
; !e3el;l445T7z8:60;T;j2 6 JUN 2003 SOFTWARE TOOL TO ALLOW FILED
PROGRAMMABLE SYSTEM LEVEL DEVICE  1 J. ,5 20 25 30 BACKGROUND OF THE
INVENTION This invention relates filed programmable system level integrated
circuits (FPSLIC)and more particularly to a  method and system for
co-vertyying a hardware simulation and  a software simulation of a FPSLIC
device  DESCRIPTION OF THE RELEVANT ART  System level integration (SLI)is
rapidly becoming the preferred way to implement electronic design
Integrating all the system functionality in a system-level integrated
circuit (IC)increase performance reduces power comsumption cut unit
oriduction costas and allows smaller  products These are particlarly
important benefits in telecommunication multimedia and networking
applications A "system" consists of three main buliding blocks :a
processor memory and logic Usually the processor is used  for control flow
logic the memory is used for program and data storage and the logic is used
for datapath logic A  



true system-level solution must contain all three elements The ASIC
solution Until now system level integration has been implemented in
cell-based or masked application specific integrated circuits (ASIC)because
these were the only  solution available with sufficient density to handle
system level designs  Unfortunately ASICs have high non-recurring
engineering (NRE) cost long lead time and significant  minimum order
quantities As a result system level ASIC implementations have been
accessible only to the highest  volume designs with relatively long product
life cycles Minimum volume requirement for system-level ASIC devices
currently are often more than $500k per design per year Designs with short
product life cycles low to medium    2 6 JUN 2003 -2 volumes, time to
market pressures or rapidly evol-;ing standards can not aT=ors the lengthy
cevelopment cycle, risk a and :-ii ch IVRE c"arges associated with an ..SIC
soluti on. Even when. the volume,~aollar criteria are met for an 5 :SIC
solution, ar_y change in the desiar_ to correct an error cr ,~.mnroVe it
leaves the Bevel open wit~~ a 1 arge it?lentory of possibly useless parts
ar_~d another le_^_g~hy AS~C design cycle. This is particu_arly problematic
for rapicly evolvi ng designs such as t:nose i n teleco:rTnur_~cat i ons ,
10 ne~..wo=long and multimedia. For trese ar_d other designs a programmable
solution is preTerable because the design can be charged at will both
during development and in the field. P.SIC soluti ons are not an option for
these deSlgT?S . substantial r_umber cr these rapidly evolving desig::s 15
are implemented in a combination of procra.~r~mable logic, discrete
standard products (microcontrollers, memories) and Ap~licat;on Snec-fic
St.ndard Products ( ASSPS), such as T1 Lnterface, ~`r'rI, 10/100 Ph'~', and
Video/~udio Cosecs. Al though th? S aL7T~?'~GaC:1 Offer s the f 1 exi bi l
ity to evolve 20 designs rapidly it does not offe- the perfor:narce,
pO~.~~e=, space and reliability advantages of a monolithic system 



1 eVel lnteg=ateC1 C1'_'CU' t . .'-~~ Sl?'?gle_C~i O, T~?"OgramT^~c.bl a
solution is clea~ly the pYefewable alte~~ative. _M.ul t 1D1 ~?
At~O='OaCC?eS t0 p2'OUrammabl a SVS tc:Tl Level ! .^.~ tQI"G t i On 25
Field progra.Tnmable gate array (FPG~_) and other IC vendors have developed
a variety or approaches to providing prmgrarnmabl a system level i ntegrati
or_. These incl ~.:ce "pure pray" h-gn- censi ty FPGAs a:.d hybrid devices
that co_nbi:~e both F?G~ and fired log=c functionality. 30 Th2 mOStly
wlCely promoted meaaS O= aCh_eViI:C L7?"OC?"a.'~lma'1J1 ~' SI:I today as a
~=~ ln.~C' S V 1= ~O_t~ and a! Cra' S ~puY~ FPG~ families that boast as
many as a million gates.   2 6 JUN 20D3 -3 Flthough industry analysts
believe these gate counts may be s`~bstant~_al_v overstated, these devices
are s:.ill _arge enough to suppor~ system level integration c~ des-c~.s
thamight otherwise ao into a masked- or cell-based ~?S=C. :FGas 5 no~,r
compete =.~it~. masked-ASICs in terms of born density, and i=: the case of
le~.a der_sity FPGAs, price. :-?y;: aens;,ty FPG~s are bElng D~ OYJOScd ~S
a p'_"OgI-cmma~ 1 e, S? I'`_CIl~-Chlp SO~ utlOn f Or SKIS tE'_'.Cl 1 eV~l l
ntegrat l On . Al thOUgh the ~: OC~?'c_T~'CIaC~=! 1 ~V O~ the large FaG~_S
1S Very attraCtlV2, they hGVE SOm2 10 significant dra`.vbaCks: Although
deep sub-micron process techr_c~oaies have reduced the prices of low and
medium densit_J FPG~. so that in many cases :PGA p-ices are on a par with
those of ~ST_Cs, rlCh Qate COUnt CcVICeS cre a%tLrealely e:C~e:"=Si'Je. FOr
15 example, Xilinx.'s million gate Vertex XCV1000 device currently sells
for $a,298.00 each. The extremel_.r high ~=ices of these CeVICeS limits
their use to ~.ST_C prototypina ar_d producLi o_^_ _u~!s of a handful of
Very hi g~_ pri ced products. U.7:-Ien one considers that a masked-~S=C
o,-____ 20 comparabl a Ce"_S1 t`J COSt aDOUt $50, t.'?eSe la_C~,e ^ ~G~_s
arm GLit O. reaC_n rOr mOSL VOlume deslCl?1S/aDpllC~~lOC:S. Ill ti_OtlCLf1
F PCa deV1 CeS Carl Cut the ASIC CeVelGCmen~ cycle in half, the complexity
of large rPG~s mandates a sicnificant design and development process for
system level 25 deSlClnS. TOdaV ~tlme-t0-market' 1S the d'_~=2renCe
bet`rJeen success and failure of a product. Designing a million gates of
FPG? logic takes a great deal of time. __~quently intellectual property
(I?) cores are used to rec'ace the deSlgu_ CyCI a . ~:OLJeVer,
1?'lt.e-rr.=c~-1nQ VenCO?" Sa1DC11eC1 SOf ~. TD ''':~O a d2SlCI'_1 1S 1n
ltSc1 L OfW'_'1 a CL1IP.L:erSC'_'.lO and t1mCOI=SUmlnC TJrOCeSS . Simulati
on is another problem wi th 1 arse F PG:.s . I~~L s-mulaLi one _aYe notori
ousl~J slow for simu;ati~Ia farce designs, esoeciallv ones using complex
soft T_P cores.   2 s ~uN Zoo3 Simulating a one million gate FPG~? design
can take so long that many designers sim~:late less thorouchly t'=an
d`sirable or not at all. The result is that these designs are more likely
to have undiscovered bugs teat e:ctena the S debug cycle, further delaying
product intreduct_or_s. Tris problem is further amplified if a
microcOnt-oiler soft I? core is being used in a large FPGr. deslcn
COi.~!`?'=t10`:61 T"TCLJ design. I'LeL.~"!OCOlOgICS c=a :.O t G'i? 1 ~ aN!
c t0 the CIeSlgre- In t:=a lc.'_~GJ'e F~Ga based design ~ ~O~,J. 



10 Trpicall yr, mi crocontrol l er designers have code aevel onment and
debugging tools that are used to debug the micrccode. lrese tools are often
not available for soft I? cores used on a large FPGP., so code development
and debugging a= p=ODl ematlC if nOt lmpOSS1'Dle. Fur t!lerl:lOrc,
beC._'^..~,=Se C ~ tnc 15 lack of code development and debugging tools
available for processor cores, the integration and debug of t:~e
microcontroller portion of a these desiar_s is e:{tremelv difficult.
Similar arguments can easily be mace for tim~.na analysis on syste:rl- 1
evel FPG?: designs. r, C1^e SOlut10i1 t0 ti:e CO:IlDIe:~C;ty O' d2Slgning
S_JStemeVel : PG~.S 1 S t0 uS2 "drop-ln" SOf t lnt~l 1 eCti:a_
D=COC'?.-~.~,' corps . rlemory, logi a and a limi ted number of ~.rocesso;
IP cores can be purc:'lased f-om thi rd pa; ty vendors arid c=cpped into
large FPGAs. I:owever, soft IP cores are eXper_sive, 25 difficult to
integrate in the design, and tend to be silico:l inefficient. The
difficulty or integrating ID cores _rom ~ltfE're:'1'. 1.i'11=d-party
VcnClOrS Can SlCnlLiCa:ltly e:~Lend the product development CVClZ. F^r
eXample, a11 a05 COIc i0~ t.r'_C X11 11PX Vl.rteX, SllpDl 1 ed by DCl pPi n
i 1. ~ra::C=, COs ~ S CVer $1,0,0C0 to licensa and uses 1010 CL~s or 15.4s
o. a zCVl00Q. ?::- a '! i st price of S4) 28 for eac:z XC`J1000, the
silico:~ cost. O~ tl': U051 COre 1S $70=~ , e:{CluCli_g t'?e COSt C. ~.^e
CO'_"e ltSeli. "The Flip-8051 core forms the heart o~ a ~ami~~; o~-_.   2 6
JUN 2003 -s processors that include lower performance optior_s as we=1 as
mi~~rocontroller conricurations that include peripherals such as timers and
serial interlaces. Pricing stars Gs low as ," $-u, ~~~ for an ET~TF LOrmat
LOr UlrteX FPG!~S. ~t!1Er CLeSlg:? 5 fil a formats are GZJai lable. !-:
V:-iDL source-ccce version ~ s available with a test bench at e::tra cost.
March 23, 1999-Xilinx Inc. Trere are acc~.tional design problems associated
with bu~ldina the inter=aces between the various cores and 1C correcting
timir_~g problems. Studies have shown that up to o::e half of the tlrpical
design project is spent in the integration and test phase, which in reality
becomes ar_ eaerCi Se In COrreCtinG the accumulation of errors frO:l1 t!:~
front enQ O~ the QeSlan cyc~e. Tr:eSe prOblmS are magnlfled Zs _Whn mul
tl-Slte, mul t1-enair_eer deve 1 OT7ment teams VJOrk On large FPGa-based
systems. Tre ergo=s often reach all the wa;J bcCk t0 :.re SveCl=lCatlOn
ai.Q Dartltl0nlng phase, W!lere a_TafJlgu;tleS '_n t!:e
t'larQ~.Jare~SCfL'nlarc l~te~face nJe?"e 1=? t r OG~'uC eCl an C~ t:le:l
a:ri01 1 L 1 eC dur i:lg t~'? a lar Cl4Ja?"e ~ S O f ~Wa?"e _:1L71
eme:'ltatlOn p:laS2. ~Lten, the remecy o` these e'_"'_"OrS 1S fOrCe.^.~,
lnt0 SOit;varc~' Clue t0 t}'?~..' lor_c ieac tlmeS Gnd hl.gh COtS C' :.clC
O. lar~'c.'' =PG~ turns - ev2n t~"lOLg~'1 a Software fix may result .n
compromised per~or:;tance or functionality in the final product. 2s
Although FPG.s represent an efficient mear_s of implementing data-oath
functions, control logic is better Spited t0 a CPLD Cr miCrOCOntrOller
arC~'?i teCtlll'2. FPCa implementations of control logic are r_ot sil~cor_
e=fisier_t. r. r Tl'1~~5 1S G~e'~IO:~StrGtc~ ITV tl'?e ~rC=l~t,._~urS._
C.~a^~~S tLlat c:! tra .rigs lmi7 ~ e:ile:lteC '_:1 th~'~ ne:Ct
aer_erwtiOI: larCe F'PCaS . The inclusion of CPL blocks o. logic in these
larger devices c 1 early shows a Weak:~ess it imple_mer_ti ng control flow
logic in current homoae~!eous 1 err ge = PG~_ so 1 utions . The _nclus ion
of CPLD structures helcs control flow ~.-~ the ~l tera aP~'X  



2 6 ,! U N 2003 -6 architecture) however, the CPLD solution is still less
cL~lCle?lt t'_'_^_aii a :T.ICrOCOntrOller at lmpleme:ltlng COnt=Ol ~lcw and
decision making. For examine, a mail sorting system must acauire the 5
V=SUal Cata Gn edC71 pleCe Of mal 1 LSlng a hlCh Sa0`d CcTIC'-^G, Co~Vert
the date from analog to digital, pre-process it to ider~tifv the location
and orientation of the add=ess, process the address pixels to decode the
address and then cue.^.erate maChlne readable code that can be read by the
10 sorting machine. dust identifying the address in the image rec~.~ires an
enor:r.ous amount of data processing because eac:-_ pixel has to be
compared to all the pixels surrouding Since so much of the image is likely
to be irrelevant, it ~:JO'.:1 C pe lnefll C'_=:=t and SLOW t0 prOCeSS the
entl rc lmaCe 15 ~.ait:: a processor . FPGa based DS? algorithms car_ be
used to filter out those po=Lions of the image that are not li'.tely to be
part ef the street address. This process e'~imi^ates most. o= the imace,
_thereby cutting the processing problem to a Tar_aaeable size. FPG~s are
ideal for these types of 2C ope=a:.i ons ar_d can pe=form them
sigr_.ificantly faster t an a DS? processor. A processor, on the other
hand, performs tre alcOri thins for l:r;age extraction, de-SKewlnCr,
rotat-_on a d data interpretation much more efficiently than an FPG. 2S
FPG?.s are inadeauate to these tasks because the amount of co^',ple:c 'deci
sips' making involved (control flo~.e) . They ar= siTiDny too slow at
performing control flow tasks. t I_;.pl ementi ng a processor that is
capabl a o. t!~e tasks ou=iined above usir_g F=GA core cells (L r`.Bs/CLBs)
is G1~'lCLl~t and Very S11'_COn lneL~lClF':?t arc t~':~ef0=2 VerJ c: ~e:';
S1V2. S1i1C0 al 1 SVStemS COntaln bOt=1 datapat^ and CO~tr01 ~lOW l OC=C )
S~iSLe=Tl l eVel 1~'ltcgrat'_Cn 1:'1 a C~?I=er i purpose F PG~ can_~ot ever
be ter ribl y ef f iciest . I n shor t , GT= its own, a general purpose
FDG~. is not a solution.   2 s ~uN zoo3 Power consumption has three
compor_ents: static po'~Jer consumption, dynamic power consucrytion, and
input; output (I/0) or system power consumptior_. Static power ccnsumptior:
is a function of the number o~ tra^sis~ors in tie device ar_d lnCreaSeS
Wit}': t =~' S'~Z2 Of tre F~C~. O'rieVe~, wl th CcreLLl~ deSl gn eve n
large FpGaS Can hav a very ~ O~ri S tat 1 C DG~r72?r CGnS'umptlOn. T}''_e
SeCOnd SOUrCe Of power COnSUmptlGn) dvr:amic power consumption, is
cons~~~red in the I/0 structure. Significant power is dissipated eac^ time
an output switches i0 from or:e logic state to another. Capac_tive loading
on tt~e L7r''_ntcG Cl rCUlt board (PCB) 1S t't!e r2aSOn for tPlS DO'rler
cor.sumntio~ . Reducing the r_umber of pa=is ~.n a svstem th-OUgh
lntegratioP_ Slg^~flCanCly reduCeS thlS aspect Of S';i S tell polder
COnSUmptlOI1 . ~; _T-Ce mOS t ~ a=ge F tT''G~.S Stl1 1 f?able ~ 5 t0
COIIneCt t0 tile hlgh-banQwldth mICrOCO:lt'_"O11 er buS , S'_C:ll~lCa~?t
DOWer 1S COI1SLIITleQ th-OUg:'1 t^1S lnteriaCe. The t:':ird component of
power consumption is dynamic. The comi~inati on of a large r_urnbers o=
co-a cel 1 s fo= design ~mDle~rentatlor_ ar_d the 1:1t2=pal ClOCk
ClStrlbutlOn true 2~ Slgn'_flCc:lCIV COntr=bllt2 t0 pO~nler C0:1SL;
IV~tlOTl. T~L:S the lancer LPG.`-.s that must be uses for S~I aeslcns craw
brODOrt'_OI=ately more power . a?"OG?"c~:ili';la~~e ST T i ~ a 1 urge FPGa
is likely to consume a g-eat ceai ef power. Beca~.:se of the above issues,
j'.:st i:~creasirg the 2S dcr_sity of FPG~s is probably r.ot the most
practical solutior_ to achievir_g programmability with system level
integration. Recently, a handf~:l of fabless IC start-ups have 



developed hvbrid devices that integrate blocks o= prmgrammable logic with a
hard-wired microbrocessor cores. .5 ~~ 'Z'^~e 1nt=OCUCtlOT_'? O- treS2 devl
CeS InQ;CaLeS tt''_e i7ee~ for products that address the SST Needs o_` t=:e
systa:~s architect. These devices are ~.oo specialized to _all into the
Ge:?er31 DL:rDOSe SLT CateQO=~. FO'_" ea'IT1D1 e, Tr=SCe~!C' S   2 s ~uN
2oa~ _8_ confiaurdble G52 LV5 microcontroller is pos~c~c'ned as d rerJl
dCealC?'lt ZJr d SlnCle-Clllp MCL: 4!1t!1 pe~_Orc=d1S t:l,a~t are
procrGm-ned i=~to ar. on-c.^_ip FPGA wit_~ S,OCG to 3G,OG~~. gates. ~_'leSe
CeVICeS prOVlCe emJJedded SVStemS GeSICnOI'S C'~StOIri MCU Cr l.VcW lVeS
w-tnOUt r?dVl:lg t0 Order tf.a iG'J, C~C~] u~? tS CO1?:7eT_lLlOi'1~~ MCU
Vendor reG'Lllre t0 COnS'_G~'e= C?'c tl_^_C( d derlVGtIVC. I=.n Gti r
S111COn Vd~ ie~J Stctrt-LD .S Cr'_d::",cl~0:l S'JSLemS tn,'.^_1C~ 1''_cS
cnY?OU~'lCed d yet t0 Oe lr?t=OCL1COC ~~'_'cC0_^_iJ_CJt.:rc'.J->le ZC~
netWOr'~iC p1"OCESSO='~~ . rl_Zthcuah DrOCIUCt CetcilS 'f'~u-'J` nOt Vet
beer. disclosed, al? indications point to a specialized product teat
addresses speci sic tel ecomi r_ec~,ao=~cira duDllCGtiO^S. C_'1d1T1e~
E.^~T.1 ~lJll 1 TOCLlS OI: t_rle COmple:i CO:T'_;:l-:":'_Ca t=O:1 15 p r
OCeSSlng r2Cll~rme'_'1tS beL.~nlee:l Che phyS 1 Cal lr~te_ ~cC2 ( t'~='IV'I
and tre srr=cc-' zabric preVa!ent In t:'_e COi:V;ge:?Ce OL the L Cc t?
:''_et'niOrrC~T_'?C~' dI:C teleCOm mdr:C~S. SDeCIG~ lZed r DC~, RGS2d L7eV1
CeS : ~Gth ~ L':Ce='lv i _CIln OlOg;. a S ?.C QulCk 1 OgIC hdV a
dI'_rOll-?Cep ~ _ ..._S L.!'i,=t 2G _T~C~Ll~e SDeCIdI;ZcC tunCtlOnS, SuCrl
dS W1. t':OweV=r :':e~ tr';er cc::~~anw has i__^_troduced a true
system-_e`Jel p=oduct, with a p=ocessGr, r.~emory dnc ddtapat! logic. None
o~ these soiuti ons provides t=u1V procra.~~able system level integration,
namely programmable ~oaic, 25 microcontrolla= and memory, caith design
too'_s that support System-level design metl?OClOlOgy. SLR i~!~~`~ OF ^~ ~
T~jvj ~NTION ge_^_e-c',l OIJ]eCt O~ t'12 ?1'1Ve^tiOn _S t0 G_~GvJ
i~rbQr2i',llalc.D~  ~lOQiC users tG CeSlC:'1, 'n11 L : a 52, F ~SLT_'~ _ ~
_ Cc V -CS tha ~ COntaln CCmpl e~C b~ OCkS , SuCi G , ~.,'7L:t :10t
l~^::itec to, microprocessors such as aVR, ~~.`~t and 801 , e^':beaded
memory blocks such ds R`-.bls, RC'~Is anc FOP ~C:ns, 1:':Ler`dC
ClrC~.1'_tr~J SuCl dS S~=., U.~~.~, D1.-`1 G='?C _ `1.., d_'?d FaSLIC
de<r~.ces sLC:; as aTsG?~.  



2 6 J U N 2003 _9 Another object of the invention is a software tool which
acts as a design and methodology flow manager. An additional object of the
invention is a software tool which has design flow through the various CAE
5 development tools changes based on the device selected in r the design
manager. i According to the present invention, as embodied and broadly
described herein, a method for co-verifying a hardware simulation
programmed logic of a field 10 progranunable-gate array (FPGA) and a
software simulation programmed code of the field-programmable-gate array,
is provided. A FPSLIC device includes field progranunable gate array (FPGA)
core, a microcontroller, and memory. The FPGA core 15 includes a plurality
of gates, which may be, for excample, an SRAM-based FGPA eight-sided logic
cell architecture. The logic cell architecture performs complex functions
without impacting bus resources. The plurality of gates are programmable by
an external 20 NVM, configuration memory) or the microcontroller. For
example, a specific application requires a program in the microcontroller
to set the FPSLIC device FPGA progranunable logic for the application. In
many applications, the logic ici the FPGA is loaded at power-up. 25
Software for the application may be stored in the FPSLIC memory. The memory
includes dynamic-allocationprogram memory, fixed-data memory, and a memory
controller. The dynamic-allocation-program memory might be, by way of
example, a 32 kilobyte (32K X B) block oL 20 nanosecor~cis 30 SRf'~IV for
program instructlOrl Storage. IC not all 32 kilobytes were req"i red (or- (
instruction storacre, then ~l~c~ memory rnay be partitioned during design
development mto blocks to provide additional data memory storage
Aciditooually, fixed-data memory may be incre~~sed by addrou 3 `~ ~~a r !;
i t ions f rom dynamical ly-ai 1 ocW _ ror:-progra~r, ;;re;nc~r y A l;
ard,.Nare-multipl ication acre Lnra!=or enables tile   2 s .r~N 2003 -IO
microcontroller to perform complex digital signal processor (DSP)
operations quickly and efficiently. Additional objects and advantages of
the invention ar_e set forth in part in the description which follows, and
in 5 part are obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention also may be
realized and attained by~means of the instrumentalities and combinations
particularly pointed out in the appended claims. BRIEF DESCRIPTION OF The
accompanying and constitute a part preferred embodiments the description
serve 15 invention. fHE dr, of of to DRAWINGS swings, which are
incorporated in the specification, illustrate the invention, and together
with explain the principles of the 



FIG. 1A and 1B are a block diagram of an FPSLIC device; FIG. 2 illustrates
co-verification of hardware and soft`,~.~are, flow and simulation; and FIG.
3 is a flowchart of a hardware (FPGA) flow and 20 simulation
(micro-controller) and a software flow and simulation, with
co-verification. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Reference now is made in detail to the present 25 preferred embodiments of
the invention, examples of u,`hich are illustrated in the accompanying
dra`,~~ings, v~herein like reference Numerals indicate like elements
throughout the several views. The ever-increasing time to market
requirerr,ents of. 3i field progranunable gate arrays makes necessary a
software f_o01 '.~i:ilCt: fhdIlageS c~lIld tlghtly lntegrateS Vc-lt`1011s
dlSCre1_e 'pollit' co;npu~er aided engineering (C~1E) tool s 'Ue C~'~L
~~~~'s can he used extensively by designers ~o develop code Cc>r FPShIC
devices .   2 6 JUN 2003 -11 The present invention combines programmability
with system level integration, to develop a family of system level
integrated circuits (ICs) with specific dedicated functionality that
provides a silicon efficient means of 5 creating a system on a chip. The
Field-Programmable System Level ICs (FPSLIC), by way of example, include an
A~'MEL AT40K FPGA for datapath logic, the RISC-based AVR microcontroller
for control logic, a hardware multiplier, MCU peripherals and 36 Kbytes of
SRAM: a11 the building 10 blocks of a system. The FPSLIC architecture is
ideal for the implementation of networking, telecommunications, multimedia,
audio, handheld, portable and industrial control applications. As
illustratively shoovn in FIG. 1A and 1B, a field 15 programmable system
level integrated circuit (FPSLIC device] 20 includes field programmable
gate array (FPGA) core 21, a microcontroller 22, and memory. The FPGA core
includes a plurality of gates, shown as SRAM-based AT40K FGPA eightsided
logic cell architecture 75. The logic cell 20 architecture 75 performs
complex functions without impacting bus resources. Discrete free-RAM ten
nanoseconds dual port SRl'~f-~ blocks 74 are located at the corners oC each
4X4 cell sector. Locating these SRAM blocks throughout the array puts
memory where it is needed, and supports high 25 performance
first-in-first-out (FIFO) designs. The plurality of gates are programmable
by an external NVhi, configuration memory, or the microcontroller 22. For
example, a specific application requires a program in the microcontroller
22 to set the FPSLIC device FPGA 30 prograrrunable logic 21 for the
application. Ire many applications, the logic in the FPGA is loaded at_
power-up. SoCL~~~are Lor tire appl i cation may be stored vn t:ze memory oC
the ILlicrocontroller 22. In operation, tile mi~rocontroiler 22 set~~ to
ga~es of the FPSLIC prograrnmaiol a 1 o:yc ?.1 for the 3': appi ~~ation   2
6 JUN 2003 



-12 The memory includes dynamic-allocation-program memory 23, fixed-data
memory 24, and a memory controller 25. The dynamic-allocation-program
memory 23 might be, by way of example, a 32 )cilobyte (32K X 8) block of 20
nanoseconds 5 SRAM for program instruction storage. If not all 32 kilobytes
is required, then the program memory tna,~~' be partitioned during design
development into eight 4 kilobyte blocks, by way of example, to provide
additional data memory storage. Additionally, fixed-data memory 24 may be
10 increased by adding partitions 81 from dynamicallyallocation-program
memory 23. A hardware-multiplication accelerator 29 enables the
microcontroller 22 to perform complex digital signal processor (DSP)
operations quickly and efficiently. 15 The FPSLIC solution stems from a
unique high performance FPGA architecture, and several microcontroller core
technologies. The FPSLIC employs cell-based and masked ASIC and
Application. Specific Standard Product (ASSP) development, the technology
and expertise to combine these 20 funr_tions into silicon efficient, cost
effective system level devices. The AV R based FPSLIC product incorporates
Atmel's T~T40E; embedded FPGA technology. The AT40K FPGA core is
programmable logic which is a fully PCI-compliant, SRArI 2~ based FPGA with
distributed ten nanoseconds programmable synchron ous/asynchronous, dual
port/single port SRAM, 6u external global clocks and 2 AVR global clocks,
Cache Logic ability (partia?ly or Cully reconLigurable cm thout loss of
datal and i0,000 to 40,000 usable gates 30 'rhe microcontrol ler executes
instruc~~o:i~ Lr: a s~:n,.l~~ clc>~~k cycJ<', ~~c;hiev~mg throughput that
approaches ooe t-:IUS E>~~= P91I~ . 'l'!Ic, ~ui~=~t~~ut: i al thLOUghE~ut
all ows sy ~tclr at ::W !_:~ct~; t_c~ or~timi.-_a pou.~er consumption:
versus lm ;~cc'~~smo~ `;E~r'~'C~ '~'l:t~ :'~,'v'[~ 1,^Lr~COC'c~lltrL)l ler
Core 1.`_~ l)wlSeCl ~Jli ;11' ^Ilil;lil<_'C~ 3r~ I;~:~C aLw:h~:_ecLure that
combines a ricL mstm.ml_m~o .~e! ;:ml:   2 G JUN 2003 -13 32
general-purpose working registers. All the 32 registers are directly
connected to the arithmetic logic unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock
cycle. The 5 resulting architecture is more code efficient while achieving
throughout up to ten times faster than conventional CISC microcontrollers.
The memory executes out of SRAP~. Both the FPGA configuration memory and
microcontroller 22 instruction code 10 SRAM can be automatically loaded at
system power-up using Atmel's in system programmable AT17 series EEPROM
configuration memories. By combining the three main system building blocks
on a single programmable device, an high performance system level product
is created which is 15 flexible enough and cost effective enough to be used
as a general purpose SLI device. FPSLIC EDA tool suite, System Designer,
provides a truly integrated system design methodology and suite of design
tools. FPSLIC is the only programmable solution to 27 include
co-verification tools as standard. Co-verification facilitates the creation
of virtual prototypes, which allows the problems t~pically 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 if' trade-offs to be performed, fostering better system efficiencies.
Both the FPSLIC silicon and the System Designer software have been
engineered as a complete SLI solution to accelerate tine to market. 3t)
Design~nc~ t~Jitli FPSLIC B';' mtegrat nng all tl~e functl~_~:~al ~ t
Lr~c~U_ I_~~:1 !~c> o: c'~1v_m a system level product in one
prograrrunah~~~ ~~olutiov, E,~>:~L1C devices present the user ~n~ith a
cornpteher~Smrc~ ar;d Lmtec~rat~e~; 



2 6 JUN 2003 -14 solution. The FPSLIC device closely mimics a typical
system level architecture. It has the common interfaces between
microcontroller memory and logic already implemented allowing the designer
to focus on the value added parts of S the system design without
compromising flexibility or performance. Use of existing standard design
tools with the addition of hardware (logic)/software (program code)
co-verification means that reliable bug free microcontroller and FPGA 10
development software is combined with software based system level
simulation. The result is an easy to use productivity enhancing developmen~
tool (System Designer) that allow concurrent software and hardware design
and dramatically accelerates design development and reduces a products time
1S to market. This combination of memory (SRAM), logic (FPGA) and a
microcontroller 22 on a single SLI device provide for efficient
implementation of the data-path (logic) and control flow (AVR
microcontroller) aspects of SLI design 20 Instead of `shoe-horning' a
design into a homogeneous FPGA solution the FPSLIC devices provide
efficient implementation of a11 aspects of the system. Silicon efficiency
results ~n smaller die size, fast development times, high performance
designs and lower po`,r~er consumption. So dramatic is the 2~ effect with
FPSLIC devices that device costs are t`rlo orders of_ magnitude less than
competing large FPGA solutiol:s. The usual trade-off associated with
silicon efficiency i:~ a lacE; of f lexibil ity - hov~ever tile use of a
High E~eL forll;allce (?ISC microcontroller ;rith FPGA and a dynampcally
mliocatecl Sf?At1 30 memory provides both efficiency a~ld fle:;ibil~~y In
IvPSLIC,' deVlCeS the lntelleCtua) E~L-:~[i'~Lt`,J ( L_') )-eCjulrec~ f~)r
Syptelil 1Vel ) IltegrcZtlOil ) S afl ii'~:~-L-~_'ll~t),1L ~ Wi t_ne
de~~~~ce :ldditional IP blocks earl he :zcaole~l r_~_~ ;'Ee:;~,~ (logic)
t~aW . f tile c'eslc~:l) a g. From thle 1 ~i~~-ar:'   Z 6 JUN 2003 -15
parameterizable macro generators. Unlike large FPGAs the simulation,
placement and timing challenges of integrating soft IP processors have
mostly been removed from the FPSLIC parts. This accelerates time to market
and allows the 5 designer to focus on the value added aspects of the SLI
design. Logic based soft IP cores can be used on t,~e FPSLIC device if
required in the logic part of the design. Multiple features in FPSLIC
devices cut power consumption dramatically, compared to the FPGA or
discrete 10 solution, including more efficient use of logic resources. By
including a "hard" microcontroller core for the implementation of control
logic, FPSLIC save power draining logic resources. A "soft" microcontroller
care in a large FPGA requires substantially more logic gates than that 1S
consume substantially more power. Since FPSLIC devices integrate a11 the
required system blocks FPSLIC eliminates the I/O 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 FPSL,IC 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 allo~,~s ttie AVR to
perfcrm the processing in very short. periods of time and then be put into
power-down mode for the majority of th~, time, sav ing substantial power. 



'1he comW nation of FPGA and microcont roll er in I~ E~SI.IC Devices
allo`.v`s partial reconfiguration of the 1~1'GT1 yore `Plus, a single
design to be reconfigured to ~.enve sever-a1 purposes, saving both silicon
and power   2 6 JUN 2Q03 -16 This in-system reconfigurability is
particularly useful for designs which must be able to implement multiple
standards, such as "soft radios" being developed for third generation
mobile communications. A sin;le FPSLIC could S contain multiple mobile
phone (base-band) standards that allow it to operate in any location or
environment.~~ In a location where wide-band code division multiple
access(WCDMA) is the standard, the W-CDMA design would be loaded into the
FPSLIC device. When the phone user traveled to a 10 location where GSM was
the standard, Europe for example, the FPSLIC device could be reconfigured
on the fly with the GSM design. This would be entirely transparent to the
user, but it would allow a single FPSLIC device to be used for many
different system level mobile phone standards. 15 Atmel's System Designer
EDA tool suite supports reconfigurable computing by supporting incremental
design changes, extensive library controls and bitstream utilities Design
Tools Designing, simulating and debugging an ASIC or ASSP 20 design is a
daunting task, at best. Designing a very large FPGA is 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 icrunense challenges facing designers of large FPGAs
Unlike large FPGA design tool suites which have no!_ clanged to
acconunodate the additional challeoc~es assc~cm~e-i 30 mth implemenLmg SLI,
the FPSLIC design lool:> cc>;lcl:r~m I ;~ a7-a developed ~rJatf: the FPSLIC
architecture to er:sure a SF'afllleSS Cle`JelopIrieClt enVlrOrlment
bf~t'r.'E_'eCi ~~ZE' ~~rO~~rc:fllillcll)1-' 1 og Lc and mie~cocontroller
areas of the tool   2 6 JUN 2003 -17 System Designer Co-Verification EDA
Tool Suite FPGAs are usually designed using hardware description languages
(HDLs), such as Verilog or VHDL and then simulated using an HDL simulator.
Microcontroller designs are usually 5 done in the C-language or assembly
and debugged using a software debugger or ICE (In-circuit emulator). The
challenge Atmel faced was integrating these two solutions into an
environment that not only allowed for easy product development and
accelerated the designers time to market, 10 but also allow the designer to
do extensive `what if' analysis between the hardware and software aspects
of the design very early in the design process. Atmel has solved the
problem of software/hardware codesign by developing the System Designer
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 a11 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 ~S 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 petCormance or
functionality in the final produc t. 



30 System Designer seamlessly integrates Atme~'s rPGA design tools and a
third party hardware (verolog/VHDL) simulatoL `.~itL its AVR
rnicrocontroller instrur_tlon si~nula~=~~?and debugc~inc~ tools In
addition, a co-verification Lrame`.~ork ful Ly synclronizes hard.rare and
soCt~.~are   2 6 JUN 2003 -ls execution, and source-and assembly-level
software debugging. The tool suite provides full visibility of the AVR
memory and registers, and full hardware design visibility. System Designer
allows designers to do the 5 complete hardware and software design with
complete confidence. Software/hardware trade-offs can be made and tested
until an optimized implementation is arrived at. Design cycles can be cut
by as much a 90~. In addition combining the software development tools with
logic 10 simulation, the co-verification environment delivers high
performance co-verification months ahead of a discrete solution. The
co-verification environment enables software and hardware development to be
parallel activities, removing the software from the critical path, and
reducing the risk 15 of hardware prototype iterations resulting from
integration errors. 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 A11 Atmel macros are optimized for the AT40K
architecture. More tha:1 Cifty mac::`~ 30 generators are available m System
Designer that. c_acr hoe use.i to create fully parameterized 1_P cores of m
rt~_~zlly any comple;city. `L'he macro generators include ~ adders, I:
IFOs, count ers, comparator_s, decoders, f Lip Llops, 7 ztcl:e~,, I~T,ats,
CRC, integer dividers, linear feedback shift tegis~er.~,   z s ~uN zoo3 -19
(LSRsI, fast pre-scale counters, accumulators, deductors, multipliers,
muxes, negation, shifters, ROMs, subtractors and tri-state bus control.
These functions can be parameterized for word-width, power or area and
trade-offs 5 can be made easily. System Designer's macro generators are
invoked from pull-down menus so the designer need only point and click to
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 details 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. Anv 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 t_he user.
Although they are architecturally optimized for the AT40K FPGA logic,
instantiated components have no aLfect o0 



the technology independence of tYle HDL designs . 3t) Fi'SLIC Firmware
Design and Debugging Att;~el's i~VR software design environment ~s an
iot_ecre~l pa>_t of the :system Designer EDA 'i'ool Suite It enables t_I;e
developtr~eW-, erecution and debugging of AVR programs ~~smg n bU1! t-1I1
lnSt1 UCtlOIl Set SlfllU~c-ItOC.   2 6 JUN Z003 -20 AVR Studio provides a
"Source" window with the program code and a pointer that marks the code
currently being executed. It has a variety of views that assist in
debugging the design. These include windows that: display the values S of
defined symbols, including instance variables in a Cprogram; display the
contents of all 32 of the AVR;s registers; report messages issued by AVR
Studio; allow the user the to view and modify the contents of a11 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/O 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 soft~~rare 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 is a hardware 3rd
implementation of the FPSLIC device 20. The softvrare Clo:; and simulatmn
is a software implementation on the 1,1~:;I,li. device 20 or a processor or
computer. The soCt~.~.~are llilplerllentatlOn 32, however, typically is a
pure sof:.~.~,ar a implementatic>o of tire FPSLIC dev~ ce 20 on the 1,PSL(~
;le:: i :_~, 3 ; `Phe co-vPriCication 30 tt:e software flour <md smnulat~;~
2 6 JuN 2003 -21 32 with the hardware flow and simulation 31 is the heart
of the present invention. Software flow and simulation 32 is readily
available software. The co-verification 30 supports the ability to simulate
the hardware part of the FPSLIC 



5 design and the software side of the FPSLIC design in one unified
environment. If something in the FPSLIC device 20 changes during a design,
a modification can be made 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 fieldprogrammable-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 Pdore
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
is 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 ~,~ere no problem with the
FPSLIC device software, then a synthesis 44, and from the synthesis, a 2a
netlist 45 is generated of the FPSLIC device soft~,,rare. Frori the netlist
95, 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 3~~
can be made in the place and route 46 or to t!ze FPSLIC device soCtu.~are
at the input 41. If there were no problems 48 ;~rith the simulator post
layout 47) then a bit stream can be generated ~or implernet~tmg the FP:>LIC
device ~ n s Ll icon 60 3'~ 1:7 SOft~nlarC.', tile niet~iOd Sep<lYately
ltl(:LI;c~C'_S tfl' S!_E'1:~;, using a processor oL computer, of
s~rnuiat~ng, ;~~~tl~ urn   2 6 JUN 2003 -22 instruction-set simulator, the
FPSLIC device, and outputting register contents from the instruction-set
software. More particularly, a high-level code 51 is written for simulating
the FPSLIC device. The high-level code may be, for example, 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
process 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 i5 level code or assembly code can be
modified, and the instruction-set simulator 54 run again. If there were no
problems 55, then the assembly code is outputted as object code 56, and
then prograrn code 5~7. Tne program code 5'7 is used to manufacture the
FPSLIC device in 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 UAR`f ports 63, as 25 well as the simulator layout 47.
`rhe co-verification speeds up the process to realizing the FPSLIC in
silicon, since tlm software flow and simulation and the hardware Llov: and
simulation are verified interactively. It wi 11 be apparent to those
skilled in tire arc= ttia:_ 30 various modifications can be made to the
sofl_ware tool i~m allomng (field progranunable system level devices of
tire instant invention wl_thOLlt departing f~~m the scone or of the
m:veotion, and it is intended that the E,~res~=.W invent ion cover mode f i
cat ions and var fiat ions o C t':m~ so I. ~ ~:; 3`~ tool for allo~~mng W
e1d programmable system le~.mel ~lev~..m ~= , pL-ovidec3 tfley came mthm
the scope of the appeodeci ~-lzr;:;~.  



2 ~ JAN 2003 -23 and their equivalents.   Z 6 JUN Z003 -24 WE CLAIM: 1. A
method for designing a field programmable system level integrated circuit
(FPSLIC), comprising the steps of: simulating, pre-layout, the fiPid
programmable 5 system level integrated circuit using co-verification
software; generating, from an implementation of logic for the field
programmable system level integrated circuit 4Jlth instruction-set
software, a simulation post layout model of 10 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 instruction15 set software, for the
co-verification of the field programmable systern 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. 'rhe
method inclui~ing the steps outputtim set soft~~~are, and v~rifylng v~ i th
tl:c~ tr i :~hera 1 as set forth in claim 1, further oC: peripheral
contents from instructiorcontents from the simulation post lay<:~st
contents. 3 i'lm method as set, Eorth in claim 1, f~_~zth~;including the
steps oC:   2 6 JUN 2003 



-25 outputting UART contents from the instruction-set software; and
verifying contents from the simulation post layout wi th the UART contents
. 4. 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 coy 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 combined15
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, m th:
said 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,
m th. said instruction-set simulator] soft~.;are ~or outputting UART
contents; and said verification software for verify ng conteo! Lrom the
simulation post, layout with the DART content;. 7. A method for designing a
field progranunable ~~yctcen   2 fi JUN 2003 -26 level integrated circuit
(FPSLIC), comprising the steps of: simulating, pre-layout, the field
programmable system level integrated circuit using co-verification
software; generating, from an implementation of logic for the field
programmable system level integrated circuit with instruction-set software,
a post layout, simulation model of 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 instructionset software, for the co-verification of the field
prograrrunable 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. 



8. The method including the steps outputting set software; and verifying
with the peripheral as set forth in claim 7, further of: peripheral
contents rom instructioncontents from the simulation post layout contents.
9. The method as set forth in claim 7, further including the steps
outputting !DART contents from the instruction-sef_ sof tware; ar;d very
fymg ~~~ntents from the simulation post layo~~t. with tire tlAL<.`f
contents . 10. A system for designing a field prograrcLnable system   2 6
JUN 2003 -27 level integrated circuit, comprising: a software simulator for
simulating, pre-layout, a field programmable system level integrated
circuit using coverification software; 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 1.0, with: said
instruction-set software for outputting UAR`r 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 integrated circuit, comprising: software means
for simulating, pre-layout, a Geld programmable system level integrated
circuit using coverification software; instruction means for outputting
register contents Cor the co-verification of the field programmable system
level integrated circuit; and Held programmable gate array (FPGA) means Lor
creating a bit stream for an FPGA device part, and for 



2 s ~uN zoo3 -28 creating a program code for the micro-controller part, of
the FPSLIC. 14. The system as set forth in claim 13, 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. 15. The system as set forth in claim
13, with: said 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 coverification 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 1'7. The system
as set forth in claim 15, with: said instruction-set software for
outputting peripheral cor:tents; and   Z 6 JUN 2003 -29 software means for
verifying contents from the simulation post layout with the peripheral
contents. 18. The system as set forth in claim 16, with: said
instruction-set software for outputting UART contents; and said
verification software for verifying contents from the simulation post
layout with the UART contents A method for co-verifying a hardware
simulation of a fieldprogrammable-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, in software
the FPSLIC device; 



outputting register contents from the instructionset software, from the
simulation in software; and verifying contents from the simulator-port
layout with the register contents.   2 6 JUN 2003 19. 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-verificatlorr software;
generating, a simulation post layout model of the implementation for
co-verification of the field programmable system level integrated circuit;
simulating program code; outputting register contents from the instruction
set software, for the co-ve=ification 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 



-30   2 6 JUN 2003 including the steps of: outputting peripheral contents
from instruction set software; and verifying contents from the simulation
post layout with the peripheral contents. 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 



-31   Z fi JUN 2003 said FPGA software for creating, from the bit stream
and the program code a combined-bit stream that has data for both the FPGA
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 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 said
,aerlfication 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; 



-32   2 ~ JUN 2003 simulating, with an instruction-set simulator, program
code; 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. 



-33   ~ s uurr 2at~ 28. 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; 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 said
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 DART contents; and
said verification software computer for verifying 



contents from the simulation post layout with the UART -34   ~ 5 JUN 2003
contents. 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 coverification
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 FPGA 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 DART contents; and verification software for~verifying contents
from the simulation post layout with the DART contents. -35   ~ 6 JUN 20i
34. 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 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 system as set forth in claim 34, with:
said 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: -36
2 6 JUN 2003 said instruction-set software for outputting UART contents;
and said verification software for verifying contents from the simulation
post layout with the DART contents. -37
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