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• Counters
• Used as individual blocks

• Used inside a block
• Timers – delays, time-out, …

• Collectors – cash, presses, …

• Variations
• Up, Down, Up-Down

• Wrapping, non-wrapping

• Modulo

• Fixed size, n-bit

• Fixed increment, m-increment

Counters
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• Counter - n bit - unsigned

Counters

why?
2 - reasons

cast
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Counters

• Counter - n bit – unsigned – (default)

adds 1

Format
num_bits ‘ format value

8’h1 → 8 bits, hex, value 1
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Counters

• Counter - n bit – unsigned 
• Testbench - 6 bit version

clock

reset

DUT

CLK

RSTB

CNT
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Counters

• Counter - n bit – unsigned
• Testbench - 6 bit version

reset counting

wrap
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Counters

Mod counter

MOD x counts x times

Range 0 – (x – 1)
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• Mod 11 counter
• Mod 11 only needs to compare 4 bits, no need to optimize 

the roll over test

Counters

Why < 10
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Counters

• Mod 11 counter

control selection of
cnt+1 or 0

add 1

Special adder (subtracts) and
check for < 0

cnt – 10 (4bit, hex a)
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• Mod 11 counter
• Testbench results

Counters

counting mod11 wrapreset
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Counters

Up/Down counter
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• up/down signed n-bit counter

Counters
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• up/down signed n-bit counter (default 8 bit)

Counters

add 1 select + or -

subtract 1
cnt & 1 → a bcde  fgh1
1fd →      + 1 1111 1101
  n opqr  stuv
 
     cnt - 1

subtract 1
Shift and concatenate 1    2x + 1
Add -3   +     -3
   2x – 2

Only select upper bits → /2    x - 1
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• up/down signed n-bit counter
• Testbench - 6 bit test

Counters

clock

reset

DUT

CLK

RSTB
CNT

run DIR
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• up/down signed n-bit counter
• Testbench - 6 bit

Counters

reset counting up

transition to negative

counting down

transition to positive
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