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FSM for Key Lock with Moore FSM
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Key Lock Top Level

« Top level with some basic signal translations, but generally not much functionality:
optional, but good practice (often contains also PADs and circuits for clocking)

* Provide FSM input signals KEYxD and KeyVALIDXS in the appropriate format

» |[nstantiate the actual design unit

-

—— Signals
std logic;

unsigned (2-1 DOWNTO Q) ;

—— Translate one-hot kevs into a EKev code (0-3)

FEYXD <= to unsigned(0,2) WHEN PushOx5I = 'l' ELZE
to unsigned(l,2) WHEN PushlxsSI = 'l1l' ELSE
to unsigned(2,2) WHEN PushZxSI = 'l' ELSE
to unsigned(3,2) WHEN Push3x5I = 'l1' ELSE

—-— Imstantiate FSH
i key lock timed: key lock timed

PCOET MAP |

CLExCI => CLExCI,

ESTxE == RET=ERI,

FeyWALIDxSI => KeyVALIDxS,

FEYxDI == KEYxD,

ELED=xSO => RLEDxS0O,

GLED=xSO => GLED=S5() ;
end rtl

—— EeyWVALID should only be asserted

if CHE

kevy

iz pressed

FeyVALIDxS <= '1°

L

WHEN PushOx5I='1"
WHEN Push(0x5I='"0"
WHEHN PushOx5I='0"
WHEN PushOx5I='0"

AND PushlxSI='0"
AND Pushlx5I='"1"
AND Pushlx5I='0"
AND PushlxSI='0"

and Push2xS5T='0"
and Push2x5T='0"
and Push2x5T='1"
and Push2xS5T='0"

AND Push3xS5I='0"
AND Push3x5I='0"
AND Push3x5I='0"'
AND Push3xS5I='1'

=1 = = =
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Timed Keylock Component

LRECHITECTURE rtl OF key lock timed IS
—— Declare Types for FS5M

TYPE HeyLockFSM Type IS5 (Closed, WronglP, WronglR,

« Signals, Types, Constants: DE] oxaR, okiE,
» FSM state with enumerated type :‘;.;;;;;;;‘;;;;;;;““““‘;“‘: “““
= Signals for counter and FSM S
= Constants T+ ameeoes 1= 2500000005 - [ aecens
. SToAr Commecimns s sva somos o TTEEEEY

Counter: concurrent assignment & clocked process

SIGHAL CountENxS : std logic:

COUNTER

CHTxDN <= (OTHEES => '0') WHEN CountCLRExS =
CHT=DP + 1 WHEN CountENxS
CHTxDF:

T T

| LA P LN

11" FT.SF
L Lan

——

p_Cnt: PROCESS (CLExCI, RSTxR) IS
BEGIN
IF RSTxR
CHTxDP <=
ELSIF CLExCI'
CNTxDF <= CNTxDN;
END IF;

et =

END FRCCESS p Cnt:

e R ]

'1' THEH

Ty O

OTHERS => '0');
AWD CLExCI = '1' THEH

—— asynchronous reset (active high)

—— ri=zing clock edge

* Finite State Machine: one combinational & one clocked process (see next slide)
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Timed Keylock FSM Comb. & Clocked Process

-— FSHM

—=— F5M =single Combinational
p_ FSMComb: PROCESS (CNIxDP,
BEGIN -- PROCESS p FSMComb

FProcess
EEYxDI,

KeyVALIDxSI, STATExDP) IS

STATEXDN <= STATEXDE;
GLEDXSO <= '0'; -
RLEDXSO <= '0'; -
CountCLExS <= '0Q°';
CountENxS <= '0';

default:
default:

Default

D off |assignments
D off

L
L

|

CASE STATExDP IS
WHEH Closed ==
ELEDxSO <= "1';
IF KeyVALID=xSI = '1°
IF EEY=DT = O THEH
STATE=xDN <= CEOF;

ELSE

EHND IF;
END IF;

STATExXDN <= WronglP;

THEH

—— States where code wWwas wrong

WHEN WronglP ==
IF EeyVALIDxXxSI = 'O' THEHN
STATExDN <= WronglRE;
END IF:
WHEN WronglE =>
IF EeyVALIDxXSI = '1' THEHW
STATExDN <= Wrong2P:
END IF:
WHEN Wrong2P ==
IF EeyVALIDxXSI = 'O' THEHN
STATExXDN <= WrongZR;
END IF:
WHEN WrongZRE =>
IF EeyVALIDxSI = '1' THEHNW
STATExDHN <= Wrong3P:
END IF:
WHEN Wrong3P ==
IF EeyVALIDxXSI = 'O' THEHW
STATExDN <= Closed;
END IF:

—— States where code iz =still

WHEH OKOP =>

IF EeyVALID=xST = '0' THEN
STATExDN <= OKOR:
END IF:
WHEHN OEKOR =>
IF EeyVALIDxSI = "1' THEHN

IF KEYxDI = 2 THEN
STATExDN <= QE2ZP;

ELSE
STATEXDN <= WronglP:
END IF:
END IF;
WHEN QKZP =>
IF KeyVALIDxSI = '0Q' THEMN

STATExDN <= QK2R:
END IF:
WHEN OEZR =>
IF KeyVALIDRSI = "1°' THEMN
IF KEYxDI = 1 THEHN
STATExDN <= CKELlP;
ELSE
STATExDN <= Wrong3P;
END IF;
END IF;
WHEHN OEK1lP =>
IF EeyVALIDxSI = '0O' THEHN
STATExDN <= Opened;
CountCLRx5 <= "1°';
CountEHxS5 <= '"1°';
END IF;

oK
WHEN Opened =>
GLEDxX50 <= "1";
CountCLRxS <= "(Q";

CouncENxXS <= "1":
IF CHNTxDP = DelCntMAX
STATExXDN <= Closed;

R—
THEN
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—-— F5M Sequential Process
p_FSMSeq: PROCESS (CLExCI, RSTxR) IS
BEGIN -- PROCESS p F5MSeq
IF RST=R = 'l' THEN
STATExDF <= Closed;

STATExDP <= STATExDN:
END IF:
END PROCESS p FSMSeq:

ELSIF CLExCI'event AND CLExCI = '1' THEN




Common Mistakes & Potential for Improvement

Signal next state, present state : states;
2ignal CHTxP,CNTxN: unsigned(28-1 downto 0):= {(others=>'0"'};
begin

FSM : process (ClExCI,present state,Key) is
begin

present_state <= next state;

GLED <= '0°';

RLED <= "1';

if rising edge (C1ExCI) then
Cazse present_state 1is

when Closed =>
if EeyValid = "1'" and Eey /= std logic wector (to_unsigned(l,4}) then
next state <= WronglP;
GLED <= 'Q';
RLED <= 'Q';

elsif KeyValid = 'l1l' and Key = std logic vector(to_unsigned(l,4)) then
next state <= OKOP;
GLED <= '0Q';
RLED <= '0Q';

end if;
——Wrong path

if EeyValid='0"' then

mewtr atate s=Wromrel R -
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Common Mistakes & Potential for Improvement

Real Issues Could be more elegant, but OK
—— Counter -—-
——Counter
PROCESS (CLExCI, count cl, count en) IS CHIxDN <= CNTxDE+1l:
— — — p cnt: PROCESS (CLKxCI,RSTxRI) IS
IF count cl = '1' THEN BEGIN
count <= (OTHERS => 10'): IF ESTxXEI = '1' THEN
ELSIF CLExCI'E=VENT AND CLExCI = '1' AND count en = '1' THEN CNTxDP <= (CTHERS=>'0");
count c= count + 1: — ELSIF CLExXCI'EVENT AND CLExCI = '1' THEN
T IF CNT CLRxS = 'l' THEN
SHD PROCESS: CNTXDP <= [OTHERS=>'0");
ELSIF CNT ENxS = '1' THEN
CNTxDP <= CNTxDN;
cnt : PROCESS (CLKxCI, CNT CLEARxSO, CNT ENxS0) IS END IF:
BEEZIN —--Threshold END IF:
IF CNT CLEARXSOC = '1' THEN END PROCESS p cnt:
counter <= (OTHERS => '0'"); B
ELSIF CLExCI 'EVENT AND CLEXCI = 'l1' THEN
IF CNT ENxSO = 'l' THEN
counter <= STD LOGIC VECTOR (UNSIGNED (counter) + 1);:
END IF:
END IF;
END PRCOCESS cnt;
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