(i \‘ .“’ PN R .bem)ﬁ. SO,

A A S S A S e A R e N e e S S e A = T AT T e et ;
e D L B O D D IO IO IO I TOIOIOICI T CICTOION

206085

iRitSHRAMN

TATTATTATYAY!
HEIGREUR

9 3~C
<%
i

EETsTsTsIeeS

i

75
i

T8
$iiviivi

€

FPGAIR} D, ILRBRBYEMFPGARLTIHE

3, ke
i et
AT AT eV TS AV AT A TaTY. o
I\ AAVAAYA Viiva Avil ZINIR RIS

PUBLISHING HOUSE OF ELECTRONICS INDUSTRY

% S| T 7% & mAL

%“\ Sl
AN
;‘.‘.‘,‘ TETEY

http://www.phei.com.cn

g
e e
HCICICICICISICICIGICICICIGIOH CISIGICICIOIGIOISH

iV 1% TR TRIRAIRZIT

— 6




witENER

T FPGA ¥ #1558

93"

TF I ¥ &M A2
Publishing House of Electronics Industry

L5 - BEIJING



nE T

AR A L IMATE FPGA ERMBFH S BB/, A HLU Xilinx Hi% FPCA EHF R &,
B FAESAREIS A R, £5A ATH FPCA HiR, IRARIT TH T FPCA THEAMBFEESLHEE
MTRN . APEIEIL SRBMSE, Al THNERNEGSH, HIRERTE, DBBEERAR
R BB

A FAERFESLBYEWARR—ARFHSES, GTEIETFIE, BRETBAMELES
WEEGANERERTIRENSE S,

REFT], ARUMEM T XRERRDREBZ B I HLBHE.
REAURAE , RALLS

BHERSE (CIP) i

BT FPCA (B PR SA B/ MEERE. —ILat: dFILkHRM, 2012.2

(RITEHBE)
ISBN 978-7-121-15627-4

I. @%- 0. Om-- . ORRFEESRM - DA - KFESL4E V. OTNIL 72
I A E A0 CIP MR T (2011) #5278282 &

KR4 T (wangjd@ phei. com. cn)
FHLHRE: HER
Bl R JEIRATCERENRI
¥ SIS RIBESTE R A E
HMARETT: BTl AR
ASATERE X T AR 173 {548 HR4% 100036
F o OAR:787Tx1092 1/16 ER#K. 15.25 =¥ 390 5
B WK 2012 4E2 B 1 RERR
Bl ¥ 4000  F4.38.00 %

JUBT SR8 T Tolk AL RO P 43, A0 SRR, MR HE R, 2485 E6k, HYRTRITH
PR, BRERRMWAIE. (010) 83254888,

R BARVFIE KB4 2 2lts@ phei. com. cn, Y3AREALEERIH KBRS dbqq@ phei. com. cn,

&4k . (010) 88258888,



Preface

Dear Readers,

You have chosen a unique reference book which solely focuses on DSP functions implemented
by FPGA. Those DSP functions are commonly used in industry various applications, like wireless
digital front end, power grid, industrial control and more.

Many electronic design engineers have already known FPGA evolution from the glue logic to ex-
tensible processing platform, FPGA will soon take the key role of main chip on the PCB, FPGA will
function like a truly SOC ( System On Chip) with excellent benefits of flexibility and programmable.
Engineer will design one common hardware FPGA platform yet be customized to different end-cus-
tomer feature requirement. There is great economic value to the company product development and
product differentiation; and great satisfaction by the design engineer.

Extensible processing platform comprises of DSP implementation and embedded processor. Xil-
inx take the leading role in product definition and to offer suitable product for various market seg-
ments.

The author has many years of hands-on experience in using Xilinx FPGA to implement DSP
functions as an electronic design engineer. He attended Xilinx FAE training courses, gained in-
depth knowledge of FPGA features, development tools and design flow. He supported many custom-
ers’ DSP related projects as a field application engineer. Hence, he wrote the book with his hands-
on experience and practical knowledge.

I wish readers enjoy reading the book, enrich your knowledge in implementing DSP functions
with Xilinx FPGA.

Cheers,

Octavius Lim

Xilinx Channel Sales Director
China and ASEAN

12 Sep 2011
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#& DSP48, WISCEL 18 - bit x 18 —bit H S RLIZE, H T LHAEM. TEMSIHEE,
HEBIEF T 512; Virtex -5 #E T DSPASE, BREH DSPA8 MThEESh, TRphIRHAI ST K
Fl 25 - bit x 18 — bit, FHEEIXB| T 1056; Virtex -6 i T A4 BiMELHy DSPASEL, H ¥
KRBT 2016, 0 1.4 iR, #E7 £3 FPGA th, DSP48E1 By A% T 5280, BEHE
HEFNAFA IR T T RGEIFTHEAWEE, NTRES T REMAEEE,
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DSP48 Slices

2500 +

2000

1500 1 1056

1000 1 512

Virtex—4 Virtex-5 Virtex—6

Bl 1.4 Virtex -4, Virtex -5, Virtex -6 {75 308N H

R ER BRI E, FPGA RAEMBFNMEE, SRRy “BEkEA", REDmMEAH
HIFCE U AT IRAE AR A RE 5 AR T RE, BT RIGM T EER BRE, 1S, Xilinx
WRE TS ERE (Partial Reconfiguration) A, 4ot E AR ERBHEXTHE A
K25 R BN e — e KIS B BRI,

FPGA HIABHORE A, SEEHERER, FHERLRREARRFTRNFTHNERE

1.1.2 FPGA ThEEHEZ

FPGA \F=HE 4, HITBEAKEE, ARFRAATHHENACHBRREE, X1§15%
FILZAKFHERS, MM 7E FPGA NE R ABR S EHIIRESR,

K FPGA, HTHMER/N, RATESEH (Glue Logic), MAHEREINGEHE MK
B, £ Xilinx B 1 18 Virtex #5 H5, # AT BRAM 1 DLL ( Delay Locked Loop), X
B FPGA BREMB AR RMA S BB FEBZ M S BIEF6E, AW, FPGA Bk
BFAGETHEMBER ., 75 2 A Virex 5 i Virtex - I 1, H BT ek #55EER, w108
18 — bit x 18 - bit W ERFEFREER ., 7258 3 18 Vintex 5 i Virtex —II Pro 1, I T PPC
(PowerPC) AbFEZSFIE UL % 25 MGT (Multi — Gigabit Transceiver) , iX{#15 FPGA 0] S B
MR BEEEENBIE LS, A, FPCA BB FRATHEERESR, 5§41 Vir-
tex ;G i Virtex -4 B HBRBME N, HKENTEFE FPGA, 3 LX, SX #l FX 3 A~¥¢
. ENFEHEMARMM AT, X FEHEEREEEREZEMNA, SX P4 &EH
BB G SN A, FX FEmESEHERARREMEE LN A, BIEARR RS
R, 3 M EFEERESMA LET R, flln, X FEREREMNBEH/YIT, Ak
200K; SX HERZHMFMEE, 0k 512 4; FX RS PPC, BEEWZIALIK
PRI, Virtex —4 7ERTBF . BRFMGFMETIEE S EEA FrigiR. S, Virex -4 A FA
ShE SR (Digital Clock Manager, DCM) FIAH /% VT Ao At 4443 57 28 ( Phase — Matched Clock
Divider, PMCD), A=A EHIMHH; B A XtremeDSP B3 #5C DSP48, 5 Virtex — II 1
Ferk AL, EEW LA TRRATL, BABEN— RN T 48 - bit TNk, Xt
DSPA8 BRSCILH HLAY 18 - bit x 18 — bit A FESHFLZE SN, EATLH 48 - bit MEEE
MEMZE; BAHEM FIFO £ HIZ5H) SmartRAM £R , (8 T B3 508 28 77 F 58 it Sl sk i 1%
it. ZEk, FPGA BB M 7409 F A F R A SO AT AL AL B E &5 . 2 S50 Virtex -5

4 AT FPGA 69 B Fi3 542



1 Virtex -6 £ FPGA #5287 X —#, Xilinx FPGA ZYBEAIIEAS S R ANM 1. 5 PR,

Virtex—4

T8 [ A~ [&] °L A
SR AR &
Virtex—II, Virtex—II Pro (LX. SX. FX)

FE R
Virtex, Virtex—E (DSP. PPC. MGT)
R R
(BRAM. DLL)
iREpiA

1 1 1 1

1985 1990 2000 2005 A0

ThHREA W7 HE53R

B 1.5 Xilinx FPGA ZIAEROWAS LA

1.1.3 Xilinx § Virtex -6 Z2#545 %

55 ) FPGA W& h 3 AN : FTEREZHI (Configurable Logic Block,
CLB) . #i A / %45 (Input Output Block, 10B) FNAHLL%E IR (Routing Resource, RR),
He, CLB RELHAAHEME FE FEEBER,; I0B R G SR EBNEOR
5, ATRRAFRBSIFET A/ SR E SR SIRREESR; RR A TiER FPGA
MR HT, MERKKEMTZHERRE THESEL MRS MEHERE.

WATHTR, FPGA NEBE A TR Z W IIREE L, B 1.6 B A HAT Xilinx FHHS
} Virtex -6 (MR MM . ZRMK A ASMBL 454, RAFIHERL, MNEHAERL,
FPCGA BB EIEREE, BT HHA CLB M I0B Z5b, A 10 ZHEE. BIEGFMEE
I BRAM, 53 %% DSP48E1 MBS E X it 4 H2F (Mixed — Mode Clock Manager,
MMCM) , & XC6VLXT760 4}, Virtex -6 HA iR AAE BHEW AL CTX, LIAK MAC ik
TEMAC F11 PCIE #:O#H, XBHE SN T CLB. DSP48E1., BRAM. H}4h%F I Select
10 ¥¥ ¥,

CLB & FPGA NI B EA BB W IR, Virtex - 6 {8 CLB 44 & B4~ SLICE™ , SLICE
B 432k SLICEL F1 SLICEM p525, #1E SLICE K8 AE, "% CLB 435 CLB_LL Fi CLB_
LM, CLB_LL g1/~ SLICEL #/%, CLB_LM fi—~ SLICEL Hl—/ SLICEM . X— .5
Virtex -5 2—2(#y, M5 Virtex -4 HEANFE, WME 1.7 Fr/n, 8% SLICE A —&M 7 #9
#igE (Carry Chain), HI, AR Virtex —4, Vintex -5 ¥R Virtex -6, 453 CLB #4&
P& EAIEE, W 1.8 FfR, H, Virtex —4 §2f¢) SLICEM iR A — &4k (Shift Chain)
[[]— £ 3 FPGA  SLICEL #1 SLICEM 22—, REZ47TF SLICEM &R FE
BRRAZHEB R ERWIIEINERF IR, BERSHR RAM, B FEHEMN
ROM, T SLICEL P&k R R BB MUE B R K 4 25 71 ROM, X TR FHNE 25 M
1e565 8 b TR IR,
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Virtex—-4 CLB Virtex—5/Virtex—6 CLB_LL Virtex—5/Virtex—6 CLB_LM

I SLlCEMJ I S“Cﬂ
[SL!CEMJ [SLICEL‘

CmO—rCw
CmO—rw
ZmO—r-w
CmO~rw

B 1.7 Virtex -4, Virtex -5 Fl Virtex -6 &t CLB {9 WEEH

Virtex—-4 CLB Virtex—5 CLB Virtex—6 CLB

SHIFTIN | COUT couT couT court CouT couTt

l sucle
CIN l SLlCE(I:| I SLICE(I___I

COouUT

I SLICE( I)—l

—
~

[ SLICE(2) l
CIN ELICE(O) | EL]CE(O) I
COUT
| SLICE(O)J
SHIFTOUT | cIN CIN CIN CIN CIN CIN

Kl 1.8 Virtex -4, Virtex — 5 fil Virtex —6 CLB i gF{vi 4%

Virtex — 6 H145}~ SLICE 434 4 4~ 6 My A& #H%E (LUT-6). 8 A~ D i’k % (D - FF)
3 ARk EESS (FTAMUX, F7BMUX #1 F8MUX), 1M 1.9 ik, Hé, MR BT
WERZG, XFRUUTE FPCA RITHRRATREHCRA “SHEGEHEF" R, Vinex-6 5
Virtex -5 # L, fARAFM NI T —MF, XRATE FPCA & it N/ 7] gEH X Ak
B B AT A

24 24 an Lo 41 84~
LUT-4 D-FF LUT-6 D-FF LUT-6 D-FF
FIAMUX | FTAMUX
| MUXFS l " ‘
2/ FIBMUX | F7BMUX
MULT_AND
| MUXFXI - | F8MUX | [ FSMUX |
Virtex—4 SLICE Virtex—5 SLICE Virtex—6 SLICE

1.9 Virtex -4, Virtex — 5 Ffl Virtex -6 7 SLICE /22 W28 44

EAAE L, CLB_LL #1 CLB_LM 32 & HE%, {H7E DSP48El (Xt T Virtex — 5 JJy DSP48E)
., HME M4 CLB #25 CLB_LM, & 1.10 frss, B L /R SLICEL, M #/R SLI-
CEM,

F1% A THEZRTEF (FPGA) HARKR 7.



