Programable Logic Devices

Under 1970-talet introducerades
orogrammerbara logiska kretsar som
netecknas programmable logic device (PLD)
De bygger pa en struktur med en AND-OR-
matris som gor det enkelt att implementera

SOP-uttryck
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PLD struktur
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Programmable Logic Array (PLA)
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Programmable Array Logic (PAL)
L
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Registerutgangar

| de tidigare PLD-kretasarna fanns det
e kombinatoriska utgangar

e registerutgangar (utgangar med en vippa)

~0r varje krets fanns det ett fast antal
Kkombinatoriska och registerutgangar

-0r att Oka flexibiliteten introducerade man
makrocellen dar man kunde valja om en utgang
skulle vara en kombinatorisk eller en
registerutgang
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Makroceller 1 en PLD

Select
Enable

Flip-flop

D
D C Med en programmerbar

— multiplexer kan man
Clock valja typen av
utgangen

To AND plane
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Programmering av PLD:er
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Komplexa PLD:er (CPLD)

PLD:erna var ganska sma ( PALCE 22V10
hade 10 vippor)

FOr att skapa storre programmerbara kretsar
utvecklade man en struktur bestaende av flera
PLD-liknande block
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CPLD (MAX)
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I/O block

I/0O block

CPLD struktur
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Programmering med JTAG

Moderna CPLD:er (och FPGA:er) kan
programmeras genom att ladda ned
kretsbekrivningen (programmerings-
informationen) via en kabel

Nedladdningen anvander oftast en
standardiserad port. JTAG-porten
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JTAG programmering

Man kan programmera
chippen nar de ar fastlodda
pa kretskortet — innifran
programmeraren kan man
(a) CPLD maQuad Flat Pack (QFP) package vali jaut vilket Chlp man Vill
programmera fran JTAG-

To computer
kontakten. 1
D:DD:%;:DE ED:DD:%D}.:DE
’ E T TODI E } E E
""""""""" PO soAL 4

EPM30320L44

Printed
circuit board

(b) JTAG programming
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FPGA kretsar

CPLD:er baseras pa AND-OR-matrisen
och det blir svart att gora riktigt stora
Kretsar

FPGA (Field Programmable Gate Array)
kKretsarna anvander en annan koncept
som baseras pa logiska block
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FPGA-struktur
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LUT-LookUp-Table

Programmable I q A LUT with n
cells ~ inputs can realize
all combinational
Y , functions with n
¢ inputs.
B The usual size in
l 1 2 an FPGA is n=4
Lk
d
X2
X1

Two-input LUT
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Ex. LUT for XOR-grind —)) >—
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Logiskt block 1 FPGA

Ett logiskt block i en FPGA bestar av en LUT, en
vippa, och en mux for val av registerutgang.

Select

Out
Flip-flo
n, — p-flop
In, —  LuT D Q
Ing ——

Clock
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FOorbindelsematris 1 FPGA
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DEZ2 University Board

Embeded
Multiplers

Memory W
Blocks

1/0O Elamenks

Cyclone Il EP2C35
FPGA — Datorteknik-
kursen
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Cyclone 11 logic element
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Cyclone Il Family

Table 1-1. Cyclone Il FPGA Family Features

Feature EP2C5 | EP2C8 (2) | EP2C15 (7) | EP2C20 (2)|| EP2C35 || EP2C50 | EP2C70
LEs 4,608 8,256 14,448 18,752 33,216 50,528 68,416
M4K RAM blocks (4 26 36 52 52 105 129 250
Kbits plus
512 parity bits
Total RAM bits 119,808 165,888 239,616 239,616 483,840 594,432 | 1,152,000
Embedded 13 18 26 26 35 86 150
multipliers (3)
PLLs 2 2 4 4 4 4 4
Maximum user 158 182 315 315 475 450 622
I/O pins

DE?2

(3) Total Number of 18x18 Multipliers
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Stratix 11 Family

Table 1-1. Stratix Il FPGA Family Features
. X -
E::"l':fé ALMs | LEs B'I‘g?:ﬁs 'I\;'Im's( I':I';fl?s EmEa‘::lgd I\Ig_ll-lﬁillg ;‘;\ll?nl n}ﬁll:;nglr‘s PLLs
RAM Khits | Kbits(2) | Khits(3) | (FIR Mode)

Stratix Ill | EP3SL50 | 19K | 475K | 108 | 6 | 950 | 1,836 297 | 2,133 216 4
Logic EP3SL70 | 27K | 675K | 150 | 6 |1380| 2214 422 | 2,636 288 4
Family EP3S1110 | 43K |10768K | 275 | 12 | 2150 | 4203 672 | 4875 288 8

EP3SL150 | 57K | 1425K | 355 | 16 | 2850 | 5,499 891 | 6,390 384 8

EP3SL200 | 80K | 200K | 468 | 36 | 4,000 | 9,396 | 1,250 | 10,646 576 12

EP3SE260 | 102K | 255K | 864 | 48 | 5100 | 14688 | 1,504 | 16,282 768 12

EP3SL340 | 135K | 3375K | 1,040 | 48 |6750 | 16272 | 2,100 | 18381 576 12
Stratix Ill | EP3SES0 | 19K | 47.5K | 400 | 12 | 950 | 5,328 297 | 5,625 384 4
Enhanced | Epasggo | 32k | 8ok | 495 | 12 | 1,600 | 6,183 500 | 6683 672 8
Family EP3SE110 | 43K [107.5K | 639 | 16 |2,150 | 8,055 672 | 8727 896 8

EPS(S}{I)EEBO 102K | 255K | 864 | 48 |5100 | 14,688 | 1504 | 16,282 768 12
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Flera processorer pa en FPGA

| |
Nios Il
O
I
Nios Il
N

e Nios Il &r en sa kallad
‘soft-processor’ (32-bit)
som kan implementeras pa
Altera FPGA-kretsen

e Dagens FPGA-kretsar ar
sa stora att flera
processorer far plats pa en
enda FPGA-krets

Mycket kraftfulla multiprocessor
system kan skapas pa en FPGA!
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ASIC

e En ASIC (Application Specific Integrated
Circuit) ar en krets som gors 1 en
halvledarfabrik

e | en full custom integrerad krets
skraddarsyr man i princip hela kretsen

e | en ASIC har vissa arbetssteg redan
gjorts for att minska design-tiden och
kostnaden
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ASIC, gate array

| en Gate Array finns redan grindarna (eller transistorerna)
pa kiseln

BADIDIBDADIRTTIND D,
e De Do [2 L see [
Do Do Do e e eee e[
BADIBIDID EITINDID.
BADIDIBDADIRTTIND D,
BADABIDID EITINDID.
BADIBIDID EITINDID.
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ASIC, gate array

Man skapar bara
forbindelserna | |
mellan ingangarna, ‘|
grindarna, och i DO|
utgangarna | |
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Jamforelser ASIC, FPGA

Initial Cost Cost per part | Performance | Fabrication
Time
FPGA Low High Low Short
[
Gate Array
(ASIC)
Standard Cell | High Low High Long
(ASIC)
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Design Trade-Offs

| Design Time

Standard Cell
Programmable
- -

Performance
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Sekvenskretsar med VHDL

Ingangs-
signaler

Nasta tillstand
(NEXT STATE
DECODER)

Clk —

Moore-automat

—)

Tillstandsregister
(STATE REGISTER)

>

Utgangsavkodare
(OUTPUT
DECODER)
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Utgangs-
signaler



Modellera Statemachine 1 VHDL

¢ | en Moore-automat har vi tre block
— Nasta-tillstandsavkodare
— Utgangsavkodare
— Tillstandsregister

e Dessa block exekverars parallellt
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Snabbfraga

Vilken logisk grind motsvarar foljande VHDL kod?

g <= a and (not b);

a a —( 3
=Dl HD

Alt: A Alt: B
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Snabbfraga

Vilken logisk grind motsvarar foljande VHDL kod?

g <= a and (not b);

a —( 3
b__>_q b

Alt: B
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Snabbfraga
Vilken logisk grind motsvarar foljande VHDL kod?

if (a /= b) then

q{= lll;
else
q{= 101;
end 1f;
a a —
b:D_q b — )
Alt: A Alt: B
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Snabbfraga
Vilken logisk grind motsvarar foljande VHDL kod?

if (a /= b) then

q{= lll;
else
q{= 101;
end 1f;
a a —
b:D_q b — )
Alt: A Alt: B

William Sandgvist william@kth.se



Processer 1 VHDL

e En architecture 1 VHDL kan
innehaller flera processer

e Processer exekveras parallelt

e ENn process ar skriven som ett
sekvensiellt program
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Moore-automatens processer

e FOr en Moore-automat kan vi skapa
tre processer for

— Nasta-tillstandsavkodare
— Utgangsavkodare
— Tillstandsregister
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Interna signaler

e Moore-automaten innehaller interna
signhaler for

— Nasta tillstand
— Nuvarande tillstand

e Dessa signaler deklareras |
architecture-beskrivningen

William Sandgvist william@kth.se



Flaskautomaten i VHDL

Vi anvander flaskautomaten (systemstyrningen) g\
fran forra férelasningen som konkret VHDL-

exempel

Myntinkast
(COIN
RECEIVER)

ACCUMU-
LATOR

COIN_PRESENT

GT_I_EURO

EQ_I_EURO

LT_I_EURO

DEC_ACC

CLR_ACC

System-
styrning
(SYSTEM
CONTROL)

DROP

DROP_READY

RETURN_I0_CENT

Flaskutkast
(DROP BOTTLE)

CHANGER_READY
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Myntutkast
(COIN RETURN)




Flaskautomatens entity

ENTITY Vending_Machine IS

COIN_PRESENT
GT_|_EURO
EQ_|_EURO System-
styrning

LT |_EURO (SYSTEM
DEC_ACC CONTROL)
CLR_ACC

Reset n

Clk

DROP

DROP_READY

RETURN_10_CENT

CHANGER_READY

Det behovs aven
Clk och Reset ( aktiv 1ag )

PORT (

-- Inputs
coin_present
gt _1 euro
eq_1 euro

It 1 euro
drop_ready
changer_ready
reset_n

clk

-— Outputs
dec_acc
clr_acc

drop

return_10 cent :

END Vending Machine;
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IN std_logic;
IN std _logic;
IN std _logic;
IN std_logic;
IN std_logic;
IN std _logic;
IN std_logic;
IN std _logic;

: OUT std _logic;
: OUT std _logic;
: OUT std _logic;

OUT std _logic);



Flaskautomatens architecture

e Arkitekturen beskriver funktionen av
automaten

e Vi definierar

— Interna signaler for nuvarande och
nasta tillstand

— tre processer for nasta-tillstands-,
utgangs-avkodare och tillstandsregister
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Tillstandsdiagram

@‘ COIN_ PRESENT (a) Vanta pad myntinkast
COIN _ PRESENT (b) Registrering av myntinkast
COIN _PRESENT : ) .
LT 1 EZURO @’ (c) ::\/Il)llntlnkast ar registrerat (3
COIN_ PRESENT a )
(d) Flaskutmatning
For 1 EURQ
-1 Gr _1_BURC (e) Nollstall summan

DROF  RFEADY) d 3
DRCP RETURN _1o_cent L (M) Re_tur 10 Cent
(g) Minska summan med 10

Cent
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Interna signaler

* Vi maste skapa en datatyp for den interna signalen

o Eftersom vi beskriver tillstanden anvander vi en
upprakningstyp med vardena a,b,c,d,e,f,g

« Vi deklarerar en variabel for nuvarande tillstand
(current_state) och en for nasta tillstand
(next_state)

ARCHITECTURE Moore FSM OF Vending_Machine 1S

TYPE state type IS (a, b, c, d, e, T, 9);

SIGNAL current_state, next _state . state type;
BEGIN -- Moore FSM
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Vi vill behalla var "fiffiga” tillstandskod

e Om vi inte specificerar tillstandskodningen sa valjer syntesverktyget kodningen

¢ Vi kan tvinga den till en viss kodning med attributer (OBS! Attributer ar
beroende pa syntesverktyget och darmed inte portabel!)

ARCHITECTURE Moore FSM OF Vending_Machine 1S
TYPE state type IS (a, b, c, d, e, T, 9);
-— We can use state encoding according to BV 8.4.6
—-— to enforce a particular encoding (for Quartus)
ATTRIBUTE enum_encoding : string;

ATTRIBUTE enum_encoding OF state type : TYPE IS '000
001 011 110 111 100 101';

SIGNAL current_state, next _state . state type;
BEGIN -- Moore FSM
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COIN_PRESENT

LT | EURO

EQ | EURO

GT_I_EURO

DROP_READY

CHANGER_READY

A

B

Next State
Decoder

Ce_

D
>

Blockschema

3

1
3

Output
Decoder

DROP

RETURN_I0_CENT

CLR_ACC

DEC_ACC
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Snabbfraga

Vilken statemaskin motsvarar foljande VHDL kod?

case state is
when 0 =>
if (k. = '1'") then
nextstate <= 1;
else
nextstate <= 2;
end if;
when 1 => nextstate <= 2;
when others => nextstate <= 0;
end case;

Alt: A Alt: B
William Sandgvist william@kth.se
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Snabbfraga

Vilken statemaskin motsvarar foljande VHDL kod?

case state is
when 0 =>
if (k. = '1'") then
nextstate <= 1;
else
nextstate <= 2;
end if;
when 1 => nextstate <= 2;
when others => nextstate <= 0;
end case;
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Next-State-Decoder

e Next-State-Decoder beskrivs som
process

e Sensitivity list innehaller alla
iInsignaler som ‘aktiverar’ processen

William Sandgvist william@kth.se



Next-State-Decoder

e | vanliga fall innehaller sensitivity listan alla ingangar till
processen

NEXTSTATE : PROCESS (current state, coiln_present,
gt 1 euro, eq_1l euro, It 1 euro, drop_ready,
changer _ready) — Sensitivity List

BEGIN -- PROCESS NEXT_STATE
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Next-State-Decoder

e Vi anvander nu en CASE-sats for att beskriva for varje tillstand
villkoren for tillstandsandring till nasta tillstand

CASE current_state IS
WHEN a => IF coin_present = "1" THEN
next state <= Db;
ELSE
next state <= a;
END IF;
WHEN b => IF coin_present = "0" THEN
next state <= c;
ELSE
next _state <= b;
END IF;
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Next-State-Decoder

e Vi kan forenkla beskrivningen genom att ange ett default-varde for nasta
tillstand

next _state <= current_state;
CASE current_state IS
WHEN a => IF coin_present = "1" THEN
next state <= Db;
END IF;
WHEN b => IF coin_present = "0" THEN
next_state <= c;
END IF;

Det ar viktigt att vi anger alla alternativ for next_state signalen. Annars far
vi implicit en sats next_state <= next_state som genererar en latch.
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Next-State-Decoder

e Vi avsluta CASE-satsen med en WHEN OTHERS sats. Har anger vi att
vi ska ga till tillstand a om vi hamnar i ett ospecificierat tillstand

WHEN g => next_state <= c;
WHEN OTHERS => next state <= a;
END CASE;

END PROCESS NEXTSTATE;
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Utgangsavkodaren

e Utgangsavkodaren beskrivs som en
egen process

e Sensitivity-listan innehaller bara
nuvarande tillstand eftersom utgangarna
bara &r beroende av tillstandet
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Utgangsavkodaren

OUTPUT :

BEG

END

A5C 0 CODV_PRESENT

1T 1 _EURO

2@ J500

COIN_ PRESENT
COIN_ PRESENT
Go1
COIN_PRESENT

PROCESS (current_state) w0 1 5o
IN o PROCESS OUTPUT DROP READ; GT_ifﬁiffGER READY
drop <= "0%; @ . RETURN IO_CENTJ_L
g;g—zgg Zf :8:5 DROF _ READY cmmmm{aﬁay
return_10 cent <= "0"; e L pec_acc T
CASE current_state IS

WHEN d => drop <= "1°%;

WHEN e => clr_acc <= "1°;

WHEN f => return_10 cent <= "1°;

WHEN ¢ => dec_acc <= "1°%;

WHEN OTHERS => NULL;
END CASE;

PROCESS OUTPUT;
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Tillstandsregistret

e Tillstandsregistret modelleras som en synkron process med
asynkron reset (aktiv 1ag)

CLOCK : PROCESS (clk, reset n)

BEGIN -- PROCESS CLOCK
IF reset n = "0" THEN -- asynchronous reset (active low)
current_state <= a;
ELSIF clk"event AND clk = "1 THEN -- rising clock edge
current_state <= next_state;
END IF;

END PROCESS CLOCK;
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Mealy-automat?

* En Mealy-automat kan modelleras pa samma
satt som Moore-automaten

o Skillnaden &r att utgangsavkodaren ocksa &r
peroende av insignalerna

* Processen som modellerar utgangssignalerna
nehover ocksa ha insignalerna i sin sensitivity
list!
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Mer om VHDL

« Kodexemplet for flaskautomaten finns pa
kurshemsidan

« Titta pa studiematerialet om “VHDL-
syntes” pa kurshemsidan

e Bade Brown/Vranesic- och Hemert-boken
innehaller kodexempel
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