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Preface
Founded in 1983, Altera Corporation is headquartered in Silicon Valley and has over 2,600
employees in 19 countries. As the pioneer in System-on-a-Programmable-Chip(SOPC), Altera
offers innovative custom logic solutions to its 12,000 customers by combining programmable logic
device(PLD)and ASIC technologies, fully integrated software design tools, hardware development
kits, optimized intellectual property (IP) cores, versatile embedded processors and comprehensive
technical support.
Since inventing the world’s first reprogrammable logic device in 1984, Altera has been the leader in
innovative custom logic solutions, addressing a range of customer needs such as low power
consumption, high performance, flexibility, quick time-to-market and low cost in a wide variety of
industries including automotive, broadcast, computer & storage, consumer, industrial, medical,
military, test & measurement, wireless and wireline communications.
Altera’s offering includes:

e Industry-leading FPGA and CPLD products as well as unique HardCopy® ASIC series

which provide the lowest risk path to high volume ASIC production.
e Powerful software development tools that offer the industry’s greatest ease-of-use, best
quality of results and highest productivity.

e A complete portfolio of optimized IP cores.

e Customizable embedded soft processors.

e  Off-the-shelf development kits.
As end-market requirements evolve, the complexity of our customers’ products, and in turn the
capability of our custom logic solutions, is growing rapidly. As a result, design engineers lack
sufficient knowledge of design methodologies to tackle these increasing demands. Reference
materials and guidelines developed locally in China are highly beneficial for designers looking to
adopt the latest custom logic solutions and leverage Altera’s leading products and technologies.
I’m pleased to recommend the second editions of Altera® FPGA/CPLD Designs (Entry Level) and
Altera® FPGA/CPLD Designs (Advanced Level). Compared with the first editions, the second
editions have updated the content to reflect the latest Altera devices and design tools. These two
books contain not only an introduction of traditional PLD technologies and design skills, but also
explain the System-on-a-Programmable-Chip(SOPC)concept, the highly popular Nios® and Nios®
IT embedded processors and the innovative HardCopy® ASIC technology.
These two books take a unique approach to explain design methodologies and help build advanced
PLD design skills while introducing Altera’s devices and Quartus® II design software. They are
rich in design examples which facilitate a deep understanding of the concepts presented and help to
develop good design habits through hands-on practice.
I hope you enjoy these excellent books and wish you success in your programmable logic designs!
Erhaan Shaikh
Vice President & Managing Director, Asia Pacific
Altera International Limited
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%1Z FPGA/CPLD &t

AZERBFMET — BT RER TR, 818 HATK EREM EDA R TR,
AFELEG| N FPGA/CPLD A& MEEAL b, LA T FPGA/CPLD W5t ik, 1
BN T FPGA/CPLD MIHEHAF R TR, ®BGREE T FPGA/CPLD & it HAKIF K FE.

AZEFERNEW T,

o WHAZBIITHAMA.

e FPGA/CPLD Wy A%H.

e FPGA/CPLD #i#% it .

e FPGA/CPLD Wy & TH.

o T—RARBEEHEZITEARAEEZ.

1.1 AR EOR T
A o R A8 5 R S TR T3 9 P 0 PTG B AL 1 3 2K
1.1.1 AImIZIZERTAREE

BEEMETFRITBARS TEMRE, BARBAEBMNETE. REE. hREBERE
B, BB R (VLSIC) BEX KBRS KM EHERER (ASIC). ASIC f)HIL
FRAR T PSR P2 A, 8 T RAM TR, 46/ T RiME R, #3) THESET
1R HA2 ASIC BRI, Bt K. RiGHEZESER M HIZ%E & N TS .
A TREIMAEA —ME RGN, aTREFEAE LR EMa Rt BT
ZH, W ECK ASIC S EBAMH, XERHTgwESHESANIEA .

Al YmFE B R AR E R FHIE TZMRBIAE T KEMHED . NEHKREAELE
BHE, e ZEINGER A mE R A (PROM) . K4 Rnl B BR 2 77 if 2%
(EPROM) FlH AT HEf: HE/Ef5 588 (E°PROM), K JE IR 58 i h KR 8 2 48 Th RE Y
Al GTRFER B (PAL) FUEFIFESZH (GAL), A KL KERCA AT LSS BUE KL
ERAEGEHSNFEEME IR REEESBM (CPLD) MIN Y, Al 4 7212 4 28 14
(FPGA). FEE L ZHEARMEKRENHTRE, B, &iE. KIWFEKHE FPGA/CPLD
AWrHERR BT H— K FPGA EZEER T H R4S (CPU) SREFAESS (DSP) W
¥, f£—h FPGA L#ATHREMFERT, ALIH LafgwmfE RS (SOPC, System On
Programmable Chip) &4t T 58 K f 814 3 ¥ o
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1.1.2 AIRIZBEB[HST L

X bk, ArRARIB AR AR TR — VI AT B B TG AR P I R A M A
¥IG, SEREEE BT RERI S FAE R R . E AR (0 R SR AR AR - B TR B Z R
5| (PAL/GAL). HZ¢" %24 3$/F (CPLD) FILIg Al 4wi2iB 5] (FPGA) % 3 K
x.

(1) PAL/GAL. PAL /& Programmable Array Logic 485, BIn]%mfEpE%2%;

GAL 72 Generic Array Logic 48'S, B H ]4mfErE51i8 % . PAL/GAL &7
W wASE S R B, HiFARKZET E'CMOS T8, 4HEHN
e, A4mfRZHE R b 5SS, AR ITE BRI, NAEE
TR AR, B PAL/GAL HEEME, HEEM—HILE
PLEARTDIFE. fREA. SrTEEM. R4 RE. TERENFRNF AR TH
FHEBSENE XK. BAEMRERNEHEEE —KMFEH CPLD £%
FPGA 5B/, {HREXN FIRZ BB TFEHE, GAL HFHBM RS HER1
R R EM . HEl, ERIME X A+ B8R &t #7E4 H GAL %
KA g B 28, BoREE K 74 RYZHEBB GAL Bft. GAL %
BUERBEESCE 20 244, F—MRE GAL LAIThEERWE. DEEE. KA.
EREAHE. VHARBESFMANAER FHRIEHHEEEENAE. H
A, HABCKH GAL 3L i = B2 Lattice - F44.

(2) CPLD. CPLD #& Complex Programmable Logic Device 45, BI&E 2% Al 4
BEHEBM. Altera H T REFME, YR ESH CPLD #(4# A EPLD
(Enhanced Programmable Logic Device), B[3f55% n] g2 asf. Hso
EPLD F1 CPLD J& T [R5t BB 88 4F, HAl Altera & THEEFRIF M, 2
£¥%H EPLD ik~ CPLD. CPLD 2&7E PAL. GAL 1Al R EERKK,
—fRH E°CMOS T2, /%) #RH Flash T, AL H il i
/O B, BEABEHEIC. ML MIIL5HB)ThREB M. CPLD A SZHLK
WIRTHRELL PAL F1 GAL 1 T KIEERF, —Mrrlsel&itPiRE R BE
HEREZHEIIGE, mENKER. RELBEH%. CPLD MEERMFH/NEH
Altera. Lattice Al Xilinx %,

(3) FPGA. FPGA # Filed Programmable Gate Array FI45'5, BB o] 4mfeiB 45 bE
5. FPGA &7t CPLD yZ:Al bR R RIH B Mt T mis @ asr, — &
KH SRAM T2, thfi—LELHBIHKA Flash T2 RE% (Anti-Fuse)
T 2% . FPGA MERERRE, HEBHEENETRENRBETHRLETIAR
%, ATUSEBREE RN FSAEZEEKINEE, EHTEE. RFEEN
o Ui 44 8 R B R T U . FPGA I3 A 4 R &8 4> AT 4w PRS0 O\ /%600 Y B
JG. EARREEZHE L. HARXR RAM. FERHALERE. KEBAT
REPIL. WIRE RS, FPGA M EERMFMNEA Xilinx. Altera.
Lattice. Actel f1 Atmel 5.
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1.2 FPGA/CPLD A 451

AFZE1HE FPGA 5 CPLD WiEA MR E, WEBENRFE, MEEENZH
Fob 308 FH 1) AT G R A S A 1A
1.2.1 FPGA RYE A L5+

fE4LA FPGA JEAH 6 4R, 454 rlgmfei A\ /At 0. A 4RF2EH 5
T AR RAM. £EMRMLRE. KEKATIREAITTNA K EHEZE, W 1-1
Fi7R o

Al Gm R H AT 4R
1/0%.5% ZEET

Wik E R

JRIZHRA Hard Core

ThREHTT

FHEK XA U ERRAM

A £ PR IR

E1-1 ATgRiEB S 41 R E E

R ITTHEAM SN HWT.

(1) AIZWFEHA/HH . :
N/ (Input/Output) ¥R VO #i5, BAIRSH GARE KK ED
W, TRAEEAFETAHRNMEESHES S CRER. X T# FPGA
HERENPA, B AZ$ FPGA ¥ /0 2 o kit A W RmBERA, WA
RUENRERE, TUERAENEAFES VO HBEAEMN; TUEEILEM
Jidete. ETHrdPH; FTDAEEM Y W R AN,
Mt VO EnXFHWRARER LY iR, FRBGHEFREESKEY FPGA
XFFH VO AR AR, — &Pk, ¥ EAAFEA LVITL. LVCMOS.
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©))

SSTL. HSTL. LVDS. LVPECL #1 PCI 4. {8 —#H &, & ASIC TZ 8
kELE, HMWHE VO XHHREMERRET, —LEHw FPGA At
DDR ##BH A, #ZF 7 U FEEL 2Gbivs HHEE R,
FAT YR FEZ A TT.

AAMGBBEBEYE TR REEBNER, TURERITRBHATHL A
AEERE, RRIFEHNEENEE. FPGA — 2% T SRAM T ¥y, H&
A RBEEE T/ FHRE BEREK (LUT, Look Up Table) % 7 &
(Register) 41 K t. FPGA WHEHR K —MK N 4 W (JE: Altera Stratix II
EENEEMEE ALM S K), EREX—MITREAEGEES .
FPGA WH X HBEMHEURTE, TURBAWR S/ RFEMREM. W4
fE Gk By A X B (FF, Flip Flop), .7 DAECE ik 4% % (Latch). FPGA —
BEBECERTRESHFERERIT. —BEH, LBREENEATHES
THERER —NFHFam—NEERE, BERXTR BN TFFEERERENA
WEMA—EEZR, TEFFRERERNAGHEA TR, 6, Altera
W 4 A2 % 45 ¥ T8 ¥ AR A LE (Logic Element, # 3 #75), H —/ Register
m—A LUT # k. Altera ¥ X % % FPGA # 10 /N LE HALM 4 & 42k, %
R # M5k (LAB, Logic Array Block), LAB #f& T
LE #f4 LE FWyst{rét. LAB ##E5. RHEKEKE. LUT &B
. FHEELBES L 5EHAKXE. Xilinx THEEEETY Slice, TR
ETEA B, B EH— Register fn—A LUT 45k, #EHA
LC (LogicCell, ##H ¥ T), BANLC X jiA— St EH, TURKLC =
B B A5 REX. Lattice WK E# 4 % 1" PFU ( Programmable Function
Unit, A %BHE2T), Bl 8/ LUT fu 8~9 /> Register # /&, % #HRix sk
ARBETHRESEHWEERGNLABLERHEN, RN LT HEE
ERGEERBFEIITFEREL —LFH W LUT Fo Register W E L E, HFihi
HAMeyEEmE,

¥R EBRE ¥ LUT o Register LR —NEEZBEXETEH LR oM
BEE., REBHFMERABMHN ASIC MEBERHWAGEIRETESHY
M, EEA FPGA WHRTEATRBEEL TS, TLEAHEFEHHEAN
& RAM. PLL & DLL, A% % Hard IP Core (il Ry fiAZ ) &, X
B R 2FRE —EMENRAT, TUARAR IR EERTHEE
BY TR ERTEHN, FERAR T, WRWENFHN T ERARH
B Register % LUT W EHE (—MERPBH LGN 1:1). Hla, Xilinx
# Spartan-III % %|# XC3S1000 & 15360 A~ LUT, T Lattice ¥ EC %%
LFECI15E #.4 15360 A~ LUT, BrAiX# X FPGA W pBFH ¥ T HERA K
MY, BTE—AEN>&K. FEHEE, Altera ¥ Cyclone B4 % EP1CI2
B LUT 3 ER 12060 4, 3o 3% 2| 8 % 3k FPGA LA/, EEH AN
%, BUHRBAE--NMEFEMEA, FERRTTHER. REAEN. M. &
EER. HHRE. VOKKE. HE. tHAYREREFLEEZLEE,




