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* An encoder creates a representation of an N input

signal
* N data inputs

e E data outputs
* N:E Encoder
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* Binary Encoder — Example — large solution

-- encoder_binary.vhdl

-- created 7/5/2018
-— tj

-- vhdl binary encoder - using with-select
-- brute-force - creates Tlarge solution

-- Inputs: in(7-0)
-- Outputs: out(2-0)

Tibrary ieee;
use ieee.std_logic_1164.al7;

entity encoder_binary 1is
port (

J;
end entity;

architecture behavioral of encoder_binary is

begin

with i_in select o_out <=

end behavioral;

"000"
"oo1"
"010"
"011 mn
"100"
"101"
"110"
"111"
"000 mn

when
when
when
when
when
when
when
when
when

"00000001",
"00000010",
"00000100",
"00001000",
"00010000",
"00100000",
"01000000",
"10000000",
others;

i_1in: in std_Tlogic_vector (7 downto 0);
o_out: out std_Togic_vector(2 downto 0)
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* Binary Encoder — Example — large solution
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MuxO
. SEL[7.0]
|_|n[7..0] | >—l ouUT
256'h7100000000000000010000000100010000 DATA[255..0]} o_out[2.0]
Mux1
i SEL[7.0] ouT
256'h7100000000000000010000000000000110 DATA[255..0]}
Mux2
SEL[7..0] ouT
256'h100000000000000000000000100000104 DATA[255..0]}
Large mux input to cover all the input cases
Device 10M50DAF484C7G
Timing Models jpal
Total logic elements ‘
Total registers e

Total pins 1
Total virtual pins 0
Total memory bits 0
Embedded Multiplier 9-bit elements 0
Total PLLs 0
UFM blocks 0
ADC blocks 0

8 SJ Lite Edition
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e Binary Encoder — Example — special case solution

-- encoder_binary.vhdl

-- created 7/5/2018
-- tj

- rev 0 be very careful using the

-- . o don’t care in synthesis
-- vhd1 binary encoder - using with-select

-- brute-force - creates large solution without dont'care

- architecture behavioral of encoder_binary s
-- Inputs: in(7-0)

-- Outputs: out(2-0) begin
with i_in select o_out <=
Tibrary ieee; "000" when "00000001",
: ' . "001" when "00000010",
use jeee.std_logic_1164.al17; "010" when "00000100" "
lentity encoder_binary is "011" when "00001000",
i po?:t C - Y "100" when "00010000",
i_in: in std_logic_vector(7 downto 0); 101" when "00100000",
o_out: out std_logic_vector(2 downto 0) "110" when "01000000",

s ); ~ When "10000000",
end ent‘ity: when others;
’ -- special case toedtfCe Togic

end behavioral;
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e Binary Encoder — Example — special case solution

Lin[7.01 [ 7:4 SEL[3..0]

ouT

16'h116 DATA[15..0]]

< <
c c
x X
- o

t7:6,3:2 SEL[3..0]
16'h116 DATA[15.0]|

Mux2

F7,5,3,1 SEL[3..0]
16'h116 DATA[15..0]]

ouT

> o_out[2..0]

Flow Summary

@, <<Filter>>

Flow Status

Quartus Prime Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Total logic elements
Total registers

Total pins

Total virtual pins
Total memory bits

Embedded Multiplier 9-bit elements

Total PLLs
UFM blocks
ADC blocks

CPE 1500

Smaller mux input — fewer logic gates

Successful - Thu Jan 02 08:53:]
18.1.0 Build 625 09/12/2018 §
general

encoder_binary

MAX 10

10M50DAF484C7G

1

0]

0O o o o o =
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e Decimal to BCD Encoder

-- encoder_decimal_to_bcd. vhdl

-~ created 7/5/2018 architecture behavioral of encoder_decimal_to_bcd is
- t) begin
--rev 0

________________________________________ with i_in select o_out <=
"0000" when "0000000001",
"0001" when "0000000010",
"0010" when "0000000100",
"0011" when "0000001000",
"0100" when "0000010000",
"0101" when "0000100000",
in(7-0) "0110" when "0001000000",
"0111" when "0010000000",
"1000" when "0100000000",
"1001" when "1000000000",
"0000" when others;

-- vhdl decimal to bcd encoder - using with-select
-- brute-force

-- Inputs:
-- Qutputs: out(2-0)

Tibrary ieee;

use ieee.std_logic_1164.a11; end behavioral:

entity encoder_decimal_to_bcd is
port (
i_in: in std_logic_vector(9 downto 0);
o_out: out std_logic_vector(3 downto 0)

);
end entity;
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e Decimal to BCD Encoder

i_in[9.01[>

Equall
A[9..0] ouT
10'h4 Blo.0ol\ =
Equal2
A[S..0] WideOr1
out
10'h8 B[a.olk = )
Equal3
A[9..0] d
- _ 5 ouT \
1010 B[g..gg\y WideOr0
Equal5
A[9..0]
10'h40 Bw"giigij)DUT
Equalé
AJ9..0] ouT
10'h80 Bl9.0l| =
Equal0 i
A[9.0] /q\ ouT WideOr2
10'h2 B[9..lﬂ£§/
Equal4
A[9..0] ouT
10'h20 3[9..(1@7
Equal7
A[9..0] o_out
10'h100 glo.0olf = L )_
Equal8 7
A[9..0] ouT
10'h200 B[Q..@—

—{ > o_out[3.0]

® <<Filter>>

Flow Summary

Flow Status

Quartus Prime Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Total logic elements
Total registers

Total pins

Total virtual pins
Total memory bits

Total PLLs
UFM blocks

A

ADC blocks

Embedded Multiplier 9-bit elements

Successful - Thu Jan 02 09:14:14 2025
18.1.0 Build 625 09/12/2018 SJ Lite Edition
general

encoder_decimal_to_bcd

MAX 10

10M50DAF484C7G

Final

14

0

14

0

o O 0 o o
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e BCD to Decimal Encoder

-- encoder_bcd_to_decimal.vhd]l

-- created 7/5/2018
- tj

-- vhdl bcd to decimal encoder - using with-select
-- brute-force

in(9-0)
out(3-0)

-- Inputs:
-- Qutputs:

Tibrary ieee;
use jeee.std_logic_1164.al1T;

entity encoder_bcd_to_decimal is
port (

i_in:

o_out:

in std_Tlogic_vector (3 downto 0);
out std_Tlogic_vector(9@ downto 0)

J;
end entity;

harchitecture behavioral of encoder_bcd_to_decimal is

tbegin

with i_in select o_out <=

rend behavioral;

"0000000001"
"0000000010"
"0000000100"
"0000001000"
"0000010000"
"0000100000"
"0001000000"
"0010000000"
"0100000000"
"1000000000"
"0000000000"

when
when
when
when
when
when
when
when
when
when
when

"0000”,
"0001",
"0010",
"0011",
"0100",
"0101”,
”0110”,
”0111”,
”1000”,
"1001",
others;

CPE 1500

© tj



e BCD to Decimal Encoder

i_in(3.01C»

SEL[3..

16'h200 DATA[5..

SEL[3..

16'h100 DATA[15..

SEL[3..

16'h80 DATA[15.4

SEL[3..

16'h40 DATA[15..

SEL[3..

16'h20 DATA[15..

SEL[3.

16'h10 DATA[15..

SEL[3

16'h8 DATA[15

SEL[3.

16'h4 DATA[5

SEL[3

16'h2 DATA[15

SEL[3..

16'h1 DATA[15.4

Mux0

Mux1

Mux2

Mux3

Muxd

Mux5

Muxé

Mux7

Muxs

Mux9

ouT

ouT

> o_out[9.0]

Flow Summary

& <<Filter=>

Flow Status

Quartus Prime Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Total logic elements
Total registers

Total pins

Total virtual pins

Total memory bits
Embedded Multiplier 9-bit elements
Total PLLs

UFM blocks

ADC blocks

Successful - Thu Jan 02 10:04:13 2025

18.1.0 Build 625 09/12/2018 SJ Lite Edition

general
encoder_bcd_to_decimal
MAX 10
10M50DAF484C7G

Final

10

0

14

0

o o o o o
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* Priority Encoder

EI ______________________________________
-- encoder_priority.vhdl

-- created 7/5/2018
-— tj

-- vhdl priority encoder - using when-else
-- brute-force

-- Inputs: in(7-0)
-- Outputs: out(2-0)

Tibrary ieee;
use ieee.std_logic_1164.al17;

Hentity encoder_priority s

architecture behavioral of encoder_priority fis

begin

o_out <= "111" when (i_in(7) = "1") else
"110" when (i_in(6) = '1') else
"101" when (i_in(5) = "1') else
"100" when (i_in{4) = "1') else
"011" when (i_in(3) = "1') else
"010" when (i_in{2) = "1') else
"001" when (i_in(l) = '"1') else
"000" when (i_in(0) = "1') else

"000";
o_valid <= '1' when (i_in({(7) = "1') else
'1'" when (i_in(6) = '1') else
1" when (i_in(5) = '1"') else
1" when (i_in(4) = '1"') else
1" when (i_in(3) = '1"') else
1" when (i_in(2) = '1') else
'1'" when (i_in(l) = '1') else
1" when (i_in(0) = '"1"') else

IOI;

end behavioral;

g port (
i_1in: in std_Tlogic_vector(7 downto 0);
o_out: out std_Togic_vector (2 downto 0);
o_valid: out std_Tlogic
- d;
end entity,;
CPE 1500 gl
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* Priority Encoder

i_in[7.0] >

o_valid~0
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o_out~0 - mio_out~[2.1]
1 b 0
) It B
1'ho 1} 2h3 1 )
" o_valid
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g o_valid~2
0|
1'h1 l

2'h0 1

1'h1 1]
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10 _out~[4.3]
0|

Zio_out~[7.5] B

)

o_valid~3

3'h5 1

o_out~[10.8]

o_out~[13.11]

3'h3 1

v
4

[r
o_valid~4

1'h1 1

Th1 1

B
o_valid~5

3'h7 1 o_out[2.0]

~
o_valid~6

f————{ > o_vald

1Tht 1
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Flow Summary

& <<Filter>>

Flow Status

Quartus Prime Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Total logic elements
Total registers

Total pins

Total virtual pins

Total memory bits
Embedded Multiplier 9-bit elements
Total PLLs

UFM blocks

ADC blocks

Successful - Thu Jan 02 11:35:40 2025
18.1.0 Build 625 09/12/2018 SJ Lite Edition
general

encoder_priority

MAX 10

10M50DAF484C7G

Final

7

0

0]

o O o o O o =2
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CPE 1500

* Encoders can have ambiguous or incorrect results
* More than 1 input high (Binary, BCD)
* No inputs high

* Special care must be taken to account for these
situations
* In the encode itself
* In the logic driving the encoder
* In the logic following the encoder
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