  lAphos

Triggering

Structure

Size

Power Consumption

Transparency

Timing Requirements

Suitability for Synchronous Design

Suitability for Asynchronous Design

Level-sensitive (respond to level of
control signal)

Simpler, usually fewer transistors
Generally smaller

Can be lower (especially if the clock
signal is not distributed to every latch)

Transparent when enable signal is
active (output follows input)

Less strict (more forgiving with setup
and hold times)

Can be used but may complicate
timing analysis

Well-suited (no need for a global clock)
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Edge-triggered (respond to changes in
the clock signal)

More complex, usually more transistors
Generally larger

Typically higher due to clock
distribution

Not transparent (output changes only
on clock edge)

More strict (requires careful
management of setup and hold times)

Well-suited and commonly used

Less common due to reliance on clock
edges
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Sequential Logic

e Sequential circuits: all circuits that aren’t combinational
e A problematic circuit:

X > Y > Z >
No inputs and 1-3 outputs
Astable circuit, oscillates

Period depends on inverter delay
It has a cyclic path: output fed back to input
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Synchronous Sequential Logic Design

* Breaks cyclic paths by inserting registers
» Registers contain state of the system
 State changes at clock edge: system synchronized to the clock

* Rules of synchronous sequential circuit composition:
* Every circuit element is either a register or a combinational circuit
* At least one circuit element is a register
* All registers receive the same clock
e Every cyclic path contains at least one register

* Two common synchronous sequential circuits
 Finite State Machines (FSMs)
* Pipelines (Lecture 10)



Finite State Machine (FSM)

e Consists of:

» State register
* Stores current state
* Loads next state at clock edge
* Combinational logic

* Computes the next state
e Computes the outputs

Output Logic

-

.

Combinational
Logic

\

Outputs

J
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Finite State Machine cont...

* Next state determined by current state and inputs

* Two types of finite state machines differ in output logic:
* Moore FSM: outputs depend only on current state
* Mealy FSM: outputs depend on current state and inputs

Moore FSM
CLK

next W K
mputs state state state "Iztplgt outputs
logic 9
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FSM Design Procedure

* |dentify inputs and outputs

 Sketch state transition diagram

* Write state transition table and output table

* Moore FSM: write separate tables

* Mealy FSM: write combined state transition and output table

* Select state encodings

* Rewrite state transition table and output table with state encodings
* Write Boolean equations for next state and output logic

» Sketch the circuit schematic
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Moore FSM Example

* Traffic light controller D | binin
5 g
* Traffic sensors: T,, T, (TRUE when there’s traffic) g | Hal
. Lights: Ly, Ly ° |it
LAﬁ 3L,
* Inputs: CLK, Reset, T,, Tg Lk Academic D) Ave.
* Outputs: L,, Ly | Labs Jﬁ L Dorms
W
Th — TJ%TF —— L4 é Fields
T, — Controller [—— Ly

Reset
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FSM State Transition Diagram

* Moore FSM: outputs labeled in each state

e States: Circles

* Transitions: Arcs T
LA: ye”OW T, — Traffc —— L,
LB: red Ty — Col;:?rgfler — Lg
|
Reset
Dining
Hall
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A LA
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@ opeAeig
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QD
3
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FSM State Transition Table

Current State Inputs Next State

S T, Tg S'

SO 0 X S1

SO 1 X SO
S1 X X S2
S2 X 0 S3
S2 X 1 S2
S3 X X SO

S : Current State
S’: Next State
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w .

§ Dining

s | Hall

Q.

o @LB

LAﬂ oLy
Academic (T, Ave.
Labs @LB Dorms

@

< .

2 | Fields

Reset TA
TA

SO
L,: green
L: red

S1
L,: yellow
Lg: red
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FSM Encoded Transition Table
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SO
L,: green
L,: red

S2
L,: red
Lg: green

O

Current State Inputs Next State
S, S, T, T, S', S',

SO 0 X S1

SO 1 X SO

S1 X X S2

S2 X 0 S3

S2 X 1 S2

S3 X X SO

(11) * (10)
State Encoding
SO 00
S1 01
S2 10
S3 11
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FSM Output Table

Complement property
Replace c+c’ by 1: ab(c+c’) = ab(1).

Current State Outputs
S, So Las Lao Lg, Lgo
SO green red
S1 yellow red
S2 red green
S3 red yellow
Output | Encoding
green 00
yellow 01

Y
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@
FSM Schematic

Next State Current State

\ S S,
) D -

Y
Ta % SY So
r LBl
|
Ts . Reset
Sl So } I—BO

Next State Logic State Register Output Logic

=585, Lar =5
S' =5,5.T,+5,5,7T; Lao = 3150
Lgy =5,

Lgo = 5150
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FSM Timing Diagram

Cycle 2
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noo )
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Mealy FSM Example

 Uwe has a snail that crawls down a paper tape with 1's and 0’s on it.
* The snail smiles whenever the last two digits it has crawled over are

01. ﬁ
* Design Mealy FSM of the snail’s brain. Oké@

* Mealy FSM: outputs depend on current state and inputs =
&
-l
(i
* How many states do we need? =
* How many bits do we need to represent the states? [l
* How many bits do we need for output? =l

17



Mealy State Transition and Output Table

State

Encoding

SO

Current Next
State Input | State Output
So A S' Y
0 0 1 0
0 1 0 0
1 0 1 0
1 1 0) 1

S1

Y
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Mealy FSM Schematic

Next State Equation A
So =A CLK L
|

Output Equation
Y =S,A r
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Mealy Timing Diagram

Mealy Machine

s 77 XS0 S S0 SHE (50 ST
Mealy FSM
e o Mealy FSM: asserts Y

° e immediately when input pattern
1/0 01 is detected



Moore FSM Example
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 Uwe has a snail that crawls down a paper tape with 1's and 0’s on it.

* The snail smiles whenever the last two digits it has crawled over are

01.

* Design Moore FSM of the snail’s brain.

 Moore FSM: outputs depend only on current state

Can we use the same state transition table from Mealy FSM?
How many states do we need?

How many bits do we need to represent the states?

How many bits do we need for output?

2
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Moore Transition Table
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Can we optimize it?

Current

State Inputs | Next State
0 0 0 0 1
0 0 1 0 0
0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1 0 1 0 0

State | Encoding
SO 00
S1 01
S2 10
Moore FSM

S; =S5,5A

So' =A




Moore FSM Output Table

Moore FSM

Current State | Output
S, So Y
0 0 0
0 1 0
1 0 1
V=55

State | Encoding
SO 00
S1 01
S2 10

Y
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@
Moore FSM Schematic

Next State Equations A CLK
|

S5;: =S S S, v

SOI =A_

Output Equation

V=3 > - S So
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Moore and Mealy Timing Diagram

' Cyclel | Cycle2 | Cycle3 | Cycle4 | Cycle5 | Cycle6 | Cycle 7 | Cycle 8 | Cycle 9 | Cycle 10! Cycle 11

Ny N N N N Y Y Y Y N an N 2n\

Reset |
A 0 1 0o | 1 1 N0 /1 1 1
‘ ‘ ‘ ‘ Moore Machine —
S %7 XS0 XS1 XSz Xs1 | X(S2 YS0  1XS1 XSz XS0
Y | |
‘ ; ; Mealy Machine — ; ;
S 22 XSO XS1 XS0 iYs1 Xso XS1 XS0
Y
Mealy FSM

Mealy FSM: asserts Y immediately
when input pattern 01 is detected

Moore FSM: asserts Y one cycle after
input pattern 01 is detected

Reset
0/0

HE

Y
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