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VHDL is not a programming language
It is a hardware description language
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* Create a hardware description for an electronic
version of a binary 4 input combination lock

1/0 inputs
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CPE 1500

* Create a hardware description for an electronic
version of a binary 4 input combination lock

* Design Decisions
e Default state (locked or unlocked)?
 Input signal activation condition (high or low)?
e Qutput signal activation condition (lock or unlock)?

e Additional use case information

» Target customer is private and commercial gym locker rooms

* Normally the lockers will be unlocked so customers can place items
in the locker and then lock it

e Default to unlocked
e Output signal will be active high to lock
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* Create a hardware description for an electronic
version of a binary 4 input combination lock

* Block Diagram

4 input
In - Electro-
. ! _ — Lock (active high)
(active high) Mechanical
Lock
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* Create a hardware description for an electronic
version of a binary 4 input combination lock

Use generics for values that

-- Tock_4in_binary. vhdl
-- created 7/5/2018
—— tj

-- 4 dipput (binary) lock - brute-force
-- active high inputs, active high output - locked

-- Inputs: in 4 bits
-- outputs: Tlock

Tibrary ieee;
use ieee.std_logic_1164.all;

entity lock_4in_binary is

can be changed in different
versions of the design

architecture behavioral of lock_4in_binary is
begin

with i_in select o_lock ==
1" when (COMBINATION),

'0" when others; '\\\

end behavioral;

generic(
COMBIMNATION: std_logic_vector (2 downto 0) := "1011"
port '
i_in: in std_Togic_vector (3 downto 0);
o_lock: out std_logic
);
end entity; can use a signal name
instead of an explicit vector
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* Create a hardware description for an electronic
version of a binary 4 input combination lock

% o lock BO

® <<Filter>>
Flow Status Successful - Sat Jan 04 09:50:01 2025
Quartus Prime Version 18.1.0 Build 625 09/12/2018 SJ Lite Edition
Revision Name general
Top-level Entity Name lock_4in_binary
Family MAX 10
MuxO0 Device 10M50DAF484C7G

Timing Models Final

P SEL[30] Total logic elements 1

|_| n [3 0] D : ouT 0 l.OCk Total registers 0

16 h800 DATA“ 50] —_ Total pins 5

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

Master Time Bar: O ps 1 * Pointer: 70.06 ns Interval: 70.06 ns Start: End:

Jalue a | 1O ps 40.0 ns 80.0 ns 120,0 ns 160,0 ns 200,0 ns 240,0 ns 280,0ns 320.0ns
Name
0 ps
& > in HO
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* Create a hardware description for an electronic
version of a decimal 4 input combination lock

* Block Diagram

in374L
In inz#
7L

(active high) in1 4

4
in07L

4 input
Electro-
Mechanical
Lock

— Lock (active high)

name all internal wires

e

in3_check

decimal value checker —_ |

check all 4 inputs

RS

i [TRLE

in0_check

CPE 1500

8

© tj



* Create a hardware description for an electronic
version of a decimal 4 input combination lock

- t:|

-- Qutputs:

end entity;

-- lock_4in_decimal. vhdl

-- created 7/5/2018

Tock

entity lock_4in_decimal is

generic(
COMBINATIONO: std_
COMBINATIONL: std_
COMBINATIONZ: std_
COMBINATION3: std_
L]
port
i_in0 in std_logic
i_inl in std_logic
i_in2 in std_logic
i_in3 in std_logic
g_1nck out std_logic
L)

-- 4 dnput (decimal) lock - brute-force
-- active high inputs, active high output - locked

-- Inputs: ind - in3, 4 bits each

Tibrary ieee;
use jeee.std_logic_1164.all;

ogic_vector (3
ogic_vector(3
ogic_wvector (3
ogic_vector (3
ector {3 downto
ector (3 downto
ector{3 downto
ector {3 downto

downto
downto
downto
downto

0);
0);
0);
0);

0)
0)
o)
0)

(COMBINATIOND),
others;

(COMBINATIONL),
others;

(COMBINATIONZ),
others;

(COMBINATION3),
others;

AND in2_check aAND in3_check;

CPE 1500

architecture behavioral of Tock_4in_decimal is
signal in0O_check: std_Togic;
signal inl_check: std_Tlogic;
signal in2_check: std_logic;
signal in3_check: std_Togic;
begin
with 1_in0 select ind_check <=
1" when
0" when
with i_inl select inl_check <=
1" when
0" when
with i_in2 select in2_check <=
1" when
'0" when
with i_in3 select in3_check <=
1" when
'0" when
o_lock == inO_check anND inl_check
end behavioral;
"1010";
"1011";
"1100;
"1101"
9
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* Create a hardware description for an electronic
version of a decimal 4 input combination lock

M3
& <<Filter>>
§ P SEL[3.0]
i_in3[3..0] 16'h2000 DATA[15.0] our Flow Status Successful - Sat Jan 04 10:18:18 2025
Tl Quartus Prime Version 18.1.0 Build 625 09/12/2018 SJ Lite Edition
> Revision Name general
Mux2 Top-level Entity Name lock_4in_decimal
i_in2[3..0] SEL[3-0) AU lo_lock Family MAX 10
16'h1000 DATA[15..0] Device 10M50DAF484C7G
— — > o_lock
y 0-9¢ Timing Models Final
Mux0 Total logic elements 5
SEL[3.0 Total registers (o]
i_in0[3..0] - - L ouT Total pins 17
16'h400 DATA(S (l Total virtual pins (0]
Total memory bits o]
Mux1 Embedded Multiplier 9-bit elements 0O
c Total PLLs o
i_in1(3.0] 2ELL3.0)
= 16'h800 DATA[15.0] ouT UFM blocks 0
. _ ADC blocks o
Value at |10 ps 10.24 us 20.48 us . . . 44 us 71.68 us 81.92 us 92.16 us
Name o vwf limits simulation length
0 ps pPs
& > iin0 BO00O
B .. VIV R OO 0 IO I R O RO R OO e e e e e e i e e e i e e i
= > i_in1T BO0000
& > iin2 BO0000
& >iin3 B1100
% o_lockBO
value at | 44 us 73.48 us 73.52us 73.36 us 73.6us
Name
Ops SN
& >iin0 HO 0 1 3 4 5 7 8 ofi__ A "\B C D E 0 1 2
& >iin1 HO B
& >iin2 HO C 5
& >iin3 HC
out
‘® o_lockBO /
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e Create a hardware description for a car starter
mechanism

 Start conditions
Brake on

Key in range
Not running

In park

Button pushed

All inputs active high
Output active high

11
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e Create a hardware description for a car starter

mechanism
* Block Diagram

7%
Gear
Brake ——
- — Starter Engage
: _ Key (active high)
(active high) Car Starter
Running ——
Button —

Gear encoding: 000 — Park, 001 — Neutral, 100 — Reverse, 010 - L1, 011 — L2
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e Create a hardware description for a car starter

mechanism

-- starter_car.vhd]l

-- created 7/5/2018

- t:|
-- rev 0
-- car starter module - brute-force

-- active high inputs, active high outputs

-- park - 000

-- Inputs: key, brake, gear (3 bit), button, eng running,

-- Outputs: starter engage

Tibrary ieee;
use ieee.std_Togic_1164.al7;

entity starter_car is

generic(
PARK: std_logic_vector({2 downto 0) := "000"
L]

port(

i_key: in std_logic;

i_brake in std_logic;

i_gear: in std_logic_vector (2 downto 0);

i_eng_running: in std_logic;

i_button: in std_logic;

out std_logic

o_starter_engage:

}!
end entity;

architecture behavioral of starter_car 1is

signal start_ok:

begin

start_ok <=

o_starter_engage <=

end architecture;

std_Togic;
0" when (i_key = '0")
"0" when (i_brake = '0")
0" when (i_gear /= (PARK))
0" when (i_eng_running =
s
0" when (start_ok
"L when (i_button
-

"1

P !

else
else
else
else

else
else
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e Create a hardware description for a car starter
mechanism

i_eng_running D

i_brake [

i gear2.0] [C———rl

i key [

i_button [

@ <<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 - Mon Jan 06 09:24:41 2025
18.1.0 Build 625 09/12/2018 SJ Lite Edition
general

starter_car

MAX 10

10MS0ODAF484CTG

Final

o 5 o 8 5 8 @ o M
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e Create a hardware description for a car starter
mechanism

N aluez| (OPS 80.?n5 ‘IEDiDns 24Di0 ns 320i0 ns 4DDiDn5 SEDiD ns 64Di0n5 ?EDiD ns SDDiD ns BBDiDns QEDiD ns ‘I.D|4us ‘I.‘I?us ‘I..2I us 1.28us
ame ops | 0ps
oy |_key ........................................ N
iﬁ_ i_brake BO
.# > i_gear B 000
iﬁ- i_eng_running EO | | |
B ibutton BO [
£ o_starter engage BO M
alues 8200 ns 840.0 ns 860.0 s 880.0 900.0 s 920.0 ns 940.0 ns 960.0 ns
Name - /‘\
B ikey BO / | \
B ibrake BO
B 0 igear Booo|| % o001 % o010 % o011 % 100 4 101 % 110 % 1% ooo % Bo1 ¥ oo % o114 100 % 101 % 110 % 111K oo
iﬁ_ i_eng_running BO l_
i, i_buttan BO
9”.‘ o_starter engage BO ’_|
\ V
\/ key, brake, park, not running, button
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