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12. elbadas

Programozhato logikai aramkorok
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Programozhato logikak

« Kombinacios halozat memaoria aramkorbdl (lattuk, 2. eléadas...)
 PLA - Programmable Logic Array

 PAL - Programmable Array Logic

GAL - Gate Array Logic

CPLD - Complex Programmable Logic Device

FPGA - Field-Programmable Gate Array

* (ASIC - Application-Specific Integrated Circuit)
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* Programozhatdo AND és OR struktura
« Huzalozott AND és OR kapcsolat
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PAL

 Tipus azonositas: PAL bb t kk

bemenetek szama
t: Kimenetek tipusa:

H- aktiv magas

L-aktiv alacsony

P-programozhato polaritasu kimenet
C-komplemens kimenet
R-regiszteres kimenet
RP-regiszteres+programozhato kimenet

kk: kimenetek szama

Pl.: PAL16R8
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PAL

« Két szintl kombinacids halozat
(VAGY szint nem valtoztathato)

« +Opcionalis regiszter (flip-flop) a kimeneteken (tipus fuggo)

* Regiszter kimenet visszacsatolhato - sorrendi halozat

 Bemeneti és kimeneti jelek ponalt- es negalt értekei logikai valtozokent
felnasznalhatok

« Diszjunktiv fuggvényalak

» Kozos orajel vezetek
(regiszteres tipusnal = szinkron sorrendi hal6zat)

« Kozo0s kimenet engedelyezeés
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PAL16R8
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CPLD aramkorok

* Makrocellak (korlatozott szamban)

 Bels6 huzalozas
* |/O blokkok

« Konfiguralhatosag
(szabvanyos leird nyelvek segitsegevel)

« Aramkoron bellil programozhaté
 FLASH vagy EEPROM konfig. memoria
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From

Fast CONNECT 1l
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Switch Matrix
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Szorzatok osszekapcsolasa
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Kepessegek

XC9536 XC9572 XC95108 XC95144 XC95216 XC95288
Macrocells 36 72 108 144 216 288
Usable Gates 800 1,600 2,400 3,200 4,800 6,400
Registers 36 72 108 144 216 288
Tpp (NS) 5 7.5 7.5 7.5 10 15
Tsy (ns) 35 4.5 4.5 4.5 6.0 8.0
Tco (ns) 4.0 45 45 45 6.0 8.0
font (MH2Z)(™) 100 125 125 125 111.1 922
fsysTEM (MHZ)(@) 100 83.3 83.3 83.3 66.7 56.6

1. fen1 = Operating frequency for 16-bit counters.
2. fgysTEMm = Internal operating frequency for general purpose system designs spanning multiple FBs.

VIIIAAO6 ©
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FPGA
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* Nagyobb komplexitas

» Konfiguralhatosag
— OTP (egyszer irhato, One Time Programmable)
— FLASH
— SRAM (kuls6 memoariabadl indul)

» Szimmetrikus belsO strukturak

» Pelda:

VIIIAAO6 ©
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SRAM alapu konfiguracio (XC3000)
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Belso felepites (XILINX SPARTANSE)

Funkcionalis blokkok egyenletesen elosztva
- 1/0O blokkok (10B)

- Logikai blokkok (CLB) 06

- Blokk RAM - _
- Szorz6 7

- Orajel kezel6 modul (DCM) ;”f cLas

-Belsd huzalozas
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Block RAM Mutpliar
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45 % 0B funkciok

 Aramterhelhetéség biztositasa IC-labakhoz
* Tobbféle logikai rendszer és feszultség szint kezelése
* Regiszter a kimenet értékének tarolasara
« Harom allapotu meghajtas biztositasa
- Bemeneti zavarvédelem (pl.: ESD)
» Kulso feszultség szint illesztése a bels6 logikahoz
 Bemenet értékének mintavételezése
« DDR adatatvitel tamogatasa
 Korlatozhato jelfelfutasi meredekség
* Bemenet programozhato késleltetése
(jelek egyuttfutasanak biztositasahoz)
* Programozhato fel- és lehuzo ellenallasok
* Programozhato tartd6 aramkor
« Szimmetrikus/aszimetrikus jelek kezelése, lezarasa

VIIIAAO6 ©
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Programozhato bemeneti késlelteto

IFD_DELAY_VALUE
Synchronous input (1Q1)

D
>

Synchronous input (1Q2)
D d
)
Coarse Delay ~ T o~
PAD E}‘- | »-t

~ —
)

Asynchronous input (1)
IBUF_DELAY_VALUE

)

§
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Veco Supply/Compatibility

Input Requirements

Single-Ended Board
IOSTANDARD 1.2V 15V 1.8V 2.5V 3.3V VREF Termination
Voltage (V1)
_ ||'|p|...|t-" 1)
LVTTL oot N/R N/R
LVCMOS33 - .:'}”uﬁgﬁt N/R N/R
LVCMOS25 - L!)nquﬁt Input N/R N/R
Input/
LVCMOS18 - ouput Input Input NR N/R
Input/
LVCMOS15 Output Input Input Input MR N/R
Input/
LVCMOS12 ouut Input Input Input Input NR N/R
Input/
PCIa3 3 - Ovput N/R N/R
PCI66_3 - .:'}”Uﬁgﬁt N/R N/R
HSTL | 18 - é’:ﬁ;ﬁt Input Input 0.0 0.9
HSTL_lll_18 - é’:ﬁgﬁt Input Input 1.1 1.8
Input/
SSTL18_| - Ouput Input Input 0.9 0.9
Input/
SSTL2 | - Sttt Input 1.5 1.25

VIIIAAO6 ©

Aszimmetrikus kKimeneti feszultsegszintek
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Szimmetrikus feszultsegszintek

Differential Veco SUPPlY Re I..::.rl'g::‘ntentS' Differential Bank
IOSTANDARD 1.8V 2.5y 9.3y q Vv : Restriction!!)
REF
~Input, . Applies to Outputs
LvDS_25 Input On-chip Differential Termination, Input onl
Output v
Input, Applies to Outputs
RSDS_25 Input On-chip Differential Termination, Input
only
Output
Input, Applies to Outputs
MINI_LVDS_25 Input On-chip Differential Termination, Input
only
Output
nput, ese |/O standards
BLVDS_25 Input Output Input
Input, Mo Differential Bank
DIFF_HSTL_I_18 Output Input Input Resiriction
Input, (other VO bank
DIFF_HSTL_IIl_18 Output nput Input restrictions might
ly)
Input, app
DIFF_SSTL18_| Output Input Input
Input,
DIFF_SSTL2_1 Input Output Input

VIIIAAO6 ©
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Tartdo aramkor

e felhizo ellenallas
* lehuzo ellenallas

Output Path  [>— .
input Patn <} ) L

*Tartdé Uzemmod:

a nagyimpedancias vonalon utoljara
tovabbitott szintet ,6rzi”

- ,lebeges” megakadalyozasa

Pull-down

D3312-2 25 0e0a0T
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C L B (Configurable Logic Block ) fe I é p I’tése

&
2 c -
¢ __* __*__* __* _
4 || | I |
j,’f — 1| XOY3 || X1v3 |lI] X2¥3 || ¥3¥Y3 || e e e
/ . :I I
1 | I I
[ || XOY2 ] XIY2 (||| X2Y2 || X3Y2 || e e e
&
7 — | I |
Sga’rtan-BE —] : X0 || X1 H 2% || X3Y I LR
e FPGA 1 | I |
. 1 1] XKOYD [ XAY0 || X2Y0 || X3Y0 || e e w
/ - IT—_'_-F___JI______J
UL [T [loes| [[[[]  e=e=e
_——— - ..'f 1'\_
=T B .l'I I“'
CLB Slice DS312-2_01_021206
Device CLB CLB CLB Slices LUTs/ Equivalent RAM16 / Distributed
Rows Columns Totall1) Flip-Flops Logic Cells SAL16 RAM Bits
XC35100E 22 16 240 960 1,920 2,160 960 15,360
XC35250E 34 26 612 2,448 4,896 5,508 2,448 39,168
XC3S500E 46 34 1,164 4 656 8312 10,476 4,656 74,496
XC351200E 60 46 2,168 8,672 17,344 19,512 8,672 138,752
XC351600E 76 58 3,688 14,752 29,504 33,192 14,752 236,032

VIIIAAO6 ©
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Left-Hand SLICEM Right-Hand SLICEL
(Logic or Distributed RAM (Logic Cnly)
or Shift Reqgister)
cCouT
. oaB 0 ]
' SLICE ﬁ
1 CLB 4db SLICE < | xan |
« 2 bal oldali és ket jobb oldali : :
- Eltéré felépités <& N avo <j:|[>
* 1 slice: Switch| | cout f |
« 2db LUT Matrix : I—L CIN |
SLICE
. [ \
» 2db regiszter | v [ |
SHIFTOUT
* 2,db MUX : SHIFTIN _3 :
° i i SLICE !
Atvitel logika <::> OVO < \
__— A |
IM
SAL1E FiMUKD FiMUKD
L
C C
am Register LUT4 (G) am Register
D )
FSMUX F5MUX
SHL16
[_RAM16 Carry Register Carry Register
LUT4 (F)
D D
Arithmetic Logic Arithmetic Logic
VIIIAAO6 ©

SLICEM

SLICEL

DE312-2_13_ 020806

Interconnect
to Neighbors

D5088-2 05 004
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L U T (Look Up Table)

Ry .y . Py x . P ’ P SLICEM
« Kombinacios haldzat kialakitasa (igazsagtabla megadasa) e .
* 16 bites RAM, ROM, léptetd regiszter D 1o ! I~ 8PO
- 4 bemenet, 1 kimenet o | mesw | !
 Multiplexer segitségével tobb kimenet is 0ssze kapuzhato - bovités We N Register | |
(2db 4 bemenetl vagy 1db 5 bemenetl kombinaciés halbzat) WCLK H> |
. , . , , . . |
* dualport memdriaként is hasznalhato (distributed RAM) | i
- 2db regiszterrel sorrendi halozat is kialakithato (max. 4 allapot) ] oea | o
| | I
— Y DPRA[2:0] : Eag;ﬂ L | ¢ N
} Only) Registe i
4 _ | |
G[4:1] Al41] D - —YQ i I
G-LUT lmmmm S
[
— X
s - RAM16X1D <ro
Fi4:1] mplmmp{ Al4:1] D EEx £>XQ 5
WCLK DPO
F-LUT X Aol

Ad

- A2

A3

DPRAD

1 0 1 1 1 0 0 0 1 1 1 0 1 0 0 1 DPRA1

HEEEEEEEEE NN ST

A3:01 A 0000 0001 0010 0011 01000101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111/
VIIIAAO6 © ‘ 29
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Lepteto regiszter

SHIFTIN Y SALC1E SALC16E
' k D Q
| CE Qi
W SHIFT-REG I CLK]
. 4 _ |, . AD
A[3:0] =] A[3:0] D | Output a3
MC18 [ | L D aol_. Registered A2
Ws DI : Cutput A3
DI (BY) D | |
I -
WSG | | (optional) Inputs Outputs
CE (SR) ——=| WE '
SR) a5 | Am | CLK CE D Q Q15
: Am X 0 X Q[AmM] Q[15]
——————————— — Am T 1 D QfAm-1] Q[15]
¥ SHIFTOUT
orYB XABS_03_040203 Notes:

Figure 28: Loglc Cell SRL16 Structure

Q15 ar

D —0 30 SO0 S0 O l::I|'—I::I Q0 Qe CII—D I:I|'—I3‘I D|'—D (8] o B QI—D EJI N o (R o MC 18

CLK > [} [:r [::- [::r [::- [::- Fv [:r [:r F:r

Al3:0] A\ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 /
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Multiplexer

Y

Y

VIIIAAO6 ©

FX (Local Feedback to FXIN)
Y (General Interconnect)

YQ

F5 (Local Feedback to FXIN)
X (General Interconnect)

XQ

k312-2_34 21206



Atvitel logika

I — — e
| Lt |
' T !
| ‘ CYMUXG v
Gla:A] CYSELG |
! I
I '—'}! ) 0 af—=we
! XORG FFY |
| CYOG
|
I ] I
I I
I I
. oo [ | |
| L I
e e E i
T ]
- —=> X8
o
;
b 1\
CYMUXF = x

Ald:A]
F-LUT
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SHIFTIN
Pt

—]
s > )
FXING > —
GYMUX
i > —
ul
le:1] I ~+1] D L
G-LUT ORI
WGl MCIS :Df D al——=va
a1 — FEY
L}Ich-MLIK WS ol CE
1 | B s
ALTDIG L7 SR AEV
|
GAND i
"1 eves
By > =
Top Portion
CECS—#4
CLK et 1 4
SAC——— ¢t - '
1
I i LEE
L
[—
WSGEN

WEI
-4 WED
WSF

SLICEWE! 70~

Commeon Logic

i DIE_MUX 1 CYMUXF _,l “___l‘j T ;]
| I, |—£_
ED FSMUX

- SYSELF T
i I > F5
} ! XORF
y
o )P ' —x
Fla:1] /I
FXNLX
DXMUX SR REV
B o af——_=xa
i — FFX
i CE
i CYOF oK
: —
E FAND i CYINIT
ax i {7 BROUT
Bottom Portion
el
LEGEMD: —— Logic Funclions ;'I
VIIIAA 06 © ——— Diglroutad FARK and SHIFTOUT CIN
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Jie

Clock
Distribution
Delay

D C M (Digital Clock Manager) fe I é p I,tése

Bejovo orajel:
CLKIN

Orajel szorzas:

CLKFX = % -CLKIN

M={2,..,32}; D={1,..,32}

Orajel osztas:

CLKDV = —CLEIN

K={1.5, 2, 2.5, 3, 3.5, 4,
4.5,5,55,6,6.5,7,7.5,
8,9, 10,...16)

.

=
: DCM |
e T e e
PSCLK : Shifter I
I |
I I
| AV | cLKo
CLKIN —1 I o ™
| & g =4 —= CLK80
1] |2 z [N & [ CLK180
- = CLK270
= |
clkFB _ 1135 ) EL — CLK2X
| = s & —= CLK2X180
| = CLKDV
I I
| DES ——= CLKFX
I DLL _I_.. CLKFX180
RsT — | Status _:_3" LOCKED
II Logic —7= STATUS [7:0]
e e
CLKO
CLK90
CLK180
CLK270
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BelsO

0SSZ€

kottetések

s oo R | el oo R el P e P e o
s oo R | el oo e il e e S A
v o R | el o | | el S R e S e
v o R | Feel oo | [ el S R e S
e o R | Foel o | [ S Y e S e
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Horizontal and Vertical
Long Lines 24
(horizontal channel | | | 7 | |
shown as an example)

CLE |-=+| CLBE CLB |+==| CLE CLE |+==| CLE CLE |-=«| CLBE CLB |*=+| CLE

6 B 6 6 B

DS312-2_10_022308

Horizontal and Vertical
Hex Lines 8

{horizontal channel
shown as an example)

CLB

CLB CLBE L CLB CLE CLB = CLB

DENZ-2_11_020905

Horizontal and Vertical

Double Lines B/
(horizontal channel r
shown as an example)
CLB =| CLB = CLB
DS312-2_16_ 022305

Direct Connections

CLE |- CLB = CLB

A f A
CLE |- CLB »=1 CLBE

cLB CLB

Y

cLB

[ |

DE312-2_12_ 020905
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BLOCK RAM

RAM RAM Blocks | Total RAM | Total RAM | Total RAM

Family Device Columns Per Column Blocks Bits Kbits

Extended XC3SD1800A 4 20-22 84 1,548288 | 1,512K

Spartan-3A FPGAs - e opaa00a 5 2426 126 2322432 | 2268K
XC3S50A /AN 1 3 3 55,296 54K

XC3S200A /AN 2 8 16 294,912 288K

XC3S400A /AN 2 10 20 368,640 360K

XC3S700A /AN 2 10 20 368,640 360K

XC3S1400A /AN 2 16 32 589,824 576K

XC3S250E 2 6 12 221,184 216K

XC3S500E 2 10 20 368,640 360K

XC3S1200E 2 14 28 516,096 504K

XC3S1600E 2 18 36 663,552 648K

VIIIAAO6 ©
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JI® BLOCK RAM elhelyezkedése

—

Block RAM Columns

—

= m <L
<5 — O 20 |M—
o = U3 — cra
D || s s () | )
> = >

OOOOOCOOOO0O0O000 000000000001
OOO0OOO0OOOO0O00O0O0O00O0O0O0O0OOds

_ Il | I | I |

OOOOO0O0OO0000O000000000000O00
OOOOOO0O0O00000000000000000]
OOOOOO0O0O00000000000000000]
OOO0OO0O00000000000000000000
OOO0OO0O00000000000000000000
OOOO0O0O0O00O000O000000000000000001
OOOO0O0O0O00O000O000000000000000001
i | e e e e e e e e e e e v e e
OOO0OO0O00000000000000000000
OOOO0O0O0O00O000O000000000000000001
OOOOOO0O0O00000000000000000]
s | e e e |
OOOOO0O0OO0O0O0O0000O000O0000O0000001
OOO0OO0O00000000000000000000
OOOO0O0O0O00O000O000000000000000001

_H__H__H__H_D_H__H__H__H__H__H_DDDDD_H__H__H__H_D_H__H__HL_\

[ Il Il Il Il Il Gl

! |1 | | | |
OOO0O0O00000000000000000000

OOO0O0O0O00000000000000000000

|'
|'
|
|
|

XC351400A/AN|

XC35200/A/AN!
XC35400/A/AN
XC35700A/AN
XC35250E
XC35500E
XC351200E
XC351600E
XC351000
XC351500
XC352000

N |
Embedded Muliipliers 2 CLBs

<

||

2CLBs

UGE3AZ o4 12 011006
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BLOCK RAM - alkalmazasa

‘RAM
‘ROM
FIFO
*Nagymeéretld LUT

«Adathossz konvertalas

Cirkularis puffer

Léptetb regiszter

Kddold
*Dekddold

*Fluggvénytabla
*Fluggvény generator

-Allapotgép

\erem

Lehet 2-portos és 1-portos kialakitasu

WEA [ RAMB16_Sw, Swe
ENA
SSRA
kA DOPA[pa—1:0]
ADDRA[ra—1:0] -»} DDA[WA—pﬁI—J:D]
DIAJw a—pa—1:0] -
DIPA[pa—1:0
[ 101
WEB
ENB
SSRB | DOPBIpg—1:0]
DOB[w 1:0
ADDRB[rg—1:0] ._} we—pe— 1]
DIB[wg—pg—1:0] -
DIPB[pg—1:0]

VIIIAAO6 ©

WE

EN

So5H

CLK

ADDR[r—1:0]

Di[w—p—1:0]

DIPp—1:0]

RAMB16_Sw

DOP[p-1:0]

——
DO[w—p—1:0]
ﬂ-
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BLOCK RAM - alkalmazasa

Table 4-2: SelectRAM 18K Block Memory Features and Applications

Total RAM bits, including
parity

18,432 (16K data + 2K parity)

Memory Organizations

16Kx1

8Kx2

4Kx4

2Kx8 (no parity)

2Kx9 (x8 + parity)

1Kx16 (no parity)

1Kx18 (x16 + 2 parity)
512x32 (no parity)
512x36 (x32 + 4 parity)
256x72 (single-port only)

Parity Awailable and optional only for organizations byte-wide or
greater. Parity bits optionally available as extra data bits.
Performance 240+ MHz (refer to individual FPGA family data sheet)

Timing Interface

Simple synchronous interface. Similar to reading and writing
from a register with a setup time for write operations and
clock-to-output delay for read operations.
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BLOCK RAM - szervezése

iie

NO Farity

J Byte s
aKxa < |
dyte 512x36 [P3|P2[P1|PD Byte 3 Byte 2 Byte 1 Byte O
- palp2 Byte 3 Byte 2
™ 1Kx18 { P1[PO Byte 1 Byte D
% %’ff!
(Tg,, Y O,
Eﬁaﬁrﬁr@ ‘ﬂ":'n,;,
T 8Kx2 < |« Wiy 0a Tagy o P3 Byte 3
B T )" ok < P2 Byte 2
% o P1 Byte 1
5 % , PO Byte 0
~ |

Jeoo "EYIET T

16Kx1 <

s
[=BYED



Konfiguralas

Master

Serlal SPI EPI Slave Parallel Slave Serial JTAG
M[2:0] mode pin =0:0:0= =0:0:1= <0:1:0==Up =1:1:0= =1:1:1= <1:0:1=
settings <0:1:1==Down
Data width Serial Serial Byte-wide Byte-wide Serial Serial
Configuration memory Xilinx Industry-standard | Industry-standard | Any source via | Any source via | Any source via
source Platform SPI serial Flash parallel NOR microcontroller, | microcontroller, | microcontroller,
Flash Flash or Xilinx CPU, Xilinx CPU, Xilinx CPU, System
parallel Platform_ | parallel Platfiorm | Platform Flash, | ACE™ CF, efc.
Flash Flash, etc. etc.
Clock source Internal Internal oscillator | Internal oscillator | External clock External clock External clock
oscillator on CCLK pin on CCLK pin on TCK pin
Total I/O pins borrowed
during configuration 8 13 46 21 8 0
Configuration mode for | Slave Serial Slave Serial Slave Parallel Slave Parallel or Slave Serial JTAG
downstream daisy- Memory
chained FPGAs Mapped
Stand-alone FPGA Possible using | Possible using
applications (no XCFxxP XCPxxP
external download v v v Platform Flash, | Platform Flash,
host) which optionally | which optionally
generates CCLK | generates CCLK
Uses low-cost,
industry-standard v v
Flash
Supports optional
MultiBoot, /

multi-configuration
mode

VIIIAAO6 ©
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K+

Konfiguracié mérete

CLB Array

VIIIAAO6 ©

System | Equivalent (One CLB = Four Slices) Distributed | 12K | pedicated Maximum | Maximum
Device 1| RAM DCMs Differential
Gates | Logic Cells Rows | Columns :‘:rtt;; 51;?;2!“ RAM bits!") bits! ) Multipliers User I/O /O Pairs
XC3S100E | 100K 2,160 22 16 240 960 18K | 72K 4 2 108 40
XC3S250E | 250K 5,508 34 26 612 | 2,448 38K 216K 12 4 172 68
XC3S500E | 500K | 10,476 46 34 1,164 | 4,656 73K 360K 20 4 232 92
XC351200E | 1200K | 19,512 60 46 2,168 | B,672 136K 504K 28 B 304 124
XC3S1600E | 1600K | 33,192 76 58 3,688 | 14752 231K 648K 36 8 376 156

Spatran-3E FPGA Konfiguracios bitszam [kbyte]

XC3S100E 581 344 71

XC3S250E 1 353 728 166

XC3S500E 2270 208 278

XC3S1200E 3 841 184 469

XC3S1600E 5 969 696 729
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+1.2V

T

@ XCFxxS = +3.3V

VCCINT XCFxxP = +1.8V
@—r HSWAP VCCO 0 |«—VCCO 0 gg
VCCO_2 <—® = VCCINT
Serial Master DIN | DO veco V)
Mode CCLK » CLK

‘0 — M2 DOUT (-

‘0" —| M1 INIT_B «—» OE/RESET

0 —m| MO +2.5V

Platform Flash
Spartan-3E - XCEXX
FPGA 2 _
CE CEO |
P ~F

I— (RN L. T | N e T S e Ry e — ] ————— -G-F_-_-_-_--_-_-_-_ P
| JTAG VCCAUX |-a— +2.5V VCCJ |a— +2.5V'
: DI »| TDI TDO » TDI TDO | :
| TMS|{ ) = = TMS —= TMS |
l TCK|() +—— m| TCK — | TCK l
: "DO[Or GND :
| PROG_B DONE (—p»——— L |
l GND = :
l T |
| - |
' |
| PROG_B |
|  Recommend I
I open-drain :
| dnver |
' |
L

s JTAG interfészenpszz2 « o

_______________ N |
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Konfiguracios folyamat

Set PROG_B Low
after Power-0On

( Power-0n )
-]

Veomr =1V
and Veooayy = 2V

and Voo Bank 2 = 1V

PROG_B = Low

Clear configuration
memory

M[2:0] and VS[2:0]
pins are sampled on
INIT_B rising edge

Sample mode pins

VIIIAAO6 ©

Load configuration
data frames

INIT_B goes Low.
Abort Start-Up

DONE pin goes High,
signaling end of
configuration

Start-Up
sequence

Yas

Reconfigura?

DE312-2 568 051708
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Bank 7

Bank 6

-

-

-

| Bank 0 Bank 1
4 5 6 7 9 10 11 12 13 14 15 16
o | 1o o 1o w | wo
VREE 0| LotP0 | 1O vo or o ICERREDE vo | Lion 1| Loin 1 R D
| vano 3 VREF 1 VREF 1| VAP 1
1o o 1o 10
1o wo | 1o w | w | w | o
LO1P 7 proG_B| Loin o 9N 0 D LOTP 1 sl 101N 2
i VAP O | L25P 0| L28P 0| 130P 0 L31P_1| L20N_1| L27N_1 | L1op_1 | G2IF VAP 2
o 7| o | 40 Mswae | 10 vo | vo | 19 e Vo 1o 1o vo | O
b | L1en_7| (RS2 T en | Losn o] L2an of Laon of 21ED L20P_1 | LI7P_1 Lien_2| (182
0 1o
w | w | w 10 w | o | o M 0 | 10 10 o | o | 49,
Li7N_7| Li7P 7| L1oP 7 VREF 0| L27P 0| L29P 0| L31N_O L30N_1 | L28N_1 | VREF_1 Li6p_2| L17N_2| LAT2]
1o o | 4o 7| VO w | 1o 1o 1o w | o 1o 1o
L2oN_7| L20P_7| pART| 121P 7 LZ7N_0| L2GN_D L30P_1| L28P_1 Lion_2 | LioP_ 2| L2on 2| Loop 2
w | wo | w | W . M o | o | w | w
LZ2N 7| L22P 7| L21N_T| L23P 7 L21N 2| L21P 2 | L22N 2| L22P 2
1o
w | w | o w | o | o
L24N_7| L24P 7| L23N_7 : : D D LBAL2) 030 2| Loan 2| 124p 2|
w | wo . S . . 1o
L30N_7| L3GP_7 L3oN_2
w | wo 1o
L40P & D D D D
VAEE g| 40N 6{ L30P 6 | L30N 6 La9P 3
s) 2L 1o o ) o
o L24N 6 D ) D D
24p_6 | (2L D] 123P 6 | LooN 6 123N 3| L24p 2
1o 1o 1o Vo X > T
L22P 6 | L29N 6 | L21P_6 | L21N_6 VREE 3| L2IN3
o 110
w | wo | w | W Loap 5| VO Vo | 127N 4 w | w | o | w
L20P 6 | L20N_6 | L19P_6 | L19N_6 o | L3075 L2on 4| DIN L21P_3 | L1ON_3| L20P_3| L20N_3
DO
1o 1o o 1o 10 1o
v | o 1o 1o 10 Vo 1o
LI7P.6 o |L28M 5 op 5 (BN Lo7P 4 Li7P.3
VRLE 8| L17TN_6 | L16P_6 e | L30N_5 N | L2op 4| BO* | vREF 4 L1oP 3| ATR3) Li7N 3
(is]
1o Vo o [ 10
Vo 1o L3P 4 wo | v | o o | o
LOIP & Mo | w2 L20R 5| 1O 2 4 (30N 4 LOiN_3
i g | L16N_8 L27e 5 (GReD pout 0| Loan 4| Los 4 |VREF &) LieR 3| Lien 3| 1IR3
1o mw | w | w o | o o NN PR R ) 1o
LOIN 6 LOIP 5| L10P 5| Lo7N 5| 0 | 131P 5 D e a| O | VO 1o a] Done 9 Lo 3
VAP 6 CS B | vAN 5 |vREF 5| 29N.5 | T pg - 4| vAp 4 VAN 3
w | o 1o o 0 © 1o
mi JLoim s| Lion 5| 1o 131N 5 |ynr s IESEY air 4 vo |wie4| vo | cow D
DWR B VAP 5 D4 - D - VAN 4

Bank 5

Bank 2

Bank 3

113

16

VO: Unrestricted, genaral-purpose user /O

DCI: User 1/O or reference resistor input for
bank

CONFIG: Dedicated configuration pins

N.C.: No unconnected pins in this package

12

DUAL: Configuration pin, then possible
user 1O

GCLK: User IO or global clock buffer input

JTAG: Dedicated JTAG port pins

GMD: Ground

24

VREF: User I/O or input voltage reference
for bank

VCCO: QOutput voltage supply for bank

VCCINT: Internal core voltage supply
(+1.2V)

VCCAUX: Auxiliary voltage suppl
(+2.5V) ry g Pply
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A fejlesztés folyamata

UCF — User Constraints File

NCF — Netlist Constraints File

XST — Xilinx Synthesis Technology
HDL — Hardware Description Language
NGD — Native Generic Database

EDIF — Electronic Data Interchange Format

Schematic
Libraries

CORE Generator System

Synthesis
Libraries

HOL

Schematic Capiure

Synthesis

- Design
Design Entry Verification
Functional
Simulation
Design ‘t
Synthesis
Design Static Timing
Implementation Analysis
Optimization
Functional
FPGAS Simulation
- Mapping
- Placement
- Routin
g Back Timing
Annotation Simulation
Bitstream
Generation
Download to a In-Circuit
Xilinx Device “Werification

VIIIAAO6 ©

EDIF and
Constraints/MCF

(

NGC
(ST Metlist)

'

'

MGDBuild
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« Kapcsolasi rajzzal (schematic editor)

* Hardver leiro nyelvvel (HDL)
— VERILOG
— VHDL

« Allapot graffal

Logikai halozat megadasa

+ alkatresz konyvtarak
+ kész modulok (IP-k)

(kés6bb mas tantargyak foglalkoznak vele részletesen...)

VIIIAAO6 ©
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¢ probafsm - [C/Users/rc

File  Edit Flow
=, -

Flow Navigator

> RTLANALYSIS

» SYMNTHESIS
P Run Synthesis

» Open Synthesized

* IMPLEMENTATION

P Run Implementatic
~ (pen Implemente|
Constraints Wi

Edit Timing Cag

) Report Timing

Report Clack Iy

LY L% ]
[ ] L D

rr n®

Grafikus kezel6i feliilet

-

X

Implementation Complete <

Default Layout

W

Gadget

asign)

.

i - Route Design

3%

s
-

WS
42080

>

-~
W

[
w

S=1100

kimenethMealy i

10

Report Clock Interaction
Report Methodology
Report DRC
Report Litilization
& Report Power

*4 Schematic

* PROGRAM AMD DEBUG

Jii Generate Bitstream

» Open Hardware Manager

L4

Hierarchy

Q =
Gene
Time
Desig

el

Timing Su

AllapotMealy_reg

= C

clk [

=510, S=111

KovAllapotMoore_i

1071:0] \ o141

S=defaul

Q

S=101

11

5

D

KovAllapothMoore_i 0

Sm2000

1[1:0]

S=2o01

11[1:0]

| |
=T RTL_MUX +

S=2010

121:0]

Sedetaur  3[1:

bemenet [ >

L4

s[4

10
ool

RTL_REG

Allapotoore_reg[1:0]

RTL_MUX

S=2Zb00

0

RTL_MLU

kimenetMoare_i

10

S=Z001

11

S=2010

12

S=defaull

13

spA]

RTL_MUX

kimenethealy

kimenethMoore
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ErdekeSSég — CLC (Configurable Logic Cell)

« Programbdl konfiguralhato logikai cella, mint beépitett periféria
(mikrokontrollerekben)

VIIIAAO6 ©

CLCIN[O
CLCIN[1
CLCIN[2
CLCIN[3
CLCIN[4
CLCIN[5
CLCIN[6
CLCIN[7
CLCIN[8
CLCIN[9

CLCIN[10

CLCIN[11

CLCIN[12

CLCIN[13

CLCIN[14

CLCIN[15

CLCIN[16

CLCIN[17

CLCIN[18

CLCIN[19

CLCIN[20

CLCIN[21

CLCIN[22

CLCIN[23

CLCIN[24

CLCIN[25

CLCIN[26

CLCIN[27

CLCIN[28

CLCIN[29

CLCIN[30

CLCIN[31

]_

Input Data Selection Gates

See Figure 23-2

LCEN
Gate 1 L
Gate 3 | Fynction |Logic
Gate 4 Output
MODE[2:0]

CLCx

r— LCOE

TRISx Control
|
j :: Output i ﬁ 5 CLCx

LCPOL

Interrupt

Idet

INTM

INTF‘J ets
— L

Interrupt

_\"'«_det

LCxIF
Flag
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ErdekeSSég — CLC (Configurable Logic Cell)

« Programbdl konfiguralhato logikai cella, mint beépitett periféria

(mikrokontrollerekben)
« Uzemmod regiszteren keresztul valaszthato struktura és

J-K Flip-Flop with R

portlabak

4-Input AND
AND - OR OR - XOR P
cremzil—
ol — — lexg! — lexg1 lexg2——J  Q|—Ilexg
e fexgl —— — —
cremisel —) - lexg2 —_’v'l_ \ lexg2 — -\\I lexgl ——— =
cebei lcxg2 |/ lexq ' lext _/;—H:Kq
Ee | [ g3 — og3 — N 7L g — gt — K _
cremisl — 2 [epd lcxgd lewgd ———
crominl— @ |© onibry a i g
SR gt —l exgs ———
cromihial— &
Seni] ¢ [ LCXMODE<2:0>= 001 Lo Doz 915
creimlial 2 B MODE=20== 01
G LCxMODE<2:0>= 000 LCxMODE=2:-0>= 110
cremls]—
Cremiy—
cremle] —
cremizl—
Cremis]—
crama—
cremi]—
cremiol—| 1-Input D Flip-Flop with § and R 2-Input D Flip-Flop with R 1-Input Transparent Latch with 5 and R
S5-R Latch lexgé
—l lcxgs —|
lexg1 — lexg2 —— D © @ —I e D Qg S
g s q lexa g oxg lexg2 { lexg2 D Ql—Iexqg
5 — ~
—
I lexg! —— =
chgSﬂ = lexg = g R lexg1 LE
lexgd——/ |
lcxg3 S lexg3 lexg3 ]
Yol Yom= 1 .
LCkMODE<=20-=011 LCxMODE=2:0>= 100 LCXMODE<2-0>= 101 LCxMODE<2:0>= 111
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ErdekeSSég — CLC (Configurable Logic Cell)

iie

 Programbdl konfiguralhato

logikai cella, mint beépitett T T T T T T T o e
periféria (mikrokontrollerekben)

« Uzemmoéd regiszteren keresztill
valaszthato bemeneti halozat

CLCIN[0] — 000
CLCIN[1] —
CLCIN[2] —
CLCIN[3] — Data 1 Noninverted I G1D1T

CLCIN[4] —

Data Gate 1

Data 1
CLCIN[5] — Inverted

|

|

|

|

|

| I G1DIN
| CLCIN[6] — -
|

|

|

|

|

CLCIN[7] — 111 p——

L
CLCIN[8] —]000

|
|
|
|
|
|
|
|
DS1x (CLCXSEL[20)) |
|

|

CLCIN[9] — | G1D3T |

|

|

|

i

|

|

|

|

|

|

|

|

Crcimizd
cremlzo
crcmisa
cremlss
Cremfsy,
cremlse
CTCIMLS2,
CrCinisy,
cremlsa
cremlss
Crcimisi
cremiso
cremie
crcmis
cremids
crcmlie
cremlie
Crcimiig
cremis
cremis
cremldy
cremlio,
crcimla
creivls
creimly
creinle
crcimle
Creimit
crcimls
Creiuis
crcimi
crcimlo

|upsLLnby

G1POL

¢ (CLCXCONHIO])
¢ G1D3N

| CLCIN[10] —
| CLCIN[11] — Data 2 Noninverted
rgbng

e CLCIN[12] — Data 2
a/e3 | EMUCHOU | rofic

0
x| rone 7]:)5 %%—'XCFC* | CLCIN[13] — Inverted
o | s couro | cLCINf14] —

FCEMN

WODEIs0]

rceor

G1D4T

2918 noitasled 1A tugnl

- rcoe | cLCIN[15] —

266 Lidne 53-3 |

/(Dszx (CLCXSEL[6:4]) G1D4N

CLCIN[16] —{000
CLCIN[17] —
| CLCIN[18] —
VIIIAAO6 © | CLCIN[19] — Data 3 Noninverted
| CLCIN[20] — T Data 3

P Data Gate 2

-Gate 2

T TF (Same as Data Gate 1)



ErdekeSSég — CLC (Configurable Logic Cell)

Jie

« A tobbi perifériahoz hasonloan regiszterek beirasaval allithato a funkcidja, akar
mukodes kozben is valtoztathato. Tobb ilyen osszekotheto.

« Grafikus konfigurator is van hozza, ami kitalalja az értékeket:

Hardware Settings

Enable CLC

[ ] Enable CLC Output
|:| Enable Rising Event Output |:| Enable Falling Event Qutput

|:| Enable CLC Interrupt " Register: CLC1CONH OsT

Mode | 1-input D flip-flop with 5 and R i
p Register. CLC1CONL | 8004
p Register: CLC1GLSH | .
MR | .
l p Register: CLC1GLSL | 1402
5 S
CLCING 170 pin D Q » Register: CLCT1SELL Ox1001
AD CLEOUT
CLEINA 1 pin >
R
|

L2 output




Vizsga

» Csak irasbeli, 0sszesen 60 pont
— 20 pont beugro

 Kis <=1 perc alatt megvalaszolhato kerdések
« 10-15db

— 40 pont nagyfeladat
*« 4-5db

» Targyhonlap
— El6adasdiak, gyakorlatfeladatok (megoldassal), labor utmutatok

— Ellendrz6 kerdések (gyakorlo feladatok)
— El6adasok videoi (MS Stream)
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