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Digitalna elektronika
Programabilne logi¢ke komponente

LogiCke komponente se mogu
klasifikovati u dve velike grupe

fiksne
programabilne

Fiksne — kada su proizvedene odredena im je
logiCka funkcija i ne moze se menjati

Programabilne — korisnik moze da ih prilagodi,
programira, za odredenu logicku finkciju

Digitalna elektronika
Programabilne logi¢ke komponente

Sta je ideja?

Bilo koja logi¢ka funkcija moze da se
predstavi u obliku sume proizvodal!

| + ILI (ako ima NE)

Sta treba?
Dovoljan broj ulaza.
Dovoljan broj izlaza.

Mogucénost programiranja I-ILI
povezanosti.
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Programabilne logi¢ke komponente

ulazni baferi |
invertori n ulaza
kizlaza
1 [/IX1]|X2 X2 Xn [/Xn
: =
| matrica ILI matrica
yYm Fk s

Sta i koliko moZe da se programira zavisi od tipa komponente.

Da li su obe matrice programabilne?

Da li je samo | odnosno ILI matrica programabilna?

Koliko su programabilne?

Sta moze da ucestvuje u Y i koliko ih ima (m?)? Koliko ulaza u | kola.
Sta moze da ucestvuje u F i koliko? Koliko ulaza u ILI kola.

Digitalna elektronika
Programabilne logi¢ke komponente

PLA- Programmable Logic Array

PAL - Programmable Array Logic PLD
GAL — Generic Array Logic
cpLD - Complex Programmable Logic Device} cPLD

FPGA- Fild Programmable Gate Array

ROM - Read Only Memory
PROM - Programmable ROM
EPROM - Erasable PROM — Memory

EEPROM - Electrically EPROM

Asic- Application Specific Integrated Circuit} ASIC
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Kako realizovati kola sa puno ulaza?

vdd

M
Y Y
X2 <I X1
(<}
(<]
(<}
Y=X1X2-... B
Y=X1+X2+...
Digitalna elektronika
Programabilne logi¢ke komponente
Kako realizovati kola sa puno ulaza?
vdd vdd
vdd
Y

&
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ve—[ Y=X14X2+...
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Y=X1X2...




Digitalna elektronika

Programabilne logicke komponente

Digitalna elektronika

Programabilne logi¢ke komponente

Kako lako realizovati logi¢ka kola sa puno ulaza

a da imamo moguénost programiranja?
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Digitalna elektronika

Programabilne logi¢ke komponente

Kako se u ovom slu¢aju dovode ulazi i
komplementarne vrednosti?
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Digitalna elektronika

Programabilne logi¢ke komponente
U fazi predproizvodnje predvidimo svuda veze.
Ali za deo proizvodnje koji definiSe veze

napravimo posebnu masku L MASK
IMA-NEMA veze

Nema veze -> ulaz ispada iz logicke funkcije

Programmable

Ima veze -> ulaz formira logi¢ke funkcije

U fazi proizvodnje predvidimo i napravimo svuda veze.

U fazi programiranja Vcc -> Vpp Vpp > Vce FUSE

Spaljena veza, osigura¢ -> ulaz ispada iz logicke funkcije Programmable

Ostala veza, osigura¢ -> ulaz formira logicke funkcije

Digitalna elektronika
Programabilne logi¢ke komponente

[ I

Legend:

lead-free
solder bump.

back-end /
"Advanced Packaging"

front-end

FeoL |
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Kako simbolicki crtati?

, Z
1 Iad
" —f3 #
il I
i —f
u —{3
YYVYYY
o IE3
L ¥
1=
12— 4 ulaza
i3 3izlaza
14 P
- Programabilna | matrica
JUUOUU s cidaz
pi] p2| P3| Pa| Ps| Ps
D— o1 Programabilna ILI matrica
D_ os sa mogucnoséu sabiranja
6 ulaza po izlazu
D— o3

Digitalna elektronika
Programabilne logi¢ke komponente

Primer realizacije logickih funkcija

| |
i —Ps———+ '
23 .

13 T 01 = M- 12%1"-12°-13"- 14
3 | 02 = M-13+11-13-14+12
|4—£€ 03 = 11-12+11-13 + 11" 12" 14’

P1| P2| p3| P4| P5| P6
o
H H o
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Digitalna elektronika
Programabilne logicke komponente - PLA

Programabilna | matrica

Programabilna ILI matrica

1 —{3
12 —>
133
M Broj ulaza

j [j (j [j [j [] Broj izlaza

il Wi Wl Wi W D_ o1 Broj mogucih logi¢kih proizvoda
D— 02

D— 03

Jedanput formiran logi¢ki proizvod

ST

moze se Koristiti za realizaciju bilo koje izlazne logicke funkcije

Digitalna elektronika
Programabilne logi¢ke komponente - PAL

Programabilna | matrica

Fiksna ILI matrica

Broj ulaza
Broj izlaza

Broj mogucih logi¢kih proizvoda po izlazu

Jedanput formiran logicki proizvod NE moze se koristiti za realizaciju bilo
koje izlazne logicke funkcije. Ako je potreban na vise izlaza, mora se
formirati po svakom izlazu.
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Digitalna elektronika

Programabilne logi¢ke komponente — logi¢ki PAL

2
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MotZe biti i izlaz i ulaz
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Digitalna elektronika

cuK —1
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Programabilne logi¢ke komponente — registarski PAL
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Digitalna elektronika
Programabilne logi¢ke komponente — oznake PAL komponenti

PAL16L8

PAL16RS

1
N 1

S 1 " 'K ek I\‘Ifumber of inputs
—12 o1 - " 01 19 PAL 16R8 «wumberof Qutputs
_ 9] K] 102 18 3 2 02 18 L Output type

4 14 103 17 4 17 H = Active High

5 16 P 13 03 T L= Active Low

: 15 104 - N4 o4 P=Programmable Polarity
—116 105 |— 6 15 05 15 R=Registered

7 14 X=XOR registered
—7 106 1 os .

8 13 — — C=Complementary (both High and
—1'® 107 | & I o7l Low)
7 ] 08 Nis osl'?

— 1o "ol oE

Ne mozZe se sve saznati iz oznake !!!

16L8 ( ne govori niSta o unutrasnjoj strukturi — npr koliko
proizvoda moze da se sabere po izlazu

Maksimalno 16 ulaza 16R87?

Maksimalno 8 izlaza

Izlazi su sa aktivnom logi¢kom nulom (invertor na izlazu)

Digitalna elektronika
Programabilne logi¢ke komponente - GAL

Na izlazu registarskog PALa

Qulput
Enable

AND Array
Terms

Clock

Na izlazu GALa

Configuration
Information

F lback to
AMND Array

Configuration
Information

Makrocelija
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Digitalna elektronika
Programabilne logicke komponente - GAL

I

- ooy Registered
= o OE CLK output logic macrocell
T H
s 1
: A D @ ;
R B 1
R ]
s —5—] T |—> Q D—l:
4 1 1
e .
.‘_'{}:
s ] Konfigurisana makrocelija kao
Combinational
B OE CLK output logic macrocell
oL Rs """"""""""1
1 :
o ] T ’
R 1
— [
s {7 At !
R i
I —

Digitalna elektronika
Programabilne logi¢ke komponente - GAL

Inverted Non-Inverted Output

From gate
in or-armay -
() | } } OQuigal
Programmahble
fuse

From gate From gate
in or-asray i or-grmay ————3 -

w ) }‘— f R ) )_:)— 7
: :
-
3 3
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Digitalna elektronika
Programabilne logicke komponente - GAL

P T

— o4

(=)

e 11 1H111

.

Svi izlazi logi¢ki Meduvarijante Svi izlazi registarski

Digitalna elektronika

LOGICRAL

DEWVICES, 1NC.

Programabilne logi¢ke komponente - Programiranje

GP400

Stand Alone/USB Universal Programmer

11



Digitalna elektronika
Programabilne logicke komponente

Digitalna elektronika

+ JEDEC files are used
to specify the fuses
that will be burned or
connected to each
AND gate.

Number of fuse

1 = Blown fuse, no connection
0 = Intact fuse, connected

Programabilne logi¢ke komponente - Programiranje

JEDEC

(5]

COPL Ty L.0a Serial# c0009002
Tewice glévr@es Library DLIB-h-40-2
Created Tus Sep 2C 15:LZ:2¢ 2006
Wane= Te=coder

Part.no on

Rewiszion oL

TAare ZL1TSEON0S

Dasdgner F.Rios

Company i

Azzenbly Home

Locatickn

*qrzo - -

xgmgq - Number of total fuses
®C0

*F0

*L00000 1000101011311311133310111112011101
+*LO003E OL1L1L101110210113133001010101110])
*LO00S4 101100101130301133330111111011101
*LO002S 101110101011111131310001101011101
*LO01ZE 101110101011011110331011101011101
FLO01LAD 1L1LIL1LABIIOL11I011 010101011101
*LO0132 10101010011011113331 010101011110
*LO0EZ4 10101010111101011101101 01101011110
ALOOZES 10101010111111113131010101011101
*LOOZES OL111011113013111111111111111811101

*LOO2Z0 1111001111313111111111111115L11101

Digitalna elektronika

Programabilne logi¢ke komponente - Programiranje

ABEL

module TIMEGENE

" Input and Output pins
MCLX, RESET, RUN, RESTART

" Btate dsfiniticns

WHEN RESET THEN {T1 := 1; PHASES

end TIMEGENS

Ti, PA_L, P2_L, P3_L, PA4_L, PE_L,

FHASES = [FL_L, P2_L, P3_L, P4_L,
NEXTFH = [FS_L, P1_L, P2_L, P3_L,
ERESET = [1, 1, 1, 1, 1, 1];

Pl = [, 1,1, 1,1, 11;
equaticns

T1.CLK = MCLE; PHASES.CLE = MCLK;

title 'Six-phase Master Timing Generator'

pin;
Ps_L pin istyps 'reg';

PE_L, Pe_LI;
P4_L, PS_LI;

1= SRESET;}

ELSE WHEN (PHASES==SRESET) # RESTART THEN {T1 := 1; PHASES := P1;}
ELSE WHEN RUN & T1 THEN 4{T1 := O;
ELSE WHEH RUN & !Ti THEN {T1 := 1;
ELSE {T1 := Ti; PHASES := PHASES;}

FHASES := PHABES;}
PHASES := NEXTFH;}

12
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Digitalna elektronika
Programabilne logi¢ke komponente - ROM

— | k=2n

Input buffers

inverters Zasto?

i | matrica fiksna u obliku potpunog dekoder!!!

————————————— Imamo na raspolaganju sve moguce logi¢ke
P1 proizvode od datih ulaznih promenljivih.

ILI matrica programabilna!!!

-

-
=
PR
=
3!
PR
-
&

=

(12p02ap) ARLIE-PUE poaxi{

—{ |

.
]
p_—
1
R

Programmable or-array

=== 11

Digitalna elektronika
Programabilne logi¢ke komponente - ROM

Logicka komponenata
Ulazi x, X, X,
Izlazi f, f,

Y" \‘ f,
A
\ N\
T ./

Memorija

Ulazi x, x, X, =adresa

Izlazi f, f, =podatak

svaka vrsta = memorijska lokacija

i podatak na toj memorisjkoj lokaciji

13
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Digitalna elektronika
Programabilne logi¢ke komponente - ROM

Primer sa isprogramiranim, memorisanim, sadrzajem

Filp |
iy .

il
iy

My
i
I — g F
; - 4-to-16 M7
A X — S

ROM i Decoder
In puts ¥ > ng

Z =™ LLLITH]

m
o
i
My
"y

+ ¥ v ¥
A, 4 A 3 A 2 A 1 AO

ROM Outputs

Digitalna elektronika
Programabilne logi¢ke komponente - ROM

Da bi se Sto vise iskoristio prostor “memorijska matrica” Sto pribliznije kvadratu

“memorijska matrica” deo koji se programira — ILI matrica

i

B4x1 bit ROM s r]

[
I
I
[
1

I T Eﬂ_bﬁﬂ.ﬂ.mﬂ:
IR EEEE
; EEEEEEEE
: Eﬂﬁﬂﬁﬂﬁﬂ\\\\\\\omm%wmm
5 EEREEEEE
= P EREEEEE
EEEEEEEE
. CHCHEHEHEREHEHEH v
= = \‘ } ot

BIT LINE = KOLONA
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2]

T

WL[0]

Digitalna elektronika
Programabilne logi¢ke komponente - ROM
BL[O] BL[1] BL[2] BL[3]
=l
WLI0] } =
B =)
WLI[1] } I—L I
) ) :]—0
win —AE —F
" - Vop
WL[3]
Vi 1 1= 1 1=
bias T e = 5
) Pull-down loads )
Digitalna elektronika
Programabilne logi¢ke komponente - NOR ROM
Vop

Pull-up devices

L

? —¢ GND
wrn {L |
2 2 2
WL [2] I|_|4 I }
5 5 oD
WL [3]

BL[0] BL[1] BL[2] BL[3]
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Digitalna elektronika
Programabilne logi¢ke komponente - NAND ROM

VDD

_7[4[' f __[all: ﬁ Pull-up devices

$—= BL [0] $—= BL [1] $—= BL [2] $— BL [3]

WL [0]

|
L

WL [1] ”: {

WL [2)

|

]

" ]
_ L

Digitalna elektronika
Programabilne logi¢ke komponente - ROM

4

t Dynamic Bit-Line Loads

G

Ima

// Nema

Polysilicon Word Lines Meal Bit Line

MASK
Bit-Line
Access

. N . . A VTP & 7 a3
R i N
Gy Ground «q»  Field Oxide
w .»‘> ‘ : . 0 :
n- 1 “0" “1" "o "C"{ —

= Transistors

2 Py By Sy Bah AT

Dynamic
Data-Line
Load
L—p|  Sense D
Refop| AMP 0

Buffer
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Digitalna elektronika

bbb

Programabilne logi¢ke komponente — ROM programiranje

+ + +
Fuses to
burn out ﬁR ﬁR hR

Word
lines from

[~

Word 1
linesfrom —=

e

1

decoder decoder
0 1 0 :
To ROM output To PROM output
9 b)
MASK FUSE
ROM PROM

Digitalna elektronika

reference
cell

Programabilne logi¢ke komponente — ROM - senzorski pojacavaé

Senzorski pojacavac
1. Da ubrza ocitavanje
2. Ocitavanje pouzdano

Multiplekser?

17
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Digitalna elektronika
Programabilne logicke komponente — ROM — senzorski pojacavac

Reference Column  Reference Column
Memory Array with “0” with “1”

g
L

T

—————{g 2Wy /L
First Stage of

H Sense Amplifier
1

1

v

\

ref®

v
To Differential
Sense Amplifier

j_ “Dummy” bitske linije

Digitalna elektronika
Programabilne logi¢ke komponente - PROM

X\/OI‘d ? lf
mne
lf_r\/_‘ 1%\_;‘: BIPOLARNI
I P
[ N
LF\J— ] \PSLyesiiicon
BL, | BL; BL,, 4
W,
——H{ —4[{ L—ilf:JL
= = = NMOS
WL, 4
{ —4!{ “—-”{

A $ta su ove crtice, gde su osiguraci?

18
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Digitalna elektronika
Programabilne logi¢ke komponente - PROM

Control Gate

Floating Gate Inverter

FAMOS — Floating Gate Avalanche Injection MOS

Floating Gate 7

Kako ubaciti naelektrisanje na izolovani gejt?

Channel hot electron current

Channel initiated secondary electron current

Fowler-Nordheim tunneling current

Thin Oxide
Region of
Fowler-Nordheim
Tunneling

Poly-$i Control Gate __ vipp . . .
Ve S FLOTOX — FLOating gate Tunneling Oxid
Vg | Voo \\\\ R= lIR
1 | L . Control Gate N Floating Gate
T — [ o l VouT \
Lt ] [ o+ ] SN o
ViNe—]
pSi N | CL
Poly-Si Floating Gate —— | I

Digitalna elektronika
Programabilne logi¢ke komponente — PROM - programiranje

20V
- ss

1574

s [©69 D

Ip “ 0 -state “1” -state

VGS
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Digitalna elektronika
Programabilne logicke komponente — PROM - programiranje

neprogramiran programiran

Digitalna elektronika
Programabilne logi¢ke komponente — EPROM - brisanje

UV Light

T il

Hot electrons

Program Erase

20
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Digitalna elektronika
Programabilne logi¢ke komponente — EPROM - brisanje

EPROMs

Programiraju se u “istim”
uredajima kao i PLD.
BriSu sa UV svetloscu.

EPROM - ima staklo
OTPROM (One Time PROM) — nema staklo

Digitalna elektronika
Programabilne logi¢ke komponente - EEPROM

Elektroni na izolovanom gejtu. -0V Vep
10V

Kako su dosli tako mogu i da odu

Fowler-Nordheim
|-V characteristic

Control gate

I ¢ iocting gate

erasure «— Thin tunneling oxide

<
4 —_/
M © programming k n' drain

p-substrate
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Digitalna elektronika
Programabilne logi¢ke komponente - EEPROM

BL

WL ——i
ey

Kontrolu praga je tesko ostvariti
“Neprogramiran” tranzistor?
Ako ga suvise izbriSemo.

= 2 tranzistora

Digitalna elektronika
Programabilne logi¢ke komponente — Flash EPROM - UPIS

12V Bl BL 4
EG 5V ///_l—o\\\ _l—o
=] =% ] U :
S0 , <14
] 1
ov — - WL,
— |
0

22
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Digitalna elektronika
Programabilne logi¢ke komponente — Flash EPROM - CITANJE
5\ BL, BL
G ad N I—(I
% 1v ’/” \ Tl
1 1
=| e T oV | | WL,
S D oV ] _} —
JI 1l
oV —1 1 WL 4
_l—o _l—o
1V oV
Digitalna elektronika
Programabilne logi¢ke komponente — Flash EPROM - BRISANJE
cell array
0 1
= G //_|—¢i \\ //_l—o \\
12V ! v \
oV il Ll I WL
T s o o | / ﬂ\| / 0
\ / /
F D ] _} 1}
(S & C1
I I
/ /
OV = | ) WL
\ \
\\\_|_0, // \\\_l_ﬁ, //
open open
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Digitalna elektronika
Programabilne logicke komponente — Flash EPROM

NOR NAND
Bit|Line Bit Line
Word Line Bit Line Select

L o taea |

Word Line 1

Word Line T
1 Word Line
Word Line

——

—
Sy Sy IRy DS g DNy O

Word Line
1 Word Line
Word Line Bit Line Select
-y et

Source Line

——

Source|Line

Digitalna elektronika
Programabilne logi¢ke komponente — Memorije ROM

OE*
CE*
L 2
A[12:0] 65,536 bit Output D[7:0]
L EPROM array : Buffers )
CE*
o\ /
A[12:0] Al )( A2 X x
D[7:0] DA b D2
— — —




Digitalna elektronika

Programabilne logicke komponente

Digitalna elektronika
Programabilne logi¢ke komponente — Memorije EEPROM FLASH

Present on 2aLV001B only
RESET"

Kontrolni signali

CE* Read, Write, Program VCC (+3.3V)
OE* ) Erase and Erase ¢
3 Contral Voltage VSS (GND)
WE* Logic < Generators
—»
L 4
A[18:0] 128kx8 [ »| Data DI7:0]
Flash Array Latch/Buffer
Digitalna elektronika
Programabilne logi¢cke komponente — Memorije
Control Read/Write
Control
high-order ‘L M column bits 1 bit decoded
bits for N decoded from from y
Address row select NxM N rows M colurmn bits
- . L. -
Bit Array read data read data ulput Data
Buffer
A -
low-order bits for M ol
column select /
write data inserted into
column of selected N
Adresa
Podatak
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Logic block

Digitalna elektronika
Programabilne logi¢ke komponente — CPLD
H N H N H N HE
| ]
| “ .
- PLD PLD PLD PLD -
| |
|
| |
| |
| |
" lpp PLD PLD pp | ™®
| |
| |
| |
H N H N H N HE

Digitalna elektronika
Programabilne logi¢ke komponente — CPLD

Figure 2-1. MAX If Device Block Diagram

Logic
Element

Logic
Element

+—— Lagic Array
Block (LAB)

Logic
Element

Logic
Element

MutiTrack
Intercomect
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Digitalna elektronika

Programabilne logicke komponente

1o Pin B3|
1o Pin 23—

1o Pin 23—

Digitalna elektronika
Programabilne logi¢ke komponente — CPLD

B5C Path

Clock and Contral Signals

BSC and ISP

J_ Function Functicn J_
Block 1 Block n
MCi MC1 A 1o Fin
MC2 MC2 3 10 Pin
L 16 F8 16FB L
L ," ,’ L
Ld L4
. L]
2 0 . 2
e | e PLA PLA s [ v, 1B *
. a i » @ AlM @ [ i o .
L] Q - ‘} ‘1 - Q -
= < < =
L L]
L .
- -
- L
MC16 MC16 E3 o ein
[ o frm e ]
L .
7 ?
T pecamien |

D5180_01_121201

40

Digitalna elektronika
Programabilne logi¢ke komponente — CPLD

MC1

MC2

PLA

e Out
|—.. To AIM

OO ol o |l o ol el o | |

=
@

3

Global Global
Set/Reset Clocks
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Digitalna elektronika
Programabilne logi¢ke komponente — FPGA

Logic block

| 1/0 block |

* Interconnects

) )| 0] ) ) T || ] | ET |
) )| 0] ) ) T || ] | ET |
) )| 0] ) ) T || ] | ET |
) )| 0] ) ) T || ] | ET |
) )| 0] ) ) T || ] | ET |
) )| 0] ) ) T || ] | ET |
) )| 0] ) ) T || ] | ET |
) )| 0] ) ) T || ] | ET |
) ) | 0 ) 0 E | | T R

Digitalna elektronika
Programabilne logi¢ke komponente — FPGA

CLB Configurable logic block

What'sina CLB?
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Digitalna elektronika
Programabilne logi¢ke komponente — FPGA

LUT — Look Up Table

X3

0/1—

0/1—

0/1—

0/1—

=/

Digitalna elektronika
Programabilne logi¢ke komponente — FPGA

Function
Generator;

ain
Function CLK EC Select S/R
Generator, ™ v
T b Sy
— et/Rese
T+ ﬁ YQ
DIN- @__) >
L O] EC CIR
H1 LUT3 7
— 1 Clock Enab
— Control
Il::% __\I D  PRE] X0
F3
5 517 4
O] EC CIR
L Flip Flo
:—‘ 1 S/RC

X
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Digitalna elektronika
Programabilne logi¢ke komponente — FPGA

Rutiranje multipleksorom — ¢esto unutar blokova

WNOR O

configuration memory
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Digitalna elektronika
Programabilne logi¢ke komponente — FPGA Rutiranie izmedu blokova
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Configuration Memory Cell (SRAM)
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DSP Blocks

Logic Array
_— Blocks (LABs)

M-RAM

/ Blocks

—~—_ M512 RAM
Blocks

~_ M4K RAM
Blocks

Broj pinova = ?
BGA
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Digitalna elektronika
Programabilne logicke komponente — Programiranje CPLD FPGA

Floating gate transistor
SRAM-controlled switch — Control Pass transistors
Multiplexers (to determine how to route inputs)
Antifuse Similar to fuse Originally an Open-Circuit

One-Time Programmable (OTP)

Digitalna elektronika
Programabilne logi¢ke komponente — Programiranje CPLD FPGA

ANTIFUSE

Iietal 3
Vet Tracks
Vial ink®
Metal 2 Amorphous
Horiz. Tracks | Bilicon
Artifiase
Mietal 1
Logic Cell Witing Tungsten
Plug Via

W |G suea

0.65m CIIOS
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“Isprogramirana” konfiguracija?

U lokacijama tipa statickog RAM-a
Prednost - lako menjanje konfiguracije
Mana - nestaje kada se iskljuci napajanje

Proces “punjenja” konfiguracije obi¢no iz PROM-a
po uspostavljanju napajanja

———*( _
confguration
v control
READor
WRITE
DATA — |
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