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Architektura ukiadow FPGA
CPLD kontra FPGA
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Macrocells ] [InpuﬂOutputBlocks]
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Logic Logic
Block Block \\
typu PAL ARCHITEKTURA typu Gate Array
wiecej logiki kombinacyjnej wiecej przerzutnikéw
mata / $rednia GESTOSC $rednia / du za / bardzo du za
wielokrotna struktura 22V10 do 10 milionéw bramek
do ~300 MHz SZYBKOSC do ~1000 MHz
przewidywalne opd znienia opo Znienia zale zne
macierz t gczeniowa POLACZENIA potaczenia odcinkami



Architektura ukiadow FPGA
JJ Zasoby uzytkowe

AGH
ﬁb%%
T R BT PO GG L e _EDF’D L
B30, Ray Nl
ﬁf}ﬁﬁﬁﬁﬁ% :a} Wq%
FELFLF{E{FLT o HIe
PROGRAMMABLE SOUDCOTOY S =ba
o iR LFLRL{F LT 0 /O BLOCKS
INTERCONNECT % ﬁﬁﬁﬁﬁﬁﬁ%
CHLOO0000 0
R r {0
i o e e e o e

D I

i
T8 T8
&

X1153

LOGIC BLOCKS

= Bloki we/wy (Input Output Block)
= Bloki logiki (Configurable Logic Block i inne specjalizowane)
= Zasoby potaczeniowe (Logic Interconnect)




Architektura ukiadow FPGA
Zasoby uzytkowe a pamiec konfiguracji
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Architektura uktadow FPGA
JJ Pamiec konfiguracji

»Q
Configuration

— Control
Read or ._OQ »Q
Write

Data

= zapis podczas konfiguracji i odczyt podczas weryfikacji
= podczas normalnej pracy tranzystor wyltaczony

» jeden bit danych - steruje jednym punktem konfiguracji
 niewrazliwa na duze dawki promieniowania alfa




Xilinx Spartan-6
]JJ Parametry podstawowe
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C1[] (1l 5
DCM DD% %DDE
OO 3| 200 =
1] HiEp=
e OO MU0 =

e technologia 45nm
e struktura gruboziarnista
e 4k - 150k komorek logicznych
e 5k — 185k przerzutnikow
e 862 MHz max toggle frequency
e clock — CMTs: 2...6
e pamiec uzytkowa Select RAM+
e rozproszona: do 1355 Kb
e blokowa (18Kb): do 4824 Kb
e zewnetrzna - MCB
e 18-bitowe DSP MAC: 8...180
e PCIe 0...1, GTP 0...8, MCB 0...4
e UserI/0s: 102...576
e pamiec konfiguracji SRAM
o port JTAG (test + konfiguracja)
e zasilanie:
* Vearnt : 1,2V

* Vceaux * 2,5V
e Veeo: 1,2...3,3V




Xilinx Spartan-6
JJJ Configurable Logic Block
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CC:UT couT COUT
[———t—————— 1 ) )
| CLB I —_—— e -
' ' | cLB | lcLB |
' stice(t) || | || I
(——> | | SLICEX | 1| SLICEX | |
_ ' ! | X1Y1 || X3Y1 |
Switch | I | |
Matrix : : | |
. . I l : |
/‘\]:||:> Slice(0) : | Slice I | Slice |
| i L | xov : L | xev }
____1________I I i I I ' I
| CIN | CIN
CIN ——— e
CLB=2xLS=8xLC ____Jeoyr . Jcour __
| CLB CLB
Logic Cell: | SLICEX SLICEX
= 2 przerzutniki / 1 zatrzask X1Y0 X3Y0

= AP/ AC/SS /SR
» 6-we LUT (Look-Up-Table)
= carry logic 0002020 @@mmmmm e e —————

|
:
» Clock Enable ¢ |
|
|
|
|



Xilinx Spartan-6

Configurable Logic Block
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FE/LAT WA7f— CKo AND2L
Mc31 oOR2L
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Q
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CIN
J\:D_%
7 D Q
+—— CE
+— CK
T SRINITO
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SR
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—>A
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1 CK A5Q
o SRINITO
D SRINITI = AMUX
=05
SR —os
L —— 1
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| ck o AnDzL
. 0OR2L
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Xilinx Spartan-6
JJJ Configurable Logic Block / Look-Up-Table

Feature SLICEX SLICEL SLICEM
6-Input LUTs \ \ \
8 Flip-tlops \ \ v
Wide Multiplexers \ \
Carry Logic \ v
Distributed RAM v
Shitt Registers v
DI
j QD or Q6
As | LUT6 | b Q
| | J
I I >
| LUT5 | o6 06
A:1] | !
| | 05 0or Q5
| I -z = .
| LUT5 L 05 ) i | » 6-wejsciowy generator funkcji
! ! » SinglePort / DualPort RAM

» 32-stopniowy rejestr przesuwny




Xilinx Spartan-6
Configurable Logic Block: LUT 1| multipleksery

i LT | . L _
: 06 1 [A]: = 4:1 MUX Output : LuT !
: ' i [ 08 I
seLArto, DA oy PET 6 o LD Sl Regiiered . |
Input | ' I o SELD[1:0}, DATA D [3:0) ! (DI g o R :
| | Input | !
I (cLK) (Optional) | I I
CLK —1 [ : " :
' |
Mux 2:1 / Fun 6-we i 08 |
: r Cl6:1
SEL C[1:0], DAT&C“[.]S.:L]I! I,[ [6:1]) g AB] :
° I FEMUX |
I |
K (CX) (BMUX) | _ 18:1 MUX
| | I
oK — (CLK) | seLF7 —} - :D I fei v
| — I : N e (B) | _ Registersd
! 08 : I 08— |  Output
| | | |
3 ' SELB[1:0, DATAB[3:0] | BIETD ¢ |
SEL B [1:0], DATA B [3:0] || BEN AlG:1] I ' mput 1| S F7AMUX (Optional) |
[ L.
' ' [AMUX}: » 8:1 MUX I LUT :
: LuT | Output(2) : |
I 08 S oA | Registered I o6 | I
| Al | Output SELA[1:0, DATAA[30] | (AB:1)) 8 :
seLA[t:0, DATAA 30| 81D - ! ot —! AB] |
Input (2) | (Optional) I : I
I (AX) | SELF7 4 AX) |
SELF7(2 | Fex) |
B SELFB—I—Cri |
CLK — |

Mux 4:1 / Fun 7-we (do 13-we) ittt 1 o
Mux 8:1 / Fun 8-we (do 27-we)



Xilinx Spartan-3
M ]JJ Configurable Logic Block: Carry & Arithmetic

MUXCY

MUXCY

= MUXCY

e Licznik

[ — " EH@ out

MUXCY

MUXCY

e Wide-AND




Xilinx Spartan-6
m ]JJ LUT: SRL Shift Register
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SRLC32E
SHIFTIN (MC;1 of Previous LUT) :
| | Zastosowania:
SHETIN ) 2 T— « diugie linie opézniajace
| V Mes 4:_1 SHIFTOUT (Q31) 9 P Ja
Ale:2 - - g = -
I (G l e dlugie liczniki (takze LFSR)
LK : (CLK) _f ¢ 06 : ; = Output (Q) _
e — (WE/CE) | e i LD 51AQ) Regstersd @ synchroniczne FIFO
lL | (Optional) e generatory pseudolosowe
32-bit Shift Register .
SHIFTIN (D) Mutacje:
WE SHIFTOUT(Q31) P -
i e podwojny 16-bitowy
e kaskada: 64, 96, 128-bit
Address (A[4:0) ——% N\ MUX e dluzsze - potaczenia ogodlne

Q ugas4 17_042309




Xilinx Spartan-3

LUT: Distributed RAM

ROM Number of LUTs
64x1 1
128x 1 2
256 x 1 4
RAM Nulr_nub‘;:e; of Description

32 x 2Q®@ 4 Quad-Port 32 x 2-bit RAM

32 x 6SDP(2) 4 Simple Dual-Port 32 x 6-bit RAM

64 x 1S 1 Single-Port 64 x 1-bit RAM

64 x 1D 2 Dual-Port 64 x 1-bit RAM

64 x 1Q3) 4 Quad-Port 64 x 1-bit RAM

64 x 3SDP®) 4 Simple Dual-Port 64 x 3-bit RAM

128 x 1S 2 Single-Port 128 x 1-bit RAM

128 x 1D 4 Dual-Port 128 x 1-bit RAM

256 x 1S 4 Single-Port 256 x 1-bit RAM

RAM64X1S
:________________I
, o |2 SPRAM: : o
b : ®X), I'on 06 " = Output
I .
| & (D[6:1] N Registered
A[5:0] | ( )6— Al6:1] : [ Output
WA[6:1 X .
WOLK ! (CLK) Cu& ] i (Optional)
WE : (WE/CE) { we |
|
I |
I I
I. _______________ a ug384 09 042309
________ RAMGAX1D _ _ _ _ _
i :
I 0 DPRAMB4
SPO
D : ©X) . Tois Lo
. I L_ Registered
A[5:0] : (Di6:1) 2 Al6:1] : Ou?put
WA[6: 1
WCLK ! (CLK) cu& ] : (Optional)
WE : (WE/CE) _|\ve |
! I
|
|
I
o DPRAMB4 I
: - DI | DFO
|
| .
Cl6:1 | L Registered
DPRA[5:0] : (Cl6:1) 6. are1] I Output
I & wale:1] I _
| | cLK 1 (Optional)
| WE :
. _____ _: ugds4_10_042309



] BiockrAw*
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e blok 18Kb = 2 bloki 9Kb
- Writa —- Read
e Single-Port, Dual-Port | ®
(Simple/True Mode) DRead - Write
< Spartan-3 -
WEA RAMB16_Sw. Swg éf_a Dual Port E
ENA Block RAM
SSRA Write — et Write
CLkA | | DOPApA— _"""D C
™ DOAWT Read g ~— > Read
Wﬁ'— N
DIRA[RO]
-
WER oy WE RAME16_Sw
EMB 8Kx2 EN
SSRE K8 o i DOPB(pg—1:0] S5R .
CLKE | K0 b ) m CK_ | | DOPIp1:01
ADDRE[re—1:0] 1K16 (no pacity) - ADDR[r—1:0] DO{w—1:0]
DIETwg1.0] : oy =T g
PEEN | e crgiepononty DIPLpT01
{(a) Dual-Port (b} Single-Port



“ | Biockram"

Data_jn  ==— -r—pie-  [ata_out
WE —— '\
EN ——
CLK ——»

Address —T-| BAM Location |

WRITE_MODE = WRITE_FIRST

Data_in -— = [ata_out
WE ——
EN ——
CLK —

Address BAM Location

WHITE _MODE = READ_FIRST

Data_in ==t Q Data_out
WE —
EN —
CLK —]

Address —T BAM Location

WRITE_MODE = NO_CHANGE

Zastosowania:

e duze pamieci (faczenie)
e pamieci ROM

e rejestry FIFO

e pamiec programu dla pP
e bufory kotowe

e linie op6zniajace

e ztozone automaty

e ztozone funkcje logiczne
o szybkie, dlugie liczniki
pamieci CAM

e pamieci 4-portowe

e tablice funkcji (DDS)




Xilinx Spartan-6
m ]JJ Memory Control Block (MCB)

Spartan-6 FPGA
R | e do 4 kontrolerow
I
e | - DDR, DDR2, DDR3, LPDDR
| oo - | e do 4Gb pojemnosci
] |
. : T Arbiter Controller : I I ° do SOOMT/S
; CMD FIFO 4 | - = -
|| [cwpFros ] | | ° InterfEJS 4/8/ 16-bit
8 | N PrY i ey, ® 12,8Gb/s
- R Hr i ,
B 1| | oorecons S5l ULl e e 1...6 portéw wewnetrznych
o - -
LI s 2113 e (i e (2 x 2-kier., 4 x 1-kier.)
i S L) * porty 32/64/128-bit
| Bi 1213 o -
I Unijgfestlitcnal Datapath I{:} : = I
|
I Bi (.
| Unicja;sestl;[onal Lo :
I : I : o | ConfiZSrgtinn Phase 2 Calibration
: Llni[;aise_stlitonal : : CSEESEOH : and PLL Lock DQS Centering
|
I 32-Bit . | l 1
: E— :—Jl : ihrati """ =~ Phase 3 Calibration
I I Phase 1 Calibration Normal Operation _
_ Input Termination Begins - gg”st'_rlllh‘r?illflz
Memory Device
Mode Registers
Loaded
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Xilinx Spartan-6
Blok DSP48A1

/] ccout

7N

{ i

p_/

PCIN "
Zero

| \ P
D | ' D:aB cnncat4\7 \
B | X OPMODE, CIN
A - A Zero__\ Confrols Behavior

W

('
\ OPMODE ,,«""'x .

Controls =
Behavior

A4

[ > M

UiG388 ol 04 064608

18-bitowe czynniki
36-bitowy iloczyn
mnozenie w kodzie U2
e opcjonalne rejestry

e laczenie w wieksze

e podziat na mniejsze

Zastosowania:

e mnozenie

* przesuwanie

e obliczanie modutu

e generowanie wartosci U2

e mnozenie zespolone

e mnozenie macierzy
(z podziatem czasu)

e mnozenie
zmiennoprzecinkowe




Xilinx Spartan-3
Blok DSP48A1

BCOUT MFOUT CCOUT CFOUT  pcour
| ' '
y D:A:B Concatenated | Carry
D REG / // 48 Cascade
18
P A—N
b 18 -
Pre-Adder 48
B1 REG CYo E
BO REG )%
B W 36
" 13; M REG
) J L] Post-Adder/
18 X Subtracter
A0 REG Al REG
i \ P REG
A |:1r;3/ 18 H-
IL— . -
\l e 48
. Z ‘_/ /
C REG Dedicated | oy J 48
N C-Port 0—,
C D+ r ;
48 b J ] 48
/"'
45 Carry
— Cascade -
opmode[6] opmode[4] opmode[5] opmode[1:0] opmode(7]
BCIN PCIN CIN opmode[3:2]
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A Sartan- 6 It ated Biock for PO Express

Lol Spartan-6 Integrated Block for PCI

o Spartan-6 Integrated Block for PCI

Xilinx Spartan-6

PCle Integrated Endpoint Block

Express 12

Express

pr Spartan-6 Integrated Block for PCI

C

logt Express e

Corfgurution Nogees: Settnga (1o 0]
A Spartan-6 Integrated Block for PCI
Canatsines | w( JPE
Express
Coare Canl Corfigurmten Ragater Setings 2ol 1
e P i Copuiias Frgaier
] Extene Sgperied ik Seed (TEGTA
L Mo Lrk Wit | e
Pranase Ful
| Enabie AT L[ St
Breoriabés |
Lk Copatniies Regie | 000411 s
Arreeetatie
e s St
] Ermine Sot Cock Configuraton

B4 Lo s
Parformarcs
avel
) Good
O Hgh

|_Batmiet |

Dt [aiom ] rosesors [ msts ] [ ownie | gt ]

User
Logic

Host
Interface

e 0...1 kontrolerow

e 32-bit user interface
e 1 lane

e 2.5 Gb/s

LogiCORE IP Spartan-6 FPGA
Integrated Endpoint Block for PCI Express

— o PCI
Transaction
rcTRN) - Tgé,E’,;:E Express
Spartan-6 FPGA Transceiver T Fabric
Integrated Endpoint
< Configuration
(CFG)

Block for
PCI Express
(PCIE_AT1)

- Clock

s

(5vs) and
Reset




Xilinx Spartan-6

GTP Transceivers

TX TX
TX | QOB | Pre-
e Driver | and | emp
PCle Pattern TX PIPE
Generator Control
FPGA
T
- Phase Interface
PISO Polarity - Adjust
FIFO
TX Clack
Divider L| PCle
Beacon
SATA
ooB
TX-PMA TX-PCS
Clock f GTPAT_DUAL PLLs) -
ane =er I;Er GTPAT_DUAL -.ile[s o Rt Parallel From RX Parallel Data From RX Parallel Data
or ona PLL per lane Eétga I[_P;::Ea:cl;cdj {Far-End PMA Loopback) (Far-End PCS Loopback)
AX Clock g:ﬁg}:n | Loss of Sync I
Divider Bcker I
Comma RX PIPE Control
- Detect
Eé *’| Polarity and _ || FPea
RX Align RX Status Control BX
COR Interface
R¥ OOB
: Elastic | __
Buffar
T
10B —
SIPO == s [
— =
RX-PMA RX-PCS

do 8 transceiveréow

614...810Mb/s

1.22...1.62 Gb/s
2.45...3.125 Gb/s

8b/10b coding

PCIe/SATA support
horizontal eye-scan

Oy

ED
b
PMA_CDR_SCAMN[E0]

!

Y I':

‘. ! \
|

1\

BER
1e7€ \
18

© x
10-10 \

)

1g-12 I'

: | |

Intermal Eye Opening




Xilinx Spartan-6
JJJ Input / Output Banks

BANKO

BANK4

BANK3 BANK1

BANKS3

BANK2

BANKO

BANK2

Unipolarne:

e LVTTL 3.3V

e LVCMOS 2.5V / 1.8V / 1.5V / 1.2V
e PCI, I12C, SMBUS, SDIO

e HSTL, SSTL

Roznicowe:
e LVDS 3.3V / 2.5V, BLVDS, LVPECL
e display: DP, RSDS, TMDS, PPDS

BANKS

BANKI1



Xilinx Spartan-6
JJ Input / Output Tile

M

AGH

|ODELAY?2 DIFFO_IN
(Chapter 2)

PAD —— > DIFFO_OUT

ILOGIC2
(Chapter 2)
or
ISERDES2
(Chapter 3)

I0B T { > Pabpout

(Chapter 1) Pad
OLOGIC?
(Chapter 2)
or 0 | P ]
OSERDES2

(Chapter 3) OUTBUF

INBUF

ILOGIC2 DIFFLIN[_ >
(Chapter 2)
or

wgdEl_ol_02 111308

ISERDES2 [~

(Chapter 3) Prog ra mowalne:

o8 Pad

(Chapter 1)

OLOGIC2 ® pU||-Up/ pU”'dOWI"]

(Chapter 2)

or e weak-keeper ¢

OSERDES2

(Chapter 3) e DCI (Digital Controlled Impedance)

IODELAY2 e Output Drive Strength (2...24mA)

(Chapter 2)

ug381_e1_01_041708
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e SDR / DDR y e
e OFF3 - data alignment e uﬁ Tt
e serializacja 2..8 bitow s | =T TER M=
(5..8 - kaskada) = LU L
e niezalezna sciezka Tri-State il
e training pattern e tonceon

D Parallel Cascade In

D4

D
_______ — CE Train(4) | ,H —
: O INITOANITT | T L
| O SYNC/ASYNG | L
| OFFLATCH | D3 5 oL
J | | s:.r;llel $—{CE Train(3) et
Do D = : D O+ Q inputs =< T |
from
ce[> I CE I FPGA L‘H
o[> I_|\ OFF1 | OMUX logic = D b R
| CE i -
| SR : _: Train(2) | = OD t
| | “1 L D [ r\ll/’ -
I e
: I -,_Di D D L
| OFFDDR »— CE Train(1) —
D1 i D Q :1 l L fp Q T '
> | I Glabal Clock 10 Clock
HCE I OCE o
OFE3 | OFF2 | _— [ Pin Cascade In
! | D PinCascade Out _
R : SR | 16 Clock Enat D Parallel Cascade Out
4 i e - "
ci D —_——— e ——— I (SerDes Stroba) e




Xilinx Spartan-6
ILOGIC / ISERDES

AGH

 SDR / DDR e ol Ry
e deserializacja 2..8 bitow S
(5..8 - kaskada) o o o

> CE Bitslip anabla
from FPGA logic

- - Cascade In M, B J _ﬂb“
e bit-slip . i I 1
® 3 StOpnIe SynChr0n|ZaCJ| input delay [ N 1

A
D
l Q3
L | Q3
D D D D
+— CE — CE — CE Parallal
= = data inputs
to FPGA
logic
J | | oz
D D D D
| CE 1 CE | CE
— 3
DDU% ] )y — FABRICOU
— DFB [~
— CFB0 l Llar
= =
e crar [D . . o L
D aol—r ao —|CE — CE +— CE

CE — CE Afp—t——m Clock enable
CEQ | from FPGA logic

co D—T:D co IOCLK CLKD
CLKDIV Global clack
SR

SR — | . Cascade Out | Outputs to FPGA logic from B are used in NETWORKING mode
Outputs to FPGA logic from C are used in NETWORKING + PIPELINED moda
Outputs to FPGA logic from D are used in RETIMED moda




Xilinx Spartan-6
IODELAY

Data Ring - 5-bit _ Delayed
Input Oscillator Counter ~ Data Input
|
3 ° J user | To/From FPGA Fabric
B Interface
Global Clock
e 256 taps (max 1 bit)
PHASE
e master/slave 1 Detector
L T State
E_.h BUSY CE INC CAL RST Machine
PHASE In FPGA
N > MASTER MASTER DETECTOR Logic
Differential IODELAY?Z ISERDES2
e I VALID -
Data Input INCOEC
Signal i
| \, \r Parallel Data
BUSY CE INC ASTCAL To FPGA Logic
SLAVE SLAVE
ICDELAY?Z ISERDES?2
= g gt
Global CLK
[OCLK




Xilinx Spartan-3
Clock resources

Global Clock Inputs
4 . GOLKn GOLK1o  GCLKe GCLKe

E ¥ LY 4 4 r
TGC?T? “?T“F * 16 wejscC zegarow
E“Fn%’*”i" AR [ L globalnych GCLK
BUFGMUX DCM 4 4 DCM f
ij- & Top, Laft by E e Top, Right v x, z Yy, .,
Conim o . ¢ B 1
W e T ok _[Eﬁ e po 8 wejs¢ zegarow
R } 1 .} Gl lokalnych LH/RHCLK
! 2 £ 2
5 s 8 @ L '
B | | o £ s || maniint! e 2...8 uktadéw DCM
2 2 - o
s | f 1 (Digital Clock Manager)
a3 (- F F B I
g &%:I_ _[g:% —maF
£ -
fim- S 5 s =
égg_é E | |LeftSpine B L'_I_\Mma 8 Horizontal ¥ Spine B, L2 5 8, Right Spine E S Ef ﬂ%% o dySt rYbUC]a
T 4 4 BT Do
gl = rls st kwadrantowa
%E_ :'E C ¢ %Z _EEE
2 b v z 2 4
TS 2"’ 8 I C‘E I 8 21’
hﬁhl , § ’ Pkt Top)
2} 2,{ 2,{ 1
dg 28 Bl Lz
&t |2 = _:,E::%
o L~ - Ao
5 A et
DCM DCM
Bottom, Laft KiYo X1Y1| | M2Yo X2vd Battom; Right

GCLGE GO GCLK13 GCLK12
Global Clock Inputs



Xilinx Spartan-3
JJJ Digital Clock Manager

Bloki DCM:
e DLL (Delay Locked Loop)

e DFS (Digital Frequency
Synthesizer)

e PS (Phase Shifter)
e Status Logic

Clock
Distribution
Network

CLKIN Programmable
—— Delay Line

CLKFB
S ; Fukcje DCM:
ncoe o | e eliminacja réznic fazy
- ase L H
POk L+ Shiker [T PSDONE * przesuwanie fazy
| | e mnozenie / dzielenie
Clock - Y
CLKIN — s : gll__:;n Disrbution czestotliwosci zegara
e i o T Sikieo e korekcja wspétczynnika
i S Clkaxeo wypelnienia
| i = CLKDV
I
——= CLKFX
i DLL oFs —— CLKFX180 e DLL: Fj, x 2
st - Sae [~ LOCKED e DLL: F,,/ 1.5, 2, 2.5..7.5, 8.. 16
| Legic = STATUS [7:0] ° DLL Fin S>> Oo / 900/ 18 /

e DFS: F,, x M/D; M=2...32, D= 1 32




GTP Transceivers

Integrated Block
for PCI Express
I0B Bank

|OB Cells
101 Cells

Memory Controller

Block
Block RAM
Column
DSP Column
0
c Clock Management
.m [~ Tile Column
-
5 S
o 2
X
£3
— ey
X W
== =T
—_— U




Zasoby potaczeniowe

JJ Xilinx Spartan-6

Switch Switch [ 1 Switch
L] |
] Matrix <:> cLe (] Matrix \r> CLB | Matrix <:> cLe
S =
< ﬁ \'v'f jv'f
Switch Switch | AN Switch
P L
NV Matrix ¢> cLB | Matrix [\/] B V| Matrix ¢> CLB
o
< 3z i 33
Switch Switch | AN Switch
RN N |1
N Matrix <::> cLe ] Matrix /] cLB ! matrix <:> CLB
< e £ £




Xilinx Spartan-6
JJJ Zasoby potaczeniowe

r.........ﬂ'ﬁt ..... _E 5iﬂg|E= DGUI:"'E Guad
o |
CLB ™ CLB CLB CLB CLB
.................. .--.-
e —— N I —h.
| .
| : Double
! :
| I -
: CLB CLB CLB CLB CLB
|
|
|
| Quad
1 [____ L
CLB CLB CLB CLB CLB




Xilinx Spartan-3
JJJ Zasoby potaczeniowe

AGH
: Switch [©
Switch .
Mgltﬁx CLB Matrix L .
o Interconnect Tile:
witch [ - -
Switch Matrix Switch Matrix podtaczona
g S TCTS 18Kb MULT d | -
| Block | [18x18 o elementu funkcyjnego
Switch
Vet L | (CLB, I0B, DCM, BRAM, MULT)
Switch
Matrix [ PN Switch
Matrix | .
Switch | . Switch | _ Switch | .
Matrix 108 Maltn'x i L2 Matrix | 0B Pol-gczenia:
" < < e long lines
itch witch | witch | _ -
h;:trix <=1 10B Maltn'x <> CLB Matrix CLB e hex lines
e double lines
Switch Switch [ Switch | : 7
proieh leat 108 | | | e twm cLB || | PP (e CLB o direct lines




Xilinx Spartan-3
Zasoby potaczeniowe

CLB

CLB

CLB

L CLB

CLBE

CLE

CLB

CLE

= CLB L CLB

CLB

- CLE

CLB

-+— CLB 1

CLB

- CLB

e 24 linie pionowe i poziome

na kazdy wiersz i kolumne,
e rozciagniete przez caty ukiad
e podiaczone co 6 Switch Matrix

e 8 linii hex w 4 kierunkach

o sterowanie tylko na poczatku
e odbior w potowie i na koncu

e podiaczone co 3 Switch Matrix

e 8 linii double w 4 kierunkach
o sterowanie tylko na poczatku
e odbior w potowie i na koncu

¢ linie direct w 8 kierunkach
e przekazuja sygnaty z/do w/w
zasobow



Xilinx Spartan-6
JJJ Konfiguracja

AGH
. DAT|A\N D J
- == |_1\| — 1
Tryby konfiguraciji: TEEN L }
°® Slave Serial ’_.\OB I0B | IOB | 10B \OB‘l L | ]
e Master Serial = i ] S
[H 0B 0B HJ
e Slave Parallel [ o8 | 1
(SelectMAP) B e — 1]
H 0B 0B HJ 0 D Q D Q
e Boundary Scan I —1 $ || e 1
: ]
(JTAG) g el e i s = ?
ReadBack: | — —
weryfikacja pamieci JTP et e
konfiguracji oraz | il 1
stanow przerzutnikéw 08! :
i zawartosci pamiQCi DATAOUT SPOATE EXTJ
(debug) CRPTORE  REGISTER. N



1o
Pad

Xilinx Spartan-6

Sygnaty globalne: GSR i GTS

e GSR - Global Set/Reset
e GTS - Global Tri-State

Global Tri-State
(GTS)

User Tri-State
Enable

User Output
Output Buffer

—D— User Input

Input Buffer

I/10s Used for
Initialization

[

ul

Initialization
Controller

| ok

A

(1 11 rr1rnr

GTS
User
Programmable
Logic
Resources

&

i
NN N [ N N N W I |

I
AN N [ N [ NN o |

General Purpose

I
L1

User
Programmable
Latch/Register

—D Q_
» —1]CE

—C
CLR

User

Async.

Reset  5pal

Set/Reset
(GSR)

X8352




Adept USB2 23
Config & data

Cellular RAM
16MByte
47
Parallel PCM
Nonvolatile
Memory
16MByte

SPI PCM (x4)

Nonvolatile g
Memory
16MByte

10/100 28
Ethernet PHY X

8-bit VGA L

27 XILINX
Spartan-6

XC6SLX16
CSG324C

l 4 I USB HID Host
Mouse/Keyboard

«-p USB-UART

«—— Clock 100MHz

22 Basic l/O
LEDs, Btns, Swis

40 High-Speed
Expansion

32 Pmod Port
Expansion

Digilent Nexys™3 Spartan-6 FPGA Board
Zasoby FPGA

A DIGILENT

Uktad XC6LX16-CSG324C:

14,579 Logic Cells
= 2,278 Slices
18,224 przerzutnikow
232 sygnaty dla uzytkownika
w 4 bankach
136Kb pamieci rozproszonej
e 576Kb pamieci blokowej
w 32 blokach
e 32 bloki DSP48A1
e 2 bloki CMT
e 2 bloki MCB




Digilent Spartan-3 Starter Kit Board

Zasoby PCB A DIGILENT

Power Select  Power Pmod Done
F:f:::r Jumper  Good LED / Connectors LED JTAG

q \ s ; h MCDE
Adept o Bl v "

USE Port At ' il i | Jumper

: : , Reset

=T Button

101100 o, s
Ethernet = [SSS8 _ 2L .
I . 1 L - ARR DC
= % | FEEEy ol 4 Cofincector
F"' 2 : I = 3 o YT |
VGA
Port
7-seq
Display
USB HID C— usB
Host Port ~ e UART

-

LEDs Slide switches Push buttons



Digilent Spartan-3 Starter Kit Board

Zasoby PCB A DIGILENT'

AGH

Adept “USB Prog” Port

Micren SPI Quad
Micro-AB USB b use SP 4P ode POM (P5Q)
Connector i Controller a3y
JTAG BPI Micron Parallel T Uig -LDO .’ A
Port Port PCM (P8P) BINL | L g | LD1
L % A
6-pin JTAG eader é . o Buttons | BTNR 1 D9 uts 02 g} ! LEDs
Header (J7) Y T 8B BRIUE —BQ;;;U w— AB V15
M1 — li SP y co M11
Spartan6 s s HIND le ,I
2 Dune L+ ww— B8 R11
Type A USB Serial Programm BTNS UL T11
Connector LT Prog. Port %‘ﬁ Mode
Prog —o"a—i
P17
e P18
SWo——w— T10 N15
Power Select —j N16
Jumper JP1 \ Jgi — | SWir—o—w— T9
USB port , [SW2ro—m— Vg
Micro-USB =1 3A 1.2V Slide a T17
Switches | SW3Z~o—w— M8 Ti8 CA 7-seg
3A 3.3V i Ne U7 CB Display
| cC
Power ——— EN Power Good — SWSC' UB u18 =
V"—-O_N_
-k IC13: LTC3633 e fmj =
Battery ] | SW6r—o—wAv— /8 fia
Connector e v I— . ST T5 M13
800mA 2 5V Y e
Bt T_EN  Power Good
Switch Power On
IC15: LTC3619 % LED (LD8)




Digilent Spartan-3 Starter Kit Board

Zasoby PCB A DIGILENT

AGH

i—b MDIO

(DD 1) I ]- See Table L6 . Pin1:Red Pin 5. GND
DATA(15:0) - M5 MDC RJ-45 with Pin2:Gm Pin6: Red GND
. 4 ti Pin3:Blue Pin7: Gm GND
?Zanr;g |\|7|1|g 4’\?\% P3 —» RESET# . i i Pin 13 HS Pin & BluGND
Mg ————» -— [ Pin14:VS  Pin 10: Sync GND
R10 —» CLK 5 coL Pt in in 10: Syne
H18 ——» ADV Sl - =
V4 ——————» WAIT
U2z ———» TXDO0
L15 —— » MT-CE Ul ———» TXD1 . U7 REDO 2K
K15 —» MT-UB
ey K16 ———» MT-LB ?11 4'4, ﬁgﬁ Link/Status vy fREDL G0
M18 ——» MT-CRE Cellular RAM RED2 5100
P2 —  » INTHTXER/TXD4 LEDs (x2) N7
Parallel L17 ——» P30CE . PEEEEENAS P8
PCM only T4 ———» P30-RST Parallel PCM L5 «—— TXCLK =
P1 44— RXDO 25MHz V6
Ata 4—{_. Con N2 «—— RXD1 ClLK «— Cryetal
AF14 4+—w— SDI/DQO :; ggﬁ R7
SPIPCM AF20 +—w—» SDO/DQI - T
AG21 +—w—» WP#DQ2 M1 <4— RXER/RXD4
AG17 +—w— HLD#/DQ3 L1 «— RXDV NG
Spartan6 AH18 — SCK  gpipeMm H4 4+—— RXCLK i
Spartan 6 SMSC LANST10A Spartan 6 HD-DB15
is T, 2 TXD —» N17 T
=X
SUARTY ! RXD -—» N18 Bank? < 8 E. VCC GND 8 signals 3.3V 25V VUSVO
= Pin6_ % Pin 1 - E
Micro-USB F1232 Spartan 6 B o
PmodA JP8 JP4
K CLK ——» L12 a8 Pmod Connectors — front VCCO «
= = PS/2 Keyboard Bankd e g view as loaded on PCB o
K _DAT «—» J13 } Y an _:l
- M LK Banko ¢ 20 Matched Pairs
h 2 ! Bl }Psm Mouse g
= 4> MDAT «—> Ki4 g
o GPIO0 «—— L16 ] Additional /O S Spartan 6 vidhe
“HOST"J4 GPIQ1 «——» H17 2 (forfuture use) PmodC
o Pin 34 10 Matched Pairs VU 10 Matched Pairs Pin 1101-P
DIN ——» R13} FPGA Senal 8 I I 1
T — — il B
3
PIC24FJ192 Spartan 6 Spartan 6 ~  PmodD 4

VCC  Clock Inputs

Pin 35:101-N
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