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DESCRIPTION OF THEE RELEVANT ART

System level integration (SLI) is rapidly beccming the
preferred way to implement electronic designs. Integrating

all the system functionality in a system-level irtegrated

[
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circuit (IC) increases performance, reduces power

consumption, cuts unit production costs and allows smallier

products. These are particularly important benefits in

telscommunications, multimedia and networking applicaticns.

A “system” consists of three main building blocks: a

[y}
n

processor, memory and logic. Usually, the processor is used

for control flcw logic, the memory is used for precgram and

T

data storage and the logic is used for datapath logic. =2

true system-level solution must contain all thres elements.

Tne ASIC Solution

20 Until now, system level integration has been
implemented in cell-based or masked application specific
integrated circuits (ASICs), because these were the only
solution available with sufficient density to handle svsiem
level designs. Unfortunately, ASICs have high non-recurring

25 erlgineering (NRE) costs, long lead times and significant

.

minimum order quanticies As a result, system level ASIC

implementations have been access: :ble only to the highest

volume designs with relazively long product life cycles.

Minimum volume raquirements for system-level ASIC devices

30 currently are often more than $500K per design per year.

Designs with short product life cycles, low to medium
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Although this approach offers the flexibility to evolve

20 designs rapidlv it does not oifer the per:

O

rmance, power,
space and reliability advantages of a monolithic system

level integrated circuit. A single-chip, programmable
solutior. is clearly the preferable alternative.

Multiole Aporoaches to Programmable Svstem Level Integration

25 Field programmable gate array (FPG) and other IC
vendors have developed a varliety of approaches to providing
programmable syscem level integration. These include “pure

piay" high- density FPGAs and hybrid devices that combine

both FPGA and fixed logic functionalicy.

30 The mostly widely promotaed means ol ach:reving

ar

proagrammable SLI todav are Xilinx's Virzex® and Altera’s

K=

PEX® FPCA families that boast as many as a million gates.
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of FPGA logic takes "a great deal of time. Frccue“t7v

intellectual property (IP) cores are used to recucs the

'

cdesign cycle. However, integrating vendor supplied sofc IP

e
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390 into a design 1s in itself tan a cumperscns andé time-

simulacions are notoriously slow for simulating large

designs, especially ones using complex soft IP cores.
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"The Flip-8051 core forms the heart of a family of
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system _e Jel _pzoguct, i th 8.D=0£eSSA s 1:REMI Youpe ddiaparl, | ogic. None
o~ these soruti ons provi des t=ulV procra.~~abl e systemlevel Integration,
nanel y progwanirébbe =onaf Cic25nni srdcohey ol P aRr afEs ek yer tlai ¥ hidiest gn
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rrem)ry bl ocksssued d8eRimabks, tRSreby antct FOP ’eﬁ‘fsnsroibssireg ‘wdblem to

ArC-.1 tr~J Sud dS.S-= U ~=. .~ 1.-"1 §='7§ rl1 g"’d FaSLI C
ize. PGAs are Fdeal’ Fox thes: Cypes of
de<r ~. ces sECT@nggeapigpsies. ¥ N
20 operations and can perform them significantly fastcer than a
DS? processor.
A processor, on the other hand, performs the

H

algorithms for image extraction, de-skewing, rotation and
data interpretatiocn much more efficiently than an FPGA.

25 FPGAs are inadeguate to these tasks because the amount of
complex ‘decision’ making involved (control flow). They ars
simply too slow at performing control flow tasks.

Implementing a processoxr that is capable of the tasks

outliined above using FPGA core cells (LABs/CLBs) is
.\ o= 2 . o) -
30 difficult and verv silicon inefficient and therefore very
expensive. Sincs all svstems contailn both datapath and

control flow logic, svstem level inteagraticn in a general
pburbose FPGA cannot ever be terribly efficient.

or. its own, a general purpose FPGA is not a soluticn.



2 6 J UN 2003 _9 Another object of the invention is a software tool which
acts as a design and net hodol ogy fl ow manager. An additi onal 2)5] dUN 2003t he
invention is a software tool which has design flow through the various CAE
5 devel opnment tools changes based on the device selected in r the design
manager. i According to the present inveftion, as enbodi ed and broadly
described herein, a nethod for co-verifying a hardware sinul ation
progranmed | ogi cPofen ¢orfdniOigr dtprariinas eqpmos carysay sCEPGA) pandra

sof tware simulatiop.programred. c Of - dhe, fdal dr prg bl e-gate array,
IS provi ded.%,!&glfgggr%de%‘n ce T%cﬁg)%es C%Olt eﬂﬁg‘pr ggr’an(t}%;bqg%gé?éggkrlfay (FPGA)
core, a m crd@cont ool besteandowenorgns uiie IRPGA ¢Orea 15 dowelrudessamphipal ity
of gates, which pay be, fo campl-e, . an- SRAM.hased FGPA eight-sided logic
cel | architeétﬁré?X?EéGPoﬁgcggélg®%¥%h??%dtufég%ﬁs?é?ﬁgl56%pf3¥‘fﬁn%??ons
Wi tout i npaetingsbuswiesoureesizdhet plha #HHGYy. ofiqatues . awetprografmabl e by
an_external .20, BYM. con{loyratien. menpry), or bhe 1m.crocentr gbl.er. For
exanpl e, a Sp&&rfic’app Feati on requires a programin thé nrcrocontroller
to set the EPSkh@odevhce FREAspragt sswnatd eof ggived gonswepapphi cation. In
many applications, the logic ici the FPGA is |oaded at pauer-up. 25

Sof t war e fogyFﬁngpBchﬁtg%ﬁsﬁ%§tf%93t%ﬂe§ ?%Tﬂfﬁél&b%ff%‘?@nﬁrggcgﬁéeﬁennry
i ncl udes dygamhéfatknecabooapr dgrais ngprwrey ddoted-idet &memmpy s andcansenory

controller. The dynam c-allocation-pro ram menor Jg.ght .be,. by way of
exdrpl e, a §foﬁiPgﬁygég%gzﬁﬁﬁF?Dt%l%hﬁé%ﬁ:'20 ﬁ%hé%éﬁgF;éP§G35¥SﬁP'Eﬁ9 f or
program i nsbruetk@r ki Statageoalt& netralils 3hKidahydres oreneicegdivered (or- (
i nstruction storacre, then ~l-~c~ menory rna Qgtgg[tiyioqed duri ng design
devel opnent SAFSUBPEERE - t oFFFBGEES %ﬂﬂiﬂfﬁﬁﬁ%cﬁat Tehory SsCEFaGe

Aci di t ooual ley-of:bxedndaya= FEABI ¥igRyr heandiof eedet Py middreyede st~~a r ! ;
i t ions f romdynam cal |y-ali 1,ocVV_qror:3$rngqng;giq;nc~[ Al;

ard, . Nar e- mfFECS® PEHEF oRCREFEPERPRA! =of ~Erabt ey i1 €S 25%s FLNI2008VE1 O
m crpcont r oldekchaeper £or theOARLBEXp&h @rid@dh Shighalc Heasser H(:BSP)
operations quickly and efficiently. Additional objects and advantages of
the inventi 3SR aC38t PEFER A PAFTUTF tHe WEeriptT ol WeHitéRSfol | ows, and

in 5 part are obwhauswfiram-bRgscHESErd Ptpder WotmYnDE drearneg by practice
of the invention. The objects and advantages of_the |nveqt|on al so may be
reali zed andhét carRégabyoreasaof 2E%R FHETTUNEN 41915 &8 arfd *esnBrRdErons
particul arly poi-pted.eub i Ankhenappended: cl aidm. BRIER DESCARI PTLEAN OF The
acconpanylng‘andﬂconstltute a part preferred enbodi nents the description
serdfe 15 i nvesTiidncahHEYdEonsE 18R e ot DR NGS S HYRS * fhi clf-ase the
i ncor por at ed i, the pspecificatien, pilhyist rase ¢he daventd ea,and toget her
with explain the principles of the i ‘
proporticnately more power. Programmable SLI in a large
FPGA is likelv to consume a great cdeal oi power.
Recause of the above issues, just increasing the
25 density of FPGAs 1is probably not the most practical solution
to achieving programmability with system level integration.
Recently, a handful of fabless IC start-ups have
developed hvbrid devices that integrate blocks of

pregrammable logic with a hard-wired microprocessor cores.

o

The introduction of these devices indicatses the nesd for

(99

products that address the SLI needs oI the systems
architect.

These devices are too specialized to fzll inzo the
general purpose SLI category. For examples, Triscend's



FIG 1A and 1B are a bl ock diagram of an FPSLIC device; FIG 2 zlné liﬁh&%ﬁ%%
co-verification of hardware and soft ,~ ~are, flow and sinul ati 6t

3is a flowhart of a hardware (FPGA) flow and 20 sinul ation
(mcro-controller) and a software flow=&nd sinulation, with
co-verification. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

Ref erence ROWIlsuragesi §0§8t &P FOCFASCPTESertt 25 PrétetrRd enbadli ments of
the inventiQn, .exanples 9f 2Usihiceh-anepl hitustrat @@ - prthe: acconpanyd ng
dra’, ~~ings, v~herein like reference Nunerals indicate |ike elenents

t hr oughout PERETSEVELali NECe®E. OThE éhef FFhcY asihd %l it to Paf kettes.
requirerr, eats Ofz. 3i-Jd el.d pregLapunabl es gat @nAld-ay snERkes, DEGRSSAGY a
software f_o0l '.~i:il G fhdllageS c~l1l1d tlghtly |ntegrateS Vc-1t 1011s
dl SCrel_e “Ypolivarives; npgrer tahdd@d en§P neetFng-1C+FEy (Pbor=stsUe C~' ~L
~~~~'"s can Msed extensivel.y oy desi,gper s @ evel-op-code.. r FPShl C
devi ces . C%%}Gé%mﬁ% GO:r%i%l-Ul(l%e'I%ﬁgxprggg%t i nvention coﬁbi nes %f%gr ammabi ity
with syst emseweltivat.egration, to develop a famly of system| evel
integrated circuyits (1LCS) Wil sReclliccdedigated dunctionakity.that
provides a silicon efficient neans of 5 creating a systemon a chip. The

Fi el d- Pr ogmenimab e sSystremniagdela YES CFPSE| Orir¢8uaksy "ofcexanplezbilacl ude an
A~ MEL AT4Q0K .FPGA for dat th | qgi- e =based ;AVYR, m cr ntroller
folrév(I:Eont ro%l%“é"gﬁ?% pgof?%rbcf\;\%g?é rru%tqi %IOFEéI? p%‘%ﬁ%ﬁhé@al gg]éﬁdﬂég %(%gt es of
SRAM all tdeerbuiistilngatld Blldckiiddfcagiopst epinThieo FPSPECiakchitiecture is
ideal for the inplenentation of n Lkipgeielscompinieations, nultinedia,
audi o, handhéld, tpo“rq:’t‘?:“a I‘:ec‘“’zil‘ne Slensd%’tso}tg?i‘él’ecgﬁ%r%ﬁ/apr?égt’%‘gns. As
illustratiwelplistvoovrd.n FIG 1A and 1B, a field 15 programrabl e system

|l evel integrated.circuit (FRSLIC devicel, 20_] udes field_programmabl e
gate array (FP nac“beﬁ*eefl?”‘és‘m‘corcg%or?'?'r%Ffegb%%“én%“ﬁ%ﬁﬁrgﬁf‘T%e FPGA core
i nT} udes a gdveadding afegatesyershowe cas<SRAM: based AT40KtEGRAcei gRtiyijded
logic cell architecture 75 .The It%givc.‘%gltl ;20 architecture 75 ng forms
conpl ex furfdts ons® itiout idact iy Bus resources: " Disérete free’RAM t en
nanoseconds:dual ~ofdr:SRlg dra thilegks: féraeeslocated at the corners oC each
4X4 cell sector. Locating 'gh_eDse SRAM bl ocks throy(g_lloqt_ the array puts
memory where it TEREFS drd s UFport SHirgR°25 Pert orirance
first-in-fiFstnoutodHEQrdeasi gnsoghie hplver ahhbynoéd gatces ame tpr ogr anmabl e

by_an external NVhi, configuration nenory, or the_ micrqcontroller 22. For
exafpl e, a SPecttF cSRepptdatson FequiTes iuﬁg’oéfaﬁﬁh t 178 ST ot 1ol | er
22 to set theFRSENG devd cehRGA 30 piegsastunabkes] agicdziv2k f o trhey
application. Ite many applications, the lqgic in the FPGA is |oaded at_
power - up. SRICLSFie L%?m@rfea%cppq%a“ia?&{ﬁ on ey be stored vn t:ze nmenory oC
the ILlicrocontrgblers22: o opsr@tican dridve drk~teeDAtyQid- 15t ~~ t 0
ga~es of the FPSLIC prograrnmaiol a 1 o:yc ?.1 for the 3': appi ~~ation 2
6 JUN 2003 Svstem level integration, name€ly programmable logic,

25 microcontroller and memory, with design tools that supportc

system-level design methodology.

SUMMARY OF THZ TNVENTION

1

opject oI the invention Is to allow
D

30 devices that contain comp

[N

nterface circuitry such as

PSLIC devices such as AT40K.

231



-12 The nenory includes dynam c-all ocation-program nenory 23, fixed-data
menory 24, and a nenory controller 25. The dynam c-al |l ocati on- pchguﬂw 2903
menory 23 mght be, by way of exanple, a 32 )cilobyte (32K X 8) 20
nanoseconds 5 SRAM for programinstruction storage. If not all 32 kil obytes
is required, then the programnenory tna,~~'" be partitioned during design
devel opnent into eight 4 kil obyte blocks, by way of exanple, to provide
addi ti onal data nmenory storage. Addltlonaﬁly, fi xed-data nmenory 24 nay be
10 i ncreased by addln% partitions 81 from dynam call allgggglon RLQ9r am
memory 23. A har dd@P&DsEl ePgRFEaPfohSccBIVERSEEE 28 Bn3B fRe®
nlcrocontrolhﬁﬁcazastpa@f@rmh@Q@pIenddmgmhaﬁospgmaﬁlpwomessger(DSP)
operations quickly and .effici 5 Th n.s m a
uni que hi gh perfo%ﬁaﬁ §LEPERe rc%¥t§%t8}e%h ghggéggg %?cro%gzﬁy%F%er core
technolog|estoﬁhewEEShl@a@n@b@ygncéHPWbﬁﬁé@uaﬁdthﬁské61A8ﬁCCéﬁd
Appligation. s3peqihien$t %@aﬂ d Rnoduct HhASSPLndewel apeBL, sthecdteehnal ogy
and expertise to conbine these 20 funr_tions into silicon effici.ent, cost
effecti ve systemdesidr de¥id88S - The AV R based FPSLI C product |ncorporates
Atnel 's T~T40E; embeddad ngPGA &ﬁ@h@@b@@mt ThecATt40K, FREAcobbEies and
programmabl e | oqi i C fuI PCl-co i.ant, SRArI 2 hased FPGA with
di stributed FEH%QQHWQSESﬁﬁé %r ﬁﬁﬁble sgﬁcﬁrgn ous/g§§ﬁc rg o%s dua
port/single mamﬁwsaéwb16mueutennahogk@bahdcﬂ@gkg aid a2 LA¥Rdgl obal clocks,
Logi c rtia?l |l c i gu I t; of
datgﬁ)and |0%%%§&g%@%?% ué%b raggﬁng 8 ggbégnlg?é@SEE}%P%ﬁéﬁtgizbutes
i NSt r UC~~0: | -PYIOCr agued r¢,0.c’1e~ofc|té19~ fi edycprograngakiley Ipg et Rrd@ghpdts t hat
approaches 0QgdridddS E>~~= P91l ~ . 'I'llc ~ui~ ~t~~ut: i al thLCUghE~ut
all ows sy ~tclr at ~er . consunp
versus |m;~cc' ~~ éngp§$&§~gevafe rnqlqées flel9rFrOfr@UPa @aﬁftﬁffﬁyler
Core 1. -I)\Mﬁﬂﬂﬂ cedld, ;aliicydddntridld €rC~ a3~ mlemeoryC alWweh¥:PGéclagne t hat
Corrbigles a r'lcfllcl%erg FQ -[Jﬂﬁqcalﬁ:y 1orfmgiate52 @)hvllé'}l ?n%?/sbel?’ f%% excample,

gener al - purpose wor ki ng regi sters registers are directly
connect ed t o Ahe R tafsd qgﬁy%ﬂﬁﬂﬁTsHﬂﬁ@UﬂOQ&Fl@ﬁlﬁgaﬁﬁ§H9ﬁ§§méﬁdenﬂ“e

regi sters to lkgriaceREset ddh o t5ivg e fstdsU Glon@] esx etitced dry ane Hauack
cycle. The 5 resultln bllrschltecture is nmore code efficient while achieving
throughout up F6 T el Y i s FH51 6 Than conventional C SC microcontrol | ers.
The nmenory execut ééleomllx;falswef Bottle st ke eFRPGAgCeminiagpd ea toiyo m nemdrey narld

m crogont r ol hejy, 22 Jsitd et 9 qm@)rlp %M&%&%%%Q%ﬁl 1cal |y dgaded at
syst em power - % uglng Atnel s in system progranmabl e AT17 series EEPROM

configuratiorf TS AR R B ERBiTT Ss s PEMIEET dithd 51 ocks
on a single pn&gmammmeikhﬂnunaseu1&hqﬂ?q&uﬁbtﬂnn@e §W$MemddgndmmmﬁMMct

hs & general pisoss ot G SRR RE.5REY ShhiE R s g e
provi des a t ridl y-Hentfdgratied W@n%ﬁ%fmﬂwodol ogy and sui te of design

toolss FPSLIC is thealne m&gr@mm;ﬁﬁ@tqunon\awb@ sitRGMdE 1 the
co- verlflcatkﬁ% ols as stang -verificatiaon facllltates t he creation
bR 19 diReg

of virtual pEEMEH ch & ’ﬂbJﬁF&HﬁﬁﬁsdﬁnﬁﬁBélﬁﬁ lereddrmrer ed
during systemiagregr atdnent,0 fisadestd e thamealy earnld er miemolrlye cdesirgn leycl e,
resul ti ng I'n@ e r%a%rlcdedsl'l%aq_ylgrp I%ra%{ IrrFem an | S% al 'b‘%”"% %/5 I’Eapl d

"what if' trade-offs to perfornme fost erln ett sy st em’ef f1'ci‘enci es.
Both the FPSIC™149 céh 3a?nd“tlf‘r'é3%t@rﬁ@é“sl8dn O§é@rt<\£ar2@ RV SRsemds

engi heer ed assraMcanyl QixeagSLalm sncﬂsuinm o agealefat e i et e mariet . 3t)
Desi gn-nc~ t P]l olg (J:PSITJ Qﬂ Y’ra ) r‘;g{ altf\ nn al lruc|t~e<)1fl'lsr]L%rlaz . ~La| , tl e
Lr~c~U_ | ~~'1]1 >0 HH systen1|evé1 prodict S ove - then wh
prograrr unah*‘*ﬁm%ﬂolrmﬁ di/a L@riﬂtior@ﬁeinrcw pressiamt delve Wpgarerdin~irtte a

cor npt eher ~SyiGse 1@l 11 WEBEd@ta®Titional data memory storage

Additionally, fixed-data memory may be increased by addinag

36 partitions from dynamically-allocation-program memory

A hardware-multiplication accelerator enables the



2 6 JUN 2003 -14 solution. The FPSLIC device closely mmcs a typical
system |l evel architecture. It has the common interfaces between 25 JUN 2003
m crocontroller menory and | ogic already inplenented all ow ng the designer
to focus on the value added parts of S the system design w thout

conprom sing flexibility or performance. Use of existing standard design
tools with the addition of hardware (Ioglc%ésoftmare (program code)
co-verification neans that reliable bug free mcrocontroller and FPGA 10
devel opnment software | iped wth _so b S V€l ocessor

si nul ation. TH&E“FBsOP roi?sﬁ gaSQef%oﬁéeQEmg%gét?sggtégn%gﬁ%%ﬁgﬁgesglopnen~
t ool (Systen1KESPgnep¢rahapnalHgmﬁbéMcaﬁﬁeﬁﬁféﬁiﬁﬂéié and har dwar e design
and dramatically aggelesahes 9%§b9@sd§M§|QQOEHEaQQQ bEdUBéslﬂv@ﬁ@d@ﬁt§rélnE
1S to market. This I nation Of nmenory g EPS?% a,

m crocont r ol | 88t25°85R"a 18] R§FE SEItBEVPEECﬁﬂ85F8§ FBrCBf FPETRNE - Gafa in

i mpl ement ati opagt hhe dbtaopat birphoghe) dandrépntinal, bkomayAVR learned by

m crocontrol | er spect SL| .4 20 S o]

desi an it o achbibgeaesns FRGAIYSN Tt thn t RoCFREFE tedl cos nrburda” 1
efficient |nptbﬁemnaenbmoafaé$9 méwebﬁsr@ﬁlﬁﬁéd5?§@eﬁﬁtSFPP@oﬁYeWPPEFeﬁEy
results ~n smahberndieunkaealfiasksdanal epiBRhathiBBS, pAkghcRerloyNBBERLed
designs and | ower po ~er co ﬁlon So dramatic 1s the 2~ effect with
FPSLI C devi ceS“fhaf BE€|EBPEBEF§ aré*t™rlo orders of _ magnitude | ess than

conpeting |l arge FPGA solutiol:s. The usual trade-off associated with
silicon efficiency i:~ a lacEk of f lexibil ity - hov~ever tile use of a
Hi gh E~eL forll;allce (?1SC nlcrocontroller ;rith FPGA and a dynanpcally

m i ocatecl SfBALEFIDESER] aNBbci ency a~ld fle:;ibil~~y In
| vPSLIC, " deVl CeS the BQEQHEQQ%HQB Er5w1n5% thcﬂ gré_l%c%rﬁg}ﬁkégc f)r
Syptelil 1Vel ) IltegrcZtl t),

de~~~~ce Idd?Pﬁoﬁ&PSFPtHF@cﬁspégFlOﬁethcéBﬁgéﬁlFatlon Eé;PQFEaFFOQIC)
t~aw. f tI|epﬁeé&keedlkm@oglmEmmﬁlbﬁlehb thvenafion, aZthéUNtB@@3w115

par anet et | 230l ATRELE, AENSLAl Qe Uil K60 2160 FRCKS b sk at Lan

pl acement and tim ng Il enges of i nteg atlng sof processors have
nost 13" been réﬁﬁ@é&lpﬁonlthe FPSLI C parts. This accelerates tine to market

and allows the 5 destgnen ted agusrenat heoval ueaddedocaspackesofict heySkk,
design. Logic based_soft | P cores can be use ~e FPSLIg%deV|ce i f

required in the | o§itE part? &PsﬁﬁéLﬁésFQnVeﬁﬂ&ﬂFﬁFé°ﬁe8€uP@§ RTEPSLFC

devi ces cut pewerwearsufpiikorndr atatulealiloy,; eoxpared to the FPGA or

di screte 10 solutl i ncl.udiin efficien .G . resources. By
i ncl udi ng a "hard" gglcrgcontrogﬂgwcggfé for ¢ th wafgnéggggloﬁﬁ8w 88§tr
Ioglé“)FPSLlcséﬁvéa§GWQr @ﬂ&ﬂﬁlﬁgﬁﬁégﬂdeﬁés@@ﬂc@sSOACW§@ﬁtflwmcﬁ@dontroller
care in a | argerbP@Aibequivies sWbhstantrialidoy oppre | ogic gates than that 1S
consune substantially nore power. Since FPSLIC devices integrate all the
requi red system bl ocks FPSLIC elimnates the 1/0O ports and capacitive

| oadi ng assocbafled LwiDt DESARaEPIdew OF PER ceREFEERREONEMBDgOMENTgNt |y savi ng
system power. 20 F I C e EPGA cIock ng tree structure,
which is partltlonggk%%eg%é %%% §%gh%%%sggodfﬁglﬁpéf E dBviree” gnly drives
cl ocks |ines Péeﬁ€§F§@eﬁ§bO§§mﬁ@&@|ﬁédth?hen@EG@ROparEK@WD&EﬁgOéamhsahe
50~+ of the d%ﬂé”h@lﬂ@W@%t%@ni%nﬁmboﬁcb%ﬂﬂﬁ%yFP drartingt, t BeFRSLI €22
deV|ce on at [cal de3|%_ éﬂe m cr.oconp 3 §§ |n t he FPSLI C can be used
in " burst-nod 6#888§SP §C BUPs t WOGE t5r ddESs PG RS~ thg opEPauAVR o
perfcrmthe psecessiingiiewsvery short. periods of tlne and then be put into

power - down node foﬁh%h%v%%lq c&%a%ﬁn%htlm%l ’m%%%ekngeaH9§%%g%kgloQOmer'

39 field programmable gate arrays makes necessary a software

tool which manages and tightly integrates various discrete
‘point’ compurer aided engineering (CAE) tools The CALEL
Ltools can be used extensively by designers Lo develop code

for FPSLIC devices.



"lhe conmWnation of FPGA and microcont roll er in I~ E~SI.IC Devices
allo”.v's partial reconfiguration of the 1~1'GI1l yore "Plus, 2giJo§ 2003
design to be reconfigured to ~. enve sever-al purposes, saving both silicon
and power 2 6 JUN 2Q03 -16 This in-systemreconfigurability is
particularly useful for designs which nust be able to inplement nultiple
st andards, such as "soft radi os" being devel oped for third generation
mobi | e communi cations. A sin;le FPSLIC codlfld S contain nultiple nobile
phone (base-band) standards that allowit to operate in aﬁy locatiog or
envi ronnent . ~~ | nThel HEREEHH WRYES LiPBe CBRRANESRT AR TRETORT hulY i Bt b
access( WCDMA) is$ ot @ eSleandardgriiie oW CoMAqdesiigp wovhdibe boadgdrémto the
FPSLI C devi ce. Wien the phone user,travele? to 6 10 Iogatigndmhege GSM was
the standar dle¥glopd teeF 28LEmsreCuilre FRSE! cvabdi EReEHGIG BEIFeRbRTi gur ed
on the fly wifhcttheneSMegesihar. pibivsaseubhdsheiebhi e€fycteanspaapatofo the

user, but it would allow a single FPSLIC device.to.be used for.m
di ffetent sySEEMTEVel® NMYGICE Phofle Cgﬁgndaﬁég. Eiggﬂfgﬁnga@%{)éﬁ %‘Z@F%Tler
EDA tool sui tieveupparst S Fracaaf)i, givablae odnmputinpdebyisuppdet angATnELenent al

desi gn change X ive librar ontrols d pitstream.utilities Design
Tool s Desi gni@é,oas%%&%atfioﬁg d&ﬁ&%&%ugalgﬁﬁ ’a%gﬁSPgsgr Eﬂé@ﬁ égkdesi gnis a
daunti ng t askyicatodoestrolDesi goirngoatverly lbgige EPBGAridwaequablyip$ier,

cunber sone. when .t he .desi gner, N, Wt i.d e rop.ipR.a soft-1P
core of a m @lcgggﬁtrrl&qegﬁ,lshgpghEGi g%ﬁ’atgédo\lfgvi %Eﬂgoéagertp%uggﬁ%gf% t ool
chal 1eénges. Islsywds off pl @yetand r Gliee FPISKES, adebigrc2Breonpl exeay, for

i nteractions het | P fr i ffer | P.yendar Lgn. f or mance
are | st somi ot THE TErLRIRSH chartonsel e neral DR B e
Unl i ke | ar ge nERGAasiagn atglGlo ;s ianaih el cpolgwelrobndcliafdgedriel control
acconunodat e fhe jadditjqnal chal | eoc~es assc~cm-e-i 30 nth inplenmenlng SLI,
the FPSLI C design | oo].] :>cc>lcl:r-ml ;~ a7-a devel oped ~rJatf: the FPSLIC
architecture to erfSsurld us SRGIMY eSS CIre iJel B 1 ildCandenV r @ | feitd
bf~ti§-'E_'e@h@f?@%méﬁfé}g'§Eéﬂ|ﬂéJém|9ﬁ€égéaé§ﬁléifyutgnﬁﬁﬁ§ﬁ¥audévﬂé¥)
areas of the tocﬁ 2.6 JUN 2003 -17 System Designer Co-Verification EDA
Tool Suite FPEAS M ARTEYSH UL YHAIS Iy IRrdvire e SdiGit i 6iF & angudges
(HDLs), such maiscMerddtag ldreVHDL, andd trheb st mul B o resi ngp ran iHRL wdgmulat or .
M crocontrol |l er desi.gns ar al one.d N the G langya r assenbly
and debugged pﬁ%sul%gl%a@’g‘o??\/%éées%’ebgu%ogvg} daoérmﬁdé'I (kf‘—j‘nsie(%li rpglﬂl T gEerrGuI atezoer“fh'.at The
chal | enge At reldgcaclend st 4 Int egrdti e thies €/ T wo ot Utdoins dentlo an

envi ponnent  thathinatcaiy &l lowed, fd &asy1 HF odud s deyel ppent . ai'?ﬂ)acting

accel erated the designers tine to market, 10 but also allow the_designer to

do ext ensi ve PRihdtST T4 Hrnl y9is® Bet Ve et §HidHar diarne e SOTt s & lagiiadt s
of the desi greReet yplearly 14 drhe desitgnd proocegss.cdAtnrets has sollverksd he=11
probl em of s / har : ' vel,opi th st,em Desi gner
Co-verificat %%]é’{%%i lgL t oo;lqvls%?%?.%#h%e%gggl?éo}%)hé;?fd)\/\%%e()/%s/Lof%\ﬁaraerrag)'
co-veri fi cat iBH h&eHro e oft tife sttt iard ysum tisreritadhpr of i t
obstasl es i nheremMriidhdder iconvent i onal: dasd or 0¥ e1eddRy o hal f of the
typi cal design proljhect lis :Lpent in the integration and test phase. In
reality this is an exércl’se 20 it BHr%etdig 1% ati Yot bfeErF oK
fromthe fronmiViend woff ihe degigmayotye,. ohthesee erirors:oftrern reace allrdhe
way back to thge i ] catd one ; ri{dtdonj ' ere anbi guities in
t he har dwar e/és%%‘nt \Agef'e a| ﬁ?%%%gcl?%b%ﬁén%erlgﬁ{uggedﬂg%eﬁ .ha\gh) Egjr%%[? i%d AT | ng
t he har dwar e/"S'6FiGR"E =5 | %1l Theftt at§lont iphdSREL 1T tday i thd tenedy of these

errogs is forgediiteusod tvey e due tor the lana 1 ead 44 mesr.ang, fy gh cots of
ASI C turns - even though a software fjx may rean conprom sed pet Cor nance or
functi onal i {y T KHA FHal produed o 18 the FECA 13 Toaded at ‘power —ip

Software for the application may be stored in the memory of
the microcontroller 22. In operation, the microcontroller
22 sets to gates of the FPSLIC programmable logic 21 {or the

30 application



30 System Designer seam essly integrates Atne~'s rPGA design tools and a
third party hardware (verolog/VHDL) simulatoL ".~itL its AVR 6, JUN 2
rnicrocontroller instrur_tlon si~nula~=~~?and debugc~i nc~ tool?s IA 003
addition, a co-verification Lrame .~ork ful Ly synclronizes hard.rare and
soCt~. ~are 2 6 JUN 2003 -Is execution, and source-and assenbly-Ievel

sof tware debuggi ng. The tool suite provides full visibility of the AVR
menory and registers, and full hardware de‘éizg"n visibility. System Desi gner
all ows designers to do the 5 conplete hardware and softwar i '
conpl ete confi dencetMSIFeURe/ HiT diehie r ad’él-Co"fafalgL Occ;a% be' r?gfé)%ef;aﬁgq{eggy«g’d
until an opti nizedtixedelerd atéorry S24r ranvdd aremdesi gty e dan bdhéut

by as much a 99z, . adpi £i.00; SOMH N A, LGSO tivarne davelopmentydyoels with
| ogi ¢ 10 si nul at

ion, the co-verification environnment deljvers high
per f or mance coR¥@rPEE cat i dh oMM ankx of & di T toe[egoq Jﬁrb‘?ﬁegcﬂﬂgs
co-ver if i cati ograNVE &0 NHEGRG - 20 abhesrsof iavare arehdar diware deviel oppment to be

parallel activjtjes, renoving the sof e rifi and

reduci ng t he r)f*sjkgki ot h%rﬁg‘?ler%éb.t%pt(\%%et% gégacﬁ&gan@ [ééenksq ti”@ p)r(.eom

L\[\t elgratiI %g term?rtsi.iil'tmealmrml\j@;?ﬁsgt%\r?lqmn%}ﬁst@hﬁw%ﬂ |}ilgﬁs§:{éd3 on
mel s 091 Scksl b esf A ney atoF sy i dDLRA@RInaT RUsd ity

automati c pl ace acnd rou}t/e | por f()xﬁ)%lgnnic?g tilm'@{}? dri v€n deﬁiﬁqn, bot h

static and int®rat?¥ve tANThG Aratdsi st BT I3 MUY t124°%Y T enent al

pletsi gno;:_hang?a t@@ﬁdaéi;cﬁybyaa@cﬁlim]gqbanrteitrmprm' 5 NGy, ibramks tcarrrmmDeia;aib]m— an .

interactive |la r nager. System Desi gner cones w

push button na%?g)%%n!éérgt%?ggﬁ%ntlh%ﬁg#%c??i tate the design of fully

par amet eri zabl e har®l errdwrreimebl jrbtcrlipr opere e3P ot endglores Here

FPSLI C FPGA arhayrodber FRLT 8r I8N @t 94 r £&4 1k W ShSBe PONBY i (GONSIHRtd 10N, area
nmacros are optim or. t he AT40K

and pitch of the macros t mel ed

architecture. RbYe“THA" 1@?@0%@?19’1%0@@3&}%?&%‘? %@él%*/%f?q]a%b'l e m System
Desi giér that. c_acthdoePISEC isdloutcraate-dnd |frgramametiemiezédgb P cores of m
rt~ _~zlly any cCILY. ook 0 er i.ncl.yde .~ adder s :

| FGs, count eré?pg%%ﬁ%*%%o?i% hagrééc}glg%ercstgﬁ%l%% Issoep\)’s%%# g"tlglr:oé:g,n,uf)-l-%'?éts,
CRC, integer dfeidersshhoheares eedbaeBHITQ darggicyserced,l-bazesl aul meoBedl9
(LSRsl, fast pye-sc y umul at ors, ductor nul ti.pliers,
muxes, negati o%%léh%?egggp%}&mgu err%ijlc‘f&ocr s§t§ﬁl rrdlc-Psrtoé%lgtbdésggﬁt rol.
These functi ondecahoeepar anBtertiedthdlorg wendt wixgdteh t ipeweo opnariea ahdse

j[ rade?@)f fs 5 ¢ nnp@imeiﬁ@éi J;JYI icgyr’?t e{@il%elseirgnercl Sstmaéqfrf%cgelr\]/%r %t grtsmar €

i nvoked from pull-down nenus so the designer Heed only "point and”cfi'ck to
create the desi?\é@llf@mtﬁ@‘ﬁal ity. Once the macro generator is invoked, a

di al og box |ets therQesigness saect for, anp My par agRlers, Lhat ALfcIPR! RRYbEC
to the macro. Designers can al so downl oad fromAtmnel "s site details o
conpl ex 1P cor@8beddrt BCHk Rl | 'R iATISKs FPEdn¢olrgers and ot her
functions thatpaseravadibebl Bodr & fr0m ATal, $car-ewhRg iLipr agMAHf- FPGA
intel |l ectual 15 property. Atnmel's HDLPl anner tool automates the devel opnent
of FPéA_ VHDL oP2%&T i g des'ch i bt 'ond e cautcsmarinesiecy ngeneragiragmable
syntactical |y epidieedndlesid omair s cede HLRI anngn «Can, genghat eq kiDL
descriptions from nmacros 20 devel oped with System Designer's macro

gener at or tpol%’?twldéé]i%]dcﬁﬁléjcd’sﬁ Fg HBL APRamiePails ccefpFet Erghdebeecand
t echnol ogy i ndependent (ane: cam e syniihgsizedn (ushuRguiiRdyst Ly st apdardy
synt hesi s-t ool ﬂ] f)or i mpl enmentation in any ASI C or FPGA. HDL- Pl anner

aut omati cal |y Fnst artiat €5 D5 ddimfidhdiit’s Usidtl caré t6pt i ni zed for At mel
FPGAs30The i nst ant i‘atedy companents) e o etel Y niianspanent 1,05t shg user.
Al t hough they are architecturall y optim zed for the AT40K FPGA | ogi c,

i nst anti at ed C%Lrﬁblhe(r%%l ch,avfbc1h10e\a1|_1f%CLthréblghput that approaches onge MI1DPS

por M7 . The substantial throughput allows syster
archlitects Lo optimlze power COnsSumptlon versus procossing
spred The AVR rricrocontroller core 13 based on ar enhancod

30 RISC avchitecture that combines a rich instruction sobU with



t he technol ogy i ndependence of tYle HDL designs . 3t) Fi'SLIC Firmware
Desi gn and Debugging Att;~el's i ~VR software design envi ronment [‘stUiMZﬂqa
iot_ecre~l pa>_t of the :system Designer EDA 'i'ool Suite It enables t _I|;e
devel optr~eW, erecution and debuggi ng of AVR prograns ~~sng n bUl! t-111
InSt1 uCtl Al Set SIfllU-c-1tQOC. 2 6 JUN Z003 -20 AVR Studio provides a
"Source" wi ndow with the program code and_§3poi nter that marks the code
currently being executed. It has a variety of views that assist in
debugging the ;des.gn, .These bac! yde . whadous; § pat s digpl amd he valdies. & «of
defined synbol’s, “includi hg rnstance variables in a Cprogram dJSpJ y.the
contents of aldre3Zigkcthy AVRNECEeg §Pekle 2epbrieht sJa‘gj%’sci‘é%hted ‘%S}J)AVR
Studi o; allow e user ttheitaechbBWeabdraBds t¥r & heo Coat &ntes 9fd ailill AR
menory resources; show the address of the next instructi on to qu 10

execut ed, the Naldd€ SPStRECSEQBKEXBBHREEr 10 afide t AECTGNDET ' Df 1’8tk cycl es

that have el apseqd1$iinge kB8 kasktureset; nshewbhe statusent peripheral
devi ces; display iInformtion about angoAVR tiper/counters; show the three

I/ O regi st ers asmie¥émdof NEREIRIREpEPL 5© ERBWF HA8S staf Us” of "Th- chi p

peri pheral s 1%dJARES on8Rl r1sEPRkkEoConvenifeeati on routines allow the HDL
simul ator and the AVR instruction set sinul §t 'gon{to éuglgs'_ rrulj[;&glgousl y and

i nteractively. Sincée REMRAVIREFE SRT 8BFt 2L aFeMar °9 i{:}ﬁee afid debugged
t oget her, the ddrkalguieed cef mgebiriyngna Acdesbgnrdhaerwp? ksnstheudttet d¢odee
is greatly increased. Total system develo t_tine_can be cut by 10~ to
90~ Th@ FPSLI CRY5 6 BEsPYTE a§61cf‘&gyeaggfq$§ ?é ﬁ%?g?f& A'FT s Ronpl et eness
and ability t amacgelseriat evisited baopapketbl FhBTFPSEE Cse EDAERRONM r ONMeNt | S
based on a syste 25 approach to design rretgodol oggh i -ﬁlruginr\'%in svste
co-verificati o bf $HE NI AR € afd "software "B 2" Broadly 'Shows® 5+<"
co-verificati ouild@iofy & lhakdwane af lsowgadrdpsbgubanhabhe 3deande sofit Waireh f | ow
and sinul ation 32 The hardware fl.ow and_si ation, i h re_3rd

ol enent at | 0P G VRS TRs a8y Py 0 BRI of poPab e B o RS T at
is a $oftware filmplienenteatoiuom emc lhest, e£feftive deviigk R0 be aspdozessor or
conputer. The e Jlidipl el l.entat! On 32, however, typically is a
pure sof:.~. ~,gze%g§a}lnﬁugrﬁgﬁteat%@>gegﬁgtgi're FPSLI C dev~ ce 20 on the 1, PSL(~
e i1~ 3 ; " PHELdE- VP Ciopdt isont80 fyseesoPenageef| ourrevidesmal at ~; ~

2 6 JuN 2003 -21,,32 i"é{tte@rta'!;%f&%%‘é@gnledfeg%’aaamgtﬁb%h%bognélsb§t%h§)ﬁ/heart

of the present invention. Software flow and sinulation 32 I's readi
avai | abl e sof td@&fFi&n e 1co- vértistil€atiisoih80 o8l ppor P rafealnbe| $eyut oo hal at e

the hapdware paidiRfe the JRSlHiCation tools as standard. Co-verification

facilitates the creation of virtual prototypes, which allows

the problems typically encountered during system integration
to be resolved much earlier in the design cycle, resulting
in a shorter design cycle. Co-verification also allows
25 rapid ‘what 1f’ trade-offs to be performed, fostering better
system efficiencies.
Both the FPSLIC silicon and the System Designer
soltware have been engineered as a complete SLI solution to

accelerate time to market.

30 Designing With FPSLIC
By 1ntegrating all the {unctionality roqu:red Lo create
a system level producl in one programmable solution, FPPSLIC

devices present the user with a comprehensive and 1ntegrated



5 design and the software side of the FPSLIC design in one urﬁﬁ JUN 2[][]3
environment. |f something in the FPSLIC device 20 changes during a design,
a nodification can be made in the software flow and simulation 32. In the
exenpl ary arrangenent shown in FIG 3, a nethod 10 for co-verifying a
hardware sinulation of a fiel dprogrammabl e-gate array and a software

simul ation of the field-programmbl e-gate_gpray, is provided. The nethod
conprises the steps of sinulating, in hardware, a FPSLIC device. 15 Pdore
particul arly, EPSH G s0f tMad 501 WeRiike t:he>sEl?§L}nG;mﬁiew sewslcapuwedeml
to the FPSLI C device. The FPSLIC software is a simnul att 9L L getw

appl i cation fokevit chr ¥he- it willl e G&Ed COFREFPBEFE 88w ce“s6ftwar e
is run as a simaddon 4 1dif déMﬁﬁy\&ﬂaelagﬁbobHEQBWVthmpheméﬁtsdnulation
43, then the FPSLI C device ftware be nodi fied I nput t ed
41 and the sinttiRYO 44 %‘?15 Olpf Thére ~t—lk~%r é’glngg gggg 5§th BE
FPSLI Csdevi ce tslﬁ)étstheem tchmngan s/wtthm somﬂ;,roa\nd1fn|90|’¢1118heb391mthesrs, a 2a
netlist 45 is ﬁg; rated of the FPSLIC device soft~,,rare. Frori the netlist
95, place and U8 A e generated, and a resulting sinulator post |ayout
47 On the FPSLIC dawe:eﬁté»amnigﬁrﬁ&rmfartdwel%um avor spesthl aheutddyt are
checked for a obl em 48 d lf e wer h | 3~~
can be nade |ng{h SRR ahid® wgrretg(ptrlo %l%bé dg\gl gég%g&%?ggn

at the input 4deah$ Uhmtr erea'\?ereéokm qarg)tﬂrem—s nzi&roerqmthOtlﬁ@rsﬁndl aP6A post

| ayout, ,47) the e l.yi R h LIC
devi cté ~ns Lﬁe\?%g%é%%ﬁg %Q%S%eﬁgﬁbg%h%% thg %g?&?% Esjg%gh QFEE&%
ltl1(:LI;c~C _Slevél SimEldtion. usiimy egwldcdss@n ¢lsyofputier, pc;\bductlwty
s~rnui at ~ng, ; n I i e i.mul r, the
FPSLI C devi ce, enh%%ﬁ?%u?ﬂ%b%%%&f%%%co%}t%lgn%zlt fqé%%g?l%?l trﬁgtértglétl?%% set

sof tware. Mor eC@latr\tlrt@rlﬂarﬂ;Gyftvaam ghnd dvaeldweotde BB liogs wnidt tenirBei csil il at i ng
the FPSLIC devg@@elgp&&g&é%f d&%%mtb%ndf Yo £XRAPL prédgclc@nguage
The high-level code 51 is conpiled by a conpiler 52 as assenb y code.

Al ternatively, tAssenbey code may be witten for the FPSLIC device, and the

process starts wthpfhe @éﬁ@f@gyl§ﬂxg%f%%mo @ﬂ@&%uchb%chq%P§h¥uaﬂﬁoé 54
runs the assenbly code 10 as a sinulation of the FPSLIC device

i nstructions sBtCEPRUMBFOFIRA DU Tt et sleviedi revsder for

peripheral s 62¢rUARTeRON {6p1 afch ©f hesn desiniRd heck ol Nt dik)t hggsof tware.
The outputs and instruction set sinmulator 54 are checked for probl ens 55.

If there were SOPFBBE ebd OV hEAR gt F BBV IdGde Grsbesdéntily SEddeecadnbe

nodi fized, and thecéast s ECt §9be Sigbr$idaH &t e b4 U RO ﬁhombt;ehla%h% wr:@ no
probl ens 55, thegléghe assenblglocode i s out putted as_ object code 56, and

then prograrn ¢ode™527. “Ahe prlolfr & \Codie 31y léieuseefcfltcdeﬁéndf“é)éﬁﬁ‘teé‘tﬁﬁém
FPSLI C devi ce bn 201 saép@@ns 60t dihe m&@d f witihefor RElfudesnver irb¥ings .n
contents fromthe ator-post_la th the register contents. The

| ayo
verification i¥$ %% ?Et tf s Bxant #He" ¢ en‘f p"‘Sﬁ’Loftlt‘r}‘ﬁ? 't 8di9t EETEOEREEFE 61,
peripheral s 62da$1dgthxAFQazfxd postsr GIwas 0251sm{dclaﬁu thgcsiaruhalore ligyeut 47.

rhe overlflc ion s h roces ealizing the FPSLIC in
sili c%n si nce® Fm so‘ffﬁ%?@p#{é\/ <§9f’l\;) Cs‘ﬁnﬁ Vard Re "RafdRar&°LPé¢#er and

si mul ati on ar eoVvenadhedudat esact ilvel )ﬁoxddewnglllab@eamm@rf\emalun ibhese The
skllledlntlre ar di ficati.ons c be made to the

0_various
sof | _ware tool" fa‘ff%‘h’?‘lgﬁ( i &7 6 progr ‘i.:o‘f.llrf‘zi’oIsel yiem %r}é\?éFnﬁéviléesi ofck
tire instant mf/emexonbm LthOLl towepar tilng dse-maft ke 1seonecer oefratihe risc

mveotion, and it is_ intepded that es~= iQn cover, node f i
cat ions and var<f?7a n|t“?1[s1fio c't & Ptlb%b ainc{ dyna§umﬁg 1ﬁdl‘“cé‘lLled1 2hfilf W
eld prdgrammabhensygteny de mrebo i ey idlery, it dlicdeed 1t:filkey came nt hm

the scope of the apP§09F§L15'éé$iCé§"the intellectual property {(L2)
required for system level integration i1s an iihovent part of
the device Additional IP blocks can be added to 'PGA

(logic) part of the design, e g. from the library of



2 ~ JAN 2003 -23 and their equival ents. Z 6 JUN Z003 -24 W CLAIM 1. A

nmet hod for designing a field programmabl e systemlevel inte braUi t
(FPSLIC), conprising the steps of: simulating, pre-I|ayout, qﬁgt?ﬂHP%MB
programabl e 5 system |l evel integrated circuit using co-verification
software; generating, froman inplenentation of logic for the field
programmabl e system | evel integrated circpit 4JIth instruction-set
software, a sinulation post |ayout nodel of 10 the inplenentation for

co-verificat 'Rl%ﬁ%cw?zéb%dm%?gf@m@@i\@oﬁyst e 1 evel 1d e grrtred e cui t;

si mul ati ng, an instruction-set sinmulator ram co out pyt.ti ng
regi ster conténtdationm t ReAFASERHCENBNTE S %%éiééb%?s éiﬁqf grfating

co- Ver'f'Cat%%@toﬁptB%oEb§EQrBrnganmabtgysyééﬁrfem@m@ﬂ fi rire grtet P SEITCC Ui t ;
creating a bit streamfor a field programable g e q35%¥L£FPGA devi ce

part of the Pr&ld- pr@@ﬁénﬁﬁﬁ?ée§9gﬁﬁ 185 eto | PR at e FHUWT ;"0 creating
a program codrsfighed EbCHE@cQ@nbﬁohhel’v@aﬁé @éﬂdédileaipeed:lds pmgﬂmnmbu e system

level integrated circuit; d creatlng fromthe bit stre t ram
code, in a plS§ramfi 8IS g Pn8aLhi £PstPESM TRAtPh Useata gg“?gﬁwﬁbth

the FPGA deviges iakd 1lfn$bE;qurlednlﬁOdBef Doghc RS nbEroreaids o er. 2. 'rhe
met hod i ncl ui ~ing_t

eps outputtim f ~~~are nd v~ rlfylng v~ 1 th
tl:ic~ tr i '~heraqu§§p &t %FSFP anlBIE?%%i8 % %% Befiphera
contents fromdngﬁhmudbmoﬁ@amhemtalﬂyontbhgasedutattb@ PRGA drayd sstete

SonElt e g U085t uithy ROLENCERiELAND deel op PO ' RELHBE NG e

By including a “hard” microcontroller core for the
implementation of control logic, FPSLIC save power draining
logic resources. A “soft” microcontroller core in a large
FPGA requires substantially more logic gates than that

15 consume substantially more power.

Since FPSLIC devices integrate all the required system
blocks FPSLIC eliminates the I/0 ports and capacitive
loading associated with inter-device PCB connections
significantly saving system power.

20 FPSLIC devices include the FPGA clocking tree
structure, which is partitioned into small segments so the
FPSLIC device only drives clocks lines to registers, as
required. The clock partitioning can save 50%+ of the
dynamic power consumption in the FPGA part of the FPSLIC
25 device on a typical design.

The microcomputer 22 in the FPSLIC can be used in
‘burst-mode’ processing. Burst mode processing allows the
AVR to perform the processing in very short periods of time
and then be put into power-down mode for the majority of the

30 time, saving substantial power.

The combination of FPGA and microcontroller in FPSI.IC
devices allows partial reconfiguration of the FPGA core
Thus, a single design to be reconfigured to serve several

purposes, saving both silicon and power



-25 outputting UART contents fromthe instruction-set softwar &ﬁ?ﬂ@ﬂrg@ﬂ
verifying contents fromthe sinmulation post |ayout wi th the ts
4. A system for designing a field programable system | evel integrated

circuit, conprising: ' a software sinulator for sinulating, pre-layout, a
field programmabl e system|evel integrated circuit using coy verification
software; instruction set software for outjputting register contents for the
co-verification of the field programabl e systemlevel integrated circuit;
field programmabl e gal eir?‘fél?' SEPGA) o sofdwans ifiay 3G greaticRgazlbi usstugam
for an FPGA device part, an ?or creating a program code fqr .the

i cro-control Fer gasignt WheCFRSET T LaRP i@ PPEA s wiile HEr Scr eat i ng,

fromthe bit §E5ﬁé§}é@d L hen P 9IF 80 codei ddr BdIrRURMdlidped doeonhiinadls
bit streamthat has data for_ both the FPGA device and,lt h% iSnsItruct ilgn code
for a R SC mi eroeEahippl Pepile cQRBRRlARERNMS st - T A8 %m th:

sai d instruct.gneseh sQitweie £iobhi putprdtd ngopas-iphenals ceonmzemtss thand sai d
verification software for verifying contents fromthe sinulation post

| ayout with tRélperiphefaPPebhtentd. a2y MG\ &h &V S i ncFai m 4,
mth. said i ngbEHELbANwEE e SkTHEAbOEY SOId 58I orpfimuautiputet iang <HART -
contents; and said verification software for verify ng c o! .Lram.t he
simul ati on poSPMA) aydutPHi ?Fla?ﬂ%r‘ﬁ)ARf\llf%d’Hw .‘{eis.lgA] ?Fﬁuﬂr(%%eo#o&%ﬁigni ng a
field progranypabl enhe~yotcen dedifé. JUMAD0Ghe Zhdreyelsdmtitegratled cior aui t
(FPSLIC), conprising the ste of : sjijulatin re-|layout, the field

pr ogridhmabl e %%ﬁgfld‘/’a?r? n‘tggrar‘éi?%dt%‘f r%a'iﬁ"fcgatfscf’n}ucro% eriFi SAETbe. the
sof twar e; genepaLirogdeft 6 adulapbenesat @it onuodd |ogithed dilvt he th elhe GSM

pr ogr ammabl e stemleyel integrated circuit with instructiqn-set sof re,
a post |ayout ?i\égilﬁ{}l' at ?fgﬁsn%a@?dg‘\%et%%tﬁﬁ}) %nert At on to?tocf:)%-hveer”iS |rCat%;{\llgn
of the field prognammabléosyst eimyeweFP$hi@giatisrk dia dad tysesl Maratiamg, w th
an instruction-set _sinulator rogram . code; .out putting register contents
fromthe inst r%ﬁgt%ﬁgﬁgggsg(s)??%ﬁ')gyg;OIPO?Jhieje c%}}?/rle%)i%%acna |r6%g‘of the field
progriEirunabl e systemellégebyEnemgbas egner reh ttock eatiuyy surdpdrist ream for a
field progra I a i ' t fi pr r'%n’mabl e
system | evel %?ggfgggga%?%c%?ﬁ\,gﬁgﬁg g}rg%a %%Ebf%glrrla&mecdfgle&flor&%l "

m cro-control kéanggst ektehelveeldbpabyr avmabd s sirst émtssvedan pnrtagriatied
circuit.

Design Tools

Designing, simulating and debugging an ASIC or ASSP
20 design 1is a daunting task, at best. Designing a very large
FPGA 1s equally as cumbersome. Even when the designer can,
with confidence, drop in a soft-IP core of a
microcontroller, he/she is faced with some serious design
tool challenges. Issues of place and route times, design
25 complexity, interactions between IP from different IP
vendors and design performance are just some of the immense
challenges facing designers of large FPGAs
Unlike large FPGA design tool suites which have not
changed to accommodate the additional challenges associaierl
30 with implementing SL1, the FPSLIC design tools concurient |
are developed with the FPSLIC architecture to ensure a
seamless developmnent environment between Lhe programmable

logice and microcontroller areas of the Lool



8. The method including the steps outputting set software; angﬁﬁmﬁ )éhbhg
with the peripheral as set forth in claim7, further of: peri

contents rominstructioncontents fromthe simulation post |ayout contents.
9. The nethod as set forth in claim7, further including the steps
outputting ! DART contents fromthe instruction-sef_ sof tware; ar;d very
fynmg ~~~ntents fromthe sinulation post IayF7_~t. with tire tl AL<. ° f
contents . 10. A systemfor designing a field prograrcLnable system 2 6
JUN 2003 -27 | eyel inbegiahed ebloditeicoRPEhSENY: T8oB0fdies e simul ator for
sinmul ating, pre-fayout, a tield progranmmabl e system | evel integrated.
circuit using cover FPPA&t PeR ¥6EEhArede8iFRER BEtTon"3% W%B‘Tt(gg?cerlfpo xon
out putting regilghgha%@@tﬁnb@sﬁorshbg ag-vefiiibga%'rovmllom ame fhet dsilmulated
programuabl e system |l evel integrated circuit; an ie r ogr amm
array (FPGA) sdftiRgr 8% BIPLCISéHg‘ilﬁQOé‘bfdtmﬁ’?g%g{?%ieﬁngﬁlcﬁgsdeé\l/rl%glsglaarq@
and fors 10 creaton’g ia phegramacgdagbobrt Aesambip- sondt debleyepartimaf & he
FPSLIC. 11. The system as,set forth_i aim 10, .with: idoin ction-set
software for Olftop%twtairﬁg EHPSREr 8F ggﬁtg% 5?15%1%2%18%/%% )lbatsf}‘ggn sof t war e
for verifying conharhge rometlhéasienuivati dntposatliagotlhes t twe heoperiqgtrer al
contents. 12. The system as set for i lajm 1 Lk i

i nstruction- setmgtoof %évr\llareéwflgronbnﬁtnﬁutt%’?ﬁgH@%Rglrﬁ%o% %?1‘\{9%& %%‘fjaés‘g% product
verification sdfdwsdopreotpaner akgeleericeyi hhecdas baners r ohme hieo shaviedti on
post | gyout W i) g SART CONLER! Bectined SYSHEMLLLLNEESL 0NN 3yt i el d
progr anmabl e system'l evel 1ntegrat ed circui t, conprising: software neans
for sinul ati nganeleslisybetvegnGshe prodrarmrabhe s9Steart evebes ns egf atleal

circuit using c&févsq_rgélf ieall n ,SOf tywarge hggg?Hc%gggeggans for outputting
regi ster contents r thé co-veriftication of the field programuabl e system
| evel integrated ci Aduigtl; hawd skidlivgdpitbgr apkbre gat 8chkraye (FPGYameais Lor

creating a bit éﬁgfgﬂﬂﬂyﬂaévé1%%@%gd%%kc%yeééﬁyDQBQgBQE Co-verification EDA

15 tool suite. The need for hardware/software co-verification

has grown out of the productivity and time-to-profit
obstacles inherent in the conventional design cycle. Up to
half of the typical design project is spent in the
integration and test phase. In reality this is an exercise

20 in correcting the accumulation of errors from the front end
of the design cycle. These errors often reach all the way
back to the specification and partitioning phase, where
ambiguities in the hardware/software interface were
introduced and then amplified during the hardware/software

25 implementation phase. Often, the remedy of these errors is
forced into software due to the long lead times and high
cots of ASIC turns - even though a software fix may mean
compromised performance or functionality in the final
product

30 System Designer seamlessly integrates Atmel’'s FPGA
design tools and a third party hardware (verilog/VHDL)
simulator with 1ls AVR microcontroller instruction simulator
and debugging tools 1In additicn, a co-verification

framework fully synchronizes hardware and software



2 s ~uN zoo3 -28 creating a program code for the m cro-controhler of
the FPSLIC. 14. The systemas set forth in claim13, wth: sa?ose‘"ma%n3
instruction-set software for outputting peripheral contents; and said
verification software for verifying contents fromthe sinulation post
| ayout with the peripheral contents. 15. The systemas set forth in claim
13, with: said instruction-set software for ,outputting UART contents; and
said verification software for verifying coftents fromthe sinulation post
| ayout with the UART, contents. 16. A_Sys . desi,gni kel d
progr anmabl e sEtEHAIVel® it esé)ru%tcgd ag%ér E:ag’lg]te %I%gsﬁléké)gm ggééri sing: software
means for si mdetbigungre-FHeaymetl, salifticepdg oyiegrafitabl é%%%éhﬂ’e?)él the
integrated cirguit usi i sl i.on f hehakASEEHCELONgSEt software
for outputti ng%g?%‘?oe&cagﬁlgﬁ%Sfct%?rlst'hg%gotfl(/ygrli fhiacati on of t%e field
progr anmabl e syistidm liguel Sustteyy desd osiercailt ovri 8Pd 1ERBEF akftaBPetlGt e array
(FPGA) smeans for creal g &did Sid edpdeireaneERGA devhceoppiereand for
creating a programcode for the mcro-controller part of thESFPS ICéagnd_

c , in

sai d FPGA nmeansod brdeiremat i i L fwagi/te e esitrédm 2hd St A pP6gla

a program fil e;ca &onpied-4i topsdinganad haip1kasndatachon shathithe EPGA
device and the instruction code for a RISC mcro-controller 1'7, The system

as set forth iPeelgR MYSLeHHTA RAiAG Rt AFcUGh def P%of t war 89 oF 100

out putting perifhefngdhd &8 Swad devl16phdNt2003 152 88f twgie neans for
verifying contents fromthe sinulation post layoyt with tggilgeri phe

J ra
cont edls. 18. THeuL3G ¥ dSet0 TG 1G7 tHCH A8 F OWERE vers hlgL

i nstruction-sepesod i@ e fas -t Putdd iig MR ctenterhE;, odnd Sakdrete
verification software for verifying contents fromthe si rru}?zti on gost

| ayout with the° UARIOR ont'sht S A Sethcd Far o-Werrfyithg SR2Rafduare tvare
simul ation of andigdeproos amapdl @nsatsd a8 v @ladantiegr acedvéiciesi, t rehBSLLE)

and a software _simul ati on of the field-programmble-systeml.evel . integrated
circuit, conprf&f n@ogﬂéag‘f e O%fghesicrﬁﬂkgﬁaﬂg B a,ﬁa\%a,fgggcﬁﬁgut&edg\}%e;
gener atsi ng, frem haedwdnal @it o ype hatawariensa resulltdhar fpost ihayouttabnt he

FPSLI C device; sinmulating, with an instruction-set sinulator, in software
the FPSLIC devftef*®"

The FPGA design software in System Designer is based on
Atmel s IDS tools. It includes Macro Generators,
HDLPlanner™ push button automatic place and route, floor
20 planning, timing driven design, both static and interactive
timing analysis, bitstream utilities, incremental design
change capability, architecture mapping, back annotation, an
interactive layout editor and a library manager.
System Designer comes with push button macro generators
25 that facilitate the design of fully parameterizable hard or
soft intellectual property (IP) cores for the FPSLIC FPGA

array. The macro generator calculates power consumption,

area and pitch of the macros All Atmel macros are
optimized for the AT40K architecture. More than fifty mac:o
30 generators are availlable i1n System Designer that can be used

to create [(ully parameterized 1P cores of virtually any
complexity. The macro generators include-: adders, FIFOs,
counters, comparators, decoders, flip flops, latches, RAMs,

CRC, integer dividers, linear feedback shift registers,



outputting register contents fromthe instructionset softvvarz frﬂ oédﬂﬁ
simulation in software; and verifying contents fromthe sinul {501J 81

| ayout with the register contents. 2 6 JUN 2003 19. A nethod for
designing a field programable systemlevel integrated circuit (FPSLIC),
conprising the steps of: sinulating , pre-layout, the field programmable
systemlevel integrated circuit using co- v§§| ficatlorr software;
generating, a sinulation post [ayout nodel of the inplenentation for

Ol 90 oR) Lng abebdbLagi amBblec oY St SR LRYEL 41U ea@t e i cul |
si mul ati ng progiram Co e; utting register contents fromthe instruction

set software, nudtipheecs- v@ﬂkﬁﬁcaﬂﬁ@ﬁtb@nth%hﬁ‘éfl?ﬁsprwsdmﬁﬂ?‘éras‘ifﬁré”m

| evel integrat g% Rl ClicLie CLRAT LB Aol L pALEEARUAGE idhd [ ek s ogr ammabl e
gate array (F device part of the field programmabl e system | evel

i ntegrated ci perpmeterdgedndoa ]dpéér‘ahﬁiébdep‘?‘é‘?raoﬁ?n TFR M r'of3ds-

the field programmblesystegmlevel integrated circuit; and creating, from
t he blée streamaarqgﬁt he programk/code in a programfile, a conbined-bit

stream that has daSxstem PeshopRE  EPEACHRvISRSERECT hstFRict P oRedde For a
RI SC ni cro- confnal lefm 2@nuEheomehBodeasgset AOE&Noh Ty Chaim 1fha fartherco

create the desired functionality. Once the macro generator
is invoked, a dialog box lets the designer specify any
10 parameters that are appropriate to the macro.

Designers can also download from Atmel‘'s WWW site
detaills of complex IP cores, such as FIR filters, IIR
filters, convolvers and other functions that are available
for free from Atmel's growing library of FPGA intellectual

15 property.

Atmel’s HDLPlanner tool automates the development of
FPGA VHDL or Verilog descriptions by automatically
generating syntactically correct Verilog or VHDL code.
HDLPlanner can generate HDL descriptions from macros

20 developed with System Designer’'s macro generator tools. Any
design done using HDL—Planner is completely device and
technology independent and can be synthesized, using
industry standard synthesis—tools, for implementation in any
ASIC or FPGA. HDL—Planner automatically instantiates

25 components that are optimized for Atmel FPGAs. The
instantiated components are completely transparent to the
user. Although they are architecturally optimized for the
AT40K FPGA logic, instantiated components have no affect on
the technology independence of the HDL designs.

30 FPSLIC Firmware Design and Debugging

Atmel s AVR software design environment 1s an integral
part of the 3ystem Designer EDA Tool Suite It enables tLhe
development, execution and debugging of AVR programs using a

buirit-in 1nstruction set simulator.



- 30 2 6 JUN 2003 including the steps of: outputting peri pherZIﬁqumggﬂas
frominstruction set software; and verifying contents fromthe sinulation
post | ayout with the peripheral contents. 21. The nmethod as set forth in
claim19, further including the steps of: outputting UART contents fromthe
I nstruction-set software; and verifying contents fromthe sinulation post

| ayout with the UART contents. 22. A systqryof_or designing a field
programuabl e system | evel integrated circuit, conprising: a software

simulator for sinulatin re-|la .Olléte{s q f"is%lfu RMOgY AnERbl€e 8y shemp 84 ehn

integrated circuit Mt g o ViU cati Sn Ssoftware; instruction set software
for outputtingsdgisidra qouitrents frort tiee kso-ther ichideariigiesf LivhBetPel d

programmabl e system | evel int LJ GiH tg ficeledh BT QesammBbhe ag8lgg@ngay
(FPGA) sof t war X?%‘ft%cr;efﬁtf n%asggags{aergkterce am for an FPGA device part of ihe

FPSLI C, and forherdasiony. a Pregg amadode Momdoms Hheto- CaRPrEN| éPepHpt usT
the FP§L|C; angf defined symbols, including instance variables in a C-

program; display the contents of all 32 of the AVR[s
registers; report messages 1lssued by AVR Studio; allow the
user the to view and modify the contents of all AVR memory
resources; show the address of the next instruction to be

10 executed, the value of the stack; pointer, and the number of
clock cycles that have elapsed since the last reset; show
the status of peripheral devices; display information about
any AVR timer/counters; show the three I/0 registers on each
of the AVR ports; show the status of on-chip peripherals

15 (UARTs, SPI).

FPSLIC Co-verification routines allow the HDL simulator
and the AVR instruction set simulation to run simultaneously
and interactively. Since the hardware and software are
designed and debugged together, the likelihood of getting a

20 design that works the first time is greatly increased.
Total system development time can be cut by 10% to 90% The
FPSLIC System Designer software suite is unique in its
completeness and ability to accelerate time to market.

The FPSLICs EDA environment is based on a systems

25 approach to design methodology, including co-verification
of the hardware and software.

FIG. 2 broadly shows co-verification 30 of a hardware
flow and simulation 31 and software flow and simulation 32
The hardware flow and simulation i1s a hardware

30 implementation of the FPSLIC device 20. The software f{low
and simulation 1is a software implementation on the FDPSI.1C
device 20 or a processor or computer. The sofltware
implementation 32, however, typically 1s a pure sofiware
implementation of the FPSLIC device 20 on Lhe I'PSLIiC devio-

35 The co-verification 30 the software {low and simulatio:



-31 Z fi JUN 2003 said FPGA software for creating, fromthib@“ﬂmﬁltzg@m
and the program code a conbi ned-bit streamthat has data for t PGA
device and the instruction code for a RISC micro-controller. 23. The system
as set forth in claim?22, with: said instruction-set software for
outputting peripheral contents; and said verification software for
verifying contents fromthe sinulation post,]ayout wth the peripheral
contents. 24. The systemas set forth in claim?22, with: said

instruction-set,simlatgrl h%%@v%@%ef&% QUEPYt Li, gt USRT3 cont ephs; hangt saf d
,aerlfication softmare or Veri contents fr mt he S|nuI$?é?§np9§ is

| ayout with théhQARTeé§ﬁﬁeHP§en250“A mephbyaF&r £48¥i gRfng 4"
progranmabl e systgahewehiilabeer abedwaiecui theFESLYEY i fcoapibsi BY shepsteps

o oo U200, XLt PLogtamERLe B em e koL sar it
si mul atg on nodelesébnaanidnphensotfaveor E@decgfvéh?fFB&PE@ndéﬁlgﬁelﬂl@FG
progrannable 5%%5%@%%?%%%1&%%%&%@PedI@'%BHbEhlng in the FPSLIC dev1c§ 20
changes during a design, a modification can be maée in the
software flow and simulation 32.
In the exemplary arrangement shown in FIG. 3, a method
10 for co-verifying a hardware simulation of a field-
programmable-gate array and a software simulation of the
field-programmable-gate array, is provided. The method
comprises the steps of simulating, in hardware, a FPSLIC
device.
15 More particularly, FPSLIC software for running the
FPSLIC device is inputted 41 to the FPSLIC device. The
FPSLIC software is a simulation of the application for which
the device will be used. The FPSLIC device software 1s run
as a simulation 42. If there were a problem with the
20 simulation 43, then the FPSLIC device software can be
modified or altered, re-inputted 41 and the simulation 412
run again.

If there were no problem with the FPSLIC device
software, then a synthesis 44, and from the synthesis, a

25 netlist 45 is generated of the FPSLIC device software. From
the netlist 45, place and route 46 are generated, and a
resulting simulator post layout 47 On the FPSLIC device,
the contents of the simulator post layout 47 are checked for
a problem 48, and if there were a problem, then alterations

30 can be made in the place and route 46 or to the FPSLIC
device soltware at the input 41.

If there were no problems 48 with the simulator post
layout 47, then a bit stream can be generated ‘or
1mplementing the FPSLIC device 1n si1licon 60

3 In software, the method separately includes the steps,

using a processor or computer, of simulating, with an



-32 2 ~ JUN 2003 sinmulating, with an instruction-set sinul ] am
code; outputting register cogt ents fromthe instruction set 2m&ﬁ<@ﬂéf or
the co-verification of the field programmble system | evel integrated
circuit; creating a bit streamfor a field programmbl e gate array (FPGA)
device part of the field programmable system|evel integrated circuit; and
creating a programcode for a nicro-contgg*jer part of the field

programuabl e system | evel integrated circlit. 26. The nmethod as set forth

in claim?25, further.includingt epsy, of & PUbLY NGe PeshPhsE 8bu oM@t s
fron1instrucf?ﬁﬁrggglggf?ﬁgr%?mﬁngtééfi???ngpggatentg frgn1the s?ﬁulation

post |ayout weghsthe penkphesafre®ntBat s2svruchhanpeehot B5W3Et forthtin
claim25, fuptber | ngluging hhghstepsiotoqeuspuisingi UART tontenhsléirongthe

ot oot Oh e DRRr BofeuARe. VohhDYhign SR8V ER! SohL oAy e 51 FUL ALLAR, POS!
5 C language. The high-level code 51 is compiled by a
compiler 52 as assembly code. Alternatively, Assembly code
may be written for the FPSLIC device, and the proceés starts
with the assembly code 53.
The instruction set simulator 54 runs the assembly code
10 as a simulation of the FPSLIC device. The instructions set
simulator can output contents for registers 61, peripherals

62, UART ports, and other desired check points in the

software. The outputs and instruction set simulator 54 are
checked for problems 55. If there were a problem, the high-
15 level code or assembly code can be modified, and the

instruction-set simulator %4 run again.

If there were no problems 55, then the assembly code is
outputted as object code 56, and then program code 57. The
program code 57 1s used to manufacture the FPSLIC device 1n

20 silicon 60.

The method further includes verifying contents from the
simulator-post layout with the register contents. The
verification is depicted as examine content 50 of the
register counters 61, peripherals 62 and UART ports 63, as

25 well as the simulator layout 47. The co-verification speeds
up the process to realizing the FPSLIC in silicon, since the
software flow and simulation and the hardware f{low and
simulation are verified interactively.

It will be apparent to those skilled in the art tha:

30 various modifications can be made to the soflware tool f{o:
allowing field programmable system level devices of Lhe
instanl invention without departing from the scope or spiii’
of the i1nvention, and it is intended that the presaont

invention cover modifications and variations of the sof:gar

U

3! tool for allowing field programmable system level devicar,

{

provided they come within the scope of the appended claim.



-33 ~ s uurr 2at~ 28. A systemfor designing a field progr Le system
| evel integrated circuit, conprising: a software sinulator ngpgaNMHM§ing,

pre-layout, a field programmable system|evel integrated circuit using co
verification software; an instruction-set sinulator for sinulating program
code and for outputting register contents for co verification of the field
programmabl e system |l evel integrated circuit; and field programmabl e gate
array (FPGA) software for creating &3bit streamfor an FPGA device part of
the FPLSIC, and for creating a program code for the mcro-controller part
of the ERSLIK:i2%qdheabystem as set forth in claim28, with: said
instruction-set simulator for outputting peripheral contents; and said
verification software for verifying contents fromthe sinulation post

| ayout with the peripheral contents. 30. The systemas set forth in claim
28, with: said instruction-set sinmulator for outputting DART contents; and
said verification software conputer for verifying



|

contents fromthe sinulation post |ayout with the UART -34 ~ 5 JUN 2003
contents. 31. A systemfor designing a field programmabl e sysngg &0
integrated circuit, conprising: software nmeans for sinulating, gut
a field progr amebl e system |l evel integrated circuit using coverification
software; Instruction nmeans for sinulating programcode and for outputting
regi ster contents for co-verification of the field programmable system

| evel integrated circuit; and field progra bl e gate array (FPGA) neans
for creating %\,EblctLAsLtN{eamfor an FPGA device part of the FPSLIC, and for
creating a programcode for the micro-controller part of the FPSLIC 32.
The system as set flort B ietdiosi hog1 dewigningapd fifdey REPIEATHERAS Fyptem

outputting periRRAr al, (EHRRS (c 137ch 1\er(rfpisealton O%Q\fptr\&/%riﬂgf QheVekibyi BY
contents fromthe simulation pgst |ay ou%L W th thFl ptef ggeral cont egg 33.
The system as set fort hSitRUPERE31PERI LAY 8% d SfRstr BhOHEARE2PoF

out put¢i ng DARE scemt arfvel dmd edefatfddc atiiren isofutsdaige coerevertiityicigncont ent s
fromthe sinmul attJ on rpost | ayout with the DART contents. -35 ~ 6 JUN 20i
34. A system 01 §&¢i%ning a field programmbl e system | evel integrated
circuit (FPSLI C) conpr igsinega tgolt wdremmeangrbdensitaltarnngf preikagout, a

field programmp & ;syst %Pdger\é%lmamteegs@%tt%% QiU b NiSiyRg e c\i%uflltcaﬁltgn
softvvare i nstructl on set software for si rrul ati ng program code and

out put ting rediSteMEIMERE POt (W@ LFer i ISCRYIGT 26 PRE Y LEva S B‘QFiﬁllmﬁlgl e

system! evel the implementation for co-verification of the field
programmable system level integrated circuit;
simulating, with an instruction-set simulator,
program code;
outputting register contents from the instruction-

15 set software, for the co-verification of the field

programmable system level integrated circuit;

creating a bit stream for a field programmable
gate array (FPGA) device part of the field programmable
system level integrated circuit;

20 creating a program code for a micro-controller
part of the field programmable system level integrated
circuit; and

creating, from the bit stream and the program
code, in a program file, a combined-bit stream that has data

25 for both the FPGA device and instruction code for a RISC

micro-controller.

2. The method as set forth in claim 1, further
including the steps of:
outputting peripheral contents from instructior-
set software, and
verifying contents from the simulation post layout

with the peripheral contents.

3 The method as set forth in claim 1, {urther

including the steps of:



integrated circuit; field programmable gate array (FPGA) neans for creating
a bit streamfor an FPGA device part, and for creating a progggm ﬂdgqu:_]
the mcro-controller part of the FPSLIC, and said FPGA neans ng,
fromthe bit stream and the programcode, in a programfile, a conbined-bit
stream that has data for both the FPGA device and the instruction code for
a RISC mcro-controller. 35. The systemas .set forth in claim34, wth:
said instruction-set software for outputting peripheral contents; and

sof tvare means for veri fyjng, contenssuf ramide simlatinn lmrd@m th

t he peripheral contents systemas set forth in claim34, wt
2 6 JUN 2003 setpftwaser i@t on-set software for outputting UART contents

and said verification SQféMﬁlrt@rcM%éﬁws g SO NIBNLSS] rfunon itdie pismullaticon
post |ayout with the} DART contents. -37

A A FR A AL. ABV-IVEYE UORT S089E0 A  Aa A L AR ANy Al Tl e A
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a]ca]ca]ca]ca]ca]c ch ca] calJca] cal| ca] ca] c”
level integrated cilrcuit, comprising:
a software simulator for simulating, pre-layout, a
field programmable system level integrated circuit using co-
5 verification software;
instruction set software for outputting register
contents for the co-verification of the field programmable
system level integrated circuit;
field programmable gate array (FPGA) software for
10 creating a bit stream for an FPGA device part, and for
creating a program code for the micro-controller part of
the FPSLIC; and
said FPGA software for creating, from the bit
stream and the program code, in a program file, a combined-
15 bit stream that has data for both the FPGA device and the

instruction code for a RISC micro-controller.

5. The system as set forth in claim 4, with:
sald instruction-set software for outputting
peripheral contents; and
said verification software for verifying contents
from the simulation post layout with the peripheral

contents.

6. The system as set forth in claim 4, with.
said instruction-set simulator] software for
outputting UART contents; and
said verification software for verifyling contents

from the simulation post layout with the UART contents,

7. A method for designing a field programmable systemn
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10. A system for designing a field programmable system
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5

instruction set software for outputting register
contents for the co-verification of the field programmable
system level integrated circuit; and
field programmable gate array (FPGA) software for
creating a bit stream for an FPGA device part, and for
10 creating a program code for the micro-controller part of
the FPSLIC.

11. The system as set forth in claim 10, with:
said instruction-set software for outputting
peripheral contents; and
said verification software for verifying contents

from the simulation post layout with the peripheral

contents.

12. The system as set forth in claim 10, with:
salid instruction-set software for ocutputting UART
contents; and
said verification software computer for verifying

contents from the simulation post layout with the UART
contents.

13. A system for designing a field programmable system

level i1ntegrated circuit, comprising:

software means for simulating, pre-layout, a field
programmable system level integrated circuit using co-
verification software;

instruction means for outputting register contents
for the co-verification of the field programmable system
level lLntegrated circuilt; and

field programmable gate array (FPGA) means f[or

creating a bit stream for an FPGA device part, and for
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said verification software for verifying contents
from the simulation post layout with the peripheral

contents.

15. The system as set forth in claim 13, with:
sald instruction-set software for outputting UART
contents; and
said verification software for verifying contents

from the simulation post layout with the UART contents.

16. A system for designing a field programmable system

level integrated circuit (FPSLIC), comprising:

software means for simulating, pre-layout, a field
programmable system level integrated circuit using co-
verification software;

instruction set software for outputting register
contents for the co-verification of the field programmable
system level integrated circuit;

field programmable gate array (FPGA) means for
creating a bit stream for an FPGA device part, and for
creating a program code for the micro-controller part of
the FPSLIC; and

said FPGA means for creating, from the bit stream
and .the program code, in a program file, a combined-bit
stream that has data for both the FPGA device and the

instruction code for a RISC micro-controller

17. The system as set forth in claim 16, with:
said instruction-set software for outputting

peripheral contents; and
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method for co-verifying a hardware simulation of a field-
programmable-system-level integrated circuit (FPSLIC) and a
software simulation of the field-programmable-system-level
integrated circuit, comprising the steps of:
simulating in hardware a FPSLIC device;
generating, from the simulation in hardware, a
simulator-post layout of the FPSLIC device;
simulating, with an instruction-set simulator, 1n
software the FPSLIC device;
outputting register contents from the instruction-
set software, from the simulation in scoftware; and
verifying contents from the simulator-port layout

with the register contents.
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outputting register contents from the instruction-
set software, for the co-verification of the field
programmable system level integrated circuit;

creating a bit stream for a field programmable
gate array (FPGA) device part of the field programmable
system level integrated circuit;

creating a program code for a micro-controller
part of the field programmable system level integrated
circuit; and

creating, from the bit stream and the program
code, in a program file, a combined-bit stream that has data
for both the FPGA device and instruction code for a RISC

micro-controller.

20. The method as set forth in claim 19, further
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21. The method as set forth in claim 19, further
including the steps of:
outputting UART contents from the instruction-set
software; and
verifying contents from the simulation post layout

with the UART contents.

22. A system for designing a field programmable system
level integrated circuit, comprising:

a software simulator for simulating, pre-layout, a
field programmable system level integrated circuit using co-
verification software;

instruction set software for outputting register
contents for the co-verification of the field programmable
system level integrated circuit;

field programmable gate array (FPGA) software for
creating a bit stream for an FPGA device part of the FPSLIC,
and for creating a program code for the micro-controller

part of the FPSLIC; and
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23. The system as set forth in claim 22, with:
said instruction-set software for outputting
peripheral contents; and
said verification software for verifying contents
from the simulation post layout with the peripheral

contents.

24. The system as set forth in claim 22, with:
said instruction-set simulator] software for
outputting UART contents; and
sald verification software for verifying contents

from the simulation post layout with the UART contents.

25. A method for designing a field programmable system
level integrated circuit (FPSLIC), comprising the steps of:
simulating, pre-layout, the field programmable
system level integrated circuit using co-verification
software;
generating, post layout, a simulation model of an
implementation for co-verification of the field programmable

system level integrated circuit;
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outputting register contents from the instruction-
set simulator, for the co-verification of the field
programmable system level integrated circuit;
creating a bit stream for a field programmable gate
array (FPGA) device part of the field programmable system
level integrated circuit; and
creating a program code for a micro-controller

part of the field programmable system level integrated

circuit.

26. The method as set forth in claim 25, further
including the steps of:
outputting peripheral contents from instruction-
set software; and
verifying contents from the simulation post layout

with the peripheral contents.

27. The method as set forth in claim 25, further
including the steps of:
outputting UART contents from the instruction-set
software; and
verifying contents from the simulation post layout

with the UART contents.
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level integrated circuilt, comprising:

a software simulator for simulating, pre-layout, a
field programmable system level integrated circuit using co-
verification software;

an instruction-set simulator for simulating
program code and for outputting register contents for co-
verification of the field programmable system level
integrated circuit; and

field programmable gate array (FPGA) software for
creating a bit stream for an FPGA device part of the FPLSIC,

and for creating a program code for the micro-controller

part of the FPSLIC.

29. The system as set forth in claim 28, with:
said instruction-set simulator for outputting
peripheral contents; and
gsaid verification software for verifying contents
from the simulation post layout with the peripheral

contents.

30. The system as set forth in claim 28, with:
said instruction-set simulator for outputting UART
contents; and
gsaid verification software computer for verifying

contents from the simulation post layout with the UART
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31. A system for designing a field programmable system
level integrated circuit, comprising:
software means for simulating, pre-layout, a field
programmable system level integrated circuit using co-
verification software;
instruction means for simulating program code and
for outputting register contents for co-verification of the
field programmable system level integrated circuit; and
field programmable gate array (FPGA) means for
creating a bit stream for an FPCGA device part of the FPSLIC,

and for creating a program code for the micro-controller

part of the FPSLIC.

32. The system as set forth in claim 31, with:
said instruction means for outputting peripheral
contents; and
verification software for verifying contents from

the simulation post layout with the peripheral contents.

33. The system as set forth in claim 31, with:
said instruction means for outputting UART
contents; and
verification software for verifying contents from

the simulation post layout with the UART contents.

~35-



10% 10 10 10; 10%&' ()-s510%& () - &&3310%&' () - FIF109%&' () - &/ 109 () -[i 6MIEYNC
10% " L10%&' ()-s !'109%& ()-F10%& ()-  10%& ()-9310% ()-, #10% B)J 2003 EYNC
10% s! 109%&' () - &10%&' ()-s, 109%& ()- L10%& ()- |, 10%& ()-MLO%& ()-nlcdEYNC
10% & 10%&' ()- & 109& ()-&L$Z10%' ()-LI"gl0%& ()-  10%&k ()-s@
109 () - cCaBYNC
10&510%&' () -s93Y10%&' ()-!F1Y109%&' ()-Ly/ glOo%& ()-s+10%&' ()-) 10%&' ()-Czb@
1's "10%5& ()-9g, 109%6& ()-#10%& ()-Y 10 10 10;
109%&' ()-s610% ()-vOMIBb@ 9) M 10%b5&' () -! 9L 109%B5& ()-!9LS$
109 ()-!'Ls!10%%5& ()-!Ls!109%5& ()-! s "10%%5& ()-g~{\=!
10% & () - @10 ( - 4ystem for designing a field programmable system
level integrated circuit (FPSLIC), comprising:
software means for simulating, pre-layout, a field
programmable system level integrated circuit using co-
verification software;
instruction set software for simulating program
code and for outputting register contents for co-
verification of the field programmable system level
integrated circuit;
field programmable gate array (FPGA) means for
creating a bit stream for an FPGA device part, and for
creating a program code for the micro-controller part of
the FPSLIC; and
said FPGA means for creating, from the bit stream
and the program code, in a program file, a combined-bit

stream that has data for both the FPGA device and the

instruction code for a RISC micro-controller.

35. The gystem as set forth in claim 34, with:
sai1d instruction-set software for outputting
peripheral contents; and
software means for verifying contents from the

simulation post layout with the peripheral contents.

36. The system as set forth in claim 34, with:
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