
Synchronous 

sequential 

circuits 
(FSM)

CSD – Chapter 2. 

Designing synchronous sequential circuits in VHDL (Concept map)

FSM for a large number of states

 state_type, next_state  Std_logic_vector

FSM state enumeration (labels)

 current_state, next_state  State_type

Symbol

Specifications and user point of view

Design plans using VHDL flow: 

engineer’s job and point of view

Plan X (common circuits and applications   P6)

Plan Y (large counters, registers   P7)

Building blocks

Plan C2 (the same design strategy in Chapter 1  P7,P8)

Hierarchical design using 

COMPONENTS & SIGNALS

Flat 

design: 

a single 

VHDL 

file

Function table

Definition, algorithm, 

other high-level 

description

Examples of 

commercial chips

How to expand it?

How to design it? 

(using VHDL tools)

Timing diagram

Special inputs: CLK, CD 

Multiple 

VHDL 

file 

design

Related to VHDL SYNTHESIS

Related to VHDL SIMULATION

Circuit.vhd

Circuit_tb.vhd

Other strategies (not in CSD)

Any other plan is possible when you ’ve got some 

experience. Engineer’s creativity and imagination. 

(Advanced or master courses, research)

For instance: using 

signals CE, TC 

Recommended for large and advanced digital 

circuits or dedicated processors  

Datapath + Control Unit 



Code analysis

RTL view

Circuit synthesis

Bitstream file 

generation to download 

to the target sPLD/

CPLD/FPGA chip

Pin assignment for the 

target PLD chip and 

training board 

vhd

Functional simulation

Gate-level simulation

vht/vhd
VHDL test bench file: 

template + input activity

Sketch of a timing 

diagram to translate to 

VHDL

Placement, routing, etc.

Tecnology view

vht/vhd

Logic analyser and 

wave viewer 

Timing analysis

vho, sdf/sdo

Logic analyser and 

wave viewer 

EDA 

tools

EDA 

tools

EDA tool

Project 
manager and 
synthesiser

Place and 
route

VHDL 
simulator

Laboratory experiments 

and measurements

Development using hardware EDA tools for transforming our ideas (by means of VHDL files) 

into real-world and usable circuits

Computer Test & Verification

Laboratory Test & Verification

FSM for a large number of states

 state_type, next_state  STD_LOGIC_VECTOR

FSM state enumeration (labels)

 state_type, next_state  state_type

Building blocks

How to design it? 

(using VHDL tools)

Design plans (continuation)  

Plan X (common circuits and applications   P6)

Plan Y (large counters, registers   P7)

Plan C2 (as in Chapter 1 (P3, P4)  P7, P8)

 State encoding and number of 

D_FF registers. 

 Draw the state register based 

on D_FF.

 CC2 truth table and flowchart 

(behavioural interpretation of 

the combinational circuit)

 CC1 truth table and flowchart 

(behavioural interpretation of 

the combinational circuit)

 How to invent  an schematic 

composed of multiple 

components, signals and logic?

 How many VHDL files the 

project will include?

 What is the project location?

Remember that each plan becomes an EDA project producing different 

circuit synthesis (RTL) and technology schematics 

 CPLD, FPGA chips resources used (logic elements, registers, etc.

Logic analyser 
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