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SPI - Serial Peripheral Interface

Full-duplex soros atvitel interfesz
Master — slave elrendezes
Egyiranyu, haromallapotu adatvonalak

Slave kivalasztas: egyedi kivalaszto (chip-select)
Jelekkel

Jelek

 CLK

eSSl

« MISO, MOSI
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SP1 — EEPROM illesztés

« 4 slave egység illesztese

MICROCONTROLLER AT25080A/160A/320A/640A
. oL e L DATA OUT (MOSI) » gl
» K0z0s orajel oKAIN SOl s
SERIAL CLOCK (SPI CK) »| SCK
« Egyedi SSn jelek E
ALY SS1| S
« K0z0s adatvonalak %
% »| SCK
| Sl
SO
»| SCK
.| Cs
—»| Sl
SO
>
»| CS
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SPI atvitel

« EEPROM iras
cs Yo

01 2 3 4 5 6 7 8 9 1011 20 21 22 23 24 25 26 27 28 29 30 31

SCK JjuuuuuuuyduyL
BYTE ADDRESS DATA IN

Sl m INSTRUCTION " 990@9@99990@

SO HIGH IMPEDANCE
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SPI atvitel

« EEPROM olvasas

0 1 2 3 4 5 6 7 8 9 1011 20 21 22 23 24 25 26 27 28 29 30 31

FUUUH LU

BYTE ADDRESS

I LA 06 6 0.0.0.0 1 0000000

DATA OUT

SCK

HIGH IMPEDANCE

SO
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|2C - Inter-Integrated Circuit

« 12C (Philips/NXP) == two-wire-interface
* SMBus: egyszerusitett 2C

« Half-duplex

« Multi-master, multi-slave

« Ket vezeték
» Orajel, adat

« EszkdzOk kivalasztasa: eszkbzazonosito alapjan
(»,slave address™)
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12C - Inter-Integrated Circuit

 Orajel (SCL), adat (SDA)
* Open collector
* Felhuzo ellenallas kell
« Slave cimzeés — eszkdz azonosito
* 7 bites standard
10 bites Kkiterjesztett
« Atviteli sebesség
* 400 kHz, 1 Mbit, 3 Mbit
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12C

« START/STOP feltétel

O N N

b | SR

START condition STOP condition

« Adatatvitel

r ] a
== - = I
S G O G G W A W G G G G 6
| | MSB acknowledgement acknowledgement | Sr |
| | signal from slave signal from receiver | |
| | byte complete, | |
| | interrupt within slave | |
| clock line held low while |
| interrupts are serviced |
SCL | s | l | Sr |
or 1 2 - 7 8 9 1 2 3-8 9 or
S P
s ACK ACK LP ]
START or STOP or
repeated START repeated START
condition condition
BME-MIT d d
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12C — EEPROM

* Byte iras

S W
T R S
A | T
R DEVICE T (9]
T ADDRESS E WORD ADDRESS DATA P
1 || | 1 1 | 1 | | | | | | | 1 ||
SDA LINE ‘ ‘ ‘ ‘ | | * |_|
| 1 | L 1 1 L1 1 | 1 1 1 | L1
M LR A %] L A A
S s/ C s S C C
B BW K B B K
e Burstiras
S W
T R S
A | T
R DEVICE T (0]
T ADDRESS E WORD ADDRESS (n) DATA (n) DATA (n + 1) \ DATA (n + X) P
1 ] | ] ] 1 ] I 1 1 1 1 | | | | | | | | | 1 1 ] ] | | |
SDA LINE ||||| | * / |_|
| [ | | [ | | [ | (| (| | | | | 1 1 1 | 1 1 1 || 1 | | | 1 [ | [ |
M LR A A A A
S S/ C C C GK\ C
B BW K K K
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12C — EEPROM

e Olvasas jelenlegi cimrol

S
T R S
A E T
R  DEVICE A 0
T  ADDRESS D P
) 1 1 ] ) 1 ) 1 1
SDA LINE I_l | | | |_|
L1 L1 1 1 1 1.1
M LR A DATA
S s/ c
B BW K

N
e}
A
C
K

e Olvasas tetszoleges cimrol

: ‘ :
A | A DEVICE E -Sr
R DEVICE T WORD R ADDRESS A O
T ADDRESS E ADDRESS n T D P
1 T T T T 11 T T T T T 11
SDA LINE | | | | | ¥ | | | |_|
L1 I I I I | L1 [ I I I I
M R A A M A DATA n N
S /c C s C 0
B W K B K
A
C
K

DUMMY WRITE
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ADC/DAC interfeszek

« Tipikusan 3 orajelet igényelnek
* MCLK: bels6 mukodés orajele (,,Master Clock™)
« SCLK: soros adat ki/beléptetés orajele
» LRCK/Frame: mintavételi frekvencia
* A fenti orajelek aranya IC fiiggo
» Tipikus interfészek
« SPI
« SAI (Serial Audio Interface)
e |2S (Integrated Interchip Sound)
* Frame-Sync Serial Interface
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 Master méd

* Minden oérajelet
a chip allit

AD pelda: CS5361

MCLK —*

elo az MCLK-bél

« Slave mdéd: minden orajel bemenet

] single [
» +256 Speed 00
N Double LRCK Output
! speea 7| 01 * (Equal o Fs)
Quad
+1 0 T T
Sowo M1 MO
1 L
LIS single [T
T o 4 Speed 00
MDIV ' Doubl
S‘;‘;e: 01 }—- SCLK Output
A Quad _
< Splfed ] 19«’

Single Speed Mode
Fs =2 kHz to 51 kHz

Double Speed Mode
Fs = 50 kHz to 102 kHz

Quad Speed Mode
Fs =100 kHz to 204 kHz

MCLK/LRCK Ratio

256x, 512x

128x, 256x%

128x

SCLK/LRCK Ratio

32x, 64x, 128x

32x, 64x

32%, 64x
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AD pelda: CS5361

« SAI

LF@:KJ Left Channel | y Right Channel y |—
sowra [z2]] To[e[7[e[s¢[2[2[]o] N 2[2] To[s[7]6]5]4[3]2[1]0] 9 EE

e 125

I'.lr . I'.I'
LRCK | o Left Channel . Right Channel
seoc [ UUUUUUUUUUUUUL UUUUUUL U0 U U U UL, v
SDATA |23|Z|c’?|9|E|T|G|5|4|3|2|1|IZI| . |23|3[:’z’|9|a|T|E|5|4|3|2|1|U| . 23[22

* Letezik , left-justified” €s ,,right-justified”
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AD pelda: TI ADS1287

« SPI: CLK, SCLK, DRDY (kimenet)

Lo
— Lo
CLE
[t - Loy
Leonv
DRDY
—p| tos |a— Lt SR PR P S —
SCLK .
e e, — o
—# [4 tusero W —»| [— oo - |-q—‘°(?J
- N N T
DOUT Bit 23 (MSB) X Bit 22 X Bit 21 X r
—p [—_— 1
t'Jl:."T r DIHD
DIN X X X

* Frame-sync (FSYNC bemenet)

=
1
[ e — 4 toois —— M Topy — tor —
SCLK
HD OPD

L
—#| 4 tusseo o M »

7 [

DouT X Bitzamse) X Bit 22 X
h—‘:m—: l‘ o

DIN X X
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Ethernet — PHY

* Fizikal vonal illesztés
« Kilonallé PHY chip
 PHY MAC egységgel egyiitt
« Szabvanyos interfész
« Konfiguracio

« Soros management interfész: MDIO (6rajel + kétiranyu
adat)

 Parhuzamos adat interfész
« MII: Media Independent Interface
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Ethernet PHY adat interfesz (1)

Szétvalasztott adatirany, full duplex
MII: 10 és 100 Mbit eseten

« 4 adatbit, 1 control, 1 enable

« 2,5illetve 25 MHz orajel, iranyonként
RMII: Reduced M|

« K0Oz0s orajel, 2 bites adatvonal

GMII: Gigabit MII

8 adatbit, 125 MHz o6rajel

RGMII: Reduced Gigabit Ml

» 4 adatbit, 125 MHz DDR atvitel
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BME-MIT

RGMII Module

RGMII (1)

TX_CLK
-
TX_CTL
-
TXD [3:0
[3:0] -
RX CLK
* —
RX_CTL
-
RXD [3:0]
-

External
PHY
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RGMII (2)

s I

TXD[8:5][3:0] X‘/TXD[B . /TXD[S'Q];XE
_.... - TskewR

TXDI[7:4][3:0] TXD[7:4] |

TXC(at Transmitter)

TXD[4] TXD[9] I\
10 T !
% >< TXEN >< TXERR i

RXC(at Transmitter) E—\—/
RXD[4] RXD[9] N\ Yo
RX_CTL RXDV >< RXERR X >< >< ><

—" "'— TskewR

RXDI[8:5][3:0]
RXD[7:4][3:0]

RXC{at Receiver) / N / i
I
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Ethernet PHY adat interfesz (2)

SGMII: Serial Gigabit Ml

« RX/TX differencialis par 625 MHz-en, 8B/10B
«  Orajel bemenet opcionalis

HSGMII: High SGMII

« SGMII 2,5 Gb/s tamogatassal

QSGMII: Quad Serial Ml

« 4darab 1G ETH egy 5 Gb/s interfeszen
XGMII: 10 Gbit Ml

« 32 bites DDR adatvonal; 156,25 MHz orajel
«  NYAK-on ritka, chip-en belil

XAUI

. 4 adatvonal, 3,125 Gb/s
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BME-MIT

10G PHAE

Marvell PHY:

L0 : Wi 5_0OP
[ S on
- BB/10B i 64B/66B e —_
L2 Deserializer FIFO (BEX2011 Sarializer S CP
8 ] Decoder : Encoder 88X2013 only) o 8
+ ! = £
] ) ]
=R P ! £
= L1 \ WIS 5_IF =
S [z seralizer 88/108 FIFO 64B/668 ST Deserialzer |T500] B
= L : only 2
88X2010 and 88X2011 XAUI Interface X
! TBG/Clack Clagla(tgnd — 156,25 MHZ
XGMII Synthesizer Recovery e 55,52 MHEZ
TRSTn
(Vs ep— : DR
Management Non=Volatile
MO0 — : LAST LEDs JTAG [Tl
ITn Interface Registers ot
o0
- I -
X I I n X Fabric GT
G T Elastic | _ B84b66b | Block |_ - rn
1 O E H | B fior Decode ‘ Descramble [-—| Sync - P
Test
10- Pattern
Gigabit Check
Ethernet PCS SERDES
MAC
Test
Pattern
| Generate [ ™
64b66b Phase Gearbox »-
-~ e » Scramble | FIFo ™ . txn,p
] |
[] XGMII (SDR) ]
Y
MDIQ | Gontrol| | PCS/PMA
Status Registers
1
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RGMII orajel kezeles

« A PHY chipek tipikusan lehetoséget adnak az
orajel kis mérteki eltolasara mind ado, mind
vevo iranyban

 Alternativa
* Fix kesleltetés az FPGA-ban (10 delay)

» Orajel fazistolas DCM-mel/PLL-lel

« A 10 Mbit sebességhez tartozé 2,5 MHz tipikusan
Kisebb, mint az alsé hatarfrekvencia!

« Adat mintavetelezés/kiadas fixen DDR FF-kal,
SDR iizemmodban megfeleloen kezelve
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Video jelek

* VGA idozités

Horizontalis szinkronjel

$] ]

<| S - ~\
— 4+ 4 —>
= T 'T [t
0 > @ G
L ] = Qs
4 =
= " g™ 3
= V d V d Vd V4 9 = phe
S Lathato keptartomany |3 5 ¢
o 2
N
L=
L%
Horizontalis
A ~ Kioltas/visszafutas
V front porch
V szinkron impulzus Vertikalis
T A kioltas/visszafutas
IVbackporch
s h 4 J
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Idozitest pelda

* VGA idozitések: VESA szabvany
* http://www.epanorama.net/fag/vga2rgb/calc.html

Felbontas 640 x 480 @ 60 Hz 800 x 600 @ 72 Hz
Pixel érajel 25 MHz 50 MHz
H szinkron aktiv alacsony aktiv magas
V szinkron aktiv alacsony aktiv magas
Horizontalis id6zités Vertikalis idozités Horizontalis id6zités Vertikalis id6zités
pixel Hs sor ms pixel Ks sor ms
Lathato rész 640 25,6 480 15,36 800 16 600 12,48
Front porch 16 0,64 10 0,32 56 1,12 37 0,77
Szinkron 96 3,84 2 0,64 120 2.4 6 0,12
impulzus
Back porch 48 1,92 29 0,928 64 1,28 23 0,48
Osszesen 800 32 521 16,7 1040 20,8 666 13,85

BME-MIT /\/v\
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Video interfészek: analog

« Analdg video formatumok:
« Komponens: RGB, YCbCr HS/VS vagy kompozit

szinkron : *| m pppppppp
' Composite (pL. NTSC, PAL) ==/} l\l
e S-Video: Y +C l i ‘
o U i -
. SDR vagy DDR adat Sl T v
BME—MIT/\AA'
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Video interfészek: digitalis
« Digitalis
 DVI, HDMI
« Soros, differencialis jelatvitel - TMDS

« 3 csatorna + orajel (adatsebesseg/10)
e Spartan-6-tol kezdoden direkt FPGA tamogatas, elotte

kiilsd chip 5 38535 £ 8
. S D I 7 Switching Line
8 Switching Line
« SD-SDI, HD-SDI,

3G/6G/12G-SDI

e Vagy kiils6 chip
(tipikusan 3G-ig van)

EAV
LN
CRC

1

) V ag y ko Zvet I e n F P G A EAV HANC(267samples) SAV Active Line(1440words) EAV

270Mbps(SDTV)

1.485Gbps(HDTV)

BME _MI T M T ran SC I eve r_ e k ke I EAV HANC(276samples) SAV Active Line(1920words) EAV
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Pelda: TI TFP410 DVI ado

» Portok:
 Pixel orajel (differencialis)
» Szinkron jelek (HSYNC, VSYNC)
 Adat engedelyezeés (aktiv keptartomany)
» Parhuzamos adat (12 vagy 24 bites mod)

A DVI vevik, Video DAC-k, ADC-k hasonloan
mukodnek

BME-MIT /\/\/‘
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TFP410 1dozites

e 12 bites DDR moéd

12-Bit, Dual-Edge Input Mode (BSEL = 0)

DE / \
| )
L = Low Half Pixel
D[11:0] PaL >< PgH >< PyL XP1H F'N_1L>< PyL >< FHHXPNHL H = High Half Pixel
|

-,

| psEL=1
IDCK+ l l l l |P EDGE=0 Single-Ended

| - > Clock Input

OO O S B O =
* 24 bites SDR mad

24-Bit, Single-Edge Input Mode (BSEL = 1)

DE/ \
I
D[23:0] X F'Iu X P1 X PN-1 X PN ><
| "
IDCK+ 1| 1 L }Egétj] Single-Ended

= Clock Input
IDCK+

DSEL=0 Mode
EDGE=1
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DVI (1)

« TMDS csatornak:

Input
Streams

TM.D.S.
Link

BME-MIT

t

<«— active video region —»le—— inactive/blank region —»le— active video region —»

DE \¢ B 74
BLU[7:0] X ignored ) BLU[7:0]
ignored >< HSYNC,VSYNC X ignored
GRN[7:0] ignored GRNJ[7:0]
ignored CTLO.CTL1 ignored
RED[7:0] X ignored X RED[7:0]
B ignored I CTL2,CTL3 I ignored
t ty |
Channel 0 encoded BLU X encoded HSYNC,VSYNC X encoded BLU
Channel 1 encoded GRN >,t/ encoded CTL0O,CTL1 >1 encoded GRN
Channel 2 encoded RED > encoded CTL2,CTL3 l encoded RED

FPGA labor



DVI (2)

« Adatatvitel: 8b>10b kodolas

* 8 bites RGB - soros adatsebesség :10x pixel
orajel: 250 Mbit/s ... 1650 Mbit/s

« Tovabbitott orajel: pixel orajel

« HS/VS: 4 fenntartott 10 bites értek
e 10°b1101010100: HS=0, VS=0
 10°b0010101011: HS=1, VS=0
 10’b0101010100: HS=0, VS=1
e 10°b1010101011: HS=1, VS=1

BME-MIT /\/\/‘
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DVI vevo (1)

Vett orajel felszorzasa 10x (PLL)
Soros = parhuzamos atalakitas (ISERDES)

 Haa SERDES kevesebbet tud (pl. SP6) - SERDES 5x,
CLB-ben 2x

« Mintavetelezes: ISERDES + IODELAY (orajel — adat
fazis korrekcio)

e Szohatar keresées: ISERDES BITSLIP ismert mintara =
Control Word

Deskew: 3 TMDS csatorna kozo6tti csuszas kompenzacioja

* Folyamatosan irt/olvasott FIFO, olvasasi oldalon Control
Word-re szinkronizalva

Control word dekodolas (HS, VS), 10b = 8b atalakitas
 (SERDES helyett Transceiver-rel is megoldhato)

BME-MIT
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DVI vevo (2)

________ i e S SR NN T T U RPN ISR AT R0 T 07 L |
Aux0[3:0 I =
- RED r===1 ! i || |
[ 9:0 10| st0 | 1] & “ SN I I
HDMI Aux2[3:0] # <+L Gear | | | ol S ﬁ It
 _ ADE_ > & | T B = T
VSYNC 108 = 8, 4, D g | | | 1 [l 1l = | |
u 2B TMDS % | GREEN [ & | N " | |
HSYNC DR Ak 30 8 [9:0] o 10 510 | |} 1UE | o | : I
VDE - — @ Gear [=4 W < | | <~ G+
© BLUE[70 2 T I Box | | : I : 2 - :: o Ug's A
- = & > | IHIERRIEIRE il 51
- GHEEE Eg} S| Bwe | S N v L :I — = :
- ' R0 N N N L NN o] ! |
-} 4—,‘—L Gear [1,1] & TP |
! B | i B fer] 3l <Fmos[ T O
| gl are Wy
SR 2 ] |
PCLK H Nt N |
il N |:——r N | |
| | |
|
\ o \ PCLKx2 : | : :
y I : I @ CLK+
| I
| | O I CLK-
ﬁh“‘ﬁuhhh PCLKx10 ') : |
- =|BUFPLL » | |
| ' yo !
' . | .
Fabric !'| 1/O Logical |Electrical |
BME-MIT
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BME-MIT

HDMI

A blank periédus alatt InfoFrame-k és Audio
adatok is tovabbitasra kerulhetnek

HS, VS: kék csat.
CO0, C1: z6ld csat.
C2, C3: piros

ADE H-II ‘L-F Guardband duration = 2 Pixels
I

Video Guardband =>
case (TMDS Channel Number):
0:q_out[9:0] = 0b1011001100;
1:q_out[9:0] = 0b0100110011;
2:q_out[9:0] = 0b1011001100;
endcase

. Active Video Data (TMDS Code)

D Data Island Preamble =>
{€3, c2, ¢1, c0} = 4’0101

Data Island Guardband =>
case (TMDS Channel Number):
0:g_out[9:0] = n.a.;
1:q_out[9:0] = 0b0100110011;
2:q_out[9:0] = 0b0100110011;
endcase

. Active Aux/Audio Data (TERC4 code)

|:| Video Preamble =>
{c3, c2, ¢1, c0} = 4’0001

FPGA labor
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PCI

PCI, PCI-X: ,,igazi” busz struktura
— Multiplexalt cim/adatvonal
— Half-duplex
— Multi-master, DMA
— 4 Interrupt vonal

Szabvany Adatszélesseg | Frekvencia Savszelesség
Mbyte/s
PCI 32/64 bit 33 MHz 133/266
PCIl 2.1 32/64 bit 66 MHz 266/528
PCI-X 1.0 64 bit 66/133 MHz 528/1056
PCI-X 2.0 64 bit 266/533 MHz 2112/4224

BME-MIT /\/\/\
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PCI

Fontosabb jelek
— AD: cim/adatvonal
— C/BE#: parancs vagy byte engedelyezeés
— FRAME#: aktiv atvitel
— IRDY#: initiator (master) ready
— TRDY#: target ready
Periféeriak
— Target: nem kezdemenyezhet buszciklust
— Bus master: lehet master a buszon

— A kozponti PCI vezérld tipikusan NEM tartalmaz DMA
vezerlot!

BME-MIT /\/\/‘
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PCI

Parancsok (BUS CMD)
— Interrupt Ack
— Special Cycle
— 1/O Read és Write
— Memory Read es Write
— Configuration Read es Write
— Dual Address Cycle (pl.: 64bit cimzes)

BME-MIT /\/\/‘
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PCI olvasasi ciklus

A S S v
FRAMES N o N
AD —— ’;:‘_E—( DAT;:M ) X DATR:-K-E X DATA-3 >—"{;‘;—

ciBE# — —(BusomDy | BE#s i i § e
- e : i i ’ '
IRDY# . S\ s § L i
: = 2 = < z
'_
TRDY# N BTN <
i ’ G 5 = g
— A i | E |
DEVSEL# . Y N\ | \ . i ;
;EJDRES?S < DATA > < DATA > < DATA
PHASE PHASE PHASE PHASE
S £ BUS TRANSACTION >
\"A A
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PCI irasi ciklus

R | | s | f — i
AD ____E_____<ADDR:ESS>< DATA-1 >-< DATA-2 > | >< 5 DATA-3 Dt =
C/BE# ——{Bus QMDX BE#'s-1 X BE#'s-2 )( . BE#'s-3 | :
_ ; o o I
Ll L o
IRDY# "Eﬁi?\ L L %
: = =
: < < <
r o
— -=A = = E
TROY# . % = = <
S - -
. ’ S
DEVSEL# ‘F"_\ . . . : '
Lorex <oata” <oara” < DATA
PHASE PHASE FPHASE PHASE
BME-M1 VA < BUS TRANSACTION >
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PCIl Express

Soros, pont — pont 0sszekdttetes; helyreallitott orajel
Csomag alapu atvitel
Szoftveresen kompatibilis a PClI-jal
1, 2, 4, 8 vagy 16 lane
— PCle 1.1: 2,5 GT/s (8b/10b)
— PCle 2.0: 5 GT/s (8b/10b)
— PCle 3.0: 8 GT/s (128hb/130h)
— PCle 4.0: 16 GT/s (128b/130b)

Kommunikacid PCle 1.0 PCle 2.0 PCle 3.0 PCle 4.0
GB/s GB/s GB/s GB/s
— Requester x1 0,25 0,5 0,984 1,97
~ Completer x4 1 2 3,938 7,877
X8 2 4 7,877 15,754
BME-MIT /\N x16 4 8 15,754 31,508
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PCle architektura

Root Complex: kozponti vezérlo

— Kapcsolat a CPU-val es a memoriaval

Endpoint: periféria

CPU
— Completer ¢
C PCIE
LY Completer + F’E'ﬂ%ggiﬁss Cl Express -
Req ueSter PCI Express-PCl PCl Express Complex
Bridge
PCl Express

DMA vezérlo

Nincs kdzponti %

()
N

Memory

PCI PCI
Express PCI PC| Express
Express Express
Legacy Legacy PCI Express PCI Express
Endpoint Endpoint Fndpoint Endpoint

BME-MIT /\/\A
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PCI/PCle Config space

Minden end

noint tartalmazza

31 16 15
Device ID Vendor ID
Status Command
Class Code Revision ID
BIST Header Type Lat. Timer Cache Line S.
Base Address Registers
Cardbus CIS Pointer
Subsystem ID Subsystem Vendor ID
Expansion ROM Base Address
Reserved Cap. Pointer
Reserved
Max Lat. Min Gnt. Interrupt Pin Interrupt Line

00h
04h
08h
0Ch
10h
14h
18h
ICh
20h
24h
28h
2Ch
30h
34h
38h

3Ch
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PCI/PCle busz hierarchia

e Bus ID: 8 bit
 Device ID: 5 bit & Function number: 3 bit

Administrator: Command Prompt

pshpciutils-3.5.5-win64>1spci

Host bridge: Intel Corporation Device 3el® (rev 87)

PCI bridge: Intel Corporation Skylake PCIe Controller (x16) (rev 67)

VGA compatible controller: Intel rporation Device 3e%9b

Signal processing controller: Intel Corporation Skylake Processor Thermal Subsystem (rev @7)
stem peripheral: Intel Corporation Skylake Gaussi ixture Model
gnal processing controller: Intel Corporation De 3 (rev 18)

USB controller: Intel Corporation Device a36d (rev 18)

RAM memory: Intel Corporation Device a36f (rev 18)

Network controller: Intel Corporation Device a378 (rev 18)

Serial bus controller [ @]: Intel Corporation Devi 8 (rev :

Serial bus controller [©c88]: Intel Corporation Dev a (rev

Communication controller: Intel Corporation Device a368 (rev 18)

SATA controller: Intel lGFpOFHthH Device a353 (rev 18)

PCI bridge: Intel Corporation Device a33e {Peh +B}

PCI bridge: Intel Corporation Dev )

Communication controller: Intel lOFpOFathH Den 328 (rev 18)

IsA brid Intel Corporation Dewvice a3ed (rev 1@

Audio device: Intel Corporation Device a348 (rev 18)

SMBus: Intel Corporation Device a323 (rev 18)

Serial bus controller [6c88]: Intel Corporation Device a324 (rev

VGA compatible controller: NVIDIA Corporation Devi ce. 111 (rev al)

Audio device: NVIDIA Corporation Device 18f8 (rev

USB controller: NVIDIA Corporation Device lada (rev )

Serial bus controller [Bc8@]: NVIDIA Corporation Device ladb (rev al)

Non-Volatile memory controller: ngston Technologies Device 3 (rev 83)

Ethernet controller: Realtek Semiconductor Co., Ltd. RTL8111/8168/8411 PCI Express Gigabit Ethernet Controller (rev 15)

.8
1.0
.8
.8
.
.8
.8
.2
=)
.8
i
6.8
.8
.8
-5
.
.8
=
.4
.5
.8
B
.2
=
.8
.

Appsi\pciutils-3.5.5-wing4>

FPGA labor



PCle

Fizikal reteg: differencialis érpar
— Framing + CRC (2x64 bit)
Atviteli réteg
— Fejléc: 3-4 DW
— Opcionalis CRC: 1 DW
— Data payload: 128/256/512/1024/2048/4096 byte
« Root Complex & Endpoint tamogatas kell!

BME-MIT /\/\/‘
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PCle

Egy csomagban legfeljebb Data Payload-nyi adat
— Nagyobb méretli request-ek tobb csomagban

BME-MIT

100,00

30,00

90,00 -

80,00 -

70,00 -

SN NN\

60,00 -

50,00 -

40,00 -

Kihasznaltsag (%)

1024 2048 4096

Payload (byte)
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PCle

A PCle késleltetése viszonylag nagy

— De ujabb Request-¢ek elkiildhetok a Completion
megerkezese elott

Low Performance

Rd Rd3

TP CplD1 Tag CplD2 Tag?

High Performance

Rd1 Rd2 Rd3 Rdd RdS Rd& Rd? Rd8 RdB
Tagl TagZ Tagd Tagd Tagl Tage Tagd Tagd Tagl

F— delay 4.'
TLP _ CplD1 Tagi X CplD2 Tag2 X CplD3 Tagd X CpID4Tag4X CpIDSTagﬂX CplD6 Tag2 X:

TLP

FPGA labor



PCle

Egy Request-re adott Completion
— Egy csomagban

— TObb csomagban — a csomagok sorrendje
cimsorrendben

Tobb, cimfolytonos Request

— A Completion csomagok sorrendje NEM
feltetlentl felel meg a cimsorrendnek

BME-MIT /\/\/‘
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Valos atviteli sebesség

PCle 1.1 és 2.0 buszon elérheto sebesség (Intel X58
chip, 256 byte Payload)

BME-MIT /\/\/‘

4000 -

3500 -~

3000 -~

2500 -

2000 -

1500 -

1000 -

500 -

Atviteli sebesség (Mbyte/s)

PCle1.0
%1

PCle2.0
%1

PCle1.0 PCle 2.0 PCle1.0
x4 x4 =8

PCle2.0
=8

FPGA labor



ECle TISS

Fejléc 1. DW (minden csomagban)

+0 +1 +2 +3
?E.iil?;lz“ltl?ﬁii}lzl‘D?ﬁiiEIE‘D?55i|32|‘|D
Byle 0 = [R|Fmt Type R| TC R 5 E, Atlr | AT Length
Fmt Type
00
01 0_0000 Memory Read Request
10 .
1 0_0000 Memory Write Request
00 0 1010 Completion, nincs adat
10 0 1010 Completion, adattal

— Length: 1...1024 DW (< Data Payload)

BME-MIT
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PCle — 32 bites Request

TLP fejléc
+0 +1 +2 +3
?ﬁ5i321|D?ﬁ5i32’ID?&E;LEE’I‘D?{WELEE"I‘D
Byte D = | R ;r"{j Type Rl TC Reserved E E Aftr | AT _ength
Byle 4 > Requester ID Tag ‘a%[}:": 1 3 E
Byle B > Address[31:2) R

Requester 1D: Bus number + Device Number + Function
number

Tag: Minden ,,kintlévo”, Completion-t igénylo iizenet egyedi
azonositoja (kintlévo tizenetek szama < 32)

BE: byte engedélyezés az elso és utolso DW-re
Address: cim (DW cim)

BME-MIT /\/\A
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PCle — 64 bites Request

3 helyett 4 DW a fejlecben

+0 + +2 +3
7 5‘5 41312 1‘D 7 ﬁ‘E‘i A12(71101(7 1|6 E‘i 312 1‘D T‘ﬁ‘E L4013 2‘1|D
Byte 0 > |R xrr“H Type R| TC | Reserved ; El At | AT Length
Ryte 4 > Requester ID Tag 'Esétjl"'k": 15'3%
Byle 8 > Address[63:32)
Byle 12 = Address[31:2] R

BME-MIT
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PCle - Completion

Completion TLP fejléc

+0 +1 +2
7 6‘5 4‘3‘2‘1‘0 7 6‘5‘4 3‘2‘1‘0 716 5‘4 3‘2 1‘0

Byte 0 > |R }Ijmot Type R| TC |Reserved || E| Attr | AT

+3
?‘6‘5‘4‘3‘2‘1‘0

DIP 0 0 Length
B
Byte 4 > Completer ID %?;pfsl & Byte Count
Byte 8 > Requester ID Tag R| Lower Address

Tag: A Request-tel megygezo Tag

Byte Count: A Request-bél még hatralévo byte-ok
szama

BME—MIT/\/VA
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PCle FPGA-val

- r PCI
Kiilsé6 PHY Pole . PCle o Lyl Core <IlE, USER
(soft)
Soft-core MAC
(minden FPGA) FPGA
Belso Gbit transmitter | PCle
PCle . Gblf[ Core TLP USER
SOft_Core MAC x1/x4/x8 Trmit (soft) Interface | LOGIC

(pl. V2P, VV4)

FPGA

Belso Ghit transmitter
Hard-core MAC PCle . Gbit ggi TLp . | USER
(ma mér gyakorlatilag x1/x4/x8 Trmit Interface LOGIC

minden FPGA)

(hard)
BME-MIT /\/\/\ FPGA
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PCle FPGA interfész

Gyakorlatilag Memory Read, Memory Write €s
Completion csomagok fogadasa és generalasa

szukseges
TLP interfesz: 64 bites FIFO IF
+0 +1 +2 ‘ +3 +4 +5 +6 +7
[63:56] [55:48] [47:40] [39:32] [31:24] [23:16] [15:8] [7:0]
Byte 0 > Ftim,; Type |R| TC | Rsvd EE Attr| R Length Requester ID Tag LasBlE[JW 1SEEW
Byte 8 > Address[31:2] Data 0
Byte 16 = Data 1 Data 2
Byte 24 > TLP Digest (no data)

1/4/8 lane: 62,5/125/250 MHz

BME-MIT /\/\A
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PCle FPGA oldal - Transmit

trn_clk '7 ‘-__i__j_

| !
trn_td[63:00] | XHDR1 + HDOR2  XHDR3 + DATA1 XDATA2 + DATAZXDATA + DATA pATA X oatana-oatan X
|

{ | - t +
trn_tsof_n \\ 4 | | | I | I
I | | I | I |
| | | | | | I
trn_teof_n i I | l i I\_/_l'
| | | | | |
| | | I I | |

trn_trem_n[7:0]

ooh X

trn_tsrc_rdy_n

1

trn_tdst_rdy_n

F-f--t--Ld--

trn_tsrc_dsc_n

trn_tdst_dsc_n

BME-MIT /\/\A
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PCle FPGA oldal - Recelve

trn_clk |

[
trn_rd[63:00] >( HDR1 + HDRZ
[

|
| |
HDA3 + HDR4 X DATAT = DATAZ X DATAS = MULL

|
T
| X aFh
]

-U -

trn_rrem_n[7:0] :
[

trn_rsof_n \

trn_reof_n

Il

[
[
[
[
[
trn_rsrc_rdy_n :\

trn_rdst_rdy_n

I
i

I

I

i

|

trn_rsrc_dsc_n |
i

I

I

trn_rerfwd_n |

I

I

trn_rnp_ok_n |
|

e e e s i et s LRt

|
|
|
|
|
|
|
|
]
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|

[
trn_rbar_hit_n[6:0] X

BME-MIT /\/\A
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Xilinx PCle IP-k

« Hard-core IP peldanyositasa
* Transaction layer packet-ek feldolgozasa sajat
logikaval
 AXI Memory Mapped To PCI Express IP
* PCle Completer, FPGA iranyaba AXI busszal

» Kiegészitheto AXI DMA vezérlovel vagy egyéb
AXI| master-ekkel

« DMA/Bridge subsystem for PCI Express IP
 Integralt DMA vezérlo
« AXI vagy AXI Stream interfész

BME-MIT /\/\/‘
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Memoria tipusok

«  SRAM (4-6 tranzisztor/cella)
— Aszinkron (4 Mbit, x4, x8, x16)
— NtRAM (64 Mbit, x18, x36, 250 MHz)
— DDR (32 Mbit, x18, x36, 400 MHz)
— DDR2 (72 Mbit, x18, x36, 450 MHz)
— QDR (72 Mbit, x18, x36, 450 MHz)

« DRAM (tipikusan 1 tranzisztor + kondenzator / bit)
— SDRAM (256 Mbit, x8, x16, 167 MHz, 3.3V)
— DDR (1 Gbit, x4, x8, x16, 200 MHz, 2.5V)
— DDR2 (4 Ghit, x4, x8, x16, 400 MHz, 1.8V)
— DDR3 (8 Ghit, x4, x8, x16, 1066 MHz, 1.5V)
— DDR4 (4 Ghit, x4, x8, x16, 1600 MHz, 1.2V)
— GDDR3/4/5 (1 Gbit, x32, 7 GHz, 1.5V)

« HMC: Hybrid Memory Cube

HBM: High Bandwidth Memory

BME - MIT/\AA
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BME-MIT

Memory Type
DDR3 SDRAM

DDR2 SDRAM

DDR SDRAM

LPDDR SDRAM

LPDDR2 SDRAM

QDR II/QDRII+ SRAM

RLDRAM I

RLDRAM 3

7 Series

1866
Mbps

933 MHz
800 Mbps

400 MHz

667 Mbps#
333 MHz

2x 1100 Mbps
550 MHz
1066 Mbps
533 MHz

1600 Mbps#

800MHz

Virtex-6

1066
Mbps

533 MHz
800 Mbps

400 MHz

2 x 800 Mbps
400 MHz
1000 Mbps

500 MHz

Spartan-6

800
Mbps

400 MHz
800 Mbps
400 MHz
400 Mbps
200 MHz
400 Mbps

200 MHz

Kiils6 memoria interfészek (1)

Virtex-5

800
Mbps

400 MHz
667 Mbps
333 MHz
400 Mbps

200 MHz

2 x 600 Mbps
300 MHz
667Mbps

333 MHz

FPGA labor



Kiils6 memoria interfészek (2)

Speed Grade -1 -2 -3
Temp Grade LI I/E LE I/LE E
VCCINT 0.72V 0.85V 0.72v 0.85V 0.90V
DDR4 HP I/O 2133 2400 2400 2666 2666
DDR3 HP I/O 1866 2133 2133 2133 2133
DDR3L HP I/0 1600 1866 1866 1866 1866
LPDDR3 HP I/O 1600 1600 1600 1600 1600
QDR-ll+ (MHz) HP I/0 550 600 600 633 633
QDR-IV XP (MHz) HP I/0 933 1066 933 1066 1066
RLDRAM 3 (MHz) HP I/0 933 1066 1066 1200 1200
HMC Gen 2 15000TX + 15000TX + 15000TX + 15000TX + 15000TX +
15000RX 15000RX 15000RX 15000RX 15000RX
Bandwidth Engine 3 10313 10312 28000 28000 28000
Bandwidth Engine 2 10313 10313 10313 15500 15500

BME-MIT /\/\/\
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High Bandwidth Memory (HBM)

Az FPGA és memoria die egy hordozon
(Interposer)

« ROovid vezetekek, kis kapacitas es induktivitas
* 1/O interfész kis szilicium teruletet igényel
 Max 16 GB, 1024 bit interfesz, 460 GB/s

=1 s

Interposer I I
L ()

BME-MIT /\AA

FPGA labor



Hybrid memory Cube (HMC)

« Sztenderd DRAM memoria cellak
»  Tobb réteg memoria egymason, kilon vezérlo
* Nagy sebességii interfész
« 15 Gb/s vonalanként
« T0Obb (pl. 4) link, tobb lane/link (pl. 16)
»  Sok transceiver-t igényel az FPGA-ban
« VirtexUltraScale+: 40-128 transceiver
., Requester Responder | (I
Through-Silicon Vias (TSV) :etrv cdr:eci.c‘i"k%&,
- Physical Layer DR Physical Layer e e
3D-stack DRAM A stack of up to 8 DRAM in one chip up to 4 Gb
DHAMI?ogic ;r:;f“:r ‘l 1 subblock{®cub-blo 1 ‘p*‘ cub-block [ eub-block [ % Ob:tf:::
| | Physical RX o Physical TX
e e
A separate layer of core logic 15 o LM
(carries out the functions of a controller)

v
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DRAM

« 1 tranzisztor + kapacitas / bit

Column Decoder

bitline bitline
T T
e 1 1
= =" : e e e ——:
wordline | wordline |
ja |
1 pit =l 0’ bit =
stored stored —— 8 -
a
Q
o
! ooT !
oDT —po- control ;
zQ '" :
F ZQ CAL To ODTioutput drivers '
RzQ 3 RESET# —-0—] ;
e C:;r;r(n\ ZQCL, 2QCS | -
Vs a1z —po— ke : L7
. ] ' L
K, CK# g " Vopof2 i !
C —— BCa (burst chop) i !
st —d—rg ! i
E - Column @, 1, and 2 Rinom SFrmwe) i '
RASE 4’?7 §§ N CK, CK# it by
CASE —p— gé ?L ]?2 ; -
wes —po—y 7 L LL r :
LTS T
READ |
ol | e |
i memo ] i 5 Dalis0) '
row- ul »  and »
address array data READ L 1 DQ[15:0]
latch (65,536 x 128 x 128) MUX drivers | LD@s, LDOSE, UDQS, UDQS# ! ;
and & H
: decoder " :
| : :
: Sense amplifiers 3
; 128 BC4 Ritpom $Rrrowny | :
: i i
BC4 swl w2 | o
; oTE T T i i LDGS, LDOSE
! 3 10 gating et 5
: DM mask logic | ] = i
P Bank it ) H UDQs, UDQs#
Alt5D) — L i :
BA[2:0] N logic [ — :
Vono/Z i
(128 o i
———— :
1EL] Data Rrtnom S Rrrowe d
o i interface |
Column swil w2 i
decoder T T h
Column- 7 > i f
0 address o bt i
counter/ 3 0
latch | 7 Columns®,1,and2 :
|
K, Ck# Column 2 :
(select upper or b
lower nibble for BC4) |
H

FPGA labor



DDR3 DRAM parancsok

CKE
Prev. | Next BA A[11,
Function Symbeol | Cycle | Cycle | CS# | RAS# | CAS# | WE# ([2:0] | An | A12 | A10 | 9:0] |Notes
MODE REGISTER SET MRS H H L L L L | BA OP code
REFRESH REF H H L L L H v v v v v
Self refresh entry SRE H L L L L H v v \Y \Y V' 6
Self refresh exit SRX L H H v v v Vv v v v v 6,7
L H H H
Single-bank PRECHARGE |  PRE H H L L H L | BA| V v L v
PRECHARGE all banks PREA H H L L H L v v H v
Bank ACTIVATE ACT H H L L H H | BA Row address (RA)
WRITE BLBMRS, WR H H L H L L | BA |RFU| V L CA 8
BC4MRS
BC4OTF WRS4 H H L H L L | BA | RFU L CA
BLBOTF WRS8 H H L H L L BA | RFU H L CcA
WRITE BLBMRS, WRAP H H L H L L BA RFU A H CA
with auto BC4MRS
precharge  [gc4oTF | wrAPSA | H H L H L L | BA|RFU| L H CA
BLBOTF | WRAPS8 | H H L H L L | BA |RFU| H H CA
READ BLBMRS, RD H H L H L H | BA [RFU| V CA
BC4MRS
BC4OTF RDS4 H H L H L H | BA |RFU L CA
BLBOTF RDS8 H H L H L H | BA [RFU| H L CA
READ BLBMRS, RDAP H H L H L H | BA [RFU| V H
with auto BC4MRS
precharge BC4OTF RDAPS4 H H L H L H BA |RFU | L H CA
BLBOTF RDAPSS H H L H L H | BA |[RFU| H H CA
NO OPERATION NOP H H L H H H v v v v v
Device DESELECTED DES H H H X X X X X X X X 10
Power-down entry PDE H L L H H H v v v v v
H v v v
Power-down exit PDX L H L H H H v v v v v 6, 11
H v v v
ZQ CALIBRATION LONG ZQcL H H L H H L X X X H X 12
ZQ CALIBRATION SHORT | ZQCS H H L H H L X X X X

FPGA labor



DRAM mukodtetés

Inicializalasi szekvencia
* Mode regiszter iras
ACTIVE: bank es sor (row) megnyitas
PRECHARGE: sor (row) lezaras
 Auto precharge
READ/WRITE
« Bank és oszlop kivalasztas
Frissités
« REFRESH parancs vagy Auto refresh

BME-MIT /\/\/‘
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DDR/DDR2/DDR3 SDRAM

« Parancs: CK orajellel szinkron
* Bemeno adat: DQS jellel szinkron, DQS ,,kozépre” idozitett

« Kimeneti adat: DQS jel élvaltassal szinkron (forras szinkron)
 DLL: DQS szinkronizalas CK-val
* Burst (2-4-8) orientalt mikodés

Speed Grade Data Rate (MT/s) Target '‘RCD-'RP-CL tRCD (ns) tRP (ns) CL (ns)
-093% 2 3.4 2133 14-14-14 13.13 13.13 13.13
-107%. 2.3 1866 13-13-13 13.91 13.91 13.91
-1251 % 1600 11-11-11 13.75 13.75 13.75
-15E" 1333 9-9-9 13.5 13.5 13.5
-187E 1066 7-7-7 13.1 13.1 13.1

RCD: ACT - READ/WRIT
RP: PRECHARGE periédus
CL: CAS latency

 GDDR: szétvalasztott bemeneti és kimeneti DQS jelek

=

BME-MIT /\/\A
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DDR3 mode register O

BA2 BATBAO A14 A13 A12 A11 A10 A9 A8 A7 Ab A5 A4 A3 A2 Al A0 Address bus

ERRERNRNNERNS

i
—

|

17/16 /15 /14/13 [12 /1 /10/9 /8 /7 /6 /5 /48 /3 /2 /1 /0 /] Mode register 0 (MR0)
o'l o] ofo'o'|pp] WR |pLL| 07 |CAS# latency|BT | CL| BL
M16 M15 Mode Register -~ l L[ o Burst Length
0 0 | Mode register 0 (MRO) ! 0 0 Fixed BL8
M12| Precharge PD M8 |DLL Reset 0 1 | 4or8(on-the-fly via A12)
0 |[DLL off (slow exit) 0 No 1 ] Fixed BC4 (chop)
1 | DLL an (fast exit) 1 Yes 1 1 Reserved
Y Y Y
M11M10 M3| Write Recovery M& M5 M4 M2 |CAS Latency M3 READ Burst Type
0 0 0 16 0 0 0 0 Reserved 0 Sequential (nibble)
o 0 1 5 o 01 0 5 1 Interleaved
DRSS 0 b 01 0 0 6
DN 7 0 SS1, 1,0 7
N N 8 1. 0 0 0 8
IS 10 101 D 9
1] 12 i 18 00D 10
1 ] 14 1 T T 11
0 0 0 1 12
0o . 1 1 13
0D%1 O 4 14
BME-MIT
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DDR3 ACTIVE

¢ terp: ACTIVE > ACTIVE
¢ tyep: ACTIVE > READ/WRITE

TO T T2 T3 T4 5 8 T9 T10 T
K ---- P R E— —— R J—— P

! ¢ ' ¢ !
CK LI} -——— R SN [ ———

Command Alcr / NTIP W NTP Ar|:r NOP NOP NOP %/ﬁ( NOP m WRDMRM
daress /) “T’" M%V//////////é?i////////}( RT’" WW//////////W////W/////////////// ////)< C]' X/
saizol X ank X7 T LR X %/ T %’fﬁjy LTI ///// ) /// WD

'RRD 'RCD

BME-MIT /\/\A
: FPGA labor



ke "o

CK

Command’

Address?

DQs, DOse

DQ3

BME-Mm.1 /\/V‘

DDR3 — write

2 egymas utani write (BL=8)
WL :write latency
twere: Write = data kesleltetés

tccp: CAS = CAS parancs kesleletés

——————

——————

________________

WRITE /777N o? WU NP LN e W ST G,

___________

|
op W//77K woe

'cch

ald X TR v X, '///fl///zé’/-}f/z?’f//;’/ LI f/}’//////-‘

T

| WL =

5

FPGA labor



DDR3 read latency

 Pl:CL=6ésCL=8

T0 T T2 T3 T4 T5 T6 T7 T8
K# )
CK d ’ ! £ ! ’ .3 ’
I

DQs, DQS# ‘ | | | pTT TSI \ \T LI‘ ‘T

|
DI W7 DI %Y DI\ DI_%Y DI W
n JSan+ 1 An+2 08 n+3 05\ n+d /
I
: |

DQ

TO T1 T2 T3 T4 TS T6 T7 T8

Command

DQs, DQs#

DQ

BME-MIT /\/\A
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DDR3 — ,.korai read”

« ACTIVE parancs utani READ parancs ido elotti
kiadasa (<tz-p) — AL

* Teljes kesleltetés: AL + CL

Command %ACTIVEHW /ﬁ( READ n ><///&< NOP

‘ 'RCD (MIN) |
|

DQs, DQS#

—._._.
—
[ —
[a)
—

I
o

i
L
AL=5
|
|

|
= I
| EREENED =

T —
—T—
——
—_—

bQ

RL=AL+CL=11

FPGA labor



DDR3 write = read

e [ras utani olvasas (tWTR)

et X X777 T T T T T ZE T T T T T s XU
R L g g g g S 1 AL
" | | wes | EDED 60BN 6N ED 6N D [’/
BME-MIT

FPGA labor



DDR3 1ddzites1 parameterek (1)

DDR3-1600 Speed Bin -1251
CL-'RCD-'RP 11-11-11
Parameter Symbol Min Max Unit Notes
Internal READ command to first data TAA 13.75 - ns
ACTIVATE to internal READ or WRITE delay time fRCD 13.75 - ns
PRECHARGE command period RP 13.75 - ns
ACTIVATE-to-ACTIVATE or REFRESH command period RC 48.75 - ns
ACTIVATE-to-PRECHARGE command period tRAS 35 9 x 'REFI ns 2
CL=5 CWL=5 tCK (AVG) 3.0 33 ns 3
CWL=6,7,8 tCK (AVG) Reserved ns 4
CL=6 CWL=5 'CK (AVG) 2.5 33 ns 3
CWL=6 CK (AVG) Reserved ns 4
CWL=78 1CK (AVG) Reserved ns 4
CL=7 CWL=5 tCK (AVG) Reserved ns 4
CWL=6 tCK (AVG) 1.875 <25 ns 3
CWL=7 tCK (AVG) Reserved ns 4
CWL=8 tCK (AVG) Reserved ns 4
CcL=8 CWL=5 tCK (AVG) Reserved ns 4
CWL=6 tCK (AVG) 1.875 <2.5 ns 3
CWL=7 tCK (AVG) Reserved ns 4
CWL=8 tCK (AVG) Reserved ns 4
CcL=9 CWL=5,6 tCK (AVG) Reserved ns 4
CWL=7 tCK (AVG) 1.5 | <1.875 ns 3
CWL =8 tCK (AVG) Reserved ns 4
CL=10 CWL=5,6 tCK (AVG) Reserved ns 4
CwL=7 'CK (AVG) 1.5 | <1.875 ns 3
CWL=8 CK (AVG) Reserved ns 4
=1 CWL=5,6,7 'CK (AVG) Reserved ns 4
CWL=8 tCK (AVG) 1.25 | <15 ns 3
Supported CL settings 56,7,8,9 10, 11 CK
Supported CWL settings 56,78 CK

FPGA labor



DDR3 1ddzites1 parameterek (2)

Command and Address Timing
DLL locking time DLLK 512 - 512 - 512 - 512 - CcK 28
CTRL, CMD, ADDR Base (specification) tg 200 - 125 - 65 - as - ps |29, 30,
setup to CK,CK# (AC175) 44
Veer @ 1 Vins 375 - 300 - 240 - 220 - ps | 20,30
CTRL, CMD, ADDR Base (specification) 1s 350 - 275 - 190 - 170 - ps |29, 30,
setup to CK,CK# (AC150) a4
Vrer @ 1 V/ns 500 - 425 - 340 - 320 - ps 20, 30
CTRL, CMD, ADDR hold |Base (specification) IH 275 - 200 - 140 - 120 - ps 29, 30
from CK,CK# Vrer @ 1 V/ns (DC100) | 375 - 300 - 240 - 220 - ps | 20,30
Minimum CTRL, CMD, ADDR pulse width Ipw 900 - 780 - 620 - 560 - ps 41
ACTIVATE to internal READ or WRITE delay RCD See Speed Bin Tables (page 71) for 'RCD ns 31
PRECHARGE command period RP See Speed Bin Tables (page 71) for TRP ns 31
ACTIVATE-to-PRECHARGE command period TRAS See Speed Bin Tables (page 71) for TRAS ns 31,32
ACTIVATE-to-ACTIVATE command period RC See Speed Bin Tables (page 71) for fRC ns 31,43
ACTIVATE-to-ACTIVATE |x4/x8 (1KB page RRD MIN = greater of | MIN = greater of | MIN = greater of | MIN = greater of | CK 31
minimum command size) ACK or 10ns 4CK or 7.5ns 4CK or éns 4CK or 6ns
period x16 (2KB page size) MIN = greater of 4CK or 10ns MIN = greater of 4CK or 7.5ns CK 31
Four ACTIVATE x4/x8 (1KB page TFAW 40 - 375 - 30 - 30 - ns 31
windows size)
x16 (2KB page size) 50 - 50 - 45 - 40 - ns 31
Write recovery time WR MIN = 15ns; MAX = n/a ns 31, 32,
33,34
Delay from start of internal WRITE "WTR MIN = greater of 4CK or 7.5ns; MAX = n/a CK | 31,34
transaction to internal READ command
Refresh Timing
REFRESH-to-ACTIVATE or REFRESH ‘RFC-1Gb MIN = 110; MAX = 70,200 ns
command period RFC - 2Gb MIN = 160; MAX = 70,200 ns
'RFC - 4Gb MIN = 260; MAX = 70,200 ns
'RFC-8Gb MIN = 350; MAX = 70,200 ns
Maximum refresh Tc = 85°C - 64 (1X) ms 36
period Tc > 85°C 32 (2X) ms 36
Maximum average Tc=85°C TREFI 7.8 (64ms/8192) us 36
periodic refresh Tc > 85°C 3.9 (32ms/8192) ys 36

A4

FPGA labor



Xilinx MIG

 Memory Interface Generator

e Hasznélhaté ISE_ben (CorEGen) éS Select the Controller Type:
» Platform Studio-ban ? DORSSORAM | fble Akl nterfce
e Felhasznaloi interfesz ) QDRIT+ SRAM

) RLDRAM II

e Nativ interfesz

» AXI (csak ha ,,Preferred language” Verilog)

« Néhany esetben lehet tobb portos, egyébként AXI infrastructure-rel
megoldhato

BME-MIT
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MIG — memoria paraméterek

Freguency: The allowed frequency range(2500 - 3300) is a function of the selected FPGA part, FPGA
speed grade, and memory controller type. Choose the dock period for the desired frequency. Refer to User 2500 | ps  |400.00 MHz
Guide for supported frequency range.

Memory Type: Select the memory type. Parts marked with a warning symbaol are not compatible with the
frequency selection above. Based on the FPGA package, DIMMs selection is not allowed due to the |Components - |
unavailability of required number of pins. For RLDRAM II only CIO parts are supported.

5l

part. Note that the new part will be a modification of the "Base Part” you select
the density can be changed.

MT41]128Maxx-15E

hd |

ieters, "Value” is the only field that can be edited.

Memory Part: Select the memory part. Parts marked with a warning symbal are not compatible with the |MT4]_'I 128M3XX-15E - |
frequency selection above. Find an equivalent part or create a part using the "Create Custom Part” button if
the part you want is not listed here. The "Create Custom Part™ feature is not supported for RLDRAM II. [ Create Custom Part l
Data Width: Select the Data Width. Parts marked with a warning symbol are not compatible with the |S - |
frequency and memory part selected above. w
ECC: MIG supports ECC for 72 bit and 144 bit data width configurations. To be able to select ECC, you wil e
need to select a data width that has ECC supported. ———
Data Mask: You will be able to enable/disable the generation of Data Mask (DM) pins using this chedk box.
This option can be selectable only if the memory part you have selected has DM pins. Uncheck this box if you
would like to not use data masks and save FPGA I/0s that are used for DM signals, ECC designs will not use
Data Mask.
Parameter  Value Range Units
trfc 110 90-350 ns
tras 36 35-37.5 ns
trp 13.5 10-15 ns
thaw 30 30-55 ns
tred 13.5 10-15 ns
trefi 78 39-78 us

Descriptions

Refresh to Active or Refresh to Refresh

Active to Precharge command

Precharge command period

Four Address Width

Active to Read or write delay

Average periodic refresh interval

m

Row Address
Column Address

Bank Address

[14 -

[0 3

E =)
Help | [ Save Delete Cancel




MIG — memoria paraméterek

Choose the Memory Options for the memory device. Memory Option selections are restricted to those supported by the controller. Consult the memary
vendor data sheet for more information.

Burst Length
Determines the maximum number of column locations that can be accessed for & given READ or WRITE command. IB - Fixed - I

Read Burst Type
The ordering of accesses with in a burst is determined the burst type. lSequenﬁaI - I

Output Driver Impedance Control
Programmable impedance for the output buffer. IREQI}" - I

RTT (nominal) - On Die Termination (ODT)

Select the nominal value of QDT for the DQ, DQS/DQS5% and DM signals on the DIMM, This value will be used for the i
unwritten slot during a write in 2 slot configurations. The value will also be used for the unselected slot u:Iuringﬂ"““k Selection For Controller 0 - DDR3 SDRAM
slot configurations. Use board level simulation to choose the optimum value, Refer to "Selecting RTT (Mominal

ODT" section of User guide for RTT values. Bddress/Control: 26/26 @l Data: 12/12 @  Eystem Clock: 7/7 @
Memary Address Mapping Selection Master Bank Master Bank Master Bank
User Address Left Column Inner Left Column Inner Right Column
?: A
t Bank: 15 Bank:25 Bank:35
Available I0s: |40 Available I0s: | 13 Available I0s: | 26
o [ row [eank [ corumn | ‘
Data Address/Control (i | Address/Control
|B}3.NK | ROW I COLUMMN I Data m Data
Systern Clock Systermn Clock
Bank: 14 Bank:24* Bank:34*
Available I0s: |40 Available 10s: | 40 Available I0s: 32
Data Address/Control Address/Control
Data Data
Systern Clock Systermn Clock
BME-MIT
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DIMM/SODIMM

« Szabvanyositott memoria modul + foglalat

* 64/72 bit adatbusz
« 3rank/3bank/ 15 cim vonal
« SPD EEPROM (Serial Presence Detect)

* Memoria tipus & 1dozitési informaciok

U1

OZLe

sl - sl

BHOBHBHEY QB ABaBaEE 20
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DRAM

 Folyamatos adatfrissitést igénylo memoria cellak
* Burst orientalt miikkodeés

 BANK, ROW, COLUMN cimek

« Parancsok (CS, RAS, CAS, WE bemeneti labak)

Name (Function) CS# | RAS# | CAS# | WE# | DQM | ADDR DQs Notes
COMMAMND INHIBIT (NOP) H X X x X X X

NCO OPERATION (NOP) L H H H X X x

ACTIVE (Select bank and activate row) L | H H X Bank/row X 3
READ (Select bank and column, and start READ L H L H L/HB | Bank/col X 4
ourst)

WRITE (Select bank and column, and start WRITE L H L L L/H8 | Bankicol Valid 4
ourst)

BURST TERMINATE L H H L X X Active
PRECHARGE (Deactivate row in bank or banks) L | H L K Code K 5
AUTO REFRESH or SELF REFRESH L L L H X X X 6,7
(Enter self refresh mode)

LOAD MODE REGISTER | | L L X Op-code X 2
Write enable/output enable - - - - L - Active 8
Write inhibit/output High-£4 - - - - H - High-Z B

BME-MIT /\/\A
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Mukodtetes

Inicializalasi szekvencia
* Mode regiszter iras
ACTIVE: bank es sor (row) megnyitas
PRECHARGE: sor (row) lezaras
 Auto precharge
READ/WRITE
« Bank és oszlop kivalasztas
Frissités
« REFRESH parancs vagy Auto refresh

BME-MIT /\/\/‘
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CK

CKE

COMMAND

Dam/
DQML, DOMU

A[9:0],
A12:11]
A10

BAO, BA1

DQ

BME-MIT /\/\A

T0 T
tC {{

Iniclalizalas

Tn+ 1 " tCTO+| ( Tp+1 Tp+2 Tp+3
e (e S Y U Y U

tCKs |tCI-(H ‘
| -

W | U

1) 1)
cvs | tevH

‘W}E | " | |

[t

({ I
E' NOP PRECHARGE M
) )

AUTO
REFRESH

(
) AUTO )7 [OAD MiOD
NOPI;(} N°P>@< REFRESH NO"(}Q ”OP>@< REGISTERW NOP >@< ACTIVE >@C

(

(
3

N

(€

I, A S T

tas | TAHS

o T I T, T N

tas| taH

ALL BANKS  (f (f 0 |t
T, o T O SO
SINGLE BANK
( ( (( (
ALL /
/4 aes JWWMQWWGM W/

( High-Z (
—5 5
T =100ps
MIN tRp TRFC 1RFC IMRD
Power-up: K t L K . 1314
Vpp and Precharge AUTO REFRESH AUTO REFRESH Program Mode Register ™ *
CLK stable all banks

V// bon'T caARe

B unoerineD
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BME-MIT

DRAM — mode regiszter

AD

A

2 /1 /o

Al2 A1l ATD A9 AB AT Ab

A

AS A4 A3 A2 AT

A

2w/ 1/u/9/8/1

s /4/3

Address Bus

Mode Register (Mx)

| Reserved ‘WB‘Op Mode‘ CAS Latency ‘BT‘ Burst Length
Y
Program Burst Length
BA1, BAO="0, 0"
to ensure compatibility M2 M1 MO M3 =0 M3 =1
with future devices.
0 0 0 1 1
0o 0 1 2 2
M3 Write Burst Mode
0 1 0 4 4
0 Programmed Burst Length
1 Single Location Access o 11 8 8
Y 1.0 0 Reserved Reserved
M8 M7 MB-MO Operating Mode 101 Reserved Reserved
0 0 Defined | Standard Operation 1.1 0 Reserved Reserved
- - - All other states reserved T 11 Full Page Reserved
\
M3 Burst Type
0 Sequential
1 Interleaved
J
M6 M5 M4 CAS Latency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2
0 1 1 3
1. 0 0 Reserved
1 0 1 Reserved
11 0 Reserved
1 1 1 Reserved
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Activate (Bank & Row)

o Iras és olvasas el6tt a megfelel6 BANK-t és ROW-t meg
kell nyitni (ACTIVE)

- READ/WRITE: tRCD-vel az ACT utan (pl. 20 ns)
« Ujabb ACTIVE:

« Ugyanabban a bankban, masik ROW: PRECHARGE utan,
min. tRC 1d6 az ACT parancsok kozott (66 ns)

« Masik BANK: megnyithato az aktualis hozzaférés alatt,
min. tRRD-vel az el6z6 ACT utan (15 tCK)

TO T1 T2 T3

CLK

tek tek tek
| | I |

conmans ) e YK vor Y v K

RCD(MIN)

BME-MIT /\/\/‘
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DRAM olvasas (1)

 Egymast koveto Burst-Ok
« CL: CAS latency: READ - érvenyes adat

TO T1 T2 T3 T4 T5 T6

Address é:i?t // // é:?:r;kh f/ ,/ /7

| : | | :
bQ — e T ET TR ),
=

BME-MIT /\/\/‘
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DRAM olvasas (2)

Veletlen hozzaférés BANK-on belll

TO T1 T2 T3 T4 T5

|
| I I I [
| I
Command —< READ >—< READ >< READ >—< READ >—< NOP >—< NOP >—<:
I
|
I

Bank, Bank Eank Bank
Address < Coln >< Cola Col X Col m >@§E§E% @E?’gﬁ@

DQ ir i {(I Dout >:< Dour >< Dout >< Dout >

CL=2

BME-MIT /\/\/‘
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DRAM olvasas (3)

Kiilonb6zo BANK-K hozzaférése

o
C“‘$}KKT|‘“TKH|‘T\T|TITIT|T
tcks | tckH
we g | Xy | | g | e | e | e | e | e/ e
s | icu
Command & ACTIVE W NOP W READ >@< NOP >@< ACTIVE W NOP @( READ @( NOP W ACTIVE W
toms | temH
bam 77777 NI 72 N/ N /1 N W A N/ R /N
Address )k}ow Column m iiﬁﬁiﬁ)( Row X:’;ﬁﬂi /ZZZ?{ Column b’ ){iﬁﬁjx ﬁiﬁﬁ% Row %iiﬁi
S R ) G T
BAO, BA1 bE_;ankﬂ J{EEZEEEEZZEEE% Bank 0 /////////////// Bank 3 (ciz/_’ / ﬁiiﬁf Bank 3 W///// Bank 0 /)22227/
taC _loH | tOHAC | to:A_C | ‘(OI-tlAC | :to_:ic |
DQ |}_§M Doyr w Doyt W( Doyt W Dour W‘%ur
BME-MIT - _
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DRAM iras (1)

e Véletlenszeriu iras BANK-on belil

T0 T1 T2 T3

CLK | L | L_
I | I I
Command—< WRITE >_< WRITE >< WRITE }( WRITE ><:
Address { C|k' >< >< >< go!:fn )@
I |
I |
oo (TR T )

FPGA labor



DRAM iras

 Kiilonb6zo BANK-k hozzaferése

To T T2 T3 T4
K | tcL
CLK | |
44 [ 4 [

tcks | tckH ‘

lT‘T‘T‘T‘T‘T|T|
//'/////’/////l/////r/////(/

__._
a
J T

ps| tpy Ips| IpH ps| tbH Ips| tpy Ips| IpH ps| pH ps| pH Ips| tpH
|| || - | || | | || |- || |||
RCD - bank 0 YWR - bank 0 RP - bank 0 TRCD - bank 0
TRAS - bank 0
tRC - bank 0 | VR - bank 1
tRRD | tRCD - bank 1
|

VA Don't Care

BME-MIT
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e Irés

Address

Data in

Data out

Aszinkron SRAM Iras

92 WE s
: . R (5]
/
/ \
* towia -
N Y4
E\ ]
. tBw .
] )Y
| A\ i
L—LAE.[A]—-I A WP 2) >
3 v
o ,
tDw ——+—tDH—*
Aigh-2 Valid Data } High-Z

——————tOHZ (B) —™

- tWC=10, tAW=7, tWP=10, tDW=5, tDH=0, TWHZ=5(MAX)

BME-MIT /\/\/\
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Aszinkron SRAM olvasas

 Olvasas
tRC -
Address ¥
M,
to A ] =itHz|j3-.=:.5j|
— % tco
/
s X 7
. tea +«—1—»tBHZ(3,4,5)
UB. LB /
UB. LB N 7
+1BLZ(4,5)™ —HtOHZ +—»
e~ \[* toE /
OF N 7
loz L”DH
_ e—t1 74 5)
Data out High-Z X Valid Data )

. tRC=10, tAA =10 (max), tOE=5 (MAX), tHZ=5 (MAX)

BME-MIT /\/\/\
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Nt SRAM iras

Clock _Jf_\_Jf_\_J % }rﬂk_[_\LJr_\_jrﬁL_/_\LJ[_\_jrﬂ\_/_xLJf_\_Jw

&= “:j_aih;_\/_\!:\/_\f\f’FEH fx/_\f\r\f\
Addrass _I I I | | | | | |

WRITE _\ /—‘—\ F\ /_\ /_\ / 5! /_\ .-“/_\ ;—\ /
a\m—\/i o i\/i =i
m\ﬂﬂwun\HUU\
_ i i-f \ | : . |

| | | I i I i 1 | |
| I I I I I I 1 ([— L T |
| 1 1 1 _ 1 1 _ 1 1 1 | - 1
Data In L : { D11 D21 D2-2 | D2-3 D2-4 D3-1 Da-2 b Da-3 D3-4
: 2t RGN 021 XX 022 KR 23 XX 024 R oot K ooz 030 Yo
I I I I I I I ] I I I I
| | | | | | | | 1 | | | |
e, I I I I I I 1 I I I :
| | | | | | 1 | 1 |
Data Dut m\ﬂ. Qo-4 I I I I I I 1 I I I I

FPGA labor



Nt SRAM olvasas

MF\_FL MWW Mﬂ

IIIIII

r\.iﬂgﬂg-“\ ay m /7“_\ F\ A ﬂ F\ AT

-
T [
B A

| I I

/’\

”s;"i}f arany.

Vazsssargices:

\?T"hﬂ//\_/L/\

\//\_/\_/\\f

| | | 1 | |

| | | | | 2

| | | | | |
) ED)CDCDCD)

I teo I I
I 7 I |
| o | |
! o :

! 1 R 022 K
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DDR/DDR2/QDR SRAM

« DDR: adat atvitel fel- es lefutd orajel élre

« QDR: szétvalasztott be-/kimeneti adatbusz (konkurrens
iras/olvasas)

e Parancs, iras: bemeno orajellel (K) szinkron
« Olvasas: forras szinkron (CQ orajel)
* Burst mikodési mod

BME-MIT /\/\/‘
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QDR SRAM irés

WRITE WRITE NOP

=1

[EAAC !

WRITE NOP

1
HKHAX

. —anesfoe

1
bvkcH 1 BeH I
—»ld—»

e WY

P

y EkHIx

B . EF T

D (Data In) —O<DI1—1 }O(DILEXXDIEJ )()(Dlz-z)(

BME-MIT

)Eia-1 )O(Dajj(

tDvKH KHDX [T] Don't Care [ Undefined
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BME-MIT

=1

SA

il

(1 (Data Out)

Ol

ca

QDR SRAM olvasas

READ READ NOP READ NOP
[KHKH ' ' ' ' ' ' ' '
/ [K_KH 1 :. 1 1 1 1 y 1 1
N A N A N S N (
et : : : : : : :

taviH EkHAR

COEBC e

bivkH ! bHIX

™l P )

"

[ 1Don't Care [[] Undefined
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QDR SRAM iras+olvasas

JREAD  WRITE ,READ WRITE READ WRITE MNOP WRITE  NOP )

K /— /—\ /—\ —\ /—\ /_
W D D RS ><w>< T
" '\5/’\5/’\§/f\§ \_/\
: e N W e N s s ) i
o(0 >:><nz DN xxmw 0@ :

0 (0sta Out) ————— § f\c- \{}(o 2‘:{}(03 ,@(m)@(aa ){)(DSQ‘\—.—
T /_\ ﬁ'\ V. /_\ S
S S

[l Don't Care [E Undefined

K
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QDR SRAM interfész

Optional 3-State Logic

|
: OBUF_HSTL_|
I 1— D1 e I\]\
Q
WA~ > = FIFO_DWL D1 aQ > <] QDR_D
| ODDR QDR_K
| FIFO_DWH — D2 OBUFT_HSTL_|
[oemwaa | R —<—3
USER_GLKO ; : USER_RESET ODDR
| Opposite-Edge Mode
| I
; OBUF_HSTL I USER_CLK270 C——4 >»C R ———=_"1 USER_RESET
: 0 — D1 Q rl> %
|
: "1 oo QDR_K_n Same-Edge Mode
|
| z
EIL LU A |—— < (sER RESET I10B : FPGA Fabric
| |
|l_ 1 _?pEo_snE—Ed_ge_l\ﬂoEe _______________ ISERDES | Usell':llgtg;face
Q Q1)
|ODELAY 3 i Read Data
a | .| | —bp Falling
Q2!
ot oy X | “| Read Data
+—O) —O) — | +—b Rising
|
[ FPGA Clock
CLK  OCLK CLKDIV | Data delay
: value based on
I calibration
Delayed CQ |
|
|
I
caQ |
—— | |ODELAY —»
|
BME-MIT | BUFIO

X852_04_030907
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