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Xillybus & —MEHTAFRHNEZHRFG - B, &0HF#E R DU AR~
B ESRAE B X IP core: streams HIALE - i - HHMEREM BRI #EME >
0] =R

N T EAL B E S IP cores BIE XHIOIEE, FTLIEAAESL T E: IP Core Factory
(http://xillybus.com/custom-ip-factory) -

ZLEAE—REEE Web NAHTEFF, RVFH P E SUERH] device files MHELE -
ENGERE, B BEESERESE FPGA I HE F RS- fiE GEWE L)
J&, BEX IP core BIAI{ER zip U T #: -

NEH) B RE X IP core TIfEFT A - FESEPRA FH A INEARf# L 1P core 17 HORBRA -

Web R AR FF AT IE AN S AR R I IB OL M AER, (B SEE 135217 demo bundle
RN Xillybus - 7y EFEIFH T A device files BRI 7] AZEAFE B 0.2

—EERER-

KT AR FE demo bundle M, ST LT #8308

e Getting started with the FPGA demo bundle for Xilinx

Getting started with the FPGA demo bundle for Intel FPGA

Getting started with Xillinux for Zyng-7000

Getting started with Xillybus on a Linux host

Getting started with Xillybus on a Windows host
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BN BRI EEH) IP core, HIFiAE M demo bundle Ji& - iXIEHA T IP core Wifil 5
application logic A%, PLAEEANTI B NIZ TR E -

HX P core HE XL BTG E EHAZHEE FPGA H 1 IP core A& H - host 1Y
driver 7 driver #IIALET IS RILEE - R, H#t IP core B TL75 B EX host b AL
N -

— N AV SR N T T SR R 2 RO ECE R streams FIELE - 3 1 4.4 FR B
7~ T Xillybus IP core @i f@, R 17 it 2 EEH 53 BC streams J&7H & LY -

1.2 £ R H xE LIP core

M IP Core Factory ~#kHE X IP core J5, FFEMEI demo bundle LLE & 1 IP core -
XFEE LR RS TE  XEEAAE ] README.TXT %5, © 5 IP Core /Y zip
SRR —ER S o RITEREIL, SRy B N -

It README U6 & oAl F1E B

e Core ID, XE—"1PHAMNEF . 45 =E IP core FIME—FRIRST o BRI
1 Core ID -

o IP coreffdevices filesERFIHI R T - 1L B8 TH KE device file BIHARLHTT .
XAERTIP core BRI B -

37 % custom IP core £ 5% demo bundle 1, 15 R LLT SR H#RE.

1. ¥ demo bundle K 3L H R IP Core 1 zip RSO xillybus.v 1

xillybus_core.v (& xillybus_xI_core.v / xillybus_xxI_core.v) -

2. E# IP core &5 . %7 demo bundle ] subdirectory ', Z¥3H “core/” -
TR M SO 25 LT xillybus_core.ngc - xillybus_core.edf « xillybus_core.gxp
¢ xillybus_core.vgm -

3. Jwik xillydemo.v (Ek xillydemo.vhd) AR BT B R FHAZ P 5 1 B %E X IP core
£l MFHIES, EEES N “instantiation templates” fIH %, ZHXE IP
core ) zip CHRI—ER4> - 47 template.v (5 template.vhd) FISCH6L & N8
{/&# instantiation template -
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X HEXIP cores

2.1

A

i

IP Core Factory & —12R{LT wizard i) Web MR, AT MKHMEE LEHE XL IP
core, i F demo bundle ¥ core HIELEAEHHE A,

TR LZECEM), BEiLHKEE IP Core Factory X BE& ) stream HIEM:, LR
FF “Autoset internals” 1AL T /8 RS - T T JE#E stream B9ZELT ¢ A ik g —
MEFEE LR, XILFERSFEMERE .

SFAE, WIER IP core ARBEIARITHMHFIEE H L /e, T A EITR T e & H A 77 -
FEXFMER T, @SB UTH I EEZ—, EFHe T af2LH IP core F4&ERME

fE:
e Getting started with Xillybus on a Linux hostH )58 5 7
e Getting started with Xillybus on a Windows host8577
T — A LS R 2 54 ] “Autoset internals” LLIH%E DMA buffers fK/N, FH53E
TR AR fL R K/ HICEL « 3XIF7E 2.7 TS .
DUR 28 it T B RHES R A A — LR
o WIIEHAIETSE IP core FIFETXTH) FPGA 2%, K IP core 1E netlist 221+

o RFEE1~ device file 1 “use” BYE 1% B 5 T S A ICAC Ff A JE R EE - X A]
WRFIfi% B stream HIEME -

e X XillyUSB IP cores, “Expected bandwidth” J& £ IfERfI% E H stream &K
MR B, RN EAEE RS ZE - A THAMZE (PCle 71 AXI) |, ItE
PECCENAPEREEE - BOZM ISR T, AR I EE T 5 RESRRRKGE
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LR . XME R RS S BB L R 2L H R TR streams HITERE
TR

AT HE 48R 3118 device files FI—LLE M

2.2 device file &R

23 HIEHE

B> stream FHIEE— M EIR, ZATRHIELE host LAIEEH device file FIZHT -
AR RS xillybus * FIFEE, B0 xillybus_mystream - Xf T XillyUSB, 4%k
LIF xillyusb_NN_*, HAH NN Z&—/&5| 4 HE— XillyUSB ##7%#%] host
W, GEERADE .

7 Linux &%t L, stream 1EN @ LT, 5140 /dev/xillybus_mystream - £ Win-
dows 1, HH[FIAY stream E7=H \\.\xillybus_mystream -

— device file 7] LR B ™77 17148 S /) streams, HL 52 P01 streams 14 41 [7] 44
device file - iIXP 1> streams A] LIZEAE— 7 [ BT, Hr] IFT WIS « 385 Nk
GBI IRELIB IHIEYE . (HAE¥ device file %455 E WA pipe HIEUHIRE H -

BUR T E E M FPGA HiLEEL S A\ FIFOs FIFHIMIE - AFrkERE 32 16 5( 8
fil o B/XL/XXL FRAHT Xillybus IP cores GXLERFTE 4 FF4ritie) LUK XillyUSB A
BT AR T .

L stream FEEH FEIEGERT, H B2 IP core BIRRAJ A for PCle Ei{E{ IP core for
AXI B, BURTEELAULE N 32 fi1: 16 [iAl 8 AR T ERIMRELE T, SEUK
Ef&s (140 PCle bus 1£%i) BRSU#FEH -

JFH &7 LA bus clock F#E R i@ Xillybus PN EREHE 1255 - FIt, % 8 [~
5 32 fU 5 & FARIR IR B, AT A LS s B8 T U4

XS EAM streams TE45 B R RIS F R E (55, B NWEIRBEHEEEIE TE
A .

IP core 1 XillyUSB #IJ5 SR A B A F I N ERER I 2451, PRS0 B PR -
JCW UM, 7E host application H LLS %3 5% 55 DEBC kL B HUAT 1/O #RAE R —FhRIF 1Y
vk, flan, WREIRTE N 32 AL, MIFHEIEKE N 4 BOEERIETE K K
% read() F1 write() -

OB EAFEAY RS SEONRIT - #ltn, R M host | FPGA BIEE:=Z 32 fif
%, 7E host B 3 MET IR F driver ZE[7] FPGA &£/ N A 2 B T PR HAHY

The guide to defining a custom Xillybus IP core 6
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FHBFT

2.4 Use

“Use” IBYERTHEBIAE AL IP core I L E &A™ stream T Foid & TiHH N FH g8 1 -
N T RGERETERE, B “Use” B NHIT A stream FHEHETHEF EE .
PR SR I A0 ) B B -

e Frame grabbing / video playback: {15 stream F T HLAEHE N FH 27 75 £ £ 0L
I -

e Data acquisition / playback: a1 5 #5475 R stream #%4%%] DAC/ADC B H A F#4E
A B TH RERR IR A VB IR LTI -

e Data exchange with coprocessor: 415 stream F{E hardware acceleration(Ell, 4
THREVERE (EH FPGA U CPU HUTHESS), NIEREILT - 24 stream 752 m%L
P 2R B A v RR L /R R LRI IR TE H -

e Bridge to external hardware:®4 FPGA fi5 Bl stream 2 fill 4130 4 B, I 325 T 4
Ao Biltn, a5 stream AP AEOR G & 55— AR AR ADEL - -

e Data for in-silicon logic verification: 4l 5 {i FH stream [7] logic 1% %R F T2 745 98
5 logic &4 R FFR 400, LIS IE logic /& & 1E #3817, 18 e Bk -

e Command and status:415% stream FT 1] FPGA & i£n @B IEEH & FPGA IR
BHE R, E IS .

e Short message transport:{15%: stream 65 %5 B 15 B(FTREF T & 274 8), | ik
TiiE A -

e Address / data interface: {1 R A B RES K Iseek() 5 stream — L i [, 1E 1 HE
PEIETI . EFEIETE ik output SN INEI FPGA SHEHEZ -
AT = MR R, B AR A FAE R bk 25 - 16 5 32
seekable streams F7E Xillybus FPGA designer’s guide 175 2|57 — 5 i F -

e General purpose: {5 L FEBANE & FR B R FHAR 7, I %% 2 1 126 30

Lt “Autoset internals” i, 1% T B & ARYE G AP METTORIHE stream 2 [FIEHY)
R FD . AR EE LN T2 — stream 2[R 2 ):Command and status - Short
message transport - Address / data interface &% Bridge to external hardware - T fff
A E AT stream #R 2 FH Y -

The guide to defining a custom Xillybus IP core 7
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2.5 [FPEFT stream

KB useZ B IESE, ki “Autoset internals™ kit , B HBhi% B E 1 -
KEBIEN T, 57 P streamsid A % S AR I, 1 [7] P streamsi@ & i &~ EHI5EF1
RECRASE R -

XTI streams, FTE /0 (B3 FPGA FREFETR) (NFEXT read() B write() HIER
BOR P AR E 2 B &4 - XA IS EERIAE & £ MEE, HE CPU HUTHE
M FRVER 2 O 5 A5 FH AR 5 BEUR « BN S S O 2 — B 5E 2 TR SR
F R R -

e Xillybus host application programming guide for Linux

¢ Xillybus host application programming guide for Windows

FHF 2 streams U RAEEBEW, HEXFRAHRHE AP . £H%P5
streams, RIf##(E RG0F CPU 57E user space Hizf7T— BT A FI#RE 4 FF, ]
DURFF L AR -

EEHXAER, XL TR S AR

o %tF downstreams (host ] FPGA) : write() #:1/EEEHESA FPGA 2 BiiR [E]
A ALL?

o XIF upstreams (FPGA | host) : 7E host /) read() #ETEREFEZ A, Xillybus
IP core J& 75 ] LAFFIR N FPGA H1#1) user application logic K BUEMHRE?

SRR AR E R R ER), WFRERFD stream - BN, F2 kil 2 Eik, [F
i SR ORI R D, T B E R E R -

2.6 &I H]

Xillybus 7 FPGA #1 host 2 [Bl{# 1% 4E stream HIEAVEE W . DMA buffers i 7EZExT
TFFPGAH ffjuser application logic Ll M host I B FIEH#E 2B R A - EATU #2541
BRI AR R RFHEEMERIRE T B4, Rl R mEREE T .

data acquisition I data playback 555 T2 777 2 FPGA L RELLERTL, &%
WEER N TYHFX R, user space application 75 % & 15 41 Z Hu % read() B
write() #TERECEM, LA LE DMA buffers [l FPGA KIEEh 222 (455)) -
IRTT, WAORXLL R EOH A & B A — A FLAERIERS, W Linux
Windows, FJRES7EHIL FAERN A B ARIF CPU 5Ef user-space application
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EH . LW, FPGA # & AWE T aHEH driver £ buffers. Ft, DMA buffers

RIER, DIERRESERIEER, RE CPU BRI -

FAEGHS, iR a2 stream M T DMA buffers #Bh ZS BPIRASZE A BT H DMA

buffers #RE PRSI TR AN A &, BOETEE DISERIE T buffers stream AT FH i
(3 BB BTN HEER) -

7ER R “Autoset internals” (1:7F) &'& Xillybus stream f, Web [ F 25 i & Hi 3

—/NERAH “Buffering” FIIEFRHE « X E BRI FR AT (Bl A3 7 -

TR EE SR R stream, BT dE i B B2 & B CPU 7] LLA user space

application A1 EX H A TIH £ AR ] -

R “Maximum” 2515 7 BC buffers FIE A Z 2 L R Al GEZ 19 RAM, T & H A

streams FHINE & .

YhE TR BOSR IREST 1] t AT 5 W, 2 BRI Z VR IE LU R A driver /) DMA

buffers 5 At/c & RAM -~ M:

M=txW

SRT, SEPRAY buffer K/NAKE 2 (I8 (2N ). HATRETCIES LR 0% 1O PN 773 T 2 F
T[] -

Rit, BEEAELE IP core i) README U &3 4 ER /Y buffer K/N, HIGIEE &
ERILUER - FE%E buffer X/N (BI1% ] “Autoset internals” ) FIREFEZEiHF| RAM
7 streams H TR, X B E A TR N FHARFT -

2.7 DMA buffersR ~f

FVWGLE T BBt fF Web N2 EH “Autoset internals” 3 H 1% & DMA buffers
FIZ%0 (B2 W LR 2.6 #74) - EREERT, BIngERNESNHEF,
FEXFMEN T, Al LAF5hi% E DMA buffers FI AR/ NIELE -

X520 streams, buffers IS EE R KAIFMN, IXAEX RS H 4~ “Continu-
ous I/0 at high rate” FJER 5 H AT T 1318

¢ Xillybus host application programming guide for Linux

¢ Xillybus host application programming guide for Windows

T 1# DMA buffers AK/INE RN read() F11 write() FITIHHBEECE H ORI o IEWHX A
¥em HETRETERY, DMA buffers FR/NERT read() #1 write() BRRACH A & A H5%< H
B BRI, WA EWREEERIA FPGA 1Y IP core (JCit DMA buffer HIE

The guide to defining a custom Xillybus IP core 9
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FEAKFM) X read() BUERECE L ELRE - X ZEIATHTF FPGA F host Z ]
L, B AR FPGA 258 % 4 75 H DMA buffer - 2475 B T 37 Bl 52 it read() # 68
BOR PR, {5 IEHLH] -

[FIRE, @ IAREIESK, AT AR M host ] FPGA HUE LHT 28 FPGA -

¥ DMA buffers FIR/NS TEA AR S H B RE R E— D E LR 7
Xillybus, BEAFTREXHE T, XEHRT 4 “Autoset internals” 5% & DMA buffers R
STHIE L -

N TESE, RAM BEZH#LT, K2 DMA buffers #2581 2RI H7E CPU #3135 K
R BB T EECRFFER LA EE LT o (i IR AR E I S A R 28, X SRR 2%
7E_F TR B R SR IR TR R A R A -

IR, 4 DMA buffers [IE R~ K, buffering delay 72 XS, X2 H T RENG 7
it KEFIE AR - b, 4—MIET buffers FEE T B —MIEZ buffers B,
B AT RE S TR R K — B 1] J5 B35 55 — ¥ - X AT LUE T Xillybus FPGA designer’s
guide PR EIH AR e, ZE4&H “Monitoring the amount of buffered data” fJ%E 4>
=S

XFF XillyUSB IP cores, & stream XN —1 buffer, =T —& H driver EEEHIA
A FIFO.- HAt IP cores ( PCle 1 AXI ) h%4> stream 4£37 % 1> DMA buffers,
e R IR AT EE X - R, DMA buffers B RN &5 DMA buffer f
RPN 115 E -

RIS, GnER*FET PCle / AXI /) IP cores <[] “Autoset internals”, NIIFFZ45E DMA
buffers FIEEFENEIRN - NERLITHEE:

o &> DMA buffer 1] K/NE streams M host ] FPGA #E B C.H0E Y. XLt
buffers 2, IR L £ FPGA (FRIEFXHBATHIE K flush, 0 stream
2K 10 ZF0) .« Fit, & DMA buffer B A/NERS ARSI 1 #87Y latency
FEAERN -

o X THIEH) streams(/NT 10 MBytes/s), &1 ) DMA buffers {27 4. H7FHE
B O S RS buffers AOEUR DLSEIN A& 0 4A DMA buffer 3Bt . xF T
f= 7 B streams, & 1& ) DMA buffers #(&7E 16 2| 64 2 8] B §& & X RiFE 1
buffer 77 128 kBytes B 5 /b .

e JIT’H streams [ DMA buffers & 5 ECANN T 512 MBytes, FRIETE host {5
FAHEERT driver - B, AERGTATREfELE O BE, S3 driver FTHRILK
WL

o BHIRIEFE— buffer, <A host &% —1> hardware interrupt - 45 & Tl A %L
P E, NIHHE interrupts PR ZE R HRFFES processor MFIFIKFE (B

The guide to defining a custom Xillybus IP core 10
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A JLT)

o MIEITIEINEATAVEE W] LA RIS RN, 1> DMA Buffers BIK/NA R I
128 kBytes -

driver ) DMA buffers f[a]fxT T [F]25 streams Hii A KEE . Mit, ZIIENE
# stream 4MHC4 buffers FiE RAM R iZ read() #11 write() AT B B0 FH SR
FERIECEN . EW ETE ST 1, EE DX L R EOE F R buffers B/,
BB T A 1215 5 RSRIR PR kernel RAM fR/ADE LA 3L .

2.8 DMA acceleration

SHFET PCle £ IP cores, M host ] FPGA ] streams A FEFEZEHNE DMA 8%
B .
N T FERGXA T REESSHe, PCle bus protocol #1:E FPGA RiZ M host & H##E
BRI EREIRRIL - M15KTE bus L1&%HI - A host HEBAFIALEE DL R B (R [EIR, 2
ZAEBRER . XFEEER R ZEE S 55 bus HIRRG T FIE, BRSFEA stream
T B PR R 40% -
R T RRIGXAN R, TREAELNEERE K, LUME host ZEELLE A BRI IAAH — M8
SREEFPASF o TR BAENE KAEGE 7T gE LIENLIF 2L, Rt A A ETE
FPGA _[f) RAM buffers #1, LL[f] application logic ZINE FHIEHEIT -
FPGA H & buffer # T 76— B R EI%UE - DMA accelerations 4 fij 7] HEHY
WEE
o FHMEAT. FPGA EAFMAEMEIE . RE LT EEIER MBI — 21, 7
SR IEFNEIEE K .
o 4 Br, BB 512 FT - FPGA L4rELT 2048 77 [ block RAM - FEALAA[ 44 €
B 2] B % B LA DU N A K -
o 8B, BB 512 F T - FPGA LA4rELT 4096 77 [ block RAM - FEALA[ 45
B Zl B %2 A LIS 8 MR E K -
o 1EITHR B FIHE S hUASH IP cores 1A 16 BX 512 735 (3% «
ESRANEIR S5k 2 (8] () R S [ BUR T host AORE(: - I, SEFRi R ERERTRESH T
NER

7£ |P Core Factory H{# /H “Autoset internals” B, fi B R0 B Bh o0 Be 2 % T 7
PC it &N ERMIELS R, ERDEIEN Al REfF T .

The guide to defining a custom Xillybus IP core 11
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A R logic BEURTH AR

3.1

— i

Xillybus H1¥%ITH & T A R BN HEA stream FLE HE L IP core EHAE
X, B REE|KE streams % Xillybus core THEERY logic E& AOSZARAEXTE/ N -
T logic AUVEFE, Xillybus IP core FIFESNEE (F4k, AEITHR) BE%E streams
BEREITHENLE . EFTENEKF, M FPGA % host [ streams (&5 5 — 1> 1)
tHIE - streams FIELEM 2 41> (B E—1) Bl 64 D (BATM 32 1) A%
AR T IP core K 7E FPGAs FI=1F7% X logic FIVEFE, EWMf1A0 TERT
G IARHE - X2 FPGAs (HH Xilin $2fit) D240t 17, HEEHEHH FPGAs L,
i Xilinx # Intel 315 7 R LIAYLE R -

HRIEITH B~ XL F1 XXL B IP cores FIZRMLIHMT, iES 1 4 ¥4«

XillyUSB AFEARAA[ X L2347 H

3.2 Block RAMs

Xillybus core i F ] block RAMs £t & fEZ 2| JL1>Z A1 Z2 1t (3 block RAMs {3 64
4~ streams) - E> stream K Xillybus core NFFERE buffers. #H, Xillybus core
REES HERER FIFOs R EETE - £NFES, core §—MIEFTH streams #HHIA
TP o

b streamsEUE AN, block RAMsH T2 i%#DMA buffersfiiiit «

M host ] FPGA “}y streams 2 DMA acceleration % 7 44 block RAMs, £,
core ) README 44 .

The guide to defining a custom Xillybus IP core 12
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3.3 logic fabricf %R

TEERT LUTs 1 registers ( flip-flops ) FITEEE, Kl streams AUALEM 2 25 h
64 - IXLLE H R SRR synthesis TR E HF TR AUSEPRA I - XL B A AT DIBA R
EH logic HRER L FE&MEHK . 018 FPGA ZEMGMT, B4 stream “FHH N Tk
#7110 1~ LUTs 71 82 1~ registers -

FPGA [ SEFRVEEERY slices FLEBURT logic KITTE &N FT AE| HA#) . £ Spartan-
6 Y Virtex-6 &% £, & slice &L AT LA 8 1 LUTs #1 8 4> registers - H It
— N EEF R MB T AR R IX registers E13E583E, FLE stream (NFETHFE R BHJE
Hhn 110/8 = 14 slices - 75— 771, LA—FRIRCEST 6&To7 T HAR K B85 7 Bl AT s 2
. DRI, stream 7E slices H BT RLAS AT LUETT7E 14-28 slices HITLEEA -
TWEEENZ, X FPGA i£% B I, #U4T implementation 7 T B AN2 3.0
logic FRUHIFT B E] slices #, It slices HIELEIGIN AT BES FINFENY . 7EXFPE L
T, XETEMRBEHFR, EAENKET -

FEVEMN R B A)% B 2 upstreams Y 50% #11 downstreams HIFHE & - FISAETE A
[ IP cores @ i SR AE A —TJ7 W, (H NHEBILE R DAL T BT R -
BRI - WEAREERIRRE, HIEFEE streams FIEE N &N IP core (2
streams ) 28 A4 E [ (64 streams ) -

REENE, & IP core T ELEYINY streams B HE XY, BN T &I TS
R, KN ENE slices £ & FH A TR EAFE 2115 -

The guide to defining a custom Xillybus IP core 13
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7000

Registers

2000

1000

20

Register count (synthesis)

30 40 50

Number of steams

@ Virtex-6
7 \irtex -5
® Spartan-6

70
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12000

10000

G000

m"!'ﬂ’g

2000

LUTs

%
o

20

LUT count (synthesis)

"

30 40

MNumber of streams

@ \irtex-6
7 \irtex-5
B Spartan-6

70
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IP cores &1Th B~ XL F1 XXL

4.1 —&K

2, A5 IP cores MESRMEITRR (BITHR A ) FH5, ZEITIRE 2010 FEH1H
Mt EIThi B 1 XL T 2015 FH#EH, LUER Xillybus FH 7 FIEIEF Bk - Xt
cores ZIEAEITRR A -

BT XXL F 2019 SEHEH -

ShRA AMEEL, BARA (B~ XL A1 XXL ) #A4t 7 —MBENThEE, ([EE MRS
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