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HDL FSM Intro

• These slides introduce the basics of HDL based 
State Machines

• Upon completion: You should be able to create a 
direct implementation of a State Machine in VHDL
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• Finite State Machine

• Moore Machine

• Outputs depend only on the current state(S)
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• Finite State Machine

• Mealy Machine

• Outputs depend on the current state(S) and the inputs
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• Mod 10 Counter
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Note: this is for illustrative purpose -
we would never make a counting 
state machine like this
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HDL FSM Intro

• Mod 10 Counter
• Next State Logic

Binary Encoding

Current
State

Inputs Next 
State

A B

B C

C D

D E

E F

F G

G H

H I

I J

J A

Current
State

Inputs Next 
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0000 0001

0001 0010

0010 0011

0011 0100

0100 0101

0101 0110

0110 0111

0111 1000

1000 1001

1001 0000
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• Mod 10 Counter
• Output Logic

Binary Encoding

Current
State

Output

A 0000

B 0001

C 0010

D 0011

E 0100

F 0101

G 0110

H 0111

I 1000

J 1001

Current
State

Output

0000 0000

0001 0001

0010 0010

0011 0011

0100 0100

0101 0101

0110 0110

0111 0111

1000 1000

1001 1001
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• FSM general structure - HDL

State signal declaration

Next state logic

State initialization and
Update (register)

Output logic
Entity declaration
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• Mod 10 Counter
Made these unsigned since they

represent a count
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• Mod 10 Counter

16 bits ???
Next state logic

Output logic

State register
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• Mod 10 Counter
• 4 16bit values instead of 16 4bit values

16’h180
0x0180
0000 0001 1000 0000

0000 0001 1000 0000
0000 0000 0111 1000
0000 0000 0110 0110
0000 0001 0101 0101

“0001" when “0000",
“0010" when “0001",

msb

SEL (State)
000001000001
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• Mod 10 Counter – test bench
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• Mod 10 Counter

radix set to unsigned
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Mod 10 Counter using a case statement
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• Mod 10 Counter – case statement

Made these unsigned since they
represent a count
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• Mod 10 Counter –with case statement

Next state logic Output logic

State register
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Mod 10 Counter using a case statement X 2
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• Mod 10 Counter – case statement X 2
Made these unsigned since they

represent a count
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• Mod 10 Counter –with case statement X 2

Next state logic
Output logic

State register


